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1 Introduction

Overview

This chapter describes this manual and the compressor, including specifications.

Chapter Contents
General. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1-2

Installation, Operation and Servicing Instructions . . . . . . . . . . . . . . . . . . . . . . . . . .1-3
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General

The manual provides instructions for installing, operating and servicing the 8200
Compressor. This compressor is available in two versions: air-cooled, part number
8032549G001/G002 and water cooled, part number 803255G001/G002.

If you are installing or operating a Cryo-Torr or On-Board System you should also
have available the appropriate cryopump or refrigerator.

When you purchase a system, you will receive two manuals necessary for system
installation.
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Installation, Operation and Servicing Instructions 

Installation, Operation and Servicing Instructions for your 8200 Compressor provide
easily accessible information. All personnel with installation, operation, and servicing
responsibilities should become familiar with the contents of these instructions to
ensure high quality, safe, reliable performance.

Figure 1-1:  Air and Water Cooled 8200 Compressor Dimensions

Air Cooled

Water Cooled
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Figure 1-2:  Component Locations

16

151413

17

18

10

11

1 2 3 4 5 6 7

8

9

Rear View - Water CooledRear View - Air Cooled

Front View - Air and Water Cooled
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5.  Helium Supply Pressure Gauge
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Table 1-1:  Power Requirements (Steady-State Conditions)

Part Number Cooling Phase Hz
Operating 

Voltage 
Range

Nominal 
Operating 

Current

Rated Full 
Load / Locked 

Current

8032549G001 Air
Air

3
3

50
60

180-220
198-250

10A
10A 12/30A

8032549G002 Air
Air

1
1

50
60

180-220
198-250

10A
10A 12/30A

8032550G001 Water
Water

3
3

50
60

180-220
198-250

8.5A
8.5A 12/30A

8032550G002 Water
Water

1
1

50
60

180-220
198-250

8.5A
8.5A 12/30A

*See the nameplate on the back of the compressor for more details.

Table 1-2:  General Specifications 

Specification Description

Weight 150 lbs (68 kg) max.

Weight 
(shipping)

155 lbs (70 kg) max.

Power 
consumption

2.0 kw, nominal operating(water), 2.1 kw nominal operat-
ing (air)

Compressor input-
power cable 

(customer-supplied)

Recommended type SO-4 conductor, 600V, neoprene 
jacket and 14-gauge wire.
Install per Appendix C: Electrical Schematics for 8200 
Compressor on page 6-7, Electrical Schematic diagram, 
ensuring compliance with all national, state and local 
standards.

Helium pressure Static: 245-255 psig (1688-1757 kPa) at 70 to 80°F (21 to 
27°C)
Supply: nominal operation: 270-290 psig (1860-2000 kPa) 
at operating temperature.

Ambient operating 
temperature range

50 to 100°F (10 to 38°C)
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Interface Cold head power receptacle: Mates with plug on cold 
head power cable.
On-Board power receptacle: Mates with plug on cold-
head power cable.
Compressor input-power terminal block enclosure: Mates 
with input power cable, fabricated by customer or avail-
able from CTI-Cryogenics.
Gas-supply connector: 1/2-inch self-sealing coupling
Gas-return connector: 1/2-inch self-sealing coupling

Adsorber service 
schedule

Replace every 12 months.

Cooling water require-
ments (water cooled 

only)

100°F (38°C) maximum discharge temperature
Refer to Table 1-1 on page 1-5, Figure 1-1 on page 1-3, and 
Figure 1-2 on page 1-4,  for parameters.

Table 1-2:  General Specifications  (Continued)

Specification Description
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2 Safety

Overview

This section describes safety conventions for the Brooks Automation Product.  All
personnel involved in the operation or maintenance of the product must be familiar
with the safety precautions outlined in this section.

NOTE: These safety recommendations are basic guidelines.  If the facility where the Prod-
uct is installed has additional safety guidelines they should be followed as well,
along with the applicable national and international safety codes.

Chapter Contents
Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-2

Signal Word Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-3

Safety Shape Descriptions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-4

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2-4



Safety 8200 Compressor
Introduction Installation, Operation, and Service Instructions

8040353 Brooks Automation
2-2 Revision 108

Introduction

Follow all safety precautions during installation, normal operation, and when servic-
ing CTI-Cryogenics products. 

This chapter explains the safety conventions used throughout this manual. CTI-Cryo-
genics uses a specific format for cautions and warnings, which includes standard sig-
nal words and safety shapes. 

See also the Customer Support appendix or call your local Customer Support Center for
assistance.
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Signal Word Descriptions

All cautions and warnings contain signal words, which call attention to safety mes-
sages and designate the degree of hazard seriousness. The following table shows the
signal words and their meanings that may be used in this document.

Table 2-1:  Safety Signal Words

Term Example Definition

CAUTION

A signal word that indicates a situa-
tion or unsafe practice, which if not 
avoided may result in equipment 
damage. A CAUTION is highlighted 
in yellow.

CAUTION

A signal word accompanied by a 
safety shape that indicates a poten-
tially hazardous situation or unsafe 
practice. 
If not avoided, the action may result in 
minor or moderate personal injury or 
equipment damage. A CAUTION is 
highlighted in yellow.

WARNING

A signal word accompanied by a 
safety shape that indicates indicates a 
potentially hazardous situation. 
If not avoided, the action may result in 
serious injury or death. A WARNING 
is highlighted in orange.
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Safety Shape Descriptions

All cautions and warnings contain safety shapes, which have specific safety mean-
ings. The following table shows some of the safety shapes used in this document and
their meanings. 

References

For more information about safety standards, see the following documents:

• ISO 7010: 2003(E), Graphic symbols - Safety colours and safety signs - Safety
signs used in workplaces and public areas

• ISO 3864-1: 2002(E), Graphic symbols - Safety colours and safety signs - Part 1:
Design principles for safety signs in workplaces and public areas

Table 2-2:  Safety Shapes

Example Term Shape Definition

General Warning
Indicates a general hazard. Details 
about this hazard appear in the safety 
notice explanation.

High Voltage Indicates a high voltage hazard.

Hot Surface Indicates a surface is hot enough to 
cause discomfort or a burn. 



8200 Compressor
Installation, Operation, and Service Instructions

Brooks Automation 8040353
Revision 108 3-1

3 Inspection

Overview

This chapter details unpacking the compressor. 

A High-Vacuum Pump or Refrigerator System is packaged in separate cartons for
each major component. An Installation, Operation, and Servicing Manual is included
in the carton for the component packaged in that carton.

Chapter Contents
The Compressor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3-2
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The Compressor

On receipt, remove the 8200 Compressor from its shipping carton and inspect the
compressor for evidence of damage as described in this Section.

1. Unpack and remove the compressor from its shipping carton.

2. Check the carton contents. It should contain:

a. 8200 Compressor (air cooled or water cooled).

b. Compressor Manual part number 8040353.

3. After unpacking, inspect the compressor for evidence of damage as follows:

c. Inspect the compressor overall exterior for damage.

d. Report damage to the shipper at once.

e. Retain shipping cartons for storage or return shipment.

When installing your system, CTI recommends that as you unpack a compo-
nent, you perform an inspection and the necessary tasks for system installation
for the component according to the manual included with the component.
Final system installation and operation will be performed following proce-
dures in the high-vacuum pump or refrigerator manual.

4. Check the helium pressure gauge. The gauge should indicate 250 psig (1725
kPa) minimum at 70°F. If additional gas pressure is required, follow the
instructions in Helium Circuit Decontamination on page 5-9.
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4 Installation

Overview

This chapter provides complete installation procedures for the Brooks Automation
Product.

Chapter Contents
Compressor Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4-2

Preparing the Compressor Input-Power Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4-2
Cooling Water Requirements (Water-Cooled Compressors Only)  . . . . . .4-4
Cooling Water: General Considerations. . . . . . . . . . . . . . . . . . . . . . . . . . . . .4-5
Cooling Water: Flow and Pressure Requirements  . . . . . . . . . . . . . . . . . . . .4-6
Cooling Water: Heat Load and Temperature Rise . . . . . . . . . . . . . . . . . . . .4-7

Final Preparation of Compressor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4-8

Connecting the Compressor to the Cold Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4-9
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Compressor Installation

Installation of your compressor requires no special tools other than those supplied in
the Installation and Scheduled Maintenance Tool Kit.

 Preparing the Compressor Input-Power Cable

To supply input power to the 8200 compressor requires the fabrication of a 600-volt
power cable that has an SO-4 conductor, 600-volt rating neoprene jacket and 14-gauge
or 2.3 mm2 wire. 

Unit must be wired by an authorized electrician in accordance with the national Elec-
trical Code, ANSI/NFPA 70-1987, as well as the local codes. This shall include instal-
lation of a readily accessible disconnect device into the fixed wiring supplying power.

An insulated earthing conductor that is identical in size, insulation material and thick-
ness to the earth and unearth branch circuit supply conductors, except that it is green
with or without one or more yellow stripes is to be installed as part of the branch cir-
cuit which supplies the unit or system. The earthing conductor described is to be con-
nected to the earth at the service equipment, or supplied by a separately derived
system at the supply transformer or generator.

Proceed as follows: 

1. Prepare the input power cable by terminating each of the four conductors with
a #10 ring terminal. Follow the terminal manufacturer’s instructions to insure
proper crimping.

2. Disassemble the electrical terminal enclosure cover, mounted on the compres-
sor rear panel, as shown in Figure 4-1 on page 4-4. Remove the two screws
securing the cover and lift it off.

3. If necessary, back off strain relief screws.

 
High Voltage

High voltage electric shock could cause severe injury or loss of life.
Do not connect the compressor to the power source at this time. 
Complete the preparation and panel reinstallation before electrically 
connecting the compressor.
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4.  Thread input power cable end up through the strain relief into the enclosure.

5. Attach the power conductors onto the appropriate terminals of the terminal
block.

a. For three-phase hookups, attach the three power leads to terminals X, Y
and Z.

b. For single-phase hookups, attach the two power leads to terminals X
and Y. DO NOT USE TERMINAL Z.

6.  Tighten all terminals to 18-22 in.-lbs. torque.

7.  Tighten down screws on strain relief. 

8. Remount the terminal enclosure cover and secure with two screws.

9. Refer to Final Preparation of Compressor on page 4-8 for correct phasing
checkout procedure. 

 
Equipment Damage

To avoid damaging the power cable, ensure that strain relief is tightened 
down on the outer insulation of the input power cable, and that the cable 
does not slide.

 
High Voltage

High voltage electric shock could cause severe injury or loss of life.
Ensure that the ground wire is grounded and uninterrupted.
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Figure 4-1:  Electrical Terminal Enclosure with Cover in Place

Figure 4-2:  Assembly of Conductors to Terminal Block

Cooling Water Requirements (Water-Cooled Compressors Only)

If flexible water hose connections are used, install the barbed fittings supplied with
the compressor on the input and output connections:

1. Apply a light coating of standard plumbing thread sealant on the barbed fitting
threads.

Cover Screws

Power Cable

Ground Screw

X

Y

Z (not used for single phase)
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2. Tighten fittings on 1/2-inch FPT input and 1/2-inch FPT output connections.
DO NOT OVERTIGHTEN.

3. Connect flexible hoses to the fittings and secure with hose clamps.

If hard piping is desired, install the water lines directly onto the compressor 1/
2-inch FPT input and output connections. DO NOT OVERTIGHTEN. 

Cooling Water: General Considerations

• Cooling water must meet flow and pressure requirements. See Cooling Water:
Flow and Pressure Requirements on page 4-6.

• To conserve water, the shut off the cooling water when the compressor is not
running.

NOTE: If cooling water below 45°F (7°C) runs through the compressor while the compres-
sor is not operating, the compressor oil will change viscosity and thicken, causing
the compressorto overheat and shut off at startup. In this event, repeatedly restart
the compressor, allowing it to run until it has shut off several times. The oil tem-
perature will rise and then the compressor will run continuously.

• Drain and purge water from the compressor before shipping it back to the fac-
tory or subjecting it to freezing conditions. Purge water from the compressor
by blowing compressed air, regulated between 30 to 40 psig (200 to 275 kPa)
into the compressor output connection, and allow water to exit from the water
input connection.

 
Equipment Damage

To avoid damaging adjacent equipment, check water connections for 
leaks.
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Cooling Water: Flow and Pressure Requirements

Use Figure 4-1 on page 4-4 and Figure 4-4 on page 4-7 to determine the minimum
acceptable cooling water supply pressure at different flow rates and temperatures

Table 4-1:  Cooling Water Specifications

Parameter Value

Maximum Inlet Temperature 90ºF (32ºC)

Minimum Inlet Temperature 50ºF (10ºC)

Flow Rate 1.0±0.5 gpm (3.8±1.9 lpm)

Pressure Drop (inlet-to-outlet) approximately
3.5 psig differential

Min./max. Inlet Presure 5 to 100 psi (6.9 bars)

Alkalinity 7.0 - 8.7 pH

Calcium Carbonate <75 ppm

Resistivity <100k Ohm - cm

NOTE: Water conditioning may be required for applications not
meeting these requirements. Additional parameters appear in
Appendix F: Additional Cooling Water Quality Parameters
on page 6-15.
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Figure 4-3:  8200 Compressor Cooling Water Flow and Pressure Requirements

Figure 4-4:  8200 Compressor Water Cooling Requirements

Cooling Water: Heat Load and Temperature Rise

Heat load to facility water is approximately 5000 Btu/hr, or 1500 Watts.  With a 1.0
GPM water flow this translates to an approximate water temperature rise of 10ºF
(5.6ºC) 
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Final Preparation of Compressor

1. Using a voltmeter, measure the phase-to-phase voltage from the power source.
Compare this voltage to Table 4-1 and position the voltage range selector
switch to the “208V” or “220V” position as required. Also, set the frequency
selector switch to the 50 Hz or 60 Hz position, as appropriate. See Figure 1-2 on
page 1-4 for location of selector switches.

2. Ensure that water is turned on for the water-cooled compressor.

3. Set the compressor ON/OFF switch (3) to OFF. Connect the input-power cable
to the power source Refer to Table 1-1 on page 1-5, for electrical power require-
ments.

4. Turn the compressor switch to the ON position and allow the compressor to
run for 15 minutes to stabilize the oil circuit. Make sure that the compressor fan
operates freely in the air-cooled compressor.

5. Switch off the compressor and disconnect the input-power cable.

6. Install the compressor in its permanent location on a level surface. Air cooled
units must have a minimum clearance of 12 inches at the front and back for
adequate airflow.

Table 4-1: Voltage Specifications

Operating Voltage Range
60 Hz                         50 Hz

Voltage 
Adjustment 

Switch S1 Position

198-212 180-212 208V

213-250 213-220 220V
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Connecting the Compressor to the Cold Head

Make the connections between the cryopump and compressor. See Figure 4-5 on page
4-10.

1. Remove dust plugs and caps from the supply fittings and return lines, com-
pressor, and cold head. Check all fittings.

2. Connect the helium-gas return line from the gas-return connector on the rear of
the compressor to the gas-return connector on the cold head.

3. Connect the helium-gas supply line from the gas-supply connector on the rear
of the compressor to the gas-supply connector on the cold head.

4. Attach the supply and return line identification decals (CTI-Cryogenics sup-
plied) to their respective connecting piping ends.

5. Verify proper helium supply static pressure by confirming that the helium
pressure gauge reads 245-250 psig (1690-1725 kPa), in an ambient temperature
range of 60 to 100°F (16 to 38°C).

NOTE: To ensure the compressor continues to perform optimally, do not run it unless it is
connected to a cryopump or waterpump. 

If the indicated pressure is higher than 250 psig (1725 kPa), reduce the pressure
as follows:

a. Remove the flare cap from the gas charge fitting located on the rear of
the compressor.

b. Open the gas charge valve very slowly. Allow a slight amount of helium
gas to escape until the helium pressure gauge reads 250 psig (1725 kPa).

c. Close the gas charge valve and reinstall the flare cap.

If the indicated pressure is lower than 245 psig (1690 kPa), add helium gas as
described in Helium Circuit Decontamination on page 5-9.
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6. Make the following electrical connections.

a. Connect the cold head power cable to the rear panel of the compressor
and the other end to the electrical power connector on the high-vacuum
pump cold head.

b. Connect the compressor input power cable to the power source.

c. Turn on compressor.

d. Your system is now ready for operation.

Figure 4-5:  Typical 8200 Compressor Installation

 
High Voltage

High voltage electric shock could cause severe injury 
or loss of life.
Before you make any electrical connections, turn off 
the compressor with the ON/OFF power switch on the 
front of the compressor.

User’s
Vacuum
Chamber

On-Board Power Cable
Helium Return Line
Helium Supply Line

On-Board
Cryopump

Air Pressure (60-80 psi)

Nitrogen  (40-80 psi)

Roughing Pump
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5 Maintenance Procedures

Overview

This chapter provides complete maintenance procedures for the Brooks Automation
Product.

Chapter Contents
Scheduled Maintenance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5-2

Unscheduled Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5-6

Helium Circuit Decontamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5-9
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Scheduled Maintenance

The only scheduled maintenance required on the 8200 Compressor is replacement of
the compressor adsorber (part number 8080255K001) every 12 months.

Removing the Compressor Adsorber

1. Shut down the compressor.

2. Disconnect the compressor input power cable from its electrical power source.

3. Disconnect the flex lines from the gas-return and gas-supply connectors at the
rear of the compressor.

4. Remove the screws holding the compressor rear grille, rear panel, front panel
and cover (Figure 1-2 on page 1-4). Front and rear panels remain in place.

5. Use the two wrenches (supplied) to avoid loosening the body of the coupling
from its adapter.

6. Unscrew the two self-sealing coupling halves quickly to minimize gas leakage
as shown in Figure 5-2 on page 5-3.

7. Disconnect the adsorber-inlet self-sealing coupling as shown in Figure 5-2 on
page 5-3.

8. Remove the bolts, nuts, and washers that secure the adsorber to the base of the
compressor.  Save all nuts, bolts, and washers for installing the replacement
adsorber.

9. Carefully lift the adsorber inward until the outlet self-sealing coupling clears
the rear panel and remove the adsorber as shown in Figure 5-3 on page 5-4.

10. Remove the adsorber from the compressor as shown in Figure 5-2 on page 5-3. 

 
High Voltage

High voltage electric shock could cause severe injury or loss of life.
Always disconnect the compressor from all sources of electrical power 
before performing any maintenance procedures.
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Figure 5-1:  Adjusting the Self-Sealing Connectors

Figure 5-2:  Disconnecting/Connecting the Adsorber Self-Sealing Coupling

TO TIGHTEN

TO LOOSEN

TURN WITH 1 3/16 INCH WRENCH
HOLD WITH 1 1/8 INCH WRENCH

HOLD WITH 1 1/8 INCH WRENCH

TURN WITH 1 3/16 INCH WRENCH

To Disconnect The Coupling

This 1 3/16 in. wrench is 
used to loosen the self 
sealing coupling connector. 
Note the direction of the 
large arrow.

This 1 1/8 in. 
wrench holds the 
coupling in a 
stationary position.

Compressor
Rear Panel

This 1 3/16 in. wrench is 
used to tighten the self  
sealing coupling 
connector. Note the 
direction of the large 
arrow.

This 1 1/8 in. 
wrench holds the 
coupling in a 
stationary position.

To Connect The Coupling
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To depressurize the adsorber, attach the depressurization fitting (included in the
Installation and Scheduled Maintenance Tool Kit) to the coupling half at either end of the
adsorber and tighten it slowly.

Figure 5-3:   Removing the Adsorber from the Compressor

Installing the Compressor Adsorber

1. Install the replacement adsorber as follows:

a. Remove the dust caps from the self-sealing coupling halves at each end
of the replacement adsorber.

b. Write installation date on the adsorber decal.

c. Install the replacement adsorber following the steps for compressor
adsorber removal in reverse order. Use the hardware saved in Step 5 on
Page 5-2.

2. Connect the adsorber to the compressor internal piping. Refer to Figure 5-2 on
page 5-3.

 
Explosive Pressure

High pressure explosions could cause severe injury and equipment 
damage. Appropriately depressurize the adsorber before disposing of it. 

Compressor Base
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a. Check the self-sealing connector flat rubber gasket to make sure that it
is clean and properly positioned.

b. Make the first turns by hand and then firmly seal the connection using
the two wrenches until the fittings “bottom.” Refer to Figure 5-2 on page
5-3 and Figure 5-1 on page 5-3, for proper coupling of the self-sealing
connection

3. Replace the cover and the front and rear grilles and secure them 

4. Ensure that the pressure gauge reads 245-250 psig (1690-1725 kPa). If addi-
tional gas pressure is required, follow the instructions in Adding Helium Gas
on page 5-6.

5. Reconnect the return and supply flex lines to the compressor.

6. Connect the compressor input power cable to the electrical power source.

 
Equipment Damage

To avoid damaging equipment, ensure you hold the left coupling nut 
while tightening the right coupling nut, as shown in Figure 5-2 on page 5-
3 and Figure 5-1 on page 5-3.
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Unscheduled Maintenance

Suggested Unscheduled Maintenance Equipment

It is advisable to keep on hand the unscheduled maintenance equipment and dispos-
able supplies listed below.

1. Helium, 99.999% pure. 

2. Pressure regulator (0-3000/0-400 psig). 

3. Maintenance manifold, part number 8080250K003*. 

4. Helium charging line terminating in a 1/4-inch female flare fitting, part num-
ber 7021002P001. 

5. Installation and Scheduled Maintenance Tool Kit, part number 8032040G004.

*Available from stock; consult the factory or your sales representative.

Adding Helium Gas

Use only 99.999% pure helium gas.

If the compressor helium pressure gauge reads 0, decontamination is required. Refer
to the Helium Circuit Decontamination on page 5-9, or contact the Product Service
Department.

1. A user-supplied helium charging line terminating in a 1/4-inch female flare fit-
ting, and a two-stage pressure regulator rated at 0-3000/0-400 psig is required
for this operation.

2. If you need to add helium more than once every several months, check for
leaks caused by improperly connected self-sealing connections or any mechan-
ical joint within the compressor.

 
Equipment Damage

To avoid damaging the cold head and other parts through contamination, 
maintain pressure in the cold head. 
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There are two conditions that require the addition of helium gas:

1. Compressor not operating; helium pressure gauge reads 245 psig or below.

2. Compressor operating; helium pressure reads 270 psig, or below.

To add helium gas:

1. Attach a pressure regulator (0-3000/0-400 psig) and charging line to a helium
gas (99.999% pure) bottle. DO NOT OPEN THE BOTTLE AT THIS TIME.
Purge the regulator and charging lines as instructed in steps a through e below.
Do not use helium gas that is less than 99.999% pure.

a. Open the regulator a small amount by turning the adjusting knob clock-
wise until it contacts the diaphragm, then turn approximately 1/8 to 
1/4 turn more, so that the regulator is barely open.

b. Slowly open the bottle valve, and purge the regulator for 10 to 15 sec-
onds. Turn the regulator knob counterclockwise until the helium stops
flowing.

c. Connect the charge line to the helium pressure regulator.

d. Remove the flare cap of the gas charge fitting on the rear of the compres-
sor. Loosely connect the charge line to the charge fitting.

e. Set the helium pressure regulator to 10 to 25 psig (70-125 kPa). Allow
helium gas to flow through the charging line and around the loosened
flare fitting for 30 seconds to purge the charging line of air. Then tighten
the flare nut at the end of the charge line.

(This procedure is required to ensure that both the regulator and the charging
line will be purged of air and that the air trapped in the regulator will not dif-
fuse back into the helium bottle. For best results, CTI suggests a dedicated
helium bottle, regulator, and line, which are never separated, for adding
helium.)

2. Set the helium pressure regulator to 300 psig (2070 kPa). Depending on the
compressor operating state, add helium gas:

a. If the compressor is running (approximately 2 hours operating time)
under normal operating conditions, slowly open the helium charge
valve on the rear of the compressor. When the helium pressure gauge
rises to 270 - 290 psig (1860 - 2000 kPa) tightly close the charge valve.
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b. If the compressor is not running, slowly open the helium charge valve.
When the helium pressure gauge rises to 245 - 255 psig (1688 - 1757 kPa),
tightly close the charge valve.

3. Ensure that the helium charge valve on the compressor is tightly closed. Shut
off the helium pressure regulator on the helium bottle and remove the charging
line from the male flare fitting. Shut off the helium gas bottle valve. Reinstall
the flare cap.

 
Equipment Damage

To avoid discharging the relief valve, add helium gas slowly, less than 50 
psi per second. 
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Helium Circuit Decontamination

Refer to Section 4 - Maintenance of the appropriate On-Board Cryopump Installation
Operation, and Maintenance manual for information on helium circuit decontamina-
tion.
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6 Appendices

Overview

The following appendices are included to provide the user with a single location for
specific information related to the Brooks Automation Product.

Contents
Appendix A: Customer Support Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6-2

Appendix B: Troubleshooting Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6-3

Appendix C: Electrical Schematics for 8200 Compressor  . . . . . . . . . . . . . . . . . . . .6-7

Appendix D: Components in the Electrical Control Module of the 8200 Compressor
6-10

Appendix E: Flow Diagrams for 8200 Air-Cooled and Water-Cooled Compressors6-
12

Appendix F: Additional Cooling Water Quality Parameters . . . . . . . . . . . . . . . . .6-15
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Appendix A:  Customer Support Information

Customer Support Center Locations

To locate a Customer Support Center near you, please visit our website
www.brooks.com on the world wide web and select CONTACT on the home page. 

Guaranteed Up-Time Support (GUTS®)

For 24-hour, 7-day per week Guaranteed Up-Time Support (GUTS) dial:

1 800-367-4887 - Inside the United States of America

+1 508-337-5599 - Outside the United States of America

Product Information

Please have the following information available when calling so that we may assist
you:

• Product Part Number

• Product Serial Number

• Product Application

• Specific Problem Area

• Hours of Operation

• Equipment Type

• Vacuum System Brand/Model/Date of Manufacture

E-mail

For your convenience, you may also e-mail us at: 

techsupport@brooks.com
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Appendix B: Troubleshooting Procedures

Read these safety notices before you perform any troubleshooting procedures:

 
High Voltage

High voltage electric shock could cause severe injury or loss of life.
Always disconnect the compressor from all sources of electrical power 
before performing any maintenance or troubleshooting procedures.

 
Burn Hazard

To avoid being burned, wait for the pump to cool down so that it is cool to 
the touch after operating, before working on the inside of the compressor. 

Table 6-1:  Compressor Troubleshooting Procedures

Problem Possible Cause Corrective Action

1) System power ON/
OFF switch (CB1) and 
compressor switch 
(S1) remains in the ON 
position when 
switched on but the 
compressor will not 
run. Refer to Figure 
6-1 on page 6-8 for 
identification of all 
electrical components.

1a) The thermal protective 
switch (TS1) is closed, activat-
ing the relay-trip coil in the 
ON/OFF switch (SW1).

1a) Test switch (TS1) on air-
cooled compressor; test (TS1) 
and (TS2) on water-cooled 
compressor. If continuity is 
found in any switch, contact 
the Product Service Depart-
ment.

1b) Incorrect phasing at input 
power.

1b) Correct phase sequence at 
input power cable.

1c) Excessive current drain 
has activated the series trip in 
the compressor ON/OFF 
switch. 

1c) Measure and record the 
current and contact the Prod-
uct Service Department.
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2) System power ON/
OFF switch (CB1) 
remains in the ON 
position, but the com-
pressor will not run.

2a) No power coming from 
the power source.

2a) Check service fuses, circuit 
breakers, and wiring associ-
ated with power source, and 
repair as needed.

2b) Incorrect or disconnected 
wiring within the compressor.

2b) Check the compressor 
against its electrical sche-
matic, Figure 6-1 on page 6-8.

Table 6-1:  Compressor Troubleshooting Procedures

Problem Possible Cause Corrective Action
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3) Compressor stops 
after several minutes 
of operation and 
remains off.

3a) High temperature of the 
compressor is caused by 
insufficient cooling water, 
resulting in the opening of 
thermal protective switch 
(water-cooled compressor 
only).

3a) Confirm that cooling water 
to the compressor is flowing. 
Confirm that proper cooling 
water flow rate and pressure 
exist by referring to Figure 4-3 
on page 4-7.

3b) After turn-off, very cold 
cooling water was left run-
ning through the compressor. 
The resulting low oil tempera-
ture has caused a restriction 
of oil flow through the meter-
ing orifice during startup.

3b) Turn on the compressor 
and allow it to run until it has 
stopped several times, allow-
ing the oil temperature to rise 
and the compressor to operate 
continuously for one hour 
minimum.

3c) Very cold cooling water is 
circulating through the com-
pressor. The resulting low oil 
temperature causes a restric-
tion of oil flow through the 
metering orifice during star-
tup.

3c) Recheck for proper cooling 
water temperature per, Cool-
ing Water Requirements 
(Water-Cooled Compressors 
Only).

3d) Ambient temperature is 
unusually high resulting in 
the opening of the thermal 
protective switch (air-cooled 
compressor only).

3d) Provide a free flow of air to 
the compressor. Confirm a 12-
inch (30 cm) clearance at the 
front and back of the compres-
sor. Confirm unobstructed and 
clean heat exchanger surfaces.

3e) Insufficient helium supply 
pressure is indicated by the 
supply pressure gauge.

3e) Add helium per, Unsched-
uled Maintenance on page 5-6.

3f) High temperature of the 
compressed helium in the dis-
charge line from the compres-
sor pump has tripped the 
thermal protective switch.

3f) Confirm that oil is visible in 
the compressor sight glass (air-
compressor only).

3g) Mechanical seizure. 3g) Contact the Product Ser-
vice Department.

Table 6-1:  Compressor Troubleshooting Procedures

Problem Possible Cause Corrective Action
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4) Compressor pump 
stops after several 
minutes of operating 
and then switches ON 
and OFF at short inter-
vals. 

4a) Intermittent power source 
voltage.

4a) Confirm power source 
voltage between 198-250V, 60 
Hz or 180-220V, 50 Hz and 
restore if necessary.

5) Compressor oper-
ates but cold head 
motor does not run. 

5a) Loose or defective cable. 5a) Check cold head cable.

6) Cooling water leav-
ing the compressor 
exceeds 100°F.

6a) The water coming into the 
compressor is too warm.

6a) Ensure the water coming 
into the compressor is between 
50°F (32ºC) and 90°F (10ºC).

6b) The water is becoming too 
warm within the compressor 
due to a problem with the 
compressor.

6b) Contact the Product Ser-
vice Department.

Table 6-1:  Compressor Troubleshooting Procedures

Problem Possible Cause Corrective Action
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Appendix C: Electrical Schematics for 8200 Compressor

The following electrical schematics for the 8200 Compressor are in this appendix:

• 8200 Compressor Electrical Schematic part number 8032563P001 

• 8200 Compressor Electrical Schematic part number 8032564P001 
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Appendix D: Components in the Electrical Control Module of the 8200 Com-
pressor

The following illustrations are shown in this chapter:

• Components in the Electrical Control Chassis of the 8200 Compressor
Three-Phase Scott-T Configuration (this page)

• Components in the Electrical Control Chassis of the 8200 Compressor Sin-
gle-Phase RC Configuration

Figure 6-3:   Components in the Electrical Control Chassis of the 8200 Compressor 
Three-Phase Scott-T Configuration

1. Overtemperature ResistorR1

2. Run Capacitor, 35 µfC1

3. Start Capacitor, 119 µfC2

4. TransformerT2

5. Phase MonitorPM

6. Voltage Selector RelayK2

7. Main Circuit BreakerCB1

8. Circuit Breaker, 3ACB2

9. Circuit Breaker, 3ACB3

10. Voltage Selector SwitchS1

11. Frequency Selector SwitchS2

12. Overtemperature Trip RelayK1

13. TransformerT1

14. Motor Start RelayCR1

15. Meter, Elapsed TimeETM
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Figure 6-4:   Components in the Electrical Control Chassis of the 8200 Compressor 
Single-Phase RC Configuration

1. Coldhead Phase-Shifting ResistorR3

2. Overtemperature Resistor            R1

3. Run Capacitor, 35 µf                 C1

4. Start Capacitor, 119 µf C2

5. Transformer T2

6. Run Capacitor, 2 µf C4

7. Run Capacitor, 6 µf C3

8. Main Circuit BreakerCB1

9. Circuit Breaker, 3ACB2

10. Circuit Breaker, 3ACB3

11. Voltage Selector SwitchS1

12. Frequency Selector SwitchS2

13. Relay, Trip RelayK1

14. TransformerT1

15. Motor Start RelayCR1

16. Meter, Elapsed TimeETM
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Appendix E: Flow Diagrams for 8200 Air-Cooled and Water-Cooled Com-
pressors

Refer to Figure 6-5 on page 6-13 or Figure 6-6 on page 6-14 while reviewing this sub-
section.

Helium returning from the cold head enters the compressor, and a small quantity of
oil is injected into the gas stream, thereby overcoming helium low specific head and
inability to carry heat produced during compression. Helium is then compressed and
passed through a heat exchanger for removal of compression-caused heat. The helium
flows through a bulk oil separator, oil-mist separator, and helium filter cartridge,
where oil and contaminants are removed. 

A differential pressure relief valve in the compressor limits the operating pressure dif-
ferential between the helium supply and return lines, thereby allowing compressor
operating without cold head operation. When cold head operation reaches a steady-
state condition, further pressure regulation is unnecessary. 
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Figure 6-5:   Flow Diagram of the 8200 (Air-Cooled) Compressor
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Figure 6-6:   Flow Diagram of the 8200 (Water-Cooled) Compressor
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Appendix F: Additional Cooling Water Quality Parameters

Table 6-2:  Additional Cooling Water Quality Parameters

Water Constituent Unit Acceptable 
Limits

Saturation-Index SI (delta pH-value) -0.2 < 0 < +0.2

Total hardness °dH 6 - 15

Conductivity mg/l 10...500

Filtered substances mg/l <30

Chlorides mg/l <500

Free chlorine mg/l <0.5

Hydrogen sulphide mg/l <0.05

Ammonia mg/l <2

Sulphates mg/l <100

Hydrogen carbonate mg/l <300

Hydrogen carbonate / sulphates mg/l >1.0

Sulphide mg/l <1

Nitrate mg/l <100

Nitrite mg/l <0.1

Iron mg/l <0.2

Manganese mg/l <0.1

Free agressive carbonic acid mg/l <20
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Safety Conventions

Introduction

Follow all safety precautions during installation, normal operation, and when 
servicing CTI-Cryogenics products. 

This chapter explains the safety conventions used throughout this manual. 
CTI-Cryogenics uses a specific format for cautions and warnings, which includes 
standard signal words and safety shapes. 

See also the Customer Support appendix or call your local Customer Support 
Center for assistance.

Signal Word Descriptions

All cautions and warnings contain signal words, which call attention to safety 
messages and designate the degree of hazard seriousness. The following table 
shows the signal words and their meanings that may be used in this document.

Term Example Definition

CAUTION

A signal word accompanied by a safety shape 
that indicates a potentially hazardous situation 
or unsafe practice. 

If not avoided, the action may result in minor 
or moderate personal injury or equipment 
damage. A CAUTION is highlighted in 
yellow.

CAUTION

A signal word that indicates a situation or 
unsafe practice, which if not avoided may 
result in equipment damage. A CAUTION is 
highlighted in yellow.

WARNING

A signal word accompanied by a safety shape 
that indicates indicates a potentially hazardous 
situation. 

If not avoided, the action may result in serious 
injury or death. A WARNING is highlighted 
in orange.
5 Helix Technology Corporation Part Number 8040444, Revision 103, 05/04/2005, ECO Number 16977 S-1



Safety Shape Descriptions

S-2
Safety Shape Descriptions

All cautions and warnings contain safety shapes, which have specific safety 
meanings. The following table shows some of the safety shapes used in this 
document and their meanings. 

References

For more information about safety standards, see the following documents:

• ISO 7010: 2003(E), Graphic symbols - Safety colours and safety 
signs - Safety signs used in workplaces and public areas

• ISO 3864-1: 2002(E), Graphic symbols - Safety colours and safety 
signs - Part 1: Design principles for safety signs in workplaces and 
public areas

Example Term Shape Definition

General Warning
Indicates a general hazard. Details about this 
hazard appear in the safety notice explanation.

High Voltage Indicates a high voltage hazard.

Hot Surface
Indicates a surface is hot enough to cause 
discomfort or a burn. 
Part Number 8040444, Revision 103, 05/04/2005, ECO Number 16977 ©2005 Helix Technology Corporation 
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Section 1 - 9600 Compressor Description

General

This manual provides the information required to install, operate, and 
maintain the CTI-CRYOGENICS 9600 Compressor.

NOTE:  All personnel with installation, operation, and maintenance 
responsibilities should become familiar with the contents of both the 9600 
Compressor Installation, Operation, Maintenance, and appropriate       
cryopump manuals to ensure safe, high quality, and reliable system        
performance.

Compressor Configurations

The 9600 Compressor supports either On-Board or Cryo-Torr Cryopumps. 
For multiple cryopump installations, an On-Board Splitter Box or Cryo-
Torr Interface can be used for cold head power distribution that reduces 
total cable requirements as shown in Figure 1-5 and Figure 1-6.

System Documentation

The manuals for a system cover two basic components: the cryopump and 
the Compressor. A manual is shipped with each system component to 

provide information for installation and operation of that component.  A 
loose-leaf binder with index tab separators is also provided so you can 
compile a complete set of tabulated manuals.

CTI-CRYOGENICS Helium Refrigeration System

The operation of CTI-CRYOGENICS’ cryopumps is based upon a closed 
loop helium expansion cycle. The system is made up of two major 

CAUTION
Refer to “Appendix A - Customer Support Information” to contact the 
local Customer Support Center for information on connecting 9600 
Compressors to a manifold with other CTI-CRYOGENICS 
compressors.
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components: the cryopump, which contains the cold head, and the helium 
Compressor which compresses the helium gas. 

Refrigeration is produced in the cryopump cold head through periodic 
expansion of high pressure helium in a regenerative process. The high 
pressure helium is provided by the Compressor. Low pressure helium 
returning from the cold head is compressed into the necessary high 
pressure to be returned to the cold head. The energy required to compress 
the helium is rejected as heat through the cooling water. 

High pressure room temperature helium is transferred to the cold head 
through the supply lines. After expansion, low pressure helium is returned 
to the Compressor (at or near room temperature) to repeat the cycle in a 
closed loop fashion.  Large separation distances can be accommodated 
between the Compressor and the cryopump. 

In the Compressor, helium is compressed using a highly reliable oil 
lubricated commercial Compressor. Helium purification takes place via 
several stages of oil removal. The final stage of purification is performed 
with a replaceable adsorber cartridge. In order to maintain peak efficiency, 
the adsorber must be replaced every three years. The 9600 Compressor is 
shown in Figure 1-1.
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Figure 1-1:  9600 Compressor

Specifications

Dimensions

The dimensions of the Compressor are shown in Figure 1-2. 

9600

COMPRESSOR
COMPRESSOR9600
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Figure 1-2:  9600 Compressor Dimensions

19.52 in.
(496 mm)

21.50 in.
(546 mm)

1.28
(32mm)

23.36 in.
(593 mm)

3.18 in.
(81 mm)

14.4 in.
(366 mm)

CAUTION
Do not place a weight greater than 75 lbs. (34Kg) on top of the 
Compressor.
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Weight

The weight of the Compressor is listed in Table 1-1. 

Electrical

The electrical specifications of the Compressor are listed in Table 1-2.

Table 1-1: Compressor Weight

Weight lbs./kg

250/114kg

Table 1-2: Electrical Input Specifications

Parameter Value

Operating Voltage Range 180 - 253 VAC

Line Frequency 50/60 Hz

Phase 3

Nominal Input Power 5.5 KW

Nominal Power Factor 0.85

Rated FL/LR* Current 16.2/80

Minimum Electrical Service 30 Amps

*FL/LR = Full Load/Locked Rotor
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Cooling Water

The water used to cool the Compressor must meet the specifications shown 
in Table 1-3 for proper system operation.

Figure 1-3:  Water Flow Rate versus Pressure Drop

Table 1-3: Cooling Water Specifications

Parameter Value

Maximum Inlet Temperature 90°F (32°C)

Minimum Inlet Temperature 50°F (10°C)

Flow Rate 2.75 ±1.25 gpm (10.4 ± 4.7 lpm)

Pressure Drop (inlet-to-outlet) See Figure 1-3

Maximum Inlet Pressure 100 psi (6.9 bars)

Alkalinity 6.0 - 8.0 pH

Calcium Carbonate < 75 ppm

NOTE: Water conditioning may be required for applications not meeting these requirements.
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NOTE: Figure 1-3 defines the water flow rate through the Compressor as a function of the pressure drop from 
water inlet to water outlet. You must provide the correct pressure drop in your water supply system to ensure that 
the water flow condition meets the requirements specified in Table 1-3.
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General

The information in Table 1-4 provides general Compressor operating 
specifications.

NOTE: The 9600 Compressor is designed for continuous operation and 
should remain ON when the cryopumps are in a regeneration cycle.

Component Description

The components of the 9600 Compressor that are accessible from the rear 
panel are shown in Figure 1-4 and described in the following paragraphs.

Table 1-4: General Compressor Operating Specifications 

Specification Values

Part Numbers 8135900G001 
8135908G001

Input Power Cable
(Customer Supplied)

600 VAC
10 Gauge, 3 conductor wire with ground
Must conform to local electrical codes

Nominal Helium Pressure Refer to Table 4-1

Ambient Operating             Tem-
perature Range

50 - 100º F (10 - 38º C) 

Interface

Gas Supply Connector

Gas Return Connector

Remote Control Receptacle

Cryopump Power Receptacles: mates with the 
CTI-CRYOGENICS supplied cryopump power cable for single 
pump use. 

Mates with remote junction box power cable for multiple cry-
opump use.

1/2 in. Aeroquip self-sealing coupling

1/2 in. Aeroquip self-sealing coupling

24VAC, 2.7A inductive mates with P5 connector P/N MS3106A*

Adsorber Service Schedule 3 Years

* Supplied by CTI-CRYOGENICS
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Figure 1-4:  9600 Compressor Rear View Component Locations
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System Circuit Breaker

The System Circuit Breaker protects main input power to the Compressor 
pump and module.  The circuit breaker positions are labeled ON (1), which 
is in the UP position, and OFF (0), which is in the DOWN position.  

NOTE:  The phase monitor in the Compressor will cause the system circuit 
breaker to open when input power phases are incorrect.

Elapsed Time Meter

The Elapsed Time Meter records the number of Compressor operating 
hours.  Since the meter is digital, it is not illuminated unless the system 
circuit breaker is in the ON position and power is connected to the 
Compressor.  The Elapsed Time Meter maintains the correct accumulated 
operating hours while system power is turned OFF.

NOTE:  The meter cannot be reset.

Control Circuit Breaker

The Control Circuit Breaker provides current overload protection for all 
internal components of the Compressor except the Compressor motor.  The 
Compressor motor is protected by a separate overload protector.   The 
Control Circuit Breaker opens automatically and must be reset manually.

Power ON Indicator

The Power On Indicator illuminates when the system circuit breaker is 
placed in the ON position. The Compressor pump is energized when the 
power indicator is illuminated and the elapsed time meter records system 

operation time.

Gas Charge Flared Fitting

The Gas Charge Flared Fitting is used to connect a 99.999% pure helium 
supply to the Compressor when helium charging is required.  The fitting 
has a 45º flare and 7/16 in. x 20 threads/inch.

Refer to “Section 5 - Maintenance” for information on adding helium to the 
Compressor.
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Helium Pressure Gauge

The Helium Pressure Gauge indicates system ("OFF" Condition) helium 
charge pressure when the Compressor and cryopumps are OFF and 
Compressor suction or inlet pressure when the Compressor is ON. Refer to 
Table 4-1 for the appropriate ("OFF" Condition) helium charge pressure.

Power Inlet

The Power Inlet is used to connect your power cable to the Compressor. 
Refer to “Section 3 - Installation” for information on power cable 
installation.

Return Gas Coupling

The Return Gas Coupling returns the helium, which has been cycled 
through the cryopump, back to the Compressor. Refer to “CTI-
CRYOGENICS Helium Refrigeration System” in this section for more 
information.

Cooling Water IN

The Cooling Water IN connector provides water to the Compressor from 
your facility to cool the Compressor during operation. The connector 
thread size is a 1/2 in. female pipe thread. The water must meet the 
specifications outlined in Table 1-3. Refer to “Section 3 - Installation” for 
more information on cooling water connections.

Cooling Water OUT

The Cooling Water OUT connector returns the water that has been used to 
cool the Compressor to your facility. The connector thread size is a 1/2 in. 
female pipe thread. Refer to “Section 3 - Installation” for more information 
on cooling water connections.

Cryopump Electrical Outlet

The Cryopump Electrical Outlet provides power to a single On-Board or 
Cryo-Torr Cryopump, an On-Board Splitter Box, or a Cryo-Torr Interface.  
The Compressor requires the use of an On-Board Splitter Box or 
©2005 Helix Technology Corporation Pub. No. 8040444, Rev. 103, 05/04/2005 ECO No. 16977 
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Cryo-Torr Interface for multiple cryopump system connections. Refer to 
Table 1-5 for connector pin identification. Refer to “Multiple On-Board 
Cryopump Connections” or “Multiple Cryo-Torr Cryopump Connections” 
in this section for more information.

Compressor Remote Connector

The Compressor Remote Connector is a two-pin connector that can be used 
in conjunction with the On-Board setpoint relays, relays in the Cryo-Torr 
Interface, or a signal from the vacuum system to turn the Compressor ON 
or OFF. Refer to Table 1-6 for connector pin identification. Switching 
contacts must be rated at 24VDC, 2.7A inductive.

NOTE:  The Compressor is shipped with a mating plug which must remain 
installed in the Compressor Remote Connector to ensure Compressor 
operation when the Compressor remote feature is not being used.   

Supply Gas Coupling

The Supply Gas Coupling provides a connection for high pressure 
compressed helium to the cryopump cold head. Refer to “CTI-
CRYOGENICS Helium Refrigeration System” in this section for more 
information.

Table 1-5: Cryopump Electrical Outlet Pin Assignments

Identifier Function

A and B Heater Power - 208 VAC nominal 

C Center tap for D and E

D and E 24 VCT @ 4.6 Amps

F-G and G-H Cold Head Voltage Output 130-160 VAC @ 4.5 Amps

J Chassis Ground

K Not Used

Table 1-6: Compressor Remote Connector Pin Assignments

Identifier Function

A and B Compressor Remote Control - Make = ON, Break = OFF
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Multiple On-Board Cryopump Connections

The On-Board Splitter Box permits the connection of multiple On-Board 
Cryopumps or Waterpumps to one 9600 Compressor as shown in Figure 1-
5. Refer to “Section 3 - Installation” for more information on connecting 
single or multiple On-Board Cryopumps or Waterpumps to the 
Compressor.

Figure 1-5:  9600 Compressor Connected to Multiple On-Board Cryopumps

NOTE: Your installation (number of pumps per compressor) will vary 
based upon the On-Board Cryopumps or Waterpumps used. Refer to 
“Appendix A - Customer Support Information” to consult your local CTI-
CRYOGENICS Customer Support Center for information on specific 
compressor/pump applications.

Multiple Cryo-Torr Cryopump Connections

The Cryo-Torr Interface permits the connection of multiple Cryo-Torr 
Cryopumps to one Compressor as shown in Figure 1-6. Refer to “Section 3 
- Installation” for more information on connecting single or multiple Cryo-
Torr Cryopumps to the Compressor.

SUPPLY
RETURN

WATER POWER
On-Board Cryopump 
Power Cable

On-Board
Splitter 
Box

REMOTE
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Figure 1-6:  9600 Compressor Connected to Multiple Cryo-Torr Cryopumps

NOTE: Your installation (number of pumps per compressor) will vary 
based upon the Cryo-Torr Cryopump models used. Refer to “Appendix A - 
Customer Support Information”to consult your local CTI-CRYOGENICS 
Customer Support Center for information on specific compressor/
cryopump applications.

Cryopump Electrical Input
User Remote
(from vacuum system)

SUPPLY
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Section 2 - Unpacking and Inspection

Introduction

The 9600 Compressor is shipped in a shipping carton incorporating a ramp 
system which makes removing the Compressor from the carton safe and 
easy. 

Shipping Carton Inspection

Inspect the exterior of the shipping carton for visible signs of damage 
before opening the shipping carton.  Report any damage to the shipping 
company at once.

Removal from Shipping Carton

1. Cut the two straps on the exterior of the shipping pallet.

2. Lift the cardboard carton straight up and remove it from the         
pallet.

3. Cut the tape which holds the ramp in the vertical position.

4. Swing the ramp down until the end touches the floor.

5. Remove any excess shipping material from around the Compressor. 

WARNING
Maintain control over the movement of the Compressor as it rolls 
down the ramp. Injury to personnel may result if the Compressor is 
allowed to roll freely down the ramp.

CAUTION
Maintain control over the movement of the Compressor as it rolls 
down the ramp. Damage to the Compressor may result if the 
Compressor is allowed to roll freely down the ramp.
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6. Carefully roll the Compressor down the ramp and onto the floor.

Compressor Inspection

Inspect the Compressor for visible signs of damage as indicated in the 
following paragraphs.

Compressor

Inspect the exterior of the Compressor for visible signs of damage, 
evidence of an oil leak, and check the Helium Pressure Gauge for proper 
helium pressure. Report any damage to the shipping company at once.

Helium "OFF" Condition Pressure Verification

Refer to “Section 4 - Operation” for more information on the "OFF" 
Condition helium charge pressure of the 9600 Compressor.

Shipping Carton Contents

The shipping carton should contain the following items:

• Compressor

• Two barbed fittings for flexible water lines

• Installation, Operation, and Maintenance manual

• Compressor remote start connector and strain relief
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Section 3 - Installation

Introduction

Section 3 provides you with the information required to install the 9600 
Compressor and connect it to single or multiple On-Board or Cryo-Torr 
Cryopump configurations. Figure 3-1 highlights the major tasks for 
Compressor installation and refers to the appropriate installation 
procedures in this section.
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Figure 3-1: 9600 Compressor Installation Flowchart
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Supply and Return Water Line Connections

NOTE: The water used for cooling the Compressor must meet the 
specifications outlined in “Section 1 - 9600 Compressor Description”.

Hard Water Lines

1. Apply a light coating of standard plumbing thread sealant to the 
hard line pipe threads.

2. Install the Supply hard line into the INPUT connection on the rear 
panel of the Compressor.  Tighten the fitting by hand.

3. Install the Return hard line into the OUTPUT connection on the 
rear panel of the Compressor. Tighten the fitting by hand.

4. Using a wrench, tighten the fittings.

5. Allow water to flow and check for leaks at the rear of the 
Compressor.

Flexible Water Lines

1. Apply a light coating of standard plumbing thread sealant to the 
barbed fitting threads.

2. Install the barbed fittings into the INPUT and OUTPUT 
connections on the rear panel of the Compressor.

3. Using a wrench, tighten the barbed fittings.

4. Connect the Supply flexible water line to the INPUT barbed fitting 
and secure with a hose clamp.

5. Connect the Return flexible water line to the OUTPUT barbed       
fitting and secure with a hose clamp.

CAUTION
Do not overtighten the ferrules. Damage to the input and output      
connector threads may occur.

CAUTION
Do not overtighten the barbed fittings. Damage to the INPUT and 
OUTPUT connector threads may occur.
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6. Allow water to flow and check for leaks at the rear of the           
Compressor.

Electrical Connections

The following procedures provide information for making all three phase 
(180 - 250 VAC) electrical connections to the Compressor.

Power Cable Preparation 

1. Cut a 10 AWG (6.00 mm2), 3 conductor cable with ground to an 
appropriate length.

2. Strip the cable jacket back 4 in. (101.6 mm).

3. Strip the insulation back 3/8 in. (9.3 mm) on each individual 
conductor.

4. Install a #10 ring tongue terminal on the end of each conductor  
using the appropriate size double crimping tool.

5. Remove the rear panel as shown in Figure 3-2.

6. Remove the circuit breaker terminal cover as shown in Figure 3-2.

7. Install the cable into the Compressor through the cable strain relief.

8. Remove the 10-32 nut and install the grounding wire on the ground 
stud.  Install the nut and tighten to 18 in.-lbs (0.21m-kg).

WARNING
Follow all local high voltage safety precautions when performing this 
procedure to reduce the possibility of electrical shock. Make sure all 
electrical power is OFF before proceeding with this procedure.

CAUTION
The cable used for making the Compressor power cable must be 10 
gauge, 3 conductor cable with ground rated at 600 VAC.
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NOTE: Use a slotted screwdriver which is capable of holding a screw 
when performing steps 9 and 10.

9. Remove the screws from the Compressor circuit breaker terminals 
X, Y, and Z as shown in Figure 3-2.

Figure 3-2:  9600 Compressor Circuit Breaker Terminals (Cover Removed)

NOTE: The phase order in which the conductor terminal lugs are 
connected to circuit breaker terminals X, Y, and Z will be determined 
during the Phase Check Procedure.

NOTE: For installation where one of the three phase legs is at or near 
ground potential, connect that leg to terminal Y on the Compressor as 
shown in Figure 3-2.

10. Install the conductor terminal lugs to the circuit breaker terminals 
X, Y, and Z as shown in Figure 3-2.

11. Torque the screws to 12 in.-lbs (0.14m-kg).

12. Allow enough cable to stay in the electrical enclosure to prevent 
strain on the electrical connections and tighten the screws on the 
cable strain relief.

13. Install the power source end of the power cable according to the 
local electrical codes.

14. Install the circuit breaker terminal cover.

15. Proceed with Phase Check.

X Y Z

Detail A

See Detail A

Three Phase PowerRear Panel

Circuit Breaker 
Terminal Cover
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Phase Check

1. Make sure power is applied to compressor circuit as described 
in Table 1-2.

NOTE: The circuit breaker will trip immediately during step 2 if the power 
phase connections are not correct.

2. Turn the Compressor circuit breaker to the ON position.  If the 
circuit breaker trips, refer to step 3.  If the circuit breaker does not 
trip, refer to step 4.

3. If the circuit breaker trips, perform the following steps:

a. Turn the Compressor circuit breaker to the OFF position.

b. Disconnect the power cord from the power source.

c. Remove the circuit breaker terminal cover.

d. Reverse the wiring order of Compressor circuit breaker    
terminals X and Y.

e. Torque the circuit breaker terminal screws to 12 in.-lbs.

f. Install the circuit breaker terminal cover.

g. Repeat steps 1- 2 of this procedure.

4. Install the rear panel.

5. Proceed with appropriate cryopump connections.

WARNING
Follow all high voltage safety precautions when performing this 
procedure to prevent the possibility of electrical shock.
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Connecting/Disconnecting Helium Flex Lines

Connecting

1. Remove all dust plugs and caps from the Gas Supply and 
Return lines, and the Compressor and cryopump Supply and 
Return connectors.  Check for the presence of a flat gasket in 
the male connector, and no gasket in the female connector.

2. Connect the Gas Return line to the GAS RETURN connector on the 
rear of the Compressor and then to the GAS RETURN connector 
on the cryopump. Using two wrenches as shown in Figure 3-3, 
tighten the connector.

3. Connect the Gas Supply line to the GAS SUPPLY connector on the 
rear of the Compressor and then to the GAS SUPPLY connector on 
the cryopump. Using two wrenches as shown in Figure 3-3, tighten 
the connector.

4. Attach the Supply and Return line identification labels to each end 
of the appropriate lines.

Disconnecting

1. Using two wrenches as shown in Figure 3-3, disconnect the two 
self sealing coupling connectors quickly to minimize helium 

CAUTION
Make sure the helium flex lines are connected and disconnected from 
the 9600 Compressor using the following procedure and as shown in 
Figure 3-3. Failure to follow this procedure could damage connector 
O-ring seals or cause a helium circuit leak.
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leakage.

Figure 3-3:  Connecting/Disconnecting Helium Flex Line Couplings

Single On-Board Cryopump Connections

1. Connect the Supply and Return lines to the 9600 Compressor as 
described in “Connecting/Disconnecting Helium Flex Lines” in 
this section.

2. Connect one end of the Cryopump cold head cable to the 
CRYOPUMP ELECTRICAL OUTLET on the rear panel of the 
Compressor as shown in Figure 3-4.

3. Connect the opposite end of the cold head cable to the cryopump 
cold head cable connector.

This 1 3/16 in. wrench 
is used to turn the self 
sealing coupling 

This 1 1/8 in. wrench 
holds the coupling in a 
stationary position.

Side View

To Tighten Coupling Halves

Hold HereTurn Here

Hold Here Turn Here

To Loosen Coupling Halves

CAUTION
Make sure the Compressor power is OFF before making any   
connections to the rear panel.
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.

Figure 3-4:  Single On-Board Cryopump Connections

Single Cryo-Torr Cryopump Connections

1. Connect the Supply and Return lines to the 9600 Compressor as 
described in “Connecting/Disconnecting Helium Flex Lines” in 
this section.

2. Connect one end of the Cryopump cold head cable to the 
CRYOPUMP ELECTRICAL OUTLET on the rear panel of the 
Compressor as shown in Figure 3-5. Connect the opposite end of 
the cold head cable to the cryopump cold head cable connector as 
shown in Figure 3-5.

On-Board Cryopump 
Power Cable

WATER POWER

REMOTE

SUPPLY

RETURN

CAUTION
Make sure the Compressor power is OFF before making any   
connections to the rear panel.
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Figure 3-5:  Single Cryo-Torr Cryopump Installation

Cryo-Torr 
Power Cable

SUPPLY

RETURN

WATER POWER

REMOTE
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Multiple On-Board Cryopump Connections

Helium Line Connections

1. Connect the Supply and Return lines to the 9600 Compressor as 
described in “Connecting/Disconnecting Helium Flex Lines” in 
this section.

2. Connect the Gas Return Line to the customer supplied helium 
manifold and then to the GAS RETURN connector on the             
On-Board Cryopump.

3. Connect the Gas Supply Line to the customer supplied helium 
manifold and then to the GAS SUPPLY connector on the On-Board 
Cryopump.

Power Cable Connections

1. Connect the On-Board Splitter Box power cable between the 
CRYOPUMP ELECTRICAL OUTLET on the rear panel of the 
Compressor and the On-Board Splitter Box power connector as 
shown in Figure 3-6.

2. Connect the On-Board Cryopump or Waterpump power cables to 
the CRYOPUMP 1, 2, or 3 connectors on the On-Board Splitter 
Box and the respective cryopumps as shown in Figure 3-6.

CAUTION
Make sure the Compressor power is OFF before making any   
connections to the rear panel.

CAUTION
The use of several compressors on a single manifold feeding a 
common supply header and a common return header requires special 
precautions. Contact CTI-CRYOGENICS for a review of the intended 
installation and for specific technical instructions. The use of a 9600 
compressor on a manifold with other CTI-CRYOGENICS compressor 
models requires a reduction of the helium charge pressure to 200 - 210 
psig charge pressure to avoid helium safety valves from inadvertently 
venting. Refer to “Section 4 - Operation” and “Section 5 - 
Maintenance” for more information.
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NOTE: Your installation (number of pumps per compressor) will vary 
based upon the On-Board Cryopump models used. Refer to “Appendix A - 
Customer Support Information” to consult your local CTI-CRYOGENICS 
Customer Support Center for information on specific compressor/pump 
applications.

NOTE: The On-Board Splitter Box can be installed at the process tool 
containing the pumps as shown in Figure 3-6, or on the rear of the 
Compressor as shown in Figure 3-7. CTI-CRYOGENICS recommends that 
the On-Board Splitter box be installed near the process tool to reduce cable 
requirements. 

Figure 3-6:  Recommended Multiple On-Board Cryopump or Waterpump Installation 
(Splitter Box located at Process Tool)

SUPPLY
RETURN

WATER POWER

On-Board Power Cable

REMOTE

On-Board 
Splitter Box
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Figure 3-7:  Alternative Multiple On-Board Cryopump or Waterpump Installation           
(Splitter Box located at Compressor)

SUPPLY
RETURN

WATER POWER

REMOTE

On-Board Power Cables

On-Board 
Splitter Box
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Multiple Cryo-Torr Cryopump Connections

Helium Line Connections

1. Connect the Supply and Return lines to the 9600 Compressor as 
described in “Connecting/Disconnecting Helium Flex Lines” in 
this section.

2. Connect the Gas Return Line to the customer supplied helium 
manifold and then to the Gas Return connector on the Cryo-Torr 
Cryopump.

3. Connect the Gas Supply Line to the customer supplied helium 
manifold and then to the Gas Supply connector on the Cryo-Torr 
Cryopump.

Power Cable Connections

1. Connect the Cryo-Torr power cable between the CRYOPUMP 
ELECTRICAL OUTLET on the rear panel of the Compressor 
and the CRYOPUMP ELECTRICAL INPUT on the Cryo-Torr 
Interface as shown in Figure 3-8 or Figure 3-9.

CAUTION
Make sure the Compressor power is OFF before making any   
connections to the rear panel.

CAUTION
The use of several compressors on a single manifold feeding a 
common supply header and a common return header requires special 
precautions. Contact CTI-CRYOGENICS for a review of the intended 
installation and for specific technical instructions. 

The use of a 9600 compressor on a manifold with other                      
CTI-CRYOGENICS compressor models requires a reduction of the 
helium charge pressure to 200 - 210 psig charge pressure to avoid 
helium safety valves from inadvertently venting. Refer to “Section 4 - 
Operation” and “Section 5 - Maintenance” for more information.
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2. Connect the Cryo-Torr Power Cables between the CRYOPUMP 1, 
2, or 3 connectors on the Cryo-Torr Interface and the respective    
Cryo-Torr Cryopumps as shown in Figure 3-8 or Figure 3-9.

3. Connect the User Remote cable to the Cryo-Torr Interface as shown 
in Figure 3-8 or Figure 3-9. 

4. Connect the Remote cable between the Cryo-Torr Interface and the 
Compressor as shown in Figure 3-8 or Figure 3-9.

NOTE: Your installation may vary based upon the Cryo-Torr Cryopump 
models used. Refer to “Appendix A - Customer Support Information” to 
consult your local CTI-CRYOGENICS Customer Support Center for 
information on specific compressor/cryopump applications.

NOTE: The Cryo-Torr Interface can be installed at the process tool 
containing the cryopumps as shown in Figure 3-8 or near the Compressor 
as shown in Figure 3-9. CTI-CRYOGENICS recommends that the Cryo-
Torr Interface be installed at the process tool to reduce cable requirements.

 

Figure 3-8:  Multiple Cryo-Torr Cryopump Installation

Cryopump Electrical Input
User Remote
(from vacuum system)

SUPPLY

RETURN

WATER POWER

Remote

Cryo-Torr 
Interface
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Figure 3-9: Multiple Cryo-Torr Cryopump Installation
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Section 4 - Operation

Adjusting System Helium Pressure

Your CTI-CRYOGENICS high vacuum pump system is comprised of 
several pressurized components i.e. compressor, flex lines, and cryopumps. 
Each component is charged with helium before shipment. After all 
cryopumps, helium lines, and manifolds are attached to the compressor, the 
system ("OFF" Condition) helium charge pressure must be verified before 
system operation. Once the ("OFF" Condition) helium system pressure has 
been verified, the system is ready for operation. After cooldown, the 
normal system operating pressure is recorded. 

NOTE: The 9600 Compressor is designed for continuous operation and 
should remain ON even when the cryopumps are in a regeneration cycle.

"OFF" Condition Helium System Pressure Verification

The proper system ("OFF" Condition) helium charge pressure is necessary 
so that the cryopumps operate at maximum performance as well as to 
assure that the compressor will operate below the maximum design motor 
winding temperature which will maximize the life of the compressor 
motor. 

1. Make sure the Compressor and Cryopump(s) are OFF.

2. Make sure all system components are connected together as 
described in “Section 3 - Installation”.

3. Allow all system components to acclimate to a temperature 
between 60º F and 80º F (15.5º C - 26.6º C). 

4. Read the compressor helium pressure gauge located on the 
compressor rear panel as shown in Figure 1-4. Compare the gauge 
reading to the appropriate 50/60 Hz line frequency value 
(depending upon your system installation) indicated in Table 4-1.

Table 4-1: 9600 Compressor Helium ("OFF" Condition) Charge

Line Frequency Helium ("OFF" Condition) Charge Pressure

60 Hz 240 - 250 psig (16.5 - 17.2 bars ) 

50 Hz 255 - 265 psig ( 17.6 -18.3 bars )
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NOTE: The use of a higher helium charge pressure for 50 HZ operation is 
necessary in order to compensate for the slower speed at which the 
compressor operates at 50 HZ. The ("OFF" Condition) charge level for   
60 Hz remains at 240-250 PSIG. 

5. If the ("OFF" Condition) helium charge pressure is not in the ranges 
as indicated in Table 4-1, then adjust the charge pressure as 
described in “Section 5 - Maintenance”.

Compressor Operation

The system may be operated once the helium charge pressure is correct. 

Perform the following steps to start the compressor:

1. Set the System Circuit Breaker to the ON (UP) position.

2. Set the Control Circuit Breaker to the ON (UP) position.

3. Close all Cryopump gate valves.

4. Refer to the On-Board Module Programming and Operation 
manual or Cryo-Torr Cryopump Installation and Service 
manual (that came with your cryopump) and perform the cryopump 
start-up procedure.  

CAUTION
Exceeding the recommended system ("OFF" Condition) helium 
charge pressure will result in the compressor and cryopump safety 
relief valves opening and releasing excess helium gas.

CAUTION
While the 9600 Compressor is operating, the helium pressure gauge 
indicator should never be in the red zone. If the gauge indicator is 
below 65 psig, then the system must be checked for insufficient 
helium or helium leaks. If the gauge indicator is above 160 psig, then 
the system has been over pressurized. Refer to “Section 5 - 
Maintenance”and either add or remove helium before operating the 
9600 Compressor.
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5. Once the second stage temperature for all cryopumps is below 17K, 
record the compressor pressure gauge reading as the normal system 
operating pressure. 

NOTE: During compressor operation, the compressor gauge reads the 
pressure of the gas entering the compressor prior to it being compressed.  

6. Affix a copy of the data next to the compressor gauge on each 
compressor. This data is to be verified for each tool installation and 
whenever a configuration change is made affecting the amount of 
system helium gas and line volume.

The compressor pressure reading will decrease from the normal system 
operating pressure during cryopump regeneration or if fewer cryopumps 
are being operated. These are normal variations in the compressor pressure 
reading and should not be cause for concern.  

If you have concerns about system performance changing, then check the 
normal system operating pressure which was determined in “Compressor 
Operation” in this section. If the normal system operating pressure is not 
correct, check the system for leaks. 

Once the leaks have been repaired, helium must be added to return the 
system to normal operating system pressure as described in “Section 5 - 
Maintenance”.

Replacement of Helium Circuit Components

On occasion, it may be necessary to replace components such as 
cryopumps, helium gas lines or compressors, or change the configuration 
of the system. Whenever any of these conditions occur, "OFF" Condition 
Helium System Pressure Verification should be performed to ensure that 
("OFF" Condition) helium pressure has not changed.

The use of a 9600 compressor on a manifold with other CTI-CRYOGENICS compressor models 
requires a reduction of the helium charge pressure to 200 - 210 psig charge pressure to avoid 
helium safety valves from inadvertently venting. 

CAUTION
The use of several compressors on a single manifold feeding a 
common supply header and a common return header requires special 
precautions. Contact CTI-CRYOGENICS for a review of the intended 
installation and for specific technical instructions. 
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Section 5 - Maintenance

Scheduled Maintenance

Suggested Maintenance Equipment

It is recommended to have the following equipment and disposable 
supplies available as listed in Table 5-1.

Table 5-1: Suggested Maintenance Equipment

Supply CTI-CRYOGENICS P/N

Helium, 99.999% pure -

Pressure regulator (0-3000/0-400 psi) Assy. 8031403

Helium charging line terminating in a 1/4-inch
female flare fitting

 7021002P001

Lint-free gloves and cloth -

Oakite or equivalent detergent soap -

Denatured alcohol -

Refer to “Appendix A - Customer Support Information” and contact the local Customer 
Support Center to obtain the 

CTI-CRYOGENICS parts listed in this table.
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Adsorber Replacement

Use the following procedure to change the adsorber every three years.

1. Set the System Circuit Breaker, on the rear of the 9600       
Compressor, to the OFF position.

2. Remove the 4 screws which secure the rear panel to the 
Compressor and remove the rear panel.

NOTE: Use two wrenches in Step 3 to prevent loosening the body of the 
coupling.

3. Using a 1-3/16 in. wrench, and a 1-1/8 in. wrench, as shown in 
Figure 5-1, disconnect the two self sealing coupling connectors 
quickly to minimize helium leakage.

Figure 5-1:  Disconnecting Self Sealing Couplings

4. Using a 7/16 in. (11mm) wrench, remove the adsorber mounting 
bolt as shown in Figure 5-2.

5. Move the adsorber from under the mounting tabs in the base as 
shown in Figure 5-2 and remove the adsorber from the Compressor.

6. Install the replacement adsorber under the mounting tabs and 
secure it into place with the bolt removed during Step 4.

7. Using two wrenches as shown in Figure 5-1, connect the two self 
sealing couplings quickly to minimize helium leakage.

8. Install the Compressor rear panel.

This 1 3/16 in. wrench 
is used to turn the self 
sealing coupling 

This 1 1/8 in. wrench 
holds the coupling in a 
stationary position. Side View

To Tighten Coupling Halves

Hold HereTurn Here

Hold Here Turn Here

To Loosen Coupling Halves
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9. Ensure that the pressure gauge reads the proper value as shown in 
Table 4-1. If additional gas pressure is required, refer to “Adding 
Helium” in this section. If gas pressure needs to be reduced, refer to 
“Reducing Helium Pressure” in this section.

10. Record the adsorber replacement date on the label as shown in 
Figure 5-2, and also note that the next adsorber replacement should 
be performed every three years.

Figure 5-2:  Adsorber Location, 9600 Compressor (Rear Panel Removed)

Adsorber 
Mounting 
Bolt

Adsorber

DATE
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Adjusting System Helium Pressure

NOTE: These procedures can be performed on a compressor that is turned 
ON or OFF. However, the helium pressure gauge should be set to the 
("OFF" Condition) helium charge pressure value if the compressor is 
turned OFF or set to the normal system operating pressure if the 
compressor is turned ON. Refer to “Section 4 - Operation” for more 
information.

Reducing Helium Pressure

NOTE: You must obtain the normal system operating pressure from the 
“Compressor Operation” procedure in “Section 4 - Operation” in order to 
perform this procedure. If the normal system operating pressure is 
unknown, then shut the compressor OFF and perform the “"OFF" 
Condition Helium System Pressure Verification” procedure in “Section 4 - 
Operation” instead.

1. Remove the flare cap from the gas charge fitting as shown in 
Figure 5-3.

Figure 5-3:  Helium Pressure Control Components

2. Open the gas charge control valve very slowly to allow a slight 
amount of helium to escape. Leave the valve open until the helium 
pressure gauge indicates one of the following: 

• To the appropriate value in Table 4-1 if the compressor is OFF and 
acclimated to a temperature between 60º F and 80º F                 
(15.5º C - 26.6º C).

Gas Charge Flared Fitting

Helium 
Pressure 
Gauge

Rear Panel

Gas Charge
Control Valve
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• To the value previously recorded in the “Compressor Operation” 
procedure in “Section 4 - Operation” if the compressor is ON.

3. Close the gas charge control valve and install the flare cap.

Increasing Helium Pressure

Use the following procedure to increase the helium pressure if the 
indicated pressure is below the appropriate value as shown in Table 4-1.

Adding Helium

NOTE: You must obtain the normal system operating pressure from the 
“Compressor Operation” procedure in “Section 4 - Operation” in order to 
perform this procedure. If the normal system operating pressure is 
unknown, then shut the compressor OFF and perform the “"OFF" 
Condition Helium System Pressure Verification” procedure in “Section 4 - 
Operation” instead.

This procedure ensures that both the regulator and the charging line will be 
purged of air and that the air trapped in the regulator will not diffuse back 
into the helium bottle. For best results, CTI-CRYOGENICS suggests a 
dedicated helium bottle, regulator, and line, which are never separated, for 
adding helium.

NOTE: You are required to supply the helium charging line terminating in 
a 1/4-inch female flare fitting, and a two-stage pressure regulator rated at 
0-3000/0-400 psig for this operation.

1. Attach a regulator (0-3000/0-400 psig) and charging line to a 
helium bottle (99.999% pure).

CAUTION
If helium is being added more than once every several months, check 
for leaks caused by improperly connected self-sealing connections or 
any mechanical joint in the Compressor.

CAUTION
Use only 99.999% pure helium gas. Helium circuit contamination may 
result if a lower quality of helium is used.
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NOTE: Do not open the bottle at this time. 

2. Purge the regulator and charging lines as follows:

a. Open the regulator a small amount by turning the adjusting 
knob clockwise until it contacts the diaphragm, then turn 
approximately 1/8 to 1/4 turn more, so that the regulator is 
barely open.

b. Loosely connect the charge line to the helium pressure 
regulator.

c. Slowly open the bottle valve, and purge the regulator and 
line for 10 to 15 seconds. Turn the regulator knob 
counterclockwise until the helium stops flowing.

3. Remove the flare cap of the gas charge flared fitting on the rear of 
the Compressor.

4. Loosely connect the charging line from the helium pressure 
regulator to the 1/4-inch male flare fitting installed on the helium 
charge valve. Purge the charge line again, as in step a, for 30 
seconds, and tighten the charge line flare fitting onto the gas charge 
fitting while the helium is flowing.

5. Set the helium pressure regulator to 300 psig (20.7 bars).   If the 
compressor is ON, proceed with step a. If the compressor is OFF, 
proceed with step b.

a. Obtain the previously recorded normal system operating 
pressure from the “Compressor Operation” procedure in 
“Section 4 - Operation”. Open the gas charge control valve 
very slowly and allow helium to flow until the compressor 
gauge reading is the same as the value obtained from 
“Section 4 - Operation”. Quickly close the gas charge 
control valve.

b. Obtain the appropriate (50 or 60 Hz) ("OFF" Condition) 
system operating pressure from Table 4-1. Open the gas 
charge control valve very slowly and allow helium to flow 
until the compressor gauge reading is the same as the 
appropriate value in Table 4-1. Quickly close the gas charge 
control valve.

6. Ensure that the helium charge valve on the Compressor is tightly 
closed. Shut off the helium pressure regulator on the helium bottle 
and remove the charging line from the male flare fitting. Reinstall
the flare cap.
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Appendix A - Customer Support Information

Customer Support Center Locations

To locate a Customer Support Center near you, please visit our website 
www.helixtechnology.com on the world wide web and select CONTACT on 
the home page. 

Guaranteed Up-Time Support (GUTS®)

For 24-hour, 7-day per week Guaranteed Up-Time Support (GUTS) dial:

1 800-367-4887 - Inside the United States of America

+1 508-337-5599 - Outside the United States of America

Product Information

Please have the following information available when calling so that we 
may assist you:

• Product Part Number

• Product Serial Number

• Product Application

• Specific Problem Area

• Hours of Operation

• Equipment Type

• Vacuum System Brand/Model/Date of Manufacture

E-mail

For your convenience, you may also e-mail us at: 

techsupport@helixtechnology.com
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Appendix B - Flow Diagram

Figure B-1 shows the 9600 compressor flow diagram.
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Appendix C - Troubleshooting Procedures

Troubleshooting the Compressor

The compressor troubleshooting procedures are summarized in Table C-1.

Technical Inquiries

Please refer to “Appendix A - Customer Support Information” of this 
manual for a complete list of the 

CTI-CRYOGENICS’ world wide customer support centers.

WARNING
Disconnect the compressor before performing any troubleshooting 
procedures.The compressor pump is hot after operating. Wait for the 
pump to cool down before working on the inside of the compressor

Do not change or modify any compressor internal wiring circuits, this 
may cause failure of the compressor and cold head due to improper 
phasing.
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Table C-1: Compressor Troubleshooting Procedures

Problem Possible Cause Corrective Action

1)  System circuit breaker 
(CB1) trips immediately to 
the OFF (0) position when 
switched to the ON (1) 
position.

1) Incorrect phasing of input 
power.

1)   Check phasing of input 
power. Refer to “Phase 
Check” in “Section 3 - 
Installation”.

2)  System (CB1) and Control 
Circuit (CB2) circuit break-
ers remain in the ON (1) 
position when switched ON 
but the compressor will not 
run.

1)   No power coming from 
source.

2)   Insufficient power 

3)   Remote control jumper plug 
not in place. This will apply 
only if remote circuit is not 
being used.

4)   Improperly wired external 
remote control circuit. 
NOTE: Only applies if 
remote control feature is 
being used.

1)    Check source fuses, circuit 
breakers, and wiring asso-
ciated with the power 
source.  Repair as needed.

2)   Verify adequate phase-to-
phase input voltage. Refer 
to Table 1-2.

3) Check to insure that remote 
jumper plug is fully seated. 
See Figure 1-4 for loca-
tion. Refer to “Compres-
sor Remote Connector” 
in “Section 1 - 9600 
Compressor Descrip-
tion” for more information.

4)   Verify correct installation of 
remote control feature. 
Refer to Table 1-6.
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3)  System circuit breaker 
(CB1) will not remain in 
the ON (1) position when 
switched ON.  The Control 
Circuit circuit breaker 
(CB2) trips when exces-
sive current is being drawn 
by the cold head or 24 volt 
compressor control cir-
cuits.

1)   Damaged On-Board power 
cable, connectors, or drive 
motor.

2)   Damaged component in the 
compressor power or control 
circuit.

1)   Check for compressor oper-
ation with cryopump cable 
disconnected from compres-
sor. Refer to “Appendix A 
- Customer Support Infor-
mation” to contact the Cus-
tomer Support Center if the 
compressor operates 
improperly.

2) Refer to “Appendix A - 
Customer Support Infor-
mation” to contact the Cus-
tomer Support Center.

4)   System circuit breaker 
(CB1) remains in the ON 
(1) position and the com-
pressor stops after several 
minutes of operation and 
remains OFF (0).

1)   Thermal protective switches 
are open. 

3) Very cold water has caused a 
restriction of oil flow through 
the oil injection orifice dur-
ing start-up.

1)   Check for inadequate water 
cooling. Refer to Table 1-3.

3)   Recheck for proper cooling 
water temperature. Refer to 
Table 1-3. Restart compres-
sor repeatedly until continu-
ous operation is achieved.

5)   System circuit breaker 
(CB1) trips after a period 
of running.

1) Loss or degradation of power 
from the source.

2) Defective motor windings.

1) Check that line voltage is 
correct on all phases.

2) Check running current on all 
phases.

3) Refer to “Appendix A - 
Customer Support Infor-
mation” to contact the local 
Customer Support Center.

Table C-1: Compressor Troubleshooting Procedures (Continued)

Problem Possible Cause Corrective Action
5 Helix Technology Corporation Pub. No. 8040444, Rev. 103, 05/04/2005 ECO No. 16977 C-3
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Appendix D - Schematic

Introduction

The schematic in Appendix C supports the 9600 (Low Voltage)             
Compressor CTI-CRYOGENICS P/N 8135164P001.

Table D-2: Basic Control Assembly Legend

Identifier Description

1M Compressor Motor

J15 Module Power Receptacle

J1/P1 Autoset Power Connector

J2/P2 Unload Solenoid Connector

J3/P3 Oil Solenoid Connector

J4/P4

J5/P5

J6/P6 Compressor Contactor Coil

J7/P7 Output Connector

CB1 Main Circuit Breaker (25A)

CB2 Control Circuits Circuit Breaker (7A)

ETM1 Elapsed Time Meter

M1 Contactor 7.5 HP IEC

M1OL Relay, Overload (16-24A)

PM1 Phase Monitor OMRON RDR-TFY-M

PWB1 PWB Autoset

T4 Transformer Assembly Control

LT1 Lamp, 24-28V LED Green

J8/P8 ETM1 Connector

J9/P9 LT1 Connector

J10/P10 T3 Input Connector
5 Helix Technology Corporation Pub. No. 8040444, Rev. 103, 05/04/2005 ECO No. 16977 D-1
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J11 Open

J12 Module Signal Connector

J13/P13 Phase Monitor

J14 Open

J15 Cryo Power Output

K2 Over Temperature Lockout Relay

Table D-3: On-Board/Cryo Electrical Module P/N 8135127G001 Legend 

Identifier Description

JT1 Open

JT2 Open

JT3/PT3 T2 Cold Head Supply, 2 phase

JT4/PT4 T1 Cold Head Supply, 2 phase

JT5/PT5 T2 Cold Head Transformer Output

JT6/PT6 T1 Cold Head Transformer Output

JT7/PT7 T3 Supply

JT8/PT8 T3 Low Voltage Output (23/26 VCT)

J18 Power Output

J19 Signal Output

P12 Signal Connector

P15 Power Connector

K1 Cold Head Voltage Relay

K2 Signal Voltage Relay

K3 Cryo Power Relay

T1 Cold Head Supply

T2 Cold Head Supply

T3 Low Voltage Supply

Table D-2: Basic Control Assembly Legend (Continued)

Identifier Description
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Table D-4: On-Board Output Module P/N 8135148G001 Legend

Identifier Description

J30 On-Board Output Receptacle

J31 Remote Control Receptacle

P18 Power Connector

P19 Signal Connector

P31 Remote Jumper
5 Helix Technology Corporation Pub. No. 8040444, Rev. 103, 05/04/2005 ECO No. 16977 D-3
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Documentation
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FEATURES

INSTRUCTION SHEET
SPS/CPS SERIES

• Voltage adjustment potentiometer
• Fold back current limiting
• 115/230 Vac, 47-440 Hz input
• ±0.1 % line regulation
• ±0.1 % load regulation

DESCRIPTION
The SPS and CPS Series are series regulated, solid state

power supplies designed to provide closely regulated DC
voltages in all popular voltage and current levels. The output
is floating, hence any voltage may be plus or minus or
referenced to another voltage.

OPERATING PROCEDURE
For 115 Vac, 47-440 Hz, connect input leads to terminals

1 and 4 of transformer or input terminal block. Terminals 1 &
3 and 2 & 4 will be jumpered. (Factory connection.)

For 230 Vac input, remove jumpers between 1 &3 and 2
& 4. Then jumper terminals 2 and 3 together and connect

"\ Vac to terminals 1 and 4. Suggest twisted AC input wires
ectrical noise reduction is prime concern.

Output terminals identified in figures on back of this sheet
are marked + and -. Load should be connected to these
terminals with due care to proper wire size and solid electrical
connection for best results. Output voltages may be adjusted
with the potentiometers identified in the figures located on
the back of this sheet.

SUGGESTED TEST PROCEDURE
Connect AC input power as outlined in operating

procedure. Place a variac between Vac source and input to
transformer. Place an AC voltmeter across transformer input
terminals 1 and 4. Set input voltage for nominal 115 Vac wIth
variac.

Place resistive load across output, check Vdc output
specifications. DC voltmeter should be connected directly
across output terminals. Greatest test errors are made at
this point.

LINE REGULATION
With output adjusted to rated load voltage, reduce input

Vac to 104 volts and record or note output voltage. Then
ir~'~ase input Vac to 126 Vac and note output voltage. Total

Jt voltage change should not exceed .2% or ±.1 %.

• Temperature compensated circuitry
• 0.1 % ripple
• Optional overvoltag:: protection
• Optional square current limiting

LOAD REGULATION
Set AC input voltage to 115 Vac. Place DC voltmeter

across output terminals and record or note output voltage. A
load resistor, equal to the rated load of the supply at selected
DC voltage setting, is then applied to output terminals. The
voltage change should be noted. This differential change
should not exceed .2% or ±.1 % of DC output voltage.

Output current adjust is accomplished by placing a load
resistor of the desired value across output terminals: adjust
current limit potentiometer identified in figures on back of
this sheet until voltage starts to drop. This is the fold back
point of current limiting. This control is factory set to 120% of
rated output and sealed.

RIPPLE
With voltage set at 115 volts and full load across DC

output terminals, the measurable AC voltage on output should
not exceed 0.1 % peak to peak.

OVERVOLTAGE PROTECTION
Optional overvoltage protection is available on most

models. Consult the catalog selection guide or the listing on
the next page for appropriate models or contact the factory
of application note.

Load generating high back EMF voltages should be
checked with parallel diode, zener, or series diode to reduce
detrimental effects on pass elements. It is recommended that
the AC input circuit be fused. A suggested fuse rating is listed
on the reverse side of this sheet.

SUGGESTED PRACTICES
Moving air is desirable when mounting in a confined area.

Chassis may be attached to other heat dissipating surfaces
to improve cooling characteristic at maximum ratings.

9962 Route 446, Cuba, New York 14727; Telephone (716) 968-2400; Fax (716) 968-3948
A-138704



L/t,2~
SPS / CPS 220 SERIES

NOTES:

1. Recommended input fuse: SPS/CPS 220 6A

2. OVP-3 is compatible with 5 volt through 28V SPS/CPS
220 models. OVP-12 is for use with 5V units only.

3. Remote sense is provided on all models. Factory installed
jumpers on the output terminal block are provided for
the local sense mode.
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A wide range
Specific solutions adapted to various

applications

SD Series

C2 Series

Hl Seriies

62

Presentation of the product range

Alcatel oil seal rotary vane pumps are used in many vacuum technology

applications

They can be used on their own to achieve a maximum vacuum of 1OJ Torr

(10 3 mbar), or in pumping assemblies, e.g at the exhaust of a diffusion pump

or turbomolecular pump.

Standard pumps for several purposes (non-corrosive applications).

Manufacture of light bulbs, production of TV tubes, manufacture of electronic

tubes, metallurgy, centrifuges, etc.

Pumps suited to the pumping of corrosive gases.

R&D, laboratories, freeze-drying, pumping of solvents, etc.

Pumps with increased resistance to meet the requirements of the more

agHressive processes of the semiconductor industry.
Ion implantation, sputtering, etc.

Se(lled pumps offering maximum tightness lseparate instruction manual).

Pumping of pure or precious gases.

~om. fl. rate m3jh 30 C 60

~) Series
1063SD

L 2063SD

~l
1063Cl

Series
2063Cl

~2 Series I 2 stages 2033C2 1=2063C2

~i 1 Series I 2 stages 2033Hl [)063Hl



33 and 63 m3/h rotary vane pumps.
SO/ C1/ C2 Pascal series
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Sensor connections on 2033 C2

8. Oil case

9. Draining plug

10. Oil level sight glass

11. Base

12. Oil filter (C 1 series)

13. Sensor connections

(C2 series)

1. Central housing

2. Electric motor

3. Inlet end fitting

4. Lifting eyes

5. Gas ballast control

6. Filling plug

7. Exhaust end fitting

- On the oil case, a vertical sight

glass (circular on C 1 Series) can be

used to Inspect the oil level easily

when filling the oil case and during

the operation of the pump.

- Sensor connections for pump

operation monitoring are available

on C2 series models.

- /' -nutral gas purge is used to

( oil and dilute pumped gases

on '-- t and C2 series models.

- An oil casing purge is used to dilute

the pumped gases on C2 series

models

- The three-phase motor can be disas

sembled independently of the rest of

the pump, without the need to drain

the oil case.

- A direct drive motor makes them

very compact.

- An anti-suckback system ensures

the tightness of the pump during

accidental or voluntary shutdowns

Th, , and 63 m1/h pump models

with the following main characteristics

- A gas ballast enables the pumping

of condensable vapours.

The inlet and exhaust end fittings are PNEUROP DN40 ISO-KF standard.

They are fitted vertically on the pump. They can also be used to connect

many of our accessories (see page 73).

The main remplacement parts are interchangeable: This enables easier

disassembly·assembly operations and replacement without changing the

pump's performance.

Various accessories can be used to adapt the pump to meet the requirements

of your application.

The cast iron pump central housing supports the pumping module and the

motor. Pumps C 1 and C2 series are free of zinc, copper and cadmium.
Pumps SD series include carbon steel, elastomers like nitril (NBR) and bearings
in copper olloy.

The other construction materials include cast iron, aluminium alloy, stainless

steel, fluorocarbons (FPM) and chemically resistant polymers.
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Single-stage

rotary vane pump

The pumping cycle is

given below:

Operating principle of the rotary vane pump

This is a volumetric pump, with a functional part composed of:

· A hollow cylindrical stator with inlet and exhaust valves

· A rotor mounted eccentrically inside the stator for pumping.

· Two vanes sliding in the rotor, forced against the stator by centrifugal force

and springs.

Inlet

Transfer

Compression

As the vane passes in front of the

inlet orifice, an increasing space is

formed into which the gas from the

chamber to be evacuated expands.

When the second vane passes, the

space is closed.

The gas trapped in the space

between the two vanes is transferred

to the exhaust orifice as the rolor

rotates.

The space communicates with the

exhaust, which is fitted with a valve:

the gas is compressed until the safety

valve is opened.

Exhaust

In. ~Exh.

The gas is expelled into the oil

casing when the pressure is sufficient

to open the valve.

64

Application Single stage rotary vane pumps are the best choice for continuous pressures

above 1.0 Torr (1.3 mbar), as well as applications where large amounts of

condensable gases are present.



Two-stage

rotary vane pump

To improve the backing pressure and flowrate at low pressure, two stages are
connected in series. The second is similar to the first both structurally and
operationally. The gases pulled in by the first (low pressure) stage are transferred
to the second (high pressure) stage and discharged through the high pressure (HPJ
valve.

In.

low pressure stage High pressure stage

Application Two stage rotary vane pumps are the best choice for application requiring an
ultimate vacuum as low as 5 x 10.3 mbor.
Note: when operating a two stage vane pump continously, greater than half an
hour, above 1.0 Torr, the unit should be eventually equipped with an oil mist elimi
nator and oil return system (consult us), or a single stage pump should be used.

Oil

Its function Oil has several important functions in the pump:
- It lubricates mechanical components (bearings, seals, rotor, vanes, etc.).
- It makes moving parts relatively tight by limiting internal leakage.
- It carries away the heat produced by the compressed gases.

Choosing the right oil Nat all oils produce the same ultimate pressure in a given pump. Ultimate pressure
depends on the saturated vapour pressure of the oil, its viscosity and its ability to
dissolve gases.
Good pumping conditions are related to the type of oil used.
The choice depends an:
- Expected pump performance.
- Chemical aggression and corrosion of pumped gases.
- Accessories used.
- Desired maintenance intervals and total operating cost.
ALCATEL has selected various types of oil for its pumps (see page 77).
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Lubrication

air.

@

CD

Lubrication / Anti-noise / Anti-suckback

The pump is equipped with a lubrication system which regulates the oil flow rate
required in the vacuum pump. In addition this system also ensures the gasing of the
lubrication oil and therefore the low noise level of the pump at ultimate pressure

(without gas introduction).

When the pump begins to operate, the cooled oil (from the bottom of the oil
casing) is pulled in by the oil pump (2) and drawn in through the oil inlet tube (3)
It is then agitated by a venturi tube (4) and forced into the chamber (6) which is
adiusted by the diaphragm spring system (7).
The discharge pressure of the oil pump (2) lifts the diaphragm off its seats (8)
allowing oil to reach the functional block via the oil iniection line (through seats)
(8). An orifice (9) equipped with a iet located in the oil lubrication system allows
trapped gases to be expelled out of the chamber (6).

C1 series pumps are equipped with an
automobile type oil filter, which traps
particles from the oil pumps exhaust.
Due to its construction, its life time is

reduced when pumping on corrosive
praducts in large quantities. In this case,
an auxiliary oil filtering system is
recommended (see page 73) and the
filter is replaced by a stainless steel
short-circuit stopper.

66

Anti-noise Parallel to the oil flow, there is a small orifice in the venturi tube (5), which reduces
the noise level at ultimate pressure. Because of the negative pressure created at the
end of the venturi tube (5), gases are entrained into the moving layers of oil
dampening pump noise, allowing the fluid to become more compressible.
The added gases will affect the ultimate pressure, therefore, a compromise between
sound level and ultimate pressure has to be reached as follows:

- Tightening down air intake tube (5) decreases the oil flowrate at the intake of the
oil pump (2) and increases the amount of gas mixture in the oil The sound level
decreases but the ultimate pressure increases.
- Unscrewing tube (5) increases the oil f10wrate at the intake of the oil pump (2)
and decreases the amount of air mixture with the oil. The sound level increases but

the ultimate pressure decreases.
This adiustment can be perfarmed via the oil fill port while the pump is in operation
at ultimate pressure.(a plug is designed for this purpose on the oil case single stage

pump).

Anti-suckback
When the pump is stopped or the power is turned off, the anti-suckback device (6),
(7) and (8) isolates the functional block of the pump against air or oil returning to
the chamber being evacuated ..
When the pump stops, the discharge pressure of the oil pump (2) drops rapidly
through the jet (9). Diaphragm (7) under pressure from spring and the difference of
pressure is forced againts its seat (8) thus closing off the injection line through the
seat (8).
The seal is also ensured by flush-mounted a-rings between the faces of the functional

parts (stators, flanges, housing ... j and by spring loaded check valves in the
discharge ports.
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COMPRESSION
The gas ballast can be used to inject a
certain quantity of air (inert or dry gas)
into the last stage of the pump during the "compression" phase so that the partial
pressure of the pumped gas is less than its saturated vapour pressure at the tempe
rature of the pump. Condensation is therefore impossible if this limit is not reached.
The maximum admissible vapour pressure is obtained at pump inlet for this value.

Gas ballast When condensable vapours are being
pumped, gas is compressed beyond its
saturated vapour pressure in the
"compression" phase and can
condense, impairing pump
performance and life.

At the end of "compression", the pressure in the exhaust chamber is greater than
atmospheric pressure. An anti-suckback device (valve + spring) prevents the gases
and oil from being draw back into the inlet.

The saturated vapour pressure of a body is higher when the system is hot than
when it is cold; therefore, the pump must reach operating temperature before
pumping condensable vapours.

- Using the gas ballast increases the ultimate pressure of the pump as well as the

&
temperature.

, - The gas ballast control, located on the frame cannot be used to set the gas
• injection flow rate.

- When the gas ballast control is open, the pump is not tight when stopped. To
guarantee this tightness, install an automatic gas ballast. (see page 73)

- C1 and C2 series: because of the danger present if the gas ballast was to be

&
opened to atmosphere, remove the plug and connect the port to a neutral

, gas supply line.

•
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Technical characteristics

For industry: SD Series
Two-stage pumps

2033 SO 2063 SO

50 I 60 50 I 60
2 2

1500 1800 1500 1800
30 60

23.3 42.4
27 55

18.8 38
1.5x10-4 / 2x10-4 2.25x 10-4 / 3x10-4

2xlO-2 3xlO-2

Characteristics

Frequency
Number of stages
Rotation speed
Nominal flow rate

Flow rate Pneurop method

Partial ultimate pressure I"~

with Alcatel 120 oil
Ultimate pressure
with gas ballast closed
Ultimate pressure
with gas ballast open
Oil capacity
Weight (pump + motor)12!
Maximum water vapour pumping
capacity
Water vapour pumping capacity
Inlet and exhaust end fittinos

Corrosive applications
C1 Series

Two-stage pumps

Unit

Hz

rpm
m3/h
cfm

m3/h
cfm

Torr /mbar
/Pa

Torr/mbar
/Pa

Torr/mbar
/Pa

I
kg (Ibs)
mbar

Po
g/h

ISO-KF

3.6
61 (134)

;30
3x103
700

2.25x10-3 /3x10-3
3x10-1

1.5x10-2 / 2x 10-2

2

DN 40

7
93 (205)

25
25x102

1200

Characteristics Unit 2033 C1 2063 C1

Frequency Hz 50 I 60 50 I 60
Number of stages 2 2
Rotation speed rpm 1500 1800 1500 1800
Nominal flow rate m3/h 30 60

cfm 23.3 42.4
Flow rate Pneurop method m3/h 27 55

cfm 18.8 38
Partial ultimate pressure III Torr/mbar 1.5x10-4 / 3x10-4

with Alcatel 120 oil /Pa 3xlO-2

Ultimate pressure Torr/moor 2.25xlO-3/ 3x10-3

with gas ballast closed /Pa 3x10-1

Ultimate pressure Torr/mbar 1.5xlO-2 /2xlO-2

with gas ballast open /Pa 2
Oil capacity I 3.6 7
Weight (pump + motor) 121 kg (Ibs) 74 (163) 98 (216)
Maximum water vapour pumping mbar 30 25
capacity Po 3x103 25x102

Water vapour pumping capacity g/h 700 1200
Inlet and exhaust end fittinQs ISO-KF DN 40

III Partial ultimate pressure measured according to Pneurop 6602 specifications with Alcatel 120 oil charge. It may vary if other oils are used
(See page 771.
I'l These values are for pumps equipped with three-phase motors.

Note:

68

The pressure measurements were made with a capacitive diaphragm pressure gauge measuring a total pressure in the absence of
a cold trap. Measurements using a Pirani type gauge can give different pressure values.



Corrosive applications

C2 Series
Two-stage pumps

,.---

Characteristics Unit 2033 C2 2063 C2

Frequency Hz 50 I 60 50 , 60
Number of stages 2 2
Rotation speed rpm 1500 1800 1500 1800
Nominal flow rate m3/h 30 60

cfm 23.3 42.4
Flow rate Pneurop method m3/h 27 55

cfm 18.8 38
Partial ultimate pressure (I) Torr/mbar 3.75x 10-4 / 5x 10-4

with Alcatel 113 oil /Pa 5x102

Ultimate pressure Torr/mbar 2.25x10-3 / 3x10-3

with gas ballast closed /Pa 3x10-1

Oil capacity I 3.6

I
7

Weight (pump + motor) (3) kg (Ibs) 76 (167) 98 (216)
Inlet and exhaust end fittings ISO-KF DN 40

co.--.e
c
Q)
II)

~
a.

III P
(5.
I?) I.

Note:

I ultimate pressure measured according to Pneurop 6602 specifications with Alcatel 113 oil charge. It may vary if other oils are used
,77).

_ values are for pumps equipped with three-phose motors.

The pressure measurements were made with a capacitive diaphragm pressure gauge measuring a total pressure in the absence of
a cold trap. Measurements using a Pirani type gauge can give different pressure values.
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For industry SD Series
Single-stage pumps

ICharacteristics Unit 1033 SO 1063 SO

requency Hz 50 I 60 50 I 60
I'-Jumber of stages 1 1
Rotation speed rpm 1500 1800 1500 1800
Nominal flow rote m3/h 30 60

cfm 23.3 42.4
Flow rate Pneurop method m3/h 27 55

cfm 18.8 38
Ultimate pressure (I) Torr/mbor 3.75xl0-2 /5xl0-2

with gas ballast closed /Pa 5
Ultimate pressure Torr/mbar 3.75/5
with gas ballast open /Pa 5x10-2

Oil capacity I 4.1 8.7
Weight (pump + motor) (2) kg (Ibs) 68 (150) 90 (198)
Maximum water vapour pumping mbar 45 35
capacity Pa 45x102 35x102

Water vapour pumping capacity g/h 1000 700
Inlet and exhaust end fittings ISO-KF DN 40

Corrosive applications
C1 Series

Single-stage pumps

ICharacteristics Unit 1033 C1 1063 C1

.equency Hz 50 I 60 50 I 60
Number of stages 1 1
Rotation speed rpm 1500 1800 1500 1800
Nominal flow rote m3/h 30 60

cfm 23.3 42.4
Flow rate Pneurop method m3/h 27 55

cfm 18.8 38
Ultimate pressure (II Torr/mbar 3.75x10- /5xlO-2

with gas ballast closed /Pa 5
Ultimate pressure Torr/mbar 3.75/5
with gas ballast open /Pa 5xl0-2

Oil capacity I 4.1 8.7
Weight (pump + motor) (2) kg (Ibs) 68 (150) 90 (198)
Maximum water vapour pumping mbar 45 35
capacity Pa 45x102 35x102

Water vapour pumping capacity g/h 1000 1700
Inlet and exhaust end fittinqs ISO-KF DN 40

'I) Pressure measured according to Pneurop 6602 specifications with Alcatel 120 oil charge. It may vary if other oils are used (See page 77).
(2) These values are for pumps equipped with three-phase motors.

The pressure measurements were made with a capacitive diaphragm pressure gauge measuring a total pressure in the absence of
a cold trap. Measurements using a Pirani type gauge can give different pressure values.
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Pump dimensions

Pump dimensions: see table below

Motor dimensions: see table page 72

Gas ballast

Exhaust DN40

o

o

3/8 G

o
mm

holes

A

SD Series

------

B I C b

1- -r ~-

Exhaust .DlIl!Ill
I"'1"""';0'"

I
I

I

I
....c

-r-
I~

( I 1) Drain
D '-I-' E .I '*'1. t -~~;a~F

" -. - _._.~

G
1-- _._._--_._ ....-

C1 Series

.....

Gas ballast

Exhaust DN40

o

Inlet

DN 40

Fill plug
l '/

4G

8G

_I~~", ~~
lam. 0 es

-~--t~~~~~ ··.·~.····.-~···~-~·--F I
~-----_._-_.._"------_._ ... _--

______ ~ __~__G _

haust
Oil casing purge

~~- -~~-
Inert gas

I ~
1/8 NPT_ ~ connection 1/8 NPT
'I"

- ...
I I I---

~

I

'J 1 t l
....c

~
L

I
I
I

i
il filter ( I 11 Drain 3/

'-I-' .........
)

I-R-!-~ B 5______-+ c rT-"-~I-,-I:--l
Ex

Pump dimensions: see table below

Motor dimensions: see table page 72

Model A B C D E F G H J K L M N 0 P Q R S T

14.1 15.1
33 17.7 11.2 4 1.2 8 146 17 2 1.6 13.1 6.3 12.5 to 0.46 5.4 8.3 3.5 17.6 to

15 15.5

15.9 17
6'! 20.6 13.3 4.6 1.13 8.9 17.9 20.3 2.1 1.7 15 7.2 14.4 to 0.46 7.4 10.2 3.5 20.5 to

16.4 17.4

nensions in inch

nensions in mm (see page 13)
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Pump dimensions

C2 Series

~ Z

Oil temperature sensor

connection M 10

I

.-n~j-
o

~~ --',-0_ /-----r ......

/8 G

o--+t ~~II F I~
I~ G I ",4xl1 mm

----------- diam. holes

I'\'~
--

---~

Df
_._,._--•..- .•. _-_.- ....- '-----.. a b----j

-_.'--,'--

....I

I
...c

-1- ~

II
( I 11 Drain 3

D E ""

Exhoust

Model A B C D E F G H J K L M N 0 P Q

33 17.7 11.2 4 1.2 8 14.6 17 2 1.6 13.1 6.3 12.5 13.7 0.46 546 8.3

63 20.6 13.3 4.6 1.1 8.9 17.9 20.3 2.1 1.7 15 7.2 14.4 15.6 0.46 7.4 10.2

Dimensions in inch Motor dimensions: see table below

Dimensions in mm see page 14

Specific dimensions
according to motors

'fit'
'\

I
I
:~

Model Motor .. I d h a b Model Motor I d h a b
type mm mm mm mm mm type mm mm mm mm mm

YDE 224 180 135 25.5 86 YDE 290 196 140 26.5 86

2033 CSA 212 184 132 26 87 2063 CSA 285 195 140 25 87

1033 JIS 246 180 135 25,5 86 1063 JIS 290 196 140 265 86

UL/CSA 240 185 142 26 87 UL/CSA 285 195 149 25 87

CE CE
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Accessories

NAME PART NUMBER LOCATION FUNCTIONS

c-

Oil level switch

OlS 36

liquid nitrogen trap
LNT 40

• Prevents dust particles larger than 6 microns
from entering the pump.

_. --_ ----~_ -._----------------_ _-

• Protects the pump against condensable vapours.
• Prevents oil from backstreaming into pumped
chamber.

• Separates oil droplets and particles contained
in exhaust gases emitted by the pump.

----+--------- ------------------- ---

Exhaust

------------ -_._-------- ---- --------

• Provide information about oil level inside oil
casing of RVP, whenever the pump is located in
an unaccessible area.

OME 40 S 104887

OME 40 (1 068795
OME 40 (2 068492

104377 On oil casing

1-- ~- --- --- ;-------------

104889 Inlet

f-- - --- -----

786537 Inlet

Du;tfilter

OFT 40

Oil mist

eliminator
OME 40 S - (1 - (2

-- ---

--- -- --_.-- --I----_._-----+----------~----

• Prevents oil backstreaming when pumping in a
"clean" vacuum.

Inlet
115 V - 104371

220 V - 053380
---- .-- --- -----~f__-----------___+---------------.---------.-~-~-

Sorption trap
ST 40

---

• Remote control for gas ballast.
• Allows the gas ballast to be closed when the
pump is off, ensuring that the pump is tight.

-------~

• Filters and/or neutralizes oil when pumping
gases which are corrosive and could rapidly
degrade oil quality.

Gas ballast

External device
Oil filter

DE1/DE2

Shock mount

Automatic gas ballast 068391 230V SO/60Hz

AGB 36" 104367 115V 60Hz
-- -- ---------------~-

DEl 110/115 V 068991

220/230 V 068990

DE2 110/115 V 104375

220/230 V 104374
------- --------+----:----:----:-----;-------;---------------- --~

082691 Between base and • Helps isolate pump vibration.
LAX 100 model 0 machine frame • Allows pump to be mounted on a frame.

-- --- -------------

Oil short-circuit

adaptor
054273

On the wessel
pipe fitting

• Allows to remove the oil filter cartridge and
replace it by an oil filtration system type DE 1 or
DE2.

----- ------- -- -----~---'---------'------------------------------~

" Other voltages and frequencies available in the Alcatel catalog.

"" In general, use accessories in which the tightness and materials are compatible with the pumped gases and the required
ill safety conditions at both the inlet and the exhaust.

At the pump exhaust, the discharge circuit must be such that the resulting excess pressure in the oil case is as low as possible.

The maximum excess pressure recommended for correct pump operation is 0.5 bar (7PSI).

A slight negative pressure in the oil case (0.1 to 0.2 bar . 1 to 3 PSI), at the exhaust, will prevent gases from accumulating and
reduce pump corrosion and pollution.

"" If the exhaust orifice is connected to an extraction duct or an oil mist eliminator, you must remove the exhaust safety valve
ill mounted in the pump's exhaust orifice.

I

I
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Safety instructions concerning the installation and

operation of pumping systems

If\ Before switching on the equipment, the user must read all of the start-up
ill and operation sections of this manual and observe the safety instructions
listed in the booklet of declarations of compliance supplied with the unit.

Unpacking When you receive the equipment, unpack it carefully. Do not discard the

packaging until you have ensured that the pump has not been damaged

during transport. Otherwise, take the necessary measures with the transporting

company and, if necessary, notify ALCATEL.

For all handling, only use the devices provided for this purpose (lifting rings,

handle, etc.).

The pump is not supplied filled with oil. The oil is contained in separate
bottles. Similarly, it is recommended to drain the pump before redispatching
the equipment.

C2 series In order to prevent moisture from entering the pump before its installation, it is

pressurized beforehand with nitrogen and sealed with blank-off flanges.

Remove the clamps and blank off flanges from inlet and exhaust ports only

before installation.

Storage New pump:

C2 series If the pump is new and has not been unpacked, store it as received since it

has been pressurized with neutral gas at factory.

Other series • If the pump is to be stored, we guarantee the reliability of our equipment

without particular storage precautions for up to 3 months (ambient

temperature between 41°F and 149°F or 5 and 6SOC).

• For storage periods of over 3 months, we recommend to fill the pump with

oil during storage. For this, fill the pump and run it at ultimate vacuum (inlet

orifice blocked) for approximately 1 hour in order to lubricate all the parts of

the functional block (see page 86).
Then, stop the pump and store it with the inlet and exhaust orifices sealed:

clamping ring, centring ring, plug, etc.

The shaft should be rotated by hand or by starting the pump every six months

following this storage procedure.

• After 6 months storage without oil, factors such as temperature, degree of

humidity, salt air, etc. may cause the deterioration of the pump components,

particularly the hardening of O-rings and the "sticking" of lip seals on shafts

and the gumming of oil. In this state, a pump may have operational problems,

particularly oil leaks. Before any start-up (new pump as well as used), the

pump must be disassembled (see page 100), and all the seals changed.
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All series Pump which have been used:
If the pump is not new, drain and rinse it (see page 97). Fill it with new oil,

then pump a dry inert gas through it to remove all traces of dampness in the

pumping system and oil casing.

Pump in dry inert gas as fallows:

10 minutes at above 2.25 Torr (30 mbar)

10 minutes at ultimate pressure with gas ballast open

10 minutes at ultimate pressure

Stop the pump and seal the inlet and exhaust orifices tightly with quick

connect clamps, centering rings, blank-off flanges ..

Note 1:
The seal kits must be stored with caution. Keep them away from heat and

light (sunlight and ultraviolet light) in order to prevent the elostomers from

hardening (AFNOR standard FD T 46.022).
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Installation and

start-up

• The machines must be connected to an electrical installation in compliance

with decree 88-1056 dated 14th November 1988, as well as any local

electrical codes that apply.

• It is important to isolate the machine from the power source before any

intervention on the equipment (for maintenance purposes).

• When switching off the power of equipment containing capacitors loaded

with over 60 VDC or 25 VAC, take precautions when accessing the connector

pins (single-phase motors, equipment with mains filter, frequency converter,

monitor, etc.).

• Vane roughing pumps use lubricants (oils), it is recommended to request

information from the manufacturer on the safety data sheets concerning the

product used.

• Our pumps are tested in the factory with ALCATEL 120 oil (ALCATEL 119

for the US - Alcatel 113 oil for the C2 series). It is recommended to use the

same oil during operation.

If changing the type of oil, refer to the chapter concerned for the procedure

and the type of lubricant required.

• Our pumps are designed to prevent any thermal risk for user safety.

However, specific operating conditions may generate temperatures which may

justify particular attention on the part of the user (outer surfaces> 158° F /

lO°C).



Table of recommended oils

Recommended oils In the vane pumps, we recommend to use only the ALCATEL oils in the table
below:

..... '

[~[)
.

Total Viscosity Vapour Flash point/
Oil'" APDI ,/)yi lsI C2 ultimate mm2/s ter1sion25°C self-ignition

.;/ ...,:; H,,' f·J,? pr~sure'
Icst) .Imbad" temper~ture

if lrilbar) ;;"V~t:}
,.,.,"''',>,'.

Anti-emulsion mineral oil

~
AlCATEl - Drying :s; 3.10-2 40°C/98

< 1.10-3
102 - Pumping water vapour 100°C/11,1

- Freeze-drying 260°C

Hydro-carbon based synthetic oil with good heat
40°C/100 /:.:.:AlCATEl resistance: :s; 1.10-2 < 1.10-3

111 - Pumping at high pressures X 100°C/7,8
245°C- Operating at high ambient temperatures ).1

Highly stable synthetic oil. lit,~;. "i

AlCATEl Perfluoropolyether. i'; 40°C/90

~- Highly inert to chemicals :s; 5.10-3 < 3.10-5
113 - Pumping oxygen ;Ti

•
iii

100°C/11
·,ii none

- Plasma etching ,e. ·"i

AlCATEl Mineral oil distilled under vacuum 40°C/54 %119
- Pumping non-corrosive products :s; 3.10-3

100°C/8, 1 < 4.10-5

- Low viscosity 244°C

AlCATEl General-purpose paraffin-based refined mineral oil 40°C/120

~120
- Good ultimate pressure :s; 2.10-3

100°C/12,5 < 4.10-5

- Low backstreaming 295°C

(\lCATEl 40°C/64 ;~Special hydrocarbon based mineral oil :s; 3.10-3 < 1.33.10-7
121 100°C/1 0

296°C

AlCATEl Mineral oil distilled under vacuum: 40°C/58
223°C/'

- Pumping corrosive products :s; 2.10-2 < 1.10-5

~90C200 - Low backstreaming 100°C/8,5

Hydrocarbon-based mineral oil distilled under .11 iiml'; :i

I~;:':AlCATEl vacuum: : ... 40°C/56
Pumping corrosive products

.,

i~
:s; 5.10-3 < 1.10-5

300 - Plasma etchin~ .U: 100°C/8,9
270°C

- Operating at igh temperatures .1'.

* Ultimate pressure measured according to Pneurop 6602 specifications on 2033 ALCATEL pump.

These volues ore given as a rough guide only. They moy vary accarding to the type of pump and the pumping conditions.

Requires special preparation of pump (see page 98).

However, the following replacement fluids can be used:

Mineral oil:
ELF MOVIXA PV 100, TURBELF SA 100,
BP CS 100 (BP registered trademark)
SHELL VITREA 100 (SHELL registered trademark)
TOTAL CORTIS PV 100 (TOTAL registered trademark)
INLAND 19, INLAND 20 (INLAND registered trademark)
MR 200 (MATSUMURA registered trademark)

Mineral-based synthetic oils:
rl F BARELF F 100, ELF BARELF C 68 (ELF registered trademark)

lOlL 20 (INLAND registered trademark)
,,-JLAND TW (INLAND registered trademark)
ELITE Z (CAMBRIGE MILL PRODUCTS, INC. reg. trademark)

Ester type synthetic..oils:
ANDEROL 555 (HULS registered trademark)
ANDEROL RCF 96 N (HULS registered trademark)

Fluorocarbon synthetic oils:
FOMBLIN YL VAC 25-6 (MONTEDISON registered trademark)
KRYTOX 15-25 (DU PONT DE NEMOURS registered trademark)
HALOVAC 100 (HALOCARBON registered trademark)
AFLUNOX 15.25 (SCM registered trademark)

Note: In this case, pump performances may be slightly different from those given in pages 68,69,70.
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Filling with oil Alcatel 33 and 63 m3/h SD, C 1 series pumps are tested in the factory with

ALCATEl 120 oil (Alcatel119 for the US).

Alcatel 33 and 63 m3/h C2 series pumps are tested in the factory with

Alcatel 113 oil.
At delivery, there is some oil remaining in the functional block.

!f\ Our pumps are tested in the factory with Alcatel oil: it is recommended

ill to use the same oil during operation. To change the type of oil, refer to

the Maintenance Chapter, "replacement of type of oil" section.

In all cases, follow the recommendations of the pump specifier for the choice
of oil to be used.

If necessary, carry out the special

preparation procedure for the pump,
then, remove the filling cap and fill with

oil:

- until the oil is between the maximum

and minimum levels (SD, C2 Series),

- until the oil reaches the middle of the

sight glass (C1 Series).
This operation must be performed with

the pump switched off.

Checking the oil level
To use the pump in optimum conditions, the oil level must be observed and

checked regularly. This level is checked with the pump switched off, hot and

on a horizontal plane.

Oil level sight glass

C1 series SD and C2 series

maximum level maximum level

minimum level
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Note: Optimum pump performance and service life are obtained when the oil

level is between the maximum level and the minimum level.

C2 series: if the pump is equipped with an oil temperature sensor, the

installation must be made with the pump drained of oil.
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Mechanical connections

!f\ For a given application, pump performance, vacuum characteristics,

ill temperature and reliability depend on the following:

. assembly conditions, accessory filters.

- the oil used.

- mechanical connections: pipes, etc .

. maintenance frequency and quality.

For the assembly of the vacuum circuit, provide the necessary accessories required

for maintenance: valves, purges, etc.

Mounting on a frame The pump can be mounted on a frame using the 4 attachment holes on the base

and the special shock mounts.

Note: Special shock mounts, effective against the pump's own vibrations, can also

be used but they do not ensure correct attachment during the transfer of equipment.

In this case, the pump should be clamped onto its support.

Ventilation The pump and the motor are each equipped with a ventilation system. During pump

installation, the pump should be placed in ventilated place. Provide a minimum gap

of 25 mm around the pump.

The vents on the pump and the motor should be checked regularly to ensure that

they are not blocked.

33/63 m3/h ALCATEL pumps are designed for operation at an ambient temperature

between 53°F and 113°F (12 and 45"C).

The pump inlet and exhaust orifices are equipped with DN 40 ISO-KF end fittings

which can be used to fit various line components made of stainless steel, plastic,

etc. (see Aleatel catalog).

If\Remov~the prqtectiv~caps on. the inl~t and exhaust orifices; these

Ll.2 compog~nts prev~ntfore.ignbodies from entering the pump during transport

andstorage.~~~i5 dan~~roIJ5 ..f(lI~.ave them on the pump during operation.

Exhaust (2)

!f\. It is recommended to connect the
ill pump exhaust to a smoke

evacuation duct.

• If the pump exhaust orifice is

connected to an extraction duct or an

oil mist eliminator, the exhaust stop

valve fitted in the pump exhaust orifice

must be removed (SD series) .

• At the pump exhaust, the evacuation

circuit must be such that the resulting

excess pressure in the oil case is as low

as possible: for correct pump operation

the max. exhaust pressure recommended

should be 1.125 Torr (1.5 bar 

21.75PSI) absolute pressure.

•

.
I

!f\ Also make sure that the maximum
ill exhaust pressure does not exceed
1 bar (15PSlj relative to atmospheric
pressure (for security).

Inlet (l)
!f\ Make sure that the all components

ill and chamber connected to the

pump inlet withstand a negative pressure

of 1 bar (15PSI) relative to atmospheric

pressure. 0
f ,

• ft

Inlet and exhaust fitting
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Purge and indicator

connections
Series

C1

C2

Item Description Connection

Gas ballast purge 1/8' NPT
_._~---_._ ..._----

Oil casing purge 1/8' NPT

----------

Oil pressure sensor M10 x 1

Bubller 1/8' NPT
-_._----

Oil casing temperature
M12 x 1

sensor

C2 Series (1 Series

Specific equipment:
HP valve

((2 Series only)

To operate the information delivered by the sensors, contact Aleate!.

The C2 pumps are equipped with HP and LP elastomer valves (FPMTM
according to standard NFT 40-002). In certain applications with fluorinated
gases, HP valve may harden and become brittle and compromise pump

performances. Alternatively, the pump may be equipped with a plastic,
corrosion-resistant HP valve on request.

On request Aleatel can supply these specific components depending on your
needs.

Tightness Part Number

Standard

On request

Elastomer

Plastic*

Plastic + special
o-ring

installation tight

installation not
tight

installation tight

053443

065057

065160
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;f\ * If a plastic valve is used, the pump's anti-suckback operation cannot
ill be guaranteed and an anti-suckback device must be installed in the
pumping line to ensure tightness when the pump is not operating.



low voltage nov 230V 240V 230V 220V 255 V 280 V
VDE and

CSA type
High voltage 380V 400V 415 V 460V 380V 440V 480V

low voltage 190V nov 200V 230V
Ul/CSAjCE

Type
High voltage 380V 460V

JIS Type High voltage 200V 220V 200V nov

Three-phase version

Electrical connections

!f\ The pumps must be connected to an electrical installation in compliance
ill with the decree 88-1056 dated 14 November 1988, as well as any local

electrical codes that apply.
• Our products are designed to meet current EEC regulations. Any modification
on the part of the user is liable to cause non-compliance with regulations or even
affect the EMC (Electromagnetic compatibility) performance and safety of the pro
duct. Alcatel cannot be held responsible for consequences resulting from such an
intervention.
• Before any maintenance is performed on a product by a maintenance operator
who has not been trained on safety regulations (EMC, electrica.l,safety, chemical
pollution, etc.), isolate the product from its various energy sour~~s~(

(electricity, compressed air, etc.). . . ", . "..
• As a general rule, it is recommended to protect the' motor for 12()% of its

nominal current (see page 80\. .. . .' . ( ....
• Check that the electrical wiring of the motor correspon~s to t~;)fne voltage,
before starting up the pump. . .....>
• Ensure that the electrical installation conforms. with your 10caLsafety .
requirements. It must include the appropriate fuse and reliable earthground.

All three phase motors (protection level IP 43. TEFC type) must be protected by a
customer supplied starter consisting of a suitably rated contactor and thermal overload.
The pumps can be equipped with different types of motors in compliance with the
electrical standards (Ul, CSA, VDE, JIS). In all the cases, the pumps are delivered
with their motors connected to maximum voltage (see page 83).

Wire the motor according to the line voltage. The connections to be made are
shown on a diagram inside the terminal box or on its lid (see page 83).
Check the direction of rotation of the motor (direction of arrow located on the
motor cover). For this:
- Remove the protective caps on the inlet and exhaust orifices.
- Vent the pump to atmospheric pressure.
- Switch on the pump for 2 to 3 seconds, with your hand on the inlet orifice
if suction is felt, the wiring is correct.
Otherwise, invert 2 consecutive phases.
The earth terminal must be connected correctly.

Different types of motors are available in accordance to the major international
standards CEI / VDE / UL / CSA / JIS. The three phase motors are compatible with
the follOWing voltages:

81
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Motor characteristics,
connection, protection

Three-phase motors

External motor protection, electrical protection

The information below is given as a recommendation.

The user must comply with the electrical standards or recommendations (IEC, VDE,

UL, CSA, etc.) applicable in the country in which the pump is used.

The use of electrical protection for the pump motor makes it possible to protect:

- The motor: in the event of excess voltage or rotor blocking, the resulting excess

current may destroy the coil and possibly the start-up system (for a single-phase

motor).

- The pump: in the event of a lubrication fault (contaminated oil, presence of

particles), increased resistance will draw excessive motor current.

Differential thermal circuit-breakers should be used, in which the mechanism contains

an instantaneous disconnection controlled by a bi-metal blade.

Never protect a three-phase motor with fuses not equipped with a differential system:

if three phase motors are powered on 2 phases without a differential system, the

motor could burn .

• three-phase motor:

The table on the following page gives, for each pump, the electrical characteristics in

permanent operation and the proposed circuit breaker.

Electrical connections The pumps are equipped with 6, 9 or 12 wire terminal box motors, the

wiring diagram of the terminals is given as a rough guide only. In the event of

doubt, only the plate in the terminal box should be used as a reference.

Terminal box eEl / VDE (Europe) Low voltage connection

220/240 V 50 Hz
220/280 V 60 Hz
Parallel coupling

High voltage connection

380/415 V 50 Hz
380/480 V 60 Hz

Serial coupling

vx

uzDwy

Terminal box

(9 wires)

Low voltage connection

220/240 V 50 Hz
230/280 V 60 Hz
Parallel coupling

High voltage connection

380/415 V 50 Hz
380/480 V 60 Hz

Serial coupling

82

1 7 1 7

6.5.4. :::::: to

:rrf
4

4
···.5

31
2

1
1

1
5

9 6
9;/6

~
2 . 2

8 83 3



-

6A
6A
4A

6A
4A

10 A
6A

10 A
10 A
10 A
6A

13.8 A
1A

1 7

l
i 4

115 V

460 V

200 V
200 V
nov
460 v

200 V
nov
460 v

nov
380 V

nov
380 V

10
• __ 0 ••• ,

Ii' . 5·"
9d·..../~2

3

High voltage connection

High voltage connection
380 ou 460 V 50 ou 60 Hz

Serial coupling

83

1.3 kW

1.1 kW
1.1 kW
1.1 kW

2.2 kW
2.2 kW
2.2 kW
2.2 kW

1.1 kW
1.1 kW

2.2 kW
2.2 kW

10

Single phase
60 Hz

Three phase
Three phase

Three phase
Three phase

1 7

~..

4

Three phase 60 Hz
Three phase 60 Hz
Three phase 60 Hz

Three phase 50 Hz
Three phase 60 Hz
Three phase 60 Hz
Three phase 60 Hz

low voltage connection
190 to 220 V 50 Hz
200 or 230 V 60 Hz

Parallel coupling

1033 SO
C1

2033 CD
C1
H1 - C2

low voltage connection

1063 SO
C1

2063 SO
C1
C2
H1

1033 SO
C1

2033 SO
C1
H1 - C2

1063 SO
C1

2063 SO . C1
C2· H1

1033 SO
C1

2033 SO - C1
C2 - H1

::::::

NEMA Terminal box (USA)
(12 wires)

Pumps for 60 Hz (US pumps)

Single Phase motors for 33 mJ/hr
pump model (USA only)

Pumps for 50 Hz (European pumps)
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Preliminary precautions

Operating
temperature

Before starting-up
the pump

Operation

If\ •The performance and operating safety of this product can only
ill be guaranteed if it is operated according to normal conditions of

use.
• The vacuum pump is also a compressor: incorrect operation may be
dangerous. Study the. user manu~1 before starting up thepump.
• The pumps are designed to prevent any thermal risk for user safety.
However, specific operClting conditions may generate temperatures which
may justify particular attention on the eart of.the user.>.7goq.
• Product tightness is·gl.laranteedfor nc>rmaloperatingconditions when the
product leaves the factory. It is the. user's responsibility tornaintain the level
of tightness particularlY when pumping..dang~r.ous products Ion C series
pumps).
• Be sure to fill the pum·p with oillseePogelB).

- At start-up, before switching on the motor, check that the oil bath
temperature is greater than 53°F (12°C).

- The ambient operating temperature for the pump must be between 53°F
(12°C) and 113 OF (4SOC).

- Under these conditions, the stabilized pump temperature (at the front of the oil
case) will be between 140°F and 158°F (60 and 70°C) (depending on
operating conditions).

Special case - Synthetic oils
SynthetiC oils are much more viscous when cold than mineral oils.
Do not start up the pump at ambient temperatures below 59°F (1 SOC).
For the same reason and to facilitate lubrication of the pump, pour a few
drops of oil (I to 2 cm3) through the inlet orifice before starting.

ill Check that the exhaust orifice is not blocked.

In certain cases, when the pump is started up in cold ambient conditions, or
with slightly contaminated oil, the current after start-up may remain high until
the oil in the pump is heated up. These conditions are sufficient for the
internal thermal protection to be activated, making start-up impossible
(see page 81 and 82).
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Start-up • When using a three phase motor, check the direction of rotation of the
motor (see electrical connections start-up chap. page 81).

• Check the oil level (see page 78).

• Start-up the pump.

• Allow the pump to run for one hour with the inlet blocked at ultimate
vacuum:
During this operation, make sure that the oil circuit is operating. Remove one

of the oil fill plugs to listen to the pump.

At start-up, the oil enters the lubrication circuit of the vacuum pump. As a

result, noises will be heard (first irregularly, then regularly) which will reduce

as the oil heats up. These noises will no longer be heard when the fill plug

has been replaced.

Under normal temperature conditions, the oil circuit should start less than

1 minute after start-up (this time may vary with the type of oil and its degree

of contamination).

• Using the gas ballast:
- to decontaminate the pump's oil;

- to accelerate heating. It is normal for the oil level to change (as can be seen

through the oil sight glass) when the pump is hot, due to expansion of the oil,

starting of the oil circuit and the operating conditions of the pump (inlet pres

sure). If necessary, stop the pump and adjust the oil level between the "max"

and "min" levels on the sight glass.

In the event of a malfunction, refer to the "Troubleshooting and corrective

actions" table (see page 94).



-
Operation of gas ballast

Choose an oil which facilitates the separation of pumped products which may

be condensed in the oil bath (anti-emulsion oil for water-based compounds,

etc.) (see page 77).
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Exh.

•

o

For this:

- avoid using any vertical ducting

which promotes the condensation of pro

ducts and the return of these products to

the pump.

- use a condensate collector;

The condensation of vapours at the pump exhaust is reduced if:

- the pump and oil temperature are high;

- the pressure at the exhaust is as low as

possible (removal of the oil mist

eliminator. .. );

- the condensates are collected

separately from the oil bath and do not

block the exhaust duct.

To pump with condensable products, it is necessary to operate with a hot

pump. For this, isolate the pump from the system and allow it to operate for

1/2 hour with the gas ballast open, or 1 hour (if possible) with the gas bal

last closed. When the oil bath is hot, the condensation of va pours in the

pump is reduced or prevented.

The pump's capacity to eliminate condensable vapours is related to their type,

the pump temperature and the quantity of air introduced by the gas ballast.

Thus, for high vapour levels in a system, the single-stage pump is more

suitable. However, when not pumping vapours, its ultimate pressure is higher.

Care should be taken to limit the inlet pressure of the pump to its maximum

admissible water vapor pressure with the pumped product. This is obtained by

reading the pump characteristic table for water vapour.

The use of cold traps or condensers are recommended when large quantities

of vapours are to be extracted. Excessively intense or prolonged pumping

may cause the products condensed in the trap to be evaporated a second

time.

- Run the pump, shutting it off from the system at the inlet by a valve or a

plug.

- Open the gas ballast and allow the pump to operate for 1/2 hour to

1 hour, or longer if the oil remains cloudy. This operation accelerates the

temperature rise of the pump while eliminating residual vapours present in

the oil bath.

In a pump stored with the same oil for a long time, condensed vapours may

contaminate the oil bath and affect performance. This is also the case after

pumping va pours and when the oil appears cloudy or discolored through the

sight glass.

Assembly

Choice of oil

Regeneration of
pump oil

Choice of pump and system

Pumping condensable
vapours



Assembly (continued) - we do not recommend an oil mist

eliminator when pumping condensable

vopors: if it is essentiol, do not connect

it directly to the pump exhaust but ploce

it outside the condensation zone.

- remove the stop valve from the pump

exhaust (SD Series);

- if possible, connect the exhaust to a

mechanical device creating a negative

pressure from 0.75 Torr to 1.5 Torr (0.1

to 0.2 bar).

Vapor pumping procedure

Exh

o

..

Condensate
trap
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- Valve off the pump from the system and increase the pump temperature,

30 minutes with gas ballast (see page 86).
- Start pumping and check the oil level:

• The level drops, oil is being lost;

• The level rises, condensates have been added to the oil.

- After pumping, regenerate the oil using gas ballast if it is cloudy or

discoloured.

• if the level is too high, change the oil and regenerate.

- Change the oil as soon as inlet pressure characteristics drop and are not

improved by regeneration.



Purges for pumping condensable, corrOSive, and
hazardous gases

_I and C2 series
Purges The use of vane pumps may result in pumping gases or vapours which are

flammable or that could contaminate the oil. In this case, these products must

be diluted using purges supplied with dry gases, such as nitrogen to avoid

undesirable reactions.

For this purpose, a filtered dry nitrogen supply or other inert gas with the

same characteristics is required:

· condensation point < 72°F/22°C,

· dust < 1fJm,

· minimum absolute pressure 2 bar.

Oil case purges The purge dilutes pumped gases with a inert gas:

it makes it possible to limit corrosion in the oil case, condensation and

accumulation of gases in dead spaces of the pump.

Connect the dry nitrogen supply on the specific connector (1/8 NPT) located

on the top of the frame.

Set the nitrogen pressure to approximately 15.4 PSIG (1.1 absolute bar)

(average flow 300 SCCM) (see table page 90), and the flowrate so as to

satisfy the dilution conditions.

Caution: do not generate an excess pressure> 14 PSIG (1 relative bar).

Purge with gas ballast Because of the danger present if the gas ballast was to be opened to

astmosphere the manual gas ballast doesn't operate. Connect the dry nitorgen

on the specific connector (1/8 NPT). The nitrogen f10wrate should be from

1500 to 1700 I/h with a pressure of 3.5 PSIG (0.25 relative bar) (see table
page 90) .

Serie C2

Use of the bubbler The bubble device is composed of an air tube with several holes, located at

the bottom of the oil case, which releases bubbles of inert gas in the oil. In

this way, the oil is saturated with neutral gas, which reduces its capacity to

dissolve pumped gases. The bubbles of inert gas released make it possible to

eliminate the volatile vapours or acids condensed in the oil. The bubbler flow

also lowers the pumps temperature which slows corrosion.

Setting The gas flow rate is adapted according to the application and the installation,

taking the following criteria into account (middle flow 300 SCCM . see table
page 90):

• When pumping high quantities of gas, a highly corrosive gas or an easily

condensable gas, it is recommended to use a high nitrogen flow rate.

Caution ! It is assumed that a sufficient quantity of nitrogen is available.

• The pump exhaust circuit must be such that, for discharged flow rates,

pressure drops do not cause an abnormal excess pressure in the oil case.

• The nitrogen flow rate must be such that oil losses have no effect on the

operation of the pump throughout the pumping cycle (the oil level must be

above the lower limit of the sight glass at the end of pumping).
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Settings (continued) Run the pump at ultimate vacuum for one hour and set the nitrogen flow rate

as follows (at atmospheric pressure and at 60°F j20°C)

(2 series (1 series

Purge and sensors setting table

Serie

2033
2063

C1

Oil casing purge
2033
2063

C2
Oil pressure 2033

sensor 2063

Bubbler
2033 60 300 700

2063 70 300 900

Oil temperature 2033
sensor 2063

CorresJX!nding ~~~
lute pressures l¥.~l

1.25

1.1 to 1.25
.15 to 1.25

1.1 to 1.25
.15 to 1.25

Start-up

Using the two purges simultaneously
((2 series)

Stop

90

Note: these characteristics apply for pumps operating at a constant inlet

pressure (l to 5 mbar): they are adapted for each case of pumping.

Start-up the pump at ultimate vacuum. When it is hot, run the nitrogen purge.

Use it from the beginning and throughout pumping.

When the bubbler and the oil casing purge are used simultaneously, the gas

flow rate must be ajusted to suit the application and the installation. The

adjustment data given in the table corresponds to the adding flow adjustment

data.

When pumping stops, allow the purge to operate for approximately 1 hour

(depending on the quantity of pumped gas) at ultimate vacuum, with the

purge, in order to degas the oil effectively and clean the pump with nitrogen

to eliminate the traces of pumped gases.



Oxygen pumping

In certain applications, mixtures containing oxygen at different concentrations,

or even pure oxygen, are used.

Oils of mineral origin are combustible. Exposure to pure oxygen at high

temperatures may couse them to self-ignite. In addition, they are highly

oxidized during pumping and quickly lose their lubricating properties. Mineral

oils must not be used for oxygen levels of over 21 % in pumped gases. In this

case, perfluorinated synthetic oils must be used, see list on page 77.

The use of these oils requires a special pump preparation (see page 98).

The pump must be completely disassembled and all traces oil mineral oil

removed. Flushing the oil case is not adequate.

&.<.In addifjBn, it is stronglyresommended not to use fluids such as
• •. tri-oryl-phosphate-ester which are know to cause accidents.

Any accumulation of oxygen in the installation should be avoided and the

oxygen or combustible mixture should be diluted with an inert gas at the

exhaust: the gas flow rate should be 4 times the oxygen flow rate.

Certain combustible or explosive gases require a higher degree of dilution.
Our International Support Services and Customer Services can advise you to
help solve problems of this kind. c:

.2-c
L.
CI>
a.
o
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For intermittent

pumpmg

For cyclical pumping

Recovery of oil (high pressure and cycling)

When the pump operates at high pressure, the oil heats up, becomes more fluid

and is flushed out of the functional block by the gas stream.

Oil losses at the exhaust are increased.

If the pump only operates for a very short time at high pressure,

the lubricating oil is replaced when the pump returns to low pressure. The use of

an oil mist eliminator prevents losses due to intermittent high pressure operation.

If the pump operates at high pressure in a cyclical fashion, oil consumption may

reach sufficiently high levels (according to the pumped volume and pumping

cycle rates) causing the level to drop in the oil case.

There is then a risk of seizure due to a lack of oil. In addition, the high flow of

gas passing through the eliminator prevents oil from returning to the oil case.

In order to pump in these conditions, the pump must be equipped with an oil

mixt eliminator and an oil recovery device as shown here below (contact
Alcate~ .

Cyclical pumping:
Example of oil recovery device

In.

Exh.

In.

Exh.

!f\ Device is not tight
illwhen switched off.

An electrovalve ensures
tightness when switched off.

For continuous pumping at

high pressure

92

In this case, or when very large volumes (requiring several hours of pumping)

are being pumped, it is recommended to recover the oil via the pump inlet.

In this case, please consult Alcatel directly.



Maintenance

General precautions For normal operation, the maintenance of ALCATEL 33 and 63 m3/h series

pumps only require regular oil changes.

!f\ Standard precautions before any maintenance operation:
ill Before performing a maintenance operation, switch off the pump and
disconnect the mains cable.

!f\ Before any draining or maintenance operation, check the pumping
ill conditions of the installation: potential toxicity, corrosion or
radioacitivity of pumped gases.
Depending on the case, we recommend:

- tapurgethe pumping installation with dry nitrogen before maintenance;
- Wear gloves, protective goggles and, if necessary, a breathing apparatus;
- ventilate the premises well and disassemble the equipment under a suction

hood;
- not to dispose of used oils.. c:mdresidues using the standard system and, if

necessary, have them destroyed by a specialized company.

If Certain gases can becorne cc.>rrosives and toxic when trapped in. oil.
~ Alw(Jyswear protectiveglo",es when. handling used and dirty pump oil,
drain it into a closable container, and do not breathe the fumes of the oil.
Always use fully self-contained breathing apporatus.

If A1w(JYs dispose of used dirty oil, or sub-products properly and in
ill compliance with. all local, state and federal environmental laws and
regulations.

If. After a. comple.te..•.•...•• maint.en... a.nc.eoperation, it is recomme.nded to perform
ill a helium leak tightness test. Alcatel can provide specific training to
know the tightness test methods and supply helium Leak detectors. Contact us.
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Troubleshooting and corrective actions

Incidents Causes Corrective actions

<::~El.c-'~.!.b.El.Jlow~_~L __ _. i
Reheat the pump and its oil.
or· Disassemble--the'rTloloro'nd try'

to turn the fan manually.

2 . Disassemble, clean the pump,

replace seals, reassemble.

j)raifl,_flush an{refill witf~~()r1()I
Replace by disassembling the motor.

1-=-'----.-';---,---,--"-......-- ...--
Disassemble, clean, hone the

scratched metal parts (replace them

if necessary) and reassemble.

•..........•••.._....__._----------,.--------------,.---,-------------~
: • Inco~r:.e<::t rTI0t~..fl()vvElr:..s..LJ.E>P.!L __
I • Temperature too low.

1-; ~~~~~:~~;:~:~I~. c;-fte-r..--.-.--

i I
~_ ... ~-_.--~-;-'--------I
I· Oil contaminated after pumping.

'r···- M~tor-~~~pling damaged.
• Pump seized, due to a stopping

after pumping in difficult

conditions (no draining or

. flushing).

The pump is not running

The pump does not start • Oil cold.
• Insufficient oil in the oil case.

• Oil contaminated.

...--;------;----,,--;-;----;----;-1

• Oil pump inlet partially blocked.

Warm pump.
I--.---'--~...,..-;--.__._--~..~
Fill up to the level.

I-=---'--;;--;---;------;-:-c-----;-,---.--

Drain, flush and refill with clean

oil.

Drain, and clean the oil pump inlet
duct.

• Lubrication holes blocked.
f---.----.-.----c---..,.----j

• Vane of oil pump damaged.

Disassemble and clean.

Replace it.

• Incorrect anti·suckback system

setting.

1-=----,---;-;--------;-......-_.-
Repeat the assembly and the setting.

Oil pressure sensor
,----_._-_._----_ .._----

>I< It indicates a too low or too high

I pressure
>I< It continues to indicate a too low

or too high pressure

Clear the line or check the

manometer/plug tightne~~:....__.._
Disassemble, clean and reassemble

using maintenance kit.
-..- ..--.-------------f---------------'--'-----------------I

....-

Drain, flush md start again with

clean oil.

I---,.--:----_.._~--_._. ---
Check the power supply.
Clean it. -.------- - -.~-,-----

- ... ---_.. ......-

Add oil.
~-~------_..... '---... ._ .._._-.

Warm, disassemble, clean.

Ultimate pressure obtained: a few moor/Torr
_. ..__._.

Reverse 2 phases.• Direction of motor rotation

I·G~:;Ji~~·ntfl1.?.!.~_p~~~_. _
l · Intake filter blocked.
l· Insufficient oil in the oil case.

I
• Oil lid,

~.()i.Lpume..inlet blocked. _
i • Oil contaminated.
i

The vacuum pump does not
produce a vacuum

'B C1 • C2 • C1 and C21
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i Check for system leaks. G,)
U
C
Cc
.!c.-c
:E

I
I

i
·1

I

pump inlet

95

Drain and clean the oil
duct.
Replace.

Corrective actions

i

I Close.

I ReplaC:e.
i

1-·------------------------ -------------------------- .._----
i Disassemble and clean.

p~~P~~~~.~§s~~~0.9J:La~9j~tti~8.~
1_ ~Elf:JEl() tthe!~(]ssEl rnbly.
I Replace.

i
i Replace.
i Replace.

i
I .

Check the installation.

I Drain and fill with a new oil.
rD~~in,fll.J~h ~nd refilTwith clean

l~il~~~._______~~ ~.. _. . .J
. Check the pump configuration or I

the ~~iL__~._~ '.. _1
c=bElc~ktb~PClVlElr supply: ..

iReelClcethern()tor after inseElction.
I Check the setting.
i
i .~......... .
I c:heck the assembly.
\ Repeat the setting.

I
i Replace.

i

I

i Check the installation.

l-~ -.--~
I Replace.

i
I

Repeat the reassembly.

10 2 Torr (10 2 mbar)

• C 1 and C21

• Ambient temperature too high.
,;pl.J~ppfaC:~d irl~p<:>orly .....

ventilated place or vents
blocked.

• Operation at high pressure
P > 22 Torr (30 mbar).

. setting.
• Vanes damaged or stuck.

Causes

• O~~ of the LP safety valves is
damaged.

• P~rtforg<:>tten in reassembly

Ultimate pressure obtained: a few

• Oil pump inlet partially blocked.

t contaminated (presence

1~~....Jlar!i.c:lesL __~_~~ .. ~ .. ~_

~~;r~:I:::::,;~:':
f ·~tv\aJo rJ)e~Clring S~.Clrl1Clged,
I • Motor caupling incorrectly set or

1__ j~rn~8~cJ.:_~~_ _~~
I • Incorrect fan assembly.
i • Incorrect anti-noise device

I

I • Gas ballast knob open

(or supplied with dry nitrogen

Cl,C2~S~ri~s).

• O:ringpinched.
• One of the seals is

damaged.
·Oneof theHp safety valves is

damaged.
I ; Ti.JbrTcationholes510C:ked.
i ~; In~c:orrec:t~anti-noisedevic:e setting ..
r-;~p~rt ~f<:>-rgatte ~ .. i~ -;ea~~~6Iy~--1
~ ..~... .._.._~.. . ~.~.... . .

j >B Filter cartridge clogged

1 .. Ac~~ss~ri~~ .

I
I • At the pump exhaust, the

1.::~~:O~rJ'~d;;e;O~"jle~_~~, ..
i • Oil mist eliminator cartridge

I clogged.

I • Oil level too high.

• C2>B C 1

Pump too hot

Incidents

Noisy pump

I he vacuum pump does not
produce a vacuum (continued)



Incidents Causes Corrective actions

-----
i Drain and fill with new oil.

Check the exhaust line
. Check the voltage, replace the

motor.
brain, -flush and refill with clean

oil.
[Check pump configuration or type
! of oil.

-!
[ U;~<:l~oil mist eliminator withail-

i recovert.device.
pressure.• Operation at

• Excess pressure at exhaust.
• Motor in over-voltage or

Motor in short-circuit.
• Oil conlalllin()ted.

i

I.Usi~g-~ pla;;i-c·HP ~()Ive
I

! (not tight)

• Gas ballast open:
1 - accidentally,
2 - pumping of condensable

vapours.:
.' L~~r()t()il~~~e-~~~T()r-~t-front

seal.
I.Pu-;:ge~ga;lI;~t~a--i~parta nt.

\ • C;_as~clIla_s~()pen._ "
I • Safety valve damaged. i
~ '~Inc()r~ect()nti-s~kback a-~~-e-lllbTyl
~--;--O-ringpin~hed------'---!

f--~Se~~-da~a~ied~~_~:==_'li
I • Oil contaminated. i

• flu mp nc)!prep()~ed f~r the a iI
used or oil unsuitable .

._-----_.. _.__._----+-_...
! • Oil level too high.
I
!

Poor pump tightness when

switched off

Considerable oil losses

Pump too hot (continued)

Oil in base

I • All Series >l< Cl • C2 • Cl and C21
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Maintenance

When the lubricating oil is expensive (fluorocarbon synthetic oils), the use of an

oil mist eliminator allows oil recovery after deposition.

o

o
I
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& ::::~~:~~o~~~~:P~~i~~::~;~i;:t~:t~~P:~e::~ :~ps
ensure personal safety. ;:;;'i'; '<";;.' '

The pump must be drained when hot and after the oil case has been vented to
atmospheric pressure. For this:

- switch off the pump;
- isolate the pump or disconnect from the

installation;
- tilt the pump;
- unscrew the draining plug on the side

of the oil case and the filling plug on the
top of the oil case.
When all the oil has drained, replace the
two plugs temporarily and run the pump
for about 10 seconds leaving the intake
open. Take care with the oil mist which
may appear at the exhaust. This

operation removes the oil from the

functional block;
- drain this oil by removing the draining

plug;

Note: Every pumping operation is different. This oil must therefore be changed at

intervals adapted to each specific application. The use of certain accessories (see

page 73) can reduce the frequency of these maintenance operations.

Draining

Normally, for a pump operating continuously at a pressure lower than 0.75 Torr

(1 mbar) with a clean gas (dry airL the oil should be changed every 6 months.

This value is given as a guide only. It may be extended to 1 year if the ultimate
vacuum required is sufficient (for primary vacuum pumps).
Similarly, if the pump is stopped frequently for long periods/ the oil should be
changed at intervals of 6 months to a maximum of 1 year (oil may become
sticky).

Maintenance frequency An incorrect ultimate vacuum or a reduction in pumping speed are signs that the
oil has deteriorated.

The periodic inspection of the state of the oil is performed by comparison with
a sample of new oil in order to check the level of contamination or deterioration
of the lubricant.

The frequency at which oil is renewed is adapted to the type of operation:
- if the oil is cloudy, this indicates that condensables have been absorbed during

pumping. The oil can be regenerated using the gas ballast (see page 87).
- a thickening of the oil, together with a blackish color and a "burnt" smell
indicate that the oil has deteriorated.

Drain the pump and flush it.
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Draining (contd.) - replace the draining plug and fill with fresh ail to the appropriate maximum level

of the oil case oil sight glass through the filling orifice (see page 78).

Flushing The draining operation can be followed by a flushing operation if the oil is

particularly dirty. This operation requires a volume of oil equal to the capacity

of the pump

After draining the oil case (see page 97), replace the draining plug Remove the

intake filter, clean it and replace it. Run the pump at atmospheric pressure, pour

the flushing oil very slowly through the inlet orifice. Take care with oil mist

which may develop at the exhaust. Stop the pump and drain the flushing oil via

the draining plug. Replace the plug and fill with fresh oil (see page 78)

Change of type of oil ALCATEL 33 and 63 m3/h series pumps are tested in the factory with

ALCATEL 120 oil or 119 for the US (ALCATEL 113 for C2 series pumps)

unless specified otherwise in the order. When the pump is delivered, a certain

quantity of oil remains in the functional block

Thus, if you wish to use another type of oil, proceed as follows:

Compatible oils Mineral oil can be replaced by another type of mineral oil. Simply flush the

pump (see above) using the new oil and fill the pump (see page 78).
Mineral oils are also compatible with mineral-based synthetic oils

(see page 77).

Incompatible oils This is the case when, for example, a mineral oil is replaced by a synthetic

oil (e.g. ALCATEL 120 by ALCATEL 113).

Synthetic oils are considered to be incompatible with each other for practical

reasons: they are expensive. A mixture may cause slight cloudiness of the

resulting mixture, which could be interpreted mistakenly as a sign of

contamination or deterioration.

For the same reasons, clear synthetic and mineral oils (ALCATEL 300), which

are also expensive, are treated as synthetic oils.

These remarks apply to ester or fluorocarbon type synthetic oils and the oils

Alcatel 111, 113 and 300 (see page 77).

Proceed as follows:

- Disassemble the pump completely and clean it (see page 100)
- Reassemble it.

- Connect an oil mist eliminator to the pump exhaust.

- Fill the pump with the new oil (see page 78).

NOTE: to replace a synthetic oil by a mineral oil, proceed as for compatible
oils.
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Spare parts

Tools and consumable products

Pump models Part No.

1033/2033 SO 054285
1063/2063 SO

._---

054485
.~~----

1033/2033 (1 054286
-'~_._-------'---~

_1063n063 <:.1__... _ _054488
2033 (2 065123
2063 (2

.--!--.~---

065552

Pump models Part No.

1033 SO 104416
f--1063-~

--- --_..

-~6441i

2033 SO 054288
2063 SO 054487
1033 (1 104418
1063 (1 104419

_._-----~ .. -

2033 (1 054289
2063 (1

---
054489

2033 (2 065124
----

2063 (2 065553

Pump models Part No.

SO 105347
(1/(2 105348

Screw kit This kit contains all screws and

washers for pump.

Major kit In addition to the seal kit, this kit contains a set of spare parts to perform

maintenance operations on the pump

for a two year period, under normal

operating conditions.

Keep this kit in a dry place, away

from heat and light (sunlight and

ultraviolet light), in order to prevent

any hardening of the elastomers (see

AFNOR standards: "storage conditions for vulcanized elastomer based

products" - FD 146 022).

Minor kit This contains all the seals on the

pump which must be replaced at

each complete disassembly.

Special precautions • Read the warning at the beginning of the maintenance chapter.

• Before disassembling the pump, drain it (see page 97).
• All the seals and faulty parts should be replaced, provide for a seal kit or

a maintenance kit.

Specific tools This kit contains some tools to

reassemble shaft seals and adjust the

motor sleeve position.

Pump models

All models

Part No.

065192

• Filter cartridge key (automobile equipment supplier) (C 1 Series)

Recommended tools • Two flat screwdrivers n03 and n09 3
• Thin spanner: - All models: 12, 13, 16, 17 mm

- C1 14, 16,50 mm

- C2 14, 16, 19 mm

• Allen wrenches: 2 - 4 - 5 - 6 and 8 mm

• Extraction screws M8

~~~~

~~.~

~~~

(2J (4J [5J ~J (8J
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Removing pump from
system

C2 Model :>

Disassembling the pump

If\ Before any maintenance is performed, remember to provide protection
ill against toxicity, corrosion, and radioactivity of pumped gases.

Depending on the individual situation, we recommend the following:

· flush system with dry nitrogen before maintenance is performed.
• wear gloves, goggles, and gas mask if necessary.
· make sure roam is properly ventilated and disassemble pump under an

exhaust hoad.
· collect residues. in appropriate containers.

Routine maintenance of ALCATEL serie SD, C 1 and C2 requires only periodic

oil changes.

In the event of heavy contamination or an operating breakdown (see page 94
to 96), the pump must be disassembled (see page 101).

Replace all seals whenever the pump is disassembled. The only tools needed

are a few wrenches, found in any maintenance shop (see page 99).

The following steps are necessary to protect the pump as far as possible from

the effects of corrosion.

Flush pump with a neutral gas to prevent toxic or corrosive gases from

accumulating in the pump.

Disconnect the nitrogen lines to the pump.

If the sensors are connected, disconnect them.

Disconnect the pump from the system and seal off the inlet and exhaust ports.

Bring the pump to the maintenance area immediately.

Drain pump (see page 97).

Do not store a pump in this condition for any length of time: once the neutral
gas has dissipated, the il)side of the oil case will be in contact with the
ambient air laden with water vapor; this may react with the pumped gases to
from acids that may corrode the pump even at room temperature.

The first phase of disassembly is to disassemble the motor; the second is to

disassemble the pumping module.
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[2J Removes the fastening screw

~ Remove three screws (9) and

remove gas ballast assembly and

o-ring.
Valve and washer assembly cannot

be disassembled.
Unscrew plug (10) (1/8" NPT).

Remove PTFE tape from plug thread

and put new one when

reassembling.

Prevent fan (3) from rotating by

wedging a wooden chock against

the side of the frame and two blades

of the fan.

Remove elastomer coupling (4).

o-rings.

rn Remove

screws (7) and,

using two 8 mm

extraction screws,

remove cover (8)
with seal.

(?J Unscrew self-locking screw (5)
(not reusable) and remove washer

(6).
Using two 8 mm extraction screws,

remove fan (3) and chock.

(11). Unscrew completely the gas

ballast knob and remove the 2

In case of important pollution,

roughly clean the pump with hot

solvents under pressure.

r'"'\!J~ Unscrew four nuts.

Remove motor assembly (1), and

motor mounting plate. The coupling

separates into two halves, one on the

motor side, the other on the pump

side.

(Cl Model)

C2 Model c)

Removing motor
(see general drawing)

Dismantling gas ballast
(C2 Model)



Removing oil casing Install the pump vertically on a work

bench using a hoist

Remove four nuts (1) and

remove the oil casing (2) and its

gasket.

Gasket may cause case (2) and

frame (3) to stick together due to

aging: insert lever between base and

bottom of case, and pry off case. Do

not use a hammer or screwdriver,

which could dammage the parts and

sealing surfaces.

C1 and C2 Models':> When the oil casing has been
disassembled, leave the pump under
a suction hood for fifteen to thirty

minutes before disassembling it to
make sure all the pumped gases
have been evacuated.
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Removing oil sight

(SD and C2 Models)

Removing accessones

Removing bubbler (C2 Model)

II""lI
~ Unscrew 2 screws (4) and
remove them.
Remove body of oil sight (5), the
O-ring and flat gasket; replace them

with new ones when reassembling
sight.

~] Unscrew (6a) with a thin

spanner, while securing the base
(6b).

~ Unscrew the fwo nuts (7) holding
the tube fasteners and remove it.
Remove tube (B).
Unscrew the base (6b).
Remove the washer and the o-ring
from the inside of the base. Change
the seal prior to reassemble.
Remove the PTFE tape from the base
(6b) and put a new one when
reassembling.

.ft
~

[)t
•



Removing accessories
{contd.l

Removing oil pressure monitoring

system (C2 Model)

Removing the filter
cartridge (C 1 model)

Disassembling pumping
module

Removing valve cover

Remove pressure gauge or

monitoring device or plug (Ie).

r"fl
~ Unscrew tube connector (2)
located on the oil pump (3).

~ Unscrew (lb) with a thin

spanner, while securing the

base (1c).
Remove tube (4), the

washer and the 0

ring From the inside
of the base (lc).
Remove PTFE tape

From thread (l b)
and (2), and put a
new one when

reassembling.

Using the specific key (see page 99),

remove the filter cartridge. In case of

single stage vane pump, remove the

two supports of case bushing, fitted

on the oil pump.

rn Remove valve covers (5) and (6)
by loosening screws (7) and (8).
Remove valve spring, valve (or

valves) and the HP valve (see details

on the general drawing).
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Disassembling pumping
module (contd.)

Removing oil pump Remove screws (l) and remove body

(2)

6

'7

Detail A

104

(3)

@J Remove screws (3) and remove

cylinder {4}, spring (5) and

diaphragm (6).
Remove seat (7) and O-ring (8).
Remove screw of oil inlet tube (9).
Remove oil inlet tube (lO).
Unscrew air inlet tube (11) and

remove spring (l2).

If necessary, note setting of air inlet

tube (11): number of turns until tube

stops moving turning clockwise.

Remove vane {l3}.



Disassembling pumping
module (contd.l

Removing rear plate

Removing HP rotor (3)

(two-stage pumps)

Removing HP stator (5)

Removing central plate (6)

(two-stage pumps)

SD Model ,)

Removing lP rotor (7)

Unscrew four nuts (1).
Insert two screwdrivers into the two

notches and twist to remove plate off

pins.

Pull plate straight out, holding HP

rotor (2) in place. Remove a-ring.

Remove rotor (3) by sliding it out of

stator.

Remove vanes (4) and their springs.

Insert two screwdrivers into the two

notches and twist to remove stator off

pins.

Remove a-ring.

Insert two screwdrivers into the two

notches and twist to remove central

flate off pins.

Remove a-ring.

Oil jet (item 78 on the general

drawing page 125) lubricates the first

stage. 00 not remove it for cleaning.

Where reassembling, spray with

compressed air to remove any

obstructions.

Remove rotor (7) by sliding it out of
stator (8)
Remove vanes (9) and their springs.
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Disassembling pumping
module (contd.)

Removing lP stator Unscrew four nuts (1).
Insert two screwdrivers into the two

notches and twist to remove it off the

pins.

Remove O-ring.

Disassembling exhaust nipple To remove exhaust nipple, the nipple

must be connected to a line with an

DN 40 centering ring with O-ring

and quick connect clamp. Use the

latter to unscrew nipple.

Remove O-ring.
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SD Model ':>

Desassembling inlet nipple

Remove pin and filter, sleeve, shaft,
valve and circlip.

(5J Remove four screws CHc (3) and

remove clamps (4).



Cleaning metal parts Solvents are required to clean components.

Oil sight glass cleaning
so, C2 series pump

C1 series pump

Oil casing/frame surfaces
cleaning

Cleaning parts

Standard precautions should be taken in compliance with the manufacturer's
instructions.

After use in mineral or synthetic oil, clean the metal components with a

mineral products based solvent such as AXARELll), CAREClEAN(2),
PREMAClEAN(3), NAPHTEOL(4). Proceed as follows:

• clean when cold or hot (max. 4SOC) by dipping or using a cloth,

• vacuum dry in a ventilated oven,

• the component must be cleaned a second time with alcohol.

After use in (perfluorinate) synthetic oil, clean the metal components in a

solvent such as GALDEN 5 90™(5) and proceed as follows:

• clean when cold by dipping or using a cloth,

• dry the components in the air or with compressed air.

After use in (non-perfluorinate) synthetic or mineral oil, clean the metal

components with a solvent such as alcohol and proceed as follows:

• clean when cold by dipping or using a cloth,

• dry the components in the air,

• industrial washing solutions can also be used. The cleaning operation

should be followed by vacuum drying.

When cleaning the plastic sight flass, avoid contact with alcohol or alcohol

based washing solutions. Clean the component with a solvent but do not dip

it, and rinse it immediately.

The sight glass of these pumps is made of glass.

Replace the oil casing gasket each time the pump is disassembled. If

necessary, clean the oil casing and central housing surfaces by scraping them

with a piece of wood or plastic to avoid scratching them. When

reassembling, oil the frame and case surfaces lightly.

(1)
(2)
(3)
(4)
(5)

DUPONT DE NEMOURS registered trademark

CASTROl registered trademark

DOW registered trademark
Nippon Chemical registered trademark
MONTEDISON registered trademark
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Specific tools

Recommended tools

Extracting a shaft seal from
its housing

Assembling the shaft seal

Assembly the protective

sleeve

108

Replacement of shaft seals

• Specific assembly mandrel. *
• Protective sleeve. *

• mcluded in the tool kif (see page 99)

II?I
• A flat screwdriver L.IIII.

With the flange flat, the seal is

extracted using a screwdriver, resting

on the plate so as not to damage the

seal housing.

The seal housing and the seal lip are

lubricated with the lubricant used in

the pump.

The flange is resting on a flat

surface.

According to the direction of assembly
specific to each pump, the seal is fitted

on the assembly mandrel.

Using a press or a hammer, the seal

is inserted in its housing.

To install the plates, use protective

sleeve and oil it before mounting

plate (or wrap end of shaft with

adhesive tape).
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They are fitted using the assembly mandrel according to the d"lrection of

assembly below:
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central flange

rear flange

rear flange

Single stage pump

Direction of assembly
of shaft seals

Two stage pump



Component preparation

Before reassembly

Assembling moving parts

Reassembling the pump

• Rest the frame on a flat surface in order to raise the pump vertically.

• Oil used for lubricate pump parts must be the same as oil used for pump

operation.

• All parts must be dry so that no solvent remains, particularly in blind holes.

• Do not put too much oil in the bottoms of the holes for the plate/stator

alignments pins.

• Coat all pump parts and lips of shaft seals with clean oil. Make sure seals are
correctly installed (see general drawing).

Fill lubrication holes of bearings and seal seats with oil.

• Tighten nuts without forcing [maximum torque see general drawing).

• Apply PTFE tope on sensor connector and connector for dry nitrogen line.

The bushings in the frame and plates can be replaced, but special machining is
required whenever a bushing is changed. Consult AlCATEL for assistance.

• Reassemble moving parts in reverse order of disassembly.

• Before replacing valves, for a little oil into the stators through the valve holes.

• Before reassembling oil pump, assemble fan using a new self-locking screw to

tighten it (Maintenance kit page 97).

BeFore tightening nuts (l) to Fasten rear Flange (2J, replace bubbler as Follows:

Put a PTFE tape on base (3) and gas connection threads.

Installing bubbler (C2 Moclel) Set the pipe (4) in the central housing.
Put a new seal and the washer on the

upper end of the pipe and then screw

it in the base (3).

Set the two tube fasteners on the studs

ans screw it in the two nuts (1).
Put a new seal on (5) and screw it
on (3).

110
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Two-stage pump Install the case bushing on the oil pump (the direction is defined by the

centering pin). Than, screw the filter cartridge.

When positioning the ai/tube, make sure that screw is properly centered in the

centering hole, the collector located at the upper part of the tube must line up

under the oil fill port in the oil casing.

Screw the air tube home and unscrew it of the number of turns given, when

disassembling (usually 3 or 4 turns) (see page 104).

Place slot of oil pump rotor in

horizontal position (parallel to pump

bose)

Fan can be used to turn rotor, but

never insert a screwdriver in the rotor

slot as this may cause damage.

Place vane (1) in its slot.

With pump horizontal, let pump body

drop by gravity on to rotor.

With pump vertical, turn pump body

(2) clockwise around alignment pin

(3), to bring it into contact with the

rotor without forcing. Never rest pump

body on rotor; this will eliminate

bearing play.

Fit two screws (4) and (5): must be tightened first (4), and (5) second (maximum

torque: 1mdaN).

Mount all necessary parts on oil pump body proceeding in reverse order as

described page 104.

If\ Resp~ct the centering to have a right oil circulation direction in the

ill cartridge.

Single-stage pump Install the two case bushing supports on the oil pump following t~,e assembly

diagram page 181 and secure them. Align the case bushinf] und screw the

filter cartridge.

Assembling oil pump

Air inlet tube

Oil pump intake tube reassembly
(C2 Model]

Installing the filter cartridge
(el model)
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MRS@ MAGNETIC REED SWITCH

Pig Tail Lead
Assembly Instructions

(see reverse side for Quick Connect Switches)

CONTENTS: 1 switch
1 band

1 U-shaped bracket
1 button head hex screw

SWITCH MOUNTING INSTRUCTIONS

ELECTRICAL SPECIFICATIONS
MRS-.087-B

Contacts ....... SPSTForm A(Normally Open)
ContactRating 10Watts max.
Switch Voltage 200 Votls max. AC/DC
Maximum Current 500 rnA max. (Resistive)
Initial Contact Resistance 0.10 ohms max.
Breakdown Voltage 400 Votls min.
Actuating TIme Average 1.0 m~lisecond

RRED :=:~8LACK
MRS-.087-PBl

Contacts ........ SPSTFormA(Normally Open)
ContactRating 2.5 Watts max.
Switch Voltage 3to 120 Votls AC or DC
Minmum ClITent 10 mA AC or DC
Maximum Current 20 rnAAC or DC
Initial Contact Resistance 0.10 ohms max.
Actuating Time Average 1.0 millisecond

~RED LOAD

~8LACK

Bimba Manufacturing Company
Monee, IL 60449
708/534-8544 FAX: 708/534-5767
Technical Assistance: 1-800-44-BIMBA

Form MR~-39A

MRS-.087-Bl
COntacts ....... SPST Form A (Normally Open)
ContactRating 9Watts max.
Switch Voltage 6 to 24 Volts
MaximllTl Current 500 rnA max. (Resistive)
Initial Contact Resistance 0.10 ohms max.
Actuating TIme Average 1.0 miAisecond

MRS-.1.5-B
Contacts ....... SPST Form A (Normally Open)
Voltage Rating 12 to 230 Volts (AC only)
Minmum ClITent 0.1 amps
Maximum Current 1.5amps@50"F(10"C)

0.5 amps @ 200"F(93"C)
Actuating TIme Average ...... 2.0 milliseconds

Bimba Limited
Cambridgeshire, United Kingdom
01733391078 FAX: 01733 391080



MRS® MAGNETIC REED SWITCH

Quick Connect
Assembly Instructions

(see reverse side for Pig Tail Lead Switches)

CONTENTS: 1 switch
1 band

1 U-shaped bracket
1 button head hex screw

SWITCH MOUNTING INSTRUCTIONS

PIN AND WIRE ASSIGNMENTS

~I

8mm Female Connector
~ BROWN - POSI1IVE/HOT

ClJlff! BlU( - N(GATIVE/N(UTRAl

BLACK - OUTPUT
NOT US£O fOR 2
WIRE SWlTO~ES

Model "C" - 2m Cable
Model "CX" - 5m Cable

Face View of Male Connector

41l!i '2 ,. POSI1IVE/HOT
-J 3. NEGATIVE/NEUTRAl

o 4 OUTPUT
o NOT CONNECTED

FOR 2 WIRE
SWITCH t.AODELS

ELECTRICAL SPECIFICATIONS
MRS-.087-BQ

Contac1s SPSTForm A(Normally Open)
ContactRating 10Wattsmax.
Switch Voltage 120 Volts AC or DC
Maximum Current 500 mA (Resistive)
Actuating Time Average 1.0 millisecond

MRS-.087-BLQ
Contac1s ....... SPST Form A (Normally Open)
Contact Rating 9Watts max.
Switch Voltage 6 to 24 Volts
Maximum Current: .. 500 mA max. (Resistive)
Initial Contact Resistance 0.10 ohms max.
Actuating Time Average 1.0 millisecond

MRS-.087-PBLQ
Contacts ........ SPSTForm A(Normally Open)
Contact Rating 2.5 Watts max.
Switch Voltage 3to 120 Volts AC or DC
Mirimum ClJTert 1OmA AC or DC
Maximum Current 20 rnA AC or DC
Initial Contact Resistance 0.10 ohms max.
Actuating Time Average 1.0 millisecond

NEGATIVE/NEUTRAL

MRS-.087-BQ and
MRS-.087-PBLQ

8mm Male Connector

MRS-.087-BLQ
8mm Male Connector
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Safety Conventions

Introduction

Follow all safety precautions during installation, normal operation, and when 
servicing CTI-Cryogenics products. 

This chapter explains the safety conventions used throughout this manual. 
CTI-Cryogenics uses a specific format for cautions and warnings, which includes 
standard signal words and safety shapes. 

See also the Customer Support appendix or call your local Customer Support 
Center for assistance.

Signal Word Descriptions

All cautions and warnings contain signal words, which call attention to safety 
messages and designate the degree of hazard seriousness. The following table 
shows the signal words and their meanings that may be used in this document.

Term Example Definition

CAUTION

A signal word accompanied by a safety shape 
that indicates a potentially hazardous situation 
or unsafe practice. 

If not avoided, the action may result in minor 
or moderate personal injury or equipment 
damage. A CAUTION is highlighted in 
yellow.

CAUTION

A signal word that indicates a situation or 
unsafe practice, which if not avoided may 
result in equipment damage. A CAUTION is 
highlighted in yellow.

WARNING

A signal word accompanied by a safety shape 
that indicates indicates a potentially hazardous 
situation. 

If not avoided, the action may result in serious 
injury or death. A WARNING is highlighted 
in orange.
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Safety Shape Descriptions

S-2
Safety Shape Descriptions

All cautions and warnings contain safety shapes, which have specific safety 
meanings. The following table shows some of the safety shapes used in this 
document and their meanings. 

References

For more information about safety standards, see the following documents:

• ISO 7010: 2003(E), Graphic symbols - Safety colours and safety 
signs - Safety signs used in workplaces and public areas

• ISO 3864-1: 2002(E), Graphic symbols - Safety colours and safety 
signs - Part 1: Design principles for safety signs in workplaces and 
public areas

Example Term Shape Definition

General Warning
Indicates a general hazard. Details about this 
hazard appear in the safety notice explanation.

High Voltage Indicates a high voltage hazard.

Hot Surface
Indicates a surface is hot enough to cause 
discomfort or a burn. 
Part Number 8040613, Revision 105, 04/11/05, ECO Number 16977 ©2005 Helix Technology Corporation 
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Section 1 - Cryo-Torr Cryopump Description

Introduction

Cryo-Torr pumps, shown in Figure 1-1 and Figure 1-2, are one of the two 
major components that make up the Cryo-Torr Pumping System. The 
second component is the Compressor. Instructions for the compressor are 
contained in each compressor manual.

The Cryo-Torr Pump provides fast, clean pumping of all gases in the 10-3 to 
10-9 Torr range. The cryopump operates on the principle that gases can be 
condensed and held at extremely low vapor pressures, achieving high 
speeds and throughputs, as described in Table 1-1 - Table 1-11.

Your Cryo-Torr Pump is a highly-reliable and rugged unit that requires a 
minimum of servicing. Since the cryopump exposes no moving parts, 
operating fluids, or backing pumps to the vacuum, the possibility of system 
or process contamination from the cryopump itself is eliminated.

Installation, Operation, and Service Instructions

Installation, Operation and Maintenance Instructions for your Cryo-Torr 
vacuum pump provides easily accessible information. All personnel with 
installation, operation, and servicing responsibilities should become 
familiar with the contents of these instructions to ensure safe, reliable 
cryopump performance.
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Figure 1-1: Cryo-Torr Pumps

CRYO-TORR 8

CRYO-TORR 8F

CRYO-TORR 4F
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Figure 1-2: Cryo-Torr Pumps

CRYO-TORR 250F

CRYO-TORR 400

CRYO-TORR 100

CRYO-TORR 500

CRYO-TORR 20HP
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Specifications

Table 1-1: Cryo-Torr 4F Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

1100 liters/sec
370 liters/sec
370 liters/sec
310 liters/sec

Argon Throughput 700 scc/min. (9 Torr liters/second)

Capacity:
Argon

Hydrogen
210 std. liters
3 std. liters @ 5 x 10-6 Torr

Crossover 100 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

75 min.
90 min.

Dimensions Refer to Installation/Interface drawing

Weight 37 lbs. (17 kg)
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Table 1-2: Cryo-Torr 8 Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

4000 liters/sec
1500 liters/sec
2500 liters/sec
1200 liters/sec

Argon Throughput 700 scc/min. (9 Torr liters/second)

Capacity:
Argon

Hydrogen
1000 std. liters
17 std. liters @ 5 x 10-6 Torr

Crossover 150 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

90 min.
110 min.

Dimensions Refer to Installation/Interface drawing

Weight 45 lbs. (20 kg)
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Table 1-3: Cryo-Torr 8F Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

4000 liters/sec
1500 liters/sec
2200 liters/sec
1200 liters/sec

Argon Throughput 700 scc/min. (8.9 Torr liters/second)

Capacity:
Argon

Hydrogen
1000 std. liters
8 std. liters @ 5 x 10-6 Torr

Crossover 150 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

90 min.
110 min.

Dimensions Refer to Installation/Interface drawing

Weight 42 lbs. (19 kg)
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Table 1-4: Cryo-Torr 10 Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

9000 liters/sec
3000 liters/sec
5000 liters/sec
2500 liters/sec

Argon Throughput 1500 scc/min. (19 Torr liters/second)

Capacity:
Argon

Hydrogen
2000 std. liters
24 std. liters @ 5 x 10-6 Torr

Crossover 300 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

100 min.
120 min.

Dimensions Refer to Installation/Interface drawing

Weight 85 lbs. (39 kg)
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Table 1-5: Cryo-Torr 10F Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

9500 liters/sec
3600 liters/sec
6000 liters/sec
3000 liters/sec

Argon Throughput 1500 scc/min. (19 Torr liters/second)

Capacity:
Argon

Hydrogen
2000 std. liters
24 std. liters @ 5 x 10-6 Torr

Crossover 300 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

100 min.
120 min.

Dimensions Refer to Installation/Interface drawing

Weight 90 lbs. (41 kg)
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Table 1-6: Cryo-Torr 250F Standard Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

6500 liters/sec
2200 liters/sec
3200 liters/sec
1800 liters/sec

Argon Throughput 700 scc/min.

Capacity:
Argon

Hydrogen
1000 std.
16 std. liters @ 5 x 10-6 Torr

Crossover 150 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

100 min.
120 min.

Dimensions Refer to Installation/Interface drawing

Weight 48 lbs. (22 kg)
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Table 1-7: Cryo-Torr 250FH High Capacity Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

6500 liters/sec
2200 liters/sec
4500 liters/sec
1800 liters/sec

Argon Throughput 700 scc/min.

Capacity:
Argon

Hydrogen
1000 std.
24 std. liters @ 5 x 10-6 Torr

Crossover 150 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

100 min.
120 min.

Dimensions Refer to Installation/Interface drawing

Weight 48 lbs. (22 kg)
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Table 1-8: Cryo-Torr 400 Standard Capacity Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

16,000 liters/sec
6000 liters/sec
5000 liters/sec
5000 liters/sec

Argon Throughput 500 scc/min. (6 Torr liters/second)

Capacity:
Argon

Hydrogen
2500 std.
15 std. liters @ 5 x 10-6 Torr

Crossover 300 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

150 min.
180 min.

Dimensions Refer to Installation/Interface drawing

Weight 160 lbs. (73 kg)
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Table 1-9: Cryo-Torr 400 High Capacity Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

16,000 liters/sec
6000 liters/sec
12,000 liters/sec
5000 liters/sec

Argon Throughput 500 scc/min. (6 Torr liters/second)

Capacity:
Argon

Hydrogen
2500 std.
42 std. liters @ 5 x 10-6 Torr

Crossover 300 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

150 min.
180 min.

Dimensions Refer to Installation/Interface drawing

Weight 160 lbs. (73 kg)
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Table 1-10: Cryo-Torr 500 Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

30,000 liters/sec
10,000 liters/sec
10,000 liters/sec
8400 liters/sec

Argon Throughput 500 scc/min. (6 Torr liters/second)

Capacity:
Argon

Hydrogen
3000 std. liters
16 std. liters @ 5 x 10-6 Torr

Crossover 500 Torr-liters

Cooldown Time
                                  60 Hz
                                  50 Hz

180 min.
220 min.

Dimensions Refer to Installation/Interface drawing

Weight 205 lbs. (93 kg)
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Table 1-11: Cryo-Torr 20HP Cryopump Specifications

Parameter Specifications

Rough Pump Connection NW 25 ISO KF

Integrated Hardware Second Stage Diode

Pumping Speeds:
Water

Air
Hydrogen

Argon

31,500 liters/sec
10,000 liters/sec
15,000 liters/sec
8,400 liters/sec

Argon Throughput 1500 scc/min. (19 Torr liters/second)

Capacity:
Argon

Hydrogen
5700 std. liters
46 std. liters @ 5 x 10-6 Torr

Crossover 300 Torr-liters

Cooldown Time 150 min.

Dimensions Refer to Installation/Interface drawing

Weight 152 lbs. (69 kg)
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Theory of Operation

Your Cryo-Torr Cryopump consists of a cold head and a vacuum vessel. An 
80K condensing array, a 15K array, cold head station heaters, and an 80K 
radiation shield are located in the vacuum vessel. The cold station heaters 
and 15K array are secured to the cold head, which is welded to the vacuum 
vessel. The cold head provides cooling to the three arrays. Gases are 
removed from your vacuum chamber, thereby creating a vacuum when 
they are condensed or adsorbed on the cryogenically-cooled arrays.

Cold Head

The cold head consists of a two-stage cold head cylinder (part of the 
vacuum vessel) and drive unit displacer assembly, that together produce 
closed-cycle refrigeration at temperatures that range from 60 to 120K for 
the first-stage cold station to 10 to 20K for the second-stage cold station, 
depending on operating conditions. Within the drive unit displacer 
assembly, the drive unit actuates the displacer-regenerator assembly 
located in the cold head cylinder and thereby controls the flow of helium 
into the cold head. Within the drive unit are located the crankcase and drive 
motor, which is a direct-drive constant-speed motor, operating at 72 rpm on 
60Hz power and 60 rpm on 50 Hz power.

During operation, high pressure helium from the compressor enters the 
cold head at the helium supply connector, and flows through the displacer-
regenerator assembly, crankcase, and motor housing before exiting through 
the helium gas return connector and returning to the compressor. Helium 
expansion in the displacer-regenerator assembly provides cooling at the 
first and second stage cold stations.

Vacuum Vessel and Arrays

The 80K condensing array, as shown in Figure 1-3, condenses water and 
hydrocarbon vapors. The 15K array condenses nitrogen, oxygen, and argon 
while the specially processed charcoal of this array traps helium, hydrogen, 
and neon. 
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Figure 1-3: Cutaway View of a Typical Cryo-Torr Pump
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Compressor Gas and Oil Flows

Helium returning from the cryopump cold head enters the compressor, and 
a small quantity of oil is injected into the gas stream, thereby overcoming 
helium's low specific heat and inability to carry heat produced during 
compression. Helium is then compressed and passed through a heat 
exchanger for removal of compression-caused heat. 

The helium continues its flow through an oil-mist separator and a charcoal 
filter adsorber (cartridge), within the compressor, where oil and 
contaminants are removed. A differential pressure relief valve in the 
compressor limits the operating pressure differential between the helium 
supply and return lines, thereby allowing compressor operation without 
cold head operation. When cold head operation reaches a steady-stage 
condition, further pressure regulation is unnecessary.

Cryo-Torr Interface

The Cryo-Torr Interface, shown in Figure 1-3, is required when; 
connecting more than one Cryo-Torr Cryopump to a variety of 
CTI-CRYOGENICS Compressors, or when connecting a single Cryo-Torr 
Cryopump to the 9000 AND 8510 Series of compressors.

The Cryo-Torr Interface accepts input cryopump power from the 
compressor and distributes it to a maximum of three Cryo-Torr 
Cryopumps. The Cryo-Torr Interface also supports a Compressor Remote 
feature which can be used to turn the Cryo-Torr Cryopumps off when the 
compressor is turned off.
    

Figure 1-4: Cryo-Torr Interface
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Figure 1-5: Typical Cryo-Torr System with 9000 Series Compressor
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Figure 1-6: Typical Cryo-Torr System with 8200 Compressor
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Figure 1-7: Typical Cryo-Torr System with 8600 Compressor 
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Section 2 - Installation

Introduction

Installation information is presented for experienced and non-experienced 
Cryo-Torr Cryopump system technicians. The flowchart in Figure 2-1 
highlights the major tasks for installation of Cryo-Torr Cryopumps. Refer 
to Figure 2-1 and the appropriate installation procedure within this section 
for the type of cryopump being installed.

 Figure 2-1: Block Diagram for Cryo-Torr System Installation

Installation
(Refer to 2-2)

Roughing Pump 
Connections
(Refer to 2-2)

Purge Gas
Connections
(Refer to 2-3)

Power Cable 
Connection

(Refer to 2-5)

Vent Pipe 
Connections
(Refer to 2-2)

Helium Line 
Connections
(Refer to 2-5)

Determine Crossover
Pressure

(Refer to 2-5)

Storage
(Refer to 2-10)

Shutdown Cryopump
(Refer to 2-9)

Start-up Cryopump
(Refer to 2-8)
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Installation

The cryopump may be installed in any orientation without affecting its 
performance.

Before mounting the cryopump to the vacuum system, a high-vacuum 
isolation valve (Hi-Vac valve) should be installed between the cryopump 
and vacuum chamber to isolate the cryopump from the chamber during 
rough pumping, cooldown, and regeneration.

Install the cryopump to the vacuum system as follows:

1. Remove the protective cover from the main flange of the 
cryopump.

2. Clean all sealing surfaces and install the O-ring or metal seal gasket 
as appropriate.

3. Mount the cryopump to the Hi-Vac valve or vacuum chamber 
mounting flange. Follow the mating flange manufacturer’s 
recommendations for the required hardware and securing 
procedures. Use all of the required mounting hardware. 

Vent Pipe Connection

The cryopump pressure relief valve can be vented directly into the room or 
can be connected to an exhaust system.

When connecting a vent pipe to your cryopump, the 1.30-inch diameter x 
1.38-inch long volume around the relief valve must remain open for proper 
relief valve operation.

Vent pipe adapters are available from CTI-CRYOGENICS 
(P/N 8080250K008).

Roughing Pump Connection

Connect your Cryo-Torr Cryopump to a roughing pump system using a 
roughing line with the largest inside diameter possible to minimize the 

WARNING
If toxic, corrosive, or flammable gases are pumped, a vent pipe must be 
connected to the cryopump relief valve and directed to a safe location. 
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roughing time required during start-up procedures prior to normal 
operation. The roughing pump should have a blank-off pressure of less 
than 20 microns. The roughing pump connects to the Cryo-Torr Cryopump 
roughing valve. The valve will accept an ISO NW-25 flange.

A molecular sieve roughing trap to minimize oil backstreaming from your 
roughing pump system is recommended and should be installed in the 
roughing pump line near the roughing pump. The trap must be properly 
maintained. Connect the roughing valve to the roughing pump as follows:

1. Install the roughing pump line to the cryopump roughing valve 
port using the clamp provided. Tighten the clamp securely.

Purge Gas Connection

Connect your purge gas supply line to the purge valve 1/8 NPTF fitting. 
Adjust the supply pressure to achieve 1-2 cfm.
5 Helix Technology Corporation Pub. No. 8040613, Rev. 105, 04/11/2005 ECO No. 16977 2-3



Purge Gas Connection

2-4

 

 Figure 2-2: Gas/Electrical Components on a Typical Cryo-Torr Cryopump

HELIUM GAS RETURN FITTING

HELIUM GAS SUPPLY FITTING

TEMPERATURE SENSOR

COLD HEAD ELECTRICAL CONNECTOR

PURGE GAS PORT

RELIEF VALVE
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Helium Return and Supply Line Connections

Make the connections between the cryopump and compressor. Refer to 
Figure 2-2, while making the component interconnections.

1. Remove all dust plugs and caps from the supply and return 
lines, compressor, and cryopump. Check all fittings.

2. Connect the helium-return line from the gas-return connector on the 
rear of the compressor to the gas-return connector on the Cryo-Torr 
Cryopump.

3. Connect the helium supply line from the supply connector on the 
cartridge to the gas-supply connector on the Cryo-Torr Cryopump.

4. Attach the supply and return line identification decals 
(CTI-CRYOGENICS supplied) to their respective connecting pip-
ing ends.

NOTE: Verify proper helium supply static pressure as described in the 
Installation Section of the appropriate Compressor Manual.

Power Cable Connection

1. Connect the Cryo-Torr power cable from the cold head connector 
on the compressor to the Cryo-Torr Cryopump power connector.

Crossover Pressure Calculations

Crossover is that point in time when the pumping of a vacuum chamber is 
switched from rough pumping to high-vacuum pumping. Rough pumping 
brings the vacuum chamber pressure from one atmosphere (760 Torr) down 
to a pressure of approximately 0.5 Torr. At crossover, the roughing valve is 
closed and the high vacuum valve is opened bringing the vacuum chamber 

CAUTION

The system power circuit breaker switch at the back of the compressor must be in the OFF 
position before making any and all electrical connections.

Do not connect the compressor to its power source until all connections have been made 
between the components of the Cryo-Torr system. 
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down to a pressure typically less than 10-6 Torr. This momentary pulse of 
gas and water molecules is cryo-condensed on the arrays of the Cryo-Torr 
Cryopump. 

To determine the maximum permissible crossover pressure (CP), perform 
the following calculation using the crossover values (CV) for your model 
Cryo-Torr Cryopump shown in Table 2-1 and the actual volume of your 
vacuum chamber (VC).

Where VC = 100 liters:

Optimizing Crossover Pressure

The calculated crossover pressure may not be optimized for your system.  
To help prevent any backstreaming during the roughing of the vacuum 
chamber, you should stop roughing at as high a pressure as possible.  The 
optimum crossover pressure for a vacuum chamber should cause a very 

Table 2-1: Crossover Values

Cryo-Torr Pump Torr-Liters

4 100

8 150

8F 150

10 300

100 40

250F 300

400 300

20HP 300

500 500

CP = 
CROSSOVER VALUE

VACUUM CHAMBER VOLUME
= CV

VC

CP = 300 TORR-LITERS

100 LITERS
3 TORR=
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slight rise in temperature with a rapid recovery.  Increase the roughing 
pressure in small increments (15-20%) until the rise in temperature is 
noted; then drop the value by a small amount (10%).  This will be the 
optimum pressure for that vacuum chamber.

Cryo-Torr Cryopump Capacity Calculations

Cryopump capacity is defined as the total standard liters of gas that can be 
accommodated within a cryopump prior to regeneration.  The number of 
hours between regeneration cycles can be easily calculated in the case of a 
continuous gas flow of a known gas species:

Where:

A = Duration of operation with a continuous gas flow (hours)

B = Gas flow (scc/min.)

C = Cryo-Torr capacity for the particular gas species being flowed (std. 
liters) as shown in Table 2-2.

Table 2-2: Condensable Gases Capacity (Argon, Nitrogen, Oxygen, etc.)

Parameter Value

Cryopump Cryo-Torr 10F

Standard Liters 2000

Torr-Liters 1,500,000

A = 
16.6 x C

B
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Example:

For a sputtering application of continuously flowing argon gas at 70 scc/
min, the duration of continuous operation with this gas flow (between 
regeneration) would be:

Crossover Cycle Calculations

The number of crossover cycles between regeneration cycles can also be 
easily calculated when the crossover pressure and vacuum chamber 
volume are known:

Where:

N = Number of crossover cycles

V = Volume of vacuum chamber (liters)

P = Pressure of vacuum chamber prior to crossover (Torr) 
      (roughing pressure)

Example:

For a vacuum chamber of 100 liters and a roughing pressure of 1.5 Torr, the 
number of crossover cycles between regeneration cycles would be:

Cryopump Start-up Procedure

1. Close the Hi-Vac valve to isolate the Cryo-Torr Cryopump.

2. Initiate a Nitrogen purge of the Cryo-Torr Cryopump for one hour.

A = 
16.6 x 2000 (std liters)

70 (scc/min)
474 hours=

N = 
760,000 Torr-liters

P x V

N = 
760,000 Torr-liters

1.5 (Torr) x 100 (liters) = 5,060 cycles
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3. Open the roughing valve and rough the Cryo-Torr Cryopump to 50 
microns. Close the roughing valve.

NOTE: If step 4 cannot be achieved, repeat step 3.

4. Check the rate-of-rise. The rate-of-rise should be 10 microns/
minute. 

NOTE: Cryo-Torr Cryopump power is turned ON/OFF when compressor 
power is turned ON/OFF.

5. Turn compressor power ON.

6. Wait for the second stage temperature (T2) to be less than 17 K.

7. Open the Hi-Vac valve.

Cryopump Shutdown Procedure

Typically, a cryopump can be left in operation continuously if you are not 
processing or not using the vacuum chamber, by simply closing the Hi-Vac 
value to isolate the cryopump from your vacuum chamber. You are now 
able to load, unload, repair or replace components in the chamber and the 
cryopump will be available for restarting the process as necessary.

1. Close the Hi-Vac valve to isolate the cryopump.

2. Shut off the cryopump by removing the input power cable to the 
cryopump motor.

3. Initiate Nitrogen gas purge.

4. Continue Nitrogen gas purge until ambient temperature is reached.

5. Shut off the Nitrogen gas purge.
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Cryopump Storage

If the cryopump is stored while attached to your vacuum system, the 
cryopump vacuum vessel should be kept at a slight positive atmospheric 
pressure with dry nitrogen or argon.

If the cryopump is removed from your vacuum system, install the 
protective cover on the mounting flange of the cryopump vacuum vessel 
inlet before storage.

The remaining components of your Cyro-Torr high vacuum pump system 
are fully protected during storage if kept under positive helium pressure 
and all component connections left connected.  Periodically, check the 
helium supply pressure gauge on the compressor and refer to the 
compressor manual for the proper static charge pressure.

WARNING
If the cryopump has been used to pump toxic or dangerous materials, you 
must take adequate precautions to safeguard personnel. If such a cry-
opump is shipped to a Product Service Department, clearly mark on all 
storage cartons the identity of the toxic or dangerous materials to which 
the cryopump has been subjected. All shipped equipment that contains 
hazardous/toxic materials must conform to DOT regulations.
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Section 3 - Regeneration

Introduction

A Cryo-Torr cryopump periodically requires a regeneration cycle to return 
it to its original operating capabilities.

Gases captured from a vacuum chamber and trapped in the cryopump 
through condensation and cryo-adsorption are held primarily in an ice-like 
form. A regeneration cycle removes trapped gases through a process 
similar to defrosting a refrigerator freezer compartment.

During a regeneration cycle, the cryopump is warmed to room temperature 
or higher, allowing trapped gases to change from a solid state to a gaseous 
state and thereby released from the cryopump through the pressure relief 
valve to the atmosphere.

When to Regenerate

The need to regenerate the Cryo-Torr pump as a result of saturation is a 
function of the cryopump capacity and the process gas throughput.

If the cryopump becomes incapable of maintaining a high-vacuum 
(typically an increase in your vacuum chamber base pressure by a factor of 
10, even though the cold head and compressor unit are operating 
satisfactorily), the cryopump requires regeneration.

It is recommended that your cryopump be regenerated on a regular 
schedule coinciding with system maintenance, weekend system shutdown, 
etc.  A suitable time interval between regeneration cycles can be 
determined from experience.

Extended loss of electrical power (10 minutes or longer), system vacuum 
failure, such as venting with a partially open vacuum isolation valve, and 
operator error may  necessitate cryopump regeneration.

WARNING
If toxic, corrosive, or flammable gases are pumped, a vent pipe must be 
connected to the cryopump relief valve and directed to a safe location.
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NOTE: Short term electrical outages of up to 10 minutes should not result 
in the need to regenerate your cryopump.

Assisted Regeneration

A regeneration cycle incorporating the use of a heated dry inert purge gas 
(nitrogen/argon) is the preferred method of regeneration and will overcome 
unassisted regeneration technical difficulties by:

• Minimizing the required time to bring the condensing and cryo-
adsorbing arrays to room temperature

• Reducing the time required to rough the cryopump because the dry 
inert purge gas will minimize the amount of residual water vapor in 
the 15K array

• Diluting hazardous gases and ensuring their removal from the 
cryopump housing

NOTE: Call 1-800-FOR GUTS to obtain the accessories listed in           
Table 3-1:.

1. Close the Hi-Vac isolation valve.

2. Shut off the cryopump by setting the System Power switch on the 
compressor to the OFF position.

3. Immediately introduce heated dry purge gas through the vacuum 
vessel purge fitting at approximately 150º F (66º C) and at a flow 
rate of 1 -2 cfm. Allow the purge gas to vent through the relief 
valve.

4. Halt the gas purge when the condensing arrays reach 80º F (26º C) 
(300K).

Table 3-1: Required Accessories for Assisted Regeneration

Part Number Description

8080250K020 Purge Gas Heater, 110 V

8080250K023 Purge Gas Solenoid Valve, 110V
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5. When the condensing arrays reach ambient temperature, rough the 
cryopump to an initial starting pressure, usually between 50 and 
100 microns.  

NOTE: After roughing, perform a rate-of-rise (ROR) test to ensure that 
your cryopump regeneration has been thorough and that no air-to-vacuum 
leaks are present.

6. Perform the rate-of-rise test as follows:

a. Once the roughing cycle has roughed the cryopump starting 
pressure to between 50 - 100 microns, close the roughing 
valve.

b. Observe the rate of pressure rise (ROR) over a five minute 
period.

NOTE: The ROR should be less than 10 microns/minute over a five minute 
period (50 microns total).

c. If the ROR is greater than 50 microns, repurge the cry-
opump, check for leaks, and repeat steps 5 and 6.

7. Close the cryopump roughing valve and start the cryopump.

8. The cryopump is ready for use when the second stage array reaches 
a temperature of 20K or lower.
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Section 4 - Troubleshooting

Troubleshooting the Cryopump

The primary indication of trouble in a vacuum pumping system is a rise in 
base pressure in your vacuum chamber. A rise in the base pressure may be 
caused by a leak in the vacuum system or by a fault in the cryopump or 
saturation of the 15K cryo-adsorbing charcoal array (regeneration may be 
necessary). If the cryopump temperature is below 20K it must pump at 
rated capacity; a high base pressure is usually caused by an air-to-vacuum 
leak in the system.

If you suspect a leak in your vacuum system, isolate the cryopump by 
closing the Hi-Vac valve and leak check your vacuum chamber. If no leaks 
are found, a leak may be present below the Hi-Vac valve (cryopump). Leak 
checking below the Hi-Vac valve should be performed with the cryopump 
shut OFF and at room temperature. Leak checking while the cryopump is 
operating may mask leaks that are present (due to the ability of the 
cryopump to pump helium). If no leak is found, refer to the cryopump 
troubleshooting procedures summarized in Table 4-1.

The problems presented in Table 4-1 are followed by possible causes and 
corrective actions. The causes and corresponding actions are listed in their 
order of probability of occurrence.

Maintaining a log of certain parameters during normal operation can be a 
valuable tool in troubleshooting the cryopump. The log may contain many 
parameters, however, the following minimum parameters should be 
included: the cooldown time to 20K, the roughing time to 50µ, the time to 
base pressure at crossover, the time between regeneration cycles, and the 
compressor pressure reading.

Technical Inquiries

Please refer to Appendix A of this manual for a complete list of the 
CTI-CRYOGENICS' world wide customer support centers.
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Table 4-1: Troubleshooting Procedures

Problem Possible Cause Corrective Action

High base pressure of vacuum 
system, and a cryopump tem-
perature below 20K.

Air-to-vacuum leak in vac-
uum system or in cryopump.

Check cryopump relief valve 
for proper seating.

Check cryopump for leaks.

Check vacuum chamber and 
Hi-Vac valve for leaks.

High partial pressure of non-
condensables (helium, 
hydrogen, or neon) within 
the cryopump because the 
15K array has reached full 
capacity.

Regenerate the cryopump as 
described in Section 3 - 
Regeneration.

One of the arrays is loose, 
which is preventing good 
thermal contact with the cold 
station.

Warm the cryopump to ambi-
ent temperature and retighten 
the array mounting screws to 
15 - 20 in. lbs.

High base pressure of vacuum 
system, and a cryopump tem-
perature above 20K.

Decrease in cryopump cold 
head performance.

If the helium return pressure 
gauge reads below the nor-
mal-operating return pres-
sure 60-85 psig (415-590 
kPa), add gas as described in 
the appropriate Compressor 
manual.

High partial pressure of non-
condensables (helium, 
hydrogen, or neon) within 
the cryopump because the 
15K array has reached full 
capacity.

Regenerate the cryopump as 
described in Section 3 - 
Regeneration.

Excessive thermal load on 
frontal array.

Reduce the thermal radiation 
load by 1) shielding the cry-
opump or 2) lowering the 
temperature of the radiating 
surface.
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Cryopump fails to cool down 
to the required operating tem-
perature or takes too long to 
reach that temperature (20K).

Low helium supply pressure. Add gas as described in the 
appropriate Compressor 
manual.

Compressor problems. Refer to Troubleshooting sec-
tion of the appropriate Com-
pressor manual.

Vacuum leak in vacuum sys-
tem or cryopump.

Check the cryopump relief 
valve for proper seating.

Check cryopump for leaks.

Check vacuum system for 
leaks.

Incomplete regeneration may 
not have fully cleaned the 
adsorbing array. Partial pres-
sures of non-condensables 
(hydrogen, neon or helium) 
may remain.

Regenerate the cryopump as 
described in Section 3 - 
Regeneration.

Table 4-1: Troubleshooting Procedures (Continued)

Problem Possible Cause Corrective Action
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Section 5 - Maintenance Procedures

Helium Circuit Decontamination

Contamination of the helium-gas circuit is indicated by sluggish or 
intermittent operation (ratchetting) of the cold head drive mechanism. With 
severe contamination the cold head drive may seize and fail to operate. One 
of the major sources of contamination is using helium gas of less than the 
required purity. When performing the decontamination process, use only 
99.999% pure-helium gas, and the regulator and charging line must be 
properly connected and purged.

This decontamination procedure will remove contaminants from the cold 
head and/or compressor, thereby restoring system performance. The cold-
trapping of contaminants inside the cold head during this procedure will 
also decontaminate the compressor if the contamination of the system is 
not severe. Separate decontamination of the compressor is required 
whenever the compressor has been opened to atmosphere, or the pressure 
dropped to zero.

Cryo-Torr Cryopump Decontamination Procedures

NOTE: Refer also to the appropriate Compressor Manual.

1. Cool down the cryopump and operate it for one to three hours. 
If the system will not cool down, proceed to step 2. Operating 
the cryopump will isolate the contaminants by "freezing" them 
in the cold head. The contaminants in the helium-gas circuit of 
the cryopump tend to become frozen inside the cold head. The 
longer the cryopump is operated beyond the one-hour period, 
the greater is the amount of contamination that becomes 
isolated inside the cold head.

2. Shut down the cryopump as described in Section 2 - Installation.

3. Immediately disconnect the helium supply and return lines from the 
gas-supply and gas-return connectors at the rear of the compressor. 
Leave them attached to the cold head.

4. Attach the maintenance manifold to the disconnected ends of the 
return and supply lines.
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5. Reduce the pressure in the cold head to a level of 30 psig by using 
the maintenance manifold. Reducing the pressure in the cold head 
to below 30 psig (200 kPa) may introduce more contaminants into 
the helium circuit.

If you only have the manual regeneration option, turn the cryopump 
OFF and open the purge valve until the second stage temperature 
reaches 290K.

6. Attach a two-stage regulator (0-3000/0-400 psig) and charging line 
to a helium bottle (99.999% pure). DO NOT OPEN THE BOTTLE 
VALVE AT THIS TIME. Purge the regulator and charging line as 
introduced in steps a through d below. Do not use helium gas that is 
less than 99.999% pure.

a. Open the regulator a small amount by turning the adjusting 
knob clockwise until it contacts the diaphragm; then, turn 
approximately 1/8 to 1/4 turn more, so that the regulator is 
barely open.

b. Slowly open the bottle valve, and purge the regulator and 
line for 10 to 15 seconds. Turn the regulator knob counter-
clockwise until the helium stops flowing.

c. Loosely connect the charge line to the 1/8-inch Hoke valve 
on the maintenance manifold.

d. Purge the charge line again, as in step a, for 30 seconds, and 
tighten the charge line flare fitting onto the Hoke valve 
while the helium is flowing.

This procedure is required to ensure that both the regulator and the 
charging line will be purged of air and that the air trapped in the
regulator will not diffuse back into the helium bottle. For best results,
CTI-CRYOGENICS suggests a dedicated helium bottle, regulator, and 
line, which are never separated, for adding helium.

7. Perform in sequence:

a. Backfill the cold head with helium to a static charge pres-
sure of 195-205 psig (1345-1415 kPa) by adjusting the reg-
ulator to the required pressure, and opening the Hoke valve 
on the manifold. Close the Hoke valve when the pressure is 
correct.

b. Depressurize the cold head to 30 and 50 psig 200 and 330 
kPa) by slowly opening the ball valve and allowing the 
helium to bleed out slowly. Do not reduce the pressure to 
less than 30 psig or the cold head may be further contami-
nated.
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c. Perform the flushing steps a and b four more times.

d. Pressurize the cold head to a static charge pressure of 195-
205 psig (1345-1415 kPa) and run the cold head drive motor 
for 10 to 30 seconds.

e. Perform steps b through d four more times for a total of 25 
flushes and 5 drive-motor runs.

8. Verify that the cold head is pressurized to the static charge pressure 
of 195-205 psig (1345-1415 kPa).

9. Disconnect the maintenance manifold from the helium return and 
supply lines.

10. Reconnect the helium return and supply lines to the return and sup-
ply connectors at the rear of the compressor. The cryopump is now 
ready for operation.

Cleaning the Cryo-Torr Cryopump

Cleaning the arrays or other interior surfaces of the cryopump vacuum 
vessel is seldom required because dust build-up does not affect 
performance, and the special alloy copper cryo-condensing arrays are 
nickel plated for corrosion resistance.

If you wish to clean the arrays and other interior surfaces, follow the 
procedures below.

1. Confirm that an adequate supply of indium gasket material, P/N 
3543738P001, is available to replace gaskets inadvertently 
damaged during disassembly.

2. Carefully disassemble the components in the vacuum vessel, 
including the arrays and radiation shield, to avoid damage to the 
indium gaskets.

3. Clean the interior surface of the vacuum vessel, the 80K condens-
ing array, and the 80K radiation shield as follows:

WARNING
If the cryopump has been used to pump toxic or dangerous materials, 
you must take adequate precautions to safeguard personnel.
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a. Wash each item in strong soap or detergent solution and hot 
water.

b. Rinse the item in clean hot water.

c. Air or oven dry all items at 150°F (66°C) maximum before 
reinstalling into the cryopump.

4. Wearing lint-free gloves, reassemble the cryopump. Replace any 
indium gasket damaged during disassembly with a gasket cut from 
indium gasket material.

5. Torque all screws that compress indium gaskets for a minimum of 5 
seconds to allow proper gasket seating:

Table 5-1: Indium Gasket Screw Torque Specifications

Screw Thread Torque (Inch-Pounds)

No. 4-40 11

No. 6-32 20

CAUTION

Do not clean the 15K cryo-adsorbing array, because you may 
severely contaminate the adsorbent in the cleaning process.
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Appendix A - Customer Support Information

Customer Support Center Locations

To locate a Customer Support Center near you, please visit our website 
www.helixtechnology.com on the world wide web and select CONTACT on 
the home page. 

Guaranteed Up-Time Support (GUTS) 

For 24 hour, 7 day per week Guaranteed Up-Time Support (GUTS) dial:

800-367-4887 - Inside the United States of America

508-337-5599 - Outside the United States of America

Product Information

Please have the following information available when calling so that we 
may assist you:

• Product Part Number

• Product Serial Number

• Product Application

• Specific Problem Area

• Hours of Operation

• Equipment Type

• Vacuum System Brand/Model/Date of Manufacture

E-mail

For your convenience, you may also e-mail us at: 

techsupport@helixtechnology.com
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CRYO-TORR® 
TEMPERATURE INDICATOR

Overview

These instructions describe the installation and operation of the Cryo-Torr Tempera-
ture Indicator.
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Introduction

The Cryo-Torr Vacuum-Pump Temperature Indicator, part number 8043459G001
shown in Figure 1 on the following page, is used with Cryo-Torr high-vacuum
pumps, to monitor cryopump operating temperatures. In cryopumps provided with
a silicon diode sensor, the indicator is easily connected to the cryopump with an elec-
trical cable. The digital readout is in Kelvin (K), with a system range from 9K to 320K.
The indicator has two set points that are adjustable over this range. When the vacuum
pump temperature reaches either setpoint, electrical contacts in the in-line 6-pin male
connector on the rear panel can be used to activate indicators or to operate solenoid
valves for controlling temperature-related functions. A pair of switches on the front
panel permits momentary display of the two setpoints.

The Temperature Indicator can be used on a desktop or installed in an electronics rack
using customer-supplied mounting hardware.
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Figure 1:  Cryo-Torr Temperature Indicator and Dimensions  
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Each Temperature Indicator is packaged with:
• 115VAC power cord - 7 ft. (2.13 m)
• 230VAC power cord - 7 ft. (2.13 m)
• Sensor cable (pump-to-temperature-indicator) - 10 ft. (3 m)
• Fuses (2)
• I/O communication cable (DB9 TO RJ11) - 7 ft. (2.13 m)
• Snap-on ferrite beads (2)
• Relay connector (In-line 6-pin female)
• Temperature indicator
• Copy of these instructions

Specifications

Electrical
100 - 230V, single phase (1φ), 50/60Hz (Nominal)

Two (2) 2A 250VAC fuses in the POWER INPUT MODULE on rear panel

Constant Current Output to Diode

10.0 - microampere (µA) 

System Accuracy
10 - 27K: ± 2.5K
27 - 80K: ± 3.5K
80 - 90K: ± 4.5K
90 - 100K: ± 5.5K
100 - 320K: ± 2.5K

Readout Meter

Digital panel meter with temperature scale in Kelvin (K), range 9K to 320K, 100
microampere (µA) full scale.

Analog temperature readout is:

TC KELVIN = 0.1125 X V(mVDC)
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Resolution

0.1K from 9 to 99.9K

1.0K from 100 to 450K

Alarm

Setpoints – Two (2) setpoints adjustable over 9K to 320K range, via front panel
switches. 

Output – Two relays - SPDT with 5.0A / 250V (max) (C, NO, NC) contacts.

RS-232 Interface

Output of temperature

External setting of alarm setpoints

Shipping Weight

5 pounds (11 Kg)

Input/Output Connections

• Sensor Connector (5-pin round female connector)

Figure 2:  Sensor Connection Pinout

+ VOLTAGE SENSE

GND

+ CURRENT SUPPLY

- CURRENT SUPPLY
- VOLTAGE SENSE

A B

E H D
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• RS-232 Communication Connector (RJ-11 connector)

• Relay Alarm Output Connector (inline 6-pin male connector)

Installation 

See Figure 3 for reference.

 To install the electronics rack, do the following:

1. Remove the four pads from the bottom of the Temperature Indicator using a
Phillips screwdriver.

2. Install the Temperature Indicator into the electronics rack using customer-sup-
plied mounting hardware.

To install and connect the Temperature Indicator, do the following:

1. Connect the cryopump to the Temperature Indicator’s SENSOR connector using
the 10 ft. (3 m) interconnecting cord supplied with the indicator.   If the sup-
plied cord is too short, contact CTI-Cryogenics to order a longer cord.

2. Connect the Temperature Indicator to an appropriate power receptacle, using
the correct power cord. 

Both 115V and 230V power cords are supplied with the unit, in the box. The
unit has a universal power supply capable of operation from 85 to 264VAC,
50/60Hz, 5Watts. No switching is required to change the power cord.

Table 1:  RS-232 Connections

BLK - Ground GRN - Receive (In)

RED - Transmit (out) YEL - (No Connection)

Table 2:  Relay Connector Pin Assignments

Pin 
Number

Low Setpoint 
Relay 1 Pin Number High Setpoint 

Relay 2

1 Common 4 Common

2 Normally Open (NO) 5 Normally Open (NO)

3 Normally Closed (NC) 6 Normally Closed (NC)
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3. Connect the ground stud on the Temperature Indicator to a suitable connec-
tion. 

NOTE: Perform Step 3 only when the power cord is connected to an ungrounded power
supply.

4. Wire the inline 6-pin female connector, supplied in the box, as shown in Step 3
of Input/Output Connections, to either the indicators or the solenoid valves as
required.

5. Insert the inline 6-pin female connector into the male connector at the rear of
the Temperature Indicator.

To use a remote connection:

• Connect an RS-232 cable (I/O communication cable) between the RS-232 con-
nector on the Temperature Indicator and the host computer, using the cable
supplied.  See Figure 4 a picture of the cable. See Table 3 for the cable connec-
tion point.

Figure 3:  Temperature Indicator Installation

-

Analog
Out

+

Sensor
I+   I-

Relay Contacts 5a,    250 V MAX

100-230 V
50/60 HZ

Model 8043459

10 uA
Adjust

RS-232 Low
Set Point

High
Set Point

Fuse
2A T

   250V
5X20mm

AC Input

Power
Switch 0 1

CE

RS-232 CABLE (I/O COMMUNICATION CABLE) TO HOST COMPUTER

DIODE CABLE

CRYO-TORR
HIGH-VACUUM

PUMP

HIGH SETPOINT - NC
HIGH SETPOINT - NO
HIGH SETPOINT - COMMON

LOW SETPOINT - NC
LOW SETPOINT - NO
LOW SETPOINT - COMMON
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Figure 4:  I/O Communication Cable for Remote Connections

Operation

To turn the power on: 

• Set the main power rocker switch of the power module on the rear panel to ( I)
ON. The panel meter will display temperature in Kelvin. 

Establishing Temperature Setpoints 

Temperature setpoints control the operation of the relays within the Temperature
Indicator. When the sensing diode inside the Cryo-Torr High-Vacuum Pump senses
the temperature falls below the LOW setpoint temperature, power will be applied to
the LOW SETPOINT RELAY. If the temperature is at or above the HIGH setpoint,
power will be applied to the HIGH SETPOINT RELAY.

To set the temperature setpoints: 

1. Press and release the UP arrow button to display the HIGH setpoint or press
the DOWN arrow button to display the LOW setpoint.

2. Press and hold both UP and DOWN arrow buttons. The digital display flashes.

NOTE: Pressing and holding the UP or DOWN arrow button causes the digital display
value to change rapidly.
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3. Press the UP or DOWN arrow buttons to increase/decrease the temperature
setpoint.

4. Release the arrow button after displaying the setpoint temperature. 
5. Three seconds after you set the new setpoint, the setpoint is stored and dis-

played for two additional seconds. After the setpoint appears, the normal
Cryo-Torr High-Vacuum Pump temperature appears.

To check the setpoint readout:

1. Operate the push button switches located on the right side of the front panel. 
2. Press the bottom switch to display the LO setpoint reading on the meter. 

Or press the top switch to display the HI setpoint reading on the meter. 

NOTE: A display of 00.0 indicates an open sensor, and a display of 55.5 indicates a shorted
sensor. Contact Helix Technology Corporation with the information in Appendix
A - Customer Support Information.

About the Relay Function

The NC (normally closed) relay contacts of the LO setpoint relay remain closed until
the temperature of the sensor drops below the LO setpoint. 

The NC contacts of the HI setpoint relay remain closed until the temperature of the
sensor rises above the HI setpoint. Refer to Table 3. 
.

Using the RS-232 Function

1. Insert the cable assembly receptacle into the RS-232 port located at the extreme
left-hand side of the rear panel.

2. Set the computer to a baud rate of 9600, no parity, 8 data bits and 1 stop bit.
Hardware flow control is not needed.

3. Communicating data to/from the Temperature Indicator:

Table 3:  Relay Contact Truth Table

Temperature HI-NC HI-NO LO-NC LO-NO

Above HI Setpoint Open Closed Closed Open

Between Setpoints Closed Open Closed Open

Below LO Setpoint Closed Open Open Closed
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Temperature Data

The Temperature Indicator transmits the current temperature reading to the
host computer when a ’T’ and carriage return <CR> are received.
The instrument responds to both upper-case and lower-case keystrokes.

Transmitting Setpoint Data
The Temperature Indicator accepts a new alarm setpoint value for the selected
relay when the host computer transmits the following code:

S1N <CR>

in which:

• S1 indicates that the setpoint is for relay #1 (use S2 for relay #2)

• N is the temperature setpoint in Kelvin (to tenths-of-a-degree resolu-
tion), with the least significant digit being the tenth’s digit.

• <CR> is a carriage return.

Example: A setpoint value of 12.3K for relay #2 is transmitted to the Tempera-
ture Indicator as:

S2123 <CR>

Since the maximum range of the system is 300K, the largest alarm setpoint
value that will be correctly interpreted is 3000.

Querying Setpoint Data

The Temperature Indicator transmits the current setpoint value for the selected
relay when the host computer transmits the following query code:

S1 <CR> or S2 <CR>

as applicable.

Table 4:  Setpoint Designations

S1 High Setpoint

S2 Low Setpoint

Table 5:  Default Setpoints

Low 20K

High 290K
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To access the diagnostic subroutine:

1. Before applying power, PRESS AND HOLD the DOWN switch. Apply power and
release the DOWN switch. The instrument will now enter the diagnostic sub-
routine and all eight segments of all readout decades will be displayed.

2. Press the DOWN switch again. The instrument will display the version of soft-
ware in the instrument.

3. Press the DOWN switch once more to return the instrument to its normal dis-
play of temperature.
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Troubleshooting

.

 
Equipment Damage

When checking diode or connections to diode, do not 
use a multimeter which could subject the diode to 
more than five milliamperes forward current, or more 
than 200 volts reverse bias. Excess current or voltage 
will permanently damage the diode.

Table 6:  Troubleshooting

Fault Possible Cause Corrective Action

Panel meter fails to indi-
cate a reading.

Power switch is off. Turn switch on.

Power cord not plugged in. Plug in power cord

Fuse blown on rear panel 
of indicator.

Replace the fuse.

No power coming from 
power source.

Check the service fuses, cir-
cuit breakers, and wiring 
associated with power 
source and repair as 
needed.

Defective interconnecting 
cable.

Check continuity and 
replace, if needed.

Connections to the diode 
sensor are loose or discon-
nected.

Check the continuity at the 
cryopump connections pins 
3 and 4. Repairs must only 
be made by a qualified 
technician.

Polarity of diode is incorrect. Check the polarity.

Solenoid valves or indi-
cator are not operating 
at proper temperature in 
accordance with Table 3.

Defective relays or electron-
ics.

Check to see if the proper 
signal is being provided by 
the electronics. Repair as 
required by a qualified 
technician.

Panel Meter displays a 
reading of 555.

Temperature diode in cry-
opump is shorted.

Check diode circuit, replace 
the diode, and/or replace 
the cryopump.
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Panel Meter displays a 
reading of 000.

Temperature diode in cry-
opump is open.

Check diode circuit, replace 
the diode, and/or replace 
the cryopump.

Table 6:  Troubleshooting

Fault Possible Cause Corrective Action
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Appendix A - Customer Support Information

Customer Support Center Locations

To locate a Customer Support Center near you, please visit our website
www.brooks.com on the world wide web and select CONTACT on the home page.  

Guaranteed Up-Time Support (GUTS) 

You can reach Brooks Global Customer Support Teams around the world. For 24 
hour, 7 day per week Guaranteed Up-Time Support (GUTS) dial the appropriate 
number listed in Table 1. 

 

Product Information

Please have the following information available when calling so that we may assist
you:

• Product Part Number

• Product Serial Number

• Product Application

• Specific Problem Area

Table 1:  Global Customer Support Numbers

North America 1 800-FOR-GUTS (800-367-4887)

Germany
France
UK

+49 1804-CALL-GUTS (1804-2255-4887)

Japan
Helix Technology 
K.K.
Yaskawa Brooks 
Automation, Inc.

+81-3-5767-3412
+81-45-478-7373

China +86-21-5131-7066

Taiwan +886-3-5525225

Korea +82-31-288-2500

Singapore +65-6464-1481
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• Hours of Operation

• Equipment Type

• Vacuum System Brand/Model/Date of Manufacture

E-mail

For your convenience, you may also e-mail us at:  

tscallcenter@brooks.com
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DLM4000 Operation Instructions
The DLM4000 does have some requirements, which need to be met for proper operation and
communication.

1. The standard DLM4000 modem requires 9 VAC and the 24V version requires 24 VDC.

2. The minimal current requirement for the modem is 300mA.

3. This modem uses a 10 bit word format only. Below is a table to reference to understand the data formats
supported.

Start Bit Data Bits Parity Stop Bit Total Bits
1 8 None 1 10
1 7 None 2 10
1 7 Even, Odd 1 10

4. When using the DLM4000 on a leased line, there are some specifications to note. The leased line must
be an analog voice grade line or unshielded twisted pair. The DLM4000 will not work on a digital line. This
leased line must be two wire.

5. The DLM4000 is an asynchronous modem and therefore will not operate directly with synchronous
protocols.

6. Handshaking lines such as DTR and RTS are not required for this modem and are ignored per the
standard configuration.

7. Error correction and compression are disabled in the standard configuration. Enabling these options may
make connection with a PLC impossible.

8. Data-Line Group highly recommends the use of lightning and surge protection devices for the DLM4000.

9. To enable AT command configuration of the DLM4000 the modem must be in command mode, which is
the default mode for dial-up operation. To enable command mode, remove the modem cover and place J2
in positions 1-2. Positions 2-3 is leased line mode. See diagram 1.

Diagram 1

0 III12'
J2 l!:!:!l

0 DLM4000 FRONT PANEL 0

0 0 0

PIN 161-09997-0010 4
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Connecting the DLM4000
The DLM4000 provides an RS232 port for the connection to other devices. Below is a diagram of the serial
port configuration. It is important to use the proper cable when connecting equipment to the DLM4000. An
off the shelf serial cable will not always provide the proper configuration.

13 1

14

a ,. • •• • • • • • • •••/ a•••••••••• ••
25

Pin Identification for the R5232 Port
Pin 1 Protective Ground
Pin 2 Data into the Modem from the PLC
Pin 3 Data out of the Modem into the PLC
Pin 4 Request to send prom PLC to Modem, ignored by default
Pin 5 Clear to send from Modem to PLC, flow control is disabled
Pin 6 Data set ready from Modem to PLC
Pin 7 Signal Ground
Pin 8 Carrier detect
Pin 9 Data terminal ready from PLC to Modem, ignored by default

PIN 161-09997-0010 5
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DLM4000 Communications
The DLM4000 operates with many asynchronous protocols, some of which are listed below. The DLM4000
also provides different options for connecting PLC's and other equipment. Some examples are provided on
the following pages.

Dial-Up System Example
Diagram 2
DLM4000 multipoint full duplex system using a PC master and PLC remotes. The system may involve Dial
Up polling or periodic retrieval of data from remote locations.

MASTER STATION

DIAL-UP PHONE CONNECTION TO
TELCO NElWORK

PLC
DIAL-UP PHONE CONNECTiON TO

TELCO NElWORK

RS232

DIAL-UP PHONE CONNECTION TO
TELCO NElWORK

DIAL-UP PHONE CONNECTION TO
TELCO NElWORK

PLC

RS232

PLC

PIN 161-09997-0010 6
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Leased Line System Example
Diagram 3
Leased or dedicated wire application. Multipoint operation is not an option. Only a point to point link is
possible in Leased Line Mode.

PLC PLC

LEASED OR DEDICATED LINE

Communications Description
Communication with the DLM4000 is possible in a multipoint configuration, but only through dial-up
configuration. Per the diagram 1 it is possible to setup a dial-up polling operation. The link is a full duplex
link, which can be set up to 19200 bps.

Leased line mode is another option that can be used when dial-up lines are not available or desired, See
diagram 3. This link is strictly a point to point full duplex link. On unloaded lines this link may be up to 20
miles. When the DLM4000 modems are being used on a loaded telephone company leased line the
distance is unlimited. No ATDT commands are required to connect. When the DLM4000 modems are set
for leased line operation and powered up they will connect and achieve carrier. The communications rate
may be set up to 19,200 bps.

DLM4000 Led Descriptions

r:::4DATA-L1 NC
~ GROUP

(425) 882-2206

DLM4000

C__M_R_T_R_C_D__S_D_R_D__H_S_AA__O_H )

PIN 161-09997-0010

c T R

7
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(MR) Modem Ready Lit when the modem is turned on.
(TR) Data Terminal Ready Denoted as DTR. Flashes when DTR signal is

detected. The Data-Line default is ignore DTR.
(CD) Carrier Detect Lit when the remote modem's carrier is detected.
(SO) Send Data or TXD Flashes when the modem is sending data to the remote

modem or when receiving data from the local DTE
equipment.

(RD) Receive Data or RXD Flashes when the modem is receiving data from the
local DTE equipment.

(HS) High Speed Lights up when line speed is 2400 bps or above. Off
when low speed.

(AA) Auto-Answer Lights up when the modem is set for auto-answer.
Flashes when incoming ring is detected.

(OH) Off-Hook Lights up when modem is using the telephone line (off-
hook). Off when the modem is not using the line (on-
hook).

DLM4000 Connection Points

13 1

OFF 9VAC PHONE PHONE
OUT IN

(PWR) The DLM4000 utilizes a toggle switch for powering the modem on and off.

(9VAC) The power connection is made with a barrel connector which comes on the supplied power supply.

(RS232) The connection for the RS232 port on the modem is a DB25 female connection. Keep in mind that
this device is considered a DCE.

(PHONE OUT) For most applications a phone is not required. Data-Line supplies the modem with an RJ11
plug in this jack. This may be removed if connection of a phone to the modem is required.

(PHONE IN) Connection of the modem to the telephone company dial-up is done via this RJ11 jack. A
dedicated for leased line may also be used at this jack. Note that this unit is a two wire device and only the
two center connection points of the RJ11 jack are used.

Twisted PairNot g~~~:~i:~. ~RJ"1
Not connectedl tE:! .1-' _

PIN 161-09997-0010 8
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DLM4000 24V Connection Points

13 1

OJ~\•••••• • • • ••• ·7~
~

••••••••••••
25 14

PHONE PHONE - +
OUT IN 24VDC

(24VDC) The power connection to the DLM4000/24V is a terminal block. The connection points are
designated in the above diagram. There is no on or off switch on this version.

(RS232) The connection for the RS232 port on the modem is a D825 female connection. Keep in mind that
this device is considered a DCE.

(PHONE OUT) For most applications a phone is not required. Data-Line supplies the modem with an RJ11
plug in this jack. This may be removed if connection of a phone to the modem is required.

(PHONE IN) Connection of the modem to the telephone company dial-up is done via this RJ11 jack. A
dedicated for leased line may also be used at this jack. Note that this unit is a two wire device and only th(
two center connection points of the RJ11 jack are used.

Notconnected~ IConnected
Connected RJ 11

Not Connected _ .. --1

Verifying Operation of the DLM4000 Leased Line and Dial-Up Modem
Components Required for Dial-Up Verification:
1. A desktop or laptop computer.
2. Two DLM4000 modems configured for dial-up operation.
3. A serial cable for connection to the computer. Refer to diagram below.
4. A paperclip or jumper wire for the serial port of the DLM4000.
5. A phone line simulator or preferably two direct dial-up lines.

Components Required for Leased Line Verification
1. A desktop or laptop computer.
2. Two DLM4000 modems configured for leased line operation.
3. A serial cable for connection to the computer. Refer to diagram below.
4. A paperclip or jumper wire for the serial port of the DLM4000.
5. A phone cord or pair of wires with RJ11 connectors for the modems.

PIN 161-09997-0010 9
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Cable Requirements for Connection of the DLM4000
DLM4000 D B25 Male Computer D B25 Female

DLM4000 D B25 Male Computer D B9 Female

Setting up the Equipment for Bench Test Verification
DLM4000JDL Bench Test

o
•••IlRll.aS232 CABLE r[;]F::f----1~t::::=:J~~~

DIAL-UP PHONE
LINE

DIAL-UP PHONE
LINE

DLM4000/LL Bench Test

PHONE PATCH
CORD

After connecting the equipment in either of the above configurations it is required that HyperTerminal be
launched. If the computer being used for this test does not have HyperTerminal another terminal emulation
program may be used. The following setup of HyperTerminal may be referenced if another program is
being used. Follow these instructions step by step to achieve the proper configuration for bench testing.
The following HyperTerminal example was launched from Windows 98.
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Setting Up and Using HyperTerminal for Testing
Note that HyperTerminal is required for connecting the dial-up DLM4000 modems to each other. Leased
Line versions only need to be powered up and they will establish carrier between each other.

The following steps will walk through launching and configuring HyperTerminal to talk to the
DLM4000 modem.

1. Launching HyperTerminal
Click on Start at the bottom of the computer desktop and a column of options should be displayed. Next
select Programs, Accessories, Communications and then select HyperTerminal. A screen similar to the
one below should be displayed.

Select an
dfsdf.ht DLM9600.ht gfhgfhg.htitem to view

its
description.

hgfhg.ht hticons.dll h}'pertrm.dll

Now select the icon labeled "Hypertrm.exe." Selecting this icon will launch HyperTerminal.
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2. Configuring HyperTerminal
After launching HyperTerminal the following setup option will be displayed.

Type in an appropriate name for your connection. After you have typed a name in select OK. Another
window is displayed requiring the entry of additional information about the configuration.
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In this next window the entry of a phone number is ignored. At the bottom of the window is an option to
"Connect using:" and there is an arrow. Select the arrow and more options will be displayed. Select the
computer COM port the DLM4000 is connected to. Now select OK. Another menu is displayed:

3. Transferring a Text File
The above settings are the standard for setting up the DLM4000. The DLM4000 modems purchased may
have been setup for another data rate. Make sure that the data rates are the same. Now select OK after
making the above changes. The HyperTerminal connection window will now be displayed. At this time it is
necessary to place a paperclip or jumper wire in the serial port of the receiving modem. The following
diagram illustrates how to accomplish this.

14

PINS 2 AND 3 JUMPERED

25

OFF 9VAC PHONE PHONE
OUT IN

The jumper on the serial port of the receiving modem will allow data that is being sent to the modem to be
sent back to the transmitting DLM4000. The text file that is being sent will be displayed on the screen of
the computer. It is now time to transfer a text file.

Select "Transfer" at the top of the window. Some additional options will be displayed. Select text file
transfer. A new window appears prompting for a text file to transfer. Any text file may be transferred, but a
large file size is preferred. If Windows is being used a good file to select is located in the Windows folder.
Once the Windows folder is selected the file Network.txt can be located by scrolling to the end of the folder
directory. Select this file and the text file transfer will begin. The information being displayed on the
computer screen should be readable with no missing characters.

If problems arise, see troubleshooting section of this manual.
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DLM4000 Command Descriptions
AT: The attention command clears the command buffer must proceed all command lines except

AI and +++.

AI: This command re-executes the last command in the command buffer.

+++: This is the escape sequence to take the modem from data mode to command mode.

B: The B command defines the communications protocol as follows.
BO: Selects CCITT protocol, which is used in Europe and most countries

in the world.
B1: Selects Bell protocol, which is mainly used in the U.S. and Canada.

E: This command is used to enable or disable the echo of command characters and is only
effective in command mode.

EO: Disables the echo of command characters.
E1: Enables the modem to echo command characters so they can be

Viewed and verified on the screen.

H: This command instructs the modem to go on or off hook. On hook means hang-up where
off- hook means to use the telephone line.

HO: Modem goes on-hook.
H1: Modem goes off-hook.

L: This command adjusts the volume of the modem speaker for call progress monitoring.
LO: Selects low speaker volume.
L1: Selects low speaker volume.
L2: Selects medium speaker volume.
L3: Selects high speaker volume.

M: This is the speaker on-off control.
MO: Turns the speaker off at all times.
M1: Turns the speaker on until a connection is established.
M2: Turns the speaker on at all times.
M3: Turns the speaker on until carrier is detected, is turned off when

dialing.

N: Sets the number of times the modems will redial if busy. The redial times counter is cleared
to 0 after a connection is made.
String: N=n Range: n=0-15 Unit: Time Default: 0

N5: Sets the interval between rediaIs.
String: N5=n Range: 0-255 Unit: 2 seconds Default: 0

N?: Displays the current settings of the DLM4000s redial times.

N5?: Displays the interval time between redials.

P: Instructs the modem to use pulse dialing to dial a number.
ATDT P 882-2206

Q: Enables or disables the sending of response codes after a command line is executed.
QO: Enable the sending of response codes.
Q1: Disable the sending of response codes.
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S=n: Instructs the modem to dial a stored number previously saved with the &Z command. For
example, ATDTS=2. This would dial a number stored in memory location 2.

Sr?: Displays the contents of a particular S register. For example, ATS8? This would display
the value stored in register S8.

Sr=n: Changes the value in a particular register. For example, ATS8=1. This could change the
value in register S8 to 1.

V: This command instructs the DLM4000 to send response codes in a word for or digital form.
vo: Sends response codes in digital form.
V1: Sends response codes in word form such as OK or CONNECT.

Xn: This command determines which response codes shall be enabled and disabled.
XO: This command enables the response codes OK, CONNECT, RING,

NO CARRIER and ERROR.
X1: This command enables the response codes OK, CONNECT, RING,

NO CARRIER, ERROR and CONNECT 1200.
X2: This command enables the response codes OK, CONNECT, RING,

NO CARRIER, ERROR, CONNECT 1200, NO DIAL TONE and NO
ANSWER.

X3: This command enables the response codes OK, CONNECT, RING,
NO CARRIER, ERROR, CONNECT 1200, BUSY and NO
ANSWER.

X4: This command enables the response codes OK, CONNECT, RING,
NO CARRIER, ERROR, CONNECT 1200, NO DIAL TONE, BUSY
and NO ANSWER.

Z: This command resets the modem.
Z1: Resets the modem with SCP1 (stored configuration profile 1).
Z2: Resets the modem with SCP2(stored configuration profile 2).

&C: This command determines how the DLM4000 reacts to carrier detect.
&CO: Carrier detect is always forced on.
&C1: The modem tracks the data carrier from the remote one and

initializes carrier detect accordingly.
&C2: Carrier detect is forced on during command state, but is tracked on

connection.

&0: This command determines how the DLM4000 reacts to DTR.
&00: Instructs the modem to ignore DTR.
&01: Instructs the modem to assume command state upon detection of

DTR, but maintain and active line connection.
&02: Instructs the modem to go on-hook, assume command state, and

disable auto-answer upon the detection of a DTR on-to-off
transition.

&03: Instructs the modem to re-initialize itself when it detects a DTR.
The ACA(active configuration profile) will be overwritten by the
SCP(stored configuration profile).

&04: Instructs the modem to deliver all buffered data before
disconnecting to on-off transition.

PIN 161-09997-0010 15



DLM4000 User's Manual

~.., DATA-LINe GROUP

&L: Leased or dial-up line selection.
&LO: Sets the modem for dial-up line operation.
&L1: Sets the modem for leased-line operation dedicated between two

destinations.

&R: Determines how the DLM4000 will react to CTS/RTS signals.
&RO: CTS tracks the condition of RTS.
&R1: RTS is ignored and the CTS is forced on.

&V: Displays configuration profiles.
&VO: Displays the ACA, SCP and current modem operational status.
&V1: Displays the STN.

&W: Writes the configuration profile.
&WO: Writes ACP(active configuration profile) to SCPO.
&W1: Writes ACP to the SCP1 (stored configuration profile 1).

&Y: Selects a stored profile.
&YO: Sets SCPO as the major SCPo
&Y1: Sets SCP1 as the major SCPo

&Zn=: Stores telephone number. For example AT&ZO=882-2206.
Range: n = 0 to 9 which are memory locations

,. The comma allows a pause to be inserted into a dialing string. The time of the pause is set in
register S8 which defaults to 2 seconds. For example ATDT,8822206.

\J: This command controls serial port baud rate adjustment.
\JO: Turns off port adjustment. The port speed is fixed regardless of the

line speed. This is used when the DLM4000 is in normal or reliable
mode.

\J1: Turns on the port adjustment. The modem automatically adjusts it's
port speed to match the on-line speed.

\N: This selects the ECDC operation mode.
\NO: Selects normal mode. Error-correction is disabled, but the data

buffer is activated.
\N1: Selects direct mode. Both error-correction and the data buffer are

deactivated.
\N2: Selects ECDC reliable mode. Both error-correction and the data

buffer are activated.
\N3: Selects auto-reliable mode. The DLM4000 will establish a reliable

link or normal link depending on the remote modem.

\0: This option determines which flow control method the DLM4000 uses.
\00: Disables serial port flow control.
\01: Uses bi-directional XON/XOFF hardware flow control.
\02: Uses uni-directional CTS flow control. Data transmission from the

local device stops if the DLM4000 turns CTS off, and resumes when
CTS is turned on.
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\Q3: Uses bi-directional CTS/RTS flow control. The data transmission
from the local device to the DLM4000 stops when CTS is off, and
resumes when CTS is on. Data transmitted from the DLM4000 to
connected device stops when RTS is off, and resumes when RTS
is on. This assumes connected device uses handshaking.

\Q4: The serial port does not respond to XON/XOFF flow control.
\Q5: Uses uni-directional flow control as \02, but keeps CTS off until a

connection is established.
\Q6: Uses bi-directional hardware flow control just as \03 does, but keeps

CTS off until a connection is established.

\Tn: Inactivity timer. Determines how many minutes the modem hangs up in, if no data is send
or received during a normal or reliable link. These link types must be used for this option to
work.

Range: 0 to 255 Unit: Minutes Default: 0

%Bn: Sets the maximum port baud rate.
n= 300,1200,2400,4800,7200,9600,19200

%C: This command controls data compression.
%CO: Data compression is disabled.
%C1: Enables V.42bis and MNP Class 5 data compression.

%E: This command determines if the DLM4000 will automatically retrain when telephone line
quality is poor.

%EO: Disables automatic retrain capability.
%E1: Enables auto-retrain. When the line quality is poor, the DLM4000

makes three attempts to re-establish the connection, for a total of
6 seconds, before it hangs up. This command is valid at speeds of
2400 bps or higher.

DLM4000 Registers
5n?: This will allow viewing of the register value. Here is an example of how to read register S7.

ATS??

5n=: This will allow modification of the register value. Here is an example of how to change
register S7. ATS7=130.

50: This register determines the number of rings before the modem will answer a call. When SO
is set to 0 the modem will not auto-answer calls.

Range: 0-255 Unit: Ring

51: This register counts the number of rings on the line when a modem is set to auto-answer.
The register is cleared 8 seconds after the last ring.

52: This register stores the decimal ASCII value of the escape character. The default value is 43
which is a +.

Range: 0-127 Unit: ASCII Default: 43

53: Stores the decimal ASCII value of the carriage return character, which terminates both the
command line and the response code.

Range: 0-127 Unit: ASCII Default: 13
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54: This register stores the decimal ASCII value of the line feed character, which follows a
carriage return after a response code is sent.

Range: 0-127 Unit: ASCII Default: 10

55: This register stores the decimal ASCII value of the backspace character, which is used as
the backspace key for editing and as the character echoed to move the cursor backwards on
the screen.

Range: 0-32 Unit: ASCII Default: 8

56: Determines how long the modem waits after of-hook before it proceeds to dial. This delay
allows the central office to detect the off-hook status of the line and apply a dial tone. If this is
set too short this may not allow a call to go through. This register is valid only when XO, X1,
or X3 is in effect. If X2 or X4 is in effect, the dial tone detection is enabled and the modem
will not blind-dial.

Range: 2-255 Unit: Second Default: 2

57: Determines how long the modem will wait for a remote carrier signal after it dials or answers.
Range: 1-255 Unit: Second Default: 30

58: Determines pause time for a comma.
Range: 0-255 Unit: Second Default: 2

59: Determines how long a carrier signal must continuously exist before it is recognized as a
valid signal by the DLM4000. A longer time gives DLM4000 time to distinguish the carrier
signal from noise.

Range: 1-255 Unit:.1 Seconds Default: 6

510: Determines how long the DLM4000 will wait before hanging up after it detects a loss of
carrier. This delay permits the carrier to momentarily disappear without causing the modem
to disconnect. If this register is set to 255, the modem ignores carrier status as though a
carrier was always present. S10 should be set to a value larger than S9.

Range: 1-255 Unit.1 Seconds Default: 14

DLM4000 Troubleshooting
When connecting modem to terminal emulation program modem does not respond:
1. Make sure the modem is connected to correct com port the terminal emulation program is using.
2. Make sure the com port is free and no other devices are using it such as an internal modem.
3. Make sure the cable connecting the modem to the PC is the correct cable. Refer to cable requirements
section of the manual.
4. Try re-starting the terminal emulation program.
5. Make sure the proper power supply is being used. The DLM4000 requires a 9VAC power supply for
proper operation.

When sending a text file with the modems, the received text has missing characters.
1. Ensure that the communications program's baud rate matches that of the DLM4000.
2. Make sure the word length is set to a 10 bit word and not an 11 bit word. Refer to DLM4000
requirements section of manual.

A programmed phone number is stored in the modem, but when carrier is lost the modem does not
redial.
1. The DLM4000 modem is capable of dialing a stored phone number when the modem is powered up only
and will not redial upon loss of carrier.
2. If the modem has Auto Answer Dial Back board installed, most likely there is no stored phone number or
the configuration is incorrect. Refer to Auto Answer Dial Back section of the manual.
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I am trying to connect to the DLM4000 modem with my PC modem, but it does not work.
Data-Linc Group does not recommend or support the use of another modem. It is recommended a second
DLM4000 be purchased for connection.

The leased line DLM4000 modems are powered up, but they do not try to connect.
1. The modems are most likely not configured for leased line operation.
2. Refer to the DLM4000 requirements for the proper jumper setting in the modem.

The DLM4000 modems have carrier, but my PLCs are not communicating.
1. Make sure that the PLC is setup to use a 10 bit word and that the baud rate matches that of the modem.
2. Verify that the modem cabling is correct. If the cable is supplied by Data-Linc verify the cable pinout per
the supplied cable diagram. If no cable diagram was present contact Data-Linc Group.
3. Ensure that the PLCs are setup and the addressing is correct. The DLM4000 modem does not require
handshaking and this should not be enabled in the PLC.
4. If a problem is suspected of the DLM4000 a loopback test should be ran if possible. Refer to the section
on Setting Up And Using HyperTerminal For Testing.

When in leased line mode the DLM4000 modems are constantly trying to establish communications
with each other.
1. Verify that the communications line being used is an analog voice grade line and not a digital line.
2. Confirm that the leased line connection at both DLM4000 locations is connected properly. The two
center pins of the jack are the correct pins.
3. Make sure that the leased line is a 2 wire leased line and not a four wire. The DLM4000 will not operate
on a four wire leased line.
4. Verify proper modem operation with a bench test and a phone patch cord.
5. Is there a possible source of electrical noise near the modem such as a variable frequency drive?
6. If the lines are telephone company provided, check with them to verify line integrity.

When communicating between two PLCs I have a flashing T LED on the master and a flashing R
LED on the remote. I never have a flashing R on the master and T on the remote.
1. The poll is getting to the remote PLC, but it is not answering back. Verify the PLC addressing is correct.
2. If possible, try connecting the PLCs together with a null cable directly. If they do not work most likely a
PLC programming or processor issue exists.
3. Make sure that no handshaking is used in the PLC.
4. Check and verify that the word length is 1Obits and the baud rates match. Verify this on both PLC
locations.
5. Make sure the protocol is asynchronous and not synchronous.
6. Verify that the cabling is correct.

After a storm the DLM4000 modem is not longer operating.
1. Verify that surge protection is not damaged.
2. Re-initialize modem configurations.
3. Verify DLM4000 operation with a bench test.
3. Verify that DLM4000 power supplies are still operating properly.
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DLM4000 Enclosure Dimensions
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Installation Dimensions
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DLM4000 Technical Specifications
Data Communication Standards
CCITT V.32bis, V.32, V.22bis, V.22, V.23, V.21, Bell 103, Bell 212A

Data Compression & Error Correction
CCITT V.42bis, V.42, MNP Class 2-5

Protocol
Asynchronous (10 bit word format)

Connection Speed
Up to 19200bps uncompressed.

Receiver Sensitivity
-43 dBm

Transmit Level
o to -15 dBm

Command Buffer
40 Characters

Built in non-volatile memory
2 stored configuration profiles
2 factory default profiles
10 stored telephone numbers with 36 characters each in a total of 100 bytes

RS-232 Interface
OB25 Female connection

Telephone Interface
2 wire RJ-11 connection

Transmission Distance
Up to 20 miles on an unloaded line. Unlimited on a Telco loaded line.

Optional Interfaces
RS422 four wire and RS485 two wire interface
MOB interface to have modem redial when carrier is lost

Power Requirements
9VAC at 300mA with 3 watt maximum power consumption

Temperature Tolerance
oto 60 degrees Celsius

Humidity Tolerance
Up to 90% non-condensing

Dimensions in inches
H x W x 0: 1.4 x 7.5 x 11.3
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Technical Support
Data-Line Group maintains a fully trained staff of service personnel who are capable of providing complete
product assistance. They can provide you with technical, application and troubleshooting, spare parts and
warranty assistance. Our technical staff are based in Redmond, Washington USA and may be reached at
425-882-2206 or email support@data-linc.com.

Product Warranty
Data-Line Group warrants equipment of its own manufacture to be free from defects in material and
workmanship for one year from date of shipment to original user. Data-Line Group will replace or repair, at
our option, any part found to be defective. Buyer must return any part claimed defective to Data-Line
Group, transportation prepaid.

Return Material Authorization
If a part needs to be sent to the factory for repair, contact Data-Line Group's corporate office and request a
Return Material Authorization (RMA) number. The RMA number identifies the part and the owner and must
be included with the part when shipped to the factory.

Contact Information
Corporate Offiee

Eastern Regional Offiee

Southern Regional Offiee

PIN 161-09997-0010

Data-Line Group
2635 151 sl Place Northeast
Redmond, Washington 98052 USA

Telephone: 425.882.2206
Fax: 425.867.0865
Email: info@data-linc.com
Web site: www.data-Iinc.com

Data-Line Group
P.O. Box 404
Lawrence, Pennsylvania 15055

Telephone: 724.942.4524
Fax: 724.942.3875

Data-Line Group
4301 Cavern Springs Road
Austin, Texas 78727

Telephone/Fax: 512.431.7806
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BULLETIN E-22

FLO~ECT® MODEL V6 FLOW SWITCH

Installation and Operating Instructions

The Flotect" Model V6 is an inexpensive, explosion-proof flow
switch for use on air, water or other compatible gases and liquids.
Three configurations are available - 1. Factory installed in a tee.
2. With a trimmable vane for field adjustment and installation in a
suitable tee. 3. Low flow models with an integral tee and
adjustable valve. All are available with an optional enclosure which
is U.L. and C.SA listed, CENELEC approved.

INSTALLATION
Unpack and remove any packing material found inside lower
housing or tee.

Switch can be installed in any position but the actuation/deactua
tion flow rates in the charts are based on horizontal pipe runs and
are nominal values. For more precise settings, units can be factory
calibrated to specific flow rates.

V6 Models with Tee are supplied in 1/2" - 2" NPT sizes. Install in
piping with arrow pointing in direction of flow.

V6 Low Flow Models have 1/2" NPT connections and are field
adjustable. Install in piping with arrow pointing in direction of flow.
To adjust, loosen the four socket head cap screws on bottom. The

---Ijustment valve rotates 90° between "0" (open) and "C"
Ised). See flow charts for approximate ranges. Tighten screws

. ,ce the required flow rate has been set.

Explosion-Proof; u.L. and e.S.A. Listed 
Class I, Groups *A, B, C &D
Class II, Groups E, F &G
CENELEC: EExd IIC T6 (T amb=75°C)
*(Group A, stainless steel body only)

PHYSICAL DATA
Maximum Temperature: 220°F (105°C); 400"F (205°C) with high tempera
ture (MT) option - Not U.L., C.SA or CENELEC approved.
Maximum Pressure: See chart.
Electrical Ratings: U.L. - 5A @125/250 VAC. CSA. and CENELEC - 5A
@125/250 VAC, 5A resistive, 3A inductive @30 VDC. Gold contacts (MV
option) for dry circuits - 0.1 A @125 VAC. High temperature (MT) option 
5A@ 125/250 VAC. Not U.L., C.SA or CENELEC approved.
Wiring: U.L., C.SA models - 18 AWG x 18" (46 cm) length. CENELEC
models - terminal block.
Switch Body: Lower housing (wetted), brass or stainless steel. Upper
housing, brass or stainless steel.
Vane: Stainless steel.
Pipe Connection: 1/2" - 2" NPT tee standard. 1/2" NPT for Low Flow
models and models with field trimmable vane.
Installation: Install in any position with index arrow pointing in direction of
flow.
Weight: 2 - 6 Ibs. (.9 - 2.7 kg) depending on size and construction.
Options: DPDT relays, custom calibration. Teflon coated wetted parts and
more.

MAXIMUM PRESSURE CHART
MAXIMUM PRESSURE

MODEL LOWER HOUSING TEE PSI (KG/CM')
V6 Brass Brass 1450 (102)Low Flow
V6 Stainless Steel Stainless Steel 1450 (102)Low Flow
V6 Brass Brass 250 (17)
V6 Brass Iron 1000 (70)
VB Stainless Steel Iron 1000 (70)
VB Stainless Steel Forged Steel 2000 (140)
VB Stainless Steel Stainless Steel 2000 (140)

V6 with Field Trimmable Vane. These models enable the installer
to choose approximate actuationldeactuation points by trimming
the full size vane at appropriate letter-designated marks on a
removable template. Flows are defined in the following charts.
Note that the charts are based on either brass or cast iron reduc
iQg tees or stainless or forged steel straight tees with bushings
where necessary. Install in piping with arrow pointing in direction
of flow.

When bushings are used, they must be back drilled to allow proper
clearance for unrestricted vane travel. Bore the 1.0. to 13/16" (20
mm) on 1/2" x 3/4" bushings or 1" (25 mm) on larger bushings. The
depth of the bore must leave internal threads 9/16" (14 mm) high
for proper engagement between the lower housing of the switch
and the bushing. Check for proper vane travel and switch opera
tion after installation.



ELECTRICAL CONNECTIONS:
Connect wire leads in accordance with local electrical codes and
switch action required. N.O. contacts will close and N.C. contacts
will open when flow increases to the actuation point. They will
return to "normal" condition when flow decreases to the deactua
tion point. Black = Common, Blue = Normally Open and Red =
Normally Closed.

For units supplied with both internal and external grounds, the
ground screw inside the housing must be used to ground the con
trol. The external ground screw is for supplementary bonding
when allowed or required by local code. Some C.SA listed mod
els are furnished with a separate green ground wire. Such units
must be equipped with a junction box, not supplied but available
on special order.

CENELEC certified models include a junction box. Cable should
enter enclosure through an approved EX cable gland, not sup
plied. Push stripped and tinned leads into appropriate openings in
terminal block(s). To connect fine stranded leads or to remove any
wire, depress spring release with small screwdriver first.

All wiring, conduit and enclosures must meet applicable codes for
hazardous areas. Conduits and enclosures must be properly
sealed. For outdoor or other locations where temperatures vary
widely, precautions should be taken to prevent condensation
inside switch or enclosure. Electrical components must be kept
dry at all times. CAUTION: To prevent ignition of hazardous
atmospheres, disconnect the device from the supply circuit before
opening. Keep assembly tightly closed when in use.

V6WithTee

Cold Water - Factory Installed Tee
Approximate actuation/deactuation flow rates
GPM upper, M'/HR lower

1/2" NPT 3/4" NPT 1" NPT 1'/4' NPT 1'/2' NPT 2"NP

1.5 1.0 2.0 1.25 3.0 1.75 4.0 3.0 6.0 5.0 10.0 8.51
0.34 0.23 0.45 0.28 0.68 0.40 0.91 0.68 1.36 1.14 2.27 1.93

Air-Factory Installed Tee
Approximate actuation/deactuation flow rates
SCFM upper, NM'/M lower

1/2" NPT 3/4" NPT 1" NPT 1'/4' NPT 1'12" NPT 2"NPT
"-

6.5 5.0 10.0 8.0 14 12 21 18 33 30 43 36

.18 .14 .28 .23 .40 .34 .59 .51 .93 .85 1.19 1.02

V6 Low Flow, Field Adjustable

Cold Water - Low Flow Models
Approximate actuation/deactuation flow rates
GPM upper, M'/HR lower

MINIMUM MAXIMUM

.04 .03 .75 0.60

.009 .007 0.17 0.14

Air - Low Flow Models
Approximate actuation/deactuation flow rates
SCFM upper, NM'/M lower

MINIMUM MAXIMUM

.18 .15 2.70 2.0

.005 .004 .08 .06



V6 With Field Trimmable Vane

Cold Water - Brass or Cast Iron Reducing Tee
Approximate actuation/deactuation flow rates
",oM upper, M3/HR lower

Air - Brass or Cast Iron Reducing Tee
Approximate actuation/deactuation flow rates
SCFM upper, NM3/M lower

.ne ';," NPT 3/." NPT 1" NPT 1'/<" NPT 1'/2" NPT 2" NPT '/2" NPT 3/,' NPT 1" NPT 1'/,' NPT 1' f," NPT 2" NPT
Full 90 8.5 39.0 37.0
Size 2.0 1.9 1.10 1.05
A 9.5 9.0 40.0 38.0

2.2 2.0 1.13 1.08
f---------- - ~~~_.__..__ ..__.,---

B 10.0 93 42.0 40.0
2.3 2.1 1.19 1.13

C 11.0 10.0 50.0 44.0
2.5 2.3 1A2 1.25

D 6.2 5.5 12.0 10.0 270 25.0 55.0 46.0
1A 1.2 2.7 2.3 0.76 0.71 1.56 1.30

E 7.0 6.5 130 11.0 30.0 28.0
1.6 1.5 30 2.5 0.85 0.79

F 4.3 3.9 7.6 7.1 14.0 120 20.0 18.0 32.0 30.0
1.0 0.9 17 1.6 3.2 2.7 0.57 0.51 0.91 0.85

G 4.9 4A 8.0 7.3 210 19.0 34.0 32.0
1.1 1.0 1.8 17 0.59 0.54 0.96 091

H 5.5 5.0 9.0 8.2 23.0 210 37.0 34.0
1.2 1.1 2.0 1.9 0.65 0.59 1.05 0.96

I 3.5 3.1 6.0 5.6 10.0 9.0 16.0 15.0 24.0 220 39.0 36.0
08 0.7 1A 1.3 2.3 2.0 OA5 OA2 068 0.62 1.10 1.02

J 4.0 3.5 7.0 6.6 130 11.0 180 16.0 280 25.0 510 45.0
0.9 0.8 1.6 1.5 3.0 2.5 0.51 OA5 0.79 0.71 1A4 1.27

f----. ----- . _.'.__._---
K 4.6 4.2 8.0 7.6 15.0 13.0 19.0 17.0 33.0 30.0 69.0 57.0

1.04 0.95 1.8 1.7 3A 3.0 0.54 OA8 0.93 0.85 1.95 1.61
L 2.6 2.3 5.6 5.2 10.0 9.0 13.0 12.0 220 20.0 38.0 35.0

0.6 0.5 1.3 1.2 2.3 2.0 0.37 0.34 0.62 0.57 108 0.99
----

M 1.6 1.3 3.5 3.1 6.3 6.1 12.0 10.0 6A 3.8 15.0 14.0 25.0 23.0 45.0 42.0
OA 0.3 08 0.7 1A3 1.39 2.7 2.3 0.18 0.11 OA2 DAD 0.71 0.65 1.27 1.19

I\j 22 18 4.3 3.8 8.0 7.5 10.0 7.0 20.0 16.0 32.0 28.0
0.5 OA 1.0 0.9 1.8 17 0.28 0.20 0.57 OA5 0.91 0.79L 3.02A 12.0 9.0
0.7 0.5 0.34 0.25

---~-

Cold Water - Stainless or Forged Steel Straight Tee and Bushing
Approximate actuation/deactuation flow rates
GPM upper, M 3/HR lower

Air - Stainless or Forged Steel Straight Tee and Bushing
Approximate actuation/deactuation flow rates
SCFM upper, NM3/M lower

Vane 'Ii' NPT 3/,' NPT 1" NPT 1'/,' NPT 1'/2" NPT 2" NPT '/2" NPT '/4' NPT 1" NPT 1' /4' NPT 1'/2" NPT 2" NPT
Full 5.0 4.5 8.5 7.8 210 18.0 33.0 30.0
Size 1.1 1.0 1.9 1.8 0.59 0.51 0.93 085
A 5.5 5.0 9.2 8.6 22.0 200 39.0 36.0

1.2 1.1 2.1 2.0 0.62 0.57 1.10 1.02
B 6.2 5.7 9.8 9.0 24.0 22.0 42.0 38.0

1A 1.3 2.2 2.0 0.68 0.62 1.19 1.08
C 6.8 6.3 12.0 10.0 28.0 26.0 51.0 46.0

1.5 1A 2.7 2.3 0.79 0.74 1A4 1.30
D 2.8 2A 8.5 7.8 13.0 11.0 12.0 10.0 33.0 30.0 55.0 50.0

0.6 0.5 1.9 1.8 3.0 2.5 0.34 0.28 0.93 0.85 1.56 1A2
E 3A 3.0 10.0 9.2 14.0 12.0 37.0 34.0

0.8 0.7 2.3 2.1 DAD 0.34 1.05 0.96
F 4.0 3.6 12.0 10.0 16.0 14.0 43.0 40.0

0.91 0.82 2.7 2.3 OA5 DAD 1.22 1.13
G 2.0 1.5 5.0 4.5 80 6.5 19.0 17.0

0.5 0.3 1.1 1.0 0.23 0.18 0.54 OA8
H 2.5 2.0 6.5 6.1 11.0 10.0 26.0 24.0

0.6 0.5 1A8 1.39 0.31 0.28 0.74 0.68
I 3.5 3.0 9.0 8.2 14.0 130 32.0 30.0

0.8 0.7 2.0 1.9 DAD 0.37 091 0.85
7.0 5.5 27.0 24.0
1.6 1.2 076 068

I
K 10.0 8.0 39.0 36.0

2.3 1.8 1.10 1.02
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Granville-Phillips® Series 358 Micro-Ion®

Vacuum Gauge Controllerule
Catalog numbers for Series 358 Micro-Ion Controllers

Controller for a Micro-Ion gauge, with 3-line display, electron bombardent degas,
and remote input/output interface - CE Marked (1)

Half-rack mount: 358501 - #  #  # - #  #

Left mount for 19-inch rack: 358502 - #  #  # - #  #

Center mount for 19-inch rack: 358503 - #  #  # - #  #

Black Case & Half-rack mount: 358504 - #  #  # - #  #

Black Case & Left mount for 19-inch rack: 358505 - #  #  # - #  #

Interface options (Slot X):
None 0
RS-232 A
RS-485/422 B

Gauge options (Slot Y):
None 0
Dual Convectron 1
Capacitance Manometer/Convectron (1) 2

Setpoint options (Slot Z):
None 0
2 setpoint relays for Micro-Ion gauge A
6 setpoint relays, 2 per channel B

Display options (Measurement units):
Torr T
mbar M
Pascal P

Powercord options:
North America 115 V 1
North America 240 V 2
Universal Europe 220 V 3
United Kingdom 240 V 4

NOTE:  (1) The Capacitance Manometer/Convectron Gauge option is not CE Marked.
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Chapter 1 Before  You Begin

1.1 Caution and Warning 
Statements

This manual contains caution and warning statements with which you must 
comply to prevent inaccurate measurement, property damage, or personal 
injury.

Caution and warning statements comply with American Institute of 
Standards Z535.1–2002 through Z535.5–2002, which set forth voluntary 
practices regarding the content and appearance of safety signs, symbols, 
and labels.

Each caution or warning statement explains:

a. The specific hazard that you must prevent or unsafe practice that you 
must avoid,

b. The potential result of your failure to prevent the specified hazard or 
avoid the unsafe practice, and

c. What you must do to prevent the specified hazardous result.

1.2 Reading and Following 
Instructions

You must comply with all instructions while you are installing, operating, 
or maintaining the module. Failure to comply with the instructions violates 
standards of design, manufacture, and intended use of the module. Brooks 
Automation, Inc./ Granville-Phillips disclaim all liability for the customer's 
failure to comply with the instructions.

• Read instructions – Read all instructions before installing or operating the 
product.

• Retain instructions – Retain the instructions for future reference.

CAUTION
Caution statements alert you to hazards or unsafe 
practices that could result in minor personal injury or 
property damage.
Each caution statement explains what you must do to prevent or 
avoid the potential result of the specified hazard or unsafe 
practice.

WARNING
Warning statements alert you to hazards or unsafe 
practices that could result in severe property damage or 
personal injury due to electrical shock, fire, or explosion.

Each warning statement explains what you must do to prevent 
or avoid the potential result of the specified hazard or unsafe 
practice.
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• Follow instructions – Follow all installation, operating and maintenance 
instructions.

• Heed warnings and cautions – Adhere to all warnings and caution 
statements on the product and in these instructions.

• Parts and accessories – Install only those replacement parts and 
accessories that are recommended by Granville-Phillips. Substitution of 
parts is hazardous.

1.3 Damage Requiring 
Service

Disconnect the product from the wall outlet and all power sources and refer 
servicing to qualified service personnel under the following conditions:

1. When any cable or plug is damaged.

2. If any liquid has been spilled onto, or objects have fallen into, the 
product.

3. If the product has been exposed to rain or water.

4. If the product does not operate normally even if you follow the 
operating instructions. Adjust only those controls that are covered by 
the operation instructions. Improper adjustment of other controls may 
result in damage and will often require extensive work by a qualified 
technician to restore the product to its normal operation.

5. If the product has been dropped or the enclosure has been damaged.

6. When the product exhibits a distinct change in performance. This 
indicates a need for service.

WARNING
Substitution or modifying parts can result in product 
damage or personal injury due to electrical shock or fire.

• Install only those replacement parts that are specified by 
Brooks Automation, Inc./ Granville−Phillips.

• Do not install substitute parts or perform any unauthorized 
modification to the controller.

• Do not use the controller if unauthorized modifications 
have been made.
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1.4 Pressure Relief Devices

Suppliers of pressure relief valves and pressure relief disks are listed in the 
Thomas Register under “Valves, Relief”, and “Discs, Rupture”.

Confirm that these safety devices are properly installed before installing the 
product. In addition, check that:

1. The proper gas cylinders are installed, 

2. Gas cylinder valve positions are correct on manual systems, and 

3. The automation is correct on automated gas delivery systems.

Vacuum gauges with compression fittings may be forcefully ejected if the 
vacuum system is pressurized.

1.5 Certification Brooks Automation, Inc./ Granville-Phillips certifies that this product met its 
published specifications at the time of shipment from the factory. Brooks 
Automation, Inc./ Granville-Phillips further certifies that its calibration 
measurements are traceable to the National Institute of Standards and 
Technology to the extent allowed by the Institute's calibration facility. See 
also CE Declaration of Conformity inside envelope for CE tests performed.

1.6 Warranty Information Brooks Automation, Inc./ Granville-Phillips provides an eighteen (18) 
month warranty from the date of shipment for new Granville-Phillips 
products. The Brooks Automation, Inc./ Granville-Phillips general terms 
and conditions of sale provide the complete and exclusive warranty for 
Brooks Automation, Inc./ Granville-Phillips products. This document is 
located on our web site at www.brooks.com, or may be obtained by a 
contacting Brooks Automation, Inc./ Granville-Phillips customer service 
representative.

1.7 Service Guidelines Some minor problems are readily corrected on site. If the product requires 
service, please contact our Customer Service Department for 
troubleshooting help over the phone.

For customer service:

• Phone 1-303-652-4400 or 1-800-776-6543 within the USA.

• Phone 1-800-367-4887 24 hours per day, 7 days per week within the 
USA.

WARNING
Failure to install appropriate pressure relief devices for 
high−pressure applications can cause product damage 
or personal injury.

For automatic backfilling and other applications in which 
malfunction or normal process conditions can cause high 
pressures to occur, install appropriate pressure relief devices.
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• Email co-csr@brooks.com

• For Global Customer Support, go to www.brooks.com, click on Contact 
Us, then click on Global Offices to locate the Brooks Automation office 
nearest you.

If a product must be returned for service, request a Return Authorization 
(RA) from Brooks Automation, Inc. / Granville-Phillips. Do not return 
products without first obtaining an RA. In some cases a hazardous materials 
document may be required. The Brooks Automation / Granville-Phillips 
Customer Service Representative will advise you if the hazardous materials 
document is required. 

When returning equipment to Brooks Automation Inc. / Granville-Phillips,  
be sure to package the products to prevent shipping damage. Circuit boards 
and modules separated from the controller chassis must be handled using 
proper anti-static protection methods and must be packaged in anti-static 
packaging. Brooks Automation, Inc. / Granville-Phillips will supply return 
packaging materials at no charge upon request. Shipping damage on 
returned products as a result of inadequate packaging is the Buyer's 
responsibility.

1.8 FCC Verification This equipment has been tested and found to comply with the limits for a 
Class A digital device, pursuant to Part 15 of the U.S. Federal 
Communications Commission (FCC) Rules. These limits are designed to 
provide reasonable protection against harmful interference when the 
equipment is operated in a commercial environment. This equipment uses 
and can radiate radio frequency energy and, if not installed and used in 
accordance with this instruction manual, may cause harmful interference to 
radio communications. However, there is no guarantee that interference 
will not occur in a particular installation. Operation of this equipment in a 
residential area is likely to cause harmful interference in which case the user 
will be required to correct the interference at his own expense. If this 
equipment does cause harmful interference to radio or television reception, 
which can be determined by turning the equipment OFF and ON, the user 
is encouraged to try to correct the interference by one or more of the 
following measures:

• Reorient or relocate the receiving antenna.

• Increase the separation between the equipment and the receiver.

• Connect the equipment into an outlet on a circuit different from that to 
which the receiver is connected.

• Consult the dealer or an experienced radio or television technician for 
help.

For information about FCC and EU compliance, see FCC and EU Installation 
Requirements on page 49.
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Chapter 2 System Components

The Series 358 Micro-Ion Vacuum Measurement System can operate one 
Micro-Ion gauge along with two Convectron Gauges simultaneously, or 
one Micro-Ion gauge along with one Convectron Gauge and one 
Capacitance Manometer Gauge simultaneously.

Pressure readout is via three front panel displays, analog output, and 
available computer interface.

The Series 358 Micro-Ion Vacuum Measurement Controller is a modular 
instrument that can easily be customized to fit most user's exact needs. 
Infrequently used controls are housed behind a hinged front panel, reducing 
front panel clutter and allowing the Controller to reside in a half rack space.

Figure 2-1 Micro-Ion Vacuum Measurement System

1

2

3

4

1.  358 Controller

2.  Micro-Ion Gauge

3.  Convectron Gauges

4.  Capacitance Manometer Gauge
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Figure 2-2 Controller Front Panel
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1. Micro-Ion display 6. Degas “momentary” ON/OFF switch

2. Convectron Gauge A display 7. Degas LED

3. Convectron Gauge B or Capacitance 
Manometer display

8. Process control channel labels

4. Unit of measure label: Torr, mbar or pascal, 
user selectable

9. Process control channel indicator lights

5. Micro-Ion Gauge “momentary” ON/OFF switch



System Components

Series 358 Micro-Ion Controller Instruction Manual - 358013 - Rev. 09 15

System
 Com

ponents
Initial Setup

Installation
Before You Begin

Figure 2-3 Controller Front Panel with Door Open

13 10 9

84 52 7

14 1112

31 6

1. Filament select switch: filament 1, filament 2, or both

2. Pressure range selector

3. Sensitivity adjustment

4. Atmosphere adjustment, Convectron or Capacitance Manometer gauge B

5. Vacuum zero adjustment, Convectron or Capacitance Manometer gauge B

6. Process control setpoint 3-position manual override switches.
Center = relay is controlled automatically.
Left = relay is deactivated.
Right = relay is activated.

7. Process control channel indicator

8. Process control channel selector thumbwheel

9. “Down” process control setpoint pressure set pushbutton

10. “Up” process control setpoint pressure set pushbutton

11. Vacuum zero adjustment, Convectron gauge A

12. Atmosphere adjustment, Convectron gauge A

13. Micro-Ion gauge auto ON switch (via Convectron gauge)

14. Calibration / sensitivity ON switch
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Figure 2-4 Controller Top View with Cover Removed
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1.  Power supply board

2.  Process control setpoint option board

3.  Convectron or Capacitance Manometer gauge option board

4.  Electrometer board

5.  Filament/grid supply board

6.  Interface option board (RS-232 or RS-485)
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2.1 Options

Process Control Relay A 2-setpoint or 6-setpoint relay option can either be factory installed or 
added at any time by the user. The set points are adjustable from 
atmosphere to 1 x 10–10 Torr with override switches and front panel status 
indication.

RS-232 or RS-485/422 
Computer Interface 
Module

Provides readout of pressure, process control relay status, and Micro-Ion 
gauge control.

Figure 2-5 Controller Rear Panel (with RS-232 Option)

1

12

2 3 54 8 97

101113

6

1. Power switch 8. Micro-Ion gauge power connector

2. Power input connector 9. DB25S connector for RS-232 computer interface

3. Grounding lug to be connected to earth ground 
with 12 AWG conductor

10. DE9S connector for remote parameter selection 
inputs/outputs

4. 20-pin connector for process control relay 
contacts

11. Collector connector for Micro-Ion gauge

5. Connector for analog output voltage from 
Convectron or Capacitance Manometer gauge B

12. Connector for analog output voltage from 
Convectron gauge A

6. DA15P connector for Dual Convectron or 
Capacitance Manometer gauge cable

13. Fuse holder

7. Connector for analog output voltage from 
Micro-Ion gauge
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2.2 RS-232 Specifications

Figure 2-6 RS-232 Wiring Connector

DB–25S connector

Table 2-1 RS-232 Specifications

Item Specification

Format EIA standard RS-232-C, half duplex, asynchronous

Data Rates 75,150,300,600,1200,2400,4800,9600 baud

Character length 7 or 8 bit ASCII, switch selectable

Parity Odd, even, or none, switch selectable

Stop bits 1 or 2. 8 character bits plus parity allows only 1 stop bit

Handshake Outputs: DTR,RTS. RTS polarity selectable. Inputs: DSR, CTS, DCD. May be 
forced to logic “TRUE” with switches

Logic levels Inputs: Logic 1, 2.0 Vdc minimum,15 Vdc maximum, logic 0, –15 Vdc minimum, 
0.75 VDC maximum
Input Current: 4.0 mA max @ Vin = +15 Vdc, –4.0 mA max @ Vin = –15 Vdc
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2.3 RS-485 Specifications

Figure 2-7 RS-485 Wiring Connector

1

3

2

1)   J 1 DE9P 
Connector for 
RS-485/422 
computer interface

2)  Address dial

3)  J 2 DE9P 
Connector for 
RS-485/422 
computer interface

5 9

1
6

Table 2-2 RS-485 Specifications

Item Specification

Format Half duplex, asynchronous.

Data Rates 19200, 9600, 4800, 2400, 1200, 600, 300, 
150 baud

Character Length 8 bit or 7 bit ASCII

Parity No parity, even, or odd

Stop Bits 1 or 2

Handshake None.

Address 256 selectable combinations

Number of Connections Up to 32 devices

Total Cable Length 4000 ft. maximum
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2.4 Specifications

Table 2-3 Specifications

Micro-Ion System

Pressure Range for N2 or air*
Lower Measurement Limit
Upper Measurement Limit

< 1 x 10–9 Torr (1.3 x 10–9 mbar) (1.3 x 10–7 pascal) at 4 mA emission
Atmosphere

Controller

Electronic accuracy Typical ± 3% of reading at ambient temperature of 25 ± 5 °C

Display 
Units
Update Rate

Digital, green LED, 2 digits plus exponent
Torr, mbar, pascal (user selectable)
0.5 sec. typical as shipped. Internal switch selectable to 3 sec./reading averaged

Filament Control Switch selectable: filament 1, filament 2, or both

Degas Electron bombardment, approximately 4 W with 2 minute timer

Maximum Micro-Ion Gauge 
Cable Length 15 m (50 ft) with standard cable

Remote I/O
   Gauge and Degas On/Off Inputs

   Filament Status Relay Contact Rating

Momentary ground controls filament selection and degas
Less than 0.4 Vdc @ 10 µA for 25 msec (minimum). Must be greater than 3.5 Vdc 
for 105 msec (minimum) before next low state
Micro-Ion gauge status relay rated at 1.0 A, 30 Vdc

Environment Indoor use
Altitude up to 2000 meters
Temperature 0 °C to 40 °C
Maximum relative humidity 80% for temperatures up to 31 °C decreasing linearly 
to 50% relative humidity at 40 °C
Transient overvoltages according to installation category (overvoltage category) II
Pollution degree 2 in accordance with IEC 664

Operating Temperature 0 °C to +40 °C ambient, noncondensing

Non-operating Temperature –40 °C to +70 °C 

Analog Output 0 to 10 Vdc, logarithmic, 1 V/decade

Overpressure Protection Gauge turns OFF if pressure rises above factory set upper pressure limit

Emission Current Settings 0.02 mA (MV), 1 mA (HV), 4 mA (UHV)

Operating Voltage and Power 100 to 240 VAC, 50 to 60 Hz, 50 W maximum

Fuse Rating 250 V, 1.6 A, 5 x 20mm Time Lag (T), low breaking capacity

Weight 1.8 kg (4 lb)

* Measurement limits are determined by the controller emission current setting and X-ray limit of the gauge.
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Process Control
Relay Configuration
Contact Rating
Channels
Hysteresis
Setpoint adjustment

SPDT, Form C
5A @ 120 VAC, 4A @ 240 VAC resistive or 5A @ 30 Vdc
6 maximum, 2 per operating gauge maximum
10%
Digital, 2 significant digits plus exponent

Digital Interfaces RS-232 or RS-485/422

Dual Convectron Gauge
Pressure Range
Display Units
Maximum Cable Length
Analog Output
Display Resolution

999 to 1 x 10–4 Torr for N2 or air
Torr, mbar, pascal (user selectable)
150 m (500 ft)
0 to 7 V, logarithmic, 1 V/decade, adjustable offset of +1 to –7 Vdc
2 significant digits, except for lowest two decades

Micro-Ion Gauge

Sensitivity 3/Torr to 50/ Torr (factory setting is 20/Torr)

Emission Current 20 µA, 1 mA, 4 mA

Collector Potential 0 V

Grid Potential +180 Vdc

Filament Potential +30 Vdc

Degas Electron bombardment: 15 mA DC, 250 Vdc, auto shutoff, 2 minutes

Analog Output 0 to 10 Vdc, logarithmic, 1 V/decade

Filaments Dual yttria-coated iridium, or tungsten†

Operating Temperature 0 °C to +50 °C ambient, noncondensing

Gauge Bakeout Temperature +200 °C maximum

Cable Bakeout Temperature +150 °C maximum

Materials Exposed to Vacuum Vacuum fired, UHV compatible

Internal Volume 10.8 cm3 (0.66 in.3)

Weight 0.1 kg (4 oz.) (with 1 5/16 in. Conflat® type flange)

† Tungsten filaments are for applications involving gases containing fluorine, chlorine, or other gas species that poison 
yttria-coated iridium filaments. Tungsten filaments are not recommended for general vacuum applications because they may 
burnout when exposed to high pressures.

Table 2-3 Specifications
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Convectron Gauge

Pressure Range 1 x 10–4 Torr to 990 Torr, N2 equivalent

Display Resolution 2 significant digits, except for 1 significant digit in 1 x 10–4 Torr decade

Gas Type N2, air (for direct reading)

Display Update Time 0.5 sec. typical. Switch selectable to 3 sec./reading, averaged

Analog Output 0 – 7 Vdc, logarithmic, 1 V/decade

Ion Gauge Turn-On Range Less than or equal to 100 mTorr (1 x 10-1 Torr)

Sensor Material Gold-plated tungsten

Mounting Orientation Gauge axis must be horizontal to provide accurate measurement above about 
1 Torr

Operating Temperature +4 °C to +50 °C ambient, noncondensing

Bakeout Temperature +150 °C maximum, nonoperating, cable disconnected

Cable Bakeout Temperature +105 °C maximum

Ion Gauge Pressure Range*  See Table 3-1 on page 30

Table 2-3 Specifications
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2.5 Dimensions The dimensions of the controller in a half rack (standard) mounting are 
shown in Figure 2-8. 

Dimensions are in centimeters (inches).

Figure 2-8 Controller Dimensions

Capacitance Manometer Specifications

Gauge Type Any capacitance manometer transducer that requires ± 15 Vdc power at < 250 mA 
and outputs 0–10 Vdc proportional to pressure

 Accuracy 0.01% of full scale (as limited by display resolution)

 Display Resolution Highest 3 decades – 2 digits, lowest decade – 1 digit, scientific notation

 Maximum Pressure Scales 1, 10, 100, 1000 Torr max heads, 4 decades of pressure

 Display Update Time Unfiltered: 0.5 sec. typical. Switch selectable filtering: 3 sec. (average of 6 
readings)

 Output to Head ± 15 V ± 2% at 250 mA

 Input from Head 0 to 10 Vdc into 100 kΩ

 Analog Output 5 mA maximum

 Analog Output Speed Limited by transducer speed

 Cable Connection Cable termination is bare tinned wire, user terminates to transducer

Table 2-3 Specifications
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The dimensions of the Micro-Ion gauge are shown in Figure 2-9.

Dimensions are in cm (in.).

H dimensions are given in Table 2-4.

Figure 2-9 Micro-Ion Gauge with Connector

The dimensions of the Convectron gauge are shown Figure 2-10.

Dimensions are in cm (in.).

J dimensions are given in Table 2-4.

Figure 2-10 Convectron Gauge with Connector
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VCR® is a registered trademark of Swagelok Company; ConFlat® of Varian, Inc.

2.6 Mounting Options The controller can be ordered with a variety of mounting options to fit your 
needs. This includes half rack (standard), full rack, or two units in a full rack. 
See Controller Installation on page 50 and Figure 4-1 on page 52.

Table 2-4 Fittings

Fitting Description Dimension H Dimension J

0.75 inch port diameter
1.0 inch port diameter
15 mm port diameter
18 mm port diameter

9.4 cm (3.7 in.)
9.4 cm (3.7 in.)
9.4 cm (3.7 in.)
9.4 cm (3.7 in.)

Not applicable
Not applicable
Not applicable
Not applicable

1/4 inch VCR® type
1/2 inch VCR type

Not applicable
8.6 cm (3.4 in.)

8.1 cm (3.2 in.)
8.1 cm (3.1 in.)

NW16KF flange
NW25KF flange
NW40KF flange

7.3 cm (2.9 in.)
7.3 cm (2.9 in.)
7.3 cm (2.9 in.)

6.9 cm (2.7 in.)
6.9 cm (2.7 in.)
Not applicable

1.33 inch ConFlat®

2.75 inch ConFlat
7.3 cm (2.9 in.)
7.3 cm (2.9 in.)

6.4 cm (2.5 in.)
6.4 cm (2.5 in.)
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Chapter 3 Initial Setup

3.1 Controller Setup Now is a convenient time to make any required switch changes before 
mounting the Controller in its desired location.

If the pressure display units of measure are correct (see Figure 3-1), and you 
do not want to change the degas power timer from the factory setting of 10 
minutes, skip to Process Control Setup on page 32.

Figure 3-1 Units of Measure Label

If you want to change the units of measure, the display rate, or the degas 
timer, you must remove the top cover of the Controller.

3.2 Top Cover Removal 1. With power OFF, remove any cables from Controller rear panel.

2. Observe antistatic precautions to avoid damaging static sensitive 
components inside the chassis. Use a grounded, conductive work 
surface. Do not handle integrated circuits (IC) devices more than 
necessary, and only when wearing a high impedance ground strap.
(A high impedance helps protect human life in case of inadvertent 
contact with high voltage.)

3. Remove the four Phillips head screws identified in Figure 3-2. If the 
unit is equipped with a rear bracket, remove the Phillips head screw on 
the bracket, and slide the bracket off.
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Figure 3-2 Location of Screws for Top Cover Removal

3.3 Pressure Units Setup If units of measure are as desired (see Figure 3-1), skip to Changing Display 
Update Rate on Electrometer Module on page 30.

3.4 Changing Units of 
Measure for Electrometer 
Module

Your unit will have been shipped from the factory preset to display the unit 
of measure, Torr, mbar, or pascal, that you requested. Selection between 
Torr and mbar units is done by adjusting the Micro-Ion gauge tube 
sensitivity to the appropriate units. For example, a tube has a sensitivity of 
20/Torr or 15/mbar. Thus, for this tube, adjusting the sensitivity for a display 
reading of 2.0+1 will result in display of pressure in Torr (see Sensitivity 
Adjustment on page 99). Adjusting to 1.5+1 will result in display in mbar. 

If you want  to change pascal units, change the switch on the electrometer 
module as follows:

1. Shut OFF power to the Controller.

2. Remove the top cover as described in Top Cover Removal on page 27. 

3. Locate the Micro-Ion gauge electrometer module. See Figure 2-4 and 
Figure 3-3.

4. Locate the Unit of Measure display units control switch.

Bracket

Do not remove the two 
lower front screws
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Figure 3-3 Ion Gauge Electrometer Module TopView

5. Set the switch to the desired position: Off = Torr/mbar units;
On = pascal units.

You must also change the setting of the unit of measure switch on the 
Dual Convectron gauge as described in Changing Units of Measure for 
Convectron Gauge on page 30.

6. To change the units of measure label on the front of the Controller, 
open the door and lift the label card from its slot in the top of the front 
panel. Units of measure labels are included in the mounting hardware 
kit.

Figure 3-4 Removing the Units of Measure Label Card

Unit of Measure Slow Update Overpressure Shutdown 
Potentiometer

Units of measure switch
ON and OFF positions

X
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IG 7.5 – 6

A

B

6.4 – 2

3.2 + 2
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2 -
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 O F F

GAUGE
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358 Micro-Ion Controller

4 -
5 -
6 -

TORR
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3.5 Overpressure Shutdown 
Adjustment

This control is factory set so the ion gauge will shut down when the pressure 
rises above the levels given in Table 3-1.

To adjust the overpressure shutoff point to a different level:

1. Maintain system pressure at the desired shutoff point.

2. Rotate the overpressure adjustment potentiometer fully 
counterclockwise.

3. Turn ON the ion gauge.

4. Rotate the adjustment potentiometer clockwise slowly until the ion 
gauge turns OFF.

3.6 Changing Display Update 
Rate on Electrometer 
Module

When “ON”, the Slow Update switch on the electrometer module enables 
pressure averaging. The display will be updated approximately every 3 
seconds. When “OFF”, the update period is approximately 0.5 seconds. 
Refer to Figure 3-3 on page 29.

3.7 Changing Units of 
Measure for Convectron 
Gauge

The Series 358 Controller is shipped from the factory preset to display the 
units of measure, Torr, mbar, or pascal, that you requested. To change the 
units of measure for the Convectron Gauge:

1. Turn OFF power to the Controller.

2. Remove the top cover as described in Top Cover Removal on page 27. 

3. Locate the Convectron gauge module. See Figure 2-4 and Figure 3-5.

4. Locate the mbar and pascal units switches.

5. Leave both switches “OFF” for Torr units. Turn ON the switch for either 
mbar or pascal units.

6. Modify the units of measure of the electrometer module to be 
consistent with the Convectron gauge. (See Changing Units of Measure 
for Electrometer Module on page 28.)

7. Slip the label card out of the top of the front panel and apply the 
appropriate pressure units label. See Figure 3-4.

8. Replace the top cover as described on page 47.

Table 3-1 Pressure Range Settings

Pressure Range 
Designation

MV
(Medium Vacuum)

HV
(High Vacuum)

UHV
(Ultrahigh Vacuum)

Emission Current 20 µA 1 mA 4 mA

Recommended Upper Limit, Torr 5 x 10–2 8 x 10–4 2 x 10–4

Recommended Lower Limit, Torr 1 x 10–6 1 x 10–7 Less than 1 x 10–9
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Figure 3-5 Convectron Gauge Module Top View

3.8 Display Update Rate 
Switch on Convectron 
Module

When “ON”, this the Slow Update switch on the Convectron module 
enables pressure averaging. The display will be updated approximately 
every 3 seconds. When “OFF”, the update period is approximately 0.5 
seconds. Refer to Figure 3-5.

3.9 Changing Units of 
Measure for a 
Capacitance Manometer

The Series 358 Controller is shipped from the factory preset to display the 
units of measure, Torr, mbar, or pascal, that you requested. If you want to 
change units, proceed as follows:

1. Turn OFF power to the Controller.

2. Remove the top cover as described in Top Cover Removal on page 27. 

3. Locate the Capacitance Manometer gauge module. See Figure 2-4 and  
Figure 3-6.

Figure 3-6 Capacitance Manometer Gauge Module Top View

4. Locate the mbar and pascal units switches.

5. Leave both switches “OFF” for Torr units. Turn ON the switch for either 

mbar Slow Update
pascal

X
O

FF

X
O

N

Units of measure switch
ON and OFF positions

X
O

FF

X
O

N

Units of measure switch
ON and OFF positions
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mbar or pascal units.

6. Modify the units of measure of the electrometer module to be 
consistent with the Capcitance Manometer gauge. (See Changing Units 
of Measure for Electrometer Module on page 28.)

7. Slip the label card out of the top of the front panel and apply the 
appropriate pressure units label (see Figure 3-4 on page 29).

8. Replace the top cover as described in Replacing the Controller Cover 
on page 47.

3.10 Process Control Setup

A process control module provides the controller with single-pole, 
double-throw relays that may be controlled either by digital setpoints or by 
the built-in manual override switches.

Process Control Channel 
Identification Windows

A channel identification label is included in the accessory kit to enable you 
to customize your controller for your application (see Figure 3-7).

CAUTION
Failure to check system programming before switching 
to automatic operation can cause measurement error.
To avoid measurement error due to inaccurate output signals, 
carefully check the system programming before switching to 
automatic operation.

WARNING
Failure to install appropriate pressure relief devices for 
high−pressure applications can cause product damage 
or personal injury.

For automatic backfilling and other applications in which 
malfunction or normal process conditions can cause high 
pressures to occur, install appropriate pressure relief devices.
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Figure 3-7 Process Control Identification Windows

Developing a Logic 
Diagram of Control Logic

Prior to connecting the process controls to the system, it is recommended 
that the following steps be followed. If application assistance is desired, 
contact a Brooks Automation Inc./Granville-Phillips application engineer.

1. Use the catalog number on the front of the process control module 
together with Figure 3-8 and Figure 3-9 to identify the process control 
capability installed in your unit. 

2. Even if the control logic is simple and obvious, we recommend that 
you develop a logic diagram of the process control function. 

3. Prepare a specification table which lists the proposed pressure setting, 
system measurement point, and relay status for each process control 
channel.

4. Draw a circuit schematic which specifies exactly how each piece of 
system hardware will be connected to the process control relays.

Do not exceed the relay ratings:

Table 3-2 Relay Ratings

Parameter Rating

Relay Configuration SPDT (single pole, double throw)

Relay Contact Rating 5 A, 120 VAC; or 4A, 240 VAC; or 5A, 30 Vdc

Relay Contact Type 1 Form C type (gold plated for low level switching)
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If the relay contacts are used to switch high currents, the gold plating may 
be consumed. This may make the contacts unsuitable for low level signal 
switching in the future.

5. Attach a copy of the process control circuit diagram to this manual for 
future reference and troubleshooting.

6. The required process control connections may be made later. (See 
Connecting Process Control Relays on page 63.)

7. If application assistance is desired, contact a Brooks Automation 
Inc./Granville-Phillips application engineer.

Figure 3-8 2-Channel Process Control Option Card
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Figure 3-9 6-Channel Process Control Option Card

3.11 Relay Polarity Setting The relays can be set to activate as pressure either rises above or falls below 
the setpoint. A DIP switch is provided for each channel. Refer to the 
numbers on the printed circuit board (not on the switch body) for the 
channel number. Use Table 3-3 to assign relay polarity settings.

The switches are factory preset as shown below for relay activation below 
the pressure setpoint. This is most commonly desired when you want the 
relay to be de-energized under a high pressure condition.

Figure 3-10Process Control Relay Polarity Switches
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Micro-Ion Gauge.

Channels 3 and 4 are 
factory assigned to 
Convectron Gauge A.

Channels 5 and 6 are 
factory assigned to 
Convectron Gauge B or 
capacitance manometer 
gauge B.
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Process Control Tips 1. The process control override switches can be used to hold relays ON 
or OFF during initial setup or during non-typical process conditions.

2. When the Micro-Ion gauge is OFF, channels 1 and 2 are inoperative.

3. When Convectron gauges are disconnected, channels 3 through 6 are 
inoperative.

4. The status of relays 1 and 2 will not change during degas. The 
controller pressure will remain at the reading when degas began.

5. Relay actuation occurs when the pressure indication differs from the 
setpoint value by one display unit. A 10% hysteresis is automatically 
programmed into each setpoint for returning pressures. Table 3-4 
exemplifies this using a setpoint pressure of 6.3 x 10-7, and assuming 
the polarity is set for falling pressure activation.

Table 3-3 Relay Polarity Switch Settings

Switch 
Settings

Channel
Activated

Pressure Indication 
Relative to Setpoint

Switch 
Settings

Channel 
Activated

Pressure Indication 
Relative to Setpoint

6 Below (factory setting) 3 Below (factory setting)

6 Above 3 Above

5 Below (factory setting) 2 Below (factory setting)

5 Above 2 Above

4 Below (factory setting) 1 Below (factory setting)

4 Above 1 Above

1
OFF

4
OFF

1
ON

4
ON

2
OFF

5
OFF

2
ON

5
ON

3
OFF

6
OFF

3
ON

6
ON
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3.12 RS-232 Computer 
Interface Setup

If your Controller does not have this capability, skip to RS-485 Computer 
Interface Setup on page 42.

This available capability permits data output to, and gauge control by, a 
host computer. Output is either by a command-response mechanism or by 
a talk-only mode which is invoked via a switch on the RS-232 board. If you 
have this module in your unit, configure it to your system requirements by 
setting the switches as instructed in Selecting Byte Format for RS-232 
Module on page 39.

A variety of baud rates and byte framing options are available, as well as 
switches to force the handshake lines to an “always true” condition.

Controller RS-232 factory defaults are: 9600 BAUD, 8 data bits, no parity, 
1 stop bit; DCD, CTS, DSR forced “true”.

The interface protocol is set using 8 switches.

Internal switches are read upon controller power up. Changes in settings 
will take effect upon next power-up cycle.

Connector Pinouts for 
RS-232 Computer 
Interface

This factory or field-installed option has pin functions as shown in 
Table 3-5.

A mating DB-25S connector is supplied in the hardware kit. Use shielded 
cable to minimize electromagnetic radiation or susceptibility.

Table 3-4 Setpoint Hysteresis

Setpoint Pressure Pressure Change Relay Actuation Pressure

6.3 x 10–7 Falling 6.2 x 10–7

6.3 x 10–7 Rising 6.3 x 10–7 + 10% = 7.0 x 10–7
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Figure 3-11 RS-232 Connector

Table 3-5 RS-232 Connector Pin Assignments

Signal Pin Number Direction

Protective Ground 1 –

Transmitted Data 2 To computer

Received Data 3 To controller

Request to Send (RTS) 4 To controller

Clear to Send (CTS) 5 To controller

Data Set Ready (DSR) 6 To controller

Signal Ground (common return) 7 –

Data Carrier Detect (DCD) 8 To controller

Data Terminal Ready (DTR) 20 To computer

DB–25S connector
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Selecting Byte Format for 
RS-232 Module

Baud Rate for RS-232 Module
Dip switches 6-8 are used to control the baud rate. The settings are listed in 
Table 3-6.

Figure 3-12 RS-232 Module Top View

Table 3-6 RS-232 Baud Rates

S6 S7 S8 Baud Rate

On (factory setting) On (factory setting) On (factory setting) 9600 (factory setting)

On On Off 4800

On Off On 2400

On Off Off 1200

Off On On 600

Off On Off 300

Off Off On 150

Off Off Off 75
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Character Framing for RS-232 Module
Switches 3-5 control the number of characters, parity, and number of stop 
bits.

Talk-Only Mode for 
RS-232 Module

Switch S1, if OFF at power-up, puts the interface in talk-only mode. The 
pressure data from all three displays will be output in a single message 
string, separated by commas, approximately every 5 seconds.

Table 3-7 RS-232 Character Framing

S3 S4 S5
Character
Bits Parity Stop Bits

On
(factory setting)

On
(factory setting)

On
(factory setting)

8
(factory setting)

None
(factory setting)

1 (factory 
setting) or 2

On On Off 8 Even 1

On Off On 8 Odd 1

On Off Off 8 None 1

Off On On 7 Even 1

Off On Off 7 Odd 1

Off Off On 7 Even 2

Off Off Off 7 Odd 2

Table 3-8 RS-232 Talk-Only Mode

S1 Mode

Off Talk-only

On Command-response (factory setting)
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Handshake Line Control 
Switches for RS-232 
Module

Refer to Connecting the RS-232 Computer Interface Handshake Lines on 
page 65 for more detailed information on the handshaking mechanism.

Invert RTS Switch for 
RS-232 Module

As shipped from the factory, the request-to-send (RTS) control line is set to 
operate as a modem line per the RS-232 standard. In some implementations 
it is necessary to invert this line and hook it directly to the clear-to-send 
(CTS) line of the host computer. Switching S2 to OFF tells the RS-232 
interface to invert the polarity of the RTS line when the controller goes 
through its power-up sequence. See Connecting the RS-232 Computer 
Interface Handshake Lines on page 65 for more details.

When the controller receives a start bit on the received data line, it will 
input and buffer a character. The controller will continue to receive and 
buffer characters until the terminator (LF) is received.

Table 3-9 RS-232 Handshake Line Control Switches

Line Switch Description Internal Switch Function Factory Setting

CTS 2 CLEAR to SEND
and DATA SET READY: 
When used, both must be 
TRUE in order for controller 
to send the next byte in its 
message or data.

CTS=1 and DSR=1: When 
ON, forces the functions 
TRUE and thus assumes host 
is always ready to receive.

Both ON
(factory setting)

DSR 3

DCD 1 DATA CARRIER DETECT: 
Must be TRUE at the time 
each character is received or 
that character will be 
ignored by controller.

DCD=1: When ON, forces 
DCD function TRUE so 
controller will receive all 
characters sent to it (as long 
as RTS is in de-asserted 
state).

ON
(factory setting)
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3.13 RS-485 Computer 
Interface Setup

If your Controller does not have this capability, skip to Replacing the 
Controller Cover on page 47.

RS-485 capability permits data output to, and gauge control by, a host 
computer. Output is by a command-response mechanism. If you have this 
module in your unit, configure it to your system requirements by setting the 
switches as instructed in Selecting Byte Format for RS-485 Module on 
page 46.

A variety of baud rates and byte framing options are available, as well as 
switches to force the handshake lines to an “always true” condition.

The controller RS-485 factory defaults are: 19.2Kbd, 8 character bits, no 
parity, 1 stop bit, address = 01.

Internal switches are read upon controller power up. Changes in settings 
will take effect upon next power-up cycle.

Connector Pinouts for 
RS-485 Computer 
Interface

Connectors J1 and J2 on the rear panel are wired in parallel and are 
interchangeable. Connection can easily be made by “daisy chaining” gauge 
Controllers together with the signal from the host computer going into one 
connector then out the other to another gauge Controller, and so on.

The maximum total cable length is 4,000 ft. No more than 32 devices can 
be connected to one RS-485 communications line. When an RS-485 
network is in an idle state, all nodes are in listen (receive) mode. Under this 
condition there are no active drivers on the network. To maintain the proper 
idle voltage state, bias resistors must be applied to force the data lines to the 
idle condition. Figure 3-16 illustrates the placement of bias resistors on a 
host computer, 2-wire configuration, for the typical 5 volt and 24 volt  
systems.

Table 3-10 RS-232 Controller Outputs

Line Pin Description Internal Switch Function Factory Setting

RTS 2 REQUEST TO SEND: 
De-asserted by controller on 
power-up. Asserted by 
controller upon receipt of a 
message terminator as a 
holdoff to prevent the host 
computer from attempting to 
transmit data until the 
message just received has 
been parsed and a reply has 
been output. De-asserted 
after transmitting the 
terminator of controller's 
response to that message.

INVERT RTS: When OFF 
inverts the polarity of the 
RTS line allowing 
nonstandard connection 
directly to host computer 
CTS line. When ON, set to 
operate as a modem line per 
RS–232 standard.

ON
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Figure 3-13 RS-485 Bias Resistors

Figure 3-14 RS-485 Wiring Connector

Table 3-11 RS–485 Connector Pins

Signal Pin Number

+TX 4

–TX 5

+RX 8

–RX 9

Ground 3
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1. Connect TX on the gauge Controller to RX on the host computer and 
connect RX on the gauge Controller to TX on the host computer.

2. Connect TX to TX and RX to RX on all controllers. If the computer sends 
and receives data on 2 wires, connect +TX to +RX and connect –TX 
to –RX.

3. The polarity may have to be reversed on the computer and other 
instruments—you may have to try it both ways. No damage will result 
if connections are wrong. 

The timing of the data transfer is shown in Figure 3-15.

Figure 3-15 RS-485 Data Timing

RS-485 Address The address switch on the RS-485 module on the back of the Controller (see 
Figure 3-14) and Switch S1 (see Figure 3-16) determine the RS-485 
module's address. This address can be any hex code from 00 to FF. 

The address switch on the RS-485 module on the back of the Controller 
determines the value of the least significant digit and S1 determines the 
value of the most significant digit. S1 switch positions are binary. The 
weights of switches when OFF are listed in Table 3-12.

RX

TX

Data

Data

Data

TØ T1

TØ = 10 to 13 mS + 10 bits with S2.1 OFF. 
TØ = 700 µS with S2.1 ON.
T1 = 300 µS minimum.
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Figure 3-16 RS-485 Module - Top View

• To prevent data contentions, no two of the controller modules should be 
set with the same address.

• It is not recommended that address 00 be used because some 
manufacturers use this address for configuration. 

Table 3-12 RS-485 Switch Weight when S1 Switches are set to OFF

S1 Weight

S1.1 10hex

S1.2 20hex

S1.3 40hex

S1.4 80hex
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Selecting Byte Format for 
RS-485 Module

Baud Rate for RS-485
Baud rate for the RS-485 computer interface is determined by S2.6, S2.7, 
S2.8.

Character Framing for the RS-485 Computer Interface
Character framing for the RS-485 computer interface is determined by S2.3, 
S2.4, S2.5.

Response Delay for the RS-485 Computer Interface
Switch S2.1 (Figure 3-16 on page 45) enables a delay in the response from 
the module of 13 MS + 10 bits when OFF. When S2.1 is ON the delay is 
700 µS. Default is ON.

Table 3-13 RS-485 Baud Rates

S2.6 S2.7 S2.8 Baud Rate

On On On 19200
(factory setting)

On On Off 9600

On Off On 4800

On Off Off 2400

Off On On 1200

Off On Off 600

Off Off On 300

Off Off Off 150

Table 3-14 RS-485 Character Framing

S2.3 S2.4 S2.5 Character Bits Parity Stop Bits

On On On 8 None 2

On On Off 8 Even 1

On Off On 8 Odd 1

On Off Off 8 (factory setting) None (factory setting) 1 (factory setting)

Off On On 7 Even 1

Off On Off 7 Odd 1

Off Off On 7 Even 2

Off Off Off 7 Odd 2
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3.14 Replacing the Controller 
Cover

Assuming you have completed the above instructions, the Controller setup 
is now complete. Replace the top cover. Make sure the door hinge pin is 
seated correctly. Replace the four top cover Phillips head screws and the 
side-by-side clamp, if used. 

Figure 3-17 Location of Screws forReplacing the Top Cover
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Chapter 4 Installation

4.1 Gauge Installation Tips For best results locate pressure gauges close to the point where pressure 
needs to be measured. Gas sources, long tubulation or other constrictions 
can cause large errors in indication. Note that if placed near the pump, the 
pressure in the gauge may be considerably lower than in the rest of the 
system. If placed near a gas inlet or source of contamination, the pressure 
in the gauge may be much higher. See Section 4.9 on page -53 for detailed 
gauge mounting instructions.

To minimize temperature effects, locate pressure gauges away from internal 
and external heat sources in a region where the ambient temperature is 
reasonably constant.

Parts of the gauge can get quite hot during degassing, especially if there is 
poor ventilation. This will not damage the gauge. However, care should be 
taken to prevent low temperature rated materials such as plastic wire 
insulation from touching hot parts of the gauge.

4.2 FCC and EU Installation 
Requirements

To maintain compliance with FCC Part 15 rules and European Union’s 
electromagnetic interference (EMI) directives, install shielded cable with a 
braided shield and metal or metallized plastic backshells that connect 
directly to the cable shield at the 15-pin I/O connector. Connect the shield 
to ground at your equipment. Failure to install the controller as described 
above can result in failure of the controller to the requirements for radiated 
emissions and susceptibility.

CAUTION
Failure to check system programming before switching 
to automatic operation can cause measurement error.
To avoid measurement error due to inaccurate output signals, 
carefully check the system programming before switching to 
automatic operation.

WARNING
Failure to install appropriate pressure relief devices for 
high−pressure applications can cause product damage 
or personal injury.

For automatic backfilling and other applications in which 
malfunction or normal process conditions can cause high 
pressures to occur, install appropriate pressure relief devices.
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4.3 Cable Installation It is intended that all wiring either to or from the controller, whether 
supplied by Brooks Automation, Inc.  or not, be installed in accordance 
with the safety requirements of NEC/NFPA 70. Cables provided by Brooks 
Automation for connection to sensors or transducers is, at a minimum, 
designed for use as appliance wiring material (UL category AVLV2), and is 
constructed of appropriate material and dimensions for the voltages and 
currents provided by the controller. It is emphasized that it is the user's 
responsibility to install cables to/from the controller whether provided by 
Brooks Automation, Inc., or not, in accordance with the applicable local, 
state and national safety requirements.

Raceway and/or conduit may be needed for certain installations.

4.4 Environmental Conditions • Indoor Use.

• Altitude up to 2000 meters.

• Temperature 0 °C to 50 °C.

• Maximum relative humidity 80% for temperatures up to 31 °C decreasing 
linearly to 50% relative humidity at 50 °C.

• Transient overvoltages according to installation category (overvoltage 
category) II.

• Pollution degree 2 in accordance with IEC664.

4.5 Controller Installation The controller is designed to operate a Series 355 Micro-Ion Gauge. This is 
an all-metal miniature gauge with dual yttria-coated iridium or dual 
tungsten filaments and a nominal sensitivity of 20/Torr.

The Micro-Ion Gauge electrometer module provides ion gauge pressure 
readout from 1 x 10–10 Torr (1.3 x 10–10 mbar or 1.3 x 10–8 pascal) 
to 5 x 10–2 Torr, N2 equivalent, depending on the emission current used.

Adjustment is provided for gauge sensitivity. See Gauge Electrometer 
Operation on page 98.   Adjustment and an internal switch allow change to 
mbar or pascal pressure units, and a user selectable “slow update” feature 
triggers measurement averaging, resulting in a display update frequency of 
about once every three seconds. The overpressure shutdown threshold is 
internally adjustable.

1. Provide adequate ventilation for the Controller to dissipate 15 W.

2. Do not mount the Controller above other equipment that generates 
excessive heat.

3. This product is designed to operate over the range 0 to 50 °C. Ambient 
temperatures above 50 °C may damage the product. For optimum 
electrometer calibration stability, the Controller ambient temperature 
should be 25 ±5 °C.
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4.6 Mounting Configurations Figure 4-1 illustrates the various configurations available for mounting the 
controller. The standard mounting configuration is 1/2-rack mount 
(358501). Other configurations are available using the mounting hardware 
kits listed in Table 4-1, and shown in Figure 4-1. Contact a Brooks 
Automation/Granville-Phillips Customer Service Representative for specail 
mounting configurations. See page 4 of this instruction manual for more 
information and catalog numbers.

The controller should be mounted in a location with free air flow and 
ambient temperature less than 50 oC.

Table 4-1 Installation Hardware Part Numbers

Adapter Hardware Description
Mounting Hardware 
Part Number

Series 358 Controller 
Catalog Number

To mount the Controller only on the left side of a 19 inch rack 370010 358502

To mount the Controller in the center of 19 in. rack 370011 358503

To mount two Controllers side-by-side in a 19 in. rack 370021

To mount 1/2-rack (Standard) N/A 358501
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Figure 4-1 Controller Mounting Configurations
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4.7 Line Voltage The controller will operate over a line voltage range of 100 to 240 VAC, 50 
to 60 Hz. All that is required is that a line cord be selected to match your 
available power receptacle to the power input connector located on the 
rear of the Controller.

Fuse type: 5 x 20 mm time lag (T); low breaking capacity
1.6 A, 250 V; manufacturer, Schurter, Part No. FST034.3119

Replacement fuses are available from Brooks Automation, Inc. Contact 
information is provided in the Service section, on page 3, and the back 
cover of this instruction manual. 

4.8 Fuse Replacement 1. On the rear panel, turn the power switch OFF and unplug the power 
cord.

2. Use a flat tip screwdriver (or similar tool) to turn the fuseholder 
counterclockwise.

3. Pull out the fuseholder, then remove and replace the fuse.

4. Insert the fuseholder and turn clockwise to lock position.

5. Plug in the power cord and turn the power switch ON.

4.9 Vacuum Gauge 
Installation

The following information pertains to the the proper installation of a 
Micro-Ion Gauge, a Convectron Gauge, and a capacitance manometer 
gauge. The gauges are illustrated in Figure 2-1 on page 13, and the cable 
connectors are illustrated in Figure 2-5 on page 17.

The Series 358 Micro-Ion Vacuum Gauge Controller is capable of operating 
a Micro-Ion gauge located up to 50 feet away, and Convectron Gauge 
located up to 200 feet away by using standard cables provided by Brooks 
Automation, Inc./Granville-Phillips. 

After the gauges are installed on the chamber, be sure the system is properly 
grounded as outlined in Section 4.11 on page -55 and Figure 4-3 on 
page 58.

• Cleanliness pays. Keep the port cover in place until moments before 
installation.

• Do not mount a vacuum gauge in a manner such that deposition of 
process vapors upon the internal surfaces can occur through line-of-sight 
access to its interior. If condensates may be present, orient the port 
downward to help liquids drain out.

• For proper operation above about 1 Torr, install Convectron gauges with 
the gauge axis horizontal. To minimize pressure indication errors, avoid 
installing the Convectron gauge where it will vibrate. Vibration causes 
convection cooling of the sensor and will cause the pressure indication 
to be high.
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• Physical dimensions of Micro-Ion and Convectron Gauges are shown in 
Figure 2-9 on page 24 and Figure 2-10 on page 24.

• Mounting clearance dimensions for Convectron Gauges are shown in 
Figure 4-2.

4.10 Mounting Options Compression Mount/Quick Connect
Do not use for positive pressure applications. The gauge may be forcefully 
ejected.

The gauge port is designed to fit a standard 1/2 in. compression/quick 
connect mounting such as an Ultra-Torr® fitting.

Remove the caplug from the gauge tube port, insert the gauge tube port into 
the compression fitting and finger tighten the press ring. If a seal is not 
achieved it may be due to extreme cleanliness of the O-ring. A light film of 
vacuum grease such as Apiezon® grease will ensure sealing and is normally 
preferable to the use of pliers or pipe wrench to further tighten the press 
ring. You may point the electrical pins of the gauge tube anywhere you wish 
in a 360° horizontal circle for optimum routing of the gauge tube cable.

1/8 NPT Mount
Fits standard 1/8 NPT female fitting. Wrap the threads of the gauge port with 
Teflon® tape and hand tighten. Do not use a wrench or tool. Tighten only 
sufficiently to achieve a seal.

VCR®/VCO Mount
Remove the plastic or metal bead protector cap from the bead. When using 
gasket, place it into the female nut where applicable. Assemble components 
and snug finger-tight. While holding a backup wrench stationary, tighten 
the female nut 1/8 turn past finger-tight for 316 stainless steel and nickel 
gaskets; or 1/4 turn past finger-tight for copper and aluminum gaskets.

NW10KF, NW16KF, NW25KF and NW40KF Flange Mount
The KF mounting system requires an O-ring and centering ring to be placed 
between the mating flanges. The flanges are then held together with the 
aluminum flange clamp by tightening the wing nut. Maximum pressure for 
this style mounting system is 1000 Torr absolute.

ConFlat Flange Mount
To minimize possibility of leaks with ConFlat flanges, use high strength 
stainless steel bolts and a new, clean OFHC copper gasket. Avoid 
scratching the seal surfaces. To avoid contamination, do not use nonmetal 
gaskets.

After finger tightening all bolts, continue tightening about 1/8 turn in 
crisscross order, e.g., 1, 4, 2, 5, 3, 6, 4 . . . until flanges are in contact. After 
contact, further tighten each bolt about 1/16 turn.
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Figure 4-2 Convectron Gauge Installation

4.11 Grounding the System
When high voltages are used within the vacuum system and the  gauge 
envelope is not reliably grounded through its vacuum connection, either a 
separate ground wire must be added, or the envelope must be shielded to 
positively prevent human contact. The gauge envelope may be grounded 
byusing a metal hose clamp on the gauge connected by a #12 awg copper 
wire to the grounded vacuum chamber. See Figure 4-3.

WARNING
Improper grounding can cause product damage or 
personal injury.

Follow ground network requirements for the facility.

• Maintain all exposed conductors at earth ground.

• Connect the power cord to a properly grounded outlet.

• Make sure the vacuum port to which the gauge is mounted 
is properly grounded.

• Connect the gauge envelope to a facility ground. If 
necessary, use a ground lug on the flange bolt.
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High voltage can couple through a gas to the internal electrodes of a gauge. 
Do not touch the exposed pins on any gauge installed on a vacuum system 
where high voltage is present.

1. Connect a heavy duty ground wire #12 AWG or larger from the ground 
lug on the back of the Controller to your facility grounding electrode 
system (see item 3 on Figure 2-5 on page 17). This will provide an earth 
ground for the Controller in the event the interconnect cables are not 
in place. Do not connect the ground lug to the vacuum system or other 
component. Connect it directly to the facility grounding system such as 
a grounded outlet box or a grounded copper water supply pipe. Do not 
rely on small metal water lines to ground a component. Later on 
someone may replace the metal tubing with plastic tubing thus 
unwittingly causing a potentially dangerous situation.

2. Provide a connection to ground for other instruments with electrodes 
in the vacuum system possibly exposed to high voltage electrical 
discharges.

3. Provide a connection to ground for each ungrounded metal 
component in, on or around the vacuum system, including the gauge 
envelopes, which personnel may touch and which can potentially be 
exposed to high voltage electrical discharges within the vacuum 
system. For example, a metal bell jar resting on an organic O-ring must 
be connected to ground if a Micro-Ion gauge is to be used or if other 
high voltage sources are present in the vacuum system.

WARNING
Touching the pins on the gauge in a high−voltage 
environment can cause an electrical discharge through a 
gas or plasma, resulting in property damage or personal 
injury due to electrical shock.

Vent the vacuum chamber to atmospheric pressure and shut 
OFF power to the controller before you touch the pins on the 
gauge.
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System Ground Test 
Procedure 

• Physically examine the grounding of both the controller and the vacuum 
chamber to assure that all exposed conductors of the system are properly 
grounded. 

• Note that a horizontal “O” ring or “L” ring gasket, without metal clamps, 
can leave the chamber above it electrically isolated. 

• Power can be delivered to mechanical and diffusion pumps without any 
ground connections to the system frame or chamber. 

• Water line grounds can be lost by a plastic or rubber tube 
interconnection. What was once a carefully grounded vacuum system 
can, by innocent failure to reconnect all ground connections, become a 
very dangerous device.

Procedure for Testing 
Grounding of Systems

Use the following procedure to test each of your vacuum systems that 
incorporate an Micro-Ion gauge.

This procedure uses a conventional volt-ohm meter (VOM) and a resistor 
(10 Ω, 10 W).

1. With the Controller turned OFF, test for both DC and AC voltages 
between the metal parts of the vacuum chamber and the power supply 
chassis.

2. If no voltages exist, measure resistance. The resistance should not 
exceed 2 Ω. Two ohms or less implies commonality of these grounds 
that should prevent the plasma from creating a dangerous voltage 
between them. This test does not prove that either connection is earth 
ground, only that they are the same. If more than 2 Ω is indicated, 
check with your electrician.

3. If AC or DC voltages exist and are less than 10 V, shunt the meter with 
a 10 Ω, 10 W resistor. Repeat the voltage measurement. With the shunt 
in place across the meter, if the voltage remains at 83% or more of the 
unshunted value, commonality of the grounds is implied. Repeat the 
measurements several times to be sure that the voltage ratio is not 
changing with time. If the condition in the following equation exists, 
this should prevent the plasma from creating a dangerous voltage 
between these grounds. If more than 10 V exists between grounds, 
check with your electrician.

4. If the voltage calculation in Step 3 is less than 0.83, due to the 
placement of the shunt, it complicates the measurement. The 
commonality of the grounds may be satisfactory and the coupling poor, 
or the commonality could be poor! Your electrician should be asked to 
check the electrical continuity between these two ground systems. 

Voltage (shunted)
Voltage (unshunted)

= 0.83 or more
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 NOTE: The placement of a second ground wire, (dashed line 
in Figure 4-3), between the vacuum chamber and the 
controller chassis is not a safe grounding procedure.  Large 
currents could flow through it. 

Figure 4-3 System Grounding

358 Vacuum
Gauge Controller

Do NOT Make a Direct Chassis to 

Vacuum System

Power Distribution
Breaker Box

NOTE: Other Power Leads
Are Not Shown

Install a High Current Capacity
Safety Ground Lead from
the Controller Chassis to
Earth Ground
(12 AWG [2.05 mm2] Min.).

Earth Ground
Power Common or
Safety Ground Lead.
12 AWG (2.05 mm2)
Minimum Size.

Vacuum System Connection

Grounding 
Connections
on gauges
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4.12 Connecting Analog 
Outputs

Electrometer Module 
Analog Output Signal

This voltage is proportional to the logarithm of the pressure, scaled to 1 V 
per decade with 0 V at 1 x 10–11 Torr. When the Micro-Ion gauge is turned 
OFF, the output will switch to slightly over +10 V. See Figure 5-5 on 
page 70. 

A standard 1/8” miniature phono jack connector is supplied.

Figure 4-4 Convectron Gauge Analog Output Connector

Convectron Gauge Analog 
Output Signal

If you have Convectron gauge capability installed, signal voltages 
proportional to the logarithm of the Convectron gauge display indications 
are provided on the back of the Convectron gauge module via a standard 
1/8” miniature phono jack. See Figure 4-4. Two mating connectors are 
supplied with this capability. See Convectron Gauge Analog Output Signal 
on page 82 pertaining to the characteristics of these signals.

An analog output jack is provided on the rear panel. This is a DC voltage 
proportional to the logarithm of the pressure, scaled to 1 V per decade: 

0 V = 1 x 10–4 or less, Torr or mbar, 1 V = 1 x 10–3, etc.

For pascal units, the analog output will be scaled to 0 V = 1 x 10–2 pascal.

Internal offset adjustments are provided that allow a shift in the analog 
output at 1 x 10–4 Torr away from 0 V to anywhere in the range –7 to +1 V. 
This adjustment does not affect the slope of the analog output vs pressure 
curve. 
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4.13 Connecting a Capacitance 
Manometer

If you have a Capacitance Manometer capability installed, signal voltages 
are provided on the back of the Convectron Gauge module via a standard 
1/8 in. miniature phone jack - the Analog Output B port shown in 
Figure 4-4. Two mating connectors are supplied with this capability.

The wires provided for the capacitance manometer are terminaed as bare 
wires. Refer to the documentation provided with the capacitance 
manometer for connection instructions. Be sure to protect all unused leads 
from shorting.

Figure 4-5Capacitance Manometer PCB

Figure 4-6 Capacitance Manometer Wiring Diagram
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Capacitance Manometer 
Analog Output Signal

The analog output for the capacitance manometer is a dc voltage 
proportional to the pressure with a range of 0 to 10 volts, proportional to the 
transducer output. Refer to the documentation provided with your 
transducer for a description of this output.

Internal adjustments are provided for zero offset and full-scale (gain) 
control.

Capacitance Manometer 
Analog Output Offset 
Adjustment

Adjust the CM Analog Output Offset potentiometer (Figure 4-5) to set the 
analog output "B" at Base pressure. The output can be adjusted between 
-0.2 and +0.2 volts at Base pressure for the capacitance manometer.

Figure 4-7 Analog Output Connectors A and B

Capacitance Manometer 
Analog Output Full-scale 
Adjustment

There are 4 switch selections for the maximum output range of the 
capacitance  manometer gauge. Use the selection switch on the front panel 
of the 358 Controller (See Figure 5-15 on page 84) to select the maximun 
pressure to match the capacitance manometer transducer on your system. 
See Table 4-2.

The analog output full scale adjustment is a span or gain control, with a 
range of 0.93 to 1.3. The factory setting is for a gain of 1.0, thus 10 volts in 
from the transducer (maximum readable pressure) = 10 volts out at the 
factory setting.
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Table 4-2 Capacitance Manometer Analog Output Voltage/Pressure

Capacitance Manometer 
Full-scale Adjustment

The full-scale adjustment potentiometer (Figure 4-5) controls the full-scale 
readout of the capacitance manometer display. The control is adjusted at 
the factory for a full-scale display with an input of 10.0 volts. After zeroing 
the Controller as described above, the Controller can be calibrated to the 
transducer by adjusting the full-scale adjust potentiometer so the Controller 
display corresponds to the pressure of the manometer at or near the 
maximum pressure.

This reference pressure may be determined by a certified standard gauge, a 
dead weight calibration system, or a standard voltage reference. The 
full-scale adjust potentiometer and the CM analog out full-scale 
potentiometer do not interact and can be adjusted independently.

Volts Pressure 
Torr

Pressure 
Torr

Pressure 
Torr

Pressure 
Torr

1000 Torr 
Head

100 Torr 
Head

10 Torr 
head

1Torr 
Head

10 1000 100 10 1

1 100 10 1 .1

.1 10 1 .1 .01

.01 1 .1 .01 .001

Pressure = Volts multiplied by Scaling #
P = V x 100 (1000 Torr Head)
P = V x 10 (100 Torr Head)
P = V x 1 (10 Torr Head)
P = V x .1 (1 Torr Head)
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4.14 Connecting Process 
Control Relays

For instructions for setting up this module, see Process Control Setup on 
page 32.

The process control connector is embossed with letters identifying corner 
pins. Table 4-3 shows the letters designating the 3 pins assigned to each of 
the 6 setpoint channels.

Figure 4-8 Process Control Output Connector

Table 4-3 Process Control Output Connector Pin Assignments

Process Control Channel

Micro-Ion Gauge Convectron Gauge A Convectron Gauge B

1 2 3 4 5 6

Common (or Pole) W H M C J S

Normally Closed (NC) P A U K B X

Normally Open (NO) T D R F E V

CHASSIS GND – PIN L NO CONNECTION – PIN N

A mating connector is supplied in the hardware kit.

CAUTION
Failure to check system programming before switching 
to automatic operation can cause measurement error.
To avoid measurement error due to inaccurate output signals, 
carefully check the system programming before switching to 
automatic operation.
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1. Using Figure 4-8 and Table 4-3, and circuit schematics you have 
prepared, make up a cable to connect the various system components 
which are to be controlled. Unambiguous labeling of each lead will 
help prevent costly mistakes.

2. Ensure that the Process Control channel override switches are all set to 
OFF.

3. Connect the component end of the cable to the system component to 
be controlled.

4. Plug the connector into the back of the Controller.

5. Refer to Preparing for Process Control Operation on page 85 for 
instructions for setting setpoints.

Figure 4-9 Override Switches

WARNING
Failure to install appropriate pressure relief devices for 
high−pressure applications can cause product damage 
or personal injury.

For automatic backfilling and other applications in which 
malfunction or normal process conditions can cause high 
pressures to occur, install appropriate pressure relief devices.
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4.15 Connecting the RS-232 
Computer Interface 
Handshake Lines

For instructions for setting up this interface, see RS-232 Computer Interface 
Setup on page 37.

The DTR line is set true on power up to indicate it is on line. When the 
controller receives a start bit on the received data line it will input and buffer 
a character. The DCD line must be true at the time each character is 
received or that character will be ignored. The controller will continue to 
receive and buffer characters until the terminator (LF) is received.

Upon receiving the terminator, the controller will assert the RTS line as a 
holdoff, to prevent the host computer from attempting to transmit further 
data until the message just received has been decoded and a reply has been 
output.

During output of the reply, the incoming handshake lines CTS, and DSR are 
tested prior to beginning transmission of each character. The controller will 
wait until both are true before beginning transmission of a character, and 
will not test them again until ready to begin transmitting the next character.

After transmitting the terminator, the controller will negate RTS and wait for 
the next incoming message.

Figure 4-10 Controller Rear Panel with RS-232 Option
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RS-232 Handshake Line 
Summary

CTS, DSR

Set the computer to indicate that controller may output the next byte in its 
message. As shipped from the factory these lines are forced “TRUE” by the 
switch settings of the controller RS-232 printed circuit board. Thus the 
controller will automatically assume the host is ready to receive. See Figure 
3-12 on page 39 for the location of these switches.

DCD

Tested by controller when a character is received. The character will be 
ignored unless DCD is “TRUE”. As shipped from the factory, this line is 
forced “TRUE” by the switch settings.

DTR

Always asserted by the controller. A “power ON” indication.

RTS

Negated by the controller on power-up. Asserted by the controller upon 
receipt of a message terminator. Negated after transmitting the terminator of 
the controller's response to that message.

Reversing RTS Polarity If switch 2 is open on power-up, the controller will apply the opposite 
polarity to RTS from that described above. When used in this mode, RTS 
may be connected to the CTS input of the host computer. This violates the 
RS-232 standard, but is a commonly used implementation.

4.16 Connecting RS-485 
Computer Interface 

For instructions for setting up this interface, see RS-485 Computer Interface 
Setup on page 42.

Connectors J1 and J2 on the rear panel of the controller (Figure 3-16) are 
wired in parallel and are interchangeable. Connection can easily be made 
by “daisy chaining” gauge Controllers together with the signal from the host 
computer going into one connector then out the other to another gauge 
Controller and so on.

The maximum total cable length is 4000 ft. The maximum number of 
devices connected is 32.

The control of data over the RS-485 interface is handled by a Half-duplex 
Command/Response mechanism.
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Chapter 5 Preparing for Operation

5.1 Preparing for Pressure 
Measurement

Before preparing to operate the controller, make sure that:

• the controller has been properly set up and installed per the instructions 
in Chapter 3 and Chapter 4,

• the gas in your vacuum system is air or N2. For other gases you must 
follow the instructions in Preparing for Convectron Gauge Operation on 
page 71 for using Convectron gauges, and

• you are reasonably familiar with the general theory of operation of hot 
cathode Micro-Ion gauges and thermal conductivity gauges.

1. Turn ON the controller by pressing the power switch labeled ON. See 
Figure 5-1.

Figure 5-1 Power ON/OFF Switch

2. Convectron gauge equivalent N2 pressures will be displayed whenever 
power is applied if the gauges and cables are installed. See Preparing 
for Convectron Gauge Operation on page 71 for information on 
Convectron gauge pressure measurement.

3. The N2 equivalent pressure within the Micro-Ion Gauge will be 
displayed in the pressure units you have specified (Torr, mbar or 
pascal). See Pressure Units Setup on page 28 to change pressure units.
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5.2 Alternate ON/OFF Gauge 
Control

The Micro-Ion Gauge can be turned ON and OFF in the following ways:

• Use the front panel Micro-Ion Gauge “momentary” GAUGE ON/OFF 
switch. See Figure 5-2.

• Automatically via the Auto ON function of the Convectron gauge 
module. See Filament Auto ON on page 80.

• Use the RS-232 or RS-485 Computer Interface modules. See Command 
Syntax for RS-232 Computer Interface on page 88 or Command Syntax 
for RS-485 Computer Interface on page 91.

• The ON/OFF toggle from the Remote Input/Output Connector. See 
Micro-Ion Gauge Remote Input/Output on page 68.

In addition, the Micro-Ion Gauge will be automatically turned OFF by 
excessive pressure.

Figure 5-2 Micro-Ion Gauge Momentary ON/OFF Switch

5.3 Micro-Ion Gauge Remote 
Input/Output

Two TTL compatible inputs are provided through the rear panel allowing 
control of the Micro-Ion gauge and degas. The function of the front panel 
keys is reproduced by either a contact closure or an asserted low (0V) logic 
state on these inputs. This low state must be held continuously at 
<0.4V@10µA (LOW) for at least 25 milliseconds. After this, the input must 
be allowed to pull high to >3.5V(HIGH)  for at least 105 milliseconds before 
another low will be accepted. These inputs have passive pull-ups to +5 V 
internal supply.  

A single-pole, double-throw relay is provided to indicate Micro-Ion gauge 
status (normally open contact is open when the Micro-Ion gauge is OFF).
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Figure 5-3 Input/Output Wiring Connector

5.4 Micro-Ion Analog Output 
Signal

A signal voltage proportional to the logarithm of the Micro-Ion pressure 
indication is provided on the back of the electrometer module via a 
standard 1/8 in. miniature phono jack.

Figure 5-4 Electrometer Analog Output Jack

5 9

1
6

See Figure 2-5, Item #10 

Table 5-1 Remote Input/Output Pin Functions

Pin Number Function Pin Number Function

1 Gauge On/Off Remote* 6 Degas On/Off Remote*

2 Ground 7 Ground

3 Not Used 8 Not Used

4 Gauge Status Common 9 Gauge Status N.O. (Normally Open)

5 Gauge Status N.C.
(Normally Closed)

*Active low inputs
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Normal Measurement Operation

Pressure indication:
  Pi = 10V–11 Torr  or mbar
  Pi = 10V–9 pascal

When Degassing

Pressure indication:
  Pi = 10 V–13.92 Torr or mbar
  Pi = 10 V–11.92 pascal

When the gauge is OFF

V = 11 volts

This signal voltage is determined by the pressure indicated on the Micro-Ion 
Gauge display.

Figure 5-5 Micro-Ion Gauge Analog Output Versus Pressure
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5.5 Preparing for Convectron 
Gauge Operation

Convectron Gauge pressures are indicated on lines A and B of the 
Controller display.

Install suitable devices that will limit the pressure to the level that the 
vacuum system can safely withstand. In addition, install suitable pressure 
relief valves or rupture disks that will release pressure at a level 
considerably below that pressure which the system can safely withstand.

Suppliers of pressure relief valves and pressure relief disks are listed in the 
Thomas Register under “Valves, Relief”, and “Discs, Rupture.”

Confirm that these safety devices are properly installed before installing the 
product. In addition, check that (1) the proper gas cylinders are installed, (2) 
gas cylinder valve positions are correct on manual systems, and (3) the 
automation is correct on automated systems.

Vacuum gauges with compression fittings may be forcefully ejected if the 
vacuum system is pressurized.

5.6 Gases other than Nitrogen 
or Air

Convectron Gauges are thermal conductivity gauges of the Pirani type. 
These gauges transduce gas pressure by measuring the heat loss from a 
heated sensor wire maintained at constant temperature. For different gases, 
the heat loss is different at any given true pressure and thus the pressure 
indication can be very different.

It is important to understand that the indicated pressure of a Convectron 
gauge depends on the type of gas, the orientation of the gauge axis, and on 
the gas density in the gauge. Convectron gauges are normally supplied 
calibrated for N2 (air has approximately the same calibration). With proper 
precautions, the Convectron gauge may be used to measure pressure of 
certain other gases. 

The following information in this section applies only when the Convectron 
Gauge has been calibrated for N2 and when the Convectron Gauge is 
mounted with its axis horizontal. 

At pressures below a few Torr, there is no danger in measuring pressure of 
gases other than N2 and air, merely inaccurate indications. A danger arises 
if the N2 calibration is used without correction to measure higher pressures 
of some other gases. For example, N2 or air at 24 Torr causes the same heat 

WARNING
Failure to use accurate pressure conversion data for N2 
or air to other gases can cause an explosion due to 
overpressurization.

If the controller will measure any gas other than N2 or air, 
before connecting the controller to system control devices, 
adjust pressure outputs for the process gas that will be used.
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loss from the Convectron sensor as will argon at atmospheric pressure. Thus 
if the pressure indication of the Convectron gauge is not properly corrected 
for argon, an operator attempting to fill a vacuum system with 1/2 
atmosphere of argon would observe an indication of only 12 Torr when the 
actual pressure had risen to the desired 380 Torr. Continuing to fill the 
system with argon to 760 Torr would result in only a 24 Torr indication. 
Depending on the pressure of the argon gas source, the chamber could be 
dangerously pressurized while the display continued to read about 30 Torr 
of N2 equivalent pressure. 

The same type of danger likely exists with other thermal conductivity gauges 
using convection to extend the range to high pressures; and with 
Convectron gauges calibrated for gas type Y when used with gas type X.

Understand that, with a Convectron Gauge calibrated for N2, to measure 
the pressure of gases other than N2 and air you must use the conversion 
curves specifically for the Convectron Gauge to translate between indicated 
pressure and true pressure. Do not use other data. Never use conversion 
curves for the Convectron Gauge with gauges of other manufacturers. Their 
geometry is very likely different and dangerously high pressures may be 
produced even at relatively low pressure indications. Also, you must ensure 
that the atmosphere adjustments for Convectron Gauges A and B are 
correctly set. See Gauge Zero and Atmospheric Pressure Adjustment on 
page 81.

Figure 5-6 through Figure 5-11 show the true pressure verses indicated 
pressure for eleven commonly used gases. The following list will help to 
locate the proper graph:

Note that 1 mbar = 100 pascal, so the mbar charts may be used for pascal 
units by multiplying the values on the axes by 100.

A useful interpretation of these curves is, for example, that at a true pressure 
of 2 x 10–2 Torr of CH4 the heat loss from the sensor is the same as at a true 
pressure of 3 x 10–2 of N2. See Figure 5-6 on page 74. The curves at higher 

Table 5-2 True Pressure vs. Indicated N2 Pressure

Figure and Page Pressure Range and Units Gases

Figure 5-6 on page 74 10–4 to 10–1 Torr All

Figure 5-7 on page 75 10–1 to 1000 Torr Ar, CO2, CH4, Freon 12, He

Figure 5-8 on page 76 10–1 to 1000 Torr D2, Freon 22, Kr, Ne, O2

Figure 5-9 on page 77 10–4 to 10–1 mbar All

Figure 5-10 on page 78 10–1 to 1000 mbar Ar, CO2, CH4, Freon 12, He

Figure 5-11 on page 79 10–1 to 1000 mbar D2, Freon 22, Kr, He, O2
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pressure vary widely from gas to gas because the thermal losses at higher 
pressures are greatly different for different gases.

If you must measure the pressure of gases other than N2 or air, use 
Figure 5-6 through Figure 5-11 to determine the maximum safe indicated 
pressure for the other gas as explained below.

Examples Maximum safe indicated pressure
Assume a certain system will withstand an internal pressure of 2000 Torr or 
38.7 psia. For safety, you want to limit the maximum internal pressure to 
760 Torr during backfilling. Assume you want to measure the pressure of 
Freon 22. In Figure 5-8 on page 76, locate 760 Torr on the left hand scale, 
travel to the right to the intersection with the Freon 22 curve, and then down 
to an indicated pressure of 11 Torr (N2 equivalent). Thus, in this 
hypothetical situation, the maximum safe indicated pressure for Freon 22 is 
11 Torr.

For the sake of safety, it is prudent to place a warning label on the 
instrument face which under the assumed conditions would read “DO NOT 
EXCEED 11 TORR FOR FREON 22".

If the Convectron gauge calibration is for a gas type other than N2 (or air), 
we suggest placing a label near the second and third lines of the display 
indicating the gas type or types used for calibration to prevent mix-ups.

Indicated to true pressure conversion
Assume you want to determine the true pressure of helium in a system when 
the Convectron Gauge is indicating 10 Torr. In Figure 5-7 on page 75, read 
up from 10 Torr (N2 equivalent) indicated pressure to the Helium curve and 
then horizontally to the left to a true pressure of 4.5 Torr. Thus 4.5 Torr 
Helium pressure produces an indication of 10 Torr (N2 equivalent).

True to indicated pressure conversion
Assume you want to set a process control setpoint at a true pressure of 20 
Torr of CO2. In Figure 5-7 on page 75, locate 20 Torr on the true pressure 
scale, travel horizontally to the right to the CO2 curve and then down to an 
indicated pressure of 6.4 Torr (N2 equivalent). Thus the correct process 
control setting for 20 Torr of CO2 is 6.4 Torr (N2 equivalent).

True to indicated pressure conversion
Assume you want to obtain a helium pressure of 100 Torr in the system. In 
Figure 5-7 on page 75, locate 100 Torr on the left hand scale, travel 
horizontally to the right to attempt to intersect the He curve. Because the 
intersection is off scale, it is apparent that this true pressure measurement 
requirement for helium exceeds the capability of the instrument.

For gases other than those listed, the user must provide accurate conversion 
data for safe operation. The Convectron gauge is not intended for use above 
approximately 1000 Torr true pressure.
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Figure 5-6 True Pressure versus Indicated Pressure for Commonly used Gases, 10–4 to 10–1 Torr
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Figure 5-7 True Pressure versus Indicated Pressure for Commonly used Gases, 10–1 to 1000 Torr
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Figure 5-8 True Pressure versus Indicated Pressure for Commonly used Gases, 10–1 to 1000 Torr
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Figure 5-9 True Pressure versus Indicated Pressure for Commonly used Gases, 10–4 to 10–1 mbar
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Figure 5-10 True Pressure versus Indicated Pressure for Commonly used Gases, 10–1 to 1000 mbar
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Figure 5-11 True pressTrue Pressure versus Indicated Pressure for Commonly used Gases, 10–1 to 1000 mbar
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5.7 Micro-Ion Gauge Auto 
ON/OFF

If a Convectron Gauge is exposed to the same pressure environment as a 
Micro-Ion Gauge, then the Convectron Gauge may be used to 
automatically turn ON the Micro-Ion Gauge. Convectron Gauge A can turn 
ON the Micro-Ion Gauge. Micro-Ion Gauge automatic turn-on occurs when 
the Convectron Gauge pressure drops below the auto turn-on setpoint 
defined by the auto turn-on setting. The Micro-Ion Gauge will also be 
turned OFF automatically when the pressure rises slightly above the auto 
turn-on setpoint if the electrometer overpressure setpoint does not trip first.

The automatic ON/OFF function will execute only once per setpoint 
crossing. For example, if the Micro-Ion Gauge is turned OFF manually 
when below the setpoint, the auto-on function will not turn it back ON until 
the Convectron Gauge pressure has risen above the setpoint and then 
dropped below it again.

5.8 Filament Auto ON 1. Place the IG Auto switch (Figure 5-12) on the ConvectronGauge 
module in the set position. (The Convectron pressure should at a higher 
pressure than the setpoint pressure when setting the Turn ON setpoint.)

2. The existing turn ON pressure is displayed on the A display.

3. Set the desired turn ON pressure with the auto set adjustment.

4. To deactivate this capability place the IG AUTO switch in the OFF 
position.

 NOTE: Do not leave the IG AUTO switch in the set position, 
as this prevents pressure from being displayed.

WARNING
Failure to use accurate pressure conversion data for N2 
or air to other gases can cause an explosion due to 
overpressurization.

If the controller will measure any gas other than N2 or air, 
before connecting the controller to system control devices, 
adjust pressure outputs for the process gas that will be used.
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Figure 5-12 IG Auto Switch for Convectron Gauge

5.9 Gauge Zero and 
Atmospheric Pressure 
Adjustment

Each Convectron gauge is individually computer-calibrated for N2. 
Adjustment of the zero should not be necessary unless readout accuracy is 
required below 1 x 10–3 Torr. Adjustment of the atmospheric indication 
should not be necessary unless compensating for long cables or variations 
in mounting orientation. The Convectron gauge has a stable, temperature 
compensated design and each Controller is also calibrated to provide 
accurate readout of N2 pressure with any gauge when properly installed 
with the gauge axis horizontal.

1. Evacuate Convectron gauge A to a pressure known to be less than 
1 x 10–4 Torr.

2. With power ON and at vacuum less than 1 x 10–4 Torr for at least 15 
minutes, adjust VAC for gauge A (see Figure 5-12) until display A 
indicates 0.0 0 Torr/mbar or 0.0 0 pascal, not 1.0 –4, 1.0 –2, or 0.0 –0.

3. Let the pressure in the gauge increase to the local atmospheric 
pressure.

4. Read the local atmospheric pressure on a nearby,  accurate barometer.

5. With power ON, adjust the ATM until the display on the front of the 

Convectron Gauge (A & B) 
ATM (atmosphere) and 
VAC (vacuum) adjustment 
potentiometers

IG AUTO 
Switch

WARNING
Failure to use accurate pressure conversion data for N2 
or air to other gases can cause an explosion due to 
overpressurization.

If the controller will measure any gas other than N2 or air, 
before connecting the controller to system control devices, 
adjust pressure outputs for the process gas that will be used.
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controller indicates the local atmospheric pressure in the pressure units 
you have selected.

 NOTE: 1 atmosphere at sea level is 7.6 x 10+2 Torr;
1.0 x 10+3 mbar; 1.0 x 10+5 pascal.

6. Repeat this procedure for Convectron Gauge B.

5.10 Convectron Gauge Analog 
Output Signal

If the Convectron gauge capability is installed, a voltage output signal 
proportional to the common logarithm of the pressure indication is 
provided on the rear panel of the Convectron gauge module via a standard 
1/8 in. miniature phono jack. See Figure 5-13.

If graphed on loglinear axes, the output voltage is linear with respect to the 
log of pressure. The analog output is 1 V per decade of pressure with a 
factory adjusted output of 0 V at 1.0 x 10–4 Torr. See Figure 5-14.

Offset adjustments are provided on the top edge of the Convectron gauge 
module that allow shifting the voltage corresponding to 1 x 10–4 Torr 
between –7 V and +1 V.

Figure 5-13 Convectron Module and Rear Panel
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Figure 5-14 Convectron Gauge Analog Output versus Pressure

The voltage signal is smooth and continuous throughout all the decades of 
pressure measurement. This format is useful for computerized data 
acquisition because a simple equation (finding the common antilogarithm) 
may be programmed to calculate pressure from the voltage output.

The equation is: Pi = 10V–4 Torr/mbar, or Pi = 10V–2 pascal

If the offset has been adjusted to other than 0V at 10–4 Torr (10–2 pascal), 
then the exponent value must be forced to –4 (–2 for Pa) when the pressure 
is at 1.0 x 10–4 Torr (1 x 10–2 pascal) by adding or subtracting a number 
other than –4 from the value of V.

For example, if the offset has been adjusted so that the output voltage is –7 V 
at 1 x 10–4 Torr (1 x 10–2 pascal), then +3 (+5 for pascal) must be used in the 

Gauge analog output (V)
-7 -6 -5 3 4 5 6 7 8 9 10

1

10

10 3

10 2

10 -4

10 -3

10 -2

10 -1

10 2

10 5

10 4

10 3

10 -2

10 -1

1

10

lower adjust limit

factory adjustment

210-1-2-3-4

upper adjust limit

CONVECTRON

Pr
es

su
re

 (T
or

r)

Pr
es

su
re

 (p
as

ca
l)

where Pi = pressure indication, 
V = analog output voltage

and: the offset is factory adjusted for 0 V at 1 x 10–4 Torr (1 x 10–2 
pascal)
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equation instead of –4, i.e., P = 10(–7+3). Furthermore for the same offset, if 
the pressure were, say, 1 x 10–2 Torr, then the output voltage would be –5 V. 
The pressure would be calculated as P = 10(–5+3).

5.11 Preparing for Capacitance 
Manometer Operation

The capacitance manometer pressure is read in the third display line of the 
358 Controller. The accompanying Convectron gauge is read in the second 
display line. If the cable is disconnected, the capacitance manometer will 
read Zero pressure.

See Connecting a Capacitance Manometer on page 60 for additional 
information regarding intial installation and setup and adjustments of the 
capacitance manometer module.

Figure 5-15 Convectron/Capacitance Manometer Module Panel

Use the IG AUTO potentiometer to set the auto turn ON pressure for the 
Micro-Ion Gauge. The IG AUTO turn-on potentiometer is marked with 
rough pressure calibration markings. To set the pressure at which the 
Micro-Ion Gauge  will turn ON with falling pressure, and OFF with rising 
pressure, simply adjust the potentiometer to point to the desired pressure.

More precise control can be achieved by fixing the system pressure at the 
desired auto turn-on pressure, and adjusting the potentiometer slowly until 
the gauge comes ON.

To disable the auto turn on function, adjust the  auto turn-on potentiometer 
completely counter-clockwise (OFF).
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Initial Transducer 
Calibration

When first installed, the transducer zero-adjust should be set using a 
voltmeter to read Zero when at a system pressure below the minimum 
pressure range of the transducer. Refer to the documentation accompanying 
your capacitance manometer transducer for instructions on this procedure. 
You should also at this time adjust the VAC on the 358 controller, with the 
gauge not attached to the controller, per the instructions below. After this 
initial setup has been performed, the routine fine-tuning of the transducer 
zero can be performed with the module front panel VAC (zero) adjust 
potentiometer. The zero can be adjusted to 0 ± 200 mV.

Set The Controller Zero 
(Initial Controller Setup)

1. Disconnect the capacitance manometer cable either at the gauge head 
or at the controller.

2. Adjust the vacuum potentiometer (Figure 5-15) until the third display 
line shows a single "0". If the adjustment is turned too far, a minus sign 
will appear in the display. This proper calibration is achieved when 
only the "0" appears.

Zero the Controller with 
the Transducer

1. Be sure the transducer was zeroed properly on initial installation, see 
your transducer documentation. Connect the cable from the 358 
Controller to the capacitance manometer transducer.

2. Evacuate your system to one decade below the minimum rated 
pressure of your transducer.

3. Adjust the vacuum potentiometer (Figure 5-15) until the third display 
line shows a single "0". If the adjustment is turned too far, a minus sign 
will appear in the display. This proper calibration is achieved when 
only the "0" appears.

5.12 Preparing for Process 
Control Operation

Setpoint Display and 
Adjustment

Setpoints are stored in non-volatile memory, and are specified by a 2-digit 
mantissa and 2-digit exponent. They may be set anywhere in the range 
1 x 10–12 to 9 x 105. This allows for the entire pressure range of all supported 
transducer types and systems of units.

The setpoint is compared directly to the display data, so units of measure 
are implicit. Changing the units switch on the gauge control modules will 
not change the stored setpoints. They must be reprogrammed in the new 
system of units.

There is a programmed 10% hysteresis on each process control setpoint. For 
example, with a pressure setpoint of 6.3 x 10–6 Torr the relay will activate 
when the display reaches 6.2 x 10–6 Torr (for falling pressure) and will 
deactivate when the pressure rises to one significant digit above the setpoint 
plus 10%, i.e., 6.3 x 10–6 + 0.6 x 10–6 + 0.1 x 10–6 or 7.0 x 10–6 Torr. For 
setpoints where the 2nd digit is 0.5 or greater the 10% value is rounded up. 
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For example, if the setpoint is programmed to 6.6 x 10–6 Torr the relay will 
activate at 6.5 x 10–6 Torr (on falling pressure) and will deactivate when the 
pressure rises to 6.6 x 10–6 + 0.7 x 10–6 + 0.1 x 10–6 or 7.4 x 10–6 Torr.

Since the process control and computer interface modules derive their 
pressure data directly from the display bus, they will be unable to update 
their pressure data while setpoints are being displayed. They will not 
mistakenly interpret setpoint data as pressure data, but will simply retain the 
last displayed pressure data until the SET key is released.

Manual Override The 3-position switches on the front of the process control module allow 
override of the programmed setpoints at any time. When moved to the right, 
the relay is activated. When moved to the left, the relay is deactivated. 
When left in the center position, the relay is controlled automatically.

Figure 5-16 Process Control Module Front Panel

To Display a Setpoint
1. Be sure the “CAL” switch of the electrometer module is in its OFF 

position, or the calibration data in display line 1 will conflict with the 
display of setpoints 1 and 2.

2. Set selector switch 1 to the number of the channel you wish to display.

3. Press the setpoint display/set button (either the Up or Down button) 
and release. The setpoint will appear for 2 seconds in the 
corresponding display.

Selector
Switch

Up Set
Button

Down Set
Button

Setpoint Manual Override
Switches
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To Modify a Setpoint
1. Set the selector switch to the number of the channel you wish to modify 

(see Figure 5-16).

2. Press and hold one of the setpoint Set pushbuttons for the direction you 
wish the setpoint to change.

3. The setpoint will scroll until the switch is released. It will scroll slowly 
until a decade boundary is crossed and then will speed up to facilitate 
rapid changes across many decades. Release the switch when you 
have entered the desired decade, and then re-depress it to scroll slowly 
within the decade to reach the exact setpoint needed. 

After the setpoint switch is released, the display will return to pressure data 
after two seconds. At this time, the new setpoint will be deposited in 
non-volatile memory.

If the ion gauge is OFF, PC relays 1 and 2 will deactivate.

5.13 Preparing to use RS-232 
Computer Interface

Consult the user's manual for the host computer to be sure the protocol used 
is in accord with that established via the switch configuration you have 
chosen for the controller RS-232 module.

Communication with the controller VGC is via ASCII strings. A message to 
the controller consists of a command and a command modifier, followed 
by a terminator. The message may contain leading spaces, and the 
command and modifier may optionally be separated by spaces or commas. 
No spaces may appear within the command or the modifier, only between 
them.

The terminator expected by the controller is an ASCII carriage-return and 
line-feed, denoted here by CRLF. A carriage return, code CR, is hex 0D or 
decimal 13. A line feed, code LF, is hex 0A or decimal 10. The 
carriage-return is optional, and messages terminated with only the line-feed 
will be accepted. Note that the CRLF terminator is, in general, appended 
automatically by the host computer's interface software to the message 
string supplied by the user.

If extra characters are found in the message after it has been successfully 
interpreted but before the terminator, they will be ignored.

All characters should be upper-case.

All messages to the controller will receive a reply, consisting of an ASCII 
string terminated with CRLF. Numbers will be returned in the format 
X.XXE±XX.
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Command Syntax for 
RS-232 Computer 
Interface

DG Definition: Turn degas ON or OFF.

Modifiers: ON or OFF

Response: OK if command accepted, or INVALID if 
rejected.

Example:

From computer: DG ON CRLF
From controller: OKCRLF

• Command is INVALID if the Ion gauge is OFF.

• A response to the DG ON command of OK indicates only that a signal 
requesting degas has been sent to the electrometer. Degas may fail to 
activate if the pressure is above 5 x 10-5 Torr. Use the DGS command 
(see below) to verify that degas has been successfully initiated.

DGS Definition: Display degas status.

Modifiers: None

Response: ASCII 1 if degas is ON, 0 if degas is OFF.

Example:

From computer: DGS CRLF
From controller: 1CRLF (Indicating degas is ON.)

DS Definition: Display pressure reading.

Modifiers: IG or CG1 or CG2.

Response: ASCII string representing the pressure for the 
selected gauge.

Example:

From computer: DS IG CRLF
From controller: 1.20E-07CRLF

• The DS IG command will return pressure from the top display if either 
filament is ON, and 9.90E+09 if the gauge is OFF. 

• The DS CG1 command will return pressure from the middle display. 

• The DS CG2 command will return pressure from the bottom display.
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IG1 Definition: Turn the Ion gauge ON or OFF.

Modifiers: ON or OFF

Response: OK if command accepted, INVALID if rejected.

Example:

From computer: IG1 ON CRLF
From controller: OKCRLF

• The IG1 ON command will be rejected as INVALID if the Ion gauge is 
already ON, and IG1 OFF will be rejected if the Ion gauge is already OFF.

• A response to the IG1 ON command of OK indicates only that a signal 
requesting that the ion gauge be turned ON has been sent to the 
electrometer. The tube may fail to come on, e.g., if the system pressure is 
too high or if the tube is disconnected. If the tube is OFF (or in its first few 
seconds of operation after being turned ON), a pressure of 9.99E+9 will 
be returned.

IG2 Identical to IG1 - performs the same functions as IG1

PCS Definition: Display process control channel status.

Modifiers: 1 or 2 or 3 or 4 or 5 or 6 or B or none.

Response: Depends on modifier:

Single digit (1 through 6); response = single 
ASCII digit, 0 if the corresponding relay is 
inactive, 1 if active. See Example 1.

B; response = a byte of data with bits 0 through 
5 set/clear according to whether the 
corresponding relay is active/inactive. Bit 6 
will always be set to guarantee that the 
returned byte will not appear as a terminator 
byte. See Example 2.

None or Absent; response will be a string of 6 
ASCII zeroes and ones separated by commas, 
giving the status of all six channels. See 
Example 3.

Examples:

Assume that channels 1-3 are active, and 4-6 are inactive:

1. From computer: PCS 1 CRLF
From controller: 1CRLF
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2. From computer: PCS B CRLF
From controller: GCRLF

(Note that ASCII “G” corresponds to the bit pattern 01000111 and 
represents the status of the PC channels in bits 0 through 5).

3. From computer: PCS CRLF
From controller: 1,1,1,0,0,0 CRLF

5.14 RS-232 Error Messages If an error is found in the incoming message, the following messages will be 
returned in place of the normal response:

OVERRUN ERROR

Returned if the incoming message overflows the controller's buffer. This 
may indicate a flaw in the host software.

PARITY ERROR

Returned if the parity of a byte in the incoming message does not match that 
programmed by the switches.

SYNTAX ERROR

Returned if the message fails to parse as a valid controller command. Could 
also result from failure to assert DCD during transmission to the controller.

5.15 Preparing to Use RS-485 
Computer Interface

Consult the user's manual for the host computer to be sure the protocol used 
is in accord with that established via the switch configuration you have 
chosen for the RS-485 module.

Communication is via ASCII strings. A message to consists of a start 
character “#”, an address, a command, and a command modifier, followed 
by a terminator. The message may contain leading spaces, and the 
command and modifier may optionally be separated by spaces or commas. 
No spaces may appear within the command or the modifier, only between 
them.

The address expected is programmed via the switch settings on the rear of 
the module and the internal switches. The syntax is “#AA” where AA is an 
ASCII representation of the hex address of the VGC.

The terminator expected is an ASCII carriage return denoted here by CR. 
Note that the terminator is sometimes appended automatically, by the host 
computer's interface software, to the message string supplied by the user. If 
extra characters are found in the message after it has been successfully 
interpreted but before the terminator, they will be ignored.

All messages will receive a reply, consisting of an ASCII string terminated 
with CR. Numbers will be returned in the format X.XXE±XX.

Messages may use upper or lower case alpha characters. The VGC will 
always respond with upper case characters.
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Command Syntax for 
RS-485 Computer 
Interface

DG Definition: Turn degas ON or OFF.

Modifiers: ON or OFF.

Response: OK if command accepted, or INVALID if 
rejected.

Example:
From computer: #AADG ON CR
From controller: OKCR

• Command is INVALID if the Ion gauge is OFF.

• A response to the DG ON command of OK indicates only that a signal 
requesting degas has been sent to the electrometer. Degas may fail to 
activate, e.g., if the pressure is above 5 x 10–5 Torr. Use the DGS 
command (see below) to verify that degas has been successfully initiated.

DGS Definition: Display degas status.

Modifiers: None.

Response: ASCII 1 if degas is ON, 0 if degas is OFF.

Example:

From computer: #AADGSCR (Spaces may be omitted.)
From controller: 1CR (Indicating degas is ON)

DS Definition: Display pressure reading.

Modifiers: IG or CG1 or CG2 

Response: ASCII string representing the pressure for the 
selected gauge.

Example:

From computer: #AADS CG1 CR
From controller: 1.20E–03CR

• The DS CG1 and DS CG2 commands are used to display the pressures 
from the second and third display lines.

• If the ion gauge is turned OFF, or is in its first few seconds of operation, 
the controller will return 9.90E+09.

• The DS IG command will return pressure if the gauge is ON, and 
9.90E+09 if it is OFF.
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IG1 Definition: Turn the Ion gauge ON or OFF.

Modifiers: ON or OFF

Response: OK is command accepted, INVALID if 
rejected.

Example:

From computer: #AAIG1 ON CR
From controller: OKCR

• The IG ON command will be rejected as INVALID if the Ion gauge is 
already ON, and IG OFF will be rejected if the Ion gauge is already OFF.

• A response to the IG1 ON command of OK indicates only that a signal 
requesting that the Ion gauge be turned ON has been sent to the 
electrometer. The tube may fail to come on, e.g., if the system pressure is 
too high or if the tube is disconnected. To verify that the Ion gauge is ON, 
use the DS IG1 command. If the tube is OFF (or in its first few seconds of 
operation after being turned ON) a pressure of 9.90E+9 will be returned.

IG2 Identical to IG1 - performs the same functions as IG1

PCS Definition: Display process control channel status

Modifiers: 1 or 2 or 3 or 4 or 5 or 6 or B or none.

Response: Depends on modifier:

Single digit (1 through 6); response = single 
ASCII digit, 0 if the corresponding relay is 
inactive, 1 if active.

B; response = a byte of data with bit 0 through 
5 set/clear according to whether the 
corresponding relay is active/inactive. Bit 6 
will always be set to guarantee that the 
returned byte will not appear as a terminator 
byte.

None or Absent; response will be a string of 6 
ASCII zeroes and ones separated by commas, 
giving the status of all six channels.
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Examples:

Assume that channels 1through 3 are active, and 4 through 6 are inactive:

From computer: #AAPCS 1 CR
From controller: 1CR

From computer: #AAPCS B CR
From controller: GCR

The ASCII “G” corresponds to the bit pattern 01000111 and represents the 
status of the PC channels).

From computer: #AAPCS CR
From controller: 1,1,1,0,0,0CR

5.16 RS-485 Error Messages If an error is found in the incoming message, the following messages will be 
returned in place of the normal response:

OVERRUN ERROR 

Returned if the incoming message overflows the buffer. This may indicate a 
flaw in the host software.

PARITY ERROR

Returned if the parity of a byte in the incoming message does not match that 
programmed by the switches.

SYNTAX ERROR

Returned if the message fails to parse as a valid command.
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Chapter 6 Operation

The instructions in this chapter assume the instructions for Setup, 
Installation, and Preparing for Operation have been completed. See 
Chapter 2, Chapter 3, and Chapter 4. 

For theories of operation for the Micro-Ion Gauge, Convectron Gauge, 
electrometer, capacitance manometer, and process control modules, 
see Chapter 7.

6.1 Controller Operation

Turning the Controller ON 1. Press the top half of the power ON switch on the rear panel of the 
Controller (see Figure 6-1).

Figure 6-1 Power ON Switch

2. When the power switch is ON, the Micro-Ion Gauge pressure is 
displayed on line Micro-Ion Gauge and Convectron Gauge pressures 
are displayed on lines A and B of the display on the front panel of the 
Controller (see Figure 6-2). Display formats for the Convectron Gauge 
pressures are given in Table 6-1.
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Figure 6-2 Controller Front Panel

3. If you have Convectron Gauge capability installed and have prepared 
your system for automatic operation of the Micro-Ion Gauge per 
Micro-Ion Gauge Auto ON/OFF on page 80, the Micro-Ion Gauge will 
turn ON and OFF automatically.

4. For manual operation, press the front panel GAUGE momentary rocker 
switch. See Figure 6-2. The pressure in the Micro-Ion gauge will be 
displayed on the Micro-Ion gauge line of the display in the chosen 
pressure units.

5. To degas the Micro-Ion Gauge (the gauge must be ON and the pressure 
within the Micro-Ion Gauge must be below 5 x 10–5 Torr), depress the 
DEGAS momentary rocker switch on the Controller. 

6. When the filament is nearing the end of its useful lifetime or is badly 
contaminated, the LED indicator next to the DEGAS switch on the front 
panel will blink during degassing. This is an indication that the filament 
emission properties have deteriorated. This may be due to 
contamination which has temporarily “poisoned” the filament coating, 
or to long term permanent erosion of the coating. 

If this condition does not disappear after a few days of operation at 
clean high vacuum or UHV, it is an indication that the filament is 
approaching its end of life.

IG 7.5 – 6

A

B

6.4 – 2

3.2 + 2

1 DEGAS-
2 -
3 -

 O N

 O F F

GAUGE

 O N

 O F F

358 Micro-Ion Controller

4 -
5 -
6 -

TORR
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7. Stable pressure measurement requires that all the environmental 
parameters in, on, and around the vacuum gauge and vacuum system 
remain unchanged during measurement. Therefore, never attempt 
meaningful measurements immediately after turning on the Micro-Ion 
Gauge or immediately after degassing the gauge. Permit sufficient time 
for the environmental parameters to stabilize.

6.2 Micro-Ion Gauge ON/OFF The Micro-Ion Gauge can be turned ON or OFF by the front panel GAUGE 
“momentary” rocker switch or by the remote input, the Convectron Gauge 
set point, or the computer interface command.

To turn ON the Micro-Ion Gauge from the front panel, press the GAUGE 
momentary rocker switch. See Figure 6-2. To turn it OFF, press the GAUGE 
rocker switch again. After a 3-second delay, the Micro-Ion Gauge pressure 
will be displayed.

6.3 Degas ON/OFF The EB (electron bombardment) degas may be turned ON or OFF by the 
front panel DEGAS “momentary” rocker switch, (see Figure 6-2), or the 
remote input. To turn degas ON, press the DEGAS momentary rocker 
switch. To turn it OFF, press the DEGAS momentary rocker switch again. 
Degas automatically turns OFF and returns to normal emission in 2 minutes.

Degas “ON” indication is by the degas LED adjacent to the DEGAS rocker 
switch on the front panel (see Figure 6-2). Degas cannot be activated unless 
the Micro-Ion Gauge has been turned ON and indicated system pressure is 
below 5 x 10–5 Torr. This prevents degas turn-on at pressures where 
emission can not be established or where degas is of no practical use. 
Micro-Ion Gauge pressure measurement is displayed during degas, but it is 
not an accurate measurement during the degas cycle. 

Table 6-1 Convectron Gauge Display Formats

Units Display Format Pressure Example

Torr scientific < 1 Torr 3.2–3 Torr

floating point > 1 Torr 7.1 Torr

mbar scientific < 1 mbar 5.1–2 mbar

scientific > 1 mbar 8.8+1 mbar

scientific > 999 mbar 1.2+3 mbar

pascal scientific < 1 pascal 7.2–1 pascal

scientific > 1 pascal 7.8+1 pascal

scientific > 999 pascal 1.2+4 pascal
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6.4 Special Considerations 
for Use Below 10–3 Torr

During a fast pumpdown from atmosphere, thermal effects will prevent the 
Convectron gauge from tracking pressure accurately below 1 x 10–3 Torr. 
After about 15 minutes, indications in the 1 x 10–4 range will be valid and 
response will be rapid.

In the 1 x 10–4 Torr range, the indication is accurate to about ± 0.1 milliTorr 
provided the instrument has been carefully zeroed at vacuum. See Gauge 
Zero and Atmospheric Pressure Adjustment on page 81 for vacuum and 
atmosphere calibration procedures. For accurate use in the 1 x 10–4 range, 
zeroing should be repeated frequently.

Convectron pressure readings in the 1 x 10–4 Torr range may differ from 
those of the ion gauge, since ion gauges usually lose sensitivity near their 
upper pressure limits.

6.5 Gauge Electrometer 
Operation

Figure 6-3 Electrometer Module Front Panel

Displaying Sensitivity 
with Calibration Switch

The CAL switch is used for displaying pressure or gauge sensitivity. It is 
activated by setting to the ON position. The data displayed will depend on 
the state of the Micro-Ion Gauge tube:

If the Micro-Ion Gauge is OFF, setting the switch ON displays the Micro-Ion 
Gauge sensitivity in the display. This will be in scientific notation. If the 
Micro-Ion Gauge is ON, the switch has no effect and pressure will be 
displayed.

 NOTE: Do NOT leave the calibration switch in the ON 
position after viewing the sensitivity - otherwise, the 
displayed reading might be mistaken for the actual pressure 
reading.

Emission Range Switch The emission range switch selects between three emission ranges; 20 
microamperes (MV), 1 milliampere (HV), or 4 milliamperes (UHV). 
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In general, higher emissions are used at lower pressures. If you are 
measuring very low pressures the 4 mA range is best. Lower emissions will 
increase tube life.

The overpressure shutdown point will change inversely proportional to the 
emission range. See Table 3-1 on page 30.

Sensitivity Adjustment The sensitivity adjustment (see Figure 6-3) on the electrometer module is 
used to match gauges of different sensitivities. The Calibration switch on the 
electrometer module must be ON with the Micro-Ion Gauge OFF to view 
sensitivity during the adjustment.

The controller is preset for a tube sensitivity of 20/Torr which is typical for 
the Micro-Ion Gauge. The approximate range of the adjustment is 3 to 
50/Torr.

Relative Gas Sensitivities Sensitivity depends on the gas being measured as well as the type of 
Micro-Ion Gauge tube. Table 6-2 on page 99 lists the relative gauge 
sensitivities for common gases. These values are from NASA Technical Note 
TND 5285, Micro-Ion Gauge Sensitivities as Reported in the Literature, by 
Robert L. Summers, Lewis Research Center, National Aeronautics and 
Space Administration. Refer to this technical note for further definition of 
these average values and for the gauge sensitivities of other gases.

To adjust the controller to direct reading for gases other than air or N2 
during Micro-Ion Gauge operation, calculate the sensitivity Kx for gas type 
x as follows:

Where KN2 is the gauge sensitivity for N2 and Rx is found from Table 6-2 on 
page 99.

Table 6-2 Relative Gas Sensitivities

Gas Rx Gas Rx

He 0.18 H20 1.12

Ne 0.30 NO 1.16

D2 0.35 Ar 1.29

H2 0.46 CO2 1.42

N2 1.00 Kr 1.94

Air 1.00 SF 2.50

O2 1.01 Xe 2.87

Kx Rx( ) KN2( )=
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6.6 Filament Selection for 
Electrometer Module

The Filament Select switch (see Figure 6-4) is used to operate each filament 
individually or both in series.

Normally only one filament should be selected.

During degas, selecting the BOTH position will clean up the tube more 
satisfactorily allowing for a lower ultimate pressure reading.

Figure 6-4 Filament Select Switch
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Chapter 7 Theory of Operation

7.1 Micro-Ion Gauge Theory 
of Operation

The functional parts of a typical Micro-Ion Gauge are the filament 
(cathode), grid (anode) and ion collector, which are shown schematically in 
Figure 7-1. These electrodes are maintained by the gauge Controller at +30, 
+180, and 0 V, relative to ground, respectively.

The filament is heated to such a temperature that electrons are emitted, and 
accelerated toward the grid by the potential difference between the grid and 
filament. Most of the electrons eventually collide with the grid, but many 
first traverse the region inside the grid one or more times.

Figure 7-1 Micro-Ion Gauge Schematic

When an energetic electron collides with a gas molecule an electron may 
be dislodged from the molecule leaving it with a positive charge. Most ions 
are then accelerated to the collector. The rate at which electron collisions 
with molecules occur is proportional to the density of gas molecules, and 
hence the ion current is proportional to the gas density (or pressure, at 
constant temperature).

The amount of ion current for a given emission current and pressure 
depends on the Micro-Ion Gauge design. This gives rise to the definition of 
Micro-Ion Gauge “sensitivity,” frequently denoted by “K.”

The Series 355 Micro-Ion Gauge  has a sensitivity of 20/Torr when used 
with nitrogen or air. Sensitivities for other gases are given in Relative Gas 
Sensitivities on page 99.

The Micro-Ion Gauge Controller varies the heating current to the filament 
to maintain a constant electron emission, and measures the ion current to 
the collector. The pressure is then calculated from these data.

Grid

Ion CollectorFilament

K Ion current
Emission current Pressure×
----------------------------------------------------------------------=
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7.2 Convectron Gauge Theory 
of Operation

The Convectron Gauge transducer is represented in Figure 7-2 as R1, R2, 
R3, and R4. These four resistances form the legs of a bridge circuit, with R1 
designating the sensor wire of the transducer. R2 is a resistive network in the 
tube that compensates for changes in the ambient temperature. At bridge 
null, R1=R2xR3/R4. If there are no changes in ambient temperature, the 
value of R1 is a constant and the bridge is balanced.

Figure 7-2 Convectron Gauge Schematic

As the vacuum system pressure is decreased, there are fewer molecules in 
the system to conduct the heat away from the sensor wire causing the 
temperature and resistance of R1 to increase. The increased resistance of R1 
causes the bridge to unbalance and a voltage is developed across the null 
terminals. The bridge control circuit senses the null voltage and decreases 
the voltage across the bridge until the null voltage is again zero. When the 
bridge voltage is decreased, the power dissipated in the sensor wire is 
decreased causing the resistance of R1 to decrease to its previous value. The 
opposite events happen for a pressure increase. The bridge voltage is a 
nonlinear function of pressure.

All materials have been chosen for ultra high vacuum service, corrosion 
resistance and bakeability to 150 °C. The gauge tube envelope is type 304 
stainless steel. All metallic joints in the envelope are TIG welded. No solder 
is used within the envelope. The following materials are exposed to the 
vacuum. Type 304 stainless steel, Carpenter Alloy 52, Kovar®, Kapton®, 
gold-plated tungsten, borosilicate glass and Dow-Corning® 9015 glass. The 
blue trim cover is molded of Ultem® polyetherimide resin suitable for 
service to 150 °C.

NULL

BRIDGE
CONTROL

AMP–

+

CONVECTRON
GAUGE
TRANSDUCER

R2

R1

R4

R3

VBR
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7.3 Microcontrollers and Bus 
Structure

The electrometer module in the controller has a dedicated microcontroller 
with internal ROM, RAM, timing, and interrupt management functions. This 
architecture provides high performance at low cost with greater reliability 
and noise immunity than more complicated microprocessor systems using 
external buses and memory hardware.

The microcontroller is equipped with a watchdog timer, which 
automatically generates a reset if the processor fails to fulfill timing 
“checkpoints” within its code. Interprocessor communication is 
accomplished via the display bus. These lines carry BCD-format pressure 
data that is used to generate the controller display.

7.4 Capacitance Manometer 
Theory of Operation

Within the capacitance manometer, a diaphragm is distorted by the 
pressure of the gas in the system under measurement. This diaphragm forms 
part of a capacitor, and its deflection causes changes in capacitance. Thus, 
the electrically measured capacitance is a measure of pressure. The device 
is very sensitive to the elastic properties of the metal of the diaphragm. For 
this reason, large pressure excursions, such as occur when the system is 
raised to atmospheric pressure, can cause offsets to the pressure reading. 
The diaphragm is also extremely sensitive to temperature effects, and 
although it may be held in a temperature controlled chamber, this 
temperature control is never perfect, resulting in further perturbations to the 
devices theoretical accuracy.

Note that these perturbations are inherent in the capacitance manometer 
design and are not a property of the electronic module used to operate the 
transducer.

Capacitance manometers are capable of exceptional accuracy, and read 
pressure independent of gas type, but are also subject to zero point drift, 
and must be calibrated at vacuum frequently if high accuracy is to be 
obtained. Refer to the manual for your transducer for instructions.

7.5 Process Control Theory of 
Operation

The process control module contains a dedicated microcontroller and a 
non-volatile memory chip for storage of the setpoints. The microcontroller 
compares the setpoints with the pressure display data on the display bus 
and makes a decision as to whether or not to activate a channel's relay.
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Chapter 8 Service

8.1 Service Guidelines Some minor difficulties are readily corrected in the field. Each module in 
the controller has fault indicator LEDs which help localize failures.

If a qualified service person makes repairs at the component level, repairs 
properly made with equivalent electronic parts and rosin core solder do not 
void the warranty.

Because the controller contains static-sensitive electronic parts, the 
following precautions must be followed when troubleshooting:

• Use a grounded, conductive work surface. Wear a high impedance 
ground strap for personal protection.

• Use conductive or static dissipative envelopes to store or ship static 
sensitive devices or printed circuit boards.

• Do not operate the product with static sensitive devices or other 
components removed from the product.

• Do not handle static sensitive devices more than absolutely necessary, 
and only when wearing a ground strap.

• Do not use an ohmmeter for troubleshooting MOS circuits. Rely on 
voltage measurements.

• Use a grounded, electrostatic discharge safe soldering iron.

This product was designed and tested to offer reasonably safe service 
provided it is installed, operated, and serviced in strict accordance with 
these safety instructions.

WARNING
Substitution or modifying parts can result in product 
damage or personal injury due to electrical shock or fire.

• Install only those replacement parts that are specified by 
Granville-Phillips.

• Do not install substitute parts or perform any unauthorized 
modification to the controller.

• Do not use the controller if unauthorized modifications 
have been made.
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8.2 Customer service For customer service:

• Phone 1-303-652-4400 or 1-800-776-6543 within the USA.

• Phone 1-800-367-4887 24 hours per day, 7 days per week within the 
USA.

• Email co-csr@brooks.com

• For Global Customer Support, go to www.brooks.com, click on Contact 
Us, then click on Global Offices to locate the Brooks Automation office 
nearest you.

8.3 Damage Requiring 
Service

Disconnect this product from the power source and refer servicing to 
qualified service personnel if any the following conditions exist:

• A gauge cable or plug is damaged.

• Liquid has been spilled onto, or objects have fallen into, the product.

• The product has been exposed to rain or water.

• The product does not operate normally even if you have followed the 
Operation Instructions. Adjust only those controls that are covered in the 
instruction manual. Improper adjustment of other controls may result in 
damage and require extensive work by a qualified technician to restore 
the product to its normal operation.

• The product has been dropped or the enclosure has been damaged.

• The product exhibits a distinct change in performance. This may indicate 
a need for service.

8.4 Returning a Damaged 
Product

If  a product must be returned for service, request a Return Authorization 
(RA) from Brooks Automation / Granville-Phillips. Do not return products 
without first obtaining an RA. In some cases a hazardous materials 
document may be required. The Brooks Automation / Granville-Phillips 
Customer Service Representative will advise you if the hazardous materials 
document is required. 

When returning equipment to Brooks Automation / Granville-Phillips,  be 
sure to package the products to prevent shipping damage. Circuit boards 
and modules separated from the controller chassis must be handled using 

WARNING
Failure to perform a safety check after the controller has 
been repaired can result in product damage or personal 
injury due to electrical shock or fire.

If the controller has been repaired, before putting it back into 
operation, make sure qualified service personnel perform a 
safety check.
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proper anti-static protection methods and must be packaged in anti-static 
packaging. Brooks Automation / Granville-Phillips will supply return 
packaging materials at no charge upon request. Shipping damage on 
returned products as a result of inadequate packaging is the Buyer's 
responsibility. Before you return the module, obtain an RA number by 
contacting Granville-Phillips customer service:

• Phone 1-303-652-4400 or 1-800-776-6543 within the USA.

• Phone 1-800-367-4887 24 hours per day, seven days per week within the 
USA.

• Email co-csr@brooks.com

• For Global Customer Support, go to www.brooks.com, click on Contact 
Us, then click on Global Offices to locate the Brooks Automation office 
nearest you.

8.5 Troubleshooting If any of the conditions described above have occurred, troubleshooting is 
required to determine the repairs that are necessary.

Table 8-1 Symptoms and Possible Causes

Symptom Possible Cause

Unit will not power-up, no response to 
power switch

Power fuse blown

Wrong line voltage selection, see Line Voltage on page 53

Power fuse blows repeatedly Wrong fuse rating

Wrong line voltage selection, see Line Voltage on page 53

Micro-Ion gauge will not turn ON, or 
turns on briefly then shuts OFF

Micro-Ion gauge at too high pressure

Auto turn ON/OFF circuit in Convectron gauge module is shutting OFF the 
Micro-Ion Gauge

Emission current setting wrong for pressure in gauge

Improper Micro-Ion Gauge connector hookup

Badly contaminated Micro-Ion Gauge

Damaged or contaminated cathode coating, will not sustain emission

Short in Micro-Ion Gauge cable

Short between Micro-Ion Gauge electrodes

Open cathode in Micro-Ion Gauge

Micro-Ion gauge display shows a 
steady number when the Micro-Ion 
gauge is OFF

CAL switch is not in the OFF position

Convectron Gauge display reads a 
fixed (non changing) pressure

Micro-Ion Gauge IG AUTO switch is left in the set position or the Convectron 
option
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Pressure reading is higher than 
expected

Micro-Ion Gauge contaminated

UHV pressure range is not selected appropriately (pressure is below 1 x 10–7 Torr)

Interference from other ion source

Poor conductance in gauge's vacuum connection to chamber

Gas source in plumbing to gauge, such as leak or contamination

Chamber pressure high because of leak, contamination, or pump failure

Poor location selected for gauge

Faulty gauge or power cable

Faulty electrometer

Degas will not turn ON System pressure above 5 x 10–5 Torr

Micro-Ion Gauge not turned ON

Micro-Ion Gauge shuts OFF when 
degas is initiated

Degas fuse blown

Badly contaminated Micro-Ion gauge.

Micro-Ion Gauge pressure reads 
extremely low

Collector unplugged

Bad collector cable

Faulty electrometer

Collector is coated with material

Micro-Ion Gauge pressure readout very 
erratic

Micro-Ion Gauge badly contaminated

Improper Micro-Ion Gauge or Controller grounding

Bad collector cable

Excessive electrical noise source causing offset

Interference from other charged particle source in chamber

Faulty electrometer

Green +18 LED out on control board +18 V supply to relays faulty

Green +15 LED out +15 V supply faulty (power to analog circuitry and RS-232 overloaded)

Green –15 LED out –15 V supply faulty (power to analog circuitry and RS-232 overloaded)

Green +5 display LED out +5 V supply to display LED's faulty or overloaded

Green +5 logic LED out +5 V logic supply faulty or overloaded

Table 8-1 Symptoms and Possible Causes

Symptom Possible Cause
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8.6 Overpressure Shutdown As pressure increases, the ion current to the collector increases until the 
high density of gas molecules begins to interfere with the ionization 
process. When some electrons cannot acquire sufficient energy to ionize 
the gas molecules, the collector current no longer increases with increasing 
pressure. This pressure is called the “turn around” pressure. Further pressure 
increases will result in a decreasing ion current.

The Controller is factory set so the ion gauge will shut down when the 
pressure rises above the overpressure setpoint pressures shown in 
Table 8-2.

For reliable operation in general applications, the overpressure shutdown 
point is factory set below the Micro-Ion Gauge turn around point at both 
emission currents. Although we recommend that you do not change the 
factory settings, the overpressure shutdown can be readjusted for specific 
applications according to the following procedure.

To adjust the overpressure shutoff point to a different level:

1. Maintain system pressure at the desired shutoff point.

2. Rotate the overpressure adjustment potentiometer fully 
counterclockwise.

3. Turn ON the ion gauge.

4. Rotate the adjustment potentiometer clockwise slowly until the ion 
gauge turns OFF.

CAUTION
Adjusting the overpressure shutdown to a pressure that 
is higher than the factory setting can damage the gauge 
and vacuum system.
Before adjusting the overpressure shutdown to a pressure that is 
higher than the factory setting, phone a Granville-Phillips 
application engineer at 1-303-652-4400 or 1-800-776-6543 
within the USA, or email co−csr@brooks.com.

Table 8-2 Overpressure Shutdown Factory Settings

Pressure Range 
Designation

MV
(Medium Vacuum)

HV
(High Vacuum)

UHV
(Ultrahigh Vacuum)

Emission Current 20 µA 1 mA 4 mA

Recommended Upper Limit, Torr 5 x 10–2 8 x 10–4 2 x 10–4

Recommended Lower Limit, Torr 1 x 10–6 1 x 10–7 Less than 1 x 10–9
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8.7 Troubleshooting the 
Convectron Gauge 
Module

Convectron Gauge Test 
Procedure

The small diameter sensor wire can be damaged by small voltages. Do not 
perform electrical continuity tests with instruments applying in excess of 1 
volt when the gauge is at vacuum, or 5 V when at atmospheric pressure.

The Convectron gauge should show the following resistances (pin numbers 
are embossed on the gauge connector):

Figure 8-1 Convectron Gauge Connector

 Note: If the resistance values shown here are correct, but you still think the 
gauge is not reading correctly, the gold plating on the sensor wire may be 
eroded and the gauge will have to be replaced.

Table 8-3 Convectron Gauge Module Troubleshooting - See Figure 5-13 on page 82

Symptom Possible Cause

Pressure reading grossly in error Controller out of calibration

Unknown gas type

Gauge not mounted horizontally (see Figure 4-2 on page 55)

Sensor damaged (e.g., by reactive gas) or Gauge very dirty

Extremes of temperature or mechanical vibration

CGA over current indicator lit Cable short, pins 1-3

CGB over current indicator lit Cable short, pins 1-3

Bridge circuit indicators lit Circuit failure

CGA unplugged indicator lit CGA unplugged; open sensor wire

CGB unplugged indicator lit CGB unplugged; open sensor wire

Microprocessor reset LED lit or flashing Microprocessor failure

A/D integration failure indicator lit or flashing Circuit failure

Display reads blank or "−"  Gauge unplugged; open sensor wire

• Pins 1 to 2: 19 to 22 ohms
• Pins 2 to 3: 50 to 60 ohms
• Pins 1 to 5: 180 to 185 ohms
If the resistance from pins 1 to 2 reads about 800 ohms, 
the sensor wire in the gauge is broken. Replace the 
gauge tube.
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Cleaning Contaminated 
Convectron Gauges

The Convectron Gauge can be baked to 150 °C nonoperating while under 
vacuum with the Connector removed.

All materials were chosen for ultra high vacuum service, corrosion 
resistance and bakeability. The envelope is type 304 stainless steel. All 
metallic joints in the envelope are welded. No solder is used within the 
envelope. The following materials are exposed to the vacuum: Type 304 
stainless steel, Carpenter Alloy 52, Kovar, Kapton, gold plated tungsten, 
borosilicate glass and Dow-Corning 9015 glass. The blue trim cover is rated 
at 150 °C.

When the small sensor wire is contaminated with oil or other films, its 
emissivity or its diameter may be appreciably altered and a change of 
calibration will result. Cleaning with trichloroethylene, perchloroethylene, 
toluene, or acetone is possible but it must be done very carefully so as not 
to damage the sensor.

Hold the gauge with the main body horizontal and the port projecting 
upward at an angle of 45degrees. Slowly fill it with solvent using a standard 
wash bottle with the spout inserted in the port to where it touches the 
screen. Let the solvent stand in the gauge for at least ten minutes. Do not 
shake the gauge. Shaking the gauge with liquid inside can damage the 
sensor wire. To drain the gauge, position it horizontally with the port facing 
downward. Slightly warming the gauge will help dry the gauge. Then allow 
the gauge to dry overnight with the port open and vertically downward.

WARNING
Exposure to fumes from solvents in an improperly 
ventilated area can cause personal injury.

To avoid personal injury from inhaling fumes from solvents 
such as trichloroethylene, perchloroethylene, toluene, and 
acetone, use these solvents only in a well−ventilated area that 
exhausts to the outdoors.

WARNING
Use of flammable solvents near open flame or energized 
electrical equipment can cause an explosion or fire.

To avoid product damage or personal injury due to explosion or 
fire, use flammable solvents such as acetone and toluene only 
in a well−ventilated area that exhausts to the outdoors. Do not 
use such solvents near an open flame or energized electrical 
equipment.
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8.8 Capacitance Manometer 
Troubleshooting

Refer to Figure 4-5 on page 60 to locate the LEDs on the capacitance 
manometer printed circuit board.

8.9 Process Control 
Troubleshooting

If the µP FAILURE LED is illuminated or flashing, there is a probable circuit 
failure. Return this product for repair at a service facility designated by 
Brooks Automation, Inc.

The setpoints are read from non-volatile memory into RAM when the unit 
powers up. On power up, a checksum is computed and stored in RAM, and 
is updated whenever a setpoint is changed. It is then periodically 
re-computed from the existing setpoints and checked against the 
pre-existing value. If for any reason (such as a power fluctuation or 
electrical transient in the system) a setpoint becomes corrupted, this method 
will trap the error.

If a setpoint is found to contain garbled data which cannot be interpreted as 
a valid setpoint, the setpoint presure will be set to 0.

Table 8-4 Capacitance Manometer Troubleshooting Guide - See Figure 4-5 on page 60

Symptom Possible Cause

 Unstable reading Mechanical vibration of capacitance manometer, faulty system ground or cable ground

 Display always reads 0 Capacitance manometer cable unplugged, no ± 15 V power, faulty cable

-15V Overcurrent LED is ON -15 V overcurrent. Defective cable, transducer, or circuit board

 CG Unplugged LED is ON The Convectron Gauge is unplugged

 A/D Failure LED ON A/D failure. Defective Normally Open converter circuit

+15V Overcurrent LED is ON + 15 V overcurrent. Defective cable, transducer, or circuit board

 Convectron Bridge Out LED  
is ON

Defective PC board, Convectron bridge circuit

CG Overcurrent LED is ON Convectron overcurrent. Defective gauge or cable

 µP Failure LED is ON Microprocessor failure
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8.10 RS-232 Troubleshooting Because the RS-232 “standard” is found in an array of configurations, the 
first thing to do if trouble arises is check the following configuration options:

1. Check switch settings.

Be sure the baud rate, character format and framing, and interface 
protocol are matched to your host computer or terminal's 
requirements. Note that there may be several mismatched parameters. 
Check to see if your computer requires the reversed-polarity RTS 
convention.

2. Check the interface wiring.

The pin designations for the RS-232 connector are listed in Table 3-5 
on page 38. Note that the “received” and “transmitted” data lines are 
defined as seen by the controller. Many companies supply “null 
modems” or switch boxes for the purpose of reconfiguring the control 
and communications lines for particular applications.

3. Check the command format.

Be sure the strings you output to the controller are in accord with the 
syntax defined in Preparing to use RS-232 Computer Interface on 
page 87.

Table 8-5 RS-232 Troubleshooting Guide

Symptom Possible Cause

Microcontroller reset LED lit or 
flashing. See Figure 3-12 on page 39

Microcontroller failure

No response or garbled output Baud rate incorrect

Character length incorrect or stop bit(s) incorrect

Bad cable.

OVERRUN ERROR message Stop bit(s) incorrect, host software failure

PARITY ERROR message Parity incorrect

SYNTAX ERROR message Message to controller not in accord with specified syntax or failure to assert DCD 
handshake line
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8.11 RS-485 Troubleshooting The first thing to do if trouble arises is check the following configuration 
options:

1. Check switching settings.

Be sure the baud rate, character format and framing, and interface 
protocol are matched to your host computer or terminal's 
requirements. Note that there may be several mismatched parameters.

2. Check the command format.

Be sure the strings you output to the controller are in accord with the 
syntax defined in Preparing to Use RS-485 Computer Interface on 
page 90.

Table 8-6 RS-485 Troubleshooting Guide

Symptom Possible Cause

Microcontroller reset LED CR1 lit or 
flashing

Microcontroller failure

No response or garbled output Baud rate incorrect. Character length incorrect or stop bit(s) incorrect

Bad cable

Responds intermittently Poor cable connections, ground fluctuations (the maximum common mode 
potential across the system is 7V) and EMI from other sources.

The terminating resistor circuit is not installed, or is improperly installed.

If the start character is not received properly, the controller may not interpret it as 
a start character and the controller will not respond. The Host software must be 
prepared to re-send a command if a response is not generated within a reasonable 
period of time.

OVERRUN ERROR message Stop bit(s) incorrect, host software failure

PARITY ERROR message Parity incorrect

SYNTAX ERROR message Message to controller not in accord with specified syntax
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8.12 Field Installation of a 
Module

1. Turn OFF power to the Controller.

2. With power OFF, remove any cables from the Controller rear panel.

3. Observe antistatic precautions to avoid damaging static sensitive 
components inside the chassis. Use a grounded, conductive work 
surface. Do not handle MOS devices more than absolutely necessary, 
and only when wearing a high impedance ground strap. Use 
conductive envelopes to store or ship MOS devices or printed circuit 
boards. Do not operate the Controller with MOS devices removed from 
the printed circuit boards.

4. See Top Cover Removal on page 27 for how to remove the top cover.

5. Locate correct position for module.

6. Carefully remove the bus ribbon cable from all modules located to the 
right (as you face the front panel) of the position where the module is 
to be installed. Remove connectors slowly using pull tabs.

7. Lift out the filler module at the position where the module is to be 
installed.

8. Install the module in its proper position making sure all ends lock 
together.

9. Carefully reconnect the bus ribbon connectors.

10. Select appropriate switch settings. See Chapter 2.

11. Replace the top cover as instructed in Replacing the Controller Cover 
on page 47.
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• Constant flow regardless of pressure fl&~tm9,42·1.6S{'·i.i

• Quiet operation

• Pressure Differential Range 15 - 150 psid

• Temperature Range 32 to 160 c F

• Accuracy ± 10%

• Suitable for Most Coolants

• Consult factory for differential pressures lower than 15 psid

Series 2305· %" %", W', %"IPS

Series 2307 • 1W', 1V2" IPS

Series 2307 - %", 1" IPS

II

Flow Control Assembly

SPECIAL FEATURES

Unique Hays design
Patented Flow Control Assembly provides a constant flow rate on a consistent basis.

Flexing diaphragm is self-cleaning
Maintains clear orifice by flexing action of patented diaphragm assembly which significantly reduces clogging.

Long-life means real savings
Mesurflo Controls will operate efficiently for many years whictl means little or no down time and loss of
productivity.

Diaphragm area is proportioned to pressure
Each Mesurflo is designed specifically to deliver the prescribed flow rate,

Mesurflo can be used for large flow rates.
Mesurflo controls are placed parallel in a single housing providing the specified flow rate even on large
flow rates.
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MESURFLO - Automatic Flow Controls

TYPICAL APPLICATIONS

• Irrigation and Crop Dusting
• Swimming Pool Filters

• Industrial Equipment Cooling Systems

• Electronic Power Tube Cooling Systems

• Welding Equipment Cooling Systems

• Pump, Compressor, & Vacuum Equipment Cooling Systems

• Industrial Time Fill & Meter Equipment

• Tankless Heater & Heat Transfer Systems

• Water Stream & Water Spray Control
• Film Process & Rinse Systems

• Industrial & Medical Stills

• Balancing Valve for Heating &Air Conditioning Systems

• Water Conservation Applications

• Water Table Drawdown

• Water Source Heat Pumps

TO ORDER MESURFLO
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FAX 216-942·1654 co{)~ \s
~~~~

~~~ ",,,,0
ou~

Specify: catalog number anu pipe size

2305·0011 8 2307~1171 2307-1171 18 2307~1271 50 2307-1451

2305-1011 9 2yri 1811 2307-1181 19 2307 ~ 1281 55 2307~1461

2305-0031 2305-0031
10 2307~1191 2307~1191 20 2307 ~ 1291 60 2307-1471

2305-0041 2305-0041
11 2307~1201 2307~1201 21 2307~1301 65 2307-1481

2305·1021 2305-1021 2305-1021

2305-0061 2305-0061 2305-1061
12 2307~1211 2307~1211 22 2307~1311 70 2307-1491

2305·1031 2305-1031 2305-1031 13 2307 ~ 1221 2307~ 1221 24 2307-1321 75 2307-1501

2305-1041 2305-1041 2305~ 1041 2305~ 1041 14 23U7 -1 :'31 2307-1231 26 2307-1331 80 2307-1511

2305-1051 2305-1051 2305-1051 2305-1051 15 2307-1241 2307-1241 28 2307-1341 85 2307-1521

2305-1061 2305-1061 2305-1061 2305-1061 16 23071251 2307-1251 30 2307-1351 90 2307-1531
2305-1071 2305-1071 2305·1071 2305-1071

17 2307-1261 2307-1261 32 2307-1361 95 2307-1541
2305-1081 2305-1081 2305·1081 2305·1081

18 2:307-1271 2307-1271 34 2307-1371 100 2307-1551
2305·1091 2305-1091

2305-1101 2305-1101 19 2307-1281 36 2307-1381

2305-1111 2305-1111 20 2307-1291 38 2307-1391

2305-1121 2305-1121 21 2307-1301 40 2307-1401

2305-1131 22 2307-1311 42 2307-1411

2305-1141 44 2307-1421
2305-1151

46 2307-1431
2305-1161

48 2307-1441
2305·1171

I
2305-1181 ---~._-_!_---
2305-1191 Example: Mesurflo with %, 6/10 GPM

Order: 2305-0061 "10"
NOTE: Consult factory for fluids other than water.



· .

MESURFLO - Automatic Flow Controls

TECHNICAL DATA

How the Mesurflo Controls the Flow

Figure 1 PSID-O
Diaphragm-original shape

Figure 3 PSID-80
Diaphragm-is fUlly flexed into

the orifice plate.

Figure 2 PSID-15
Diaphragm-starting to flex
into contoured orifice plate

I

For a pressure differential range of 15 to 150 psi, the rubber diaphragm will flex into the con
toured orifice plate to increase flow restriction as the pressure drop increases. Both the rubber
diaphragm and the contoured orifice plate are rigidly controlled to provide a constant flow rate over
the pressure differential range. This "flexing" of the rubber diaphragm against the fixed orifice plate
makes the Mesurflo difficult to clog and will not damage due to cavitation. The "flexing" action
actually chews up debris preventing clogging. Outside of the pressure drop window, the controller
performs similiar to a fixed orifice.

Note to piping system designers:
The HAYS Mesurtlo is a constant flow rate device. Since it is a variable orifice that changes to

govern the flow, it can not be described with a Cv or a pressure drop at a given flow for piping
system design purposes. Conversely, the designer may assume a constant flow rate over the
pressure differential range of 15 to 150 psid as one uses constant pressure in system design.
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A. Pipe Size V4" 3/8" 314" 3/4" 1" 1%" 1%"
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LIMITED WARRANTY AND LIMITATION OF LIABILITY

Horner Electric, Inc. ("HE") warrants to the original purchaser that the Stepper Positioning Module
manufactured by HE is free from defects in material and workmanship under normal use and
service.  The obligation of HE under this warranty shall be limited to the repair or exchange of any
part or parts which may prove defective under normal use and service within two years from the
date of manufacture or eighteen (18) months from the date of installation by the original purchaser,
which ever occurs first.  Such defect to be disclosed to the satisfaction of HE after examination by
HE of the allegedly defective part or parts.  THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL
OTHER WARRANTIES EXPRESSED OR IMPLIED INCLUDING THE WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR USE AND OF ALL OTHER OBLIGATIONS OR
LIABILITIES AND HE NEITHER ASSUMES, NOR AUTHORIZES ANY OTHER PERSON TO
ASSUME FOR HE, ANY OTHER LIABILITY IN CONNECTION WITH THE SALE OF THIS
STEPPER POSITIONING MODULE.  THIS WARRANTY SHALL NOT APPLY TO THIS STEP-
PER POSITIONING MODULE OR ANY PART THEREOF WHICH HAS BEEN SUBJECT OT
ACCIDENT, NEGLIGENCE, ALTERATION, ABUSE, OR MISUSE.  HE MAKES NO WAR-
RANTY WHATSOEVER IN RESPECT TO ACCESSORIES OR PARTS NOT SUPPLIED BY HE.
THE TERM "ORIGINAL PURCHASER", AS USED IN THIS WARRANTY, SHALL BE DEEMED
TO MEAN THAT PERSON FOR WHOM THE STEPPER POSITIONING MODULE IS ORIGI-
NALLY INSTALLED.  THIS WARRANTY SHALL APPLY ONLY WITHIN THE BOUNDARIES OF
THE CONTINENTAL UNITED STATES.

In no event, whether as a result of breach of contract, warranty, tort (including negligence) or
otherwise, shall HE or its suppliers be liable for any special, consequential, incidental or penal
damages including, but not limited to, loss of profit or revenues, loss of use of the products or any
associated equipment, damage to associated equipment, cost of capital, cost of substitute
products, facilities, services or replacement power, down time costs, or claims of original
purchaser's customers for such damages.

To obtain warranty service, return the product to your distributor after obtaining a "Return Material
Authorization"  (RMA) number.  Send the module with a description of the problem, proof of
purchase, post paid, insured, in a suitable package.

Sixth Edition
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PREFACE

This manual explains how to use the Horner Electric Stepper Positioning Modules, model
numbers HE693STPxx0, revision G or later, and HE693STPxx1, revision A or later for use with
GE Fanuc Series 90 and CEGELEC Alspa 8000 family of Programmable Logic Controllers

ABOUT THE PROGRAMMING EXAMPLES

Any example programs and program segments in this manual are included solely for illustrative
purposes.  Due to the many variables and requirements associated with any particular
installation, Horner Electric cannot assume responsiblity or liability for actual use based on the
examples and diagrams.  It is the sole responsibility of the system designer utilizing the Stepper
Positioning Module to appropriately design the end system, to appropriately integrate the
Stepper Positioning Module and to make safety provisions for the end equipment as is usual
and customary in industrial applications as defined in any codes or standards which apply.

COPYRIGHT

This manual is for use with the Horner Electric Stepper Indexer for GE Fanuc Series 90 and
CEGELEC Alspa 8000 family of Programmable Logic Controllers.

Copyright (C) 1993,1994 Horner Electric, Inc., 1521 East Washington Street, Indianapolis Indiana
46201-3899.  All rights reserved.  No part of this publication may be reproduced, transmitted,
transcribed, stored in a retrieval system, or translated into any language or computer language,
in any form by any means, electronic, mechanical, magnetic, optical, chemical, manual or
otherwise, without the prior agreement and written permission of Horner Electric, Inc.

Information in this document is subject to change without notice and does not represent a
commitment on the part of Horner Electric, Inc.

TRADEMARK ACKNOWLEDGEMENTS

Series 90 and Logicmaster are trademarks of GE Fanuc Automation North America Inc.

Alspa 8000 and P8 are Trademarks of CEGELEC
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MODULE SPECIFICATIONS

I/O Connector Specifications

PARAMETER MIN MAX UNITS

     +5V Power Output (Step/Direction) - 300 mA

     Step Outputs Frequency DC 245 KHz

     Step Outputs High (-20mA) 2.5 - Vdc

     Step Outputs Low (+20mA) - 0.5 Vdc

     Direction Output Setup Time 2 - mS

     Direction Output High (-20mA) 2.5 - Vdc

     Direction Output Low (+20mA) - 0.5 Vdc

     Direction Output High (-60mA, Rev A) 2.5 - Vdc

     Direction Output Low (+60mA, Rev A) - 0.5 Vdc

     Encoder Input Frequency DC 1.0 MHz

     Encoder Single-Ended Threshold 1.2 1.6 Vdc

     Encoder Differential Threshold High - 0.2 Vdc

     Encoder Differential Threshold Low -.2 - Vdc

     Home Inputs Off 12 - Vdc

     Home Inputs On (+1mA) - 9 Vdc

     End Limits Inputs Off 12 - Vdc

     End Limits Inputs On (+1mA) - 9 Vdc

     Emergency Stop Input On 12 - Vdc

     Emergency Stop Input Off (+1mA) - 9 Vdc
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Power Load Specifications

PARAMETER MIN MAX UNITS

     +5Vdc (Logic) 200 500 mA

     +24Vdc (Relay) - 0 mA

     +24Vdc (Isolated) - 0 mA

Environmental Specifications

PARAMETER MIN MAX UNITS

     Operating Temperature 0 60 °C

     Storage Temperature -40 85 °C

     Humidity 5 95 %RH
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SECTION 1: INTRODUCTION

Congratulations on your purchase of a Horner Electric Stepper Positioning Module (SPM30)!
The SPM30 is an intelligent, programmable motion control option module for the GE Fanuc
Series 90-30 Programmable Logic Controller (PLC).

Within a stepper motor control system, the SPM30 acts as a programmable indexer which is
capable of interfacing to a wide variety of stepper motor translator drives, limit switches and
encoder feedback devices.

In addition, its high maximum step rate and wide dynamic range position control make the
SPM30 compatible with microstepping translator drives, for smooth, quiet operation.

1.1 Stepper Positioning Module (SPM30) Features

The Stepper Positioning Module offers a variety of features, including:

þ One and Three Axis (multiplexed) models
þ Up to 245,730 steps (or microsteps) per second
þ Motion may be completely controlled by ladder program
þ Non-volatile memory storage
þ Auto "find home" and manual jogging
þ Moves to relative and/or absolute positions
þ Home and Overtravel inputs
þ Power-up/watchdog timer safety interlock
þ Emergency Stop input
þ Incremental Encoder input (some models)
þ Programmable position, velocity, and acceleration
þ Automatic ramp-down deceleration calculation
þ Trapezoidal and Triangular velocity profiles
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SECTION 2: INSTALLATION

2.1 Module Placement

The Stepper Positioning Module may be placed in any I/O module slot of the GE Fanuc Series 90-
30 model 311, 321 or 331.  The user should NEVER insert or remove the Stepper Positioning
Module while power is applied to the host PLC.  Follow the guidelines defined in the Series 90-
30 literature for proper module insertion and removal.

2.2 Terminal Wiring

The Stepper Positioning Module is equipped with a 20 contact removable terminal block.  The
pinout of the removable terminal block is illustrated on the following page.

Terminals are provided for interfacing the Stepper Positioning Module with a variety of devices,
including:

a) Stepper Motor Drives (Translators),
b) Incremental encoders (quadrature or up/down)
c) Mechanical and Proximity type limit switches
d) E-stop pushbuttons.

The sign (+ or -) after each signal name indicates what state the signal is in when it is active.  Active-
high is indicated by +, while active-low is indicated by -.

The motor outputs may be connected to translator drives with either differential or single-ended
inputs.  For single-ended drives, select the motor output whose active signal state (+/-)
matches the drive's input.

The encoder inputs may be connected to an encoder with either differential or single-ended
outputs.  For single-ended encoders, use the active high encoder inputs (ENCODERA+ and
ENCODERB+).

The emergency stop input should be connected to terminal 20 via a normally-closed ESTOP
switch for normal operation.
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PIN SIGNAL UNITS Type

1    D GND    Digital Ground Diff

2    STEP1-    Axis 1 motor step outputs Diff

3    STEP1+ Diff

4    STEP2-    Axis 2 motor step outputs Diff

5    STEP2+ Diff

6    STEP3-    Axis 3 motor step outputs Diff

7    STEP3+ Diff

8    DIR-    Motor direction outputs Diff

9    DIR+ Diff

10    ENC B-    Phase B incremental encoder inputs Diff

11    ENC B+ Diff

12    ENC A-    Phase A incremental encoder inputs Diff

13    ENC A+ Diff

14    HOM 3-    Axis 3 home input S.E./Isol

15    HI LIM-    Upper end limit input S.E./Isol

16    HOM 2-    Axis 2 home input S.E./Isol

17    LO LIM-    Lower end limit input S.E./Isol

18    HOM 1-    Axis 1 home input S.E./Isol

19    ESTOP+    Emergency stop input S.E./Isol

20    D GND / I GND    Digital Ground or Isolated Ground S.E./Isol

Figure 2-1.   Stepper Positioning Module Terminal Strip Pinout.
(Type: Diff=Differential, S.E./Isol.=Single Ended or Isolated)
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2.3 LED Indicators

INDICATOR COLOR DESCRIPTION

STOP Red    Stopped

RAMP Yellow    Accelerating or decelerating

CNST Green    Moving at constant velocity

Figure 2-2.   Stepper Positioning Module LED Indicators.

2.4 Configuring the Series 90-30

Before any I/O module can be accessed by the Series 90-30, the "makeup" of I/O modules must
be defined inside the Series 90-30 CPU.  This process is called "configuration".  Stepper
Positioning Module configuration is supported by Logicmaster 90, version 2.01 or later .
Alternatively, the user may configure the Series 90-30 using the Hand-Held Programmer.

2.4.1 Configuration with Logicmaster

The Stepper Positioning Module is programmed in the Logicmaster 90-30 Configuration program
as a foreign module.  From the main configuration menu, select I/O Configuration (F1), cursor over
to the slot containing the module and select Other (F8), and Foreign (F3).  The foreign module
screen appears (see below).

Figure 2-3.   Logicmaster 90-30 Configuration Foreign Module Screen.

The foreign module screen contains many different parameters.  The first column of param-
eters configures the I/O references allocated to the module.  The amount of I/O references
required by the module will depend upon its model number.  See the following chart:
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MODEL %I %Q %AI %AQ Byte 1 Byte 2 Byte 3

HE693STP100

16 16

2
6

1 0 0

7HE693STP101 7

HE693STP110
4

6

HE693STP111 7

HE693STP300
2

6

HE693STP301 7

HE693STP310
4

6

HE693STP311 7

Figure 2-4.   I/O Reference and Bytes 1-3 configuration parameters.

The second column of configuration parameters contains a number of additional configuration
bytes.  The stepper module requires that Byte 1 through Byte 7 be configured.  For these
parameters, see the chart above for Bytes 1-3, and the chart below for Bytes 4-7.

MODEL Byte 4 Byte 5 Byte 6 Byte 7

HE693STP100
0 0 0 0

7HE693STP101

HE693STP110 Encoder Encdr. Multiplier Encoder Divisor Encdr. Tolerance

HE693STP111 Type (01-FF)H (01-0F)H (00-FF)H

HE693STP300
0 0 0 0

HE693STP301

HE693STP310 Encoder Encoder Encoder Encoder

HE693STP311 Type Multiplier Divisor Tolerance

Figure 2-5.   Bytes 4-7 configuration parameters.

Bytes 4-7 are utilized by those indexer models which feature encoder feedback capability.  Byte
4 configures the type of encoder used (see Figure 2-6), Byte 5 and 6 set the encoder multiplier and
divisor, and Byte 7 sets the encoder tolerance.  For details on encoder feedback operation, see
Chapter 5.
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BYTE 4
VALUE

  ENCODER TYPE

0    NONE

1  QUADRATURE

2  UP/DOWN

3 QUAD NO MARKER

Figure 2-6.   Bytes 4 values for different encoder types.

2.5.2 Configuration Using the Hand Held Programmer

When utilizing the Hand Held Programmer,  select configuration mode.  Press the DOWN arrow
until the slot containing the stepper module is selected.  Press READ, then the ENTER button.  One
by one, configure the starting %I, %Q, %AI, and %AQ addresses allocated to the module with the
numeric and ENTER keys.  After completing I/O address configuration, press the RIGHT arrow key
to display additional configuration parameters.  The first two parameters, "baud rate" and "parity",
will not affect module operation; these are for future use only.  The "encoder type" parameter is
configured using the +/- key and ENTER.  The "encoder multiplier", "encoder divisor", and
"encoder tolerance" parameters are set using the numeric keys and ENTER.

For additional information on Hand Held Programmer operation, see the Hand Held Programmer
User's Manual from GE Fanuc, or contact Horner Electric.
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CHAPTER 3:  CONTROLLING MOTION

The Stepper Positioning Module communicates with the 90-30 CPU via a seriesof bit type (%I
and %Q) and integer type (%AI and %AQ) I/O registers.  These registers are assigned to the
SPM30 during rack configuration (see Chapter 2).  Executing motion control with the 90-30 and
the SPM30 is accomplished by properly monitoring and manipulating these bits and words.

These I/O registers can be divided up into four different types; Status Bits, Command Bits,
Status Words, and Command Words .  These registers and their role in the control and
monitoring of the SPM30 is described in detail below.

3.1 Status Bit Inputs

The Status Bits are the 16 digital inputs (%I) assigned to the SPM30.  The CPU uses the %I
status bits to determine what the SPM30 is doing and whether or not an error has occurred.
These status bits are summarized in the table below:

POINT   DESCRIPTION

%I1    Emergency Stop Error

%I2    Lower End Limit Error

%I3    Upper End Limit Error

%I4    Illegal Move Error

%I5    Motor Stalled Error

%I6    Future Use

%I7    Future Use

 %I8    Power-up/Watchdog Error

%I9    Current Position Valid

%I10    Pre-empted Move Resumable

%I11    Axis 2 Selected

%I12    Axis 3 Selected

%I13    At Home

%I14    Accelerating

%I15    Decelerating

%I16    Moving
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Note that the I/O addresses of the bits are listed in the table starting with %I1, but the bits may reside
in any 16 consecutive legal %I addresses.

At power-up or after a watchdog timer reset, all status bits will be OFF, except the POWER-
UP/WATCHDOG ERROR (%I8) will be ON.

If any of the lower eight bits (%I1 to %I8) is ON, the SPM30 has detected an error condition.
These bits will be latched ON until the CLEAR ERROR command (%Q14) is issued.  No other
commands will be obeyed by the SPM30 while an error bit is ON.

The upper eight bits (%I9 to %I16) reflect various other SPM30 status conditions and are not
affected by the CLEAR ERROR command.

3.2 Command Bit Outputs

The Command Bits are the 16 digital outputs (%Q) assigned to the SPM30.  The CPU uses the
%I status bits to trigger action in the SPM30.   These command bits are summarized in the table
below:

POINT   DESCRIPTION

%Q1    Select Axis 1

%Q2    Select Axis 2

%Q3    Select Axis 3

%Q4    Find Home Up

%Q5    Find Home Down

%Q6    Jog Up

%Q7    Jog Down

%Q8    Move Relative

%Q9    Move Absolute

%Q10    Resume Move

%Q11    Future Use

%Q12    Future Use

%Q13    Set Current Position

%Q14    Clear Error(s)

%Q15    Decelerate and Stop

%Q16    Immediate Stop
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All %Q command bits are OFF to ON edge sensitive.  This means that the command will be obeyed
only when the SPM30 sees it go from OFF to ON.  The SPM30 will always detect this transition
in less than one CPU sweep time, thus allowing the use of "one-shots" to trigger commands.

The JOG UP and JOG DOWN commands (%Q6 and %Q7) are unique in that they are also ON
to OFF edge sensitive.

Note that since the POWER-UP/WATCHDOG ERROR status bit (%I8) is ON at power-up or
after a watchdog timer reset, the CLEAR ERROR command (%Q14) must be issued before any
other command may be executed.  This is an important safety interlock.

Also, some command bits are ignored depending on the state of other status bits.  For example,
if the MOVING status bit (%I16) is ON, the only legal command bits are DECELERATE AND
STOP (%Q15) and IMMEDIATE STOP (%Q16).

Finally, in the event that more than one legal %Q goes from OFF to ON in the same CPU sweep,
the one with the highest %Q number will be obeyed and the others will be ignored.  Note that
this gives the Immediate Stop command (%Q16) the highest priority.

3.3 Status Word Inputs

SPM30 modules use either two or four %AI status words.  All models use %AI1 and %AI2, but %AI3
and %AI4 are used only by SPM30 models which support encoder feedback.  These words are
described in the table below:

POINT   DESCRIPTION  MINIMUM  MAXIMUM

%AI1    Motor Position (Low Word)
   -8,388,608    +8,388,607

%AI2    Motor Position (High Word)

%AI3    Encoder Position (Low Word)
   -8,388,608    +8,388,607

%AI4    Encoder Position (High Word)

3.3.1 Motor Position

The first two status words (%AI1 and %AI2) are treated as a single 32-bit signed integer value
representing the MOTOR POSITION for the selected axis.
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MOTOR POSITION is continuously updated (up or down) based on step pulses sent by the SPM30
to the stepper motor translator drive.

Note that at power-up or after a watchdog timer reset, this value will be set to zero and is
considered invalid.  This is reflected by the fact that the CURRENT POSITION VALID status
bit is OFF.

The MOTOR POSITION will continue to be invalid until a FIND HOME UP (%Q4), FIND HOME
DOWN (%Q5) or SET CURRENT POSITION (%Q13) command is executed successfully.
Until this happens, the SPM30 will not obey the MOVE ABSOLUTE command (%Q9).

Note also, that MOTOR POSITION may become invalid again if motion stops suddenly, as a
result of EMERGENCY STOP ERROR (%I1), LOWER END LIMIT ERROR (%I2), UPPER
END LIMIT ERROR (%I3), MOTOR STALLED ERROR (%I5) or IMMEDIATE STOP command
(%Q16).

3.3.2 Encoder Position

For SPM30 models which support encoder feedback, the %AI3 and %AI4 status words are
treated as a single 32-bit signed integer value representing the ENCODER POSITION for Axis
1.

ENCODER POSITION is continuously updated (up or down) based on feedback pulses sent
by the encoder to the SPM30, regardless of which axis is currently selected.

Note that at power-up or after a watchdog timer reset, this value will be set to zero and is
considered invalid.  This is reflected by the fact that the CURRENT POSITION VALID status
bit is OFF.

If the SPM30 is properly configured (see Chapter 5), ENCODER POSITION will track Axis 1's
MOTOR POSITION.

Note that when ENCODER POSITION doesn't match MOTOR POSITION exactly, a position
validation error has been detected.  There are several possible causes for this error (see
Chapter 5).

Some position validation errors can't be avoided, which is why the SPM30 supports an error
tolerance configuration parameter (ENCODER TOL).
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3.4 Command Word Outputs

The %AQ command words are qualifiers for the %Q command bits.  The words and their
minimum and maximum values are detailed in the chart below:

POINT   DESCRIPTION  MINIMUM  MAXIMUM

%AQ1    Destination Position (Low Word)
   -8,388,608    +8,388,607

%AQ2    Destination Position (High Word)

%AQ3    Velocity Resolution 20 65,535

%AQ4    Base Velocity 1 8,190

%AQ5    Running Velocity 2 8191

%AQ6    Acceleration Time (mS) 1 27300

%AQ7    Deceleration Time (mS) 0 27,300

Typically, the %AQ command words are set to appropriate values and then one of the %Q
command bits is changed from OFF to ON.

On the CPU sweep following the one in which the %Q was transitioned from OFF to ON, the
%AQ command words may be changed to prepare for the next move without affecting the move
in progress.

The exception to this rule is, that the DESTINATION POSITION must not be disturbed during
a FIND HOME UP or a FIND HOME DOWN command, until either an error occurs or the
CURRENT POSITION VALID status bit goes ON.

3.4.1 Destination Position

The first two command words (%AQ1 and %AQ2) are treated as a single 32-bit signed integer
value representing the DESTINATION POSITION for the selected axis.

For the FIND HOME UP, FIND HOME DOWN and SET CURRENT POSITION commands, the
DESTINATION POSITION is the value to be loaded into MOTOR POSITION when the
command completes sucessfully.

For the MOVE ABSOLUTE command, the DESTINATION POSITION is the absolute position
to move to.

For the MOVE RELATIVE command, the DESTINATION POSITION is the relative distance to
move above or below "wherever we are now".
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3.4.2 Velocity Resolution

This command word determines the resolution of the BASE VELOCITY (%AQ4) and the
RUNNING VELOCITY (%AQ5) command words.

The selectable resolutions range from .01 pulses per second to 30 pulses per second
according to the following formula:

 600
    VELOCITY RESOLUTION   = [pulses per second]

 %AQ3

The following table shows some useful %AQ3 settings along with the resulting velocity
resolution and maximum velocity:

%AQ3 Velocity Resolution Maximum Velocity

20 30.0 pulses per second 245,730.0 pulses per second

60 10.0 pulses per second 81,910.0 pulses per second

120 5.0 pulses per second 40,995.0 pulses per second

300 2.0 pulses per second 16,382.0 pulses per second

600 1.0 pulses per second 8,191.0 pulses per second

1200 0.5 pulses per second 4,095.5 pulses per second

3.4.3 Base Velocity

This command word determines the velocity the SPM30 starts at when executing one of the
motion commands (%Q4 through %Q10).

A typical move will start at the BASE VELOCITY and accelerate to the RUNNING VELOCITY.
Then, if the move ends normally, it will decelerate from RUNNING VELOCITY to BASE
VELOCITY, and then stop.

Also, near the end of a FIND HOME UP or FIND HOME DOWN command, the motor will move
at a constant BASE VELOCITY while searching for the exact home position.
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BASE VELOCITY depends on VELOCITY RESOLUTION (%AQ3) and is calculated according to
the following formula:

 600
    BASE VELOCITY  =  %AQ4  x [pulses per second]

%AQ3

3.4.4 Running Velocity

This command word determines the maximum velocity the motor will be moving after the
SPM30 finishes accelerating.

The RUNNING VELOCITY must be greater than the BASE VELOCITY.

RUNNING VELOCITY depends on VELOCITY RESOLUTION (%AQ3) and is calculated
according to the following formula:

600
    RUNNING VELOCITY  =  %AQ5  x [pulses per second]

%AQ3

3.4.5 Acceleration Time

This command word determines the maximum time spent accelerating from the BASE
VELOCITY to the RUNNING VELOCITY during a move.

If the move ends normally, this same amount of time is spent decelerating from the RUNNING
VELOCITY to the BASE VELOCITY before stopping.

Note that if the move is halfway done before acceleration to the RUNNING VELOCITY is
complete, the SPM30 will start decelerating right away.  In this case, the acceleration and
deceleration times are decreased and the velocity profile becomes triangular.

Also note that the maximum useful value for ACCELERATION TIME is dependent on the BASE
VELOCITY (%AQ4) and RUNNING VELOCITY (%AQ5) according to the following formula:

%AQ5 - %AQ4
    MAXIMUM USEFUL %AQ6  = [milliseconds]

0.3



Page 3-8 CHAPTER 3: CONTROLLING MOTION

3.4.6 Deceleration Time

This command word determines the maximum time spent decelerating from the RUNNING
VELOCITY to the BASE VELOCITY during a move.

Also note that the maximum useful value for DECELERATION TIME is dependent on the BASE
VELOCITY (%AQ4) and RUNNING VELOCITY (%AQ5) according to the same formula as used
with acceleration.

Note that only models HE693STPxx1 allow for independent control of acceleration time and
deceleration time.

If the deceleration time is set to 0, the module will automatically set the actual deceleration time
equal to the acceleration time.
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CHAPTER 4: COMMAND DESCRIPTIONS

COMMAND DESCRIPTIONS

These pages describe the commands in more detail.  Each command description includes the
following information:

(1) Command Name
(2) Command Bit(s)
(3) Status Bits Required
(4) Status Bits Affected
(5) Status Words Required
(6) Status Words Affected
(7) Command Words Required
(8) Command Description
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SELECT AXIS

Command Numbers: %Q1, %Q2, %Q3

Status Bits Required: %I1 thru %I8 and %I16 must be OFF
Status Bits Affected: %I9 and %I13
Status Words Required: %AI1, %AI2
Status Words Affected: %AI1, %AI2
Command Words Required: None

Command Description:

These commands are used to select a new axis to be acted upon by the other commands as
follows:

%Q1 Selects axis 1 to be the new current axis
%Q2 Selects axis 2 to be the new current axis
%Q3 Selects axis 3 to be the new current axis

At power-up or after a watchdog timer reset, axis 1 is selected by default.  %Q2 and %Q3 are
illegal commands for the STP100 and STP110 (1 axis models).

When a new axis is selected, the following sequence takes place:

(1) If requested new axis is the same as the old axis or is illegal, do nothing.

(2)  Otherwise, save old axis' MOTOR POSITION, CURRENT POSITION VALID
and AT HOME status,

(3) Set axis multiplexer for the new axis,

(4) Restore last known MOTOR POSITION, CURRENT POSITION VALID and AT
HOME status for the new axis,

(5) If the new axis' AT HOME status has changed since the last time it was selected,
its CURRENT POSITION VALID status is turned OFF.
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FIND HOME UP and FIND HOME DOWN

Command Numbers: %Q4, %Q5

Status Bits Required: %I1 thru %I8 and %I16 must be OFF
Status Bits Affected: %I1 thru %I5, %I9, %I13 thru %I16
Status Words Required:  None
Status Words Affected:  %AI1 thru %AI4
Command Words Required: %AQ1 thru %AQ6

Command Description:

These commands are used to start a search for the current axis' home reference position as
follows:

 %Q4 Searches for home in the UP direction
 %Q5 Searches for home in the DOWN direction

When searching for home, the following sequence takes place:

(1) CURRENT POSITION VALID status is turned OFF,

(2) The current axis is moved normally (starts at BASE VELOCITY and accelerates
to RUNNING VELOCITY) in the  selected direction,

(3) When the axis' home input becomes active, motion is stopped immediately,

(4) Then, just in case we shot right past home, the axis is  run at the BASE VELOCITY
in the opposite direction till  the home input becomes active again,

(5) Motion then continues in the same direction as step (4) above, (still at the BASE
VELOCITY), till the home input is inactive for 50 mS,

(6) Then the direction is reversed again, and the axis is moved at the BASE
VELOCITY till the home input is active at which time the axis stops precisely AT
HOME,

(7) DESTINATION POSITION is copied into MOTOR POSITION (and  into EN
CODER POSITION if axis 1 is selected) and CURRENT POSITION VALID status
bit is turned ON.
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FIND HOME UP and FIND HOME DOWN (cont'd)

Command Description - (cont'd):

If the current axis is axis 1, and the ENCODER configuration parameter is set to QUAD, there
is a slight variation in step (3) of the above sequence as follows:

(3) When the axis' End Limit input for the current direction becomes active,
motion is stopped immediately,

This variation assumes the encoder's marker output is to be used as axis 1's home input (see
later chapter for more information on the use of encoder feedback devices).

Since the marker output on a rotary encoder typically occurs several times during a full stroke
move, this technique allows the marker which occurs closest to the limit switch to be used as
the home position.

For best results, the marker to limit switch relationship should be mechanically adjusted such
that the marker occurs at appoximately half of an encoder revolution away from the limit switch.
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JOG UP and JOG DOWN

Command Numbers: %Q6, %Q7

Status Bits Required: %I1 thru %I8 and %I16 must be OFF
Status Bits Affected: %I1 thru %I5, %I13 thru %I16
Status Words Required: None
Status Words Affected: %AI1 thru %AI4
Command Words Required: %AQ3 thru %AQ6

Command Description:

These commands are used to perform manual jogging on the current axis as follows:

%Q6 Starts a manual jog move in the UP direction
%Q7 Starts a manual jog move in the DOWN direction

When one of the jog command bits goes ON, the current axis starts in the selected direction
at the BASE VELOCITY and accelerates to the RUNNING VELOCITY.

The axis will continue moving at the RUNNING VELOCITY until the jog command bit goes OFF.
At that time, the axis will decelerate to the BASE VELOCITY and then stop.

If the jog command bit goes OFF before the axis has reached RUNNING VELOCITY,
acceleration and deceleration times will be decreased and the velocity profile becomes
triangular.
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MOVE RELATIVE and MOVE ABSOLUTE

Command Numbers : %Q8, %Q9

Status Bits Required: %I1 thru %I8 and %I16 must be OFF;
%I9 must be ON for %Q9 command

Status Bits Affected: %I1 thru %I5, %I10, %I13 thru %I16
Status Words Required: %AI1, %AI2 required for %Q9 command
Status Words Affected: %AI1 thru %AI4
Command Words Required: %AQ1 thru %AQ6

Command Description:

These commands are used to perform relative or absolute moves on the current axis as follows:

%Q8 Performs a relative move
%Q9 Performs an absolute move

These commands perform a programmed move up or down to a relative target position.

If doing a relative move, the relative target position is taken directly from DESTINATION
POSITION and it IS NOT necessary for CURRENT POSITION VALID to be ON.

If doing an absolute move, the relative target position is calculated as the difference between
the DESTINATION POSITION and the MOTOR POSITION and therefore it IS necessary for
CURRENT POSITION VALID to be ON.

Normally the move will start at the BASE VELOCITY and accelerate to the RUNNING
VELOCITY until it is time to decelerate back down to the BASE VELOCITY and then stop.  This
type of move is said to have a trapezoidal velocity profile.

If the move gets halfway to its relative target position before accelerating to the RUNNING
VELOCITY, the SPM3030 will start decelerating at that point.  In this case, the accel- eration
and
deceleration times are decreased and the velocity profile becomes triangular.
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RESUME MOVE

Command Number: %Q10

Status Bits Required: %I1 thru %I8 and %I16 must be OFF;
%I10 must be ON

Status Bits Affected: %I1 thru %I5, %I10, %I13 thru %I16
Status Words Required: None
Status Words Affected: %AI1 thru %AI4
Command Words Required: None

Command Description:

This command resumes a previously pre-empted relative or absolute move.

If a MOVE RELATIVE or MOVE ABSOLUTE command was previously pre-empted by a
DECELERATE AND STOP command, and no other commands have been issued since then,
the PRE-EMPTED MOVE RESUMABLE status bit will be ON.

In this case, the RESUME MOVE command can be issued to restart the pre-empted move from
where it left off.  Of course, this action will turn the PRE-EMPTED MOVE RESUMABLE status
bit back OFF.

Note that the resume logic is such that a move may be pre-empted and resumed any number
of times until one of the following occurs:

(1) The move reaches its originally programmed relative target position,
(2) An error occurs (such as end limit or emergency stop),
(3) Some command other than %Q10 is issued after the move is pre-empted.

The RESUME MOVE command is especially useful for "manually assisted programmed
moves".  For example, the machine operator may trigger a MOVE ABSOLUTE command by
pressing a footswitch.  If he continues to press the footswitch, the move will continue until it
reaches its programmed target position.

However, at the operator's option, he may release the footswitch causing a DECELERATE
AND STOP command to be issued.  There are a number of reasons why he might decide to
do this, such as to make a mechanical adjustment or to manually reposition the material being
moved.

Then, when he's ready, he may press the footswitch again sending a RESUME MOVE
command to the SPM30 to complete the motion.
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SET CURRENT POSITION

Command Number: %Q13

Status Bits Required: %I1 thru %I8 and %I16 must be OFF
Status Bits Affected: %I9
Status Words Required: None
Status Words Affected: %AI1 thru %AI4
Command Words Required: %AQ1, %AQ2

Command Description:

This command is used to manually set the current position for the current axis.

When this command is issued, DESTINATION POSITION is copied into MOTOR POSITION
(and into ENCODER POSITION if axis 1 is selected) and CURRENT POSITION VALID status
bit is turned ON.

This command can be used in conjunction with the JOG UP and JOG DOWN commands as
an alternative to the FIND HOME UP and FIND HOME DOWN commands for finding and
setting a reference position.
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CLEAR ERROR(S)

Command Number:  %Q14

Status Bits Required: None
Status Bits Affected: %I1 thru %I8
Status Words Required: None
Status Words Affected: None
Command Words Required: None

Command Description:

This command is used to clear errors previously detected by the SPM30.

When this command is issued, all error status bits (%I1 thru %I8) are turned OFF.

Note that when an error status bit is ON, the SPM30 will not obey any other commands till the
error is cleared via the CLEAR ERROR(S) command.

This logic also acts as a safety interlock, since the POWER-UP/WATCHDOG error status bit
is always set after the SPM30 is reset due to power-up or watchdog timer reset.
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DECELERATE AND STOP

Command Number: %Q15

Status Bits Required: None
Status Bits Affected: %I10, %I13 thru %I16
Status Words Required: None
Status Words Affected: %AI1 thru %AI4
Command Words Required: None

Command Description:

This command is used to cause the current axis to decelerate and stop.

When this command is issued, the current axis will decelerate until it reaches the BASE
VELOCITY and then it will stop.

If this command pre-empts a MOVE RELATIVE or MOVE ABSOLUTE command, the PRE-
EMPTED MOVE RESUMABLE status bit is turned ON unless an error occurred.

In this case, the original move may be resumed from where it left off via the RESUME command.
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IMMEDIATE STOP

Command Number: %Q16

Status Bits Required: None
Status Bits Affected: %I9, %I13 thru %I16
Status Words Required: None
Status Words Affected: %AI1 thru %AI4
Command Words Required: None

Command Description:

This command is used to cause the current axis to stop immediately.

When this command is issued, the current axis will stop as quickly as possible.

If the axis was moving, the CURRENT POSITION VALID status bit is turned OFF.
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CHAPTER 5:ENCODER FEEDBACK

SPM30 models which support encoder feedback, may be configured for a variety of incremen-
tal encoder feedback options for axis 1.

The type of encoder used and the relationship of the SPM30 step pulses to the encoder
feedback pulses are set via the encoder type, encoder multiplier, encoder divisor, and encoder
tolerance configuration parameters.

5.1 Encoder  Type

First of all, the type of encoder used is determined by the ENCODER configuration parameter
as follows:

ENCODER Description
NONE No encoder feedback
QUAD Incremental quadrature encoder feedback with marker as home input
 U/D Incremental up/down encoder feedback
QUAD N/M Incremental quadrature encoder feedback without marker as home input

If the encoder type is configured to NONE, the ENCODER POSITION status registers (%AI3 and
%AI4) will always match axis 1's MOTOR POSITION and the MOTOR STALLED ERROR (%I5)
will never go ON.

Otherwise, if the encoder type is configured for QUAD (or QUAD N/M) or U/D, the ENCODER
POSITION status registers are updated as a result of feedback pulses from the encoder to the
SPM30, thus allowing MOTOR POSITION validation and motor stall detection.

The quadrature encoder is the most common position feedback device used in motion control.
This type of encoder outputs two square wave signals (A and B) which are 90 degrees out of
phase from each other.  The SPM30 determines the direction of motion based on which signal
lags behind the other.

A third signal, called a marker, is also provided by some quadrature encoders.  This signal
occurs once per revolution and is used as a "reference location" which may be connected to
the SPM30's Home 1-  input.  If the marker signal is to be connected to the home input, the encoder
type should be QUAD, and an marker signal converter must be used (contact Horner Electric).
See Chapter 4 for a description of the FIND HOME UP and FIND HOME DOWN commands.

Also, a quadrature encoder's resolution can be effectively doubled or quadrupled by the
SPM30's quadrature decoding hardware.
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If the ENCODER type is configured for U/D, the SPM30's phase A input becomes a "count up"
input and phase B becomes a "count down" input.

The U/D mode is especially useful for unidirectional motion control in which some mechanical
event provides the feedback, such as a proximity detector monitoring gear teeth.

5.2 Step Pulse to Feedback Pulse Ratio

In order to use encoder feedback for MOTOR POSITION validation, it is necessary to know
the ratio of SPM30 step pulses to encoder feedback pulses.

STEP RESOLUTION, specified in microsteps per revolution, indicates the number of step
pulses which must be sent by the SPM30 to the translator drive, to move the stepper motor one
revolution.  This value is determined by the translator drive and is switch or jumper selectable
on some drives.

ENCODER RESOLUTION, specified in lines per revolution, indicates the number of feedback
pulses the encoder sends to the SPM30 during one revolution of motion.  This value is
determined by the encoder itself.

For a given STEP RESOLUTION and ENCODER RESOLUTION, the following formula may
be used to determine the proper settings for the ENCODER MLT and ENCODER DIV
configuration parameters:

ENCODER MLT STEP RESOLUTION
=

 ENCODER DIV ENCODER RESOLUTION

Where: ENCODER MLT is any value from 1 to 255
ENCODER DIV is any value from 1 to 16

If more than one combination of ENCODER MLT and ENCODER DIV will satisfy the formula,
choose the combination with the lowest values for ENCODER MLT and ENCODER DIV
(reduce the fraction).
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5.3 Example Ratio Configurations

Lets assume we have a two-phase quadrature, incremental rotary encoder, with an ENCODER
RESOLUTION of 1000 lines per revolution.

Lets further assume the encoder is mechanically connected to the stepper motor shaft, and is
electrically connected to the SPM30's Phase A and B incremental encoder inputs.

The following table shows the proper configuration settings for ENCODER MLT and EN-
CODER DIV for 16 typical STEP RESOLUTIONS:

STEP
RESOLUTION

ENCODER
MLT

ENCODER
DIV

STEP
RESOLUTION

ENCODER
MLT

ENCODER
DIV

200 1 5 20000 20 1

400 2 5 21600 108 5

1000 1 1 25000 25 1

2000 2 1 25400 127 5

5000 5 1 25600 128 5

10000 10 1 36000 36 1

12800 64 5 50000 50 1

18000 18 1 50800 254 5

5.4 Setting Encoder Tolerance

When an encoder feedback device is connected to the SPM30, it can be used to verify successful
execution of axis 1 motion commands.

In an ideal control loop, ENCODER POSITION and MOTOR POSITION would always match
exactly.

However, when ENCODER POSITION and MOTOR POSITION become skewed, it means that
one or more of the following errors have occurred:

1. A change in direction produced a "backlash error" caused  by the mechanical
linkage between the motor and the encoder.
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2. A "resolution error" has occurred because the encoder is  less precise than the
microstep rate (STEP RESOLUTION is higher than the ENCODER
RESOLUTION).

3. The STEP RESOLUTION exceeds the motor's ability to accurately position its
rotor. (Most motors have an absolute step accuracy of about 1 part in 2000 which
means a STEP RESOLUTION higher than 2000 only contributes to motor smooth-
ness.)

4. The motor missed some step pulses, or stalled, because of  low or mid-frequency
resonance.

5. The motor missed some step pulses, or stalled, because the programmed
ACCELERATION TIME was too low for the inertial load.

6. Some external force changed the motor's position.

The SPM30 can be configured to use encoder feedback pulses, to automatically detect
position errors, and motor stalling.  This is accomplished via the encoder tolerance configuration
parameter.

If encoder tolerance is zero, automatic position error detection is disabled and the MOTOR
STALLED ERROR will never go ON.

Otherwise, encoder tolerance may be set to a number between 1 and 255 indicating the position
error magnitude which will cause CURRENT POSITION VALID to be turned OFF.

In this case, when the absolute value of the difference between MOTOR POSITION and
ENCODER POSITION reaches encoder tolerance, the CURRENT POSITION VALID status bit
will be turned OFF.

Also, when ENCODER TOL is non-zero, the SPM30 uses the encoder feedback pulses to verify
motor velocity during motion.  This allows the SPM30 to detect a stalled motor regardless of how
fast the motor is "supposed" to be moving.

When the SPM30 detects a stalled motor, the MOTOR STALLED ERROR is turned ON and
motion is stopped immediately.
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APPENDIX A: SAMPLE WIRING DIAGRAMS

A1 TRANSLATOR DRIVE CONNECTION

The Stepper Indexer Module is compatible with translator drives which accept signal levels of
5V.  These include TTL level signals (5V single-ended, negative or positive active) and Line
driver signals (5V, differential).  The following three diagrams illustrate the connection of the
stepper indexer module to translator drives of the abovementioned types.  These diagrams
illustrate connection for the "step" (pulse) and "direction" (forward/reverse) signals.

5V Line Driver

5V Positive Active

5V Negative Active
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A2. ENCODER FEEDBACK CONNECTION

The Stepper Indexer Module is compatible with incremental encoders which output either a 5V
line driver (differential) or 5V positive active (single-ended) signal.  Some encoders feature a
"marker" pulse.  This signal may be used as a "home" input if a signal converter is used.  This
signal converter is available from Horner Electric.  It converts the Home 1- input terminal from
negative active to positive active.

5V Line Driver

5V Positive Active
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A3 HOME, END LIMIT AND EMERGENCY STOP INPUTS (SWITCH INPUTS)

The Stepper Indexer Module allows real world switches (limit, proximity, mechanical, etc.) to be
connected to the module.  This enhances the ability of the overall stepper control system to find
home position accurately and to quickly stop motion in the event of an emergency situation.

The Stepper Models HE693STPxx0 allow mechanical switches, proximity switches, limit switches,
etc. to be connected to the module.  Optical isolation is not provided, thus the common for these
switch inputs (terminal 20 on the terminal strip) is designated "digital ground", electrically equivalent
to the common for the step and direction outputs of the module.  For these non isolated models,
switches must be selected which are compatible with 5V signal levels, and great care must be
taken to ensure that noise is not picked up by the wiring run from these switches to the module
terminal strip.  Preventative steps may include seperate conduit, and/or shielded wiring.  If the
switches selected require power, this must be provided externally.

The Stepper Indexer models HE693STPxx1 provide optical isolation for the switch inputs.  Optical
isolation is provided, thus the common for the switch inputs is designated "isolated ground",
isolated from the common for the step and direction outputs.  Switches may be selected which
are compatible with 12 or 24V signal levels.  If proximity type switches are used, they must be of
the NPN type.  The voltage required to power the switches (if needed) must be provided externally.

Home, End Limit, and Emergency Stop Inputs

Equivalent Circuit (circuitry within dotted lines internal to module)
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Electrical Connection for Mechanical Switches

Electrical Connection for Proximity Switches
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APPENDIX B: STEPPER CALCULATOR

B1.1 STPCALC

In addition to the LogicMasterTM 90 example folder, the STEPEXAM disk contains the STPCALC.EXE executable
file.

STPCALC.EXE can be used to predict motion profiles which will result from particular sets of HE693STPXXX %AQ
parameter values loaded by the user's ladder program.

B1.2 Entering Parameters

When STPCALC is started, it prompts for the entry of 6 parameters.  These parameters correspond to the values
which would be loaded in the stepper module's %AQ registers to define a move.

B1.2.1  Enter total pulses (0 to 16777215) :

This parameter corresponds to the module's %AQ1 and %AQ2 double-word register (destination position) and is
the total number of step pulses for a particular move.  Since some moves (e.g. jog up / jog down) have no specific
destination, this parameter is optional.

If this parameter is entered, it should be unsigned, since all calculations performed by STPCALC are independant
of the move's direction.

Note that "legal" values accepted by the module for this parameter range from -8,388,608 to +8,388,607.  Therefore,
the maximum "relative move" would be 8,388,608 pulses, while the maximum "absolute move" would be 16,777,215
pulses.  Note that this value is input without commas.

B1.2.2  Enter velocity resolution (20 to 65535) :

This parameter corresponds to the module's %AQ3 register and determines the value (in pulses per second) of
each count of the base velocity and running velocity parameters.

This parameter is actually a "velocity divisor" which results in selectable velocity resolutions ranging from .01
pulses per second to 30 pulses per second.  The following table shows some useful %AQ settings along with the
resulting velocity resolution and maximum velocity.

%AQ3 Velocity Resolution Maximum Velocity

20 30.0 pulses per second 245,730.0 pulses per second

60 10.0 pulses per second 81,910.0 pulses per second

120 5.0 pulses per second 40,995.0 pulses per second

300 2.0 pulses per second 16,382.0 pulses per second

600 1.0 pulses per second 8,191.0 pulses per second

1200 0.5 pulses per second 4,095.5 pulses per second
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B1.2.3  Enter base velocity (1 to 8190) :

This parameter corresponds to the module's %AQ4 register and determines the velocity (in pulses per second)
the module starts at when a move begins.

B1.2.4  Enter running velocity (X to 8191) :

This parameter corresponds to the module's %AQ5 register and determines the maximum velocity (in pulses per
second) the motor will be moving after accelerating.

The running velocity must be greater than the base velocity.

B1.2.5  Enter acceleration mS (X to YYYYY) :

This parameter corresponds to the module's %AQ6 register and determines the maximum time spent accelerating
from the base velocity to the running velocity at the start of a move.

This parameter will always be in the range 1 to 27300 but its actual minimum and maximum values depend on the
values previously entered for velocity resolution, base velocity and running velocity.

B1.2.6  Enter deceleration mS (X to YYYYY) :

This parameter corresponds to the module's %AQ7 register and determines the maximum time spent decelerating
from the running velocity to the base velocity at the end of a move.

This parameter will always be in the range 1 to 27300 but its actual minimum and maximum values depend on the
values previously entered for velocity resolution, base velocity and running velocity.

When using STPCALC for a module which does not support seperate deceleration control, enter the same value
as was entered for acceleration time.

B1.3 Calculated Values

After the 6 motion parameters have been entered, STPCALC performs calculations to determine the corresponding
motion profile and then displays the results.

These results help the system designer determine the expected motions for specific sets of %AQ parameters.
The calculated results are described in the following sections.

B1.3.1  Actual acceleration rate =

This value is the actual acceleration rate (Rate
A
) in pulses per second2  and is calculated in two steps as follows:

  AQ6 x 24576
Z

A
= (Rounded up to the nearest integer)

(AQ5 - AQ4) x 5

4915200 x 600
Rate

A
 = (pulses per second2)

     Z
A
 x AQ3
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B1.3.2  Actual deceleration rate =

This value is the actual deceleration rate (Rate
D
) in pulses per second2 and is calculated in two steps as follows:

   AQ7 x 24576
Z

D
 = (Rounded up to the nearest integer)

(AQ5 - AQ4) x 5

4915200 x 600
Rate

D
 = (pulses per second2)

     Z
D
 x AQ3

B1.3.3  Actual velocity resolution =

This value is the actual velocity resolution (Vel_Res) in pulses per second and is calculated as follows:

600
Vel_Res = (pulses per second)

AQ3

The table in section B1.2.2 shows some useful %AQ settings along with the resulting velocity resolution and
maximum velocity:

B1.3.4  Actual base velocity =

This value is the actual base velocity (Vel
B
) in pulses per second and is calculated as follows:

600
Vel

B
 = AQ4 x (pulses per second)

AQ3

B1.3.5  Actual running velocity =

This value is the actual running velocity (Vel
R
) in pulses per second and is calculated as follows:

600
Vel

R
 = AQ4 x (pulses per second)

AQ3

Note that if the total pulses parameter is too short to accomodate the acceleration time and deceleration time
parameters, the motor will never reach the running velocity and the move will become triangular.  When this
happens, actual peak velocity is calculated and displayed instead of running velocity.

B1.3.6  Actual peak velocity =

For triangular moves, this value is the actual peak velocity (Vel
P
) in pulses per second and is calculated as follows:

RateA x TimeAVel
P
 = + Vel

B
(pulses per second)

      1000

For the definitions of Rate
A
, Time

A
 and Vel

B
 see sections B1.3.1, B1.3.11 and B1.3.4 respectively.
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B1.3.7  Actual acceleration pulses =

This value is the actual number of acceleration pulses (Pulse
A
) and is calculated as follows for trapezoidal moves:

   (AQ5 - AQ4) x (AQ5 + AQ4 + 1) x Z
APulse

A
 = (pulses)

      16384 x AQ3

For the definition of Z
A
 see section B1.3.1.

For a triangular move, Pulse
A
 is multiplied by the ratio R

T 
before being displayed, as described in the next section.

B1.3.8  Actual running pulses = (pulses at full speed)

If a value was entered for total pulses (Pulse
TOT

 section 1.2.1), this value is displayed as the actual number of
running pulses (Pulse

R
) and is calculated as follows for trapezoidal moves:

Pulse
R
 = Pulse

TOT
 - Pulse

A
 - Pulse

D
(pulses)

Pulse
TOT

 is the total pulses parameter as described in B1.2.1.  For the definitions of Pulse
A
 and Puse

D
 see section

B1.3.7 and B1.3.9 respectively.

If the resulting value for Pulse
R
 is negative, running velocity is never reached and the move is triangular.  In this

case, Pulse
R
 is displayed as zero and Pulse

A
 and Pulse

D
 are multiplied by the following ratio (R

T
) before being

displayed.

     Pulse
TOTR

T
 =

Pulse
A
 + Pulse

D

B1.3.9  Actual deceleration pulses =

This value is the actual number of deceleration pulses (Pulse
D
) and is calculated as follows for trapezoidal moves:

  (AQ5 - AQ4) x (AQ5 + AQ4 + 1) x ZDPulse
D
 = (pulses)

       16384 x AQ3

For the definition of Z
D
 see section B1.3.2.

For a triangular move, Pulse
D
 is multiplied by the ratio R

T 
before being displayed, as descibed in the previous

section.

B1.3.10 Actual total acc/dec pulses =

If a value was not entered for total pulses (section B1.2.1), this value is displayed as the total number of acc/dec
pulses (Pulse

A+D
) and is calculated as follows:

Pulse
A+D

 = Pulse
A
 + Pulse

D
(pulses)

B1.3.11  Actual acceleration time =

This value is the actual acceleration time (Time
A
) and is calculated as follows for trapezoidal moves:

(AQ5 - AQ4) x ZA x 5
Time

A
 = (mS)

            24576

For the definition of Z
A
 see section B1.3.1.
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For a triangular move, Time
A
 is multiplied by the ratio R

T
 (described in section B1.3.8) before being displayed and

before being used to calculate peak velocity (section B1.3.6).

B1.3.12  Actual running time = (time at full speed)

This value is the actual running time (Time
R
) and is displayed only if a value was entered for total pulses (section

B1.2.1).  This value is calculated as follows for trapezoidal moves:

Pulse
R
 x 1000

Time
R
 = (mS)

    Vel_Res

For the definitions of Pulse
R
 and Vel_Res see sections B1.3.8 and B1.3.5 respectively.

For a triangular move, Time
R
 will be zero.

B1.3.13  Actual deceleration time =

This value is the actual deceleration time (Time
D
) and is calculated as follows for trapezoidal moves:

(AQ5 - AQ4) x Z
D
 x 5

Time
D
 = (mS)

24576

For the definition of Z
D
 see section B1.3.2.

For a triangular move, Time
D
 is multiplied by the ratio R

T 
(described in section B1.3.8) before being displayed.

B1.3.14  Actual total acc/dec time =

If a value was not entered for total pulses (section B1.2.1), this value is displayed as the total time spent accelerating
and decelerating (TimeA+D) and is calculated as follows:

TimeA+D = TimeA + TimeD

For the definitions of TimeA and TimeD see section B1.3.11 and B1.3.13.

B1.3.15  Actual total move time =

If a value was entered for total pulses (section B1.2.1), this value is displayed as the total time required for the
entire move (TimeTOT) and is calculated as follows:

TimeTOT = TimeA + TimeR + TimeD

For the definitions of TimeA, TimeR and TimeD see sections B1.3.11, B1.3.12 and B1.3.13 respectively.
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APPENDIX C: INDEXED MOVES

This appendix details the added functionality of model number HE693STP113 Stepper Indexer Module for the
Series 90-30 PLC.  The user of this product should have an understanding of the standard functionality of the
stepper indexer modules in addition to the information contained in this document.

C1.1 Wiring

The pinout of the HE693STP113 is identical to any of the isolated Stepper Indexer Modules, with the exception
of the HOME3 input.  The STP113 utilizes this input (pin 14 on the 20 pin terminal strip) as its INDEX input.
The INDEX input is wired with the same electrical considerations as the HOME3 input.  The INDEX + is
connected at pin 14 of the terminal block while the negative connection is attached to pin 20, digital groiund.
See page A-3 of Appendix A for more details.

Table C1-1 .  I/O wiring for the HE693STP113.

PIN SIGNAL UNITS Type

1    D GND    Digital Ground Diff

2    STEP1-    Axis 1 motor step outputs Diff

3    STEP1+ Diff

4    STEP2-    Axis 2 motor step outputs Diff

5    STEP2+ Diff

6    STEP3-    Axis 3 motor step outputs Diff

7    STEP3+ Diff

8    DIR-    Motor direction outputs Diff

9    DIR+ Diff

10    ENC B-    Phase B incremental encoder inputs Diff

11    ENC B+ Diff

12    ENC A-    Phase A incremental encoder inputs Diff

13    ENC A+ Diff

14    INDEX +    Indexed move input S.E./Isol

15    HI LIM-    Upper end limit input S.E./Isol

16    HOM 2-    Axis 2 home input S.E./Isol

17    LO LIM-    Lower end limit input S.E./Isol

18    HOM 1-    Axis 1 home input S.E./Isol

19    ESTOP+    Emergency stop input S.E./Isol

20    D GND / I GND    Digital Ground or Isolated Ground S.E./Isol
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C1.2 Configuration

Due to the information required to perform an indexed move, the STP113 requires additional I/O to be
allocated to the module as compared to a standard isolated module.  Configuration of the STP113 is identical
to configuration of a HE693STP110, with the exception of the number of %AQ registers assigned to the
module.  The configuration parameters for the STP113 are shown in Table C1-1 below.  For further details on
the configuration parameters, see pages 2-3 through 2-5 of Chapter 2.

C1.2.1      Find Home

Byte 2 of the configuration has been redefined.  Previously, this byte was used to define the parity for serial
communications.  Since serial communication is not supported, this byte is now used to select the "Find
Home" algorithm.  A "0" entered for this parameter indicates the Normal (or default) algorithm.  A "1" entered
for this setting configures the module for the Simplified algorithm.  The Simplified algorithm assumes that the
home command will be run at a slow enough step rate that there is no possibility of loss of motor
synchronization or overshoot.

Byte 3 has been redefined as a spare byte and is not used.  This configuration byte was previously used for
the serial communications baud rate.

MODEL Byte 4 Byte 5 Byte 6 Byte 7

HE693STP113 Encoder Encdr. Multiplier Encoder Divisor Encdr. Tolerance

Type (01-FF)H (01-0F)H (00-FF)H

BYTE 4 VALUE   ENCODER TYPE

0    NONE

1  QUADRATURE

2  UP/DOWN

3 QUAD NO MARKER

Table C1-2.  Configuration parameters of HE693STP113.

MODEL %I %Q %AI %AQ Byte 1 Byte 2 Byte 3

HE693STP113 16 16 4 14 1 1 or 0 0
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C1.3         Controlling Motion

C1.3.1 Status Bit Inputs (%I)

The status bit inputs of the STP113 are identical to those detailed in Section 3.1 on Page 3-1.

C1.3.2 Command Outputs (%Q)

The command bit outputs of the STP113 are identical to those detailed in Section 3.2 on Page 3-2 EXCEPT
for %Q11, which is defined in the STP113 as the “index move” command.  An index move command causes
the stepper module to execute a special relative move.  If a valid index signal (pin 14 on the terminal strip) is
not received, the module executes a standard relative move.  If a valid index signal is received, the stepper
module moves a predetermined number of steps from that point.

Figure C1-1.  Index move

C1.3.3 Status Word Inputs (%AI)

The status word inputs of the STP113 are identical to those detailed in Section 3.3 on Page 3-3.

C1.3.4 Command Word Outputs (%AQ)

The STP113 contains several command word outputs in addition to those detailed in Section 3.4 on Page 3-4.
Table C1-3 below lists the additional %AQ command word outputs.
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Table C1-3 .  Additional Command Word Outputs (%AQ) for STP113.

Index Destination Position .  This is a double integer value which establishes the length of the index move.
The index move is executed starting at the point in which a valid index input is asserted.  If a valid index input
is not received during the index move, the destination position defined in %AQ1 is utilized instead.

Index Deceleration.   This is the deceleration time (in mS) to be used during an index move.  It is only used
during an index move when a valid index signal is received.  If a valid index signal is not received during the
index move, the deceleration time defined in %AQ7 is utilized instead.

Index Window Open.   This is the starting point (in steps) in which a index signal is considered valid.  An
index signal received before this point is ignored.  The Index Window Open point must be defined as a point
which occurs after the full acceleration point.

Index Window Closed.   This is the ending point (in steps) in which an index signal is considered valid.  An
index signal received before this point is ignored.  The Index Window Closed point must be defined as a point
which occurs no later than 1mS before the deceleration point.

Figure C1-2.  Restrictions on Index Window Open and Index Window Closed Parameters.

POINT   DESCRIPTION  MINIMUM  MAXIMUM

%AQ8    Index Destination Position (Low Word)

0
   +8,388,607

%AQ9    Index Destination Position (High Word)

%AQ10    Index Deceleration 0 27300

%AQ11    Index Window Open (Low Word)
0 +8,388,607

%AQ12    Index Window Open (High Word)

%AQ13    Index Window Closed (Low Word)
0 +8,388,607

%AQ14    Index Window Closed (High Word)
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(REVISED.  Reflects name change from Horner Electric, Inc. to Horner APG, LLC.)

LIMITED WARRANTY AND LIMITATION OF LIABILITY

Horner APG,LLC ("HE-APG") warrants to the original purchaser that Stepper Positioning Module
manufactured by HE-APG is free from defects in material and workmanship under normal use and
service.  The obligation of HE-APG under this warranty shall be limited to the repair or exchange of any
part or parts which may prove defective under normal use and service within two (2) years from the date
of manufacture or eighteen (18) months from the date of installation by the original purchaser whichever
occurs first, such defect to be disclosed to the satisfaction of HE-APG after examination by HE-APG of
the allegedly defective part or parts.  THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER
WARRANTIES EXPRESSED OR IMPLIED INCLUDING THE WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR USE AND OF ALL OTHER OBLIGATIONS OR LIABILITIES AND HE-APG
NEITHER ASSUMES, NOR AUTHORIZES ANY OTHER PERSON TO ASSUME FOR HE-APG, ANY
OTHER LIABILITY IN CONNECTION WITH THE SALE OF THIS Stepper Positioning Module.  THIS
WARRANTY SHALL NOT APPLY TO THIS Stepper Positioning Module OR ANY PART THEREOF
WHICH HAS BEEN SUBJECT TO ACCIDENT, NEGLIGENCE, ALTERATION, ABUSE, OR MISUSE.
HE-APG MAKES NO WARRANTY WHATSOEVER IN RESPECT TO ACCESSORIES OR PARTS NOT
SUPPLIED BY HE-APG.  THE TERM "ORIGINAL PURCHASER", AS USED IN THIS WARRANTY,
SHALL BE DEEMED TO MEAN THAT PERSON FOR WHOM THE Stepper Positioning Module IS
ORIGINALLY INSTALLED.  THIS WARRANTY SHALL APPLY ONLY WITHIN THE BOUNDARIES OF
THE CONTINENTAL UNITED STATES.

In no event, whether as a result of breach of contract, warranty, tort (including negligence) or otherwise,
shall HE-APG or its suppliers be liable of any special, consequential, incidental or penal damages
including, but not limited to, loss of profit or revenues, loss of use of the products or any associated
equipment, damage to associated equipment, cost of capital, cost of substitute products, facilities,
services or replacement power, down time costs, or claims of original purchaser's customers for such
damages.

ABOUT PROGRAMMING EXAMPLES

Any example programs and program segments in this manual or provided on accompanying diskettes are
included solely for illustrative purposes.  Due to the many variables and requirements associated with any
particular installation, Horner APG cannot assume responsibility or liability for actual use based on
examples and diagrams.  It is the sole responsibility of the system designer utilizing Stepper Positioning
Module to appropriately design the end system, to appropriately integrate the Stepper Positioning Module
and to make safety provisions for the end equipment as is usual and customary in industrial applications
as defined in any codes or standards which apply.

Note: The programming examples shown in this manual are for illustrative
purposes only.  Proper machine operation is the sole responsibility of the
system integrator.
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(REVISED.  Reflects name change from Horner Electric, Inc. to Horner APG, LLC.)

PREFACE

This manual explains how to use the Horner APG’s Stepper Positioning Modules.

Copyright (C) 1993 Horner APG, LLC. 640 North Sherman Drive Indianapolis, Indiana 46201.  All rights
reserved.  No part of this publication may be reproduced, transmitted, transcribed, stored in a retrieval
system, or translated into any language or computer language, in any form by any means, electronic,
mechanical, magnetic, optical, chemical, manual or otherwise, without the prior agreement and written
permission of Horner APG, LLC.

All software described in this document or media is also copyrighted material subject to the terms and
conditions of the Horner Software License Agreement.

Information in this document is subject to change without notice and does not represent a commitment on
the part of Horner APG, LLC.

Series 90-30 and Logicmaster are trademarks of GE Fanuc Automation North America, Inc

Alspa 8000 and P8 are trademarks of CEGELEC.

For user manual updates, contact Horner APG, LLC., Technical
Support Division, at (317) 916-4274 or visit our website at
www.heapg.com.
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I/O Connector Specifications

(REVISED)

PARAMETER MIN MAX UNITS
+5V Power Output (Step/Direction) - 300 mA
Step Outputs Frequency DC 245 KHz
Step Outputs High (-20mA) 2.5 - VDC
Step Outputs Low (+20mA) - 0.5 VDC
Direction Output Setup Time 2 - mS
Direction Output High (-20mA) 2.5 - VDC
Direction Output Low (+20mA) - 0.5 VDC
Direction Output High (-60mA, Rev A) 2.5 - VDC
Direction Output Low (+60mA, Rev A) - 0.5 VDC
Encoder Input Frequency DC 1.0 MHz
Encoder Single-Ended Threshold 1.2 1.6 VDC
Encoder Differential Threshold High - 0.2 VDC
Encoder Differential Threshold Low -0.2 - VDC
Home Inputs Off 12 - VDC
Home Inputs On (+1mA) - 9 VDC
End Limits Inputs Off
(all models except STP104) 12 - VDC

End Limits Inputs On (+1mA)
(all models except STP104) - 9 VDC

End Limits Inputs Off (+1mA)
(covers STP104 only ) - 9 VDC

End Limits Inputs On
(covers STP104 only) 12 - VDC

Emergency Stop Input On 12 - VDC
Emergency Stop Input Off (+1mA) - 9 VDC

(Figure revised 29 SEP 1999.)

MODULE SPECIFICATIONS
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(REVISED)

PIN SIGNAL UNITS TYPE
1 D GND Digital Ground Diff
2 STEP1- Axis 1 motor step outputs Diff
3 STEP1+ Diff
4 STEP2- Axis 2 motor step outputs Diff
5 STEP2+ Diff
6 STEP3- Axis 3 motor step outputs Diff
7 STEP3+ Diff
8 DIR- Motor direction outputs Diff
9 DIR+ Diff

10 ENC B- Phase B incremental
Encoder inputs Diff

11 ENC B+ Diff
12 ENC A- Phase A incremental

Encoder inputs Diff

13 ENC A+ Diff
14 HOM3- Axis 3 home input S.E./Isol
15 HI LIM

HI LIM + (STP104 only)
HI LIM - (All models except STP104)

Upper end limit input

Upper end
limit input

S.E./Isol

16 HOM 2- Axis 2 home input S.E./Isol
17 LO LIM

LO LIM + (STP104 only)
LO LIM - (All models except STP104)

Lower end limit input

Lower end
limit input

S.E./Isol

18 HOM 1- Axis 1 home input S.E./Isol
19 ESTOP+ Emergency stop input S.E./Isol
20 D GND / I GND Digital Ground or

Isolated Ground S.E./Isol

Figure 2-1 Stepper Positioning Module Terminal Strip Pin-out.
(Type:  Diff=Differential, S.E./Isol.-Single Ended or Isolated)

(Figure 2.1 revised 29 SEP 1999.)
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(REVISED)

MODEL %I %Q %AI %AQ BYTE 1 BYTE 2 BYTE3
HE693STP100 6
HE693STP101

2
7

HE693STP110 6
HE693STP111

4
7

HE693STP300 6
HE693STP301

2
7

HE693STP310 6
HE693STP311

4

HE693STP104

16 16

2
7

1 0 0

Figure 2-4 I/O Reference and Bytes 1-3 Configuration Parameters
(Figure 2-4 revised 29 SEP 1999.)

The second column of configuration parameters contains a number of additional configuration bytes.  The
stepper module requires that Byte 1 through Byte 7 be configured.  For these parameters, see the chart
for Bytes 1-3, and the chart below for Bytes 4-7.

(REVISED)

MODEL BYTE 4 BYTE 5 BYTE 6 BYTE 7
HE693STP100
HE693STP101

0 0 0 0

HE693STP110

HE693STP111
Encoder Type

Encdr.
Multiplier
(01-FF)H

Encoder
Divisor

(01-0F)H

Encdr.
Tolerance
(00-FF)H

HE693STP300
HE693STP301

0 0 0 0

HE693STP310
HE693STP311

Encoder Type Encoder
Multiplier

Encoder
Divisor

Encdr.
Tolerance

HE693STP104 0 0 0 0
Figure 2-5 Bytes 4-7 Configuration Parameters

(Figure 2-5 revised 29 SEP 1999.)

Bytes 4-7 are utilized by those indexer models, which feature encoder feedback capability.  Byte 4
configures the type of encoder used (see Figure 2-6), Byte 5 and 6 set the encoder multiplier and divisor,
and Byte 7 sets the encoder tolerance.  For details on encoder feedback operation, see Chapter 5.
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(REVISED)

The Stepper Indexer Module allows real world switches (limit, proximity, mechanical, etc.) to be
connected to the module.  This enhances the ability of the overall stepper control system to find home
position accurately and to quickly stop motion in the event of an emergency situation.

The Stepper Models HE693STPxx0 allow mechanical switches, proximity switches, limit switches, etc. to
be connected to the module.  Optical isolation is not provided, thus the common for these switch inputs
(terminal 20 on the terminal strip) is designated "digital ground", electrically equivalent to the common for
the step and direction outputs of the module.  For these non isolated models, switches must be selected
which are compatible with 5V signal levels, and great care must be taken to ensure that noise is not
picked up by the wiring run from these switches to the module terminal strip.  Preventative steps may
include seperate conduit, and/or shielded wiring.  If the switches selected require power, this must be
provided externally.

The Stepper Indexer models HE693STPxx1 and HE693STP104 provide optical isolation for the switch
inputs.  Optical isolation is provided, thus the common for the switch inputs is designated "isolated
ground", isolated from the common for the step and direction outputs.  Switches may be selected which
are compatible with 12 or 24V signal levels.  If proximity type switches are used, they must be of the NPN
type.  The voltage required to power the switches (if needed) must be provided externally.

(Paragraph revised 29 SEP 1999.)

Home, End Limit, and Emergency Stop Inputs
                                                                                                                (NEW)

             (Figure added 29 SEP 1999)

(REVISED)

              (Added note to Figure 29 SEP 1999)

*  The end limit inputs on an
HE693STP104 are active high for
compatibility with normally closed
switches.

   HE693STP104

NC
High Limit +
NC
Low Limit +
Home 1-
E Stop +
Isolated Ground

HE693STPXX1 &
HE693STP104

*
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Electrical Connection for Mechanical Switches

Electrical Connection for Proximity Switches

(Added note to figures 29 SEP 1999.)

HE693STPXX1 &
HE693STP104

   *

HE693STPXX1 &
HE693STP104

          *

* The end limit inputs on an
HE693STP104 are active high
for compatibility with normally
closed switches.











STAINLESS STEEL VACUUM VALVE

SERIES 100

MANUAL

KEY HIGH VACUUM PRODUCTS, INC.
36 SOUTHERN BOULEVARD

NESCONSET, NY 11767
631-360-3970 - Fax 631-360-3973

http://www.keyhigh.com



GENERAL SPECIFICATIONS:

KEY HIGH VACUUM PRODUCTS, INC.'s SERIES 100 STAINLESS STEEL HIGH
VAClJlJM VALVES, are designed and manufactured to produce a highly reliable valve at a reasonable
cost. Construction of the SERIES 100 is from high grade vacuum compatible materials. Body is made from
type 304 stainless steel, which is electropolished for optimum surface cleanliness. All O-rings are made of
viton.

All SERIES 100 STAINLESS STEEL HIGH VACUUM VALVES are leak tested on a Helium Mass
Spectrometer at a sensitivity of 3.0x1O-8 or better on both ports.

The bellows is a stainless steel welded nested bellows, which gives a lower compressed height, thus providing
higher conductance, greater extended length, as well as a longer cycle life.

SI<~RH~S 100 valves have been reliability tested for over 500,000 cycles without a single failure.

Because of the design of the welded bellows assembly, assemblies can be overpressured. Consult the factory
berore using in the application!!!

SERIES 100 pneumatic valves are spring loaded (normally closed).

Typical response time is 20 to 30 milliseconds.

SI<:RIES 100 pneumatic valves are available with an option for mechanical position indicators. Two micro
switchcs are internally mounted and are actuated by the same shaft which actuates the sealing mechanism, thus
giving the host iI positive valve position.

SWITCH RATINGS: 5 amp at 110 vac

TERMINATION: Spade terminals

MOUNTING:
KEY HIGH's SERIES 100 VALVES will operate in any mounted position. Hovever the preferred method is
to mount the lower port towards the vacuum source, as this will allow for optimum performance

KEY HIGH's stainless steel valves can be equipped with a wide variety of options, such as flanges on one or
both ports. Standard fittings include KF-25 fittings, MET-SEAL flanges, ASA flanges, quick seals or any type
or connection required can be fabricated.

ASSEMBLY PROCEDlJRE MANUAL VALVES:

I. Turn handle completely counterclockwise
2. Remove four (4) each 8-32xl/2" slotted pan head screws
3. Carefully remove bellows/top cap assembly. (Note: use caution as to not damage the

bellows.)
4. Assesmble in reverse order

ASSEMBLY PROCEDURE PNEUMATIC VALVES:

CAUTION: Air cylinder is sprin~loaded. Use caution when removin~.

1. Remove four (4) each 8-32x 1" long socket head cap screws, carefully while holding pressure
on the air cylinder can assembly.

2. Relax pressure on the can assembly so the spring is at a relaxed state.
3. Remove can assembly.



4. Carefully slide the intermediate cap/bellows assembly out. (Note: Use caution not to
damage the bellows.) When re-assembling make certain that both can assembly and the
bellows assembly O-rings are properly seating in their location.

WELDING INSTRUCTIONS FOR TUBE END VALVES:

Manual valves:
Before T.I.G. welding, open the valve fully. This is to protect the bellows assembly and O-rings
during welding.

Pneumatic valves:
Connect the compressed air supply to the solenoid via the 118" NPT. Air supply should be filtered,
dry and oil free. Air supply should be no less than 60 psi and no greater than 100 psi. Energize
solenoid with correct voltage to open valve. This will protect the bellows assembly and O-rings
during welding.

CAUTION:
After welding, inspect welds for pits,cracks, etc.. Allow valve to cool before operation.

WARRANTY

All products manufactured by KEY HIGH VACUUM PRODUCTS, INC. are warranted to be free of defects
in materials and workmanship for a period of one (I) year from the shipment to the purchaser. All
II (II kllldlhillp dlld IIIdlcTldls aIC conslstcnt with good common high vacuum practice. Liability under this
warranty IS llllJllcd to repair or replacement only, at KEY HIGH VACUUM PRODUCTS, INC. sha!1 be
received prepaid. Expendable items such as ion tubes, heaters, bellows, etc., may have a service life of less
than one ( I ) year in normal usage. If such items fail to give reasonable service for a reasonable period of time,
as determined by KEY HIGH VACUUM PRODUCTS, INC., the item will be repaired or replaced at KEY
HIGH VACUUM PRODUCTS, INC.'s election.,



DRAWI\ SC

A
REV.

21 1 BELLOW TO-
20 1 SOC SET SCR
19 1 BODY B
18 1 PNEUMAT!C
17 1 TOP PLANC
16 1 a-RING BROW'.
15 1 O-RING
14 1 END CAP
13 2 KP-25
12 1 SEAT
11 1 BODY
10 1 BELLOWS ASS v

9 1 PLUNGER JISC
8 1 CAP ASSY
7 2 O-RING
6 2 SIDE TUBE
5 4 SOC HD CAP SCR
4 1 WIPER
3 1 HEX NUT1L4-20
2 1 SPRING
1 1 CAN

ITEM QTY DESCRIPTION

13

14

19

1" STAINLESS STEEL. PNEUMATIC INLINE VALVE

@ KEY HIGH VACUUM PRODUCTS, INC.
KEY 36 SOUTHERN BLVD.

NESCONSET, NEW YORK 11767

I
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13 ) AC

± 1;'64
2 PL ± .01
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FRACTIOf\;S
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CHECKED:

11



9

r." . ""'5'0' iT, c~
~. • ... --F
~ .

, 10
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9 J

16 1 BELLOWS TOP FlANGE 21122: SS
15 1 PLUNGER DISC 5005 S----r--ss
14 1 !SOCKET SET SCR ~6- 32X 1/4 SS-SHC632 25: SS
13 1 SEAT TUBE 21124 ! SS
12 1 SEAT 2112E-~1
11 1 a-RING BROWN/PARKER VOR21 ~ I VITON
10 1 SIDE TUBE 21125 SS
9 2 Low PRO~LE KF-25 KSF-9825-3 2
8 1 BODY 21123 SS
7 1 TOP FLANGE 11034 SS
6 1 SHAFT 50037__~
5 4 BELLOWS ASSY. RS-B-IOO-N~,-~

4 1 O-RING VOR125 VITON
3 1 TOP CAP ASSY. 5121.3 ALUM
2 4 SCREW, SLOTTED PAN /S-J2 X1/2 LG SS-SLPH-832 -50 SS
1 1 HANDLE RB-67-4A-M
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MKS Type 1179A and 2179A
Mass-Flo® Controller

and
Type 179A Mass-Flo Meter

Six Shattuck Road
Andover, MA  01810-2449
(800) 227-8766 or (978) 975-2350

Fax:  (978) 975-0093
E-mail:  mks@mksinst.com

Web site:  http://www.mksinst.com



WARRANTY
Type 1179A/2179A/179A Equipment

MKS Instruments, Inc. (MKS) warrants that for three years from the date of shipment the

equipment described above (the “equipment”) manufactured by MKS shall be free from

defects in materials and workmanship and will correctly perform all date-related

operations, including without limitation accepting data entry, sequencing, sorting,

comparing, and reporting, regardless of the date the operation is performed or the date

involved in the operation, provided that, if the equipment exchanges data or is otherwise

used with equipment, software, or other products of others, such products of others

themselves correctly perform all date-related operations and store and transmit dates and
date-related data in a format compatible with MKS equipment.  THIS WARRANTY IS

MKS’ SOLE WARRANTY CONCERNING DATE-RELATED OPERATIONS.

For the period commencing with the date of shipment of this equipment and ending three
years later, MKS will, at its option, either repair or replace any part which is defective in

materials or workmanship or with respect to the date-related operations warranty without

charge to the purchaser. The foregoing shall constitute the exclusive and sole remedy of
the purchaser for any breach by MKS of this warranty.

The purchaser, before returning any equipment covered by this warranty, which is

asserted to be defective by the purchaser, shall make specific written arrangements with

respect to the responsibility for shipping the equipment and handling any other incidental
charges with the MKS sales representative or distributor from which the equipment was

purchased or, in the case of a direct purchase from MKS, with the MKS home office in

Andover, Massachusetts, USA.

This warranty does not apply to any equipment which has not been installed and used in
accordance with the specifications recommended by MKS for the proper and normal use

of the equipment. MKS shall not be liable under any circumstances for indirect, special,

consequential, or incidental damages in connection with, or arising out of, the sale,

performance, or use of the equipment covered by this warranty.

MKS recommends that all MKS pressure and flow products be calibrated periodically

(typically every 6 to 12 months) to ensure accurate readings.  When a product is returned
to MKS for this periodic re-calibration it is considered normal preventative maintenance

not  covered by any warranty.

THIS WARRANTY IS IN LIEU OF ALL OTHER RELEVANT WARRANTIES,

EXPRESSED OR IMPLIED, INCLUDING THE IMPLIED WARRANTY OF

MERCHANTABILITY AND THE IMPLIED WARRANTY OF FITNESS FOR A

PARTICULAR PURPOSE, AND ANY WARRANTY AGAINST INFRINGEMENT OF ANY

PATENT.
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Mass Flow Controller Safety Information

Symbols Used in This Instruction Manual

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual.

Warning The WARNING sign denotes a hazard to personnel.  It calls
attention to a procedure, practice, condition, or the like,
which, if not correctly performed or adhered to, could result
in injury to personnel.

Caution The CAUTION sign denotes a hazard to equipment.  It calls
attention to an operating procedure, practice, or the like, which, if
not correctly performed or adhered to, could result in damage to or
destruction of all or part of the product.

Note The NOTE sign denotes important information.  It calls attention to a
procedure, practice, condition, or the like, which is essential to highlight.
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Symbols Found on the Unit

The following table describes symbols that may be found on the unit.

Definition of Symbols Found on the Unit

|

On (Supply) 
IEC 417, No.5007

Off (Supply)
IEC 417, No.5008

Earth (ground) 
IEC 417, No.5017

Protective earth 
(ground) 

IEC 417, No.5019

Frame or chassis 
IEC 417, No.5020

Equipotentiality 
IEC 417, No.5021

Direct current 
IEC 417, No.5031

Alternating current
IEC 417, No.5032

Both direct and
alternating current

IEC 417, No.5033-a
Class ll equipment 

IEC 417, No.5172-a

Three phase
alternating current

IEC 617-2 No.020206

Caution, refer to
accompanying

documents
ISO 3864, No.B.3.1

Caution, risk of
electric shock

ISO 3864, No.B.3.6
Caution, hot surface
IEC 417, No.5041

Table 1:  Definition of Symbols Found on the Unit
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Safety Procedures and Precautions

The following general safety precautions must be observed during all phases of operation of this
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in
this manual violates safety standards of intended use of the instrument and may impair the
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the
customer’s failure to comply with these requirements.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument.
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure
that all safety features are maintained.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not attempt component replacement and internal adjustments.  Any
service must be made by qualified service personnel only.

USE CAUTION WHEN OPERATING WITH HAZARDOUS MATERIALS

If hazardous materials are used, observe the proper safety precautions, completely purge the
instrument when necessary, and ensure that the material used is compatible with the wetted
materials in this product, including any sealing materials.

PURGE THE INSTRUMENT

After installing the unit, or before removing it from a system, purge the unit completely with a
clean, dry gas to eliminate all traces of the previously used flow material.

USE PROPER PROCEDURES WHEN PURGING

This instrument must be purged under a ventilation hood, and gloves must be worn for
protection.

DO NOT OPERATE IN AN EXPLOSIVE ENVIRONMENT

To avoid explosion, do not operate this product in an explosive environment unless it has been
specifically certified for such operation.

USE PROPER FITTINGS AND TIGHTENING PROCEDURES

All instrument fittings must be consistent with instrument specifications, and compatible with the
intended use of the instrument.  Assemble and tighten fittings according to manufacturer’s
directions.
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CHECK FOR LEAK-TIGHT FITTINGS

Carefully check all vacuum component connections to ensure leak-tight installation.

OPERATE AT SAFE INLET PRESSURES

Never operate at pressures higher than the rated maximum pressure (refer to the product
specifications for the maximum allowable pressure).

INSTALL A SUITABLE BURST DISC

When operating from a pressurized gas source, install a suitable burst disc in the vacuum system
to prevent system explosion should the system pressure rise.

KEEP THE UNIT FREE OF CONTAMINANTS

Do not allow contaminants to enter the unit before or during use.  Contamination such as dust,
dirt, lint, glass chips, and metal chips may permanently damage the unit or contaminate the
process.

ALLOW THE UNIT TO WARM UP

If the unit is used to control dangerous gases, they should not be applied before the unit has
completely warmed up.  Use a positive shutoff valve to ensure that no erroneous flow can occur
during warm up.
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Sicherheitshinweise für den Massenflußregler

In dieser Betriebsanleitung vorkommende Symbole

Bedeutung der mit WARNUNG!, VORSICHT! und HINWEIS gekennzeichneten Absätze in
dieser Betriebsanleitung.

Warnung! Das Symbol WARNUNG! weist auf eine Gefahr für das
Bedienpersonal hin. Es macht auf einen Arbeitsablauf, eine
Arbeitsweise, einen Zustand oder eine sonstige Gegebenheit
aufmerksam, deren unsachgemäße Ausführung bzw.
ungenügende Berücksichtigung zu Verletzungen führen kann.

Vorsicht! Das Symbol VORSICHT! weist auf eine Gefahr für das Gerät hin. Es
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung
bzw. ungenügende Berücksichtigung zu einer Beschädigung oder
Zerstörung des Gerätes oder von Teilen des Gerätes führen kann.

Hinweis Das Symbol HINWEIS macht auf wichtige Informationen bezüglich eines
Arbeitsablaufs, einer Arbeitsweise, eines Zustands oder einer sonstige
Gegebenheit aufmerksam.
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Erklärung der am Gerät angebrachten Symbole

Nachstehender Tabelle sind die Bedeutungen der Symbole zu entnehmen, die am Gerät
angebracht sein können.

Bedeutung der am Gerät angebrachten Symbole

|
Ein (Energie)

IEC 417, No.5007
Aus (Energie)

IEC 417, No.5008
Erdanschluß

IEC 417, No.5017
Schutzleiteranschluß

IEC 417, No.5019

Masseanschluß
IEC 417, No.5020

Aquipotential-
anschluß

IEC 417, No.5021
Gleichstrom

IEC 417, No.5031
Wechselstrom

IEC 417, No.5032

Gleich- oder
Wechselstrom

IEC 417, No.5033-a

Durchgängige
doppelte oder

verstärkte Isolierung
IEC 417, No.5172-a

Dreileiter-
Wechselstrom
(Drehstrom)

IEC 617-2, No.020206

Warnung vor einer
Gefahrenstelle

(Achtung, Dokumen-
tation beachten)

ISO 3864, No.B.3.1

Warnung vor
gefährlicher

elektrischer Spannung
ISO 3864, No.B.3.6

Höhere Temperatur
an leicht

zugänglichen Teilen
IEC 417, No.5041

Tabelle 2:  Bedeutung der am Gerät angebrachten Symbole
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Sicherheitsvorschriften und Vorsichtsmaßnahmen

Folgende allgemeine Sicherheitsvorschriften sind während allen Betriebsphasen dieses Gerätes
zu befolgen. Eine Mißachtung der Sicherheitsvorschriften und sonstiger Warnhinweise in
dieser Betriebsanleitung verletzt die für dieses Gerät und seine Bedienung geltenden
Sicherheitsstandards, und kann die Schutzvorrichtungen an diesem Gerät wirkungslos machen.
MKS Instruments, Inc. haftet nicht für Mißachtung dieser Sicherheitsvorschriften seitens des
Kunden.

Niemals Teile austauschen oder Änderungen am Gerät vornehmen!

Ersetzen Sie keine Teile mit baugleichen oder ähnlichen Teilen, und nehmen Sie keine
eigenmächtigen Änderungen am Gerät vor. Schicken Sie das Gerät zwecks Wartung und
Reparatur an den MKS-Kalibrierungs- und -Kundendienst ein. Nur so wird sichergestellt, daß
alle Schutzvorrichtungen voll funktionsfähig bleiben.

Wartung nur durch qualifizierte Fachleute!

Das Auswechseln von Komponenten und das Vornehmen von internen Einstellungen darf nur
von qualifizierten Fachleuten durchgeführt werden, niemals vom Bedienpersonal.

Vorsicht beim Arbeiten mit gefährlichen Stoffen!

Wenn gefährliche Stoffe verwendet werden, muß der Bediener die entsprechenden
Sicherheitsvorschriften genauestens einhalten, das Gerät, falls erforderlich, vollständig spülen,
sowie sicherstellen, daß der Gefahrstoff die von ihm benetzten, am Gerät verwendeten
Materialien, insbesondere Dichtungen, nicht angreift.

Spülen des Gerätes mit Gas!

Nach dem Installieren oder vor dem Ausbau aus einem System muß das Gerät unter Einsatz eines
reinen Trockengases vollständig gespült werden, um alle Rückstände des Vorgängermediums zu
entfernen.

Anweisungen zum Spülen des Gerätes

Das Gerät darf nur unter einer Ablufthaube gespült werden.  Schutzhandschuhe sind zu tragen.

Gerät nicht zusammen mit explosiven Stoffen, Gasen oder Dämpfen benutzen!

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät niemals zusammen mit (oder in
der Nähe von) explosiven Stoffen aller Art eingesetzt werden, sofern es nicht ausdrücklich für
diesen Zweck zugelassen ist.
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Anweisungen zum Installieren der Armaturen!

Alle Anschlußstücke und Armaturenteile müssen mit der Gerätespezifikation übereinstimmen,
und mit dem geplanten Einsatz des Gerätes kompatibel sein. Der Einbau, insbesondere das
Anziehen und Abdichten, muß gemäß den Anweisungen des Herstellers vorgenommen werden.

Verbindungen auf Undichtigkeiten prüfen!

Überprüfen Sie sorgfältig alle Verbindungen der Vakuumkomponenten auf undichte Stellen.

Gerät nur unter zulässigen Anschlußdrücken betreiben!

Betreiben Sie das Gerät niemals unter Drücken, die den maximal zulässigen Druck (siehe
Produktspezifikationen) übersteigen.

Geeignete Berstscheibe installieren!

Wenn mit einer unter Druck stehenden Gasquelle gearbeitet wird, sollte eine geeignete
Berstscheibe in das Vakuumsystem installiert werden, um eine Explosionsgefahr aufgrund von
steigendem Systemdruck zu vermeiden.

Verunreinigungen im Gerät vermeiden!

Stellen Sie sicher, daß Verunreinigungen jeglicher Art weder vor dem Einsatz noch während des
Betriebs in das Instrumenteninnere gelangen können.  Staub- und Schmutzpartikel, Glassplitter
oder Metallspäne können das Gerät dauerhaft beschädigen oder Prozeß und Meßwerte
verfälschen.

Geräteeinheit auf Arbeitstemperatur bringen!

Wird das Gerät zur Flußregelung gefährlicher Gase verwendet, so dürfen diese nur nach
Abschluß des Anwärmvorgangs zugeführt werden.  Um das versehentliche Fließen von Gas
während der Aufheizperiode zu verhindern, sollte ein Absperrventil (normal geschlossen)
eingebaut werden.
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Informations relatives à la sécurité pour le contrôleur de
débit de masse

Symboles utilisés dans ce manuel d'utilisation

Définitions des indications AVERTISSEMENT, ATTENTION, et REMARQUE utilisées dans
ce manuel.

Avertissement L'indication AVERTISSEMENT signale un danger pour le
personnel. Elle attire l'attention sur une procédure, une
pratique, une condition, ou toute autre situation
présentant un risque d'accident pour le personnel, en
cas d'exécution incorrecte ou de non respect des
consignes.

Attention L'indication ATTENTION signale un danger pour l'appareil.
Elle attire l'attention sur une procédure d'exploitation, une
pratique, ou toute autre situation, présentant un risque
d'endommagement ou de destruction d'une partie ou de la
totalité de l'appareil, en cas d'exécution incorrecte ou de non
respect des consignes.

Remarque L'indication REMARQUE signale une information importante. Elle
attire l'attention sur une procédure, une pratique, une condition, ou
toute autre situation, présentant un intérêt particulier.



Symboles apparaissant sur l'unité Informations relatives à la sécurité pour le
contrôleur de débit de masse

10

Symboles apparaissant sur l'unité

Le tableau suivant décrit les symboles pouvant apparaître sur l'unité.

Définition des symboles apparaissant sur l'unité

|
Marche

(sous tension)
IEC 417, No.5007

Arrêt (hors tension)
IEC 417, No.5008

Terre (masse)
IEC 417, No.5017

Terre de protection
(masse)

IEC 417, No.5019

Masse
IEC 417, No.5020

Equipotentialité
IEC 417, No.5021

Courant continu
IEC 417, No.5031

Courant alternatif
IEC 417, No.5032

Courant continu et
alternatif

IEC 417, No.5033-a
Matériel de classe II
IEC 417, No.5172-a

Courant alternatif
triphasé

IEC 617-2, No.020206

Attention : se reporter
à la documentation
ISO 3864, No.B.3.1

Attention : risque de
choc électrique

ISO 3864, No.B.3.6

Attention : surface
brûlante

IEC 417, No.5041

Tableau 3:  Définition des symboles apparaissant sur l'unité
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Mesures de sécurité et précautions

Prendre les précautions générales de sécurité suivantes pendant toutes les phases d'exploitation
de cet appareil. Le non respect des ces précautions ou des avertissements contenus dans ce
manuel constitue une violation des normes de sécurité relatives à l'utilisation de l'appareil et
peut diminuer la protection fournie par l'appareil. MKS Instruments, Inc. n'assume aucune
responsabilité concernant le non respect des consignes par les clients.

PAS DE SUBSTITUTION DE PIÈCES OU DE MODIFICATION DE L'APPAREIL

Ne pas installer des pièces de substitution ou effectuer des modifications non autorisées sur
l'appareil. Renvoyer l'appareil à un centre de service et de calibrage MKS pour tout dépannage ou
réparation afin de garantir l'intégrité des dispositifs de sécurité.

DÉPANNAGE UNIQUEMENT PAR DU PERSONNEL QUALIFIÉ

Le personnel d'exploitation ne doit pas essayer de remplacer des composants ou de faire des
réglages internes. Tout dépannage doit être uniquement effectué par du personnel qualifié.

PRÉCAUTION EN CAS D'UTILISATION AVEC DES PRODUITS DANGEREUX

Si des produits dangereux sont utilisés, prendre les mesures de précaution appropriées, purger
complètement l'appareil quand cela est nécessaire, et s'assurer que les produits utilisés sont
compatibles avec les composants liquides de l'appareil, y compris les matériaux d'étanchéité.

PURGE DE L'APPAREIL

Après l'installation de l'unité, ou avant son enlèvement d'un système, purger l'unité complètement
avec un gaz propre et sec afin d'éliminer toute trace du produit de flux utilisé précédemment.

UTILISATION DES PROCÉDURES APPROPRIÉES POUR LA PURGE

Cet appareil doit être purgé sous une hotte de ventilation, et il faut porter des gants de protection.

PAS D'EXPLOITATION DANS UN ENVIRONNEMENT EXPLOSIF

Pour éviter toute explosion, ne pas utiliser cet appareil dans un environnement explosif, sauf en
cas d'homologation spécifique pour une telle exploitation.

UTILISATION D'ÉQUIPEMENTS APPROPRIÉS ET PROCÉDURES DE SERRAGE

Tous les équipements de l'appareil doivent être cohérents avec ses spécifications, et compatibles
avec l'utilisation prévue de l'appareil. Assembler et serrer les équipements conformément aux
directives du fabricant.
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VÉRIFICATION DE L'ÉTANCHÉITÉ DES CONNEXIONS

Vérifier attentivement toutes les connexions des composants pour le vide afin de garantir
l'étanchéité de l'installation.

EXPLOITATION AVEC DES PRESSIONS D'ENTRÉE NON DANGEREUSES

Ne jamais utiliser des pressions supérieures à la pression nominale maximum (se reporter aux
spécifications de l'unité pour la pression maximum admissible).

INSTALLATION D'UN DISQUE D'ÉCHAPPEMENT ADAPTÉ

En cas d'exploitation avec une source de gaz pressurisé, installer un disque d'échappement adapté
dans le système à vide afin d'éviter une explosion du système en cas d'augmentation de la
pression.

MAINTIEN DE L'UNITÉ À L'ABRI DES CONTAMINATIONS

Ne pas laisser des produits contaminants pénétrer dans l'unité avant ou pendant l'utilisation. Des
produits contaminants tels que des poussières et des fragments de tissu, de glace et de métal
peuvent endommager l'unité d'une manière permanente ou contaminer le processus.

RESPECT DU TEMPS D'ÉCHAUFFEMENT

Si l'unité est utilisée pour contrôler des gaz dangereux, ceux-ci ne doivent pas être appliqués
avant l'échauffement complet de l'unité. Utiliser une valve de fermeture positive afin de garantir
qu'aucun flux ne se produise par erreur pendant l'échauffement.
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Medidas de seguridad del controlador de flujo de masa

Símbolos usados en este manual de instrucciones

Definiciones de los mensajes de advertencia, precaución y de las notas usados en el manual.

Advertencia El símbolo de advertencia indica la posibilidad de que se
produzcan daños personales. Pone de relieve un
procedimiento, práctica, estado, etc. que en caso de no
realizarse u observarse correctamente puede causar
daños personales.

Precaución El símbolo de precaución indica la posibilidad de producir daños
al equipo. Pone de relieve un procedimiento operativo, práctica,
estado, etc. que en caso de no realizarse u observarse
correctamente puede causar daños o la destrucción total o parcial
del equipo.

Nota El símbolo de notas indica información de importancia. Este símbolo
pone de relieve un procedimiento, práctica o condición cuyo
conocimiento es esencial destacar.
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Símbolos hallados en la unidad

La tabla siguiente contiene los símbolos que puede hallar en la unidad.

Definición de los símbolos hallados en la unidad

|
Encendido

(alimentación eléctrica)
IEC 417, N° 5007

Apagado
(alimentación eléctrica)

IEC 417, N° 5008
Puesta a tierra

IEC 417, N° 5017
Protección a tierra
IEC 417, N° 5019

Caja o chasis
IEC 417, N° 5020

Equipotencialidad
IEC 417, N° 5021

Corriente continua
IEC 417, N° 5031

Corriente alterna
IEC 417, N° 5032

Corriente continua y
alterna

IEC 417, N° 5033-a
Equipo de clase II

IEC 417, N° 5172-a

Corriente alterna
trifásica

IEC 617-2, N° 020206

Precaución. Consulte
los documentos

adjuntos
ISO 3864, N° B.3.1

Precaución. Riesgo
de descarga eléctrica
ISO 3864, N° B.3.6

Precaución. Superficie
caliente

IEC 417, N° 5041

Tabla 4:  Definición de los símbolos hallados en la unidad



Medidas de seguridad del controlador de flujo de
masa

Procedimientos y precauciones de seguridad

15

Procedimientos y precauciones de seguridad

Las precauciones generales de seguridad descritas a continuación deben observarse durante
todas las etapas de funcionamiento del instrumento. La falta de cumplimiento de dichas
precauciones o de las advertencias específicas a las que se hace referencia en el manual,
constituye una violación de las normas de seguridad establecidas para el uso previsto del
instrumento y podría anular la protección proporcionada por el equipo. Si el cliente no cumple
dichas precauciones y advertencias, MKS Instruments, Inc. no asume responsabilidad legal
alguna.

NO UTILICE PIEZAS NO ORIGINALES O MODIFIQUE EL INSTRUMENTO

No instale piezas que no sean originales o modifique el instrumento sin autorización. Para
asegurar el correcto funcionamiento de todos los dispositivos de seguridad, envíe el instrumento
al Centro de servicio y calibración de MKS toda vez que sea necesario repararlo o efectuar tareas
de mantenimiento.

LAS REPARACIONES DEBEN SER EFECTUADAS ÚNICAMENTE POR TÉCNICOS
AUTORIZADOS

Los operarios no deben intentar reemplazar los componentes o realizar tareas de ajuste en el
interior del instrumento. Las tareas de mantenimiento o reparación deben ser realizadas
únicamente por personal autorizado.

TENGA CUIDADO CUANDO TRABAJE CON MATERIALES TÓXICOS

Cuando se utilicen materiales tóxicos, es responsabilidad de los operarios cumplir las medidas de
seguridad correspondientes, purgar totalmente el instrumento cuando sea necesario y comprobar
que el material utilizado sea compatible con los materiales humedecidos de este producto e
inclusive, con los materiales de sellado.

PURGUE EL INSTRUMENTO

Una vez instalada la unidad o antes de retirarla del sistema, purgue completamente la unidad con
gas limpio y seco para eliminar todo resto de la sustancia líquida empleada anteriormente.

USE PROCEDIMIENTOS ADECUADOS PARA REALIZAR LA PURGA

El instrumento debe purgarse debajo de una campana de ventilación y deben utilizarse guantes
protectores.

NO HAGA FUNCIONAR ESTE INSTRUMENTO EN UN AMBIENTE CON RIESGO
DE EXPLOSIONES

Para evitar que se produzcan explosiones, no haga funcionar este producto en un ambiente con
riesgo de explosiones, excepto cuando el mismo haya sido certificado específicamente para tal
uso.
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USE ACCESORIOS ADECUADOS Y REALICE CORRECTAMENTE LOS
PROCEDIMIENTOS DE AJUSTE

Todos los accesorios del instrumento deben cumplir las especificaciones del mismo y ser
compatibles con el uso que se debe dar al instrumento. Arme y ajuste los accesorios de acuerdo
con las instrucciones del fabricante.

COMPRUEBE QUE LAS CONEXIONES SEAN A PRUEBA DE FUGAS

Inspeccione cuidadosamente las conexiones de los componentes de vacío para comprobar que
hayan sido instalados a prueba de fugas.

HAGA FUNCIONAR EL INSTRUMENTO CON PRESIONES DE ENTRADA SEGURAS

No haga funcionar nunca el instrumento con presiones superiores a la máxima presión nominal
(en las especificaciones del instrumento hallará la presión máxima permitida).

INSTALE UNA CÁPSULA DE SEGURIDAD ADECUADA

Cuando el instrumento funcione con una fuente de gas presurizado, instale una cápsula de
seguridad adecuada en el sistema de vacío para evitar que se produzcan explosiones cuando suba
la presión del sistema.

MANTENGA LA UNIDAD LIBRE DE CONTAMINANTES

No permita el ingreso de contaminantes en la unidad antes o durante su uso. Los productos
contaminantes tales como polvo, suciedad, pelusa, lascas de vidrio o virutas de metal pueden
dañar irreparablemente la unidad o contaminar el proceso.

PERMITA QUE LA UNIDAD SE CALIENTE

Si se utiliza la unidad para controlar gases peligrosos, no libere los gases hasta que la unidad
termine de calentarse. Use una válvula de cierre positivo para impedir todo flujo no deseado
durante el período de calentamiento.
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Chapter One:  General Information

Introduction

The Type 1179A Mass-Flo® controller and the Type 2179A Mass-Flo controller with a positive
shutoff valve, accurately measure and control the mass flow rates of gases.  The Type 179A
Mass-Flo Meter measures the flow rate of gases.  Based upon an MKS measurement technique,
patent pending, these instruments use a laminar flow device whose precise indication of mass
flow is achieved through the use of a bypass element in parallel with a sensor tube.  The 1179
controller and 179 meter have a three-inch footprint.  The 1179 and 2179 controllers feature the
ability to accept TTL level commands to remotely open and close the control valve.  The
controller includes a metal cover and RF bypass capacitors, and incorporates a design that
virtually eliminates RFI and EMI interference.

The 1179 Series units can interface to complementary MKS equipment (Type 647, 246, 247,
PR4000) to display the reading and to provide the power, and set point commands.
(Additionally, the 167 unit can be used as a readout and set point generator, but it does not
supply power; the 660 unit can be used as a power supply and readout, though it cannot send a
set point to the flow controller.)  Refer to the corresponding manuals for requirements and
instructions.

The 1179 Series flow units are available in a variety of types and configurations to suit specific
needs.  The options that must be specified when you order the flow unit include:

• Connector:  9-pin or 15-pin Type “D” connector, recessed P.C. Edge Card connector,
Digital RS-485, Digital DeviceNet®

• Range:  10, 20, 50, 100, 200, 500, 1000, 2000, 5000, 10,000, 20,000, 30,000 sccm
(N2 equivalent)

• Fittings:  Swagelok® 4-VCR® male compatible, Cajon 4-VCO® male compatible, and
¼ inch Swagelok® compatible

• Seals:  Viton®, Neoprene, Buna-N, Kalrez®, all-metal

All 1179 controllers have normally closed valves.

Design Features

The design of the 1179 flow controller incorporates an advanced flow sensor, a new control
valve, and an optimized bypass.  (U.S. and Foreign Patents; Patents Pending on the sensor.)  The
latest generation two-element sensing circuit provides accurate, repeatable performance even in
low flow ranges (< 10 sccm).  Low temperature effect from ambient temperature change and a
low attitude sensitivity effect are also ensured.  The newly optimized sensor/bypass arrangement
minimizes the flow splitting error for gases with different densities, which dramatically improves
measurement accuracy when gases other than the calibration gas are used.  The surface mount



Introduction Chapter One:  General Information

18

electronics feature optional pin-to-pin compatibility with other manufacturer’s flow controllers.
In addition, the variable valve control electronics provides for fast response to any set point.

Reliability

To help provide excellent reliability, the design contains a low mechanical and electronic
components count and has successfully passed the following tests:

•  STRIFE, including temperature cycling and vibration (sine and random tests)

 and with an overall metal braided shielded cable, properly grounded at both ends:

•  CE Compliance - EMC Directive 89/336/EEC (units with a Type “D” connector only;
the Edge Card connector is not CE compliant)

Cleanliness Features

With only three elastomeric external seals, the design of the flow controller ensures extremely
low external leakage and minimizes a key source of particle generation, outgassing, and
permeation.  The design also incorporates minimal wetted surface area.  To further ensure its
cleanliness, the 1179 controller undergoes precision machining as well as a proprietary cleaning
process.  The instrument is assembled and double-bagged under Class 100 conditions.
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How This Manual is Organized

This manual is designed to provide instructions on how to set up and install a Type 1179 Series
unit.

Before installing your Type 1179 Series unit in a system and/or operating it, carefully read
and familiarize yourself with all precautionary notes in the Safety Messages and Procedures
section at the front of this manual.  In addition, observe and obey all WARNING and
CAUTION notes provided throughout the manual.

Chapter One:  General Information, (this chapter) introduces the product and describes the
organization of the manual.

Chapter Two:  Installation, explains environmental requirements and practical considerations to
take into account when selecting the proper setting for the mass flow controller.

Chapter Three:  Overview, describes, in a general way, how the flow controller operates in a gas
flow system.  This chapter also provides information on how to use a Gas Correction Factor
when interpreting the output signal for a gas other than the calibration gas.

Chapter Four:  Operation, explains how to start up and operate the mass flow controller.  It also
discusses how to override the control valve.

Chapter Five:  Theory of Operation, provides additional information on how the flow controller
operates.

Chapter Six:  Maintenance, lists a few general practices to follow to ensure that the flow
controller will perform optimally.

Chapter Seven:  Troubleshooting, includes a table of hints for reference in the event that your
flow controller malfunctions.

Appendix A:  Product Specifications, lists the specifications of the instrument.

Appendix B:  Model Code Explanation, describes the instrument’s ordering code.

Appendix C:  Gas Correction Factors, provides a table listing the gas correction factors for the
most commonly used gases.

Appendix D:  MFC Sizing Guidelines, is provided for reference and describes how to calculate
the correct size MFC for an application.  This information is useful if you need to purchase
another MFC or if you plan to use your MFC in another, different application.

Appendix E:  Positive Shutoff Valve Information, describes how to attach a solenoid valve to a
Type 2179 MFC.
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Customer Support

Standard maintenance and repair services are available at all of our regional MKS Calibration
and Service Centers, listed on the back cover.  In addition, MKS accepts the instruments of other
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment
located at all of our regional service centers.  Should any difficulties arise in the use of your Type
1179 instrument, or to obtain information about companion products MKS offers, contact any
authorized MKS Calibration and Service Center.  If it is necessary to return the instrument to
MKS, please obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Calibration and Service Center before shipping.  The ERA Number expedites handling and
ensures proper servicing of your instrument.

Please refer to the inside of the back cover of this manual for a list of MKS Calibration and
Service Centers.

Warning All returns to MKS Instruments must be free of harmful,
corrosive, radioactive, or toxic materials.
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Chapter Two:  Installation

How To Unpack the Type 1179 Series Unit

MKS has carefully packed the 1179 Series unit so that it will reach you in perfect operating
order.  Upon receiving the unit, however, you should check for defects, cracks, broken
connectors, etc., to be certain that damage has not occurred during shipment.

Note Do not discard any packing materials until you have completed your
inspection and are sure the unit arrived safely.

If you find any damage, notify your carrier and MKS immediately.  If it is necessary to return the
unit to MKS, obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Service Center before shipping.  Please refer to the inside of the back cover of this manual for a
list of MKS Calibration and Service Centers.

Opening the Package

The 1179 Series unit is assembled, leak tested with helium, and calibrated in a clean room
environment.  The instrument is double-bagged in this environment to ensure maintenance of its
particle free condition during shipment.  It is very important to remove the bags according to
clean room practices.  To maintain at least a minimal level of clean room standards, follow the
instructions below.

1. Remove the outer bag in an ante room (garmenting room) or transfer box.

Do not allow this outer bag to enter the clean room.

2. Wipe down the exterior of the inner bag with a clean room wipe.

This step reduces the contamination introduced into the clean room.

3. Remove the inner bag in the clean room.
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Unpacking Checklist

Standard Parts:

•  The 1179 or 2179 mass flow controller, or 179 mass flow meter

•  The 1179/2179/179 instruction manual (this book)

Optional Equipment:

• Electrical Connector Accessories Kit, M100B-K1 (includes a mate to the electrical
connector if you choose to make your own interface cable)

• Interface cables (refer to Interface Cables, page 24)

• Power supply readout, such as the Type 647, 246, 247, PR4000, 167 (no power supply,
readout, and set point generator only), or 660 (no set point, readout and power supply
only)

•  Length Adapter Kit - allows the 1179 Series unit to be a drop-in replacement for a
1259/1260 or 2259/2260 unit
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Environmental Requirements

Follow the guidelines listed below when installing and using the 1179 flow controller.

1. Maintain the normal operating temperature between 0° and 50° C  (32° and 122° F).

2. Observe the pressure limits:

A. Maximum gas inlet pressure is 150 psig.

B. Operational differential pressure is:

10 to 40 psid for ≤ 5000 sccm units

15 to 40 psid for 10,000 to 30,000 sccm units

The standard orifice is sized for control over this range with the outlet at atmospheric
pressure.

3. Provide power input at ±15 VDC (±5%) @ 200 mA.

A. Maximum voltage/current at startup is ±15 VDC (±5%) @ 200 mA.

B. Typical steady state voltage/current should be ±15 VDC (±5%) @ 100 mA.

4. Allow 2 minutes for warm-up time.

5. Use high purity gas and filters in line upstream of the MFC.

6. Leave the power to the instrument on at all times, for optimal performance.

For additional information refer to  Appendix A:  Product Specifications, page 57.
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Interface Cables

As of January 1, 1996, most products shipped to the European Community must comply with the
EMC Directive 89/336/EEC, which covers radio frequency emissions and immunity tests.  In
addition, as of January 1, 1997, some products shipped to the European Community must also
comply with the Product Safety Directive 92/59/EEC and Low Voltage Directive 73/23/EEC,
which cover general safety practices for design and workmanship.  MKS products that meet
these requirements are identified by application of the CE Mark.     

Note Only 1179 Series units with a Type “D” connector or digital
communications connector can be CE marked.  The Edge Card connector
is not CE compliant.

To ensure compliance with EMC Directive 89/336/EEC, an overall metal braided shielded cable,
properly grounded at both ends, is required during use.  No additional installation requirements
are necessary to ensure compliance with Directives 92/59/EEC and 73/23/EEC.

Note 1. An overall metal braided, shielded cable, properly grounded at both
ends, is required during use to meet CE specifications.

2. To order an overall metal braided shielded cable, add an “S” after the
cable type designation.  For example, to order a cable to connect an
1179 unit equipped with a 15-pin Type “D” connector to a 146 unit,
use part number CB47-1-XX, where XX designates the cable length;
for a braided, shielded cable use part number CB147S-1-XX.

MKS offers a variety of interface cables, listed in Table 5.

MKS Cables

To Connect To A . . . 15-pin Type “D” 9-pin Type “D” 20-pin Edge Card

PR4000, 146, 186, 167, 647 CB147-1-xx CB147-12-xx CB147-7-xx

246, 247 CB259-5-xx CB147-12-xx CB259-10-xx

where xx indicates the cable length

Table 5:  MKS Cables
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Generic Shielded Cable Description

Note 1. To meet CE specifications, an overall metal braided shielded cable,
properly grounded at both ends, is required during use.

2. Use an overall metal braided shielded cable assemblies, especially if
the environment contains high EMI/RFI noise.

3. Provide adequate clearance for Type “D” cable assemblies:

•  Straight Shielded connectors require approximately 3” height.
•  Right Angle connectors require approximately 2” height.

Should you choose to manufacture your own cables, follow the guidelines listed below:

1. The cable must have a braided shield, covering all wires.  Neither aluminum foil nor
spiral shielding will be as effective; using either may nullify regulatory compliance.

2. The connectors must have a metal case which has direct contact to the cable’s shield on
the whole circumference of the cable.  The inductance of a flying lead or wire from the
shield to the connector will seriously degrade the shield’s effectiveness. The shield
should be grounded to the connector before its internal wires exit.

3. With very few exceptions, the connector(s) must make good contact to the device’s case
(ground).  “Good contact” is about 0.01 ohms; and the ground should surround all wires.
Contact to ground at just one point may not suffice.

4. For shielded cables with flying leads at one or both ends; it is important at each such
end, to ground the shield before the wires exit.  (A ¼ inch piece of #22 wire may be
undesirably long since it has approximately 5 nH of inductance, equivalent to 31 ohms at
1000 MHz).  After picking up the braid’s ground, keep wires and braid flat against the
case.  With very few exceptions, grounded metal covers are not required over terminal
strips.  If one is required, it will be stated in the Declaration of Conformity or in this
instruction manual.

5. In selecting the appropriate type and wire size for cables, consider:

A. The voltage ratings.

B. The cumulative I2R heating of all the conductors (keep them safely cool).

C. The IR drop of the conductors, so that adequate power or signal voltage gets to the
device.

D. The capacitance and inductance of cables which are handling fast signals, (such as
data lines or stepper motor drive cables).

E. That some cables may need internal shielding from specific wires to others; please
see the instruction manual for details regarding this matter.
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Setup

Follow the guidelines below when setting up the 1179 flow controller.

1. Set the controller into position where it will be connected to a gas supply.

Placement of flow components in an orientation other than that in which they were
calibrated (typically horizontal) may cause a small zero shift.  The zero offset can be
removed according to the instructions in How To Zero the Flow Controller, page 40.

2. Install the flow controller in the gas stream such that the flow will be in the direction of
the arrow on the side of the controller.

3. Allow adequate clearance for the cable connector and tubing.

Straight Shielded connectors require approximately 3” height.  Right Angle connectors
require approximately 2” height.

4. Position the flow controller to provide access to the zero potentiometer.

The zero potentiometer is located on the inlet side of the flow controller body.

Refer to Figures 1, and 2, page 28, for outline dimensions, and Figure 4, page 29, for mounting
dimensions of the flow controller.
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Dimensions

Note All dimensions are listed in inches with millimeters referenced in
parentheses.

Controller Gain

Zero Adjust

5.49 (139.5) with 
Type "D" connector

5.30 (134.6) with recessed
P.C. Edge Board connector

or

0.50 (12.7)
3.00 (76.2)

Swagelok 4-VCR compatible 4.88 (123.9) shown
Swagelok 4-VCO compatible 4.56 (115.8)
   " Swagelok compatible 4.44 (112.7)¼

Figure 1:  Outline Dimensions of the Type 1179 MFC and Type 179 MFM

Note The method used to measure the overall length of the unit varies with the
type of fitting.  For VCR and VCO compatible fittings, the unit is
measured from mating face to mating face.  For Swagelok compatible
fittings, the unit is measured from fitting end to fitting end (less nut).
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1.45 (36.8)

Figure 2:  Side View of the Type 1179 MFC and Type 179 MFM

0.625
(15.8)

0.125 (3.1)

3.38
(85.9)

5.43 (137.9) with 
Type "D" connector

5.30 (134.6) with
PC Edge Board 

Connector

or

Figure 3:  Outline Dimensions of the Type 2179 MFC (with optional mounting plate)
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Gas Line Connections

Connect the gas line (via tubing) from the gas supply to the flow controller’s inlet, and from the
flow controller’s outlet, to the downstream tubing.

Standard Fittings

The 1179 flow controller is equipped with Swagelok 4-VCR male compatible fittings.  For
specific information regarding these fittings, refer to the manufacturer’s documentation.

Optional Fittings

As an option, ¼ inch Swagelok compatible, or Swagelok 4-VCO male compatible fittings, are
available when specified.

Mounting a Type 1179 MFC

Tapped holes are provided in the base of the unit for mounting.  Refer to Figure 4 for the size and
location of the mounting holes.

8-32 UNC -2B x 0.25 DP
2 Holes

0.750 (19.1)

0.35 (8.8)2.750 (69.8)
0.12 (3.2)

Figure 4:  Mounting Dimensions of the 1179 Flow Controller
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Mounting a Type 2179 MFC

The Type 2179 MFC includes a positive shutoff  valve.  Mount each assembly horizontally, if
possible.  Placement of flow components in a different orientation may cause a small zero shift.
The zero offset can be removed according to the instructions in How To Zero the Flow
Controller, page 40.  The air operator port is a ¹/8 NPT (National Pipe Thread) internal fitting.
The aluminum plate can be mounted via four mounting holes.  Refer to Figure 5 for the location
of the mounting holes on the aluminum plate.

6.34
(161.0)

5.58
(141.7)

0.233

0.240
Dia 4 PL

0.56
2 PL

1.12
2 PL

1.50
Ref.

0.38
(9.7)

Figure 5:  Mounting Dimensions of the Base Aluminum Plate

6.33 (160.7)

5.58 (141.7)
0.187 (4.7)

1.125 (28.5)

0.405 (10.3) VCO compatible
0.565 (14.3) VCR compatible
0.345 (8.7) Swagelok compatible

0.233 to 0.240 Dia 
(6.0) - TYP.

6.27 (159.2) SL*
6.71 (170.4) VCR*
6.39 (162.3) VCO*
* or compatible

Figure 6:  Mounting Dimensions of the Type 2179 Flow Controller
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Chapter Three:  Overview

Type 2179 MFC with a Positive Shutoff Valve

The Type 2179 consists of a Type 1179 flow controller configured with a positive shutoff valve
downstream.  A pneumatically operated valve may be used in series with a mass flow controller
when a no-leakage condition is required.  The shutoff valve is an all 316L VAR SST diaphragm
valve with a Kel-F® valve seat.  It has a maximum leak rate across the ports of 4 x 10-9 sccm He
and a leak rate of less than 1x10-9 sccm He, to the outside.

Refer to Figure 3, page 28, for the dimensions of a Type 2179 flow controller.

Electrical Connections

If you are using the 1179 instrument with any equipment other than corresponding MKS power
supply/readout units, consult the manufacturer’s specifications for connection, and for proper
electrical and power characteristics.  Refer to Appendix A:  Product Specifications, page 57, for
electrical requirements of the Type 1179 flow controller.

The 1179 flow controller is available with either a Type “D” or an Edge Card connector.
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9-Pin Type “D” Connector

Table 8 lists the pinout of the 9-pin Type “D” connector for a mass flow controller.

9-Pin Type “D” Connector Pinout

Pin Number Assignment

1 Valve Open/Close*

2 Flow Signal Output

3 +15 V

4 Power Common

5 -15 V

6 Set Point*

7 Signal Common

8 Signal Common

9 MKS Test Point*

* For an MFC only, No Connection for an MFM

Table 6:  9-Pin Type “D” Connector Pinout

Note 1. Chassis ground is not available on a separate pin.  Instead, it is
carried out through the cable shielding.  Be sure that the connector on
the other end of the cable is properly grounded to its chassis ground.

2. The 0 to 5 VDC flow signal output comes from pin 2 and is
referenced to pin 7 (signal common).

3. Use any appropriate 0 to 5 VDC input signal of less than 20K ohm
source impedance referenced to pin 7 as the set point signal to pin 8.
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P.C. Edge Card Connector

Table 7 shows the pinout of the 20-pin Edge Card connector for a mass flow controller.

20-Pin Edge Card Connector Pinout

Pin Number Function Pin Number Function

1 Chassis Ground A Set Point Input (0 to +5 VDC)*

2 Power Supply Common B Signal Common

3 Flow Output
(0 to +5 VDC)

C Signal Common

4 +15 VDC D Valve Open (TTL low)*

5 Optional Input* E No Connection

6 No Connection F -15 VDC

7 Key H Key

8 No Connection J MKS Test Point*

9 No Connection K No Connection

10 Signal Common L Valve Close (TTL low)*

* For an MFC only, No Connection for an MFM

Table 7:  20-Pin Edge Card Connector Pinout

Note 1. The “No Connection” pin assignment refers to a pin with no internal
connection.

2. Pins 1 through 10 are located on one side of the gold finger
connection and pins A through L are located on the opposite side of
the gold finger connection.

3. The 0 to 5 VDC flow signal output comes from pin 3 and is
referenced to pin B (signal ground).

4. Any appropriate 0 to 5 VDC input signal of less than 20K ohm
source impedance referenced to pin B can be used to supply a set
point signal to pin A.
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15-Pin Type “D” Connector

Table 8 lists the pinout of the 15-pin Type “D” connector for a mass flow controller.

15-Pin Type “D” Connector Pinout

Pin Assignment Pin Assignment

1 MKS Test Point* 9 No Connection

2 Flow Signal Output
(0 to +5 VDC)

10 Optional Input*

3 Valve Close*
(TTL low)

11 Signal Common

4 Valve Open*
(TTL low)

12 Signal Common

5 Power Supply Common 13 No Connection

6 -15 VDC 14 No Connection

7 +15 VDC 15 Chassis Ground

8 Set Point Input*
(0 to +5 VDC)

* For an MFC only, No Connection for an MFM

Table 8:  15-Pin Type “D” Connector Pinout

Note 1. The “No Connection” pin assignment refers to a pin with no internal
connection.

2. The 0 to 5 VDC flow signal output comes from pin 2 and is
referenced to pin 12 (signal common).

3. Any appropriate 0 to 5 VDC input signal of less than 20K ohm
source impedance referenced to pin 12 can be used to supply a set
point signal to pin 8.
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The Gas Correction Factor (GCF)

A Gas Correction Factor (GCF) is used to indicate the ratio of flow rates of different gases which
will produce the same output voltage from a mass flow controller.  The GCF is a function of
specific heat, density, and the molecular structure of the gases.  Nitrogen is used as the baseline
gas (GCF = 1) since flow controllers are usually calibrated with nitrogen.

Appendix C:  Gas Correction Factors, page 65, lists the gas correction factors for some
commonly used pure gases.  If the gas you are using is not listed in Appendix C:  Gas Correction
Factors, page 65, you must calculate its GCF.  The equations for calculating gas correction
factors are listed in How To Calculate the GCF for Pure Gases, page 35, and How To Calculate
the GCF for Gas Mixtures, page 36.

Note 1. When using the GCF, the accuracy of the flow reading may vary by
±5%, however, the repeatability will remain ±0.2% of FS.

2. All MKS readouts have Gas Correction Adjustment controls to
provide direct readout.

How To Calculate the GCF for Pure Gases

To calculate the Gas Correction Factor for pure gases, use the following equation:

GCF   =   
(0.3106)  (s)

(d )  (cp )x
x x

where:

GCFx = Gas Correction Factor for gas X

0.3106 = (Standard Density of nitrogen) (Specific Heat of nitrogen)

s = Molecular Structure correction factor where S equals:

1.030 for Monatomic gases

1.000 for Diatomic gases

0.941 for Triatomic gases

0.880 for Polyatomic gases

dx = Standard Density of gas X, in g/l (at 0° C and 760 mm Hg)

cpx = Specific Heat of gas X, in cal/g° C
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How To Calculate the GCF for Gas Mixtures

For gas mixtures, the calculated Gas Correction Factor is not simply the weighted average of
each component’s GCF.  Instead, the GCF (relative to nitrogen) is calculated by the following
equation:

GCFM
1 1 2 2 n n

1 1 1 2 2 2 n n n

  =   
(0.3106)  (a s + a s + ...a s )
(a d cp + a d cp + ...a d cp )

where:

GCFM = Gas Correction Factor for a gas mixture

0.3106 = (Standard Density of nitrogen) (Specific Heat of nitrogen)

a1 through an = Fractional Flow of gases 1 through n
   Note:  a1 through an must add up to 1.0

s1 through sn = Molecular Structure correction factor for gases 1 through n
where S equals:

1.030 for Monatomic gases

1.000 for Diatomic gases

0.941 for Triatomic gases

0.880 for Polyatomic gases

d1 through dn = Standard Density for gases 1 through n, in g/l
   (at 0° C and 760 mmHg)

cp1 through cpn = Specific Heat of gases 1 through n, cal/g° C

Note The values for s, d, and cpx are available for most gases, refer to
Appendix C:  Gas Correction Factors, page 65.

The values for a1 through an (which must add up to 1.0) are application
dependent.
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Example

Calculate the GCF for a gas mixture of argon (gas 1) flowing at 150 sccm and nitrogen (gas 2)
flowing at 50 sccm, where:

Argon (Ar) Nitrogen (N2)

a1 = 150 = 0.75 a2 =  50 = 0.25
200 200

s1 = 1.030 s2 = 1.000

d1 = 1.782 g/l d2 = 1.250 g/l

cp1 = 0.1244 cal/g ° C cp2 = 0.2485 cal/g ° C

then:

GCFM =   
(0.3106)  [(0.75)(1.030) + (0.25)(1.000)]

(0.75)(1.782)(0.1244) + (0.25)(1.250)(0.2485)

=   
(0.3106)  [(0.7725) + (0.25)]

(0.1663) + (0.0777)

=    
(0.3106) (1.0225)

0.244

=    
0.3176
0.244

GCFM =    1.302

How To Read Mass Flow at a Different Reference Temperature

The equations for calculating the GCF assume that the MFC was calibrated at a reference
temperature of 0° C (~273° K).  If you want to read the mass flow as if the MFC was calibrated
at a different reference temperature, adjust the calculated GCF value using the following
equation:

Temperature Corrected GCF    =   GCF   x   
T
T

x

s

where:

Tx = Reference temperature (° K)

Ts = 273.15° K  (~ equal to 0° C)
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Labels

Each 1179 unit has two serial number labels, a small one on top side and the standard, larger
label on the back side.  Each label shows the serial number, the model code, the full scale flow
range, and the calibration gas.

Serial #:

Model #:

012345678

Range:  100 sccm
Gas:       N2

Referenced to 0° C and 760 TORR
MKS Instruments, Inc.             Made in the USA

1179A12CR1BV
1179A12CR1BVSerial #: Model #:012345678

RANGE:  100 SCCM GAS:  N2

Figure 7:  Serial Number Label

Control Valve (MFC only)

The Control Valve is a specially constructed solenoid valve in which the armature (moving valve
mechanism) is suspended by two springs.  This arrangement ensures that no friction is present
and makes precise control possible.  The 1179 controller has the valve normally closed, the
control current is used to lift the armature from the seat, allowing a controlled flow of gas.
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Chapter Four:  Operation

How To Start Up the MFC/MFM

1. Leak test the fittings on the MFC/MFM using standard leak test procedures.

Do not proceed to the next step until you are certain that there is no gas leakage.

2. Plug the power supply/readout cable (MKS or customer-supplied) into the connector
(either a 9-pin Type “D”, 15-pin Type “D” or a PC Edge Card connector) located at the
top of the flow controller.

Plug the other end of the cable into an MKS or MKS-compatible power supply/readout
unit.

3. Apply power to the MFC/MFM instrument.

When power is first applied, the output signal jumps to + 7.5 VDC.

You can monitor the flow output signal as the heaters stabilize and the output approaches
zero.  Approximately 2 minutes after power up, the output signal should be within
10 mV (0.2% F.S.) of the final voltage at all specified flow rates.

Warning If the instrument is being used to control dangerous gases,
be sure that the system is fully warmed up before applying
gases to the system.  You may choose to install a positive
shutoff valve to prevent inadvertent gas flow during the
warm-up period.

Once the MFC/MFM is completely warmed up, you can proceed to zero the unit as
required.
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How To Zero the Flow Controller

Ensure that no gas flow is entering the flow controller.

1. Apply gas, at a regulated pressure, to the flow controller.

2. If your system includes a positive shutoff valve, located either upstream or downstream
of the instrument, close it.

3. For an MFC:  Command the control valve open by sending a full scale set point (5
VDC) signal, or:

15-pin Type “D” connector:  Connect pin 4 (valve open) to pin 11 or 12 (signal ground).

9-pin Type “D” connector:  Supply +5 Volts to pin 1 (to open the valve).

Edge Card connector:  Connect pin D (valve open) to pins 10, B, or C (signal ground).

A positive flow may occur momentarily while the gas pressure equalizes across the flow
controller.

Note A set point command signal greater than 50 mV (1% of full scale) is
required for the flow controller to generate an output.

For an MFM:  Skip to step 2 in Adjust the Zero Pot

Adjust the Zero Pot

1. For an MFC:  Once flow through the controller has stopped (reached zero flow), remove
the set point or valve open command.

2. Turn the Zero pot (located on the inlet side of the flow controller) until the readout
displays zero.

Refer to Figure 1, page 27, for the location of the Zero pot.

If you are using an MKS power supply/readout unit, the flow controller can also be
zeroed at the front panel of the readout unit.

Note A DeviceNet  MFC/MFM does not have a zero pot,  use the zero offset
command instead.

3. Open the positive shutoff valve.

An MFC may indicate a small, positive flow (<1.0% F.S.) due to a leak through its
control valve.  However, do not “zero out” this flow since it represents an actual flow
measurement inherent in the system.
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How To Adjust the Controller Gain (MFC only)

Adjust the controller gain if the flow signal oscillates.  Reducing the controller gain will reduce
the signal oscillation.  The controller gain adjustment pot is located on the upstream side of the
controller.

• To decrease flow signal oscillation:  Turn the controller gain counter-clockwise to
decrease the controller gain setting.

Note Lowering the supply pressure to the MFC will have the same effect as
decreasing the gain since it will reduce the overflow/underflow effect of
the valve.

If the MFC responds too slowly to a change in set point, you may need to increase the controller
gain slightly.  To increase the controller gain, turn the controller gain pot clockwise.
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How To Override the Valve (MFC only)

The valve override feature enables the control valve to be fully opened (purged) or closed
independent of the set point command signal.  Refer to Table 8, page 34, or Table 7, page 33, for
the appropriate pin locations.

If the 1179 flow controller is equipped with a 15-pin Type “D” connector:

To open the valve, apply a TTL low to pin 4 or connect pin 4 to signal ground (pin 12).

To close the valve, apply a TTL low to pin 3 or connect pin 3 to signal ground (pin 12).

If the 1179 flow controller is equipped with a 9-pin Type “D” connector:

To open the valve, apply a +5 Volt signal to pin 1.

To close the valve, apply ground to pin 1.

Note To control with a TTL signal, use a tri-stated device.

If the 1179 flow controller is equipped with an Edge Card connector:

To open the valve, apply a TTL low to pin D or connect pin D to signal ground (pin 10).

To close the valve, apply a TTL low to pin L or connect pin L to signal ground (pin 10).

Priority of the Commands

The 1179 flow controller executes commands based on a hierarchical command structure.  The
highest priority command is Valve Open, followed by Valve Close, and Set Point Control.
Therefore, if the flow controller is operating under Set Point Control, you can send a Valve Open
command to force the valve to the full open position.

Note When both the Valve Close and Valve Open pins are pulled down, the
Valve Open command takes precedence and the valve is moved to the
open position.
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How To Use the Optional Input (MFC only)

The 1179 and 2179 units provide an optional input feature which allows them to control flow
based on 0 to 5 V signals from external sensing devices.  A common application of this feature is
pressure control using inputs from a pressure transducer.

Implement the optional feature by simply routing the output from the desired external device to
the appropriate “optional input” position for the particular connector.  Refer to Table 8, page 34,
and Table 7, page 33, for the pinout assignments.  Voltage to the optional input overrides the
signal generated by the unit’s own internal flow sensor.  The control electronics drives the valve
so that the optional input signal matches the set point.  Provide the 0 to 5 V set point to the same
input pin as in standard flow control.

Metered flow output is still available on the standard output pin identified in the applicable pin
assignments.  Refer to Table 8, page 34, and Table 7, page 33, for the pinout assignments.
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Chapter Five:  Theory of Operation

General Information

The 1179 Flow Controller measures the mass flow rate of a gas and controls the flow rate
according to a given set point.  The control range is from 2 to 100% of Full Scale (F.S.) with an
accuracy of ± 1% of F.S.

Flow Path

Upon entering the flow controller, the gas stream passes first through the metering section of the
instrument for its mass flow to be measured.  The gas moves on through the control valve for its
rate of flow to be regulated according to the given set point, and then exits the instrument at the
established rate of flow.

The metering section consists of one of the following:

• A sensor tube for ranges < 10 sccm (N2 equivalent)

• A sensor tube and parallel bypass for ranges > 10 sccm (N2 equivalent)

The geometry of the sensor tube, in conjunction with the specified full scale flow rate, ensures
fully developed laminar flow in the sensing region.  The bypass elements, in those instruments
containing them, are specifically matched to the characteristics of the sensor tube to achieve a
laminar flow splitting ratio which remains constant throughout each range.

Measurement Technique

The flow measurement is based on differential heat transfer between temperature sensing heater
elements which are attached symmetrically to the sensor tube.  This senses the thermal mass
movement which is converted to mass flow via the specific heat, Cp, of the gas.  The resulting
signal is amplified to provide a 0 to 5 VDC output which is proportional to mass flow.
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Control Circuitry

The controller employs the above measurement technique and utilizes a control circuit that
provides drive current for the proportioning control valve.  The flow controller accepts a
0 to 5 VDC set point signal, compares it to its own flow signal, and generates an error voltage.
This error signal is then conditioned by a PID (Proportional-Integral-Derivative) algorithm and
amplified so that it can reposition the controlling valve, thus reducing the controller error to
within the resolution specification of the instrument.

Since the control valve is normally closed, the 1179 unit pulls the plug away from the seat to
regulate the gas flow rate.
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Chapter Six:  Maintenance

General

In general, no maintenance is required other than proper installation and operation, and zero
adjustment.  If a controller fails to operate properly upon receipt, check for shipping damage, and
check the power/signal cable for correct continuity.  Any damage should be reported to the
carrier and MKS Instruments immediately.  If there is no obvious damage and the continuity is
correct, obtain an ERA Number (Equipment Return Authorization Number) before returning the
unit to MKS Instruments for service.

Zero Adjustment

For best accuracy and repeatability, you should check the zero setting periodically and reset it, if
necessary.  Refer to How To Zero the Flow Controller, page 40, for instructions on setting the
zero.  The frequency of checking the zero is dependent on the specific accuracy and repeatability
required by your process.  It is also recommended that the instrument be recalibrated annually if
no other time interval has been specifically established.  Refer to the inside of the back cover of
this instruction manual for a complete list of MKS Calibration and Service centers.
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Repair

Contact any authorized MKS Sales Office or Calibration and Service Center should you
encounter any difficulties or problems using your flow controller.

Note If it is necessary to return the instrument to MKS for repair, please
contact any of the MKS international service/calibration centers listed on
the inside of the back cover of this manual for an ERA (Equipment
Return Authorization) number to expedite handling and ensure proper
servicing of your instrument.
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Chapter Seven:  Troubleshooting

Troubleshooting Chart

Symptoms Possible Cause Remedy

No output or overrange at
zero (after warm-up)

Improper cable

Valve override function
applied

Electronics malfunctioning

Check cable for type

Disconnect valve override

Return for service

Unit indicates a negative flow Unit installed in gas stream
backwards

Reinstall unit in proper flow
direction

Controller does not track set
point

Improper zero adjustment Zero meter output, according
to How To Zero the Flow
Controller, page 40.

Controller does not function Electronics malfunctioning

Valve sticking

Return for service

Readjust the valve, following
the instructions in How To
Adjust the Valve Preload,
page 50.

Oscillation Too high a controller gain
setting

Incorrect upstream pressure
regulator

Upstream pressure too high

Reduce (turn counter-
clockwise)

Check manufacturers’
specifications

Reduce upstream pressure

Excessive closed conductance Inadequate valve preload Readjust the valve, according
to How To Adjust the Valve
Preload, page 50.

Unit does not achieve full
flow

Upstream pressure too low

Excessive valve preload

Increase upstream pressure

Readjust the valve, according
to How To Adjust the Valve
Preload, page 50.

Table 9:  Troubleshooting Chart
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How To Adjust the Valve Preload (MFC only)

Warning Before performing MFC valve adjustments, you MUST purge
your process equipment and the MFC with an inert gas, such
as argon or nitrogen, and isolate the MFC from toxic and
hazardous gases.  Use an inert surrogate gas while adjusting
the valve preload as a safeguard against inadvertent
exposure to any toxic or hazardous gas.  A release of
hazardous or toxic gas  could cause serious injury.  If
necessary, remove the MFC from the process equipment to
adjust the valve.

Questions concerning the safe handling of toxic or hazardous
gases may be answered by consulting your corporate policy,
a government agency such as OSHA or NIOSH, or experts
familiar with your process gas.

MKS assumes no liability for safe handling of toxic or
hazardous gases.

Caution All valves are adjusted at the factory for proper leak integrity and
flow control response.  Adjust the valve only if the Troubleshooting
Chart, page 49, recommends that you do so.

This procedure requires the following equipment:

•  Any special safety equipment necessary to handle the gas in use

•  3/32” allen wrench for retaining screws (4-40 socket head cap screws)

•  3/16 ” allen wrench for the centershaft

•  9/16 ” wrench for the lock nut

•  Digital Multi Meter (DMM)
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1. Disconnect the cable to power down the unit.

2. Use a 3/32” allen wrench to remove the enclosure retaining screws.  Remove the enclosure
cover.

Figure 8 shows the location of the retaining screws.

Retaining Screws

Figure 8:  Location of the Retaining Screws

3. Reconnect the cable to power up the unit.

4. Set your processing system to supply the MFC with a non-hazardous gas (Ar, N2, or He)
and purge thoroughly.

Warning You MUST use a “safe” gas while making any valve
adjustments to safeguard against inadvertent exposure to
any toxic or hazardous gas.  DO NOT adjust the valve while a
hazardous or toxic gas is flowing through the MFC.

If you cannot use a “safe” gas within your processing system, remove the MFC and
purge the unit as required by your corporate policies and any appropriate safety
procedures.  Once the unit is purged properly perform the valve adjustment outside of the
system, maintaining the same orientation (flow direction) as used in the processing
system.

Choose a “safe” gas with a similar molecular weight as the actual process gas.  More
specifically, helium is best used as a substitute for other very light gases such as
hydrogen.
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5. Set the gas supply regulator to the maximum expected operating pressure of your
processing system.

Warning Follow your corporate policy on handling toxic or hazardous
gases.  Your corporate policy on handling these gases
supersedes the instructions in this manual.  MKS assumes no
liability for the safe handling of such materials.

If appropriate, remove the MFC from the process tool and
make the adjustments using a surrogate gas.

6. Close all isolation valves in the system, both upstream and downstream of the MFC.

7. Zero the unit, following the instructions in How To Zero the Flow Controller, page 40.

8. Disconnect one electrical valve lead from its post on the PC Control board and connect a
DMM in series.  Set the DMM to measure current in the 10 to 100 mA range.

9. Open all upstream and downstream isolation valves in the system.

10. Hold the centershaft in place with a 3/16 ” allen wrench and loosen the jam nut using a 9/16”
crescent wrench.

Refer to Figure 9 for the location of the lock nut and centershaft.

Jam Nut Centershaft

Valve Coil 
Enclosure

Figure 9:  Location of the Lock Nut and Centershaft

11. Provide a set point input signal to the MFC of 0.25 Volts to represent 5% flow.
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12. Slowly turn the centershaft while monitoring the DMM:  clockwise rotation increases the
current required to open the valve; counterclockwise rotation decreases it.  Adjust to a
target value of 25 mA, except for 10, 20, and 50 sccm units containing Viton, Buna-N,
or Neoprene elastomers which require 20 mA preload.

Note Always make adjustments by turning counterclockwise first and then
turning clockwise to the proper setting.  This procedure ensures that the
adjustment will remain fixed when you retighten the lock nut.

Caution Do not overturn the centershaft!  Excessive turning may damage the
plug and cause poor closed conductance and flow control.

13. Holding the centershaft in place, re-tighten the jam nut.  As you tighten the jam nut,
monitor the DMM to ensure that the current remains within 1 mA of the target value.

14. Change the set point input signal to 0.0 Volts.

15. Monitor the MFC output to verify that the valve closed conductance is within
specification.

Refer to Appendix A:  Product Specifications, page 57, for the valve closed conductance
specification.  If the valve fails to meet the closed conductance specification, return the
unit to MKS for service.

16. Change the inlet pressure to the minimum expected in use.

17. Change the set point input signal to 5.0 Volts (100% of full scale).
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18. Observe the MFC output and control valve current.  Record the valve current.

The MFC output should be 5.0 Volts (100%) and the valve current no greater than the
limits in Table 10.  If the valve current exceeds these limits, return the unit to MKS for
service.

Maximum Valve Currents

UUT Flow Capacity
(N2 Equivalent)

Maximum Valve Current at
100% Set Point and Minimum Pressure

50 sccm and under 39 milliAmps

100 to 500 sccm 45 milliAmps

1000 sccm and above 51 milliAmps

Table 10:  Maximum Valve Currents

19. Re-adjust the Valve Current Limit Potentiometer, R85.

a. Find the current limiting potentiometer, R85, on the PC board.

Refer to Figure 10, page 55.  R85 is located in the top right hand corner of the board.
It is the only black potentiometer on the board and is much smaller than the others.

b. Determine the required valve current limit by adding the appropriate headroom from
Table 11 to the valve current recorded in Step 18.

Valve Current Headroom

UUT Flow Capacity
(N2 Equivalent)

Required Valve Current
Headroom

50 sccm and under 24 milliAmps

100 to 500 sccm 18 milliAmps

1000 sccm and above 12 milliAmps

Table 11:  Valve Current Headroom

c. Provide a 5 V set point signal and turn the gas supply off.

d. When the indicated flow output has dropped to zero, adjust R85 until the required
valve current limit is obtained.  Note that counterclockwise rotation increases the
maximum current, while clockwise rotation decreases it.

20. Remove the DMM and reconnect the valve lead.

21. Reposition the enclosure over the unit and tighten the retaining screws.

22. Reconnect the cable.
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Current Limiter
R85 Potentiometer

Figure 10:  Location of the R85 Potentiometer on the PC Board
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Appendix A:  Product Specifications

Performance Specifications

Accuracy1 ± 1% F.S.

CE Compliance2, 3 EMC Directive 89/336/EEC

Control Range (MFC only) 2.0 to 100% F.S.

Controller Settling Time4 (MFC only) <2 seconds (to within 2% of set point)

Full Scale Ranges (nitrogen equivalent) 10, 20, 50, 100, 200, 500, 1000, 2000, 5000,
10,000, 20,000, 30,000 sccm

Maximum Inlet Pressure 150 psig

Operational Differential Pressure5

≤ 5000 sccm

10,000 to 30,000 sccm

10 to 40 psid

15 to 40 psid

Pressure Coefficient 0.02% Rdg./psi

Repeatability (MFC only) ± 0.2% F.S.

Resolution (measurement) 0.1% F.S.

Temperature Coefficients

Zero

Span

< 0.05% F.S./° C (500 ppm)

<0.08% of Rdg/° C (800 ppm)

Warm up Time (to within 0.2% of steady-state) 2 minutes

                                                  

1Includes non-linearity, hysteresis, and non-repeatability referenced to 760 mmHg and 0° C.

2An overall metal braided, shielded cable, properly grounded at both ends, is required during use.

3Units with Edge Card connectors are not CE compliant.

4Controller settling time per SEMI E17-91, specified for flows starting from 0 to 10% (or greater) F.S.

5Operational differential pressure is referenced to an MFC outlet pressure at atmosphere.
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Environmental Specifications
Storage Humidity Range 0 to 95% relative humidity, non-condensing

Operating Temperature 0° to 50° C (32° to 122° F)

Storage Temperature -20° to 50° C (-4° to 122° F)

Electrical Specifications
Connector Options 9-pin Type “D”, 15-pin Type “D” 20-pin Edge

Card, Digital RS-485, Digital DeviceNet

Input Voltage/Current Required

Maximum at Start Up (first 5 seconds)6

Typical at Steady State

±15 VDC (±5%) @ 200 mA

±15 VDC (±5%) @ 100 mA

Output Impedance < 1 ohm

Output Signal/Minimum Load 0 to 5 VDC into > 10K ohm

Set Point Command Signal (MFC only) 0 to 5 VDC from < 20K ohm

                                                  

6Add 100 mA to start up current if the valve is energized.
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Physical Specifications

Body (height x width x length) without ≤
fittings

<5.5 in x ≤ 1.5 in x 3 in
<14.0 cm x ≤ 3.8 cm x 7.6 cm

Fittings Swagelok®   4-VCR® male compatible
Swagelok 4-VCO® (male) compatible,
¼” Swagelok compatible

Internal Surface Area (500 sccm unit) 7.7 in2  (49.7 cm2)

Internal Volume (500 sccm unit) 0.27 in3  (4.43 cm3)

Leak Integrity

External (scc/sec He)

Through closed valve (MFC only)

< 1 x 10-9

< 1.0% F.S. @40 psi

Materials Wetted

Body and Valve Seat

Seals

316L SST, nickel, Elgelloy

Viton®, Buna-N, Kalrez® Neoprene, all-metal

Weight≤ ≤1.9 lbs (0.86 kg)

Due to continuing research and development activities, these product specifications are subject to change without notice.
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Appendix B:  Model Code Explanation

Model Code

Use the MKS Type 1179 Mass-Flo® Controller (MFC) when both gas flow control and
measurement are required.  The instrument is available with the flow control valve in a normally
closed configuration.  Use the MKS Type 179 Mass-Flo® Meter (MFM) when only gas
measurement is required.

The desired instrument and options are identified in the model code when you order the
unit.  All parts of the product code apply to both the mass flow controller and the mass
flow meter.

The model code is identified as follows:

XXXXAXXXYZCA

where:

Type Number

Full Scale Range

Fittings

Connector

Seals

Z ACXXX Y1179A

Valve

Type Number (XXXXA)

This designates the model number of the instrument.

The mass flow controller is identified as the Type 1179A.

The mass flow controller and a positive shutoff valve is identified as the Type 2179A.

The mass flow meter is identified as the Type 179A.
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Full Scale Range - sccm of Nitrogen (XXX)

The full scale range is indicated by a two digit / one letter code.

Ordering Code

10 11C

20 21C

50 51C

100 12C

200 22C

500 52C

1,000 13C

2,000 23C

5,000 53C

10,000 14C

20,000 24C

Fittings (Y)

Three types of fittings are available, designated by a single letter code.

Ordering Code

Swagelok 4-VCR Male R

Swagelok 4-VCO Male G

Swagelok ¼” tube S

Length adapter with VCR fittings L

Length adapter with Swagelok fittings W

Valve (Z)

Two valve configurations are available, designated by a single number code.

Ordering Code

Normally Closed (Type 1179 MFC only) 1

No Valve (Type 179 MFM only) 3



Appendix B:  Model Code Explanation Model Code

63

Connector (C)

The type of connector is indicated by a single code.

Ordering Code

9-pin Type “D” A

15-pin Type “D” B

20-pin Edge Card C

Digital RS-485 5

Digital, DeviceNet* 6

* Consult factory for availability

Seals (A)

The seal material is indicated by a single letter code.

Ordering Code

Viton, standard V

Neoprene (with Kel-F plugs) N

Buna-N (with Kel-F plugs) B

Kalrez (with Kel-F plugs) K

All-metal (Type 179 MFM only) M

How To Order a Mass Flow Controller

To order the Type 1179 MFC with a 500 sccm full scale range, Swagelok 4-VCR fittings, a
normally closed valve, 15-pin Type “D” connector, and Viton sealing materials, the product
code is:

1179A  52C  R  1  B  V

How To Order a Mass Flow Meter

To order the Type 179 MFM with a 500 sccm full scale range, Swagelok 4-VCR fittings, 15-pin
Type “D” connector, no valve, and all-metal sealing materials, the product code is:

179A  52C  R  3  B  M
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Appendix C:  Gas Correction Factors

Common Gases

GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Air

Ammonia

- - -

NH3

0.240

0.492

1.293

0.760

1.00

0.73

Argon

Arsine

Boron Trichloride

Bromine

Ar

AsH3

BCl3

Br2

0.1244

0.1167

0.1279

0.0539

1.782

3.478

5.227

7.130

1.391

0.67

0.41

0.81

Carbon Dioxide

Carbon Monoxide

Carbon Tetrachloride

Carbon Tetraflouride

(Freon - 14)

Chlorine

CO2

CO

CCl4

CF4

Cl2

0.2016

0.2488

0.1655

0.1654

0.1144

1.964

1.250

6.86

3.926

3.163

0.701

1.00

0.31

0.42

0.86

Chlorodifluoromethane

(Freon - 22)

Chloropentafluoroethane

(Freon - 115)

Chlorotrifluoromethane

(Freon - 13)

Cyanogen

Deuterium

CHClF2

C2ClF5

CClF3

C2N2

D2

0.1544

0.164

0.153

0.2613

1.722

3.858

6.892

4.660

2.322

0.1799

0.46

0.24

0.38

0.61

1.00

Diborane

Dibromodifluoromethane

B2H6

CBr2F2

0.508

0.15

1.235

9.362

0.44

0.19

Dichlorodifluoromethane

(Freon - 12)

Dichlorofluoromethane

(Freon - 21)

Dichloromethysilane

CCl2F2

CHCl2F

(CH3)2SiCl2

0.1432

0.140

0.1882

5.395

4.592

5.758

0.35

0.42

0.25

(Table continued on next page)
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GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Dichlorosilane

1,2-Dichlorotetrafluoroethane

(Freon - 114)

1,1-Difluoroethylene

(Freon - 1132A)

2,2-Dimethylpropane

Ethane

SiH2Cl2

C2Cl2F4

C2H2F2

C5H12

C2H6

0.150

0.160

0.224

0.3914

0.4097

4.506

7.626

2.857

3.219

1.342

0.40

0.22

0.43

0.22

0.50

Fluorine

Fluoroform

(Freon - 23)

Freon - 11

Freon - 12

Freon - 13

F2

CHF3

CCl3F

CCl2F2

CClF3

0.1873

0.176

0.1357

0.1432

0.153

1.695

3.127

6.129

5.395

4.660

0.98

0.50

0.33

0.35

0.38

Freon - 13 B1

Freon - 14

Freon - 21

Freon - 22

Freon - 23

CBrF3

CF4

CHCl2F

CHClF2

CHF3

0.1113

0.1654

0.140

0.1544

0.176

6.644

3.926

4.592

3.858

3.127

0.37

0.42

0.42

0.46

0.50

Freon - 113

Freon - 114

Freon - 115

Freon - 116

Freon - C318

C2Cl3F3

C2Cl2F4

C2ClF5

C2F6

C4F8

0.161

0.160

0.164

0.1843

0.185

8.360

7.626

6.892

6.157

8.397

0.20

0.22

0.24

0.24

0.17

Freon - 1132A

Helium

Hexafluoroethane

(Freon - 116)

Hydrogen

Hydrogen Bromide

C2H2F2

He

C2F6

H2

HBr

0.224

1.241

0.1843

3.419

0.0861

2.857

0.1786

6.157

0.0899

3.610

0.43

.- - -2

0.24

.- - -2

1.00

(Table continued on next page)
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GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Hydrogen Chloride

Hydrogen Fluoride

Isobutylene

Krypton

Methane

HCl

HF

C4H8

Kr

CH4

0.1912

0.3479

0.3701

0.0593

0.5328

1.627

0.893

2.503

3.739

 0.715

1.00

1.00

0.29

1.543

0.72

Methyl Fluoride

Molybdenum Hexafluoride

Neon

Nitric Oxide

Nitrogen

CH3F

MoF6

Ne

NO

N2

0.3221

0.1373

0.246

0.2328

0.2485

1.518

9.366

0.900

1.339

1.250

0.56

0.21

1.46

0.99

1.00

Nitrogen Dioxide

Nitrogen Trifluoride

Nitrous Oxide

Octafluorocyclobutane

(Freon - C318)

Oxygen

NO2

NF3

N2O

C4F8

O2

0.1933

0.1797

0.2088

0.185

0.2193

2.052

3.168

1.964

8.937

 1.427

.- - -2

0.48

0.71

0.17

0.993

Pentane

Perfluoropropane

Phosgene

Phosphine

Propane

C5H12    

C3F8

COCl2

PH3

C3H8

0.398

0.194

0.1394

0.2374

0.3885

3.219

8.388

4.418

1.517

1.967

0.21

0.17

0.44

0.76

0.36

Propylene

Silane

Silicon Tetrachloride

Silicon Tetrafluoride

Sulfur Dioxide

C3H6

SiH4

SiCl4

SiF4

SO2

0.3541

0.3189

0.1270

0.1691

0.1488

1.877

1.433

7.580

4.643

2.858

0.41

0.60

0.28

0.35

0.69

(Table continued on next page)
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GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Sulfur Hexafluoride

Trichlorofluoromethane

(Freon - 11)

Trichlorosilane

1,1,2-Trichloro - 1,2,2-Trifluoroethane

(Freon - 113)

Tungsten Hexafluoride

Xenon

SF6

CCl3F

SiHCl3

CCl2FCClF2 or

(C2Cl3F3)

WF6

Xe

0.1592

0.1357

0.1380

0.161

0.0810

0.0378

6.516

6.129

6.043

8.360

13.28

5.858

0.26

0.33

0.33

0.20

0.25

1.32

1Empirically defined 2Consult MKS Instruments, Inc. for special applications.

NOTE:     Standard Pressure is defined as 760 mmHg (14.7 psia). Standard Temperature is defined as 0oC.
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Appendix D:  MFC Sizing Guidelines

General Information

To select the correct MFC for an application, you must determine the:

• flow controller range

• appropriate valve configuration

The flow controller range depends on the desired flow rate and the gas correction factor for the
gas to be used.  MKS states the flow controller ranges based on flow rate of nitrogen; the flow
rate for other gases may vary.

The proper valve configuration depends upon the flow range, inlet pressure, differential pressure
across the unit, and density of the gas.  Proper valve configurations have been established for all
standard flow ranges flowing nitrogen under standard operating pressures.  These configurations
are suitable for virtually all gases and pressure conditions.
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How To Determine the Flow Controller Range

The Type 1179 controller is available in ranges of 10, 20, 50, 100, 200, 500, 1000, 2000, 5000,
10,000, 20,000, and 30,000 sccm (N2 equivalent).  To select the appropriate range, you must
determine the flow rate of nitrogen that is equivalent to the flow rate of the desired gas.
Calculate the ratio of the GCF of nitrogen (1.00) to the GCF of the desired gas (refer to
Appendix C:  Gas Correction Factors, page 65) as shown in the following example.

Example:

You need a flow rate of 250 sccm of argon (Ar).  What range flow controller should you use?

1. Find the Gas Correction Factor of Ar (refer to Appendix C:  Gas Correction Factors,
page 65).

The GCF for Ar is 1.41.

2. Insert the GCF of Ar in the following formula:

( )GCF of N2

( )GCF of Ar
   =   

( )x
( )Desired flow rate of Ar

where  x  is the equivalent flow rate of nitrogen (sccm).

J a m  N u t C e n t e r s h a f t

V a l v e  C o i l  
E n c l o s u r e

x   =   177 sccm N2

A flow rate of 250 sccm of Ar will produce a flow rate equivalent to 177 sccm of N2.  This falls
within the range of a 200 sccm flow controller.

When calculating equivalent N2 flows using gas correction factors, be sure to use a flow
controller with a sufficient flow rate range.  For example, if the calculated equivalent N2 flow in
the example shown above is 205 sccm, use a 500 sccm flow controller.  The 500 sccm instrument
can then be calibrated such that 205 sccm N2 = full scale.

Note When using a gas with a density higher than nitrogen, be sure that the
control valve Full Scale range can accommodate the desired flow rate.
Please call the MKS Applications group if you have any questions.
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How To Determine the Valve Configuration

1. Determine the maximum flow coefficient (Cv), for the gas of interest, using the equation:

 

CV (max) =     Max. Flow Rate, sccm Cv Pressure Factor 
1.293

Gas Density(        )(            ) (          )
 where:

 Gas Density is listed in Appendix C:  Gas Correction Factors, page 65.

 Cv Pressure Factor is listed in Table 12, page 71.

Cv Pressure Factors (multiplied by 100,000)

P1
(psia)

Differential Pressure (psid)

50 40 30 20 15 10 5 2 1 0.5

165 0.042 0.046 0.052 0.063 0.072 0.087 0.122 0.192 0.272 0.384

150 0.044 0.048 0.055 0.066 0.075 0.092 0.128 0.202 0.285 0.403

125 0.049 0.054 0.061 0.073 0.083 0.101 0.141 0.221 0.312 0.441

100 0.058 0.062 0.069 0.082 0.094 0.113 0.158 0.248 0.349 0.493

75 0.077 0.077 0.082 0.097 0.110 0.132 0.183 0.286 0.404 0.570

50 0.116 0.116 0.116 0.123 0.138 0.164 0.226 0.352 0.495 0.699

30   0.194 0.194 0.194 0.220 0.297 0.458 0.642 0.904

25    0.232 0.232 0.246 0.329 0.503 0.704 0.991

20    0.291 0.291 0.291 0.373 0.565 0.789 1.109

15     0.387 0.387 0.441 0.659 0.915 1.283

10      0.578 0.581 0.821 1.131 1.578

5       1.156 1.232 1.643 2.261

2        2.890 2.905 3.725

1         5.779 5.811

Table 12:  Cv Pressure Factors
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2. Select the valve configuration with the Cv value that is closest to, though larger than, the
Cv value calculated in step 1.

The Cv value represents the maximum flow rate for the unit.  Choose the valve
configuration above your calculated Cv value to ensure that the unit can deliver the
required flow.

Valve Configuration Selection Guide

Valve Configuration Nominal Range (N2) sccm Cv x 105

1 10 2.44

2 20 4.88

3 50 12.21

4 100 24.42

5 200 48.84

6 500 122.11

7 1000 244.22

8 2000 488.44

9 5000 1221.11

10 10000 1924.47

11 20000 3848.94

12 30000 5773.41

Table 13:  Valve Configuration Selection Guide
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Example

Suppose you need to flow boron trichloride at a rate of 250 sccm and the inlet pressure is 20 psia.
Your process runs at atmospheric pressure, so the differential pressure is 5 psid.

1. Determine the maximum flow factor (Cv) for the gas of interest, using the equation listed
in step 1, on page 71.

 The Gas Density for boron trichloride, listed in Appendix C:  Gas Correction Factors, page
65, is 5.227.  The Cv Pressure Factor, read from Table 12, page 71, for a 20 psia inlet
and 5 psid differential pressure, is 0.373.  Therefore, our equation becomes:

CV (max) =      250 sccm
1.293
5.227(        )(     ) (    )0.373 

Cv =187.5

2. Select the valve configuration with a Cv value that is closest to, though larger than, the
Cv value calculated in step 1.

A Cv value of 187.5 falls between 122.11 (configuration 6) and 244.22 (configuration 7).
To ensure that the unit can deliver the 250 sccm flow, choose configuration 7.
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Appendix E:  Positive Shutoff Valve Information

How To Operate the Positive Shutoff Valve

The Type 2179 mass flow controller includes a NUPRO  positive shutoff valve.  The positive
shutoff valve is a normally closed, air actuated valve, therefore, you must connect an air supply
to operate the valve.  The air supply should be between 70 and 80 psig.

The valve opens when air is supplied to the valve; the air pressure must be released for the valve
to close.  NUPRO offers several 2-way solenoid valves which can serve this purpose.  When the
solenoid is energized, the air pressure is applied to the actuator of the positive shutoff valve, so
the valve opens.  When the solenoid is de-energized, the air supply is disconnected from the
positive shutoff valve and the actuator is vented to atmosphere, so the valve closes.

Suitable NUPRO solenoid valves are listed in Table 14.

Suitable Two-Way Solenoid Valves

For BN Valves All Others Operating Voltage

MS-SOL-1K-BN MS-SOL-1K 24 VDC

MS-SOL-2K-BN MS-SOL-2K 110/120 VAC

MS-SOL-3K-BN MS-SOL-3K 24 VAC

MS-SOL-4K-BN MS-SOL-4K 12 VDC

MS-SOL-5K-BN MS-SOL-5K 220/240 VAC

MS-SOL-6K-BN MS-SOL-6K 5 VDC

Table 14:  Suitable Two-Way Solenoid Valves
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Figure 11 shows how to connect the 2179 MFC to the solenoid valve.

Power Supply

Air Supply

Vent

Solenoid Valve

Type 2179 MFC

Figure 11:  Connecting the Type 2179 MFC to a Solenoid Valve
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WARRANTY
Type 247D Equipment

MKS Instruments, Inc. (MKS) warrants that the equipment described above (the

“equipment”) manufactured by MKS shall be free from defects in materials and

workmanship for a period of one year from date of shipment and will for a period of two

years from the date of shipment, correctly perform all date-related operations, including

without limitation accepting data entry, sequencing, sorting, comparing, and reporting,

regardless of the date the operation is performed or the date involved in the operation,

provided that, if the equipment exchanges data or is otherwise used with equipment,

software, or other products of others, such products of others themselves correctly

perform all date-related operations and store and transmit dates and date-related data

in a format compatible with MKS equipment.  THIS WARRANTY IS MKS’ SOLE

WARRANTY CONCERNING DATE-RELATED OPERATIONS.

For the period commencing with the date of shipment of this equipment and ending one

year later in the case of defects in materials and workmanship, but two years later in the

case of failure to comply with the date-related operations warranty, MKS will, at its

option, either repair or replace any part which is defective in materials or workmanship

or with respect to the date-related operations warranty without charge to the purchaser.

The foregoing shall constitute the exclusive and sole remedy of the purchaser for any

breach by MKS of this warranty.

The purchaser, before returning any equipment covered by this warranty, which is

asserted to be defective by the purchaser, shall make specific written arrangements

with respect to the responsibility for shipping the equipment and handling any other

incidental charges with the MKS sales representative or distributor from which the

equipment was purchased or, in the case of a direct purchase from MKS, with the MKS

home office in Andover, Massachusetts, USA.

This warranty does not apply to any equipment which has not been installed and used

in accordance with the specifications recommended by MKS for the proper and normal

use of the equipment. MKS shall not be liable under any circumstances for indirect,

special, consequential, or incidental damages in connection with, or arising out of, the

sale, performance, or use of the equipment covered by this warranty.

MKS recommends that all MKS pressure and flow products be calibrated periodically

(typically every 6 to 12 months) to ensure accurate readings.  When a product is

returned to MKS for this periodic re-calibration it is considered normal preventative

maintenance not  covered by any warranty.

THIS WARRANTY IS IN LIEU OF ALL OTHER RELEVANT WARRANTIES,

EXPRESSED OR IMPLIED, INCLUDING THE IMPLIED WARRANTY OF

MERCHANTABILITY AND THE IMPLIED WARRANTY OF FITNESS FOR A

PARTICULAR PURPOSE, AND ANY WARRANTY AGAINST INFRINGEMENT OF

ANY PATENT.
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Safety Information

Symbols Used in This Instruction Manual

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual.

Warning The WARNING sign denotes a hazard.  It calls attention to a
procedure, practice, condition, or the like, which, if not
correctly performed or adhered to, could result in injury to
personnel.

Caution The CAUTION sign denotes a hazard.  It calls attention to an
operating procedure, practice, or the like, which, if not correctly
performed or adhered to, could result in damage to or destruction of
all or part of the product.

Note The NOTE sign denotes important information.  It calls attention to a
procedure, practice, condition, or the like, which is essential to highlight.
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Symbols Found on the Unit

The following table describes symbols that may be found on the unit.

Definition of Symbols Found on the Unit

|

On (Supply) 
IEC 417, No.5007

Off (Supply) 
IEC 417, No.5008

Earth (ground) 
IEC 417, No.5017

Protective earth 
(ground) 

IEC 417, No.5019

Frame or chassis 
IEC 417, No.5020

Equipotentiality 
IEC 417, No.5021

Direct current 
IEC 417, No.5031

Alternating Current  
IEC 417, No. 5032

Both direct and 
alternating Current  

IEC 417, No.5033-a
Class ll equipment 

IEC 417, No.5172-a

Three phase 
alternating Current  

IEC 617-2 No. 020206

Caution, refer to 
accompanying  

documents 
ISO 3864, No. B.3.1

Caution, risk of 
electric shock 

ISO 3864, No. B.3.6
Caution, hot surface 
IEC 417, No. 5041

Table 1:  Definition of Symbols Found on the Unit
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Safety Procedures and Precautions

The following general safety precautions must be observed during all phases of operation of this
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in
this manual violates safety standards of intended use of the instrument and may impair the
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the
customer’s failure to comply with these requirements.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument.
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure
that all safety features are maintained.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not remove instrument covers.  Component replacement and internal
adjustments must be made by qualified service personnel only.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord.  To avoid electrical
shock, plug the power cord into a properly wired receptacle before connecting it to the product
input or output terminals.  A protective ground connection by way of the grounding conductor in
the power cord is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including knobs
and controls that may appear to be insulating) can render an electrical shock.

GROUND AND USE PROPER ELECTRICAL FITTINGS

Dangerous voltages are contained within this instrument.  All electrical fittings and cables must
be of the type specified, and in good condition.  All electrical fittings must be properly connected
and grounded.

USE THE PROPER POWER CORD

Use only a power cord that is in good condition and which meets the input power requirements
specified in the manual.

Use only a detachable cord set with conductors that have a cross-sectional area equal to or greater
than 0.75 mm2.  The power cable should be approved by a qualified agency such as VDE,
Semko, or SEV.
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USE THE PROPER POWER SOURCE

This product is intended to operate from a power source that does not apply more voltage
between the supply conductors, or between either of the supply conductors and ground, than that
specified in the manual.

USE THE PROPER FUSE

Use only a fuse of the correct type, voltage rating, and current rating, as specified for your
product.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive environment unless it has been
specifically certified for such operation.
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Sicherheitshinweise

In dieser Betriebsanleitung vorkommende Symbole

Definition der mit WARNUNG!, VORSICHT! und HINWEIS überschriebenen Abschnitte in
dieser Betriebsanleitung.

Warnung! &CU 5[ODQN 9#4070)� YGKUV CWH GKPG )GHCJTGPSWGNNG JKP� 'U

OCEJV CWH GKPGP #TDGKVUCDNCWH� GKPG #TDGKVUYGKUG� GKPGP

<WUVCPF QFGT GKPG UQPUVKIG )GIGDGPJGKV CWHOGTMUCO� FGTGP

WPUCEJIGO·G #WUHÒJTWPI D\Y� WPIGPÒIGPFG

$GTÒEMUKEJVKIWPI \W -ÌTRGTXGTNGV\WPI HÒJTGP MCPP�

8QTUKEJV� Das Symbol VORSICHT! weist auf eine Gefahrenquelle hin. Es
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung
bzw. Ungenügende Berücksichtigung zu einer Beschädigung oder
Zerstörung des Produkts oder von Teilen des Produkts führen kann.

*KPYGKU Das Symbol HINWEIS weist auf eine wichtige Mitteilung hin, die auf
einen Arbeitsablauf, eine Arbeitsweise, einen Zustand oder eine sonstige
Gegebenheit von besonderer Wichtigkeit aufmerksam macht.
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Am Gerät angebrachte Symbole

Der untenstehenden Tabelle sind die Bedeutungen der Symbole zu entnehmen, die an dem Gerät
angebracht sind.

Definitionen der am Gerät angebrachten Symbole

|
Ein (Netz)

IEC 417, Nr. 5007

Aus (Netz)

IEC 417, Nr. 5008

Erde

IEC 417, Nr. 5017

Schutzleiter

IEC 417, Nr. 5019

Rahmen oder Chassis

IEC 417, Nr. 5020

Äquipotentialanschluß

IEC 417, Nr. 5021

Gleichstrom

IEC 417, Nr. 5031

Wechselstrom

IEC 417, Nr. 5032

Wechselstrom und

Gleichstrom

IEC 417, Nr. 5033-a

Geräteklasse II

IEC 417, Nr. 5172-a

Drehstrom

IEC 617-2 Nr. 020206

Vorsicht! Bitte

Begleitdokumente

lesen!

ISO 3864, Nr. B.3.1

Vorsicht!

Stromschlaggefahr!

ISO 3864, Nr. B.3.6

Vorsicht!

Heiße Fläche!

IEC 417, Nr. 5041

Tabelle 2:  Definitionen der am Gerät angebrachten Symbole



Sicherheitshinweise Sicherheitsvorschriften und Vorsichtsmaßnahmen

7

Sicherheitsvorschriften und Vorsichtsmaßnahmen

Die untenstehenden allgemeinen Sicherheitsvorschriften sind bei allen Betriebs-phasen
dieses Instruments zu befolgen. Jede Mißachtung dieser Sicherheits-vorschriften oder
sonstiger spezifischer Warnhinweise in dieser Betriebsanleitung stellt eine
Zuwiderhandlung der für dieses Instrument geltenden Sicherheits-standards dar und kann
die an diesem Instrument vorgesehenen Schutzvor-richtungen unwirksam machen. MKS
Instruments, Inc. haftet nicht für eine Mißachtung dieser Sicherheitsvorschriften seitens
des Kunden.

Keine Teile austauschen und keine Veränderungen vornehmen!

Bauen Sie in das Instrument keine Ersatzteile ein, und nehmen Sie keine eigenmächtigen
Änderungen am Gerät vor! Schicken Sie das Instrument zu Wartungs- und Reparatur-zwecken an
einen MKS-Kalibrierungs- und -Kundendienst ein! Dadurch wird sicher-gestellt, daß alle
Sicherheitseinrichtungen voll funktionsfähig bleiben.

Wartung nur durch qualifizierte Fachleute!

Das Gehäuse des Instruments darf vom Bedienpersonal nicht geöffnet werden. Das Auswechseln
von Bauteilen und das Vornehmen von internen Einstellungen ist nur von qualifizierten
Fachleuten durchzuführen.

Produkt erden!

Dieses Produkt ist mit einer Erdleitung und einem Schutzkontakt am Netzstecker versehen. Um
der Gefahr eines elektrischen Schlages vorzubeugen, ist das Netzkabel an einer vorschriftsmäßig
geerdeten Schutzkontaktsteckdose anzuschließen, bevor es an den Eingangs- bzw.
Ausgangsklemmen des Produkts angeschlossen wird. Das Instrument kann nur sicher betrieben
werden, wenn es über den Erdleiter des Netzkabels und einen Schutzkontakt geerdet wird.

Gefährdung durch Verlust der Schutzerdung!

Geht die Verbindung zum Schutzleiter verloren, besteht an sämtlichen zugänglichen Teilen aus
stromleitendem Material die Gefahr eines elektrischen Schlages. Dies gilt auch für Knöpfe und
andere Bedienelemente, die dem Anschein nach isoliert sind.
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Erdung und Verwendung geeigneter elektrischer Armaturen!

In diesem Instrument liegen gefährliche Spannungen an. Alle verwendeten elektrischen
Armaturen und Kabel müssen dem angegebenen Typ entsprechen und sich in einwand-freiem
Zustand befinden. Alle elektrischen Armaturen sind vorschriftsmäßig anzubringen und zu erden.

Richtiges Netzkabel verwenden!

Das verwendete Netzkabel muß sich in einwandfreiem Zustand befinden und den in der
Betriebsanleitung enthaltenen Anschlußwerten entsprechen.

Das Netzkabel muß abnehmbar sein. Der Querschnitt der einzelnen Leiter darf nicht weniger als
0,75 mm2 betragen. Das Netzkabel sollte einen Prüfvermerk einer zuständigen Prüfstelle tragen,
z.B. VDE, Semko oder SEV.

Richtige Stromquelle verwenden!

Dieses Produkt ist für eine Stromquelle vorgesehen, bei der die zwischen den Leitern bzw.
zwischen jedem der Leiter und dem Masseleiter anliegende Spannung den in dieser
Betriebsanleitung angegebenen Wert nicht überschreitet.

Richtige Sicherung benutzen!

Es ist eine Sicherung zu verwenden, deren Typ, Nennspannung und Nennstromstärke den
Angaben für dieses Produkt entsprechen.

Gerät nicht in explosiver Atmosphäre benutzen!

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät nicht in der Nähe explosiver
Stoffe eingesetzt werden, sofern es nicht ausdrücklich für diesen Zweck zertifiziert worden ist.
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Informations relatives à la sécurité

Symboles utilisés dans ce manuel d'utilisation

Définition des indications AVERTISSEMENT, ATTENTION et REMARQUE utilisées dans ce
manuel.

#XGTVKUUGOGPV .	KPFKECVKQP #8'46+55'/'06 UKIPCNG WP FCPIGT RQVGPVKGN� 'NNG GUV

FGUVKP¾G ¯ CVVKTGT N	CVVGPVKQP UWT WPG RTQE¾FWTG� WPG WVKNKUCVKQP� WPG

UKVWCVKQP QW VQWVG CWVTG EJQUG RT¾UGPVCPV WP TKUSWG FG DNGUUWTG GP

ECU F	GZ¾EWVKQP KPEQTTGEVG QW FG PQP�TGURGEV FGU EQPUKIPGU�

#VVGPVKQP L'indication ATTENTION signale un danger potentiel. Elle est destinée
à attirer l'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un risque d'endommagement ou de dégât
d'une partie ou de la totalité de l'appareil en cas d'exécution incorrecte
ou de non-respect des consignes.

4GOCTSWG L'indication REMARQUE signale des informations importantes. Elle est
destinée à attirer l'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un intérêt particulier.
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Symboles apparaissant sur l'appareil

Le tableau suivant décrit les symboles apparaissant sur l'appareil.

Définition des symboles apparaissant sur l'appareil

|

Marche (sous tension)

IEC 417, No. 5007

Arrêt (hors tension)

IEC 417, No. 5008

Terre (masse)

IEC 417, No. 5017

Terre de protection

 (masse)

IEC 417, No. 5019

Masse

IEC 417, No. 5020

Equipotentialité

IEC 417, No. 5021

Courant continu

IEC 417, No. 5031

Courant alternatif

IEC 417, No. 5032

Courant continu et

alternatif

IEC 417, No. 5033-a

Matériel de classe II

IEC 417, No. 5172-a

Courant alternatif

triphasé

IEC 617-2 No. 020206

Attention : se reporter

à la documentation

ISO 3864, No. B.3.1

Attention : risque de

secousse électrique

ISO 3864, No. B.3.6

Attention : surface

brûlante

IEC 417, No. 5041

Tableau 3 :  Définition des symboles apparaissant sur l'appareil
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Mesures de sécurité et mises en garde

Prendre toutes les précautions générales suivantes pendant toutes les phases d'utilisation de cet
appareil. Le non-respect de ces précautions ou des avertissements contenus dans ce manuel
entraîne une violation des normes de sécurité relatives à l'utilisation de l'appareil et le risque de
réduire le niveau de protection fourni par l'appareil. MKS Instruments, Inc. ne prend aucune
responsabilité pour les conséquences de tout non-respect des consignes de la part de ses clients.

NE PAS SUBSTITUER DES PIÈCES OU MODIFIER L'APPAREIL

Ne pas utiliser de pièces détachées autres que celles vendues par MKS Instruments, Inc. ou
modifier l'appareil sans l'autorisation préalable de MKS Instruments, Inc. Renvoyer l'appareil à
un centre d'étalonnage et de dépannage MKS pour tout dépannage ou réparation afin de s'assurer
que tous les dispositifs de sécurité sont maintenus.

DÉPANNAGE EFFECTUÉ UNIQUEMENT PAR UN PERSONNEL QUALIFIÉ

L'opérateur de l'appareil ne doit pas enlever le capot de l'appareil. Le remplacement des
composants et les réglages internes doivent être effectués uniquement par un personnel
d'entretien qualifié.

MISE À LA TERRE DE L'APPAREIL

Cet appareil est mis à la terre à l'aide du fil de terre du cordon d'alimentation. Pour éviter tout
risque de secousse électrique, brancher le cordon d'alimentation sur une prise de courant
correctement câblée avant de le brancher sur les bornes d'entrée ou de sortie de l'appareil. Une
mise à la terre de protection à l'aide du fil de terre du cordon d'alimentation est indispensable
pour une utilisation sans danger de l'appareil.

DANGER LIÉ À UN DÉFAUT DE TERRE

En cas de défaut de terre, toutes les pièces conductrices accessibles (y compris les boutons de
commande ou de réglage qui semblent être isolés) peuvent être source d'une secousse électrique.

MISE À LA TERRE ET UTILISATION CORRECTE D'ACCESSOIRES ÉLECTRIQUES

Des tensions dangereuses existent à l'intérieur de l'appareil. Tous les accessoires et les câbles
électriques doivent être conformes au type spécifié et être en bon état. Tous les accessoires
électriques doivent être correctement connectés et mis à la terre.

UTILISATION D'UN CORDON D'ALIMENTATION APPROPRIÉ

Utiliser uniquement un cordon d'alimentation en bon état et conforme aux exigences de puissance
d'entrée spécifiées dans le manuel.
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Utiliser uniquement un cordon d'alimentation amovible avec des conducteurs dont la section est
égale ou supérieure à 0,75 mm2. Le cordon d'alimentation doit être approuvé par un organisme
compétent tel que VDE, Semko ou SEV.

UTILISATION D'UNE ALIMENTATION APPROPRIÉE

Cet appareil est conçu pour fonctionner en s'alimentant sur une source de courant électrique
n'appliquant pas une tension entre les conducteurs d'alimentation, ou entre les conducteurs
d'alimentation et le conducteur de terre, supérieure à celle spécifiée dans le manuel.

UTILISATION D'UN FUSIBLE APPROPRIÉ

Utiliser uniquement un fusible conforme au type, à la tension nominale et au courant nominal
spécifiés pour l'appareil.

NE PAS UTILISER DANS UNE ATMOSPHÈRE EXPLOSIVE

Pour éviter tout risque d'explosion, ne pas utiliser l'appareil dans une atmosphère explosive à
moins qu'il n'ait été approuvé pour une telle utilisation.
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Información sobre seguridad

Símbolos usados en el manual de instrucciones

Definiciones de los mensajes de ADVERTENCIA, PRECAUCIÓN Y OBSERVACIÓN usados
en el manual.

#FXGTVGPEKC 'N UÃODQNQ FG #&8'46'0%+# KPFKEC WP TKGUIQ� 2QPG FG TGNKGXG

WP RTQEGFKOKGPVQ� RT±EVKEC� EQPFKEKÉP� GVE�� SWG� FG PQ

TGCNK\CTUG W QDUGTXCTUG EQTTGEVCOGPVG� RQFTÃC ECWUCT NGUKQPGU C

NQU GORNGCFQU�

2TGECWEKÉP El símbolo de PRECAUCIÓN indica un riesgo. Pone de relieve un
procedimiento, práctica, etc., de tipo operativo que, de no realizarse
u observarse correctamente, podría causar desperfectos al
instrumento, o llegar incluso a causar su destrucción total o parcial.

1DUGTXCEKÉP El símbolo de OBSERVACIÓN indica información de importancia. Pone
de relieve un procedimiento, práctica, condición, etc., cuyo conocimiento
resulta esencial.
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Símbolos que aparecen en la unidad

En la tabla que figura a continuación se indican los símbolos que aparecen en la unidad.

Definición de los símbolos que aparecen en la unidad

|
Encendido

(alimentación eléctrica)

IEC 417, N.° 5007

Apagado

(alimentación eléctrica)

IEC 417, N.° 5008

Puesta a tierra

IEC 417, N.° 5017

Protección a tierra

IEC 417, N.° 5019

Caja o chasis

IEC 417, N.° 5020

Equipotencialidad

IEC 417, N.° 5021

Corriente continua

IEC 417, N.° 5031

Corriente alterna

IEC 417, N.° 5032

Corriente continua y

alterna

IEC 417, N.° 5033-a

Equipo de clase II

IEC 417, N.° 5172-a

Corriente alterna

trifásica

IEC 617-2 N.° 020206

Precaución. Consultar

los documentos

adjuntos

ISO 3864, N.° B.3.1

Precaución. Riesgo

de descarga eléctrica

ISO 3864, N.° B.3.6

Precaución.
Superficie

caliente

IEC 417, N.° 5041

Tabla 4 :  Definición de los símbolos que aparecen en la unidad
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Procedimientos y precauciones de seguridad

Las precauciones generales de seguridad que figuran a continuación deben observarse
durante todas las fases de funcionamiento del presente instrumento. La no observancia de
dichas precauciones, o de las advertencias específicas a las que se hace referencia en el
manual, contraviene las normas de seguridad referentes al uso previsto del instrumento y
podría impedir la protección que proporciona el instrumento. MKS Instruments, Inc., no
asume responsabilidad alguna en caso de que el cliente haga caso omiso de estos
requerimientos.

NO UTILIZAR PIEZAS NO ORIGINALES NI MODIFICAR EL INSTRUMENTO

No se debe instalar piezas que no sean originales ni modificar el instrumento sin autorización.
Para garantizar que las prestaciones de seguridad se observen en todo momento, enviar el
instrumento al Centro de servicio y calibración de MKS cuando sea necesaria su reparación y
servicio de mantenimiento.

REPARACIONES EFECTUADAS ÚNICAMENTE POR TÉCNICOS ESPECIALIZADOS

Los operarios no deben retirar las cubiertas del instrumento. El cambio de piezas y los reajustes
internos deben efectuarlos únicamente técnicos especializados.

PUESTA A TIERRA DEL INSTRUMENTO

Este instrumento está puesto a tierra por medio del conductor de tierra del cable eléctrico. Para
evitar descargas eléctricas, enchufar el cable eléctrico en una toma debidamente instalada, antes
de conectarlo a las terminales de entrada o salida del instrumento. Para garantizar el uso sin
riesgos del instrumento resulta esencial que se encuentre puesto a tierra por medio del conductor
de tierra del cable eléctrico.

PELIGRO POR PÉRDIDA DE LA PUESTA A TIERRA

Si se pierde la conexión protectora de puesta a tierra, todas las piezas conductoras a las que se
tiene acceso (incluidos los botones y mandos que pudieran parecer estar aislados) podrían
producir descargar eléctricas.

PUESTA A TIERRA Y USO DE ACCESORIOS ELÉCTRICOS ADECUADOS

Este instrumento funciona con voltajes peligrosos. Todos los accesorios y cables eléctricos deben
ser del tipo especificado y mantenerse en buenas condiciones. Todos los accesorios eléctricos
deben estar conectados y puestos a tierra del modo adecuado.
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USAR EL CABLE ELÉCTRICO ADECUADO

Usar únicamente un cable eléctrico que se encuentre en buenas condiciones y que cumpla los
requisitos de alimentación de entrada indicados en el manual.

Usar únicamente un cable desmontable instalado con conductores que tengan un área de sección
transversal equivalente o superior a 0,75mm². El cable eléctrico debe estar aprobado por una
entidad autorizada como, por ejemplo, VDE, Semko o SEV.

USAR LA FUENTE DE ALIMENTACIÓN ELÉCTRICA ADECUADA

Este instrumento debe funcionar a partir de una fuente de alimentación eléctrica que no aplique
más voltaje entre los conductores de suministro, o entre uno de los conductores de suministro y
la puesta a tierra, que el que se especifica en el manual.

USAR EL FUSIBLE ADECUADO

Usar únicamente un fusible del tipo, clase de voltaje y de corriente adecuados, según lo que se
especifica para el instrumento.

EVITAR SU USO EN ENTORNOS EXPLOSIVOS

Para evitar el riesgo de explosión, no usar este instrumento o en un entorno explosivo, a no ser
que haya sido certificado para tal uso.
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Chapter One:  General Information

Introduction

The MKS Type 247D Four-Channel Mass Flow Controller Power Supply/Readout is designed as
power supply/readout and set point source for four analog mass flow controllers (MFCs).  The
unit can also power and monitor the flow rate through analog mass flow meters (MFMs).

The 247 unit consists of a power supply, four signal conditioning channels, four set point
circuits, and a digital panel meter (DPM) to display the flow rate of any single channel of a MFC
or MFM.  It may be used to monitor and provide set point levels for MFCs and to provide ratioed
set points for multiple gas control.

The 247 unit is a versatile instrument that may be used separately or as part of a larger control
system.  The unit can be operated manually via the front panel controls, through an external
controller, or through remote TTL logic control.

The 247 readout is primarily designed to interface with MKS analog mass flow controllers;
however, with the proper interface cable, you can use most major MFCs.  Refer to Table 5,
page 20, for a list of MKS interface cables.
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How This Manual is Organized

This manual is designed to provide instructions on how to set up and install a Type 247 unit.

Before installing your Type 247 unit in a system and/or operating it, carefully read and
familiarize yourself with all precautionary notes in the Safety Messages and Procedures
section at the front of this manual.  In addition, observe and obey all WARNING and
CAUTION notes provided throughout the manual.

Chapter One:  General Information, (this chapter) introduces the product and describes the
organization of the manual.

Chapter Two:  Installation, explains the environmental requirements and describes how to mount
the instrument in your system.

Chapter Three:  Overview, gives a brief description of the instrument and its functionality.

Chapter Four:  Operation, describes how to use the instrument and explains all the functions and
features.

Chapter Five:  Maintenance and Troubleshooting, describes basic maintenance procedures and
troubleshooting procedures should the 247 unit malfunction.

Appendix A:  Product Specifications, lists the specifications of the instrument.

Appendix B:  Model Code Explanation, describes the instrument’s ordering code.

Appendix C:  Gas Correction Factors, lists the gas correction factors for some commonly used
pure gases.

Customer Support

Standard maintenance and repair services are available at all of our regional MKS Calibration
and Service Centers, listed on the back cover.  In addition, MKS accepts the instruments of other
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment
located at all of our regional service centers.  Should any difficulties arise in the use of your Type
247 instrument, or to obtain information about companion products MKS offers, contact any
authorized MKS Calibration and Service Center.  If it is necessary to return the instrument to
MKS, please obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Calibration and Service Center before shipping.  The ERA Number expedites handling and
ensures proper servicing of your instrument.

Please refer to the inside of the back cover of this manual for a list of MKS Calibration and
Service Centers.

Warning All returns to MKS Instruments must be free of harmful,
corrosive, radioactive, or toxic materials.
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Chapter Two:  Installation

How To Unpack the Type 247 Unit

MKS has carefully packed the Type 247 unit so that it will reach you in perfect operating order.
Upon receiving the unit, however, you should check for defects, cracks, broken connectors, etc.,
to be certain that damage has not occurred during shipment.

Note Do not discard any packing materials until you have completed your
inspection and are sure the unit arrived safely.

If you find any damage, notify your carrier and MKS immediately.  If it is necessary to return the
unit to MKS, obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Service Center before shipping.  Please refer to the inside of the back cover of this manual for a
list of MKS Calibration and Service Centers.

Caution Only qualified individuals should perform the installation and any
user adjustments.  They must comply with all the necessary ESD and
handling precautions while installing and adjusting the instrument.
Proper handling is essential when working with all highly sensitive
precision electronic instruments.

Unpacking Checklist

Standard Equipment

•  Type 247 Unit

•  Type 247 Instruction Manual (this book)

•  Power cord

Optional Equipment

•  Electrical Connector Accessories Kit:

247D-K1 (includes an I/O connector for the rear panel of the unit, a cover for the
I/O connector, and a screw lock assembly for the I/O connector cover)

•  Power Supply:

 260 PS-1 (± 15 V, 1.5 Amps)
260 PS-3 (± 15 V, 3.2 Amps)

•  Rack Mount Kit:

RM-6 (for mounting one or two units in a 19” rack)
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Interface Cables

As of January 1, 1996, most products shipped to the European Community must comply with the
EMC Directive 89/336/EEC, which covers radio frequency emissions and immunity tests.  In
addition, as of January 1, 1997, some products shipped to the European Community must also
comply with the Product Safety Directive 92/59/EEC and Low-Voltage Directive 73/23/EEC,
which cover general safety practices for design and workmanship.  MKS products that meet
these requirements are identified by application of the CE mark.

To ensure compliance with EMC Directive 89/336/EEC, an overall metal braided shielded cable,
properly grounded at both ends, is required during use.  No additional installation requirements
are necessary to ensure compliance with Directives 92/59/EEC and 73/23/EEC.

Note 1. Overall metal braided shielded cables, properly grounded at both
ends, are required to meet CE specifications.

2. To order metal braided shielded cables, add an “S” after the cable
type designation.  For example, to order a standard cable to connect
the 247 unit to a Type 1679A MFC, use part number CB259-5-10;
for a metal braided shielded cable, use part number CB259S-5-10.

System Interface Cables

The system interface cables include cables to connect the 247 unit to a mass flow device, an
external controller, a power supply, or another 247 unit.

System Interface Cables

To Connect the 247 Unit To... Use the MKS Cable...

Standard Shielded

Mass Flow Controllers/Meters

258, 358, 558, 1150*, 1151*, 1152*, 1159,
1162, 1259, 1261, 1359, 1449, 1559**, 1562,
1678, 1679A, 2159, 2162, 2259

1179A, 2179A, 1479A, and 1679B with 15-pin
Type “D” connectors

CB259-5-10 CB259S-5-10

Mass Flow Controllers/Meters

1462, 1661

1179A, 2179A, 1479A, and 1679B with 9-pin
Type “D” connectors

CB147-12-10 CB147S-12-10

1160, 1163, 1461, 2160, 2163 MFC CB259-10-10 CB259S-10-10

Table 5:  System Interface Cables
(Continued on next page)
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System Interface Cables (Continued)

To Connect the 247 Unit To... Use the MKS Cable...

Standard Shielded

250 Controller (PCS) CB247-2-3 CB247S-2-3

1250 Controller (PCS) CB247-9-3 CB247S-9-3

247 Readout CB247-4-x*** CB247S-4-x***

*       To connect the 1150, 1151, or 1152 unit to a 260 PS-1, you must also use cable
 CB260(S)-3-10.

**    An extra power supply is needed if using more than two 1559 MFCs with one 247 unit.  Use
cable CB1559(S)-1-10 to connect the 247 unit to a 260 PS-1 Power Supply.

*** x = length in feet.

Table 5:  System Interface Cables
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Generic Shielded Cables

MKS offers a full line of cables for all MKS equipment.  Should you choose to manufacture your
own cables, follow the guidelines listed below:

1. The cable must have an overall metal braided shield, covering all wires.  Neither
aluminum foil nor spiral shielding will be as effective; using either may nullify
regulatory compliance.

2. The connectors must have a metal case which has direct contact to the cable’s shield on
the whole circumference of the cable.  The inductance of a flying lead or wire from the
shield to the connector will seriously degrade the shield’s effectiveness.  The shield
should be grounded to the connector before its internal wires exit.

3. With very few exceptions, the connector(s) must make good contact to the device’s case
(ground).  “Good contact” is about 0.01 ohms; and the ground should surround all wires.
Contact to ground at just one point may not suffice.

4. For shielded cables with flying leads at one or both ends; it is important at each such end,
to ground the shield before the wires exit.  Make this ground with absolute minimum
length.  (A ¼ inch piece of #22 wire may be undesirably long since it has approximately
5 nH of inductance, equivalent to 31 ohms at 1000 MHz).  After picking up the braid’s
ground, keep wires and braid flat against the case.  With very few exceptions, grounded
metal covers are not required over terminal strips.  If one is required, it will be stated in
the Declaration of Conformity or in the instruction manual.

5. In selecting the appropriate type and wire size for cables, consider:

A. The voltage ratings;

B. The cumulative I2R heating of all the conductors (keep them safely cool);

C. The IR drop of the conductors, so that adequate power or signal voltage gets to the
device;

D. The capacitance and inductance of cables which are handling fast signals, (such as
data lines or stepper motor drive cables); and

E. That some cables may need internal shielding from specific wires to others; please
see the instruction manual for details regarding this matter.
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Product Location and Requirements

The Type 247 unit meets the following criteria:

•  POLLUTION DEGREE 2 in accordance with IEC 664

•  Transient overvoltages according to INSTALLATION CATEGORY II

Operating Environmental Requirements

•  Ambient Operating Temperature: 15° to 40° C (59° to 104° F)

•  Main supply voltage fluctuations must not exceed ±10% of the nominal voltage

•  Ventilation requirements include sufficient air circulation

•  Connect the power cord into a properly grounded outlet

Safety Conditions

The 247 unit poses no safety risk under the following environmental conditions.

•  Altitude:  up to 2000 m

•  Maximum relative humidity: 80% for temperatures up to 31° C, decreasing linearly to
50% at 40° C
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Setup

Dimensions

Note All dimensions are listed in inches with millimeters referenced in
parentheses.

9.469
(240.5)

3.469
(88.1)

3.00
(76.2)

0.50
(12.7)

0.234
(5.94)

8.86
(225.0)

Figure 1:  Front Panel Dimensions
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8.00
(203.2)

10.01
(254.3)

10.80
(274.3)

Power ON/OFF 
Switch

Channel 
Selector

Scaling
Controls

Figure 2:  Top View Dimensions
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Power Requirements

The power requirements for the 247 unit are:

•  115 VAC Setting 100 to 120 VAC nominal, 50/60 Hz

•  230 VAC Setting 200 to 240 VAC nominal, 50/60 Hz

The power consumption for the 247 unit is:

•  19 VA @ 115 VAC 60 Hz with no MFCs attached

•  Additional 15 VA for start-up

•  Additional 10 VA operational for each MFC attached

Mounting Instructions

247 Unit

The 247 unit can be used as a bench top instrument, or can be mounted through a panel or in a
standard 19” rack.  However the unit is mounted, leave adequate space around it for proper
ventilation.  Refer to Dimensions, page 24, for dimensional drawings of the 247 unit.

Note 1. When used with three or more MFCs, the 247 unit may become quite
warm to the touch, especially when used with higher than nominal
(115 VAC) line voltage.

2. An extra power supply is needed if using more than two 1559 MFCs
with one 247 unit.

MFCs

Caution Install the MFCs in the gas stream so that the flow direction corresponds
to the flow marking on the base of the equipment.

Allow enough space for connector clearance, access to zero adjustments, and access to the seat
adjustment in the control valve.  This adjustment is below the external control valve on the
1259/2259 MFCs and on the top of the case on the 1159/1160 MFCs.

Refer to the appropriate instruction manual as needed for complete installation instructions.
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System Configurations

The 247 unit can be configured for manual, external set point, or remote operation.  The various
system configurations and the required cabling are shown in Figure 3, page 27, and Figure 4,
page 28.  The system interface cables are listed in Table 5, page 20.

Refer to Chapter Four:  Operation, page 55, for information on the setup and operation of these
systems.

Manual Flow Control

Figure 3 illustrates a simple manual control system which requires only the use of the MFC
interface cables.

With this configuration, the flow rate for each gas can be individually controlled with a front
panel SET POINT CONTROL, or Channels 2 to 4 can be ratioed to the flow in Channel 1.
Another four channels may be additionally ratioed to Channel 1 by adding a second 247 unit to
the system.

Note An extra power supply is needed if using more than two 1559 MFCs with
one 247 unit.

Figure 3:  Manual Flow Control



Setup Chapter Two:  Installation

28

External Flow Control

Flow control can be accomplished using a set point signal from an external controller only, or
ratioed using an external controller and a pressure transducer.

Figure 4 illustrates pressure control with an external controller; the gas flow into a chamber is
controlled to maintain a constant pressure.  This system configuration requires the 247 unit, a
controller, and a pressure transducer.  More than four gases may be controlled by adding a
second 247 unit to the system.

Note Any controller and pressure transducer may be used provided the signal
that enters the 247 unit goes positive with increasing flow (correct
polarity).  Throughout this manual, the MKS Type 250 Pressure/Flow
Controller and Type 127/227 Baratron® Pressure Transducers are used for
example only.

Figure 4:  Pressure Control with an External Controller
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Remote Flow Control

Remote flow control can be accomplished using TTL logic control.  Interface connector P6
provides the means to remotely turn the flow on/off and to adjust and monitor the flow rate in
any channel using a set point signal from a voltage applied to P6.  Refer to Table 7, page 32, for
the pinout for Interface connector P6.
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Electrical Information

Fuses

The line fuses protect the internal circuitry; both sides of the line are fused.  The fuse values are
listed in Table 6.

Fuse Information

Voltage Setting Fuse Type MKS Part Number

115 VAC 0.8 A (T) / 250 V 024-5693

230 VAC 0.4 A (T) / 250 V 024-5811

Table 6:  Fuse Information

Caution Disconnect the power cord from the 247 unit before you replace the
fuse, to avoid any damage.

Grounding

For protective earthing, plug the power cord into a properly grounded outlet.
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How To Set the Line Voltage

The Line Voltage Selector configures the 247 unit to accept either 115 or 230 VAC input
voltage.  The value of the selected line voltage is visible through the window in the cover when it
is closed.

Caution The Line Voltage Selector on the 247 unit must be set to the proper
input voltage before you connect the power cord and turn on the
power.  Otherwise, the unit will be severely damaged.

To change the line voltage:

1. Ensure that the power cord and all interface cables are disconnected from the 247
instrument.

2. Use a blunt instrument, such as a flat head screw driver, under the left hand side of the
cover to the line voltage selector, and firmly pull towards you to unsnap the cover.

The cover is attached firmly, so it requires a strong force from the screwdriver to loosen
it.  The cover will flip open, from left to right, to expose the line voltage selector drum.

3. Grasp the line voltage selector drum carefully and pull it out of its position.

4. Turn the selector drum to the appropriate line voltage.

5. Replace the line voltage selector drum into the 247 unit so that the voltage value can be
read from bottom to top.

The top and bottom of the voltage selector drum are shaped differently so that the drum
will only fit into position in the correct orientation.  The value of the selected line
voltage is visible through the window in the cover when it is closed.
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Connectors and Cables

The 247 unit’s two Interface connectors and four MFC connectors are located on the rear panel of
the unit (refer to Figure 6, page 43).

When the 247 is purchased as part of a complete system including MFCs, all of the required
interface cables are supplied.  When purchased separately, the interface cables must be
specifically ordered.  The system interface cables are listed in Table 5, page 20.

Interface Connector P6 (Channels 1 to 4)

The 25-pin male Type “D” connector, located on the rear panel (refer to Figure 6, page 43)
provides the communications link to and from the unit, including the connection to the scaled
transducer outputs, the lines to turn the flow on and off, and the set point input lines which
remotely set the flow rate of the MFCs.

Interface Connector P6 (Channels 1 to 4) Pinout

Pin Assignment Pin Assignment

1 Signal Ground 14 Ch. 2 Transducer Output

2 Ch. 1 Transducer Output 15 Ch. 2 Scaled Output

3 Ch. 1 Scaled Output 16 Ch. 3 Transducer Output

4 Ch. 1 Set Point Input 17 Ch. 3 Scaled Output

5 Ch. 2 Set Point Input 18 Ch. 4 Transducer Output

6 Ch. 3 Set Point Input 19 Ch. 4 Scaled Output

7 Ch. 4 Set Point Input 20 No Connection

8 Digital Ground 21 No Connection

9 Power Ground 22 No Connection

10 Ch. 2 Flow ON/OFF Input 23 No Connection

11 Ch. 3 Flow ON/OFF Input 24 No Connection

12 Ch. 1 Flow ON/OFF Input 25 Chassis Ground

13 Ch. 4 Flow ON/OFF Input

Table 7:  Interface Connector P6 (Channels 1 to 4) Pinout

Note The “No Connection” pin assignment refers to a pin with no internal
connection.
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Interface Connector P5 (Channel 1)

The 9-pin Type “D” connector, located on the rear panel (refer to Figure 6, page 43), is used to
join two 247 units, or to connect a 247 unit to an external controller which provides the external
ratio signal interface.

Interface Connector P5 (Channel 1) Pinout

Pin Assignment

1 Signal Ground

2 Ch. 1 Scaled Output

3 Digital Ground

4 Power Ground

5 No Connection

6 Ch. 1 Transducer Output

7 External Ratio Set Point Input

8 Ratio Output Voltage

9 Chassis Ground

Table 8:  Interface Connector P5 (Channel 1) Pinout

Note The “No Connection” pin assignment refers to a pin with no internal
connection.



Connectors and Cables Chapter Two:  Installation

34

MFC Connectors (J1 - J4)

The four 15-pin Type “D” connectors (J1 through J4), located on the rear panel (refer to
Figure 6, page 43), provide the connection for the mass flow controllers.  Each connector
provides the necessary power and set point voltages, and receives the flow output signal.

MFC Interface Connectors (J1 - J4) Pinout

Pin Assignment

1 No Connection

2 Flow Input Signal

3 No Connection

4 No Connection

5 Power Ground

6 -15 Volts

7 +15 Volts

8 Set Point Output Signal

9 No Connection

10 Input Stage Output

11 No Connection

12 Signal Ground

13 No Connection

14 No Connection

15 Chassis Ground

Table 9:  MFC Interface Connectors (J1 - J4) Pinout

Note 1. The “No Connection” pin assignment refers to a pin with no internal
connection.

2. An extra power supply is needed if using more than two 1559 MFCs
with one 247 unit.
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Chapter Three:  Overview

General Information

The 247 power supply/readout can be connected to as many as four MFCs through connectors
J1 to J4 on the rear panel (refer to Figure 6, page 43).  Communication to and from the unit
occurs through connector P6.  Connector P5 is used to join two 247 units or to connect a 247 unit
to an external controller.

The main power supply provides ±15 Volts to power the MFCs.  The voltage corresponding to
the flow rate, +5 VDC at full rated flow, is received at the input amplifier where the fine zero
correction is made.  The output from this amplifier is referred to as the transducer output.

This signal is amplified times two and applied to a scaling control, the output of which is
buffered to become the scaled output.  This signal is applied to the Digital Panel Meter on the
front panel (refer to Figure 5, page 40) and to the scaled output on the rear panel connectors P5
and P6.

The MFCs set point signal is applied through a switch circuit which is controlled from a front
panel switch or a TTL logic level on connector P6.  When the circuit is turned ON, the set point
signal is applied to the MFC and flow begins.  When the switch circuit is turned OFF, flow will
stop.

The flow rate is determined by the magnitude of the set point signal with +5 V corresponding to
full flow.  The source of this signal is selected by the Set Point Source Switch on the front panel
(refer to Set Point Signal Source, page 36, for additional information).

Flow Signal Path

The flow signal from the MFC (0 to 5 V) enters the 247 unit at pin 2 in Connectors J1 to J4.  The
signal is buffered and the system injects a zero correction signal, if necessary, using the front
panel ZERO CONTROL.  This signal goes to an output pin of the Interface connector P6 and to
the spring loaded READ/SET POINT switch.  The READ position is the default; the up or SET
POINT position is a momentary condition which allows the flow signal to be amplified times
two and scaled by the scaling control.  Refer to Front Panel Controls, page 40, for more
information.

The zeroed and scaled signal is sent to P6 and the Channel Selector Switch, which routes the
signal to the Digital Panel Meter where it is read directly in flow engineering units (sccm or slm).
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Set Point Signal

The set point signal that is sent to each MFC through connectors J1 to J4 may be generated in a
variety of ways:

•  Manually using independent gas flows or by ratioing the gas flows for one to
three channels to the flow in Channel 1

•  Externally using a set point signal from an external controller, or by ratioing
gas flows based on the set point signal from an external controller and
measurements from a pressure transducer

•  Remotely using TTL logic control

Set Point Signal Source

The flow rate is determined by the magnitude of the set point signal with +5 V corresponding to
full scale flow.  The set point signal can be generated by:

•  An internal +5 V reference

•  A ratio signal from Channel 1 or an external controller

•  An externally applied voltage

The source of the set point signal is selected by the three position SET POINT SOURCE
SWITCH on the front panel (refer to Figure 5, page 40), as either FLOW, RATIO, or EXT.  The
FLOW and RATIO positions of this switch are driven by the output of the SET POINT
CONTROL; the EXT position is driven by an externally applied voltage.

The output of the SET POINT CONTROL is driven by an internal dipswitch (S15), located on
the rear of the Main PC board.  The 247 unit is initially configured so that the ratio set point
signal is based on the Transducer Output of Channel 1 (the internal reference).  To change the
configuration so that the source of the set point signal is based on the External Ratio Amplifier,
you must change the dipswitch settings in S15.  Refer to How To Change the Dipswitch Settings,
page 64, for more information.
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Set Point Function with Manual Flow Control

Individual Gas Flows

The SET POINT SOURCE SWITCH must be set to the FLOW position, when manually
controlling individual gas flows.

In this mode of operation, a precise 5.000 VDC signal is generated from the power supply, and
flows through the SET POINT SOURCE SWITCH to the SET POINT CONTROL attenuator.
The signal then flows to the buffer amplifier, and can be read on the Digital Panel Meter by
pressing the READ/SET POINT SWITCH.  If necessary, the set point signal can be adjusted
using the SET POINT CONTROL.

The set point signal is finally sent to the MFC by placing the front panel FLOW CONTROL
SWITCH to the ON position.  This switch activates the output switch which allows the set point
signal to flow through it, through the unity gain buffer amplifier, and on to the MFC.

When the FLOW CONTROL SWITCH is in the OFF position, the switch places a small
negative voltage on the set point output line so that the control valve will be closed positively.
When the FLOW CONTROL SWITCH is in the REMOTE position, a logic signal coming in
through Interface connector P6 may be used to gate the set point signal to the MFC.  A logic low
turns the flow ON; a logic high turns the flow OFF.

Ratioed Gas Flows

The SET POINT SOURCE SWITCH must be set to the FLOW position for Channel 1, and the
RATIO position for Channels 2 to 4, when manually controlling ratioed gas flows.

In this mode of operation, one to three channels of flow are ratioed from Channel 1.  A fraction
of the actual flow of Channel 1 is used as the source for the set points of Channels 2 to 4.

The flow of Channel 1 is established using the set point routing described in Individual Gas
Flows, page 37.  To derive the set point signals for Channels 2 to 4, the SET POINT SOURCE
SWITCHES for Channels 2 to 4 are placed in the RATIO position.

The zeroed flow signal of Channel 1 passes through a dipswitch inside of the unit and into the
SET POINT CONTROL SWITCHES.  This signal is attenuated by the SET POINT CONTROL
pot and is sent on to the MFC by placing the front panel FLOW CONTROL SWITCH to the ON
position (in the same way as described in Individual Gas Flows, page 37).

Since the flow in Channels 2 to 4 is ratioed to Channel 1, the percent of full scale flow in these
channels may not exceed the percent of full scale flow in Channel 1.  For example, with 75% of
flow in Channel 1, Channels 2 to 4 may not exceed 75% of their rated flow.

The ratio is based on voltage, therefore, when full scales are mixed, built-in ratio factors exist.
For example, if you are using two channels where the full scale is 10 sccm for Channel 1 and
1000 sccm for Channel 2, with Channel 1 set for 100% (10 sccm) and Channel 2 set for 50%
(500 sccm), the flow ratio will be 10:500.
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Set Point Function with External Flow Control

The SET POINT SOURCE SWITCH must be set to the RATIO position, when using an external
set point source.

Individual Gas Flows

This mode of operation enables you to control individual gas flows using a set point signal from
an external command.  A 0 to 5 VDC signal from an external source is received at Interface
Connector P6, where it is routed by the SET POINT SOURCE SWITCH to each MFC.  Its
application to the MFC is the same as that described in Individual Gas Flows, page 37.

Note that each channel has its own external set point line.  Any or all channels may have their set
points or flow driven from the external source.  Those that are not may be adjusted using the
controls on the 247 unit, as described in How To Manually Control Individual Gas Flows,
page 59.

Pressure Control with Ratioed Gas Flows

In this type of operation, the pressure in a chamber is maintained by controlling the ratio of gas
flows, based on a set point signal from an external controller and measurements from a pressure
transducer.  This system configuration requires the 247 unit, an external controller, and a
pressure transducer, as shown in Figure 4, page 28.  More than four gases may be controlled by
adding a second 247 unit to the system.

Note that any or all channels may be used to flow gas to maintain pressure with a preset ratio of
flows.  Any channel that is not used in this way may be used independently.

Note Any controller and pressure transducer may be used provided the signal
that enters the 247 unit goes positive with increasing flow (correct
polarity).  Throughout this manual, the MKS Type 250 Pressure/Flow
Controller and Type 127/227 Baratron Pressure Transducers are used for
example only.

In this mode of operation, the 247 unit receives a signal from the controller called a pressure
control signal (PCS).  This signal goes to an appropriate level from 0 to 10 VDC to drive the
pressure signal to equal its set point signal (within the 250 controller).  The PCS voltage enters
the 247 unit at Interface Connector P5, is buffered and amplified, and routed to the RATIO
position of the SET POINT SOURCE SWITCH.  From this point the paths are the same as those
described in Ratioed Gas Flows, page 37.
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Set Point Function with Remote Flow Control

The SET POINT SOURCE SWITCH must be set to the EXT position, when using remote flow
control.

Interface connector P6 provides the means to remotely turn the flow on/off and to adjust and
monitor the flow rate in any channel using a set point signal from a voltage applied to P6.

Refer to How To Control Gas Flow with TTL Logic, page 69, for more information.
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Front Panel Controls

Figure 5 shows the location of the controls on the front panel of the 247 controller.

Flow Control
Switch

Flow Indicator
LED

Power ON/OFF Switch

Zero Control

Read/Set Point Switch Set Point Control

Set Point Source Switch Channel Selector

Digital Panel Meter

Figure 5:  Front Panel Controls

Power ON/OFF Switch

The Power switch controls power to the 247 unit and all attached MFCs.

Flow Indicator LED

This green LED indicates that the set point signal has been applied to the MFC.  It does not mean
that flow is occurring or that its value is correct.
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Flow Control Switch

This switch controls the circuit which applies the set point signal to the MFC as follows:

ON: The switch activates the output switch which allows the set point signal to flow
through it, through the unity gain buffer amplifier, and on to the MFC.

OFF: The switch places a small negative voltage on the set output line so that the
control valve will be closed positively.

REMOTE: A logic signal coming in through Interface connector P6 may be used to gate the
set point signal to the MFC.  Flow may be turned ON/OFF by an external TTL
signal; a logic low turns the flow ON, a logic high or open turns the flow OFF.

Digital Panel Meter

The Digital Panel Meter (DPM) is a 3½ digit, 2 V full scale device.  The DPM—set to read
1 VDC as 1000 counts full scale—displays the flow rate of the channel selected by the Channel
Selector.  The DPM also displays the set point signal for an MFC when its READ/SET POINT
switch is held in the SET POINT position.

The Scaling Controls on the rear panel (refer to Figure 6, page 43) must be properly set for the
meter to display a direct flow or set point reading, in sccm or slm.  Refer to Scaling Controls,
page 46, for more information.

Channel Selector

The Channel Selector switch controls input to the Digital Panel Meter.

Set Point Source Switch

This 3-position switch selects the source of the set point signal to be sent to the MFC.  The
FLOW and RATIO positions are driven by the output of the SET POINT CONTROL; the EXT
position is driven by an externally applied voltage level.  Refer to Set Point Signal, page 36, for
more information.

FLOW Position: Selects the set point signal from the front panel Set Point Control, which is
driven from the + 5 V internal reference.  The switch must be in this position
when using Manual Flow Control.

RATIO Position: Selects the set point signal from the front panel Set Point Control, which is
driven from the Channel 1 Transducer Output or the External Ratio Amplifier,
driven by an external controller (external set point input at Interface connector
P5).  The switch must be in this position when using External Ratio Flow
Control.

EXT Position: Selects the set point signal from a pin on Interface connector P6, allowing the
flow rate to be controlled directly from an external 0 to +5 V signal.  The
switch must be in this position when using TTL logic control.
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Set Point Control

This 20-turn potentiometer sets the set point level when the Set Point Source Switch is in the
FLOW or RATIO position.  The ranges are:

FLOW Position: ± 0.1 to 100% of Full Rated Flow

RATIO Position: ± 0.1 to 100% of Channel 1 Flow/Ext. Ratio Signal

Read / Set Point Switch

This spring loaded switch allows you to read, from the Digital Panel Meter, either the flow rate
or the set point value (which may be going to the MFC through the front panel flow switch).
This allows you to check or set the MFCs zero, check or set the set point level, and check for an
agreement between flow and set point when the MFC is so commanded.

The Scaling Controls on the rear panel (refer to Figure 6, page 43) must be properly set for the
meter to display a direct set point reading, in sccm or slm.  Refer to Scaling Controls, page 46,
for more information.

Zero Control

This 20-turn potentiometer is used for fine zero adjustment.  It has a limited range of ±3% of FS;
therefore, larger adjustments must be made with the zero control on the MFC.
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Rear Panel Controls

Figure 6 shows the location of the controls on the rear panel of the 247 controller.

Scaling Controls
Decimal Point

Selector Switches
Line Voltage

Selector

Fuse

MFC Connectors
J1 - J4

Interface Connector J5
Channel 1

Interface Connector J6
Channels 1- 4

AC Line Cord

Figure 6:  Rear Panel Controls

Scaling Control Potentiometers

These four 10-turn potentiometers are used to enter the scaling factor, which scales down the
+5 VDC transducer output signal so that the Digital Panel Meter displays the flow rate and set
point directly in sccm or slm.

Note It is critical for proper system operation that the scaling factors are
calculated properly and that the potentiometers are set correctly.  Refer to
Scaling Controls, page 46, for more information.
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Decimal Point Selector Switches

These switches, one for each channel, set the decimal point for the Digital Panel Meter on the
front panel.

The position of the decimal point is determined by the full scale range of the MFC in use.  A 100
sccm mass flow controller requires the decimal point to be positioned as “100.0” (display at full
rated flow).

Line Voltage Selector

The Line Voltage Selector configures the 247 unit to accept either 115 or 230 VAC input
voltage.  The voltage selected is visible in the panel cutout.  Refer to How To Set the Line
Voltage, page 31, for more information.

Caution The Line Voltage Selector on the 247 unit must be set to the proper
input voltage before you connect the power cord and turn on the
power.  Otherwise, the unit will be severely damaged.

Fuse

The fuse protects the internal circuitry of the 247 unit; both sides of the line are fused.  The fuse
values are listed in Table 6, page 30.

Caution Disconnect the power cord from the 247 unit before you replace the
fuse, to avoid any damage.

AC Line Cord

The AC Line Cord provides 115 or 230 VAC power to the 247 unit.  For protective earthing,
plug the power cord into a properly grounded outlet.

Interface Connector J6 - Channels 1 to 4

This 25-pin male Type “D” connector provides the communications link to and from the unit,
including the connection to the scaled transducer outputs, the lines to turn the flow on and off,
and the (external) set point input lines which remotely set the flow rate of the MFCs.

Refer to Table 7, page 32, for the Interface Connector J6 pinout.
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Interface Connector J5 - Channel 1

This 9-pin Type “D” connector is used to connect two 247 units or to connect a 247 unit to an
external pressure controller.

Individual flow rates are set, using the front panel Set Point Controls, as a fraction of Channel 1
of the first 247 unit; this ratio is maintained while the total flow is adjusted to maintain the
desired pressure.  When two 247 units are attached, four additional MFCs can be ratioed to
Channel 1 of the first 247 unit.

When a 247 unit is connected to an external pressure controller, the controller provides the
pressure control signal (PCS) that can be applied to all set point controls on the 247 unit.

Refer to Table 8, page 33, for the Interface Connector J5 pinout.

Note The MFC that is set to control at the highest percentage of its rated flow
should be connected to Channel 1.

MFC Connectors

These 15-pin Type “D” connectors (J1 through J4) provide the connection for the mass flow
controllers.  Each connector provides the necessary power and set point voltages, and receives the
flow output signal.

Refer to Table 9, page 34, for the MFC Connector pinout.
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Scaling Controls

There are four Scaling Control Potentiometers on the rear panel of the 247 unit; one for each
channel (refer to Figure 6, page 43).  These 10-turn potentiometers are used to adjust the full
scale voltage signals from the MFCs, which correspond to the flow rate, to a level that enables
the digital panel meter (DPM) to display the flow rate and set point directly, in sccm or slm.

The 247 unit uses a digital panel meter that reads 1 VDC as 1000 counts full scale (FS).
Although the DPM can accommodate a maximum of 2 VDC and can read up to 1999 counts, it
cannot be adjusted to the 5000 counts needed to accommodate the +5 VDC full scale output
signals from the MFCs.  Therefore, the +5 VDC output voltage from each MFC must be scaled
down so that the full scale counts (1000) read on the meter represent the full scale voltage from
the MFCs.  When the adjustment is properly made, flow can be read directly from the meter.

The amount by which the +5 VDC output signal is scaled down, the Scaling Control Factor, is
application dependent and must be calculated for each MFC in use.  The Scaling Control Factor
for the MFCs is set with the Scaling Control Potentiometers.

Note It is critical for proper system operation that the Scaling Control Factors
are calculated properly and that the Scaling Control Potentiometers are
set correctly.
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Scaling Control Factor

The Scaling Control Factor is the product of the Gauge Factor for the MFC in use and the Gas
Correction Factor for the gas in use:

SCALING CONTROL FACTOR = GAUGE FACTOR   x   GAS CORRECTION FACTOR

Gauge Factor

The Gauge Factor is a factory set value which scales the +5 VDC output signal to the appropriate
full scale range for the MFC, so that the digital panel meter reads 1000 counts.  The gauge
factors for various flow ranges are listed in Table 10.

MFC Gauge Factors

MFC Flow Range (sccm) Gauge Factor

1, 10, 100, 1000, 10K 100

2, 20, 200, 2000, 2K 200

5, 50, 500, 5000, 50K 50

Table 10:  MFC Gauge Factors

Gas Correction Factor

A Gas Correction Factor (GCF) is used to indicate the ratio of flow rates of different gases which
will produce the same output voltage from a mass flow controller.  The GCF is a function of
specific heat, density, and the molecular structure of the gases.  Since flow controllers are usually
calibrated with nitrogen, nitrogen is used as the baseline gas (GCF = 1).

Refer to Table 17, page 83, for a list of GCFs for commonly used pure gases.  If the pure gas you
are using is not listed in Table 17, page 83, or you are using a gas mixture, you must calculate its
GCF.  Refer to How To Calculate the GCF for Pure Gases, page 50, and How To Calculate the
GCF for Gas Mixtures, page 51, for more information.

Note Refer to How To Setup the System, step 6, page 56, for more information
and an example Scaling Control Factor calculation.
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Scaling Control Potentiometer

The Scaling Control (refer to Figure 7) is a 10-turn potentiometer that serves as a voltage divider
for the +5 VDC output signals from the MFCs; the control has a full scale setting of 1000.

1
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40
50
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70
80

90

Window

Adjustment Knob

Slide Lock

Outer Control
(Sets factors of 100)

Inner Control
(Sets factors of 10)

Figure 7:  Scaling Control Potentiometer - Initial Setting

The outer control represents factors of 100; indicated by the numbers 0 to 10 which display in the
window at the top of the potentiometer.  The inner control represents factors of 10, in divisions
of 2; these values are set when the appropriate value is aligned with the vertical line beneath the
window.  The adjustment knob cannot be turned below 0 or above the full scale setting of 1000.

Note Since the maximum number of counts the digital panel meter can read is
1999, the voltage cannot exceed 2 VDC.  That is, the maximum value
that can be displayed in the scaling potentiometer window is 2.

To adjust the Scaling Control Potentiometer:

•  Unlock the slide lock on the right side of the control by pushing it up (counterclockwise)

•  Turn the adjustment knob clockwise to increase the value represented on the control

The 147 unit is typically shipped with the control set to “100”, as shown in Figure 7.

•  Turn the adjustment knob counterclockwise to decrease the value represented on the
control

•  Lock the position of the control by pushing the slide lock on the right side of the control
down (clockwise)

Note Refer to How To Setup the System, step 7, page 57, for more information
and an example Scaling Control Potentiometer adjustment.
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Gas Correction Factor (GCF)

A Gas Correction Factor (GCF) is used to indicate the ratio of flow rates of different gases which
will produce the same output voltage from a mass flow controller.  The GCF is a function of
specific heat, density, and the molecular structure of the gases.  Since flow controllers are usually
calibrated with nitrogen, nitrogen is used as the baseline gas (GCF = 1).

Table 17, page 83, lists the gas correction factors for some commonly used pure gases.  If the gas
you are using is not listed in Table 17, you must calculate its GCF.  The equations for calculating
gas correction factors are listed in How To Calculate the GCF for Pure Gases, page 50, and How
To Calculate the GCF for Gas Mixtures, page 51.

The equations for calculating the GCF assume that the MFC was calibrated at a reference
temperature of 0° C (~273° K).  If you want the 247 unit to read the mass flow as if the MFC
was calibrated at a different reference temperature, adjust the calculated GCF value using the
following equation:

Temperature Corrected GCF    =   GCF   x   
T
T

x

s

where:

Tx = Reference temperature (° K)

Ts = 273.15° K  (~ equal to 0° C)

Note 1. When using the GCF, the accuracy of the flow reading may vary by
±5%, however, the repeatability will remain ±0.2% of FS.

2. All MKS readouts have Gas Correction Adjustment controls to
provide direct readout.
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How To Calculate the GCF for Pure Gases

To calculate the Gas Correction Factor for pure gases, use the following equation:

GCF   =   
(0.3106)  (s)

(d )  (cp )x
x x

where:

GCFx = Gas Correction Factor for gas X

0.3106 = (Standard Density of nitrogen) (Specific Heat of nitrogen)

s = Molecular Structure correction factor where S equals:

1.030 for Monatomic gases

1.000 for Diatomic gases

0.941 for Triatomic gases

0.880 for Polyatomic gases

dx = Standard Density of gas X, in g/l (at 0° C and 760 mm Hg)

cpx = Specific Heat of gas X, in cal/g° C
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How To Calculate the GCF for Gas Mixtures

For gas mixtures, the calculated Gas Correction Factor is not simply the weighted average of
each component’s GCF.  Instead, the GCF (relative to nitrogen) is calculated by the following
equation:

GCFM
1 1 2 2 n n

1 1 1 2 2 2 n n n

  =   
(0.3106)  (a s + a s + ...a s )
(a d cp + a d cp + ...a d cp )

where:

GCFM = Gas Correction Factor for a gas mixture

0.3106 = (Standard Density of nitrogen) (Specific Heat of nitrogen)

a1 and a2 = Fractional Flow of gases 1 and 2
   Note:  a1 and a2 must add up to 1.0

s1 and s2 = Molecular Structure correction factor for gases 1 and 2
where S equals:

1.030 for Monatomic gases

1.000 for Diatomic gases

0.941 for Triatomic gases

0.880 for Polyatomic gases

d1 and d2 = Standard Densities for gases 1 and 2, in g/l
   (at 0° C and 760 mm Hg)

cp1 and cp2 = Specific Heat of gas 1 and gas 2, cal/g° C

Note The values for s, d, and cpx are available for most gases, refer to
Table 17, page 83.

The values for a1 and a2 (which must add up to 1.0) are application
dependent.
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Example:

Calculate the GCF for a gas mixture of argon (gas 1) flowing at 150 sccm and nitrogen (gas 2)
flowing at 50 sccm, where:

a1 = 150 = 0.75 a2 =  50 = 0.25
200 200

s1 = 1.030 s2 = 1.000

d1 = 1.782 g/l d2 = 1.250 g/l

cp1 = 0.1244 cal/g ° C cp2 = 0.2485 cal/g ° C

then:

GCFM =   
(0.3106)  [(0.75)(1.030) + (0.25)(1.000)]

(0.75)(1.782)(0.1244) + (0.25)(1.250)(0.2485)

=   
(0.3106)  [(0.7725) + (0.25)]

(0.1663) + (0.0777)

=    
(0.3106) (1.0225)

0.244

=    
0.3176
0.244

GCFM =    1.302
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Labels

Serial Number Label

The Serial Number Label, located on the side of the instrument, lists the serial number and the
product model number, and displays the CE mark signifying compliance with the European CE
regulations.

Serial #:

Model #:

MKS Instruments, Inc.                   Made in the USA

123456789

247D

Figure 8:  Serial Number Label

The instrument model code is identified as “247D.”  Refer to Appendix B:  Model Code
Explanation, page 81, for more information.
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Chapter Four:  Operation

How To Setup the System

1. Ensure that the MFCs and the 247 unit are properly installed.

Refer to Mounting Instructions, page 26.

2. Set the FRONT PANEL CONTROLS (refer to Figure 5, page 40) as listed in Table 11.

Manual Flow Control - 247 Unit Front Panel Controls

Control Switch Position

Power ON/OFF Switch OFF

Flow Control Switch (1 - 4) OFF

Set Point Source Switch (1 - 4) FLOW

Channel Selector Channel 1

Table 11:  Manual Flow Control - 247 Unit Front Panel Controls

3. Verify that the LINE VOLTAGE SELECTOR on the rear panel of the 247 unit is set to
the proper voltage.

Refer to How To Set the Line Voltage, page 31, for more information.

Caution The Line Voltage Selector on the 247 unit must be set to the proper
input voltage before you connect the power cord and turn on the
power.  Otherwise, the unit will be severely damaged.

4. Plug the AC LINE CORD into the power line.

For protective earthing, plug the power cord into a properly grounded outlet.

5. Connect the MFCs to the MFC Input Connectors (J1 to J4) on the rear panel (refer to
Figure 6, page 43) using the proper interface cables.  If more than 4 channels are
required, add an additional 247 unit to your system.

The system interface cables are listed in Table 5, page 20.

Note An extra power supply is needed if using more than two 1559 MFCs with
one 247 unit.
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6. Calculate the SCALING CONTROL FACTOR for each MFC in use.

The Scaling Control Factor specifies how much the +5 VDC output signal from the MFC
will be scaled down so that the flow rate can be read directly from the Digital Panel
Meter, which reads 1 VDC as 1000 counts full scale.

Note It is critical for proper system operation that the Scaling Control Factors
are calculated properly.  Refer to Scaling Controls, page 46, for more
information.

a. The Scaling Control Factor is the product of the Gauge Factor for the MFC in use
and the Gas Correction Factor for the gas in use:

SCALING CONTROL FACTOR = GAUGE FACTOR   x   GAS CORRECTION FACTOR

b. The Gauge Factor is a factory set value which scales the 5 VDC signal to the
appropriate full scale range for the MFC, so that the digital panel meter reads 1000
counts.  The gauge factors for various flow ranges are listed in Table 10, page 47.

c. The Gas Correction Factor (GCF) is used to indicate the ratio of flow rates of
different gases which will produce the same output voltage from a mass flow
controller.  The GCF is a function of specific heat, density, and the molecular
structure of the gases.  Since flow controllers are usually calibrated with nitrogen,
nitrogen is used as the baseline gas (GCF = 1).  Refer to Table 17, page 83, for a list
of GCFs for commonly used pure gases.

If the pure gas you are using is not listed in Table 17, page 83, or you are using a gas
mixture, you must calculate its GCF.  Refer to Gas Correction Factor (GCF), page
49, for more information.

Example:

To calculate the Scaling Control Factor for a 20 sccm MFC, which is flowing pure argon
gas, multiply the Gauge Factor for argon (200), listed in Table 10, page 47, times the
Gas Correction Factor for argon (1.44), listed in Table 17, page 83:

SCALING CONTROL FACTOR = GAUGE FACTOR  x  GAS CORRECTION FACTOR

= 200  x  1.44

=  288

Since the full scale setting of the Scaling Control Potentiometer is 1000, the Scaling
Control Factor of 288 is 28.8% of FS.
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7. Adjust the SCALING CONTROL POTENTIOMETER for each MFC in use.

The Scaling Control Potentiometers set the values of the Scaling Control Factors.

Note It is critical for proper system operation that the Scaling Control
Potentiometers are set correctly.  Refer to Scaling Controls, page 46, for
more information.

The outer control represents factors of 100; indicated by the numbers 0 to 10 which
display in the window at the top of the potentiometer.  The inner control represents
factors of 10, in divisions of 2; these values are set when the appropriate value is aligned
with the vertical line beneath the window.  The adjustment knob cannot be turned below
0 or above the full scale setting of 1000.

To adjust the Scaling Control Potentiometer to the setting of “288” calculated in the
example in step 6, page 56:

a. Unlock the slide lock on the right side of the control by pushing it up
(counterclockwise).

b. Turn the adjustment knob clockwise until the “2” appears in the window.

c. Continue turning the adjustment knob until the line on the inner control which
represents “88” is aligned with the vertical line beneath the window, as shown in
Figure 9.

d. Lock the position of the control by pushing the slide lock on the right side of the
control down (clockwise).
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Figure 9:  Scaling Control Potentiometer - Example Setting
(Set to “288”)
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8. Turn the POWER SWITCH ON to apply power to the 247 unit and the attached MFCs.

Note Allow the MFCs to warm up for a period of 1 hour prior to any zero
adjustments.  Best performance is achieved when the MFCs are powered
continuously.

9. Set the DECIMAL POINT for Channel 1.

Insert a screwdriver blade into the slot of the DECIMAL POINT SELECTOR SWITCH
for Channel 1 and rotate it clockwise (CW) until the desired decimal point is illuminated
on the Digital Meter Display.

The Decimal Point Selector Switches are mounted on the rear panel (refer to Figure 6,
page 43); the channels that they control are screened below the switch.  The position of
the decimal point is determined by the full scale range of the MFC in use.  For example,
a 100 sccm mass flow controller requires the decimal point to be positioned as “100.0”
(display at full rated flow).

10. Adjust the ZERO CONTROL for each MFC until the Digital Panel Meter displays a
reading of ± 000.

If the zero control lacks the range for this adjustment, center it and use the zero control
on the MFC to bring the reading within the range of the 247 unit’s zero control.
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Manual Flow Control

Manual control of the flow rate through MFCs in an individual or ratioed mode is accomplished
using the system configuration shown in Figure 3, page 27.

Note Ensure the MFCs and the 247 unit are properly configured as described in
How To Setup the System, page 55.

How To Manually Control Individual Gas Flows

This mode of operation enables you to control individual gas flows using an internal set point
signal.

1. Move the CHANNEL SELECTOR to position 1.

2. Ensure the SET POINT SOURCE SWITCH is set to the FLOW position.

This connects an internal +5 V reference to the top of the SET POINT CONTROL.
Since the +5 V corresponds to full rated flow, each Set Point Control can be adjusted up
to a maximum of 100% for the attached MFCs rated flow.

3. Adjust the SET POINT for the MFC.

Hold the READ/SET POINT SWITCH in the SET POINT position and turn the SET
POINT CONTROL to the desired level as displayed on the Digital Panel Meter.  When
the adjustment is complete, release the READ/SET POINT SWITCH; it is spring loaded
and will return to the READ (Flow) position.

Since the Digital Panel Meter is driven from the scaled output, the displayed value has
the Gas Correction and Gauge Factors applied.  Therefore, it represents the actual set
point in sccm for the attached MFC.  Refer to Scaling Controls, page 46, for more
information.

4. Move the CHANNEL SELECTOR to the next channel position that has an MFC
connected to it, and repeat steps 2 and 3 until the set points for all channels with MFCs
attached have been properly set.

5. Return the CHANNEL SELECTOR to the channel that you wish to monitor.

The system is now completely adjusted to set the flow of each MFC.
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6. Turn the flow ON by placing the FLOW CONTROL SWITCH to the ON position.

The set point signal is applied to the MFC, the Flow Indicator LED illuminates, and flow
begins after a slight delay.  The correct flow is realized within approximately 1.5
seconds, depending on the type of MFC being used.

Note The flow through any channel can be displayed on the Digital Panel
Meter by placing the Channel Selector Switch to that channel.

7. Turn the flow OFF by placing the FLOW CONTROL SWITCH to the OFF position.
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How To Manually Control Ratioed Gas Flows

This mode of operation enables you to control the individual flow rates of Channels 2 to 4 as a
fraction of the flow of Channel 1, using an internal set point signal.  The set point signal is
controlled by the Transducer Output of Channel 1.

If more than three channels are to be ratioed to Channel 1, a second 247 unit is required.  The
second 247 unit must be connected to Channel 1 of the first 247 unit, and its S15 dipswitch must
be set for External Ratio Control.  Refer to How To Change the Dipswitch Settings, page 64, for
more information.

Note The MFC that is set to control at the highest percentage of its rated flow
should be connected to Channel 1.

In the following example, we will assume a system with four 100 sccm MFCs flowing nitrogen
(N2) gas.  Channels 2 to 4 will be set to a ratio of 75, 50, and 25% of the flow in Channel 1.

1. Set the SET POINT SOURCE SWITCHES for Channels 1 to 4 to the FLOW position.

This connects an internal +5 V reference to the top of the SET POINT CONTROL.
Since the +5 V corresponds to full rated flow, each Set Point Control can be adjusted up
to a maximum of 100% for the attached MFCs rated flow.

2. Adjust the SET POINT for each MFC.

Hold the READ/SET POINT SWITCH in the SET POINT position and turn the SET
POINT CONTROL for each MFC to the level shown in Table 12, as displayed on the
Digital Panel Meter.

Ratio Control Set Point Levels

Set Point Control Level (SCCM)

Channel 1 0 to 100

Channel 2 75

Channel 3 50

Channel 4 25

Table 12:  Ratio Control Set Point Levels

When the adjustment is complete, release the READ/SET POINT SWITCH; it is spring
loaded and will return to the READ (Flow) position.

Since the Digital Panel Meter is driven from the scaled output, the displayed value has
the Gas Correction and Gauge Factors applied.  Therefore, it represents the actual set
point in sccm for the attached MFC.  Refer to Scaling Controls, page 46, for more
information.
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3. Leave the SET POINT SOURCE SWITCH for Channel 1 in the FLOW position and
move the switches for Channels 2 to 4 to the RATIO position.

The 247 unit is now adjusted to control the MFCs connected to Channels 2 through 4 to
75, 50, and 25% of the flow rate through Channel 1.

4. Turn the flow on by placing the FLOW CONTROL SWITCH for all channels to the ON
position.

The set point signal is applied to the MFC, the Flow Indicator LED illuminates, and flow
begins after a slight delay.  The correct flow is realized within approximately 1.5
seconds, depending on the type of MFC being used.

Note The flow through any channel can be displayed on the Digital Panel
Meter by placing the Channel Selector Switch to that channel.

5. Turn the flow off by placing the FLOW CONTROL SWITCH for all channels to the
OFF position.
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External Flow Control

External control of the flow rate through MFCs in either an individual or ratioed mode is
accomplished using the system configuration shown in Figure 4, page 28.

Note Ensure the MFCs and the 247 unit are properly configured as described in
How To Setup the System, page 55.

This mode of operation enables you to control individual gas flows using a set point signal from
an external controller, or to ratio gas flows based on a set point signal from an external controller
and measurements from a pressure transducer.  In either case, the set point signal is controlled by
the output of the external controller signal, the External Ratio Amplifier, rather than the
Transducer Output of Channel 1.

The 247 unit is initially configured so that the set point signal is based on the Transducer Output
of Channel 1.  In order to use external flow control, you must change the source of the set point
signal to the External Ratio Amplifier by changing the settings in the 4-position dipswitch (S15)
located at the rear of the Main PC board.  The External Ratio Amplifier will accept signals
corresponding to a full scale voltage of +5 V or +1 V, depending on the configuration of the
dipswitch.  Refer to How To Change the Dipswitch Settings, page 64, for more information.

If more than three channels are to be ratioed to Channel 1, a second 247 unit is required.  The
second 247 unit must be connected to Channel 1 of the first 247 unit, and its S15 dipswitch must
also be set for External Ratio Control.

Note Any controller and pressure transducer may be used provided the signal
that enters the 247 unit goes positive with increasing flow (correct
polarity).  Throughout this manual, the MKS Type 250 Pressure/Flow
Controller and Type 127/227 Baratron Pressure Transducers are used for
example only.
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How To Change the Dipswitch Settings

The External Ratio Amplifier will accept signals corresponding to a full scale voltage of +5 V or
+1 V.  Configuring dipswitch S15 to the settings listed in Table 14, page 64, or Table 15, page
65, configures the RATIO position on all of the SET POINT SOURCE SWITCHES to be driven
by the output of the External Ratio Amplifier, rather than the +5 V internal reference.

The 247 unit is initially configured so that the set point signal is based on the Transducer Output
of Channel 1, with dipswitch S15 set as listed in Table 13.

Dipswitch S15 Initial Settings

Dipswitch Position

1 Closed (On)

2 Open (Off)

3 Open (Off)

4 Open (Off)

Table 13: Dipswitch S15 Initial Settings

To change the dipswitch settings for external set point control:

1. Remove the retaining screws and the top cover of the 247 unit.

2. Locate the Main PC board.

3. Locate the 4-position dipswitch (S15) at the rear of the Main PC board.

4. To configure the 247 unit to accept +5 V full scale input, set dipswitch S15 to the
positions listed in Table 14.

Dipswitch S15 Settings for +5 V Full Scale Input

Dipswitch Position

1 Open (Off)

2 Closed (On)

3 Open (Off)

4 Open (Off)
(amplifier is set to unity gain)

Table 14:  Dipswitch S15 Settings for +5 V Full Scale Input.
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5. To configure the 247 unit to accept +1 V full scale input, set dipswitch S15 to the
settings listed in Table 15.

Dipswitch S15 Settings for +1 V Full Scale Input

Dipswitch Position

1 Open (Off)

2 Closed (On)

3 Open (Off)

4 Closed (On)
(amplifier is set to a gain of 5)

Table 15:  Dipswitch S15 Settings for +1 V Full Scale Input.

6. Replace the top cover and the retaining screws.

7. Connect the pressure transducer to the controller using the proper cable.

The system interface cables are listed in Table 5, page 20.

8. Perform the steps described in How To Setup the System, page 55, to prepare the 247 unit
and MFCs for flow control.



External Flow Control Chapter Four:  Operation

66

How To Control Individual Gas Flows with an External Controller

This mode of operation enables you to control individual gas flows using a set point signal from
an external controller.  The 0 to 5 VDC set point signal is received at Interface Connector P6, and
is routed by the SET POINT SOURCE SWITCH to each MFC.  Its application to the MFC is the
same as that described in How To Manually Control Individual Gas Flows, page 59.

Note that each channel has its own external set point line.  Any or all channels may have their set
points or flow driven from the external source.

How To Control Pressure with Ratioed Gas Flows

In this type of operation, the pressure in a chamber is maintained by controlling the ratio of gas
flows, based on a set point signal from an external controller and measurements from a pressure
transducer.  More than four gases may be controlled by adding a second 247 unit to the system.

The pressure in the chamber is measured by the transducer which produces a DC output which is
proportional to the pressure.  This output is applied to the controller where it is compared with
the pressure set point level.  The 247 unit receives the pressure control signal (PCS) from the
controller as an external ratio signal to produce the gas flow necessary to achieve the required
pressure.

The PCS voltage enters the 247 unit through Interface Connector P5.  It is routed to the RATIO
position of the SET POINT SOURCE SWITCH, where it functions the same as that described in
How To Manually Control Ratioed Gas Flows, page 61.

Note that any or all channels may be used to flow gas to maintain pressure with a preset ratio of
flows.  Any channel that is not used this way may be used independently.
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How To Setup the Controller for Pressure Control

Any controller that provides a positive signal with increasing flow (correct polarity) may be used;
the MKS Type 250 Pressure/Flow Controller is used for example only.

1. Verify that the LINE VOLTAGE SELECTOR SWITCH on the 250 controller is set to
the proper voltage.

2. Set the FRONT PANEL CONTROLS on the 250 controller as listed in Table 16.

External Controller - Front Panel Controls

Control Position

Power Switch OFF

INT/EXT INT

10V/1V/.1V 10V

Phase Lead 1.5 SEC

Gain 20%

Bias Fully CCW

CMAE Manual

Manual Control 500 out of 1000

Set Point Level Required pressure level

Table 16:  External Controller - Front Panel Controls

The settings in Table 16 configure the controller to deliver a constant Pressure Control
Signal (PCS) of approximately +5 V to the 247 unit’s External Ratio Amplifier.  This
manually produced signal is used to determine if the required pressure and flow rates can
be achieved using a PCS with a nominal value of +5 V.  Best control performance is
achieved when the PCS is kept high for a good signal to noise ratio.

3. Plug the AC LINE CORD into the power line and turn on the power switch.

Note Allow the controller to warm-up for at least 1½ hours before adjusting the
zero.

4. Pump the chamber down below the resolution of the transducer and adjust the zero for a
reading of ±0000 on the controller’s Digital Panel Meter.

On controllers without a DPM, adjust the Set Point Control to zero and adjust for a zero
reading on the Error Meter.
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How To Setup the 247 Unit for Pressure Control

1. Place the SET POINT SOURCE SWITCHES on all channels of the 247 unit with an
MFC attached to the RATIO position.

2. Place the FLOW CONTROL SWITCHES on all channels with an MFC attached to the
ON position.

This produces flow through all the MFCs.

3. Adjust the flow rate for each channel with the 247 unit’s SET POINT CONTROL to
achieve the desired flow rate and ratio between the channels and the desired pressure
(within a factor of 2) in the chamber.

The flow rate displays on the Digital Panel Meter which is controlled with the
CHANNEL SELECTOR SWITCH.

4. Read the chamber pressure on the controller’s Digital Panel Meter.

To read pressure on a controller without a meter, adjust the controller’s set point until the
error meter reads zero, then multiply the Set Point reading times the Full Scale of the
transducer (1000 counts = full scale).  When the pressure is within the desired 2 to 1
range, the system is ready for automatic control.

If the pressure cannot be adjusted to within the factor of 2, then modification of the
system may be necessary.

•  Too high of a pressure requires increased pumping capacity or smaller MFCs for less
total flow

•  Too low of a pressure requires reduced pumping capacity or larger MFCs for greater
total flow

5. Move the CMAE switch on the controller to the AUTO position.

Note The controller will vary the pressure control signal to adjust the total flow
to achieve the control pressure.  Although the total flow rate will change,
the ratio between the gases will remain constant.

6. Adjust the controller’s GAIN and PHASE LEAD settings as needed.

The controller settings listed in Table 16, page 67, are used as a starting point for control.
These settings should be properly tuned to provide accurate control, free from
oscillations.  Refer to the appropriate instruction manual for complete tuning
information.
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Remote Flow Control

Note Ensure the MFCs and the 247 unit are properly configured as described in
How To Setup the System, page 55.

Interface connector P6 provides the means to remotely turn the flow on/off and to adjust and
monitor the flow rate in any channel using a set point signal from a voltage applied to P6.  Refer
to Table 7, page 32, for the pinout for Interface connector P6.

How To Control Gas Flow with TTL Logic

TTL logic control provides a way to use only a simple voltage level to control the flow rate.  You
can create a custom interface by wiring the required control signals to the appropriate pins on
Connector P6.  Refer to Table 7, page 32, for the Interface connector P6 pinout.

When the FLOW CONTROL SWITCH (refer to Figure 5, page 40) is placed in the REMOTE
position, a logic signal coming in through the Interface connector P6 may be used to gate the set
point signal to the MFC.  A logic low turns the flow on; a logic high turns the flow off.

To use TTL logic control:

1. Follow the instructions in How To Setup the System, page 55, to prepare the 247 and the
MFCs for flow control.

2. Place the SET POINT SOURCE switches on all channels with a MFC attached to the
EXT position.

3. Place the FLOW CONTROL SWITCHES on all channels with a MFC attached to the
REM position.

4. Apply the control signals through Interface connector P6.

For example:

a. To produce a flow of 50 sccm through a 100 sccm MFC connected to Channel 1,
apply a +2.5 V signal to pin 4 on connector P6.  Reference this voltage to pin 1 on
connector P6.

b. Attach a TTL signal to pin 12 on connector P6.  Reference this signal to pin 8 on
connector P6.

c. Turn on the flow by applying a TTL low (0.4 to 0.8 V) to pin 12 on connector P6.

d. Turn off the flow by applying a TTL high (2.4 to 5 V) to pin 12 on connector P6 or
an open circuit.
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Chapter Five:  Maintenance and Troubleshooting

General Information

If the 247 controller fails to operate properly upon receipt, check for shipping damage, and check
the cables for proper continuity.  Any damage should be reported to the carrier and MKS
Instruments immediately.  If it is necessary to return the unit to MKS, obtain an ERA number
(Equipment Return Authorization Number) from a MKS Service Center before shipping.  Please
refer to the inside back cover of this manual for a list of MKS Calibration and Service Centers.

Maintenance

Periodically check for wear on the cables and inspect the enclosure for visible signs of damage.

How To Clean the Unit

Periodically wipe down the unit with a damp cloth.

How To Replace the Fuses

The line fuses protect the internal circuitry; both sides of the line are fused.

Caution Disconnect the power cord from the 247 unit before you replace the
fuse, to avoid any damage.

1. Select the proper fuses.  Refer to Table 6, page 30, for the fuse values.

2. Disconnect the power cord from the 247 instrument.

Warning To avoid an electrical shock, be sure to disconnect the
power cord before proceeding.

3. Disconnect all cables from the connectors located at the back of the unit.
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4. Insert a small, flat head screw driver under the top side of the black plastic cover and
firmly pull towards you to unsnap the cover.

The cover is attached firmly, so it requires a strong force on the screw driver to loosen it.
The cover will flip open to expose the line voltage selector drum and the two fuse
carriers.  The two fuse carriers are marked with arrows  ( ).

5. Carefully slide the fuse carrier out and remove the fuse.

6. Insert the new fuse into the fuse carrier.

Be certain that the new fuse is the appropriate type for the line voltage selection.

7. Slide the fuse carrier back into the Power Entry module.

8. Close the Power Entry module cover.

9. Connect any cables removed from the back of the 247 instrument in step 3 above.

10. Connect the power cord.
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Troubleshooting

The first approach when dealing with a problem with the 247 unit is to isolate the section of the
instrument where the fault lies.  The 247 readout can be separated into the following sections:

•  Power Supply

•  Channel Amplifiers

•  Internal +5 V Voltage Reference

•  External Ratio Amplifier

•  Digital Panel Meter

•  Set Point Buffer and Flow Switching Circuit

Since a problem in the Power Supply will effect the performance of all sections, it is important to
begin troubleshooting at this location.

Power Supply

1. Measure the ± supplies at the power supply jumpers on the PC board; reference to the
TP1 ground, located in the center of the Main PC board.

The voltages should be within the range of 14.8 to 15.2 Volts and the AC ripple should
be < 10 mV P-P.  If the voltages are within range, proceed to step 4.  If the voltages are
not within the acceptable range, proceed to step 2.

2. Disconnect the MFCs from the rear panel, one at a time.

Should the supplies recover when an MFC is removed, then either the cable or the MFC
is defective.

3. Isolate the power supply jumpers from the circuits in the 247 unit by disconnecting the
power supply jumpers and measuring the supplies on the supply side.

Caution Disconnect BOTH SUPPLIES to perform this test.  Do not run the
circuits with only one supply operative.

4. If the power supply is operating normally, proceed to Channel Amplifiers, page 74, to
examine the signal path through the channel amplifiers.
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Channel Amplifiers

To test a channel:

1. Plug an external connector with a jumper wire connected between pins 2 and 8, into the
appropriate Channel Input Connector.

This connects the output of the set point buffer to the input of the channel.

2. Connect a voltmeter to the jumper wire and reference the meter to the TP1 ground,
located in the center of the Main PC board.

3. Ensure that the channel’s FLOW CONTROL SWITCH is on.

4. Place the SET POINT SOURCE SWITCH to the FLOW position.

5 Adjust the SET POINT CONTROL to produce a +5 V reading on the voltmeter.

If you cannot adjust the SET POINT CONTROL to produce a + 5V reading, proceed to
Internal +5 V Voltage Reference, page 75.

6. Turn the Zero Pot 25 turns counterclockwise (CCW) and then 12 turns clockwise (CW)
to center it.

7. Set the SCALING CONTROL to 100 (10% of FS).

The DPM should display +1000, ±15 counts.
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Internal +5 V Voltage Reference

In the event that the voltage output from the internal +5 V source is not correct, measure the
input to the source.

1. Connect the high side of the voltmeter to the junction of R67 and VR1, located on the
rear of the Main PC board.

2. Reference the meter to the TP1 ground, located in the center of the Main PC board.

The proper input voltage is +1.23 to +1.25 Volts.  With this input, the potentiometer
R66, located on the rear of the Main PC board, can be adjusted to produce a +5 V output
(actually, factory set to +5.1 V).

An incorrect input voltage may be caused by a defective reference VR1.  An incorrect output
may be caused by a defective amplifier U9A, also located on the rear of the Main PC board.
Contact MKS Instruments for assistance.

External Ratio Amplifier

Failure of the 247 unit to work properly with an external voltage being used as a ratio signal may
be caused by a defective amplifier or by an incorrect setting on dipswitch S15.

The external ratio amplifier accepts signals corresponding to a full scale voltage of +5 V or
+1 V, controlled by the settings in dipswitch S15 on the Main PC board.  For a +5 V full scale
input, ensure that dipswitch S15 is configured as listed in Table 14, page 64.  For a +1 V full
scale input, ensure that dipswitch S15 is configured as listed in Table 15, page 65.  Refer to How
To Change the Dipswitch Settings, page 64, for more information.

The input voltage required to produce the +5 V or +1 V output is applied to the 247 unit through
pin 7 on Interface connector P5.  Both the input voltage and the meter measuring the output
should be referenced to pin 1 on Interface connector P5.  Refer to Table 8, page 33, for the
complete pinout of Interface connector P5.
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Digital Panel Meter

The Digital Panel Meter (DPM) is a 3½ digit, 2 V full scale device.  The meter is powered by a
+5 V supply located on the Main PC board.

To measure the supply voltage to the meter:

1. Connect a voltmeter to the +5 V supply jumper on the Main PC board.

2. Reference the meter to the TP1 ground, located on the center of the Main PC board.

The voltage should be between +4.7 and +5.3 Volts.

3. Setup Channel 1 for +1 V output.

Refer to How To Change the Dipswitch Settings, page 64.

4. Ensure that the CHANNEL SELECTOR is on position 1.

5. Measure the output of the channel on pin 2 of Interface connector P5.

The voltage on the DPM should match the voltmeter reading from pin 2 of Interface
connector P5, ±1 count.  If it does not, you must adjust the span pot on the right rear of
the DPM until the readings agree.  To access the span pot you must remove the top cover
of the 247 unit; proceed to step 6.

6. Remove the two screws on the top corners of the rear panel of the 247 unit and slide the
top cover towards the back of the unit until the entire digital panel meter box is visible.

7. Adjust the span pot on the rear of the DPM with a small flathead screwdriver until the
meter reading agrees with the voltmeter reading from pin 2 of Interface connector P5, ±1
count.

If the range of this adjustment is insufficient to bring the two meter readings into
agreement, the DPM must be replaced.

8. Slide the top cover back into position and replace the two screws on the rear panel to
secure it in place.



Chapter Five:  Maintenance and Troubleshooting Troubleshooting

77

Set Point Buffer and Flow Switching Circuit

The buffer amplifier prevents the Flow Controller from loading the set point signal.  The voltage
at the output of the second set point buffer should track the voltage on the arm of the Set Point
Control by ±2 mV when the flow is on.  If this signal is incorrect at the Channel Input
Connector, trace the signal back to the Set Point Control to determine where the fault lies.

A negative voltage (approximately - 0.1 V) at the Channel Input Connector indicates that the
field effect transistor (FET) is ON.  If the Flow Lamp is on, then the FET is defective or the drive
to the gate is incorrect.  The drive under these conditions should be -15 V ±1 V.
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Appendix A:  Product Specifications

CE Compliance

Electromagnetic Compatibility1

Low-Voltage Requirements

Installation Category

Pollution Degree

Product Safety and Liability

EMC Directive 89/336/EEC

Low-Voltage Directive 73/23/EEC

II, according to EN 61010-1

2, according to IEC 664

Product Safety Directive 92/59/EEC

Display Accuracy ±0.1% ± 1 digit

Flow Display 3 ½ Digit Display (+1.999 maximum)

Fuse Ratings

115 VAC
230 VAC

0.8 A (T) / 250 V
0.4 A (T) / 250 V

MFC Capacity 4; 1 MFC per channel, sequentially selectable

Operating Temperature 15° to 40° C (59° to 104° F)

Package ½ Rack (9.5” W x 3.5” H x 9” D)

Power Consumption 19 VA @ 115 VAC 60 Hz with no MFCs
attached

Additional 15 VA for start-up and 10 VA
operational for each MFC attached

Power Requirement

115 VAC Setting
230 VAC Setting

100 to 120 VAC nominal, 50/60 Hz
200 to 240 VAC nominal, 50/60 Hz

Power Supply Output Capacity ±15 VDC @ 1 Ampere

Maximum ripple < 10 mV P-P

Set Point Adjust (each channel) 0.1 to 100% of Full Scale (flow)

0.1 to 100% of Input level (ratio)

                                                  

1An overall metal braided shielded cable, properly grounded at both ends, is required during use.
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Signal Inputs (each channel)

MFC

Scaling (GCF)

External Set Point
(bypasses on-board set point controls)

External ON/OFF

0 to +5 VDC (5.5 V maximum)

0.1 to 4.0

0 to 5 VDC

TTL Compatible

Signal Outputs (each channel)

MFC Output(s)

Unscaled Transducer Output

Scaled (Corrected) Transducer Output

Minimum load impedance; 10K ohm/channel

0 to +5 VDC

0 to +1 VDC Nominal (scaled with a rear
panel scaling control); 0 to 2 VDC maximum

Weight 8.5 lbs. (3.85 kg)

Zero Correction (each channel) ± 3% of Full Scale

Due to continuing research and development activities, these product specifications are subject to change without notice.



Appendix B:  Model Code Explanation Model Code

81

Appendix B:  Model Code Explanation

Model Code

The model code is identified as follows:

247D

Type Number (247D)

The type number 247D designates the model number of the instrument.
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Appendix C:  Gas Correction Factors for Commonly
Used Pure Gases

Table 17 lists the gas correction factors for some commonly used pure gases.  If the GCF for
your gas is not listed, or you are using a gas mixture, you must calculate the GCF.  Refer to Gas
Correction Factor (GCF), page 49, for more information.

Gas Correction Factors for Pure Gases

GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Air

Ammonia

- - -

NH3

0.240

0.492

1.293

0.760

1.00

0.73

Argon

Arsine

Boron Trichloride

Bromine

Ar

AsH3

BCl3

Br2

0.1244

0.1167

0.1279

0.0539

1.782

3.478

5.227

7.130

1.391

0.67

0.41

0.81

Carbon Dioxide

Carbon Monoxide

Carbon Tetrachloride

Carbon Tetraflouride

(Freon - 14)

Chlorine

CO2

CO

CCl4

CF4

Cl2

0.2016

0.2488

0.1655

0.1654

0.1144

1.964

1.250

6.86

3.926

3.163

0.701

1.00

0.31

0.42

0.86

Chlorodifluoromethane

(Freon - 22)

Chloropentafluoroethane

(Freon - 115)

Chlorotrifluoromethane

(Freon - 13)

Cyanogen

Deuterium

CHClF2

C2ClF5

CClF3

C2N2

D2

0.1544

0.164

0.153

0.2613

1.722

3.858

6.892

4.660

2.322

0.1799

0.46

0.24

0.38

0.61

1.00

Diborane

Dibromodifluoromethane

B2H6

CBr2F2

0.508

0.15

1.235

9.362

0.44

0.19

Dichlorodifluoromethane

(Freon - 12)

CCl2F2 0.1432 5.395 0.35

Table 17:  Gas Correction Factors for Pure Gases
(Continued on next page)
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Gas Correction Factors for Pure Gases (Continued)

GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Dichlorofluoromethane

(Freon - 21)

Dichloromethysilane

Dichlorosilane

1,2-Dichlorotetrafluoroethane

(Freon - 114)

1,1-Difluoroethylene

(Freon - 1132A)

2,2-Dimethylpropane

Ethane

CHCl2F

(CH3)2SiCl2

SiH2Cl2

C2Cl2F4

C2H2F2

C5H12

C2H6

0.140

0.1882

0.150

0.160

0.224

0.3914

0.4097

4.592

5.758

4.506

7.626

2.857

3.219

1.342

0.42

0.25

0.40

0.22

0.43

0.22

0.50

Fluorine

Fluoroform

(Freon - 23)

Freon - 11

Freon - 12

Freon - 13

F2

CHF3

CCl3F

CCl2F2

CClF3

0.1873

0.176

0.1357

0.1432

0.153

1.695

3.127

6.129

5.395

4.660

0.98

0.50

0.33

0.35

0.38

Freon - 13 B1

Freon - 14

Freon - 21

Freon - 22

Freon - 23

CBrF3

CF4

CHCl2F

CHClF2

CHF3

0.1113

0.1654

0.140

0.1544

0.176

6.644

3.926

4.592

3.858

3.127

0.37

0.42

0.42

0.46

0.50

Freon - 113

Freon - 114

Freon - 115

Freon - 116

Freon - C318

C2Cl3F3

C2Cl2F4

C2ClF5

C2F6

C4F8

0.161

0.160

0.164

0.1843

0.185

8.360

7.626

6.892

6.157

8.397

0.20

0.22

0.24

0.24

0.17

Freon - 1132A

Helium

Hexafluoroethane

(Freon - 116)

C2H2F2

He

C2F6

0.224

1.241

0.1843

2.857

0.1786

6.157

0.43

.- - -2

0.24

Table 17:  Gas Correction Factors for Pure Gases
(Continued on next page)
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Gas Correction Factors for Pure Gases (Continued)

GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Hydrogen

Hydrogen Bromide

Hydrogen Chloride

Hydrogen Fluoride

Isobutylene

Krypton

Methane

H2

HBr

HCl

HF

C4H8

Kr

CH4

3.419

0.0861

0.1912

0.3479

0.3701

0.0593

0.5328

0.0899

3.610

1.627

0.893

2.503

3.739

 0.715

.- - -2

1.00

1.00

1.00

0.29

1.543

0.72

Methyl Fluoride

Molybdenum Hexafluoride

Neon

Nitric Oxide

Nitrogen

CH3F

MoF6

Ne

NO

N2

0.3221

0.1373

0.246

0.2328

0.2485

1.518

9.366

0.900

1.339

1.250

0.56

0.21

1.46

0.99

1.00

Nitrogen Dioxide

Nitrogen Trifluoride

Nitrous Oxide

Octafluorocyclobutane

(Freon - C318)

Oxygen

NO2

NF3

N2O

C4F8

O2

0.1933

0.1797

0.2088

0.185

0.2193

2.052

3.168

1.964

8.937

 1.427

- -2

0.48

0.71

0.17

1.003

Pentane

Perfluoropropane

Phosgene

Phosphine

Propane

C5H12    

C3F8

COCl2

PH3

C3H8

0.398

0.194

0.1394

0.2374

0.3885

3.219

8.388

4.418

1.517

1.967

0.21

0.17

0.44

0.76

0.36

Propylene

Silane

Silicon Tetrachloride

Silicon Tetrafluoride

Sulfur Dioxide

C3H6

SiH4

SiCl4

SiF4

SO2

0.3541

0.3189

0.1270

0.1691

0.1488

1.877

1.433

7.580

4.643

2.858

0.41

0.60

0.28

0.35

0.69

Table 17:  Gas Correction Factors for Pure Gases
(Continued on next page)
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Gas Correction Factors for Pure Gases (Continued)

GAS SYMBOL SPECIFIC HEAT, Cp

cal/goC

DENSITY

g/l @ 0oC

CONVERSION

FACTOR

Sulfur Hexafluoride

Trichlorofluoromethane

(Freon - 11)

Trichlorosilane

1,1,2-Trichloro - 1,2,2-Trifluoroethane

(Freon - 113)

Tungsten Hexafluoride

Xenon

SF6

CCl3F

SiHCl3

CCl2FCClF2 or

(C2Cl3F3)

WF6

Xe

0.1592

0.1357

0.1380

0.161

0.0810

0.0378

6.516

6.129

6.043

8.360

13.28

5.858

0.26

0.33

0.33

0.20

0.25

1.32

1Empirically defined.

2Consult MKS Instruments, Inc. for special applications.

3The GCF for Oxygen is 0.993 when using thermal MFCs such as the Type 1179, 1479, 1679, 1159, and 1259 units, and related

products.  The GCF for Oxygen is 1.000, as listed in the table, for pressure based MFCs such as the Type 1640, 1150, 1151, 1152, and

1153 units.

NOTE:  Standard Pressure is defined as 760 mmHg (14.7 psia).

              Standard Temperature is defined as 0oC

Table 17:  Gas Correction Factors for Pure Gases
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Index

A

AC line cord, 44

C

Cables

CE requirements, 20, 22

ordering, 32

part numbers, 20

CE mark

cables, 20, 22

description of, 20

specifications, 79

Connectors

interface P5 (channel 1), 33

interface P6 (channels 1 to 4), 32

MFC (J1 to J4), 34

Controller

setup, 67

zero adjustment, 67

Customer support, 18

D

Dipswitch S15

+1 V FS input, 65

+5 V FS input, 64

initial settings, 64

E

Electrical information

fuses, 30, 71

External flow control

controller setup, 67

individual gas flows, 28, 38, 66

ratioed gas flows, 28, 66–68, 38, 66–68

system setup, 68

F

Front panel controls, 40–42

Fuses, 30, 71

G

Gas correction factors

description of, 47, 49

gas mixtures, 51

list of, 83–86

pure gases, 50

reference temperature, 49

Gauge factors, 47, 56

I

Installation Category, 23

L

Line voltage, 44

M

Maintenance, 71

Manual flow control

individual gas flows, 27, 37, 59, 63

ratioed gas flows, 27, 37, 61–62

Manual, organization of, 18

Model code, 81

Mounting instructions

247 unit, 26

MFCs, 26
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P

PCS, 67
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R
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S
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Serial number label, 53
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Specifications, 79–80
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spanish, 14
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T

Temperature, operating, 23
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TTL logic control, 69

U
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Warm up

controller, 67
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WARRANTY
Type 651C Equipment

MKS Instruments, Inc. (MKS) warrants that the equipment described above (the

“equipment”) manufactured by MKS shall be free from defects in materials and

workmanship for a period of one year from date of shipment and will for a period of two

years from the date of shipment, correctly perform all date-related operations, including

without limitation accepting data entry, sequencing, sorting, comparing, and reporting,

regardless of the date the operation is performed or the date involved in the operation,

provided that, if the equipment exchanges data or is otherwise used with equipment,

software, or other products of others, such products of others themselves correctly

perform all date-related operations and store and transmit dates and date-related data

in a format compatible with MKS equipment.  THIS WARRANTY IS MKS’ SOLE

WARRANTY CONCERNING DATE-RELATED OPERATIONS.

For the period commencing with the date of shipment of this equipment and ending one

year later in the case of defects in materials and workmanship, but two years later in the

case of failure to comply with the date-related operations warranty, MKS will, at its

option, either repair or replace any part which is defective in materials or workmanship

or with respect to the date-related operations warranty without charge to the purchaser.

The foregoing shall constitute the exclusive and sole remedy of the purchaser for any

breach by MKS of this warranty.

The purchaser, before returning any equipment covered by this warranty, which is

asserted to be defective by the purchaser, shall make specific written arrangements

with respect to the responsibility for shipping the equipment and handling any other

incidental charges with the MKS sales representative or distributor from which the

equipment was purchased or, in the case of a direct purchase from MKS, with the MKS

home office in Andover, Massachusetts, USA.

This warranty does not apply to any equipment which has not been installed and used

in accordance with the specifications recommended by MKS for the proper and normal

use of the equipment. MKS shall not be liable under any circumstances for indirect,

special, consequential, or incidental damages in connection with, or arising out of, the

sale, performance, or use of the equipment covered by this warranty.

MKS recommends that all MKS pressure and flow products be calibrated periodically

(typically every 6 to 12 months) to ensure accurate readings.  When a product is

returned to MKS for this periodic re-calibration it is considered normal preventative

maintenance not  covered by any warranty.

THIS WARRANTY IS IN LIEU OF ALL OTHER RELEVANT WARRANTIES,

EXPRESSED OR IMPLIED, INCLUDING THE IMPLIED WARRANTY OF

MERCHANTABILITY AND THE IMPLIED WARRANTY OF FITNESS FOR A

PARTICULAR PURPOSE, AND ANY WARRANTY AGAINST INFRINGEMENT OF

ANY PATENT.
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Safety Information

Symbols Used in This Instruction Manual

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual.

Warning The WARNING sign denotes a hazard.  It calls attention to a
procedure, practice, condition, or the like, which, if not
correctly performed or adhered to, could result in injury to
personnel.

Caution The CAUTION sign denotes a hazard.  It calls attention to an
operating procedure, practice, or the like, which, if not correctly
performed or adhered to, could result in damage to or destruction of
all or part of the product.

Note The NOTE sign denotes important information.  It calls attention to a
procedure, practice, condition, or the like, which is essential to highlight.
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Symbols Found on the Unit

The following table describes symbols that may be found on the unit.

Definition of Symbols Found on the Unit

|

On (Supply) 
IEC 417, No.5007

Off (Supply)
IEC 417, No.5008

Earth (ground) 
IEC 417, No.5017

Protective earth 
(ground) 

IEC 417, No.5019

Frame or chassis 
IEC 417, No.5020

Equipotentiality 
IEC 417, No.5021

Direct current 
IEC 417, No.5031

Alternating current
IEC 417, No.5032

Both direct and
alternating current

IEC 417, No.5033-a
Class ll equipment 

IEC 417, No.5172-a

Three phase
alternating current

IEC 617-2 No.020206

Caution, refer to
accompanying

documents
ISO 3864, No.B.3.1

Caution, risk of
electric shock

ISO 3864, No.B.3.6
Caution, hot surface
IEC 417, No.5041

Table 1:  Definition of Symbols Found on the Unit
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Safety Procedures and Precautions

The following general safety precautions must be observed during all phases of operation of this
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in
this manual violates safety standards of intended use of the instrument and may impair the
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the
customer’s failure to comply with these requirements.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument.
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure
that all safety features are maintained.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not remove instrument covers.  Component replacement and internal
adjustments must be made by qualified service personnel only.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord.  To avoid electrical
shock, plug the power cord into a properly wired receptacle before connecting it to the product
input or output terminals.  A protective ground connection by way of the grounding conductor in
the power cord is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts (including knobs
and controls that may appear to be insulating) can render an electrical shock.

GROUND AND USE PROPER ELECTRICAL FITTINGS

Dangerous voltages are contained within this instrument.  All electrical fittings and cables must
be of the type specified, and in good condition.  All electrical fittings must be properly connected
and grounded.

USE THE PROPER POWER CORD

Use only a power cord that is in good condition and which meets the input power requirements
specified in the manual.

Use only a detachable cord set with conductors that have a cross-sectional area equal to or greater
than 0.75 mm2.  The power cable should be approved by a qualified agency such as VDE,
Semko, or SEV.
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USE THE PROPER POWER SOURCE

This product is intended to operate from a power source that does not apply more voltage
between the supply conductors, or between either of the supply conductors and ground, than that
specified in the manual.

USE THE PROPER FUSE

Use only a fuse of the correct type, voltage rating, and current rating, as specified for your
product.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive environment unless it has been
specifically certified for such operation.

HIGH VOLTAGE DANGER

High voltage is present in the cable, and in the sensor when the controller is turned on.
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Sicherheitshinweise

In dieser Betriebsanleitung vorkommende Symbole

Definition der mit WARNUNG!, VORSICHT! und HINWEIS überschriebenen Abschnitte in
dieser Betriebsanleitung.

Warnung! &CU 5[ODQN 9#4070)� YGKUV CWH GKPG )GHCJTGPSWGNNG JKP� 'U

OCEJV CWH GKPGP #TDGKVUCDNCWH� GKPG #TDGKVUYGKUG� GKPGP

<WUVCPF QFGT GKPG UQPUVKIG )GIGDGPJGKV CWHOGTMUCO� FGTGP

WPUCEJIGO·G #WUHÒJTWPI D\Y� WPIGPÒIGPFG

$GTÒEMUKEJVKIWPI \W -ÌTRGTXGTNGV\WPI HÒJTGP MCPP�

8QTUKEJV� Das Symbol VORSICHT! weist auf eine Gefahrenquelle hin. Es
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung
bzw. Ungenügende Berücksichtigung zu einer Beschädigung oder
Zerstörung des Produkts oder von Teilen des Produkts führen kann.

*KPYGKU Das Symbol HINWEIS weist auf eine wichtige Mitteilung hin, die auf
einen Arbeitsablauf, eine Arbeitsweise, einen Zustand oder eine sonstige
Gegebenheit von besonderer Wichtigkeit aufmerksam macht.
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Am Gerät angebrachte Symbole

Der untenstehenden Tabelle sind die Bedeutungen der Symbole zu entnehmen, die an dem Gerät
angebracht sind.

Definitionen der am Gerät angebrachten Symbole

|
Ein (Netz)

IEC 417, Nr. 5007

Aus (Netz)

IEC 417, Nr. 5008

Erde

IEC 417, Nr. 5017

Schutzleiter

IEC 417, Nr. 5019

Rahmen oder Chassis

IEC 417, Nr. 5020

Äquipotentialanschluß

IEC 417, Nr. 5021

Gleichstrom

IEC 417, Nr. 5031

Wechselstrom

IEC 417, Nr. 5032

Wechselstrom und

Gleichstrom

IEC 417, Nr. 5033-a

Geräteklasse II

IEC 417, Nr. 5172-a

Drehstrom

IEC 617-2 Nr. 020206

Vorsicht! Bitte

Begleitdokumente

lesen!

ISO 3864, Nr. B.3.1

Vorsicht!

Stromschlaggefahr!

ISO 3864, Nr. B.3.6

Vorsicht!

Heiße Fläche!

IEC 417, Nr. 5041

Tabelle 2: Definitionen der am Gerät angebrachten Symbole



Sicherheitshinweise Sicherheitsvorschriften und Vorsichtsmaßnahmen

7

Sicherheitsvorschriften und Vorsichtsmaßnahmen

Die untenstehenden allgemeinen Sicherheitsvorschriften sind bei allen Betriebs-phasen
dieses Instruments zu befolgen. Jede Mißachtung dieser Sicherheits-vorschriften oder
sonstiger spezifischer Warnhinweise in dieser Betriebsanleitung stellt eine
Zuwiderhandlung der für dieses Instrument geltenden Sicherheits-standards dar und kann
die an diesem Instrument vorgesehenen Schutzvor-richtungen unwirksam machen. MKS
Instruments, Inc. haftet nicht für eine Mißachtung dieser Sicherheitsvorschriften seitens
des Kunden.

Keine Teile austauschen und keine Veränderungen vornehmen!

Bauen Sie in das Instrument keine Ersatzteile ein, und nehmen Sie keine eigenmächtigen
Änderungen am Gerät vor! Schicken Sie das Instrument zu Wartungs- und Reparatur-zwecken an
einen MKS-Kalibrierungs- und -Kundendienst ein! Dadurch wird sicher-gestellt, daß alle
Sicherheitseinrichtungen voll funktionsfähig bleiben.

Wartung nur durch qualifizierte Fachleute!

Das Gehäuse des Instruments darf vom Bedienpersonal nicht geöffnet werden. Das Auswechseln
von Bauteilen und das Vornehmen von internen Einstellungen ist nur von qualifizierten
Fachleuten durchzuführen.

Produkt erden!

Dieses Produkt ist mit einer Erdleitung und einem Schutzkontakt am Netzstecker versehen. Um
der Gefahr eines elektrischen Schlages vorzubeugen, ist das Netzkabel an einer vorschriftsmäßig
geerdeten Schutzkontaktsteckdose anzuschließen, bevor es an den Eingangs- bzw.
Ausgangsklemmen des Produkts angeschlossen wird. Das Instrument kann nur sicher betrieben
werden, wenn es über den Erdleiter des Netzkabels und einen Schutzkontakt geerdet wird.

Gefährdung durch Verlust der Schutzerdung!

Geht die Verbindung zum Schutzleiter verloren, besteht an sämtlichen zugänglichen Teilen aus
stromleitendem Material die Gefahr eines elektrischen Schlages. Dies gilt auch für Knöpfe und
andere Bedienelemente, die dem Anschein nach isoliert sind.
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Erdung und Verwendung geeigneter elektrischer Armaturen!

In diesem Instrument liegen gefährliche Spannungen an. Alle verwendeten elektrischen
Armaturen und Kabel müssen dem angegebenen Typ entsprechen und sich in einwand-freiem
Zustand befinden. Alle elektrischen Armaturen sind vorschriftsmäßig anzubringen und zu erden.

Richtiges Netzkabel verwenden!

Das verwendete Netzkabel muß sich in einwandfreiem Zustand befinden und den in der
Betriebsanleitung enthaltenen Anschlußwerten entsprechen.

Das Netzkabel muß abnehmbar sein. Der Querschnitt der einzelnen Leiter darf nicht weniger als
0,75 mm2 betragen. Das Netzkabel sollte einen Prüfvermerk einer zuständigen Prüfstelle tragen,
z.B. VDE, Semko oder SEV.

Richtige Stromquelle verwenden!

Dieses Produkt ist für eine Stromquelle vorgesehen, bei der die zwischen den Leitern bzw.
zwischen jedem der Leiter und dem Masseleiter anliegende Spannung den in dieser
Betriebsanleitung angegebenen Wert nicht überschreitet.

Richtige Sicherung benutzen!

Es ist eine Sicherung zu verwenden, deren Typ, Nennspannung und Nennstromstärke den
Angaben für dieses Produkt entsprechen.

Gerät nicht in explosiver Atmosphäre benutzen!

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät nicht in der Nähe explosiver
Stoffe eingesetzt werden, sofern es nicht ausdrücklich für diesen Zweck zertifiziert worden ist.

Hochspannungsgefahr!

Bei eingeschaltetem Steuerteil liegt im Kabel und im Sensor Hochspannung an.
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Informations relatives à la sécurité

Symboles utilisés dans ce manuel d'utilisation

Définition des indications AVERTISSEMENT, ATTENTION et REMARQUE utilisées dans ce
manuel.

#XGTVKUUGOGPV .	KPFKECVKQP #8'46+55'/'06 UKIPCNG WP FCPIGT RQVGPVKGN� 'NNG GUV

FGUVKP¾G ¯ CVVKTGT N	CVVGPVKQP UWT WPG RTQE¾FWTG� WPG WVKNKUCVKQP� WPG

UKVWCVKQP QW VQWVG CWVTG EJQUG RT¾UGPVCPV WP TKUSWG FG DNGUUWTG GP

ECU F	GZ¾EWVKQP KPEQTTGEVG QW FG PQP�TGURGEV FGU EQPUKIPGU�

#VVGPVKQP L'indication ATTENTION signale un danger potentiel. Elle est destinée
à attirer l'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un risque d'endommagement ou de dégât
d'une partie ou de la totalité de l'appareil en cas d'exécution incorrecte
ou de non-respect des consignes.

4GOCTSWG L'indication REMARQUE signale des informations importantes. Elle est
destinée à attirer l'attention sur une procédure, une utilisation, une situation ou
toute autre chose présentant un intérêt particulier.
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Symboles apparaissant sur l'appareil

Le tableau suivant décrit les symboles apparaissant sur l'appareil.

Définition des symboles apparaissant sur l'appareil

|

Marche (sous tension)

IEC 417, No. 5007

Arrêt (hors tension)

IEC 417, No. 5008

Terre (masse)

IEC 417, No. 5017

Terre de protection

 (masse)

IEC 417, No. 5019

Masse

IEC 417, No. 5020

Equipotentialité

IEC 417, No. 5021

Courant continu

IEC 417, No. 5031

Courant alternatif

IEC 417, No. 5032

Courant continu et

alternatif

IEC 417, No. 5033-a

Matériel de classe II

IEC 417, No. 5172-a

Courant alternatif

triphasé

IEC 617-2 No. 020206

Attention : se reporter

à la documentation

ISO 3864, No. B.3.1

Attention : risque de

secousse électrique

ISO 3864, No. B.3.6

Attention : surface

brûlante

IEC 417, No. 5041

Tableau 3 : Définition des symboles apparaissant sur l'appareil
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Mesures de sécurité et mises en garde

Prendre toutes les précautions générales suivantes pendant toutes les phases d'utilisation de cet
appareil. Le non-respect de ces précautions ou des avertissements contenus dans ce manuel
entraîne une violation des normes de sécurité relatives à l'utilisation de l'appareil et le risque de
réduire le niveau de protection fourni par l'appareil. MKS Instruments, Inc. ne prend aucune
responsabilité pour les conséquences de tout non-respect des consignes de la part de ses clients.

NE PAS SUBSTITUER DES PIÈCES OU MODIFIER L'APPAREIL

Ne pas utiliser de pièces détachées autres que celles vendues par MKS Instruments, Inc. ou
modifier l'appareil sans l'autorisation préalable de MKS Instruments, Inc. Renvoyer l'appareil à
un centre d'étalonnage et de dépannage MKS pour tout dépannage ou réparation afin de s'assurer
que tous les dispositifs de sécurité sont maintenus.

DÉPANNAGE EFFECTUÉ UNIQUEMENT PAR UN PERSONNEL QUALIFIÉ

L'opérateur de l'appareil ne doit pas enlever le capot de l'appareil. Le remplacement des
composants et les réglages internes doivent être effectués uniquement par un personnel
d'entretien qualifié.

MISE À LA TERRE DE L'APPAREIL

Cet appareil est mis à la terre à l'aide du fil de terre du cordon d'alimentation. Pour éviter tout
risque de secousse électrique, brancher le cordon d'alimentation sur une prise de courant
correctement câblée avant de le brancher sur les bornes d'entrée ou de sortie de l'appareil. Une
mise à la terre de protection à l'aide du fil de terre du cordon d'alimentation est indispensable
pour une utilisation sans danger de l'appareil.

DANGER LIÉ À UN DÉFAUT DE TERRE

En cas de défaut de terre, toutes les pièces conductrices accessibles (y compris les boutons de
commande ou de réglage qui semblent être isolés) peuvent être source d'une secousse électrique.

MISE À LA TERRE ET UTILISATION CORRECTE D'ACCESSOIRES ÉLECTRIQUES

Des tensions dangereuses existent à l'intérieur de l'appareil. Tous les accessoires et les câbles
électriques doivent être conformes au type spécifié et être en bon état. Tous les accessoires
électriques doivent être correctement connectés et mis à la terre.
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UTILISATION D'UN CORDON D'ALIMENTATION APPROPRIÉ

Utiliser uniquement un cordon d'alimentation en bon état et conforme aux exigences de puissance
d'entrée spécifiées dans le manuel.

Utiliser uniquement un cordon d'alimentation amovible avec des conducteurs dont la section est
égale ou supérieure à 0,75 mm2. Le cordon d'alimentation doit être approuvé par un organisme
compétent tel que VDE, Semko ou SEV.

UTILISATION D'UNE ALIMENTATION APPROPRIÉE

Cet appareil est conçu pour fonctionner en s'alimentant sur une source de courant électrique
n'appliquant pas une tension entre les conducteurs d'alimentation, ou entre les conducteurs
d'alimentation et le conducteur de terre, supérieure à celle spécifiée dans le manuel.

UTILISATION D'UN FUSIBLE APPROPRIÉ

Utiliser uniquement un fusible conforme au type, à la tension nominale et au courant nominal
spécifiés pour l'appareil.

NE PAS UTILISER DANS UNE ATMOSPHÈRE EXPLOSIVE

Pour éviter tout risque d'explosion, ne pas utiliser l'appareil dans une atmosphère explosive à
moins qu'il n'ait été approuvé pour une telle utilisation.

DANGER DE HAUTE TENSION

Une haute tension est présente dans le câble et dans le capteur lorsque le contrôleur est sous
tension.
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Información sobre seguridad

Símbolos usados en el manual de instrucciones

Definiciones de los mensajes de ADVERTENCIA, PRECAUCIÓN Y OBSERVACIÓN usados
en el manual.

#FXGTVGPEKC 'N UÃODQNQ FG #&8'46'0%+# KPFKEC WP TKGUIQ� 2QPG FG TGNKGXG

WP RTQEGFKOKGPVQ� RT±EVKEC� EQPFKEKÉP� GVE�� SWG� FG PQ

TGCNK\CTUG W QDUGTXCTUG EQTTGEVCOGPVG� RQFTÃC ECWUCT NGUKQPGU C

NQU GORNGCFQU�

2TGECWEKÉP El símbolo de PRECAUCIÓN indica un riesgo. Pone de relieve un
procedimiento, práctica, etc., de tipo operativo que, de no realizarse
u observarse correctamente, podría causar desperfectos al
instrumento, o llegar incluso a causar su destrucción total o parcial.

1DUGTXCEKÉP El símbolo de OBSERVACIÓN indica información de importancia. Pone
de relieve un procedimiento, práctica, condición, etc., cuyo conocimiento
resulta esencial.
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Símbolos que aparecen en la unidad

En la tabla que figura a continuación se indican los símbolos que aparecen en la unidad.

Definición de los símbolos que aparecen en la unidad

|
Encendido

(alimentación eléctrica)

IEC 417, N.° 5007

Apagado

(alimentación eléctrica)

IEC 417, N.° 5008

Puesta a tierra

IEC 417, N.° 5017

Protección a tierra

IEC 417, N.° 5019

Caja o chasis

IEC 417, N.° 5020

Equipotencialidad

IEC 417, N.° 5021

Corriente continua

IEC 417, N.° 5031

Corriente alterna

IEC 417, N.° 5032

Corriente continua y

alterna

IEC 417, N.° 5033-a

Equipo de clase II

IEC 417, N.° 5172-a

Corriente alterna

trifásica

IEC 617-2 N.° 020206

Precaución. Consultar

los documentos

adjuntos

ISO 3864, N.° B.3.1

Precaución. Riesgo

de descarga eléctrica

ISO 3864, N.° B.3.6

Precaución.
Superficie

caliente

IEC 417, N.° 5041

Tabla 4 : Definición de los símbolos que aparecen en la unidad
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Procedimientos y precauciones de seguridad

Las precauciones generales de seguridad que figuran a continuación deben observarse
durante todas las fases de funcionamiento del presente instrumento. La no observancia de
dichas precauciones, o de las advertencias específicas a las que se hace referencia en el
manual, contraviene las normas de seguridad referentes al uso previsto del instrumento y
podría impedir la protección que proporciona el instrumento. MKS Instruments, Inc., no
asume responsabilidad alguna en caso de que el cliente haga caso omiso de estos
requerimientos.

NO UTILIZAR PIEZAS NO ORIGINALES NI MODIFICAR EL INSTRUMENTO

No se debe instalar piezas que no sean originales ni modificar el instrumento sin autorización.
Para garantizar que las prestaciones de seguridad se observen en todo momento, enviar el
instrumento al Centro de servicio y calibración de MKS cuando sea necesaria su reparación y
servicio de mantenimiento.

REPARACIONES EFECTUADAS ÚNICAMENTE POR TÉCNICOS ESPECIALIZADOS

Los operarios no deben retirar las cubiertas del instrumento. El cambio de piezas y los reajustes
internos deben efectuarlos únicamente técnicos especializados.

PUESTA A TIERRA DEL INSTRUMENTO

Este instrumento está puesto a tierra por medio del conductor de tierra del cable eléctrico. Para
evitar descargas eléctricas, enchufar el cable eléctrico en una toma debidamente instalada, antes
de conectarlo a las terminales de entrada o salida del instrumento. Para garantizar el uso sin
riesgos del instrumento resulta esencial que se encuentre puesto a tierra por medio del conductor
de tierra del cable eléctrico.

PELIGRO POR PÉRDIDA DE LA PUESTA A TIERRA

Si se pierde la conexión protectora de puesta a tierra, todas las piezas conductoras a las que se
tiene acceso (incluidos los botones y mandos que pudieran parecer estar aislados) podrían
producir descargar eléctricas.

PUESTA A TIERRA Y USO DE ACCESORIOS ELÉCTRICOS ADECUADOS

Este instrumento funciona con voltajes peligrosos. Todos los accesorios y cables eléctricos deben
ser del tipo especificado y mantenerse en buenas condiciones. Todos los accesorios eléctricos
deben estar conectados y puestos a tierra del modo adecuado.
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USAR EL CABLE ELÉCTRICO ADECUADO

Usar únicamente un cable eléctrico que se encuentre en buenas condiciones y que cumpla los
requisitos de alimentación de entrada indicados en el manual.

Usar únicamente un cable desmontable instalado con conductores que tengan un área de sección
transversal equivalente o superior a 0,75mm². El cable eléctrico debe estar aprobado por una
entidad autorizada como, por ejemplo, VDE, Semko o SEV.

USAR LA FUENTE DE ALIMENTACIÓN ELÉCTRICA ADECUADA

Este instrumento debe funcionar a partir de una fuente de alimentación eléctrica que no aplique
más voltaje entre los conductores de suministro, o entre uno de los conductores de suministro y
la puesta a tierra, que el que se especifica en el manual.

USAR EL FUSIBLE ADECUADO

Usar únicamente un fusible del tipo, clase de voltaje y de corriente adecuados, según lo que se
especifica para el instrumento.

EVITAR SU USO EN ENTORNOS EXPLOSIVOS

Para evitar el riesgo de explosión, no usar este instrumento o en un entorno explosivo, a no ser
que haya sido certificado para tal uso.

PELIGRO POR ALTO VOLTAJE

Cuando el controlador está encendido, se registra alto voltaje en el cable y en el sensor.
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Chapter One:  General Information

Introduction

The Type 651C instrument is a self-tuning pressure controller for throttle valves.  It can supply
±15 Volts to power and provide a readout for an attached capacitance manometer.  The self-
tuning feature of the Type 651 unit determines system characteristics necessary for control.  This
feature takes into account time constants, transfer functions of the valve and plumbing, valve
gain, pump speed, and many other important parameters when determining the system
characteristics.  The 651 unit also includes an adjustable softstart function (to minimize
turbulence in the chamber and contamination of the process), Local/Remote transducer zeroing
capability, and two process limit relays to indicate if the pressure deviates from the desired trip
points.

Located on the front panel is a Key Lock switch used to select front panel or rear panel control.
The switch can lock the front panel controls as a safety measure to prevent accidental command
entries.  The default window display on the front panel shows the pressure readout and the valve
position (% open).  The pressure readout can be displayed in units of Torr, mTorr, mbar, µbar,
Pascal, kPa, cmH2O, or inH2O.  Five reprogrammable set points are provided, each one having
the option of being setup for pressure or position control.  Valve open, close, and stop functions
are also provided on the front panel for use in system setup and diagnostics.

The 651 instrument has a high-powered driver to operate most MKS type throttle valves,
including valves up to 100 mm (4”) with vacuum shut-off capability, giving the unit a control
range from 10-4 to 760 Torr with the appropriate pressure transducers Appendix C:  Product
Compatibility, page 117, lists all MKS products that are compatible with the 651 controller.  All
MKS unheated and 45° C temperature-controlled, linear Baratron® transducers are compatible
with the 651 controller, which is equipped with a low-capacity power supply.  The 651 unit can
be optionally equipped with a high-capacity power supply, enabling compatibility with 100° C
temperature-controlled, linear Baratron transducers.  The 651 unit contains a battery-backed
memory module which stores configuration and learned system information while power is off.
There is also an optional valve failsafe battery backup available.  The optional battery backup
allows user-configuration of the 651 instrument to drive a valve open or closed upon an AC
power failure.
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How This Manual is Organized

This manual is designed to provide instructions on how to set up, install and operate a Type 651
unit.

Before installing your Type 651 unit in a system and/or operating it, carefully read and
familiarize yourself with all precautionary notes in the Safety Messages and Procedures
section at the front of this manual.  In addition, observe and obey all WARNING and
CAUTION notes provided throughout the manual.

Chapter One, General Information, (this chapter) introduces the product.

Chapter Two, Installation, explains environmental requirements and practical considerations to
take into account when selecting the proper setting for the pressure control instrument.

Chapter Three, Overview, reviews the 651 pressure controller.  It describes the components on
both the front and rear panels and describes the electrical connections.

Chapter Four, System Setup, explains how to connect a valve and set up the 651 pressure
controller using the menu selection prompts displayed on the front panel.

Chapter Five, Local Operation, describes how to operate the instrument from the front panel and
includes detailed instructions for using each of the functions available in Local mode.

Chapter Six, Remote Operation, describes RS-232 control and the digital logic operation.

Chapter Seven, Battery-Backed Memory Module, provides instructions on how to replace the
battery-backed memory module.

Chapter Eight, Valve Failsafe Battery Backup Option, provides information on the optional valve
failsafe battery backup.

Chapter Nine, Maintenance, provides general maintenance procedures.

Appendix A, Product Specifications, lists product specifications for the 651 instrument.

Appendix B, Model Code Explanation, describes the instrument’s ordering code.

Appendix C, Products Compatibility supplies information about MKS compatible products.

Appendix D, Displayless Version, describes the displayless version and how it differs from the
standard 651 unit.

Appendix E, Initial Settings, lists the initial settings for the controller.

Appendix F, Command and Request Reference, is a summary of the RS-232 commands and
responses.
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Customer Support

Standard maintenance and repair services are available at all of our regional MKS Calibration
and Service Centers, listed on the back cover.  In addition, MKS accepts the instruments of other
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment
located at all of our regional service centers.  Should any difficulties arise in the use of your Type
651 instrument, or to obtain information about companion products MKS offers, contact any
authorized MKS Calibration and Service Center.  If it is necessary to return the instrument to
MKS, please obtain an ERA Number (Equipment Return Authorization Number) from the MKS
Calibration and Service Center before shipping.  The ERA Number expedites handling and
ensures proper servicing of your instrument.

Please refer to the inside of the back cover of this manual for a list of MKS Calibration and
Service Centers.

Warning All returns to MKS Instruments must be free of harmful,
corrosive, radioactive, or toxic materials.
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Chapter Two:  Installation

How To Unpack the Type 651 Unit

MKS has carefully packed the Type 651 unit so that it will reach you in perfect operating order.
Upon receiving the unit, however, you should check for defects, cracks, broken connectors, etc.,
to be certain that damage has not occurred during shipment.

Note Do not discard any packing materials until you have completed your
inspection and are sure the unit arrived safely.

If you find any damage, notify your carrier and MKS immediately.  If it is necessary to return the
instrument to MKS, obtain an ERA Number (Equipment Return Authorization Number) from the
MKS Service center before shipping.  Please refer to the inside of the back cover of this manual
for a list of MKS Calibration and Service Centers.

Caution Only qualified individuals should perform the installation and any
user adjustments.  They must comply with all the necessary ESD and
handling precautions while installing and adjusting the instrument.
Proper handling is essential when working with all highly sensitive
precision electronic instruments.

Unpacking Checklist

Standard Equipment:

•  Type 651 Pressure Controller

•  Type 651 Instruction Manual (this book)

•  Key for the front panel Key Lock switch

•  Power Cable
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Optional Equipment:

•  651-K1 accessory kit (includes an I/O connector for the rear panel of the unit, a connector
cover for the I/O connector, and a screwlock assembly for the I/O connector cover)

•  Cables for supported sensors and the MKS Types 253 or 653 valves

•  RM-13 or RM-14 rack mount option

•  Valve failsafe battery backup (installed in the unit at the factory)

•  MKS RS-232 Serial Communications Cable (CB651-10-10)

Note 1. An overall metal braided shielded cable, properly grounded at both
ends, is required to meet CE specifications.

2. To order a metal braided shielded cable, add an “S” after the cable
type designation.  For example, to order a standard cable to connect
the 651 controller to a Type 627 transducer, use part number
CB259-5-10; for a metal braided, shielded cable use part number
CB259S-5-10.

Product Location and Requirements

The Type 651 unit meets the following criteria:

•  POLLUTION DEGREE 2 in accordance with IEC 664

•  Transient overvoltages according to INSTALLATION CATEGORY II

Operating Environmental Requirements

•  Ambient Operating Temperature: 15° to 40° C (60° to 104° F)
15° to 35° C (60° to 95° F) with optional valve 
failsafe battery back-up

•  Main supply voltage fluctuations must not exceed ±10% of the nominal voltage

•  Ventilation requirements include sufficient air circulation

•  Connect the power cord into a grounded outlet

Safety Conditions

The 651 controller poses no safety risk under the following environmental conditions:

•  Altitude:  up to 2000 m

•  Maximum relative humidity: 80% for temperatures up to 31 °C, decreasing linearly to
50% at 40° C



Chapter Two:  Installation Setup

23

Setup

Environmental Requirements

Follow these requirements when installing and using a 651 pressure controller.

1. Operating ambient temperature must be in the range of 15° to 40° C (15° to 35° C when
equipped with the optional valve failsafe battery backup).

2. Humidity must be kept between 0 and 95%, non-condensing.

3. Position the unit with proper clearance, to allow air cooling, so that the unit can operate
within the product temperature specifications listed above.

4. The 651 unit can be mounted in a panel cutout or in either a 9-inch deep or 12-inch deep
rack.  (The optional valve failsafe battery backup requires 12 inches).

A.  The RM-13 rack mount option supports a 9-inch deep rack.

B.  The RM-14 rack mount option supports a 12-inch deep rack.

5. Power and fuse requirements for both the low power and high power units are listed in
Checking the Fuses and Line Voltage Selector Switch, page 24.

Caution A. Check to make sure the voltage setting is correct for your local
electrical source.

B. Check to make sure the fuse type is appropriate for your voltage
setting.

6. A solid system ground should be maintained for proper operation and safety to personnel.

For additional Type 651 controller requirements refer to Appendix A:  Product Specifications,
page 113.
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Checking the Fuses and Line Voltage Selector Switch

The 651 unit is shipped with the line voltage set for 115 VAC.  If you need to operate the unit
with a 230 VAC line voltage, follow the instructions in this section.  Refer Table 5 for
information on the fuse types.

Fuse Information

Power Supply Option Nominal Line Line Voltage Range Fuse Type

Low power 115 VAC 90-132 VAC @50/60 Hz
75 VA (max)

0.63A (T), 250V,
5 x 20 mm

230 VAC 180-264 VAC @50/60 Hz
75 VA (max)

0.315A (T), 250V,
5 x 20 mm

High power 115 VAC 90-132 VAC @48/62 Hz
150 VA (max)

1.25A (T), 250V,
5 x 20 mm

230 VAC 180-264 VAC @48/62 Hz
150 VA (max)

0.63A (T), 250V,
5 x 20 mm

Table 5:  Fuse Information

Note The fuses are IEC rated (where the name plate value is the expected
current carrying rating) and not UL or CSA rated (where the name plate
value is nearly the current blowing rating).  Use of UL or CSA rated fuses
will cause unnecessary blowing at high loads.

Appropriate replacement fuses include:

•  Bussmann GDC-T315 mA or equivalent for the 0.315 A fuse
•  Bussmann GDC-T630 mA or equivalent for the 0.63 A fuse
•  Bussmann GDC-T1.25 A or equivalent for the 1.25 A fuse
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How To Change the Line Voltage

1. Check the current line voltage setting.

Refer to Figure 1 for the location of the voltage selector switch on the low power unit, or
to Figure 2, page 26, for the location of the switch on the high power unit.  The label
above the switch (on either unit) shows the corresponding voltage range and fuse
requirements for either voltage setting.

2. Use a small device, for example, a screwdriver, to set the switch to the left position for
operation in the 115 V range, or to the right position for operation in the 230 V range.

Voltage Selector 
Switch

Fuses

Figure 1:  Voltage and Fuse Data for the Low Power Unit
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Voltage Selector
Switch

Fuses

Figure 2:  Voltage and Fuse Data for the High Power Unit

The 651 pressure controller is now ready for valve connection and system setup.  Refer to
Chapter Three:  Overview, page 27, for an overview of the controller and to Chapter Four:
System Setup, page 39, for instructions on how to setup and operate the unit.
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Chapter Three:  Overview

Front Panel

Front Panel Components

Figure 3 labels all the components located on the front panel of the 651 instrument.  Table 6,
page 28, summarizes the functions of the front panel components.

Key Lock
switch

Parameter
scrolling
keys

Adjust knob
Sensor zero
function keys

Learn
function
key

Setpoint
selection
keys

Display window Valve position control keys

Set
Point A

B

CStop

Open

Close

Learn

ZeroSelect
Adjust

600 Series

Pressure Controller

Valve

Local

Remote Parameters

D

E

}
Figure 3:  Front Panel of the 651 Instrument
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Front Panel Display

The front panel display shows pressure and valve position by default.  The down scrolling key,
[ ]   selects the previous display in the display list.  The up scrolling key,   [ ]  scrolls to the
next display in the display sequence.

Summary of Front Panel Components

Front Panel Component Function

Key Lock switch Switches between Local (front panel), and Remote (rear
panel), control.  The switch must be set to Remote to
remove the key.

Display window Displays pressure and the valve position by default.  Other
displays include information such as set points, trip limits,
battery voltage, and softstart rate (depending on how the
unit is configured).

Parameter scrolling keys Used to scroll through displays:   [ ]  down,  and

[ ]   up.

Adjust knob Used to enter parameter values.

Learn function key Used to enable the learn function within the 651 unit.  In a
control system with a positive flow rate, the 651 learn
function determines the system characteristics necessary
for self-tuning control.

Sensor zero function key Used to zero an attached sensor.

Valve position control keys Used to select the valve position.  The possibilities are
open, close, and stop.

Set point selection keys Used to select which set point (A through E), is the active
set point.

Lights The lights on the front panel are not visible unless lit.
They indicate which parameter(s) (ex. set point A), or
function(s) (ex. learn) is currently active.

Table 6:  Summary of Front Panel Components
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Local and Remote Operation

The Key Lock switch is used to select front panel control (Local) or rear panel control (Remote).
When set to Local, control command input and set point parameter modification must be entered
via the front panel.  Information requests (not commands) and 651 unit responses, however, may
still be sent through the Serial Interface connector on the rear panel.  Refer to Table 26, page 128,
and Table 27, page 134, for a listing of the request and return message protocol.

When the Key Lock switch is set to Remote, the front panel becomes locked out.  This is a useful
feature for preventing accidental command entries.  It is still possible, however, to scroll through
the displays to view existing parameters using the   [ ]   and  [ ]   keys.  When in Remote
mode, control command input and set point parameter modification must be entered via the rear
panel either by RS-232 command protocol at the Serial Interface connector or through digital
logic levels at the I/O connector.  Refer to Figure 4, page 31, for the location of the connectors,
to Table 8, page 32, for the Serial RS-232 Interface connector pinout, and to Table 10, page 34,
for the I/O connector pinout.  Chapter Six:  Remote Operation, page 61, contains more detailed
information about RS-232 control and digital logic operation.

Command Priority

The 651 pressure controller responds to the most recent command, whether it is issued in Local
mode or Remote mode.  In switching from Remote to Local, the 651 instrument will respond to
the last command issued in Remote until a new command is issued in Local.  In switching from
Local to Remote, the 651 instrument will continue to respond to the last command issued in
Local until a new command is issued in Remote.

Control Mode:  Self-Tuning or PID Control

The 651 instrument can control a vacuum system in one of two ways.  When used in the Self-
Tuning control mode, the 651 instrument determines control parameters based upon the system’s
characteristics using a unique control algorithm, and does not require the input of lead or gain
values.  To activate this feature from the front panel, be sure the Key Lock switch is set to Local,
and hold down both scrolling keys simultaneously for approximately three seconds, to enter the
Setup menu.  Scroll through the Setup menu until the Control mode entry appears.  The Control
mode screen is shown on page 41.  To change from PID to Self-Tuning, turn the Adjust knob
counterclockwise.  Then press the   [Learn]   key for about three seconds.  Once the unit has
learned the system characteristics, it can operate with the Key Lock switch set to either Local or
Remote.  Refer to How To Activate the Learn Function, page 70, for more information about the
[Learn]   key.
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When used in the PID control mode, the 651 unit employs a Proportional, Integral, and
Derivative (PID) algorithm for control. PID control requires the input of user-defined lead and
gain values.  Each set point uses its own lead and gain values to optimize response from set point
to set point.  Although there are default values for lead and gain, you should enter the  values for
optimum control.  To enter lead and gain parameters from the front panel, the Key Lock switch
must be set to Local.  Select PID Pressure control from the Setup menu to set the lead and gain
values.  (To enter the Setup menu, hold down both scrolling keys simultaneously for
approximately three seconds.  Scroll through the Setup menu until the Control mode entry
appears.  To change from Self-Tuning to PID, turn the Adjust knob clockwise.)  Once the lead
and gain parameters have been entered, the 651 unit can operate with the Key Lock switch set to
either Local or Remote.  Refer to How To Set the Lead and Gain Parameters, page 81, for
instructions on setting lead and gain parameters.

The control mode selection applies to the five internal set points (A through E) and the analog set
point.

Softstart Control

The softstart feature is used to reduce the rate at which a control valve moves toward set point.
The rate is given as a percent of full speed and can be used on either a pressure or position set
point.  Once set point is achieved under softstart control, the valve is free to move at full speed.
Softstart control can be applied to set points A through E, analog set point, valve open, and valve
close.  Refer to Chapter Four:  System Setup, page 39, for instructions on how to set softstart
rates from the front panel.

If a set point is established via RS-232 input, the softstart rate for that set point is selected
through use of the I6 value RS-232 command.  If an analog set point is established via digital
logic input, the softstart rate for the analog set point is controlled by digital logic on pin 7 of the
I/O connector.  To achieve softstart control of digital logic or analog set points, the softstart line
must be held low.  If the line is not held low, the valve will move at 100% full speed.  Refer to
Chapter Six:  Remote Operation, page 61, for additional information about softstart control via
the rear panel.

Battery Backups

There are two types of batteries used in the 651 instrument:  a lithium battery and an optional
lead-acid battery.  The lithium battery is included inside each 651 unit and is used to power
memory for storage of configuration and learned system information while power is off.  The
optional lead-acid battery allows user-configuration of the 651 instrument to drive a valve open
or closed upon an AC power failure.
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Rear Panel

Rear Panel Components

Figure 4 labels all the components located on the rear panel of the 651 instrument.  The power
On/Off switch and the line voltage selector switch are on the back of the 651 unit.  The four Type
“D” connectors are also located on the rear panel.

Valve 
Connector

Serial Interface
Connector

I/O Connector

Transducer
Connector

Fuse
Holder

Line Voltage 
Selector Switch

Power On/Off 
Switch

4 3 2 1

Figure 4:  Rear Panel of the 651 Instrument

The connectors are numbered on the rear panel, as listed in Table 7.

Slot Labels

Slot Label

Serial Interface connector 1

I/O connector 2

Transducer connector 3

Valve connector 4

Table 7:  Slot Labels
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Electrical Connections

Tables 8 through 14, on the following pages, list each connector’s pinout as well as
corresponding MKS cable numbers.

Note 1. An overall metal braided shielded cable, properly grounded at both
ends, is required to meet CE specifications.

2. To order a metal braided shielded cable, add an “S” after the cable
type designation.  For example, to order a standard cable to connect
the 651 controller to a Type 627 transducer, use part number
CB259-5-10; for a metal braided, shielded cable use part number
CB259S-5-10.

Serial RS-232 Interface Connector Pinout

Pin Number Function

1 No connection

2 Transmit data

3 Receive data

4 No connection

5 Digital ground

6 Reserved

7 Reserved

8 No connection

9 No connection

A Reserved pin assignment means that the pin has an internal
connection and may be assigned a function in the future.   The
No Connection pin assignment refers to a pin with no internal
connection.

Table 8:  Serial RS-232 Interface Connector Pinout
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RS-232 Serial Communication Cables

Serial Interface Cable Cable Number

651 Serial Communications to 9-pin serial
port (pins 2 and 3 straight through)

CB651-10-10

651 Serial Communications to 25-pin serial
port (pins 2 and 3 reversed)

CB651-11-10

Table 9:  RS-232 Serial Communication Cables

Caution The MKS RS-232 Serial Communications cable (CB651-10-10) must
be used for the 9-pin, Serial Interface connector.  Unlisted pins on
this connector are not compatible with the current Type “D” 9-pin,
industry-standard cable.
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I/O Connector Pinout

Pin
Number

Function

1 PLO relay #1 - NC contact

2 PLO relay #1 - NO contact

3 PLO relay #2 - NC contact

4 Digital ground

5 Learn system (low)

6 Hold both pin 6 and pin 11 low to select analog set point with position control

7 Softstart (low)

8 Close valve (low)

9 Reserved

10 Analog set point ÷ 10

11 Hold only pin 11 low to select analog set point with pressure control
Hold both pin 6 and pin 11 low to select analog set point with position control

12 Select set point E (low)

13 Select set point D (low)

14 Select set point C (low)

15 Select set point B (low)

16 Select set point A (low)

17 Reserved

18 Reserved

19 Valve open status (hi = open)

20 PLO relay 1 - common contact

21 PLO relay 2 - common contact

22 PLO relay 2 - NO contact

23 Valve closed status (hi = closed)

24 Reserved

Table 10:  I/O Connector Pinout
(Continued on next page)
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I/O Connector Pinout (Continued)

Pin
Number

Function

25 Remote zero (low)

26 Stop valve (low)

27 Open valve (low)

28 PLO #2 status (low = out of limit)

29 PLO #1 status (low = out of limit)

30 +15V Output

31 -15V Output

32 Power ground

33 + Set point input

34 - Set point input

35 Analog ground

36 Pressure output voltage

37 Position output voltage

A Reserved pin assignment means that the pin has an internal connection and may be
assigned a function in the future.   The No Connection pin assignment refers to a pin with
no internal connection.

Table 10:  I/O Connector Pinout
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Transducer Connector Pinout

Pin Number Function

1 +15V Supply

2 + Pressure input

3 Reserved

4 Reserved

5 Power ground

6 -15 V Supply

7 +15 V Supply

8 Reserved

9 -15 V Supply

10 Reserved

11 Digital ground

12 - Pressure input

13 Reserved

14 Reserved

15 Chassis ground

Table 11:  Transducer Connector Pinout

System Interface Cables for MKS Transducers

Transducer Type Number Cable Numbers

122/124/223/225/622/623 CB112-2-10

127/128/624/625/626/627/628 CB259-5-10

120 CB120-1-10

220 CB112-10-10

121/221 CB112-14-10

Table 12:  System Interface Cables for MKS Transducers
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Valve Connector Pinout

Pin Number Function

1 Motor winding A low

2 Motor winding A high

3 Limit switch ground

4 Open limit switch signal

5 Closed limit switch signal

6 Motor winding B high

7 Motor winding B low

8 +15 V @25 mA (for Opto switches)

Table 13:  Valve Connector Pinout

System Interface Cables for MKS Throttle Valves

Valve Type Number Cable Number

253A CB652-2-10

653A CB652-1-10

Table 14:  System Interface Cables for MKS Throttle Valves
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Labels

Serial Number Label

The Serial Number Label, located on the side of the instrument, lists the serial number and the
product model number, and displays the CE mark signifying compliance with the European CE
regulations.

Serial #:

Model #:

MKS Instruments, Inc.                   Made in the USA

0123456789

651CXYZCD

Figure 5:  Serial Number Label

The product model number (code) is identified as “651CXYZCD”, where:

651C = Type number

X = Display

Y = Interface

Z = Valve Driver

C = Power Supply

D = Option

Refer to Appendix B:  Model Code Explanation, page 115, for more information.



Chapter Four:  System Setup Overview

39

Chapter Four:  System Setup

Overview

The 651 pressure controller is configured entirely through menu selection via display lists that
appear on the front panel.  It is not necessary to open the unit to set any switches.  Valve
connection and calibration, sensor range and pressure units, etc. are selected by scrolling through
the display lists and making adjustments using the controls on the front panel.  At initial power
up the display screen, listing the current software/firmware version, appears for about five
seconds.

The system then defaults to its pressure and position display and is ready for valve connection
and setup (or normal operation once the system has been configured).

PRES  4.90 Torr

POS    35.0  %

RS-232 Commands and Requests

System setup and control can also be accomplished through RS-23 communications.  Refer to
Table 26, page 128, for a list of RS-232 commands, and Table 27, page 134, for a list of RS-232
requests and responses.
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Valve Selection and Calibration

Prior to its use, the appropriate valve must be connected and identified by the 651 controller.
The 651 controller is initially configured to work with a 653 valve.  Follow the steps below to
select another valve.

Caution This procedure involves cycling the valve from the open to the close
position.  Be certain that the system can withstand valve cycling
before proceeding.  This test can be performed prior to installing the
651 controller and the valve in the system.

1. Be sure that the valve is connected to the 651 unit and the Key Lock switch is set to Local.

2. Press the   [ ]  and the valve   [CLOSE]   key simultaneously for about three seconds.

VALVE TYPE:

653

3. Use the Adjust knob to scroll through the display list until the type of valve connected to
your unit appears.

The display list includes the following valves:

253 STD

253 FAST

653

4. With the correct valve type displayed, press the   [STOP]   key to select and calibrate the
appropriate valve.  The valve will move (open and close) as it is being calibrated, then stop
at completion.

Note Be sure to select the correct valve, otherwise the 651 pressure controller
will not function properly.
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Setup Menu

The Setup menu enables you to change the configuration of the 651 controller.  The initial
configuration is listed in Appendix E:  Initial Settings, page 125.  The instructions in this section
assume that you will enter the commands from the front panel, so be sure that the key lock
switch is set to local.

The Setup menu includes display lists from which selections can be made under the following
topics:

• Control mode - PID or Self-Tuning

• Baud rate, parity, and delimiter

• Sensor range and pressure units of measure

• Sensor signal and type

• Analog set point input range and valve signal output

• Set point types A through E, pressure or valve position

• Softstart rates for set points A through E, analog set point, valve open, and valve close

• Direction of valve control

It is possible to exit the Setup menu and return to the system’s default display, pressure and
position, by pressing any key at any time.  The Setup menu input can be resumed or restarted by
pressing     [ ]   and   [ ]   simultaneously for about three seconds.  Press   [ ]   or  [ ]
to scroll to the previous or next topic in the Setup menu and use the Adjust knob to select the
desired parameters.

Control Mode

The 651 controller is initially configured for PID control.  Follow the steps below to change the
control mode setting to Self-Tuning control.

1. Press  [ ]   and   [ ]   simultaneously for about three seconds.  The following display
appears.

CONTROL

MODE:         PID

2. Use the Adjust knob to choose either PID or Self-Tuning control.

3. If you choose Self-Tuning control, press the   [LEARN]   key for roughly three seconds.

The 651 unit will “learn” the characteristics of your valve.  Once the learn process is
complete, you can operate the 651 unit in either the Local or Remote mode.
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RS-232 Communications

The 651 controller is initially configured with a baud rate of 9600, no parity, 8 data bits, and
CRLF delimiter.  Follow the steps below to change any of the RS-232 communication
parameters.

1. From the control mode display, scroll to the next topic in the Setup menu.

BAUD RATE:  9600

2. Select the desired baud rate.  The display list includes the following baud rate settings:

300

1200

2400

4800

9600*

* initial setting

3. Scroll to the next topic.

PARITY:  NONE

4. Choose either none (8 data bits, no parity) or even (7 data bits, even parity) and scroll to
the next topic.  The initial setting is 8 data bits, no parity.

DELIMITER:  CRLF

5. Choose either CRLF (carriage return/line feed), or CR (carriage return).  The initial
delimiter is CRLF.
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Sensor Setup

The 651 controller is initially configured to use Torr as the pressure units, 100 Torr as the sensor
full scale range, 0 to 10 Volts for the sensor input signal, and 0 to 5 Volts for the analog set point
input.  Follow the steps below to change any of these parameters.

1. Be sure that the sensor is connected to the 651 unit.

2. From the delimiter display, scroll to the next topic.

SENSOR RANGE:

10.000

3. Scroll through the display list until the range of the sensor connected to the unit appears.

Note To view the range of a sensor in pressure units of mbar for a sensor
calibrated in Torr, select the equivalent mbar unit of measure.  For
example, select 13.332 for a sensor calibrated to 10.000 Torr.

To display a 1 Torr sensor in mTorr, the appropriate sensor range and
pressure unit must be entered during setup.  For example, 1000 mTorr
must be entered to display a 1 Torr sensor in mTorr.

The display list includes the following sensor ranges:

.10000

.20000

.5000

1.0000 1.3332

2.0000 2.6664

5.000

10.000 13.332

50.00

100.00* 133.32

500.0

1000.0 1333.2

5000 6666

10000 13332

* initial value
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4. Scroll to the next topic.

PRESSURE UNITS:

Torr

5. Scroll through the display list until the unit of measure that the sensor has been calibrated
to, appears.  The display list includes the following pressure units:

Torr* kPa

mTorr Pa

mbar cmH2O

µbar inH2O

* initial setting

6. Scroll to the next topic.

SENSOR SIGNAL:

10 VOLTS

7. Scroll through the display list until the sensor full scale voltage appears.  The display list
includes the following selections:

1 Volt

5 Volts

10 Volts*

* initial value

8. Scroll to the next topic.

SENSOR TYPE:

ABSOLUTE

9. Choose either absolute or differential.
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Analog Set Point

1. From the sensor type display, scroll to the next topic in the Setup menu.

ANALOG SETPT RANGE:

10 VOLTS

2. Choose either 5 Volts or 10 Volts full scale signal.

The initial setting is 0 to 5 Volts.  Refer to How To View and Adjust the Analog Set
Point, page 56, or How To Adjust the Analog Set Point Value,page 76, for more
information.

Valve Position Output

1. From the analog setpt range display, scroll to the next topic in the Setup menu.

VALVE SIGNAL OUTPUT:

10 VOLTS

2. Choose either 5 Volts or 10 Volts full scale for valve position output.  The 651 controller
is initially configured for 0 to 10 Volts.
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Set Points A Through E, Pressure/Position Selection

The 651 controller is initially configured to use pressure control for all set points, A through E.
Follow the steps below to change configuration of any of the set points.

1. From the valve signal output display, scroll to the next topic in the menu selection.

SETPOINT A TYPE:

PRESSURE

2. Choose either pressure or position for set point A and scroll to the next topic.

SETPOINT B TYPE:

POSITION

3. Choose either pressure or position for set point B.

4. Continue to scroll through the menus in the manner just described, until set points
A through E have each been set at either pressure or position.  Refer to How To View and
Adjust Set Points, page 50.

Note The function of the analog set point, pressure or position, is controlled by
the digital logic level on Pin 6 of the I/O connector.  Refer to Digital
Logic Control, page 90, for information about establishing the analog set
point.
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Softstart Rates

Softstart rates for set points A through E, analog set point, valve open, and valve close can be
established via the Setup menu.  If it is not necessary to utilize softstart control in your process,
the softstart rate should be left at 100% (of F.S.).

1. From the set point E pressure or position display, scroll to the next topic in the menu
selection.

SOFT START RATE

SETPT A:  100.0 %

2. Select the softstart rate (between 0.1 and 100%) desired for set point A, then scroll to the
next topic.

SOFT START RATE

SETPT B:  100.0 %

3. Select the softstart rate (between 0.1 and 100%) desired for set point B.

4. Continue to scroll through the menus in the manner just described, until set points
A through E have each been set at the desired softstart rates.

5. From the softstart rate selected for set point E display, scroll to the next topic in the menu
selection.

SOFT START RATE

ANLG SETPT:  100%

6. Select the softstart rate (between 0.1 and 100%) desired for analog set point.

7. Continue to scroll through the menus in the manner just described, to set the softstart rates
for valve open and valve close.
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Valve Control

A valve can be controlled to open and close in a direct or reverse direction.  Direct action of
valve control is defined as valve open at 100% of the valve position’s full scale. and valve close
at 0%.  Reverse action of valve control is defined as valve open at 0% of the valve position’s full
scale and valve close at 100%.  The 651 controller is initially configured to use direct action to
control the valve.

1. From the valve close softstart rate display, scroll to the next topic in the menu selection.

VALVE DIRECTION:

DIRECT

2. Choose either direct or reverse direction.

System setup is now complete.  Press the   [STOP]   key to exit the Setup menu and return to the
default display, pressure and position.  Chapter Five:  Local Operation, page 49, discusses Local
Operation via the front panel and Chapter Six:  Remote Operation, page 61, provides
information about Remote Operation of the 651 pressure controller.
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Chapter Five:  Local Operation

Overview

Local operation of the 651 Pressure Controller is similar to System Setup outlined in the previous
chapter, in that all functions of the controller can be accessed via display lists, and they respond
according to information entered at the front panel.  The system software includes display lists
from which selections can be made under the following topics:

• How to view and adjust set points, as well as how to activate set points

• How to identify an out-of-range condition

• How to control the valve

• How to activate and stop the learn function

• How to zero a sensor, use special zero, and remove zero

• How to view and adjust process limit relays, as well as how to enable and disable them

• How to view the analog set point, how to zero it, and how to calibrate it to full scale span

• How to view and adjust lead and gain parameters

Be sure the Key Lock switch is set to Local and use   [ ]   or   [ ]   to scroll to the
appropriate function.



How To View and Adjust Set Points Chapter Five:  Local Operation

50

How To View and Adjust Set Points

The 651 instrument provides five user-definable set points (set point A through set point E).
Each set point can be configured as a pressure set point or a valve position set point.  Pressure
set points are displayed in units of Torr, mTorr, mbar, µbar, Pascal, or kPa.  Position set points
are displayed in % open of F.S., where 0 = closed, and 100 = open.

Only one set point can be designated as the active set point.  The active set point (or valve
position) is indicated by a light in the appropriate set point key.

1. Hold down both arrow keys,  [ ]  and   [ ]   for approximately three seconds to enter
the Setup menu.

2. Scroll until the Control mode screen appears and verify that PID is selected.

3. If Self-Tuning is selected, turn the Adjust knob clockwise to select PID control.

4. Scroll to the set point A screen.

A sample display of set point A (SP A) is shown below.  In this example, set point A is
defined as 100 mTorr, and the system pressure at this time is also 100 mTorr.

SP A 100 mTorr

PRES 100 mTorr

5. Adjust the displayed set point with the Adjust knob on the front panel.

The system responds by immediately storing the set point value.  The system pressure
does not change however, unless the displayed set point is the active set point.

The display shown below provides another example of a set point display.  In this case, set point
D (SP D) is configured as a valve position set point.  The valve position is indicated in % open of
F.S., where 0 = closed, and 100 = open.  In this example, set point D is configured for a valve
position of 60.0% open of F.S., and the system pressure is shown as 2.000 Torr.

SP D     60.0   %

PRES   2.000   Torr
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How To Activate Set Points

Activating a set point causes the 651 unit to control to that set point.  To activate a set point,
press the appropriate set point key (A through E).

The system responds by illuminating a light in the set point key and controlling according to the
selected set point.  The front panel display changes to reflect the activated set point.  That is, the
display at the top shows the actual pressure and the display at the bottom shows the valve
position.

The light remains lit in the set point key until another set point (or valve function), is chosen.

How To Identify an Out-of-Range Condition

An out-of-range condition occurs at ±105% of F.S. (±10.5 Volts at sensor input) and is displayed
as a positive or negative polarity.  An example of a positive out-of-range condition for a set point
is shown below.

SP A     3.000 Torr

PRES     +++++++

An example of a negative out-of-range condition displayed on the default screen is shown below.

PRES     - - - - - - Torr

POS            0.0  %
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How To Control the Valve

The 651 unit can drive the throttle valve to full open or full close, or halt it at its current position.

How To Open the Valve

To drive the valve to full open, press the   [OPEN]   key.  The system responds by turning a light
on in the   [OPEN]   key, and driving the throttle valve to full open.  The front panel window
returns to the default display of pressure and valve position, if it is not already showing the
default display.

The open command overrides the active set point.  Pressing any other key on the front panel
(except   [ZERO]    or   [LEARN]   ), cancels the open command.

How To Close the Valve

To drive the valve to full close, press the   [CLOSE]   key.  The system responds by turning a light
on in the   [CLOSE]   key, and driving the throttle valve to full close.  The front panel window
returns to the default display of pressure and valve position, if it is not already showing the
default display.

The close command overrides the active set point.  Pressing any other key on the front panel
(except   [ZERO]   or   [LEARN]  ), cancels the close command.

How To Halt the Valve

To stop the valve in its current position, press the   [STOP]   key.  The system responds by
illuminating a light  in the   [STOP]   key, and halting the throttle valve in its current position.
The front panel window returns to the default display of pressure and valve position, if it is not
already showing the default display.

The stop command overrides the active set point.  Pressing any other key on the front panel
(except   [ZERO]   or   [LEARN]  ), cancels the stop command.



Chapter Five:  Local Operation How To Activate the Learn Function

53

How To Activate the Learn Function

The learn function, activated by pressing the   [LEARN]   key, enables the 651 unit to identify
important system characteristics for Self-Tuning control.  Use the learn function whenever the
651 controller is used in a new vacuum system or when processing conditions are changed (such
as changed flow rate, new or refurbished pump, or piping modifications).  The learning process
may take several minutes to complete.

Note The system pressure will vary during the learn cycle to as low and high as
is possible for the current flow rate.

1. Initiate the proper gas flow into the system.

The Gas flow rate should be close to that used for the actual process (use the maximum
flow rate if several flow rates are used in the process).

Do not vary the gas flow rate during learning.

2. Press the   [LEARN]   key for about three seconds.

The system responds by illuminating a light in the   [LEARN]   key, and initiating the
learning process.  The front panel window displays the changing values of pressure and
position as the instrument learns the system.  The light stays on until the learn function is
complete.

How To Stop the Learn Function

It is recommended that the learn function go through to completion.  However, if your process is
slow to reach its highest pressures and your process will not be operating at those pressures, it is
possible to stop the learn function early.

Caution Do not stop the learn function until it is well above the highest
pressure at which the process will be operating.

Press the   [LEARN]   key and the   [STOP]   key simultaneously for about three seconds.  The
system responds by stopping the learn function and returning to its prior operation.  For example,
if the valve was closed before the  [LEARN]   key was pressed, the valve will now close.
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How To Zero a Sensor

Zeroing a sensor is performed to correct sensor zero offsets.

1. Turn the gas flow off.

2. Fully open the control valve.

3. Wait until the system is pumped down to base pressure.

In order to achieve a proper zero, the pressure of the system must be lower than the
resolution of the Baratron used to measure system pressure.  If the pressure reading (at
base pressure) is greater than 4% of full range, the sensor will not be zeroed.

4. Press the   [ZERO]   key for at least three seconds.

The system responds by flashing on a light in the   [ZERO]   key, and zeroing the sensor.
The front panel window shows a pressure reading of zero.

The front panel display changes to reflect a change in system pressure as soon as a
change occurs.

How To Use Special Zero

The special zero function is used to zero base pressure in systems where the known pressure is
not at, but near zero (displayed on another readout in the system).

1. Press    [ ]  and the   [ZERO]   key simultaneously for about three seconds, until the
front panel displays zero base pressure and the pressure level.

2. Use the Adjust knob to reconcile the pressure reading on the display with the known base
pressure reading (displayed on another readout in the system).

3. Press the   [STOP]   key to exit.

How To Remove Zero

The remove zero function removes the zero correction factor stored in memory, and is used to
determine the uncorrected signal from the pressure transducer.  Each time a sensor is zeroed, the
offset changes.  In some applications it may be important to keep the zero offset within a specific
range.

Press the   [STOP]   key and the   [Zero]   key simultaneously for about three seconds until the
front panel display changes from a zero pressure reading to the uncorrected signal level.
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How To Set a Process Limit Relay

There are two process limit (PLO) relays in the 651 controller.  Each relay has two trip limits:  a
high trip limit, and a low trip limit.  Refer to Table 10, page 34, for the I/O connector pinout to
determine which pins are for relay 1, and which are for relay 2.  Use the appropriate pins to
configure the relays for normally-open or normally-closed operation.

While the pressure remains within PLO limits, the 651 pressure controller actuates the relay (a
normally-open contact closes, and a normally-closed contact opens).  The 651 pressure controller
de-actuates the relay  (a normally-open contact opens, and a normally-closed contact closes)
when the pressure crosses:

• above the high trip point

or

• below the low trip point

How To View and Adjust a Process Limit Relay

1. Scroll to process limit 1.

PROCESS LIMIT 1

HIGH 50.0 mTorr

2. Select the desired pressure value for the high trip point of process limit 1.

3. Scroll to the next display.

PROCESS LIMIT 1

LOW 30.0 mTorr

4. Select the desired pressure value for the low trip point of process limit 1.

5. Scroll through the menu selections in the manner just described, to set the desired pressure
values for process limit 2, high and low trip points.

How To Disable a Process Limit Relay

To disable a high limit trip point, set it to full scale.

To disable a low limit trip point, set it to negative full scale.
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How To View and Adjust the Analog Set Point

The 651 controller is capable of accepting one analog set point through the I/O connector on the
rear panel.  The analog set point can be configured for 5 Volt or 10 Volt full scale input.  The
analog set point display reflects the voltage percent of the actual input.  For example, if the 651
unit is configured for 5 Volt full scale input, and the actual input applied is 3 Volts, the analog
set point display indicates that input by showing a value of 60%.  Similarly, if the 651 unit is
configured for 10 Volt full scale input, and the actual input applied is 5 Volts, the analog set
point display indicates that input by showing a value of 50%.  An example of the analog set point
display is shown below.

ANALOG SETPOINT

VALUE:  50.0 %

There is no light on the front panel to indicate that the system is under analog set point control
(in fact, all lights on the front panel go out).

How To Zero the Analog Set Point

1. From the default display, pressure and position, press    [ ]   and the   [STOP]   key
simultaneously for about three seconds until the following display appears.

CAUTION

CALIBRATION MODE

2. Press the   [Set Point B]   key.  The analog set point display appears.

ANLG SP:-2.99%

LEARN+ZERO to CAL

3. Press the  [LEARN]   key and the   [ZERO]   key simultaneously for about three seconds
until the analog set point goes to zero.

4. Press any key to return to the default display, pressure and position.

Note The maximum adjustment for zero is 15% of full scale.
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How To Calibrate Full Scale Span for the Analog Set Point

The 651 units are calibrated at the factory for 10 Volt full scale input; if the actual input applied
is 10 Volts, the analog set point display shows a value of 100%.  To recalibrate the 651 unit to
operate at a full scale input on your system, for example, 9.5 Volts, apply 9.5 Volts to the I/O
connector on the rear panel and follow the steps below.

1. From the default display, pressure and position, press   [ ]   and the   [STOP]   key
simultaneously for about three seconds until the following display appears.

CAUTION

CALIBRATION MODE

2. Press the   [Setpoint D]   key.  The following display appears.

ANLG SP: 99.90%

FULL SPAN: 20015

3. Use the Adjust knob to change the value of the analog set point to 100%.  The 9.5 Volt
input to the I/O connector on the rear panel is now the full scale value.

Note To ensure that the analog set point is adjusted correctly, turn the Adjust
knob until the reading flickers between 99.99% and 100.00%.  The
display reads 100.00% for an overrange reading as well as a true 100%
reading.

4. Press any key to return to the default display, pressure and position.

Note The maximum adjustment for full scale span is 15% of full scale.
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How To Set Lead and Gain Parameters

When the 651 unit is configured for PID control, separate lead and gain parameters are
maintained for each pressure set point.  Set point A is associated with Lead A and Gain A.  Set
point B is associated with Lead B and Gain B, and so forth.

When an analog set point is used with PID control, the lead and gain parameters associated with
any of the pressure set points (set points A through E) may be used.  To specify which set point’s
lead and gain parameters to use, apply a TTL low level signal to the I/O connector pin assigned
to the desired set point.  Refer to Table 10, page 34, for a description of the pin assignments for
the digital inputs.  The TTL low level signal (0 to 0.8 Volts) is “level sensitive” meaning that
once the signal is held low, the 651 unit may take up to 50 milliseconds to recognize the
command.  The line must be held low continuously for the 651 unit to use the selected
parameters.  Once the signal goes high, the instrument will default back to set point A parameters
within 50 milliseconds.  For example, to apply the lead and gain parameters associated with set
point C to the analog set point, apply a 0 to 0.8 Volt signal to pin 14 (on the I/O connector) for as
long as you wish to use those parameters.

1. Hold down both arrow keys,   [ ]  and   [ ]   for approximately three seconds to enter
the Setup menu.

2. Scroll to the Control mode screen appears and verify that PID is selected.

3. If Self-Tuning is selected, turn  the Adjust knob clockwise to select PID control.

4. Adjust the set point lead and gain parameters.

By careful adjustment of the lead and gain parameters, it is possible to achieve optimum
control throughout a wide range of pressure regions.  Examples of Lead and Gain for set
point A are shown below.

LEAD A 1.25 SEC.

PRES 350 Torr

GAIN A 25.0%

PRES 350 Torr

5. Use the Adjust knob to enter the desired lead and gain parameters.

The 651 unit will use the lead and gain values associated with set point A by default.

If a set point is configured as a valve position, then no lead or gain parameters are associated
with it.
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How To Calibrate Span of the A/D Converter

The controller’s A/D (analog-to-digital) converter converts the analog input to a digital value that
the controller uses.  The span of the A/D converter is calibrated at the factory before you receive
your controller.  You should perform this calibration if you receive a checksum error when you
power up the controller, or if the transducer’s readings are incorrect.

To calibrate the span of the A/D converter:

1. Apply a known voltage of between +6.6 Volts and +7.4 Volts to the pressure input pins on
the transducer connector.  Connect a differential voltage to pins 2 and 12 with pin 12 tied
to pin 5.

Refer to Table 11, page 36, for the transducer connector pinout.  You must know the
exact voltage applied, in order to complete step 4.

2. Press  [ ]   and   [STOP]   key simultaneously for about three seconds.  The following
display appears.

CAUTION

CALIBRATION MODE

3. Press the following keys, in the following order:

[Set Point C]   [Set Point A] and  [Set Point E].  The following display appears.

CAL VOLTS:

REF COUNTS:

4. Use the Adjust knob to enter the value from Step 1 as the Cal Volts.

5. Press the   [STOP]   key to exit the calibration procedure.

The controller takes the Cal Volts value and assigns it to the converter reading of the
pressure, as an analog input.

Calibrating the span of the A/D converter may take up to 5 seconds.
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Chapter Six:  Remote Operation

Overview

Remote operation of the 651 Pressure Controller is accomplished via the rear panel either by RS-
232 communication by means of a computer connected to the  Serial Interface connector or
through analog or digital logic levels at the I/O connector.  When the Key Lock switch is set to
Remote, all control commands and parameter modifications must be sent through the connectors.
The front panel becomes locked; however, it is still possible to scroll through and view current
set points (pressure and position).  This chapter contains information about RS-232 and analog or
digital logic control.

Refer to RS-232 Communications, page 42, discusses the initial settings for the communication
parameters.

RS-232 Commands and Requests

Messages sent to the 651 controller are either commands that instruct the controller to change an
operating parameter, or requests that prompt the controller to report status information.

Responses sent by the 651 controller reply to a request message issued by means of your
computer’s RS-232 communication software.

All messages must use a carriage return-line feed (CRLF) as the end-of-line delimiter.  Use your
host computer’s communications software to assign the CRLF action to the ENTER  key.

Message Syntax

The information presented in this section applies to all RS-232 messages.  The RS-232 message
syntax uses the following typographical conventions:

bold Commands and requests that you must enter exactly as shown in
the manual.

italics Placeholder that represents text or numeric values that you must
supply.

response Format of messages sent from the 651 controller.

ENTER Represents carriage return-line feed combination that you have
configured as the end-of-line delimiter.
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Commands Sent from the Computer to the 651 Controller

Table 26, page 128, lists the syntax for RS-232 commands.  Commands are not case sensitive.  If
a command requires user-supplied parameters, it is not necessary to type a space between the
command and the parameters.  In the table, each command is separated from parameters with an
optional space for clarity.  For example, the S1 command to assign set point A a value of 20 is
shown in Table 26, page 128, as:

S1 value and the actual keys pressed would be:

S120 ENTER

If you choose to use an optional space for clarity, the actual keys pressed would be:

S1 20 ENTER

Note When sending any message (command or request) to the 651 controller,
you must finish the message by pressing the ENTER  key.  This appends a
carriage return-line feed to the end of the message.  Use your
communications software to configure the end-of-line delimiter as a
carriage return-line feed.

Requests Sent from the Computer to the 651 Controller

Table 27, page 134, lists RS-232 request and response messages.   Requests are not case
sensitive.  You do not supply additional parameters with requests.  For example, the R1 request
to respond with the value of set point A is shown as:

R1 and the actual keys pressed would be:

R1 ENTER
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Responses Sent from the 651 Controller to the Computer

Responses sent from the 651 controller to your computer are shown in the last column of
Table 27, page 134.  The format of responses sent by the 651 controller to the computer will
appears in the table as:

response value

where  response  is a label that allows you to identify the response and  value  is the
information requested.

Note Controller responses do not contain spaces.  Any spaces shown in the
response syntax are simply used to improve readability.

The 651 controller appends a carriage return-line feed to the end of every
response.

For example, the controller’s response to the R1 request for the value of set point A is shown in
the table as:

S1 value where value is a % of F.S.

To report a set point of 3 Torr on a 10 Torr sensor, the controller sends:

S130

Priority of Command Execution

Each RS-232 command is executed in the order that it is received.  There is no prioritization of
RS-232 commands as is the case with digital logic commands.  In fact, the appropriate RS-232
command will override a high priority digital logic command.  For example, a valve being held
closed with a digital logic command can be commanded to control to the level of set point A
with the appropriate RS-232 command.

The RS-232 commands generally execute within 25 milliseconds or less with the exception of
the following:

• T (set point type) and F (pressure unit) commands can take up to 100 milliseconds to
execute

• J (valve calibration) and L (learn function) commands can take several seconds to
execute
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How To Change Valve Selection and Calibration

The 651 controller is initially configured as if it is controlling a Type 653 valve.  You must
reconfigure the 651 controller to work with a Type 253 valve.  Follow the steps below to select
another valve.

Caution This procedure involves cycling the valve from the open to the close
position.  Be certain that the system can withstand valve cycling
before proceeding.  This test can be performed prior to installing the
651 controller and the valve in the system.

1. Be sure that the valve is connected to the 651 unit.

2. Issue the following command to calibrate the controller and valve:

J value ENTER

where value = 1 for standard 253 valve
2 for a fast 253 valve
3 for a 653 valve

The valve will move (from fully open to fully closed) and then stop at the completion of the
calibration procedure.

Note Be sure to select the correct valve, otherwise the 651 pressure controller
will not function properly.

3. Learn the new valve by following the procedures described in How To Activate the Learn
Function, page 53.
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How To Determine and Change the Control Mode

The 651 controller is initially configured for PID control.  Follow the steps below to change the
control mode setting.

1. To determine which control mode is currently selected, issue the request:

R51 ENTER

The 651 controller will return the following response:

V value

where value is:

0 = Self-Tuning control
1 = PID control

2. To change the control mode, issue one of the following two commands.

For Self-Tuning control:

V0 ENTER

For PID control:

V1 ENTER

3. If you choose Self-Tuning control, issue the following command to learn the system:

L ENTER

The 651 unit will “learn” the characteristics of your system.

Caution During the learn process, the 651 controller moves the valve from the
opened to the closed position.  Be sure your system is set up to allow
the valve to move from full open to full closed.
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How To Configure the Sensor Parameters

The 651 controller is initially configured to use 100 Torr as the sensor full scale range, and
0 to 10 Volts for the sensor input signal.  Follow the steps below to change these parameters.

Note Be sure that the sensor is connected to the 651 controller before changing
the sensor parameters.

How To Change the Sensor Type

The 651 controller can work with either Absolute or Differential pressure sensors.  Issue the
following command to select the sensor type:

U value

where value is 0 for Absolute; 1 for Differential.

How To Change the Sensor Full Scale Voltage

The 651 controller is initially configured for a 10 Volt full scale sensor.  To change the full scale
voltage, issue the command:

G value ENTER

where value is a valid sensor full scale voltage.  Valid full scale voltages are:

value Full Scale Voltage

0 = 1 Volt

1 = 5 Volts

2 = 10 Volts*

* initial value
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How To Change the Sensor Range

The 651 controller is initially configured to work with a 100 Torr pressure sensor.  If your sensor
covers a different range, issue the command:

E value ENTER

where value is a valid sensor range.  Refer to Table 15 for the complete list of valid sensor
ranges.

Sensor Range Values

Torr millibar

0 = 0.1 13 = 1.33

1 = 0.2 14 = 2.66

2 = 0.5 15 = 13.33

3 = 1 16 = 133.3

4 = 2 17 = 1333

5 = 5 18 = 6666

6 = 10 19 = 13332

7 = 50

8 = 100*

9 = 500

10 = 1000

11 = 5000

12 = 10000

* initial value

Table 15:  Sensor Range Values

Note Pressure readings are reported as % of full scale (F.S.), where full scale is
the sensor range value shown in the table.  For example, if the actual
pressure is 10 Torr for a 10 Torr F.S. unit, then the 651 controller reports
a pressure reading value = 100 (for 100%).

If the pressure is 10 Torr for a 100 Torr F.S. unit, then the 651 controller
reports a pressure reading value = 10 (for 10%).
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How To Request the Pressure Reading

To request the system pressure, issue the request:

R5 ENTER

The 651 controller responds with the message:

P value

where value is % of Full Scale.

For example, if the pressure is 10 Torr for a 10 Torr F.S. unit, then value = 100.

If the pressure is 10 Torr for a 100 Torr F.S. unit, then value = 10.

Converting Pressure Readings to Absolute Pressure Values

To convert pressure readings to absolute pressure values:

1. Request the pressure reading by issuing the request:

R5 ENTER

The 651 controller responds with the message:

P value

where value is % of Full Scale.

2. Calculate the absolute pressure using the formula:

Absolute pressure = (P value/100) X (Full Scale)

For example, if the pressure reading for a 1000 Torr F.S. unit was reported as 65 (65%),
the absolute pressure is:

Absolute pressure = (65/100) X (1000) = 650 Torr
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How To Zero a Sensor

Zeroing a sensor allows you to correct any zero offsets.

1. Turn the gas flow off.

2. Fully open the control valve.

3. Wait until the system is pumped down to base pressure.

In order to achieve a proper zero, the pressure of the system must be lower than the
resolution of the Baratron used to measure system pressure.  If the pressure reading (at
base pressure) is greater than 4% of full range, the sensor will not be zeroed.

4. Issue the following command to zero the sensor:

Z1 ENTER

The system responds by zeroing the sensor.  The system pressure reading will be zero.

How To Use the Special Zero

The special zero function is used to zero base pressure in systems where the known base pressure
is not at, but near zero (as measured by another transducer on the system).

• To command the special zero function, set your system at base pressure and send the
command:

Z2 value ENTER

The value is expressed as % of full scale pressure.

value   = known base pressure reading
transducer’s full scale

How To Remove the Zero

The remove zero function removes the zero correction factors (Z1 and Z2 corrections) stored in
memory, and is used to determine the uncorrected signal from the pressure transducer.  Each time
a sensor is zeroed, the offset changes.  In some applications it may be important to keep the zero
offset within a specific range.

• To remove the zero correction, send the command:

Z3 ENTER
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How To Activate the Learn Function

The learn function enables the 651 unit to identify important system characteristics for
Self-Tuning control.  Use the learn function whenever you install a new vacuum system or
change any processing conditions (such as changed flow rate, new or refurbished pump, or piping
changes).  The learning process may take several minutes to complete.

Note The system pressure will vary during the learn cycle to as low and high as
is possible for the current flow rate.

1. Initiate the proper gas flow into the system.

Gas flow rate should be close to that used for the actual process (use the maximum flow
rate if several flow rates are used in the process).  Do not vary the gas flow rate during
the learn function.

2. Issue the following command to initiate the learn function:

L ENTER

The system responds by initiating the learning process.  This process may take several
minutes to complete.

3. Issue a system status request message to determine the status of the learn process:

R37 ENTER

The 651 controller responds with the following message:

MXYZ

where X =0 for remote control
                Y  indicates the system status

0 when not performing the learn process
1 when performing the learn process
2 when learning the valve

         Z 0 for valve open
1 for valve close
2 valve stop
3 set point A
4 set point B
5 set point C
6 set point D
7 set point E
8 analog set point
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How To Stop the Learn Function

It is recommended that the learn function go through to completion.  However, if your process is
slow to reach its highest pressures and your process will not be operating at those pressures, it is
possible to stop the learn function early.

Caution Do not stop the learn function until it is well above the highest
pressure at which the process will be operating.

• To stop the learn function, issue the command:

Q ENTER

The system responds by stopping the learn function and returning to its prior operation.  For
example, if the valve was closed before the learn function was initiated, the valve will now close.
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How To Determine the Active Set Point

To determine the set point currently selected as active:

• Issue the following request to determine the active set point:

R7 ENTER

The 651 controller responds with the following message:

MXYZ

where X = indicates the active set point:
0 for the analog set point
1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E

Y = indicates the valve status:
0 for controlling
2 for valve open (direct direction)
4 for valve close (direct direction)
2 for valve close (reverse direction)
4 for valve open  (reverse direction)

Z = indicates the pressure:
0 when the pressure < 10% F.S.
1 when the pressure ≥ 10% F.S.
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How To Select the Active Set Point

The 651 instrument provides five user-definable set points (set point A through set point E) and
one external analog set point, received through the I/O connector.  The 651 controller uses the
“active” set point to control the system.  Only one set point can be designated as the active set
point.

• Issue the following command to select the active set point:

Dx ENTER

where x = 1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E
6 for the analog set point
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How To Select Pressure or Position Control

The 651 controller is initially configured to use pressure control for the internal set points,
A through E, and the analog set point.

1. To select pressure or position control, issue the command:

Tx value ENTER

where x = 1 for set point A type
2 for set point B type
3 for set point C type
4 for set point D type
5 for set point E type
6 for the analog set point type

value = 0 for position
1 = pressure

Note This RS-232 command overrides the digital logic control for the analog
set point.  Refer to Digital Logic Control, page 90, for information about
the digital logic control of the analog set point.

2. To check the type of control selected for a set point, issue the request:

Rxx ENTER

where xx = 25 for the analog set point type
26 for set point A type
27 for set point B type
28 for set point C type
29 for set point D type
30 for set point E type

The 651 controller responds with the following message:

Tx value

where x = 0 for the analog set point
1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E

value = 0 for position
1 = pressure
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How To Change the Set Point Value

Follow these instructions to change the value of one of the internal set points, A through E.
Refer to How To Adjust the Analog Set Point Value, page 76, for information on changing the
analog set point value.

1. Issue the following command to set the value of the set point:

Sx value ENTER

where x = 1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E

   value = % of full scale pressure, if the unit is in pressure control
% of open, if the unit is in position control (direct direction)
% of close, if the unit is in position control (reverse direction)

The system responds by immediately storing the set point value.  The system pressure
does not change however, unless the selected set point is the active set point.

2. To check the set point value for any set point, issue the request:

Rx ENTER

where x = 1 for set point A value
2 for set point B value
3 for set point C value
4 for set point D value
10 for set point E value

The 651 controller responds with the following message:

Sx value

where x = 1 for set point A value
2 for set point B value
3 for set point C value
4 for set point D value
5 for set point E value

   value = % of full scale pressure, if the unit is in pressure control
% of open, if the unit is in position control (direct direction)
% of close, if the unit is in position control (reverse direction)
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How To Adjust the Analog Set Point Value

The 651 controller is capable of accepting one analog set point through the I/O connector on the
rear panel.  The analog set point value is expressed as a % of full scale, using the following
formula:

analog set point = (analog set point voltage / full scale voltage)

For example, if the 651 unit is configured for 5 Volt full scale input, and the actual input applied
is 3 Volts, the analog set point value will be 60%.  Similarly, if the 651 unit is configured for 10
Volt full scale input, and the actual input applied is 5 Volts, the analog set point value will be
50%.

The system responds to an analog set point voltage by immediately storing the analog set point
value.  The system pressure does not change however, unless the analog set point is the active set
point.  Refer to How To Determine the Active Set Point, page 72, for more information.

How To Set the Analog Set Point Full Scale Range

The analog set point can be configured for 5 Volt or 10 Volt full scale input.

1. To change the analog set point full scale range, issue the command:

A value ENTER

where value is 0 for 5 Volt range; 1 for 10 Volt range.

2. To check the analog set point full scale range, issue the request:

R24 ENTER

The 651 controller will send the following response:

A value

where value is 0 for 5 Volt range; 1 for 10 Volt range.



Chapter Six:  Remote Operation How To Adjust the Analog Set Point Value

77

How To Zero the Analog Set Point

Zeroing the analog set point allows you to correct any zero offsets.

The Z4 command instructs the controller to take the current value of the external analog set point
for its zero value.

To zero the analog set point:

1. Supply zero input voltage on I/O connector pins 33 and 34.

2. Issue the following command to learn the zero of the analog set point:

Z4 ENTER

The 651 controller learns the input voltage that corresponds to an analog set point zero
value.

How To Learn Analog Set Point Full Scale

The controller is calibrated at the factory for 10 Volt full scale input; if the actual input applied is
10 Volts, the controller’s analog set point reading is 100 (100%).  To recalibrate the controller to
operate at a full scale input of, for example, 9.5 Volts, you can learn the analog set point full
scale via the Y2 command.  This command allows you to correct any full scale offsets.

The Y2 command instructs the controller to take the current value of the external analog set point
for its full scale value.

To learn the analog set point full scale:

1. Supply full scale input voltage on I/O connector pins 33 and 34.

2. Send the command:

Y2 ENTER

If the current value of the analog set point is beyond ±15% of full scale, the controller
will not change the current full scale value.
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How To Set the Full Scale Level of the Analog Set Point

1. Issue the following command to set the value of the analog set point:

S6 value ENTER

where value = 0 for 100% of the controlling transducer’s range;
1 for 10% of the controlling transducer’s range.

2. To check the full scale level of the analog set point value, issue the request:

R0 ENTER

The 651 controller responds with the following message:

S0 value

where value is % of the controlling transducer’s range.
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How To Calibrate Span of the A/D Converter

The controller’s A/D (analog-to-digital) converter converts the analog input to a digital value that
the controller uses.  The span of the A/D converter is calibrated at the factory before you receive
your controller.  You should perform this calibration if you receive a checksum error when you
power up the controller, or if the transducer’s readings are incorrect.

To calibrate the span of the A/D converter:

1. Apply a voltage of between +6.6 Volts and +7.4 Volts to the pressure input pins on the
transducer connector.  Connect a differential voltage to pins 2 and 12 with pin 12 tied to
pin 5.

Refer to Table 11, page 36, for the transducer connector pinout. You must know the
exact voltage applied, in order to complete step 2.

2. Send the command:

Y1 value ENTER

where value is the (applied voltage/F.S.) expressed as a percent.  For example, if the
applied voltage is 7.0 Volts with 10 Volts = F.S., value =+70

For this example, value = 70 and the command is:

Y1+70.00 ENTER

The controller takes the value from the command and assigns it to the converter reading
of the pressure as an analog input.  In this example, the 7 Volt input = 70.00.

Calibrating the span of the A/D converter may take up to 5 seconds.  To check that the
calibration is finished, enter the request R52 (checksum error request); the controller responds
‘‘immediately.’’  The controller will respond to the request immediately after it finishes the span
calibration.

Note If the response to the R52 checksum command is ‘‘1’’, the controller is
reporting that the checksum error still exists.  In that case, perform the
procedure to calibrate the span of the A/D converter again.  If the error
persists, it indicates a hardware failure of the EEPROM.  Contact any
MKS Service Center, listed on the inside back cover of this manual, for
assistance.
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How To Respond To a Checksum Error

A checksum error message indicates the controller has detected a calibration problem.  The
controller send a checksum error message in the following circumstances:

• at system power up

• in response to the R52 checksum command (1 = error)

If the controller detects a checksum error, perform a full calibration to correct the problem.

To perform a full calibration:

1. Zero the analog set point.

Perform the steps described in How To Zero the Analog Set Point, page 77.

2. Learn the analog set point full scale.

Perform the steps described in How To Learn Analog Set Point Full Scale, page 77.

3. Calibrate the span of the A/D converter.

Perform the steps described in How To Calibrate Span of the A/D Converter, page 79.

If the checksum error persists after you perform a full calibration, the error indicates a hardware
failure of the EEPROM.  Contact any MKS Service Center, listed on the inside back cover of this
manual, for assistance.
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How To Set the Lead and Gain Parameters

When the 651 unit is configured for PID control, separate lead and gain parameters are
maintained for each pressure set point.  Set point A is associated with Lead A and Gain A.  Set
point B is associated with Lead B and Gain B, and so forth.

When an analog set point is used with PID control, the lead and gain parameters associated with
any of the pressure set points (set points A through E) may be used.  To specify which set point’s
lead and gain parameters to use, apply a TTL low level signal to the I/O connector pin assigned
to the desired set point.  Refer to Table 10, page 34, for a description of the pin assignments for
the digital inputs. The TTL low level signal (0 to 0.8 Volts) is “level sensitive” meaning that
once the signal is held low, the 651 unit may take up to 50 milliseconds to recognize the
command.  The line must be held low continuously for the 651 unit to use the selected
parameters.  Once the signal goes high, the instrument will default back to set point A parameters
within 50 milliseconds. The 651 unit will use the lead and gain values associated with set point
A by default.

For example, to apply the lead and gain parameters associated with set point C to the analog set
point, apply a 0 to 0.8 Volt signal to pin 14 (on the I/O connector) for as long as you wish to use
those parameters.

If a set point is configured as a valve position, then no lead or gain parameters are associated
with it.

1. To determine which control mode is currently selected, issue the request:

R51 ENTER

The 651 controller will return the following response:

V value

where value is a 0 for Self-Tuning control; a 1 for PID control.

2. If necessary, issue the following command to select PID control:

V1 ENTER

3. Issue the following command to enter a new lead parameter:

Xxvalue ENTER

where x = 1 is the lead parameter for set point A
2 is the lead parameter for set point B
3 is the lead parameter for set point C
4 is the lead parameter for set point D
5 is the lead parameter for set point E

value = lead value (in seconds)



How To Set the Lead and Gain Parameters Chapter Six:  Remote Operation

82

4. Issue the following command to enter a new gain parameter:

Mx value ENTER

where x = 1 is the gain parameter for set point A
2 is the gain parameter for set point B
3 is the gain parameter for set point C
4 is the gain parameter for set point D
5 is the gain parameter for set point E

value = gain value (in percent)

5. To check the value of a lead or gain entry, issue the request:

Rxx ENTER

where xx = 41 requests the lead parameter for set point A
42 requests the lead parameter for set point B
43 requests the lead parameter for set point C
44 requests the lead parameter for set point D
45 requests the lead parameter for set point E
46 requests the gain parameter for set point A
47 requests the gain parameter for set point B
48 requests the gain parameter for set point C
49 requests the gain parameter for set point D
50 requests the gain parameter for set point E

If the request is for a lead parameter, the 651 controller sends the response:

Xx value

where x = 1 is the lead parameter for set point A
2 is the lead parameter for set point B
3 is the lead parameter for set point C
4 is the lead parameter for set point D
5 is the lead parameter for set point E

value = lead parameter (in seconds)

If the request is for a gain parameter, the 651 controller sends the response:

Mx value

where x = 1 is the gain parameter for set point A
2 is the gain parameter for set point B
3 is the gain parameter for set point C
4 is the gain parameter for set point D
5 is the gain parameter for set point E

value = gain parameter (in percent)
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How To Set The Softstart Control Rate

Each set point, A through E, can be assigned a different softstart rate.  In addition, you can assign
a softstart rate for the valve open and valve close commands.  If it is not necessary to utilize
softstart control in your process, leave the softstart rate at 100% (of F.S.).

The softstart control rate is always expressed as a percent of the valve’s full speed.  The softstart
rate can range from 0.1 to 100%.

How To Set the Softstart Rate

Issue the RS-232 command:

Ix value ENTER

where x = 1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E
6 for the analog set point
7 for valve open
8 for valve close

value = softstart rate, expressed as a percent of full speed
(between 0.1 and 100%)

How To Use the Softstart Rate

The use of the softstart rate for the active set point is controlled by digital logic input (pin 7 on
the I/O connector).  This applies whether the set point is selected through the RS-232 command
described above, or through the digital input logic.  Refer to Table 10, page 34, for the digital
input pinout.

The RS-232 command allows you to select the softstart rate, whereas the state of pin 7
determines whether the softstart rate is used.

To activate softstart control:

• Hold the softstart line low (pin 7 on the I/O connector)

Hold the TTL low signal for a minimum of 50 milliseconds.  If the line is not held low, the valve
will move at 100% full speed.



How To Set The Softstart Control Rate Chapter Six:  Remote Operation

84

How To Check the Softstart Rate

Issue the RS-232 request:

Rxx ENTER

where xx = 15 for set point A
16 for set point B
17 for set point C
18 for set point D
19 for set point E
20 for the analog set point
21 for valve open
22 for valve close

The 651 controller responds with the message:

Ix value

where x = 1 for set point A
2 for set point B
3 for set point C
4 for set point D
5 for set point E
6 for the analog set point
7 for valve open
8 for valve close

value = softstart rate, expressed as a percent of full speed
(between 0.1 and 100%)
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How To Configure the Valve Parameters

In order for the 651 controller to work properly with your valve, you need to check several valve
parameters.  All of the parameters are set to an initial value, so it may be unnecessary for you to
change any entries.

How To Check the Valve Selected

1. To check the type of valve selected, issue the request:

R23 ENTER

The 651 controller responds with the message:

Jtype

where type = 1 for a standard 253
2 for a fast 253
3 for a 653  

How To Change and Calibrate the Valve

1. To change and calibrate the valve, issue the command:

J value ENTER

where value = 1 for a standard 253
2 for a fast 253
3 for a 653

Caution During the calibration process, the 651 controller learns the valve by
moving it from the opened to the closed position.  Be sure your
system is set up to allow the valve to move from full open to full
closed.
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How To Change the Valve Position Output

The valve position output can be configured for 5 Volts or 10 Volts full scale.  The 651
controller is initially configured for 10 Volts.  To change the valve position output, follow the
steps below.

1. To change the valve position output range, issue the command:

B value ENTER

where value is 0 for the 5 Volt range; 1 for the 10 Volt range.

2. To check the current valve position output, issue the request:

R31 ENTER

The 651 controller responds with the message:

B value

where value is 0 for the 5 Volt range; 1 for the 10 Volt range.

How To Change the Valve Control Direction

A valve can be controlled to open and close in a direct or reverse direction.  Direct valve control
direction is defined as valve open at 100% of the valve position’s full scale and valve close at
0%.  Reverse valve control direction is defined as valve open at 0% of the valve position’s full
scale and valve close at 100%.

The 651 controller is initially configured to use direct action to control the valve.

1. To change the direction, issue the command:

N value ENTER

where value is a 0 for direct direction; 1 for reverse direction.

2. To check the current valve control selection, issue the request:

R32 ENTER

The 651 controller responds with the message:

N value

where value is a 0 for direct action; 1 for reverse action.



Chapter Six:  Remote Operation How To Control the Valve

87

How To Control the Valve

You can command the 651 unit to drive the throttle valve to full open or full close, or hold the
valve at its current position.

Note The RS-232 commands to open, close, or hold the valve, override the
active set point control of the valve.

How To Open the Valve

To drive the valve to full open, issue the command:

O ENTER

The system responds by driving the throttle valve to full open.

How To Close the Valve

To drive the valve to full close, issue the command:

C ENTER

The system responds by driving the throttle valve to full close.

How To Halt the Valve

To halt the valve at its current position, issue the command:

H ENTER

The system responds by holding the throttle valve at its current position.
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How To Set a Process Limit Relay

There are two process limit relays (also known as trip point relays) in the 651 controller.  Each
relay has two trip limits:  a high trip limit, and a low trip limit.  Refer to Table 10, page 34 for
pinout of the I/O connector to determine which pins are for relay 1, and which are for relay 2.
Use the appropriate pins to configure the relays for normally-open or normally-closed operation.

While the pressure remains within the specified limits, the relay is actuated (a normally-open
contact  closes, and a normally-closed contact opens).  Whenever the pressure crosses above the
high process limit, or below the low process limit, the corresponding relay becomes de-actuated
(a normally-open contact opens, and a normally-closed contact closes).

How To View and Adjust a Process Limit Relay

1. To check a process limit threshold, issue the command:

Rxx ENTER

where xx = 10 for the low threshold for process limit 1
11 for the high threshold for process limit 1
13 for the low threshold for process limit 2
14 for the high threshold for process limit 2

The 651 controller responds with the message:

Px value

where x = 1 for the low threshold for process limit 1
2 for the high threshold for process limit 1
3 for the low threshold for process limit 2
4 for the low threshold for process limit 2

value = pressure limit

2. To change a process limit threshold, issue the command:

Px value ENTER

where x = 1 for the low threshold for process limit 1
2 for the high threshold for process limit 1
3 for the low threshold for process limit 2
4 for the high threshold for process limit 2

value = pressure limit

How To Disable a Process Limit Relay

To disable a high limit process limit, set the step 2 value to full scale.

To disable a low limit process limit, set the step 2 value to negative full scale.
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How To Check the System Status

You can issue a “system status” request to determine the state of the 651 controller.  The request
is:

R37 ENTER

The 651 controller sends the response:

MXYZ

where X = 1 for remote control

Y = describes the state of the learn function:
0 when not performing the learn function
1 when learning the system
2 when learning the valve

Z = 0 = open
1 = close
2 = stop
3 = set point A
4 = set point B
5 = set point C
6 = set point D
7 = set point E
8 = analog set point

How To Check the Firmware Version

To determine the firmware version, issue the request:

R38 ENTER

The 651 controller sends the response:

H version
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Digital Logic Control

Digital and analog control of the 651 unit is accomplished via the I/O connector located on the
rear panel.  Refer to Table 10, page 34, for the pinout of the I/O connector.

Note Any RS-232 command takes priority over digital logic commands. For
example, a valve being held closed with a digital logic command can be
commanded to control to the level of set point A with the D1 command.

Digital inputs and outputs are designed to interface with low power TTL and CMOS logic
families.  They also include additional components to protect against damage from ESD or
transient voltages.  A brief description of the digital circuitry of the I/O board is provided in the
following section.

I/O Board Digital Circuitry

The I/O board contains 16 type 74HC inputs.  To select an input function, pull the appropriate
input pin low (0 to 0.8 Volts).  The TTL low signal is “level sensitive” meaning that once the
signal is held low, the 651 unit may take up to 50 milliseconds to recognize the command.  The
line must be held low continuously for the 651 unit to use the selected parameters.  Once the
signal goes high, the instrument will default back to the state associated with the high signal
within 50 milliseconds.  Each input consists of a single pole filter and pull-up resistor as shown
in Figure 6.

µ
Digital Ground

To input port
74HC541)

I/O Connector

4.7k

0.01 FD
µ0.01 FD

4.7k

+5 V

Figure 6:  I/O Board Digital Input Circuitry
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The I/O board contains 6 type 74HC digital outputs, each having the capacity to drive one
standard TTL load.  The approximate time constant of the outputs are 2.5 microseconds.  Each
output includes a 240 ohms series resistor to protect it against line surges and spikes.
Additionally, there is a 0.01 µFD capacitor connected to the chassis.

µFD

From output port
(74HC377)

R 240 ohms
I/O Connector

0.01

µFD0.01

Digital Ground

      = Internal resistance
         of output driver

25 ohms sinking/
50 ohms sourcing)

int

Rint

Figure 7:  I/O Board Digital Output Circuitry
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Digital Input Priorities

Digital inputs are scanned and selected in a prioritized manner, enabling a higher priority request
to override a lower one.  The order of priority is shown in Table 16.

Priority of Digital Inputs

Order of Priority I/O Pin No. Digital Input Function

1 6 Analog set point (pressure or
position)

2 10 Control range of analog set point

Note:  Below this point, if any of the digital inputs are held low, lower priority
signals are blocked; that is, they are not recognized until the higher priority
signal is released.

3 25 Remote zero

4 5 Learn system

5 8 Close valve

6 27 Open valve

7 26 Stop valve

8 11 Select analog set point

9 16 Select set point A

10 15 Select set point B

11 14 Select set point C

12 13 Select set point D

13 12 Select set point E

Table 16:  Priority of Digital Inputs

The order of priority of digital inputs is based on the analog set point line (pin 11) being tied low
to continuously select it, thus blocking set points A through E, except to use their gains.  Refer to
How To Set the Lead and Gain Parameters, page 81, for more information.

Note Activating both the open and close commands simultaneously, causes the
valve to stop.
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Digital Functions

Most digital input functions are activated by pulling the input to a TTL low level
(0 to 0.8 Volts) for a minimum of 50 milliseconds.  If a higher priority function has not already
been selected, the requested function will be activated.  When the input is brought high (+2.4 to
+5 Volts), any lower priority functions that have been selected will now be activated.  If no lower
priority functions have been selected, the function most recently requested remains in effect.
Table 17 lists the specific function of each digital input.  Table 18, page 95, lists the specific
function of each digital output.  The first column in each table lists the I/O port number
assignment.

Digital Input Functions

I/O Port No. I/O Pin No. State Digital Input Function

1 27 Low

High

Open the valve

No function

2 8 Low

High

Close the valve

No function

3 26 Low

High

Stop the valve

No function

4 7 Low

High

Softstart is active for selected command
function

Softstart is inactive for selected command
function (used in conjunction with another

valve control function)

5 25 Low

High

Performs the remote zero function

No function

6 6 Low

High

Analog set point to position

Analog set point to pressure

7 24 Low

High

No function

No function

8 5 Low

High

Performs the learn system function

No function

Table 17: Digital Input Functions
(Continued on next page)



Digital Logic Control Chapter Six:  Remote Operation

94

Digital Input Functions (Continued)

Digital
Input No.

I/O Pin No. State Digital Input Function

9 16 Low

High

Selects set point A

No function

10 15 Low

High

Selects set point B

No function

11 14 Low

High

Selects set point C

No function

12 13 Low

High

Selects set point D

No function

13 12 Low

High

Selects set point E

No function

14 11 Low

High

Selects analog set point

No function

15 10 Low

High

F.S. analog set point yields 1/10 the F.S.
pressure of the controlling transducer or 10%

position

F.S. analog set point yields F.S. pressure of
the controlling transducer or 100% position

(Pressure/position function controlled by
input 6)

16 9 Low

High

No function

No function

Table 17:  Digital Input Functions
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Digital Output Functions

Digital
Output No.

I/O Pin No. State Digital Output Function

1 29 Low

High

Pressure outside of PLO 1 band (relay is not
energized)

Pressure inside of PLO 1 band (relay is
energized)

2 28 Low

High

Pressure outside of PLO 2 band (relay is not
energized)

Pressure inside of PLO 2 band (relay is
energized)

3 23 Low

High

Valve is not closed

Valve is closed

4 19 Low

High

Valve is not open

Valve is open

5 18 Low

High

No function

No function

6 17 Low

High

No function

No function

Table 18:  Digital Output Functions

Analog Set Point Inputs

The analog set point inputs, +set point (I/O pin 33) and -set point (I/O pin 34) on the I/O
connector, are fully differential.  The -set point must be connected to a ground to work correctly,
and it is recommended that it be connected to ground at the source of the set point signal.

To achieve softstart control of analog (or digital logic) set points, the softstart line (I/O pin 7)
must be held low.  If the line is not held low, the valve will move at 100% full speed.

If an analog set point is established via RS-232 input, the softstart rate for the analog set point is
selected through use of the I6value RS-232 command.
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Chapter Seven:  Battery-Backed Memory Module

Replacing the Battery-Backed Memory Module

The 651 pressure controller has a battery-backed memory module which stores configuration and
learned system information while power is off.  The battery-backed memory module (MKS part
no. 037-9227) is specified to provide at least seven years of memory storage under all operating
conditions.  No maintenance should normally be required during this period.

Note The module is also available from the following sources:

•  Bench Marq (BQ 4011MA-100)
•  SGS-Thompson (MK 48Z32B-10)
•  Dallas Semiconductor (DS 1230AB-100)

Eventually, the memory module will need to be replaced.  If the 651 unit continually requires
relearning at each power cycle (power off then on again), it may be time to replace it.  The
memory module is located on the CPU board inside the electronics unit and may be replaced by
MKS or other qualified personnel.

Opening the Unit

Warning The 651 unit has lethal voltages inside.  Servicing of the unit
must be performed by qualified personnel only.

To avoid an electrical shock, disconnect the power line
before opening the unit.

1. Turn the power off.

2. Disconnect the AC power cord.

Caution To avoid damage to sensitive internal components, personnel should
be grounded through a safety impedance while working inside the
651 unit, and the unit itself must be static-free.

3. Remove the two Phillips screws located at the top of the rear panel.

4. Disengage the cover from the rear chassis by lifting it up from the clips.

5. Remove the top cover by firmly pulling it up and back to clear the top of the connector
plates.
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Removing the CPU Board and Memory Module

1. Locate the CPU board.

It is labeled on the rear panel as the Serial Interface connector (in slot 1).

2. Remove the screw to the left of the connector.

3. It may be necessary to remove the clamping spring that holds the card cage to the power
supply.  If so, use needle-nose pliers or a screwdriver to pull the clamping spring straight
back and out.

4. Grasp each end of the board and rock it until it loosens from its position.  Lift the board up
and out of the unit.

5. Figure 8 provides the location of the battery-backed memory module on the CPU board.

D13

D12

D11

D10

R13R12

J3
R11

R10 C27

C26

R9

D
9

D
8

D
7

D
6

C25
U5

D5D4C23

E3
E2

E1
U14

JP3JP2 S1

D3R4

D2D1

Y1

C11

C10

C9

C8C1

C22

C21

C20

C19 C18

C17

C16

C15

C14

C13

C7

C4

C5

C6

C3 C2

R
6

R5

R3
R2

R1

U13

U12

U11U10

U9

U8

U7

U6

U4

U3

U2

U1

J1

J2

1

1

1

+

+

+

+

+

Battery-backed
RAM module

Figure 8:  Location of the Battery-backed RAM Module

6. Use needle-nose pliers, a screwdriver, or an IC puller to remove the memory module
from its socket.
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Installing a New Memory Module and Replacing the CPU Board

1. Position the new memory module over the socket, being careful to line up the pins
correctly (pin 1 is located directly to the left of the notch).  Snap the module firmly into
place.

2. Position the CPU board over its slot in the unit, ensuring that the board’s edge is behind
the next connector’s edge.  Push on the bottom tab to snap the board into the slot.

3. Use any instrument to gently seat the clamping spring firmly in place.  A metal tab
prevents the spring from sliding in completely.  (The space left by the tab enables a small
screwdriver to be inserted into the space for easy board removal the next time.)

Replacing the Cover

1. Using the clips on the cover as a guide, slide the cover (from rear to front) into place at the
front panel.

2. Position the cover so that the cover slots engage the top of the connector plates.  From the
front (looking at the top of the unit toward the rear), push the cover toward the front while
incrementally tightening the screws.  (This ensures good electrical connection between the
top cover and rear connector plates.)

3. Reconnect the AC power cord.

4. Turn the power on.

Note All user configuration settings may have to be reset and the control
system may have to be relearned after replacement of the memory
module.
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Chapter Eight:  Valve Failsafe Battery Back-up Option

General Information

An optional Valve Failsafe Battery Back-up (lead-acid battery) provides full valve drive
capability for approximately 30 seconds after an AC power failure.  The 651 instrument can be
set to drive the valve open, closed, or hold it in its current position upon a power loss.  This
battery is a rechargeable, 12 Volt, 2 amp-hour, sealed lead-acid battery (MKS part no.
003-1109451).

Note The lead-acid battery is also available from the following sources:

•  Power Sonics (PS-1220)
•  Panasonic (LCR 12 V2.2P)

This chapter provides instructions on how to check your controller to ensure that it recognizes
when the battery back-up module is present, and how to configure the valve position upon a
power loss when using either Local or Remote operation.

If a Valve Failsafe Battery Backup is installed, an ATTENTION label is affixed to the side of the
651 unit.  The label states that the unit contains a lead-acid battery which is maintained in a
properly charged state while the instrument is powered on.  Basic maintenance information is
also provided.  Since the lead-acid battery is continually recharged while the 651 unit is powered
and operating, the battery is typically maintenance free and needs attention only when it must be
replaced.  The upper limit of the ambient temperature range of a 651 unit, equipped with a Valve
Failsafe Battery Back-up option is 35° C versus 40° C for a unit without the option.

Note If a Valve Failsafe battery backup is ordered for a 651A or 651B unit, the
unit must be sent back to your local MKS Service Center to have the
battery backup system installed.  Before returning the instrument to
MKS, obtain an ERA Number (Equipment Return Authorization
Number) from an MKS Service Center.
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Battery Voltage

The normal voltage level of the battery ranges from 11 V to 15.5 V.  A voltage level below 11 V
indicates a discharged battery.  A voltage level above 15.5 V indicates an open fuse, a
disconnected battery, or a defective charger.

Valve Positions

The controller can be configured so that the valve will be driven fully open, fully closed, or will
be disabled upon an AC power failure.

Open: The controller opens the valve at power down.  In the event that the valve is already
open, the module provides power for approximately 1 second before turning off.

Closed: The controller closes the valve at power down.  In the event that the valve is already
closed, the module provides power for approximately 1 second before turning off.

Disable: The option is disabled and will not perform any function at power down.  The
controller turns off in a normal manner.

When the controller is configured to open or close the valve, it will perform the operation
whenever power to the controller is turned off, regardless of whether the power is turned off via
the power switch or by a power failure.

Note If for any reason the controller cannot open or close the valve within 30
seconds of a power failure, the battery back-up module automatically
turns off.  This prevents the battery from discharging when no valve is
present or if the valve is defective in some way.
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Startup

Threshold Voltage Check

When the 651 controller is turned on, it measures the voltage at the input port assigned to the
battery back-up module.  When the voltage level at the port exceeds a factory set minimum
threshold value, the controller recognizes that the battery back-up is present, and the software
menus which support the module are installed.  Should the voltage level be below the threshold,
the controller does not recognize the module and the software menus are not installed.

Once the 651 unit has been powered up and the battery back-up module has been recognized, the
actual voltage of the battery is measured.

Battery Voltage Within Range

If the battery voltage is within the acceptable range of 11 V to 15.5 V, the instrument revision
and the current software/firmware version appears on the front panel display for about five
seconds, before advancing to the default Pressure and Position screen:

651C

V 1.8

Figure 9:  Initial Display Screen

PRES  4.90 Torr

POS    35.0  %

Figure 10:  Default Pressure and Position Screen

The controller is now ready for valve connection and setup (or normal operation once the system
has been configured).  The 651 unit does not display a status screen to indicate that the battery
voltage is within range.
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Battery Voltage Out-of-Range

If the battery voltage is out-of-range, the instrument revision and the current software/firmware
version appears on the front panel display for about five seconds (refer to Figure 9, page 103),
followed by the appropriate error message, rather than advancing to the default Pressure and
Position display screen (refer to Figure 10, page 103).

If the battery voltage is below 11 V, the screen displays:

***Battery is low***

Press key to continue

Figure 11:  Battery Voltage Low Message

If the battery voltage is above 15.5 V, the screen displays:

***Battery is high***

Press key to continue

Figure 12:  Battery Voltage High Message

The system allows for continued operation when the battery voltage is out-of-range, since your
process may not require that the battery voltage level be addressed immediately.  To continue
operation, press any key to advance to the default Pressure and Position display screen.

Note It is important to note that in addition to supporting the controller’s valve
position, the battery back-up feature powers the controller, and any
pressure transducer or valve connected to it.
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Operation

How To Check the Battery Voltage

To ensure that the 651 unit has recognized the battery back-up module, or to view the actual
battery voltage and the current valve configuration without entering the software menus
(regardless of whether you are using Local or Remote operation):

1. Ensure that the default Pressure and Position screen appears on the display:

PRES  4.90 Torr

POS    35.0  %

2. Press the  [ ]  key one time.

If the battery back-up module has been recognized, the screen displays:

BATTERY     13.5V

BACK-UP:     OPEN

This screen allows you to view the actual battery voltage and the current valve
configuration.  The valve configuration cannot be changed from this screen.  Refer to
How To Set The Battery Back-up Valve Control, page 106, for instructions on how to
change the valve configuration; the battery voltage cannot be adjusted.  Press any key to
return to the default Pressure and Position screen.

If the battery back-up module has not been recognized, the screen reverts to the initial
display screen which lists the instrument revision and the current software/firmware
version:

651C

V 1.8

Press any key to return to the default Pressure and Position screen.
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How To Set The Battery Back-up Valve Control

Local Operation

1. Ensure the Key Lock Switch is set to Local and that the default Pressure and Position
display appears on the screen.

PRES  4.90 Torr

POS    35.0  %

2. Press the  [ ]  and  [ ]  keys simultaneously for about 3 seconds to enter the Setup
menu.

The screen displays:

CONTROL

MODE:         PID

3. Press the  [ ]  or  [ ]  down  arrow key to scroll through the menu until the battery
back-up option selection screen appears on the display.

The screen displays:

BATTERY     13.5V

BACK-UP:     OPEN

The screen displays the actual voltage level of the battery along with the position the
valve is currently set to drive to upon a power loss.

Select whether the valve will be driven fully open, fully closed, or will be disabled upon
an AC power failure by turning the Adjust knob on the front panel to the desired setting.
Choose from the options of open, closed, or disable (initial).

Note Press any key to exit the Setup menu and return to the default Pressure
and Position display screen.
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Remote RS-232 Operation

The command   [K  value]   defines the direction of valve control upon power failure, where:

value: 0 = disable option
1 = open valve at power failure
2 = close valve at power failure

To check the type of valve battery back-up control, issue the request:

R  40

The controller responds with the message   [K value], where:

value: 0 = option disabled
1 = valve opens at power failure
2 = valve closes at power failure

An example response, if the valve is set to open upon a power failure, is:

K 1

To change the valve control so that it closes upon a power failure, enter:

K  2
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Expected Battery Life

When AC power is lost, the valve battery backup drives the valve to full open or full closed
within 20 seconds.  An AC power failure typically results in a 30% discharge of the battery.
Under this condition, the battery life is at least 1000 cycles, and should be able to recharge within
a few hours after power returns.  Battery life under several conditions is listed in
Table 19.

Expected Battery Life

Expected Cycles % Discharge with each Battery Use

1000 30

400 50

200 100

2-3 years if unused and charge is maintained

Table 19:  Expected Battery Life

When AC power returns, the battery recharges, provided that the 651 instrument is turned on.
From a full discharge condition, the voltage typically increases from about 11 V to 15.5 V over a
five hour period.  The voltage is maintained at about 14.5 V for another five hours then gradually
drops to 13.5 V.  The 13.5 Volt charge is maintained in a trickle charge state (a top charged state)
until there is an AC power failure.  The recharge time for a completely discharged battery is a
maximum of 12 hours.

Battery Storage

The lead-acid battery loses its capacity if it is stored with no power connected.  In fact, the higher
the ambient temperature, the faster the capacity is lost. Table 20 shows the time it takes for the
battery to fall to fifty percent of its full capacity at various ambient temperatures.

Capacity Loss of Stored Battery

Ambient Temperature (° C) No. Days to 50% Capacity

20 500

30 250

40 150

50 75

Table 20:  Capacity Loss of Stored Battery
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Battery Replacement

Opening the Unit

Warning The 651 unit has lethal voltages inside.  Servicing of the unit
must be performed by qualified personnel only.

To avoid an electrical shock, disconnect the power line
before opening the unit.

1. Turn the power off.

2. Disconnect the AC power cord.

Caution To avoid damage to sensitive internal components, personnel
should be grounded through a safety impedance while working
inside the 651 unit, and the unit itself must be static-free.

3. Remove the two Phillips screws located at the top of the rear panel.

4. Disengage the cover from the rear chassis by lifting it up from the clips.

5. Remove the top cover by firmly pulling it up and back to clear the top of the connector
plates.

6. Locate the area of the unit where the chassis splits (to the rear of the front panel) and
remove the two screws on both sides of the front panel as well as the two screws on both
sides of the battery backup housing.

7. Slide the front panel out far enough to enable the ribbon cable to lay flat.

8. Slide the battery backup housing out about an inch.

9. Disconnect the battery power bus interface from the battery backup circuit board.

10. Unsnap the ribbon cable connector.

11. Pull both the front panel module and the battery backup housing away from the card
cage/power assembly.

12. Remove the screw located on the left side of the housing.

13. Orient the housing on its side, and remove the two visible screws.
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14. Pull the front panel module completely forward and remove the battery circuit board
assembly.

Installing the New Battery

1. Disconnect the two insulated clips from the battery terminals.

Caution Do not allow anything to short across the battery terminals; for
example, a screwdriver.

2. Push the battery straight up (from underneath) and out.

3. With the new battery positioned such that the terminals are at the rear and  +  is on the
right-hand side, reconnect the two insulated clips.

Be sure that  +  is connected to  +  and  -  is connected to  -  .

4. Feed the ribbon cable through the slot.

Be sure to keep the cable away from the heatsink.

5. Replace the two screws that attach the circuit assembly to its chassis and the screw
removed from the left side of the housing.

6. Position the front panel module and battery backup housing so that the ribbon cable
connector can be plugged into the card cage.

7. Plug the bus connector into the circuit board located in the battery backup housing.

8. Slide the battery backup housing into position and snap it into place.

9. Replace the two screws on each side of the battery backup housing.

10. Push the front panel module slightly back and fold the ribbon cable.

11. Slide the front panel module into the battery backup housing and snap into place.

12. Replace the two screws on both sides of the front panel module.

13. Replace the top cover and its two screws.

The unit is now ready to be plugged in and powered up.
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Chapter Nine:  Maintenance

General Information

If the 651 instrument fails to operate properly upon receipt, check for shipping damages, and
check the cables for continuity.  Any damage should be reported to the carrier and MKS
Instruments immediately.  If it is necessary to return the unit to MKS, obtain an ERA number
(Equipment Return Authorization Number) from a MKS Service Center before shipping.  Please
refer to the inside back cover of this manual for a list of MKS Calibration and Service Centers.

Periodically, check for wear on the cables and inspect the enclosure for visible signs of damage.

How To Replace Fuses

1. Select the proper fuses.

All units should have two fuses installed to fuse both sides of the line.

2. Disconnect the power cord from the 651 instrument.

Warning To avoid an electrical shock, be sure to disconnect the
power cord before proceeding.

3. Insert a small device, for example, a screwdriver, in the fuse holder clip on the right side of
the fuse holder.

Refer to Figure 13, page 112, for the location of the clip.
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Fuse Holder
Clip

Figure 13:  Fuse Holder

4. Gently press against the clip and push up with the screwdriver until the plastic fuse holder
pops out.

It may be necessary to repeat steps 2 and 3 on the left side to release the fuse holder.

5. Replace the old fuses with new ones and gently snap the fuse holder back into place.



Appendix A:  Product Specifications

113

Appendix A:  Product Specifications

Ambient temperature 15° to 40° C (60° to 104° F)

15° to 35° C (60° to 95° F) with optional
valve failsafe battery backup

Analog output signal

Position
Pressure

0 to 5 Volts or 0 to 10 Volts, selectable
0 to 100% F.S. pressure, same range as sensor

CE Compliance

Electromagnetic Compatibility1

Low-Voltage Requirements

Installation Category
Pollution Degree

Product Safety Requirements

EMC Directive 89/336/EEC

Low-Voltage Directive 73/23/EEC

II, according to EN 61010-1
2, according to IEC 664

Product Safety Directive 92/59/EEC

Controller repeatability ±0.1% of F.S.

Connectors2

Valve
I/O
Transducer
RS-232 Serial Communications

9-pin Type “D” female
37-pin Type “D” female
15-pin Type “D” female
9-pin Type “D” male

Display 2 line LCD with 4½ place readout

Display units Torr, mTorr, mbar, µbar, Pascal, kPa,
cmH2O, inH2O

External set point signal 0 to 5 Volts or 0 to 10 Volts, selectable

Fuses

Low power unit:  90 to 132 VAC
180 to 264 VAC

High power unit: 90 to 132 VAC
180 to 264 VAC

0.63A (T), 250V, 5 x 20 mm
0.315A (T), 250V, 5 x 20 mm

1.25A (T), 250V, 5 x 20 mm
0.63A (T), 250V, 5 x 20 mm

                                                  

1An overall metal braided shielded cable, properly grounded at both ends, is required during use.

2Interconnecting cables between the Type 651 and the valve, sensor, and serial communications are
available at an additional charge.  Please consult factory for ordering information.  Necessary adapter
cables are included when retrofitting MKS Type 152, 252, and 652 controllers.
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Input power

Low power unit

High power unit

90 to 132 or 180 to 264 VAC @50/60 Hz
75 VA (max)

90 to 132 or 180 to 264 VAC @48/62 Hz
150 VA (max)

Interface

RS-232
Analog
Digital Inputs (16):  HCMOS pulled high with a 4.7k

resistor to be TTL compatible.  Driver must
sink 1 mA and hold low for > 50 msec to
select function.

Outputs (6):  HCMOS with 240 ohm series
protection resistor.  Will sink & source 1 TTL
load.  Time constant < 500 nanoseconds.

Output power

Low power unit
High power unit

±15 VDC @ 0.5 Amps (max)3

±15 VDC @ 1.5 Amps (max)

Overrange pressure ±10.5 Volts

Pressure input signal -10 to 10 Volts

Process limit relays (2) 24 Volts AC/DC @ 1 Amp resistive (contact
ratings)

Set points

Internal
External

5, each one pressure or position selectable
1, pressure or position selectable

Size

with optional valve failsafe battery backup

3½”H x 9½”W x 9”D
(8.9 cm  x 24.1 cm x 22.9 cm)

12”D (30.5 cm)

Weight

Low power unit
High power unit

7 lbs. 3 oz. (3.26 kg)
6 lbs. (2.04 kg)
plus 3 lbs. 8 oz. (1.25 kg) for optional valve
failsafe battery backup

Due to continuing research and development activities, these specifications are subject to change without notice.

                                                  

3Derated to 0.4 Amps with 90 to 99 or 180 to 198 VAC input.
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Appendix B:  Model Code Explanation

Model Code

The desired options for the 651 controller are identified in the model code when you order the
unit.

The model code is identified as follows:

651C   X   Y   Z   C   D

where:

Type Number

Interface

Valve Driver

Power Supply

Options

CY Z651C

Display

X D

Type Number (651C)

This designates the model number of the instrument.

Display (X)

The display on your 651 unit is designated by a single letter code.

Ordering Code

No Display N

Display D
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Interface (Y)

The type of interface is indicated by a single digit code.

Ordering Code

RS-232 2

Valve Driver (Z)

The valve driver is designated by a single letter code.

Ordering Code

Stepper Motor S

Power Supply (C)

Two power supplies are available, designated by a single number code.

Ordering Code

0.5 Amp 1

1.5 Amp 2

Options (D)

The battery back-up for valve control is designated by a single letter code.

Ordering Code

None N

Battery Back-Up B
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Appendix C:  Product Compatibility

Product Compatibility

Valves

MKS downstream control valves compatible with the 651 unit include:

Types 253 and 653

Transducers

Table 21 lists the current available to a transducer from a 651 controller (and its specific valve
configuration).

Transducer Current Available from Low and High Power Units

Valve
Configuration

651
Supply Type

Line Voltage

Range

Transducer
Current

Available

253/653 Low power 90 to 99 VAC 50/60 Hz 400 mA

180 to 198 VAC 50/60 Hz 400 mA

100 to 132 VAC 50/60 Hz 500 mA

200 to 264 VAC 50/60 Hz 500 mA

253/653 High power 90 to 132 VAC 48/62 Hz 1.5 A

180 to 264 VAC 48/62 Hz 1.5 A

Table 21:  Transducer Current Available from Low and High Power Units

MKS transducers compatible with the low power 651 unit include:

Types 122, 124, 127, 1284, 220, 121, and 223.

MKS transducers compatible with the high power 651 unit include:

Types 120, 122, 124, 127, 128, 220, 121, 223, and 621.

                                                  

4To ensure proper operation of the Type 128 transducer in the (90 to 99/180 to 198) power line voltage
range, it is recommended that the high power 651 unit be used.  Above 100/200 volts, the low power unit
provides adequate power.
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Adapter Cables

The 651 Pressure Controller can replace the 152, 252, and 652 controllers.  It may, however, be
necessary to fit the Type “D” connectors on the 651 unit with adapter cables. Refer to Table 22
for a listing of the appropriate cable numbers.

651 Adapter Cables

From To Cable Number

252, 252+VPO
252+MSO

651 I/O
651 I/O

CB651-12-1
CB651-13-1

252+PLO
252+PLO+VPO 651 I/O CB651-14-1

252+MSO+PLO
252+MOS+VPO
252+MSO+VPO+PLO 651 I/O CB651-15-1

152 PC/VPO
152 PC/VPO+RS-232 651 I/O CB651-16-1

152 RZ/VPO
RZ/VPO+RS-232 651 I/O CB651-17-1

152/252 Sensor Cables 651 Sensor CB651-18-1

25-Pin Serial Cable5 651 Serial CB651-19-1

652 I/O 651 I/O CB651-20-1

152/252 Valve Cable 651 Valve CB652-2-1

Table 22:  651 Adapter Cables

Note The RS-232 serial communication cables are listed in Table 9, page 33.

                                                  

5Pins 2 and 3 not reversed.  This cable is a 651 to 652 serial port converter cable.  The 25-pin end
simulates a 652 controller, and the opposite end connects to the 651 serial port.
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Appendix D:  Type 651 Displayless Unit

Type 651 Displayless Unit

The displayless unit is a standard 651 unit with the following differences:

•  There is no front panel display

•  An additional RS-232 serial port, located on the front panel, is intended to be used in
conjunction with a laptop or notebook computer

•  The baud rate is set at 9600 with no parity, 8 data bits, 1 stop bit, and [CR][LF]
delimiter

To put the 651 displayless unit into operation via the RS-232 port on the front panel, set the Key
Lock switch to the Local position.  When the Key Lock switch is set to the Local position, TTL
input and the rear serial communications port become locked out.  Conversely, when the Key
Lock switch is set to the Remote position, the front serial communications port becomes locked
out, and the unit can be controlled either by TTL input or through the serial communications port
on the rear panel.

600 Series

Pressure Controller

Serial Interface

Power

Remote

Local

Figure 14:  Front Panel of the 651 Displayless Unit
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RS-232 Configuration

Since the displayless 651 controller cannot use the Setup menu to change the controller’s RS-232
configuration, changes can be made by means of internal dipswitch settings.

Note If a 651 controller has a front panel display, use the Setup menu to
change the RS-232 configuration, described in Setup Menu, page 41.

The RS-232 configuration setting defined in the Setup menu override
dipswitch settings.

Internal Switches

A dipswitch bank inside the 651 unit allows you to customize RS-232 communications
parameters.  The dipswitch bank is located on the I/O board.

Opening/Closing the Type 651 Controller

1. Turn the power off.

2. Remove the Phillips screws and washers on the top panel.

Caution Be sure to be grounded while you are working on internal
components of the 651 unit.  This precaution will avoid damage to
sensitive internal components of the unit.

3. Remove the top cover by firmly pulling it up and towards the back of the unit.

The dipswitch bank is now accessible.

After changing the dipswitch settings, replace the cover on the unit and replace the
screws and washers you removed in step 2, above.  After verifying that the unit is
properly reassembled, power up the 651 controller.  The new dipswitch settings will be
recognized.
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Dipswitch Bank on I/O Board

Figure 15:  Dipswitch Bank Location (Top View)

The dipswitch bank is located on the  I/O board, shown in Figure 15.  You can also identify the
I/O board by locating the I/O connector on the rear panel (refer to Figure 4, page 31).

Figure 16, shows an enlarged view of a dipswitch bank.  The switches in the dipswitch bank are
numbered from 1 to 8.  The dipswitch bank has the word OPEN written on it.  To set a dipswitch
to open, push it toward the OPEN label.  To set a dipswitch to closed, push it away from the
OPEN label.  For example, in Figure 16 all of the switches are closed.

Figure 16:  Example of Dipswitch Bank
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Dipswitch Bank Settings

The dipswitch settings control the RS-232 communications parameters.  When you receive your
651 controller, the unit is set up with the initial dipswitch settings listed in Table 23.

Default Dipswitch Settings

Dipswitch Setting Function

Switch 1, 2, 3 Closed 9600 Baud Rate

Switch 4 Open

Switch 5 Closed Parity - None, 8 data bits

Switch 6 Closed Reserved*

Switch 7 Closed Reserved*

Switch 8 Closed End-of-Line Delimiter
CRLF

* The “Reserved” pin assignmnet refers to a pin with an internal
connection which may be assigned a function in the future.

Table 23:  Default Dipswitch Settings

Note Parity and data bit setting are dependent.  You may select either no parity
with 8 data bits or even parity with 7 data bits.

There is no stop bit setting.  RS-232 communications uses 1 stop bit
under all circumstances.  This setting cannot be changed.

If the initial settings, listed in Table 25, page 125, are not appropriate for your application, refer
to Table 24, page 123, for switch settings you can use to change the baud rate, parity and data
bits, and end-of-line delimiter.
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Caution Before opening the unit to change dipswitch settings, you must power
off the unit as a safety precaution.  Refer to Opening/Closing the Type
651 Controller, page 120.  Any new dipswitch settings take effect
when the unit is powered up.

I/O Board Dipswitch Bank and RS-232 Communications Settings

Function Choices Switches

RS-232 Baud Rate 1 2 3 4

The five choices for baud rate are: 300 O C O O

1200 O O C O

2400 O O O C

4800 O C C O

9600 C C C O

RS-232 Parity and Data Bits 5

The two choices for parity checking
are:

Even
7 data bits

O

None
8 data bits

C

Reserved Switches 6 7

Reserved for future use. C C

RS-232 End-of-Line Delimiter 8

The two choices for end-of-line
delimiter are:

CR O

CRLF C

Note:  O = Open    C = Closed

Table 24:  I/O Board Dipswitch Bank and RS-232 Communications Settings
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Appendix E:  Initial Settings

Your 651 controller is shipped with the following initial configuration.  This configuration is not
a default configuration, however, since the 651 unit stores most of the configuration settings in
non-volatile RAM.  Settings stored in non-volatile RAM are not lost when the power is turned
off.  When the power is restored, the 651 unit “remembers” the latest configuration, not the
initial configuration.  Refer to Table 25 for a complete list of the initial configuration settings.
The last column lists the page number for information on each entry, should you wish to change
the setting.

Initial Settings

Parameter Default Options Page

Control Valve 653 253 Fast, 253 Standard 64

Control Mode PID Self Tuning 41

Internal Set points

Gain and Lead Values

A Pressure
B Pressure
C Pressure
D Pressure
E Pressure

A Gain = 100
Lead = 10

B Gain = 100
Lead = 10

C Gain = 100
Lead = 10

D Gain = 100
Lead = 10

E Gain = 100
Lead = 10

Position
Position
Position
Position
Position

User selectable

74

Line Voltage (VAC) 115 VAC 230 VAC 25

Sensor Full Scale (Torr) 100 10000, 5000, 1000, 10, 2, 1, 0.1 66

Table 25:  Initial Settings
(Continued on next page)
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Initial Settings (Continued)

Parameter Default Options Page

Display Units Torr mTorr, mbar, µbar, Pa, kPa,
cmH2O, inH2O

44

Analog Set point Input 0 to 5 V 0 to 10 V 45

Pressure Sensor Input 0 to 10 V 0 to 5 V, 0 to 1 V 44

Analog Output Pressure: 0 to 10 V

Position: 0 to 10 V

No option

0 to 5 V

45

Control Mode Direct Acting Reverse 86

RS-232

Baud Rate

Parity/Data Bits

Delimiter

9600

None/8

CRLF

4800, 2400, 1200, 300

Even/7

CR

42

120

Battery Backup Failsafe
Mode

None Close valve, Open valve,
Disable

101

Table 25:  Initial Settings
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Appendix F:  Command and Request Reference

Command Reference

A command sent to the 651 unit instructs it to perform a task or change a setting.  Commands are
grouped into two categories:  control commands and parameter commands.

Control commands directly control the actions of the valve.  Valve open, valve close, and valve
halt, as well as selection of the controlling set point, are examples of control commands.

Parameter commands determine the settings used by the 651 controller.  Set point levels,
softstart rates, and sensor full scale are examples of parameter commands.

Note To conserve space, the ENTER  key is not included in the request
messages listed the following tables.  You must press the ENTER  key to
send the request message to the 651 controller.

Enter commands without spaces.  Spaces are used in the manual to
improve readability.

RS-232 command syntax is shown in Table 26, page 128.
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RS-232 Command Summary

Command Function

S1 value Set level of set point A; where value is the % of F.S.
pressure for pressure set points; position for position set
points
% of open for direct direction control
% of closed for reverse direction control

S2 value Set level of set point B; where value is the % of F.S.
pressure for pressure set points; position for position set
points
% of open for direct direction control
% of closed for reverse direction control

S3 value Set level of set point C; where value is the % of F.S.
pressure for pressure set points; position for position set
points
% of open for direct direction control
% of closed for reverse direction control

S4 value Set level of set point D; where value is the % of F.S.
pressure for pressure set points; position for position set
points
% of open for direct direction control
% of closed for reverse direction control

S5 value Set level of set point E; where value is the % of F.S.
pressure for pressure set points; position for position set
points
% of open for direct direction control
% of closed for reverse direction control

S6 value Set F.S. level of analog set point
0 = 100% of controlling transducer’s range
1 = 10% of controlling transducer’s range

D1 Select set point A

D2 Select set point B

Table 26:  RS-232 Command Summary
(Continued on next page)
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RS-232 Command Summary (Continued)

Command Function

D3 Select set point C

D4 Select set point D

D5 Select set point E

D6 Select analog set point

E value Sensor range value

0 = 0.1 10 = 1000
1 = 0.2 11 = 5000
2 = 0.5 12 = 10000
3 = 1 13 = 1.33
4 = 2 14 = 2.66
5 = 5 15 = 13.33
6 = 10 16 = 133.3
7 = 50 17 = 1333
8 = 100 18 = 6666
9 = 500 19 = 13332

F value Pressure units value
0 = Torr 1 = mTorr
2 = mbar 3 = µbar
4 = kPa 5 = Pa
6 = cmH2O 7 = inH2O
Note:  The F command merely assigns a label to the
pressure units.  It does not convert pressure readings.
Pressure readings are % of F. S.

G value Sensor voltage range value
0 = 1 Volt
1 = 5 Volts
2 = 10 Volts

O Open valve

C Close valve

H Hold valve

Table 26:  RS-232 Command Summary
(Continued on next page)
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RS-232 Command Summary (Continued)

Command Function

I1 value Set softstart rate of set point A, value is % of full speed

I2 value Set softstart rate of set point B, value is % of full speed

I3 value Set softstart rate of set point C, value is % of full speed

I4 value Set softstart rate of set point D, value is % of full speed

I5 value Set softstart rate of set point E, value is % of full speed

I6 value Set softstart rate of analog set point, value is % of full
speed

I7 value Set softstart rate of open valve, value is % of full speed

I8 value Set softstart rate of close valve, value is % of full speed

P1 value Set low threshold for process limit 1
value is % of F.S.

P2 value Set high threshold for process limit 1
value is % of F.S.

P3 value Set low threshold for process limit 2
value is % of F.S.

P4 value Set high threshold for process limit 2
value is % of F.S.

Z1 Zero the sensor

Z2 value Special zero
value is % F.S. of the base pressure reading

Z3 Remove the zero correction factors

Z4 Learn the zero of the analog set point.  Assigns current
value of external analog set point to zero value.  If the
current value of the analog set point is beyond ±15% of
full scale, the controller ignores the command and does not
change the current zero value.

Table 26:  RS-232 Command Summary
(Continued on next page)
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RS-232 Command Summary (Continued)

Command Function

Y1 value Calibrate span of A/D converter; calibrate position output
and zeroed pressure output.  The controller will assign
value to the converter reading of the pressure channel.

Y2 Learn the full scale of the analog set point.  Assigns
current value of external analog set point to the full scale
value.  If the current value of the analog set point exceeds 
±15% of full scale, the controller ignores the command and
does not change the current full scale value.

L Learn the system (Self-Tuning control)

Q Stop the learn function (while in process)

J value Calibrate the valve, where value is:
1 = Std 253
2 = Fast 253
3 = 653

A value Analog set point range where value is:
0 = 5 Volts
1 = 10 Volts

T1 value Set point A type where value is:
0 = position
1 = pressure

T2 value Set point B type where value is:
0 = position
1 = pressure

T3 value Set point C type where value is:
0 = position
1 = pressure

T4 value Set point D type where value is:
0 = position
1 = pressure

Table 26:  RS-232 Command Summary
(Continued on next page)
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RS-232 Command Summary (Continued)

Command Function

T5 value Set point E type where value is:
0 = position
1 = pressure

T6 value Set point analog type where value is:
0 = position
1 = pressure

B value Valve position output range where value is:
0 = 5 Volts
1 = 10 Volts

N value Direct/reverse control where value is:
0 = direct
1 = reverse

U value Sensor type where value is:
0 = Absolute
1 = Differential

X1 value Set lead of set point A, where value = seconds

X2 value Set lead of set point B, where value = seconds

X3 value Set lead of set point C, where value = seconds

X4 value Set lead of set point D, where value = seconds

X5 value Set lead of set point E, where value = seconds

M1 value Set gain of set point A, where value = % gain

M2 value Set gain of set point B, where value = % gain

M3 value Set gain of set point C, where value = % gain

M4 value Set gain of set point D, where value = % gain

M5 value Set gain of set point E, where value = % gain

V0 Select Self-Tuning control

V1 Select PID control

Table 26:  RS-232 Command Summary
(Continued on next page)
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RS-232 Command Summary (Continued)

Command Function

K0 Disable battery backup

K1 Select valve to open upon power fail

K2 Select valve to close upon power fail

Table 26:  RS-232 Command Summary
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Request and Response Reference

A request to the 651 controller causes it to send back information.  Refer to Table 27 for a
complete list of request messages.

Note To conserve space, the ENTER  key is not included in the request
messages listed the following tables.  You must press the ENTER  key to
send the request message to the 651 controller.

Response message do not contain spaces.  Spaces are used in the response
messages to improve readability.

RS-232 Requests and Response Summary

Request Message Information Requested Response Message

R0 Analog set point value S0 value
where value is % of F.S.

R1 Set point A value S1 value.
where value is % of F.S.

R2 Set point B value S2 value
where value is % of F.S.

R3 Set point C value S3 value.
where value is % of F.S.

R4 Set point D value S4 value
where value is % of F.S.

R5 System pressure value P value
where value is % of F.S.

Table 27:  RS-232 Request and Response Summary
(Continued on next page)

Note Unless specified otherwise, the value in a response is a percent value.
For example, a response of S1+30.00 means the set point value is 30%
of F.S.  For a 10 Torr F. S. unit, the set point would be 3 Torr.
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RS-232 Request and Response Summary (Continued)

Request Message Information Requested Response Message

R7 Alternate system status
(for compatibility)

MXYZ

For the value of X:
0 = analog set point
1 = set point A
2 = set point B
3 = set point C
4 = set point D
5 = set point E

For the value of Y:
0 = controlling
2 = valve open
4 = valve close

For the value of Z:
0 = pressure < 10% F.S.
1 = pressure > 10% F.S.

R10 Set point E value S5 value
where value is % of F.S.

R11 Low threshold
process limit #1

P1 value
where value is % of F.S.

R12 High threshold
process limit #1

P2 value
where value is % of F.S.

R13 Low threshold
process limit #2

P3 value
where value is % of F.S.

R14 High threshold
process limit #2

P4 value
where value is % of F.S.

R15 Softstart rate for set point A I1 value
where value is % of full speed

R16 Softstart rate for set point B I2 value
where value is % of full speed

R17 Softstart rate for set point C I3 value
where value is % of full speed

Table 27:  RS-232 Request and Response Summary
(Continued on next page)
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RS-232 Request and Response Summary (Continued)

Request Message Information Requested Response Message

R18 Softstart rate for set point D I4 value
where value is % of full speed

R19 Softstart rate for set point E I5 value
where value is % of full speed

R20 Softstart rate for analog set
point

I6 value
where value is % of full speed

R21 Softstart rate for valve open I7 value
where value is % of full speed

R22 Softstart rate for valve close I8 value
where value is % of full speed

R23 Valve type J type, where type equals:

1 = Std 253
2 = Fast 253
3 = 653

R24 Analog set point range A range, where range equals:

0 = 5 Volts
1 = 10 Volts

R25 Analog set point type(either
pressure or position)

T0 type, where type equals:

0 = position
1 = pressure

R26 Set point A type (either
pressure or position)

T1 type, where type equals:

0 = position
1 = pressure

R27 Set point B type (either
pressure or position)

T2 type, where type equals:

0 = position
1 = pressure

R28 Set point C type (either
pressure or position)

T3 type, where type equals:

0 = position
1 = pressure

Table 27:  RS-232 Request and Response Summary
(Continued on next page)
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RS-232 Request and Response Summary (Continued)

Request Message Information Requested Response Message

R29 Set point D type (either
pressure or position)

T4 type, where type equals:

0 = position
1 = pressure

R30 Set point E type (either
pressure or position)

T5 type, where type equals:

0 = position
1 = pressure

R31 Position indicator range
output

B value, where value equals:

0 = 5 Volts
1 = 10 Volts

R32 Direct/reverse control N value, where value equals:

0 = direct
1 = reverse

R33 Sensor range E value, where value equals:

00 = 0.1 10 = 1000
01 = 0.2 11 = 5000
02 = 0.5 12 = 10000
03 = 1 13 = 1.33
04 = 2 14 = 2.66
05 = 5 15 = 13.33
06 = 10 16 = 133.3
07 = 50 17 = 1333
08 = 100 18 = 6666
09 = 500 19 = 13332

R34 Pressure units F value, where value equals:

00 = Torr
01 = mTorr
02 = mbar
03 = µbar
04 = kPa
05 = Pa
06 = cmH2O
07 = inH2O

Table 27:  RS-232 Request and Response Summary
(Continued on next page)
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RS-232 Request and Response Summary (Continued)

Request Message Information Requested Response Message

R35 Sensor voltage range G value, where value equals:

0 = 1 Volt
1 = 5 Volts
2 = 10 Volts

R36 Sensor type U value, where value equals:

0 = Absolute
1 = Differential

R37 System status MXYZ

For the value of X:
0 = Local
1 = Remote

For the value of Y:
0 = not learning
1 = learning system
2 = learning valve

For the value of Z:
0 = open
1 = close
2 = stop
3 = set point A
4 = set point B
5 = set point C
6 = set point D
7 = set point E
8 = Analog set point

R38 Software version H version number

R39 Status of battery used in optional
valve failsafe backup

BT = Battery is bad
BT1 = Battery is good
BT2 = Option is not installed

Table 27:  RS-232 Request and Response Summary
(Continued on next page)
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RS-232 Request and Response Summary (Continued)

Request Message Information Requested Response Message

R40 Valve response to power fail
(when using the optional valve
failsafe backup)

K0 = Option is disabled (or not
installed)
K1 = Valve opens at power fail
K2 = Valve closes at power fail

R41 Lead A value X1 value
where value is seconds

R42 Lead B value X2 value
where value is seconds

R43 Lead C value X3 value
where value is seconds

R44 Lead D value X4 value
where value is seconds

R45 Lead E value X5 value
where value is seconds

R46 Gain A value M1 value
where value is % gain

R47 Gain B value M2 value
where value is % gain

R48 Gain C value M3 value
where value is % gain

R49 Gain D value M4 value
where value is % gain

R50 Gain E value M5 value
where value is % gain

R51 Type of control V value
0 = Self-Tuning
1 = PID

R52 Checksum error CS value
0 = OK
1 = Error condition

If a checksum error condition is
reported perform a full calibration,
as described on page 80.

Table 27:  RS-232 Request and Response Summary
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Index

A

Analog set point, 30, 45, 55–57, 58, 76–78,
81

Analog set point inputs, 95

B

Battery backup, 30

Battery-backed memory module, 97–99

C

Calibrating span of A/D converter, 59, 79

Checksum error, 80

Command priority, 29

Control mode

Self-Tuning or PID, 65

Valve, 48, 86

Customer support, 19

D

Digital logic control, 90

Digital logic set point, 30

Dipswitch bank, 120–23

Displayless unit, 119–23

E

Electrical information, 24–26

End-of-line delimiter, 61

Environmental requirements, 23

F

Front panel components, 29

Fuse, 24–26

G

Gain parameter, 58, 81

I

Initial settings, 125

Installation Category, 22

Internal switches, 120

Introduction, 17

K

Key Lock switch, 17, 29, 41

L

Lead parameter, 58, 81

Learn analog set point full scale, 77

Learn function, 53, 70

Line voltage setting, 24–26

Local mode, 29

M

Manual organization, 18

Memory module, battery-backed, 97–99

Model code, 115

O

Opening/Closing the unit, 120
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Operating temperature, 23

Out-of-range signal, 51

P

PID control mode, 29, 41, 65

PID control parameters, 58, 81

Pollution Degree, 22

Position set points, 74

Pressure set points, 74

Pressure units, displaying, 43, 44

Process limit relays, 55, 88

R

Rear panel connectors, 31–38

Relays, 55, 88

Remote mode, 29

Returns, 19

RS-232 commands, 62, 127–33

execution priority, 63

RS-232 communication, 30

parameters, 42

RS-232 communications settings, 120–23

RS-232 message syntax, 61

RS-232 responses, 63

S

Self-Tuning control mode, 29, 41, 65

Sensor full scale voltage, 44, 66

Sensor range, 43, 67

Sensor type, 66

Set points, 17, 30, 41, 46, 74

active, 50, 51, 72, 73

adjusting, 50, 73

analog, 30, 41, 45, 55–57, 58, 76–78, 81

analog inputs, 95

digital logic, 30

Settings, initial, 125

Setup menu, 65–80

Softstart control, 30, 41

Softstart rates, 47

Specifications, 113–16

T

Temperature, 22

Trip point relay, 88

V

Valve

calibration, 40

control, 48, 52, 86, 87

selection, 40

selection and calibration, 64

Valve position output, 45

Valve position set point, 58, 74, 81

Valves supported, 40

Z

Zero

analog set point, 77

how to, 54

removing, 54, 69

special, 54, 69
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Introduction

The optional valve failsafe battery back-up provides full valve drive capability for approximately
30 seconds after an AC power failure.

This supplement provides instructions on how to check your controller to ensure that it recognizes
when the battery back-up module is present, and how to configure the valve position upon a
power loss when using either Local or Remote operation.

Note For complete, detailed information on the battery back-up option, refer to
Chapter Eight:  Valve Failsafe Battery Back-up Option, in Revision E of
the 651C instruction manual.

Battery Voltage

The normal voltage level of the battery ranges from 11 V to 15.5 V.  A voltage level below 11 V
indicates a discharged battery.  A voltage level above 15.5 V indicates an open fuse, a
disconnected battery, or a defective charger.

Valve Positions

The controller can be configured so that the valve will be driven fully open, fully closed, or will
be disabled upon an AC power failure.

Open: The controller opens the valve at power down.  In the event that the valve is already
open, the module provides power for approximately 1 second before turning off.

Closed: The controller closes the valve at power down.  In the event that the valve is already
closed, the module provides power for approximately 1 second before turning off.

Disable: The option is disabled and will not perform any function at power down.  The
controller turns off in a normal manner.

When the controller is configured to open or close the valve, it will perform the operation
whenever power to the controller is turned off, regardless of whether the power is turned off via
the power switch or by a power failure.

Note If for any reason the controller cannot open or close the valve within 30
seconds of a power failure, the battery back-up module automatically
turns off.  This prevents the battery from discharging when no valve is
present or if the valve is defective in some way.
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Startup

Threshold Voltage Check

When the 651 controller is turned on, it measures the voltage at the input port assigned to the
battery back-up module.  When the voltage level at the port exceeds a factory set minimum
threshold value, the controller recognizes that the battery back-up is present, and the software
menus which support the module are installed.  Should the voltage level be below the threshold,
the controller does not recognize the module and the software menus are not installed.

Once the 651 unit has been powered up and the battery back-up module has been recognized, the
actual voltage of the battery is measured.

Battery Voltage Within Range

If the battery voltage is within the acceptable range of 11 V to 15.5 V, the instrument revision and
the current software/firmware version appears on the front panel display for about five seconds,
before advancing to the default Pressure and Position screen:

651C

V 1.8

Figure 1:  Initial Display Screen

PRES  4.90 Torr

POS    35.0  %

Figure 2:  Default Pressure and Position Screen

The controller is now ready for valve connection and setup (or normal operation once the system
has been configured).  The 651 unit does not display a status screen to indicate that the battery
voltage is within range.
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Battery Voltage Out-of-Range

If the battery voltage is out-of-range, the instrument revision and the current software/firmware
version appears on the front panel display for about five seconds (refer to Figure 1, page 4),
followed by the appropriate error message, rather than advancing to the default Pressure and
Position display screen (refer to Figure 2, page 4).

If the battery voltage is below 11 V, the screen displays:

***Battery is low***

Press key to continue

Figure 3:  Battery Voltage Low Message

If the battery voltage is above 15.5 V, the screen displays:

***Battery is high***

Press key to continue

Figure 4: Battery Voltage High Message

The system allows for continued operation when the battery voltage is out-of-range, since your
process may not require that the battery voltage level be addressed immediately.  To continue
operation, press any key to advance to the default Pressure and Position display screen.

Note It is important to note that in addition to supporting the controller’s valve
position, the battery back-up feature powers the controller, and any
pressure transducer or valve connected to it.
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Operation

How To Check the Battery Voltage

To ensure that the 651 unit has recognized the battery back-up module, or to view the actual
battery voltage and the current valve configuration without entering the software menus
(regardless of whether you are using Local or Remote operation):

1. Ensure that the default Pressure and Position screen appears on the display:

PRES  4.90 Torr

POS    35.0  %

2. Press the  [ ]  key one time.

If the battery back-up module has been recognized, the screen displays:

BATTERY     13.5V

BACK-UP:     OPEN

This screen allows you to view the actual battery voltage and the current valve
configuration.  The valve configuration cannot be changed from this screen.  Refer to
How To Set The Battery Back-up Valve Control, page 7, for instructions on how to
change the valve configuration; the battery voltage cannot be adjusted.  Press any key to
return to the default Pressure and Position screen.

If the battery back-up module has not been recognized, the screen reverts to the initial
display screen which lists the instrument revision and the current software/firmware
version:

651C

V 1.8

Press any key to return to the default Pressure and Position screen.
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How To Set The Battery Back-up Valve Control

Local Operation

1. Ensure the Key Lock Switch is set to Local and that the default Pressure and Position
display appears on the screen.

PRES  4.90 Torr

POS    35.0  %

2. Press the  [ ]  and  [ ]  keys simultaneously for about 3 seconds to enter the Setup
menu.

The screen displays:

CONTROL

MODE:         PID

2. Press the  [ ]  or  [ ]  down  arrow key to scroll through the menu until the battery
back-up option selection screen appears on the display.

The screen displays:

BATTERY     13.5V

BACK-UP:     OPEN

The screen displays the actual voltage level of the battery along with the position the
valve is currently set to drive to upon a power loss.

Select whether the valve will be driven fully open, fully closed, or will be disabled upon
an AC power failure by turning the Adjust knob on the front panel to the desired setting.
Choose from the options of open, closed, or disable (initial).

Note Press any key to exit the Setup menu and return to the default Pressure
and Position display screen.
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Remote RS-232 Operation

The command   [K  value]   defines the direction of valve control upon power failure, where:

value: 0 = disable option
1 = open valve at power failure
2 = close valve at power failure

To check the type of valve battery back-up control, issue the request:

R  40

The controller responds with the message   [K value], where:

value: 0 = option disabled
1 = valve opens at power failure
2 = valve closes at power failure

An example response, if the valve is set to open upon a power failure, is:

K 1

To change the valve control so that it closes upon a power failure, enter:

K  2
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General Information

Unpacking Checklist

This Firmware Revision Kit comes with the following items:

•  FIRMWARE EPROM (U6) - Rev. 1.9x

 For units with a display: MKS part no. 114547-P1
For units without a display: MKS part no. 114547-P2

•  Instructions on how to upgrade to EPROM version 1.9x
(this document, MKS part no. 122094-P1)

Downward Compatibility

The 651C and 655A version 1.9x firmware is completely compatible with the 651C and 655A
version 1.8x firmware.

Returning the Type 651/655 Unit for Firmware Revision

Standard maintenance services are available at all of our regional MKS Calibration and Service
Centers listed on the inside back cover of your instruction manual.  Should you prefer to have
MKS upgrade your Type 651/655 instrument, contact any authorized MKS Service Center.

Before shipping the instrument to MKS, please obtain an ERA Number (Equipment Return
Authorization Number) from the MKS Service Center.  The ERA Number expedites handling
and assures proper servicing of your instrument.  Please refer to the inside of the back cover of
your instruction manual for a list of MKS Calibration and Service Centers.

Warning All returns to MKS Instruments must be free of harmful,
corrosive, radioactive, or toxic materials.
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Safety Information

The following general safety precautions must be observed during all phases of upgrading
this instrument.  MKS Instruments, Inc. assumes no liability for the customer’s failure to
comply with these requirements.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not remove instrument covers.  Component replacement and internal
adjustments must be made by qualified service personnel only.

KEEP AWAY FROM LIVE CIRCUITS

Lethal voltages are present in the instrument when the power cord is connected.  Do not replace
components with power cable connected.  To avoid injuries, always disconnect power cord and
discharge circuits before touching them.
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EPROM Replacement Instructions

How To Open the Unit

Warning DISCONNECT THE POWER CORD

The 651/655 unit has lethal voltages present when the power
cord is connected.  To avoid the danger of electrical shock,
disconnect the power cord before opening the unit.

1. Turn the power off.

2. Disconnect the AC power cord.

Caution To avoid damage to sensitive internal components, personnel should
be grounded through a safety impedance while working inside the
651/655 unit, and the unit itself must be static-free.

3. Remove the two Phillips screws located at the top of the rear panel.

4. Disengage the cover from the rear chassis by lifting it up from the clips.

5. Remove the top cover by firmly pulling it up and back to clear the top of the connector
plates.

How To Remove the CPU Board

1. Locate the CPU board.

It is labeled on the rear panel as the Serial Interface connector (1) and is adjacent to the
power supply.

2. Remove the screw to the left of the CPU connector.

It may be necessary to remove the clamping spring that holds the card cage to the power
supply.  If so, use needle-nose pliers or a screwdriver to pull the clamping spring straight
back and out.

3. Grasp each end of the board and rock it until it loosens.  Lift the board up and out of the 
unit.
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How To Replace the EPROM

1. Locate the EPROM.

The EPROM is located in the middle of the CPU board, when viewed from the top.

2. Firmly grasp the EPROM and disengage it from the socket.

3. Position the new EPROM so that the notch matches the notch marked on the CPU board
and on the socket, and firmly seat the EPROM in the socket.

How To Replace the CPU Board

1. Position the CPU board over its slot in the unit, ensuring that the board’s edge is behind
the next connector’s edge.  Push on the bottom tab to snap the board into the slot.

2. Use any grounded instrument to gently seat the clamping spring firmly in place.

A metal tab prevents the spring from sliding in completely.  To remove the board the
next time, insert a small screwdriver into the space left by the tab.

How To Replace the Cover

1. Slide the cover (from rear to front) into place at the front panel.

2. Position the cover so that the cover slots engage the top of the connector plates.

From the front (looking at the top of the unit toward the rear), pull the cover toward the
front while alternately tightening the screws.  This ensures a good electrical connection
between the top cover and the rear connector plates.

3. Reconnect the AC power cord and turn the power on.

Note You must reset all configuration settings and repeat the learn process after
replacement of the EPROM.
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Pressure Transducer Safety Information 

Symbols Used in This Instruction Manual 

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual. 

 

Warning

 

The WARNING sign denotes a hazard to personnel.  It calls 
attention to a procedure, practice, condition, or the like, which, 
if not correctly performed or adhered to, could result in injury 
to personnel. 

 

Caution
 

The CAUTION sign denotes a hazard to equipment.  It calls attention 
to an operating procedure, practice, or the like, which, if not correctly 
performed or adhered to, could result in damage to or destruction of 
all or part of the product. 

 

Note
 

The NOTE sign denotes important information.  It calls attention to a 
procedure, practice, condition, or the like, which is essential to highlight. 
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Symbols Found on the Unit 

The following table describes symbols that may be found on the unit. 

Definition of Symbols Found on the Unit 

|    

On (Supply) 
IEC 417, No.5007 

Off (Supply)
IEC 417, No.5008  

Earth (ground) 
IEC 417, No.5017 

Protective earth 
(ground) 

IEC 417, No.5019 

    

Frame or chassis 
IEC 417, No.5020  

Equipotentiality 
IEC 417, No.5021 

Direct current 
IEC 417, No.5031 

Alternating current
IEC 417, No.5032  

    

Both direct and
alternating current
IEC 417, No.5033-a  

Class ll equipment 
IEC 417, No.5172-a 

Three phase
alternating current

IEC 617-2 No.020206  

 

   

 

Caution, refer to
accompanying

documents
ISO 3864, No.B.3.1  

Caution, risk of
electric shock

ISO 3864, No.B.3.6  
Caution, hot surface
IEC 417, No.5041

 

Table 1:  Definition of Symbols Found on the Unit 
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Safety Procedures and Precautions 

Observe the following general safety precautions during all phases of operation of this 
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in this 
manual violates safety standards of intended use of the instrument and may impair the 
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the 
customer’s failure to comply with these requirements. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Do not install substitute parts or perform any unauthorized modification to the instrument.  
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure 
that all safety features are maintained. 

SERVICE BY QUALIFIED PERSONNEL ONLY 

Operating personnel must not attempt component replacement and internal adjustments.  Any 
service must be made by qualified service personnel only. 

USE CAUTION WHEN OPERATING WITH HAZARDOUS MATERIALS 

If hazardous materials are used, users must take responsibility to observe the proper safety 
precautions, completely purge the instrument when necessary, and ensure that the material used is 
compatible with the materials in this product, including any sealing materials. 

PURGE THE INSTRUMENT 

After installing the unit, or before removing it from a system, purge the unit completely with a 
clean, dry gas to eliminate all traces of the previously used flow material. 

USE PROPER PROCEDURES WHEN PURGING 

This instrument must be purged under a ventilation hood, and gloves must be worn for protection. 

DO NOT OPERATE IN AN EXPLOSIVE ENVIRONMENT 

To avoid explosion, do not operate this product in an explosive environment unless it has been 
specifically certified for such operation. 

USE PROPER FITTINGS AND TIGHTENING PROCEDURES 

All instrument fittings must be consistent with instrument specifications, and compatible with the 
intended use of the instrument.  Assemble and tighten fittings according to manufacturer’s 
directions. 

CHECK FOR LEAK-TIGHT FITTINGS 

Carefully check all vacuum component connections to ensure leak-tight installation. 
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OPERATE AT SAFE INLET PRESSURES 

Never operate at pressures higher than the rated maximum pressure (refer to the product 
specifications for the maximum allowable pressure). 

INSTALL A SUITABLE BURST DISC 

When operating from a pressurized gas source, install a suitable burst disc in the vacuum system 
to prevent system explosion should the system pressure rise. 

KEEP THE UNIT FREE OF CONTAMINANTS 

Do not allow contaminants to enter the unit before or during use.  Contamination such as dust, 
dirt, lint, glass chips, and metal chips may permanently damage the unit or contaminate the 
process. 

ALLOW PROPER WARM UP TIME FOR TEMPERATURE-CONTROLLED UNITS 

Temperature-controlled units will only meet specifications when sufficient time is allowed for the 
unit to meet, and stabilize at, the designed operating temperature.  Do not zero or calibrate the 
unit until the warm up is complete.   
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Sicherheitshinweise für den Druckmeßumformer 

In dieser Betriebsanleitung vorkommende Symbole 

Bedeutung der mit WARNUNG!, VORSICHT! und HINWEIS gekennzeichneten Absätze in 
dieser Betriebsanleitung. 

 
Warnung!

 

Das Symbol WARNUNG! weist auf eine Gefahr für das 
Bedienpersonal hin. Es macht auf einen Arbeitsablauf, eine 
Arbeitsweise, einen Zustand oder eine sonstige Gegebenheit 
aufmerksam, deren unsachgemäße Ausführung bzw. 
ungenügende Berücksichtigung zu Verletzungen führen kann.

 

Vorsicht!
 

Das Symbol VORSICHT! weist auf eine Gefahr für das Gerät hin. Es 
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine 
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung 
bzw. ungenügende Berücksichtigung zu einer Beschädigung oder 
Zerstörung des Gerätes oder von Teilen des Gerätes führen kann. 

 

Hinweis
 

Das Symbol HINWEIS macht auf wichtige Informationen bezüglich eines 
Arbeitsablaufs, einer Arbeitsweise, eines Zustands oder einer sonstige 
Gegebenheit aufmerksam. 
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Erklärung der am Gerät angebrachten Symbole 

Nachstehender Tabelle sind die Bedeutungen der Symbole zu entnehmen, die am Gerät 
angebracht sein können. 

Bedeutung der am Gerät angebrachten Symbole 

|    

Ein (Energie) 
IEC 417, No.5007 

Aus (Energie) 
IEC 417, No.5008 

Erdanschluß 
IEC 417, No.5017 

Schutzleiteranschluß
IEC 417, No.5019 

    

 
Masseanschluß 

IEC 417, No.5020 

Aquipotential-
anschluß 

IEC 417, No.5021 

 
Gleichstrom 

IEC 417, No.5031 

 
Wechselstrom 

IEC 417, No.5032 

    

 
Gleich- oder 

Wechselstrom 
IEC 417, No.5033-a 

Durchgängige 
doppelte oder 

verstärkte Isolierung 
IEC 417, No.5172-a 

Dreileiter-
Wechselstrom 
(Drehstrom) 

IEC 617-2, No.020206 

 

   

 

Warnung vor einer 
Gefahrenstelle 

(Achtung, Dokumen-
tation beachten) 

ISO 3864, No.B.3.1 

 
Warnung vor 
gefährlicher 

elektrischer Spannung
ISO 3864, No.B.3.6 

 
Höhere Temperatur 

an leicht  
zugänglichen Teilen 
IEC 417, No.5041 

 

Tabelle 2:  Bedeutung der am Gerät angebrachten Symbole 
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Sicherheitsvorschriften und Vorsichtsmaßnahmen 

Folgende allgemeine Sicherheitsvorschriften sind während allen Betriebsphasen dieses Gerätes 
zu befolgen. Eine Mißachtung der Sicherheitsvorschriften und sonstiger Warnhinweise in dieser 
Betriebsanleitung verletzt die für dieses Gerät und seine Bedienung geltenden 
Sicherheitsstandards, und kann die Schutzvorrichtungen an diesem Gerät wirkungslos machen. 
MKS Instruments, Inc. haftet nicht für Mißachtung dieser Sicherheitsvorschriften seitens des 
Kunden. 

Niemals Teile austauschen oder Änderungen am Gerät vornehmen! 

Ersetzen Sie keine Teile mit baugleichen oder ähnlichen Teilen, und nehmen Sie keine 
eigenmächtigen Änderungen am Gerät vor. Schicken Sie das Gerät zwecks Wartung und 
Reparatur an den MKS-Kalibrierungs- und -Kundendienst ein. Nur so wird sichergestellt, daß alle 
Schutzvorrichtungen voll funktionsfähig bleiben. 

Wartung nur durch qualifizierte Fachleute! 

Das Auswechseln von Komponenten und das Vornehmen von internen Einstellungen darf nur 
von qualifizierten Fachleuten durchgeführt werden, niemals vom Bedienpersonal. 

Vorsicht beim Arbeiten mit gefährlichen Stoffen! 

Wenn gefährliche Stoffe verwendet werden, muß der Bediener die entsprechenden 
Sicherheitsvorschriften genauestens einhalten, das Gerät, falls erforderlich, vollständig spülen, 
sowie sicherstellen, daß der Gefahrstoff die am Gerät verwendeten Materialien, insbesondere 
Dichtungen, nicht angreift. 

Spülen des Gerätes mit Gas! 

Nach dem Installieren oder vor dem Ausbau aus einem System muß das Gerät unter Einsatz eines 
reinen Trockengases vollständig gespült werden, um alle Rückstände des Vorgängermediums zu 
entfernen. 

Anweisungen zum Spülen des Gerätes 

Das Gerät darf nur unter einer Ablufthaube gespült werden.  Schutzhandschuhe sind zu tragen. 

Gerät nicht zusammen mit explosiven Stoffen, Gasen oder Dämpfen benutzen! 

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät niemals zusammen mit (oder in 
der Nähe von) explosiven Stoffen aller Art eingesetzt werden, sofern es nicht ausdrücklich für 
diesen Zweck zugelassen ist. 
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Anweisungen zum Installieren der Armaturen! 

Alle Anschlußstücke und Armaturenteile müssen mit der Gerätespezifikation übereinstimmen, 
und mit dem geplanten Einsatz des Gerätes kompatibel sein. Der Einbau, insbesondere das 
Anziehen und Abdichten, muß gemäß den Anweisungen des Herstellers vorgenommen werden. 

Verbindungen auf Undichtigkeiten prüfen! 

Überprüfen Sie sorgfältig alle Verbindungen der Vakuumkomponenten auf undichte Stellen. 

Gerät nur unter zulässigen Anschlußdrücken betreiben! 

Betreiben Sie das Gerät niemals unter Drücken, die den maximal zulässigen Druck (siehe 
Produktspezifikationen) übersteigen. 

Geeignete Berstscheibe installieren! 

Wenn mit einer unter Druck stehenden Gasquelle gearbeitet wird, sollte eine geeignete 
Berstscheibe in das Vakuumsystem installiert werden, um eine Explosionsgefahr aufgrund von 
steigendem Systemdruck zu vermeiden. 

Verunreinigungen im Gerät vermeiden! 

Stellen Sie sicher, daß Verunreinigungen jeglicher Art weder vor dem Einsatz noch während des 
Betriebs in das Instrumenteninnere gelangen können.  Staub- und Schmutzpartikel, Glassplitter 
oder Metallspäne können das Gerät dauerhaft beschädigen oder Prozeß und Meßwerte 
verfälschen. 

Bei Geräten mit Temperaturkontrolle korrekte Anwärmzeit einhalten! 

Temperaturkontrollierte Geräte arbeiten nur dann gemäß ihrer Spezifikation, wenn genügend Zeit 
zum Erreichen und Stabilisieren der Betriebstemperatur eingeräumt wird.  Kalibrierungen und 
Nulleinstellungen sollten daher nur nach Abschluß des Anwärmvorgangs durchgeführt werden. 
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Informations relatives à la sécurité pour le transducteur 
de pression 

Symboles utilisés dans ce manuel d'utilisation 

Définitions des indications AVERTISSEMENT, ATTENTION, et REMARQUE utilisées dans ce 
manuel. 

 

Avertissement
  

L'indication AVERTISSEMENT signale un danger pour le  
personnel.  Elle attire l'attention sur une procédure, une 
pratique, une condition, ou toute autre situation 
présentant un risque d'accident pour le personnel, en 
cas d'exécution incorrecte ou de non respect des 
consignes. 

 

Attention
  

L'indication ATTENTION signale un danger pour l'appareil. 
Elle attire l'attention sur une procédure d'exploitation, une 
pratique, ou toute autre situation, présentant un risque 
d'endommagement ou de destruction d'une partie ou de la 
totalité de l'appareil, en cas d'exécution incorrecte ou de non 
respect des consignes. 

 

Remarque
  

L'indication REMARQUE signale une information importante. Elle 
attire l'attention sur une procédure, une pratique, une condition, ou 
toute autre situation, présentant un intérêt particulier. 
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Symboles apparaissant sur l'unité 

Le tableau suivant décrit les symboles pouvant apparaître sur l'unité. 

Définition des symboles apparaissant sur l'unité 

|    

Marche 
(sous tension) 

IEC 417, No.5007 

 
Arrêt (hors tension) 
IEC 417, No.5008 

 
Terre (masse) 

IEC 417, No.5017 

Terre de protection 
(masse) 

IEC 417, No.5019 

    

Masse 
IEC 417, No.5020 

Equipotentialité 
IEC 417, No.5021 

Courant continu 
IEC 417, No.5031 

Courant alternatif 
IEC 417, No.5032 

    

Courant continu et 
alternatif 

IEC 417, No.5033-a 

 
Matériel de classe II 
IEC 417, No.5172-a 

Courant alternatif 
triphasé 

IEC 617-2, No.020206

 

   

 

Attention : se reporter  
à la documentation 
ISO 3864, No.B.3.1 

Attention : risque de 
choc électrique 

ISO 3864, No.B.3.6 

Attention : surface 
brûlante 

IEC 417, No.5041 

 

Tableau 3:  Définition des symboles apparaissant sur l'unité 
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Mesures de sécurité et précautions 

Prendre les précautions générales de sécurité suivantes pendant toutes les phases d'exploitation 
de cet appareil. Le non respect des ces précautions ou des avertissements contenus dans ce 
manuel constitue une violation des normes de sécurité relatives à l'utilisation de l'appareil et 
peut diminuer la protection fournie par l'appareil. MKS Instruments, Inc. n'assume aucune 
responsabilité concernant le non respect des consignes par les clients. 

PAS DE SUBSTITUTION DE PIÈCES OU DE MODIFICATION DE L'APPAREIL 

Ne pas installer des pièces de substitution ou effectuer des modifications non autorisées sur 
l'appareil. Renvoyer l'appareil à un centre de service et de calibrage MKS pour tout dépannage ou 
réparation afin de garantir le l'intégrité des dispositifs de sécurité. 

DÉPANNAGE UNIQUEMENT PAR DU PERSONNEL QUALIFIÉ 

Le personnel d'exploitation ne doit pas essayer de remplacer des composants ou de faire des 
réglages internes. Tout dépannage doit être uniquement effectué par du personnel qualifié. 

PRÉCAUTION EN CAS D'UTILISATION AVEC DES PRODUITS DANGEREUX 

Si des produits dangereux sont utilisés, l'utilisateur est responsable de la prise des mesures de 
précaution appropriées, de la purge complète de l'appareil quand cela est nécessaire, et de la 
garantie que les produits utilisés sont compatibles avec les composants de cet appareil, y compris 
les matériaux d'étanchéité. 

PURGE DE L'APPAREIL 

Après l'installation de l'unité, ou avant son enlèvement d'un système, purger l'unité complètement 
avec un gaz propre et sec afin d'éliminer toute trace du produit de flux utilisé précédemment. 

UTILISATION DES PROCÉDURES APPROPRIÉES POUR LA PURGE 

Cet appareil doit être purgé sous une hotte de ventilation, et il faut porter des gants de protection. 

PAS D'EXPLOITATION DANS UN ENVIRONNEMENT EXPLOSIF 

Pour éviter toute explosion, ne pas utiliser cet appareil dans un environnement explosif, sauf en 
cas d'homologation spécifique pour une telle exploitation. 

UTILISATION D'ÉQUIPEMENTS APPROPRIÉS ET PROCÉDURES DE SERRAGE 

Tous les équipements de l'appareil doivent être cohérents avec ses spécifications, et compatibles 
avec l'utilisation prévue de l'appareil. Assembler et serrer les équipements conformément aux 
directives du fabricant. 
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VÉRIFICATION DE L'ÉTANCHÉITÉ DES CONNEXIONS 

Vérifier attentivement toutes les connexions des composants pour le vide afin de garantir 
l'étanchéité de l'installation. 

EXPLOITATION AVEC DES PRESSIONS D'ENTRÉE NON DANGEREUSES 

Ne jamais utiliser des pressions supérieures à la pression nominale maximum (se reporter aux 
spécifications de l'unité pour la pression maximum admissible). 

INSTALLATION D'UN DISQUE D'ÉCHAPPEMENT ADAPTÉ 

En cas d'exploitation avec une source de gaz pressurisé, installer un disque d'échappement adapté 
dans le système à vide, afin d'éviter une explosion du système en cas d'augmentation de la 
pression. 

MAINTIEN DE L'UNITÉ À L'ABRI DES CONTAMINATIONS 

Ne pas laisser des produits contaminants pénétrer dans l'unité avant ou pendant l'utilisation. Des 
produits contaminants tels que des poussières et des fragments de tissu, de glace et de métal 
peuvent endommager l'unité d'une manière permanente ou contaminer le processus. 

RESPECT DU TEMPS D'ÉCHAUFFEMENT APPROPRIÉ POUR LES UNITÉS Á 
TEMPÉRATURE CONTRÔLÉE 

Les unités à température contrôlée atteignent leurs spécifications uniquement quand on leur laisse 
un temps suffisant pour atteindre d'une manière stable la température d'exploitation. Ne pas 
remettre à zéro ou calibrer l'unité tant que l'échauffement n'est pas terminé.   
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Medidas de seguridad del transductor de presión 

Símbolos usados en este manual de instrucciones 

Definiciones de los mensajes de advertencia, precaución y de las notas usados en el manual. 

 

Advertencia
  

El símbolo de advertencia indica la posibilidad de que se 
produzcan daños personales. Pone de relieve un 
procedimiento, práctica, estado, etc. que en caso de no 
realizarse u observarse correctamente puede causar daños 
personales. 

 

Precaución
  

El símbolo de precaución indica la posibilidad de producir daños al 
equipo. Pone de relieve un procedimiento operativo, práctica, 
estado, etc. que en caso de no realizarse u observarse 
correctamente puede causar daños o la destrucción total o parcial 
del equipo. 

 

Nota
  

El símbolo de notas indica información de importancia. Este símbolo 
pone de relieve un procedimiento, práctica o condición cuyo 
conocimiento es esencial destacar. 

21 



Símbolos hallados en la unidad Medidas de seguridad del transductor de presión
 

Símbolos hallados en la unidad 

La tabla siguiente contiene los símbolos que puede hallar en la unidad.  

Definición de los símbolos hallados en la unidad 

|    

Encendido  
(alimentación eléctrica) 

IEC 417, N° 5007 

Apagado 
(alimentación eléctrica)

IEC 417, N° 5008 

 
Puesta a tierra 

IEC 417, N° 5017 

 
Protección a tierra 
IEC 417, N° 5019 

    

Caja o chasis 
IEC 417, N° 5020 

Equipotencialidad 
IEC 417, N° 5021 

Corriente continua 
IEC 417, N° 5031 

Corriente alterna 
IEC 417, N° 5032 

    

Corriente continua y 
alterna 

IEC 417, N° 5033-a 

 
Equipo de clase II 

IEC 417, N° 5172-a 

Corriente alterna 
trifásica 

IEC 617-2, N° 020206 

 

   

 

Precaución. Consulte 
los documentos 

adjuntos 
ISO 3864, N° B.3.1 

 
Precaución. Riesgo 

de descarga eléctrica
ISO 3864, N° B.3.6 

 
Precaución. 
Superficie 
caliente 

IEC 417, N° 5041 

 

Tabla 4:  Definición de los símbolos hallados en la unidad 
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Procedimientos y precauciones de seguridad 

Las precauciones generales de seguridad descritas a continuación deben observarse durante 
todas las etapas de funcionamiento del instrumento. La falta de cumplimiento de dichas 
precauciones o de las advertencias específicas a las que se hace referencia en el manual, 
constituye una violación de las normas de seguridad establecidas para el uso previsto del 
instrumento y podría anular la protección proporcionada por el equipo. Si el cliente no cumple 
dichas precauciones y advertencias, MKS Instruments, Inc. no asume responsabilidad legal 
alguna. 

NO UTILICE PIEZAS NO ORIGINALES O MODIFIQUE EL INSTRUMENTO 

No instale piezas que no sean originales ni modifique el instrumento sin autorización. Para 
asegurar el correcto funcionamiento de todos los dispositivos de seguridad, envíe el instrumento 
al Centro de servicio y calibración de MKS toda vez que sea necesario repararlo o efectuar tareas 
de mantenimiento. 

LAS REPARACIONES DEBEN SER EFECTUADAS ÚNICAMENTE POR TÉCNICOS 
AUTORIZADOS 

Los operarios no deben intentar reemplazar los componentes o realizar tareas de ajuste en el 
interior del instrumento. Las tareas de mantenimiento o reparación deben ser realizadas 
únicamente por personal autorizado. 

TENGA CUIDADO CUANDO TRABAJE CON MATERIALES TÓXICOS 

Cuando se utilicen materiales tóxicos, es responsabilidad de los operarios tomar las medidas de 
seguridad correspondientes, purgar totalmente el instrumento cuando sea necesario y comprobar 
que el material utilizado sea compatible con los materiales del instrumento e inclusive, con todos 
los materiales de sellado. 

PURGUE EL INSTRUMENTO 

Una vez instalada la unidad o antes de retirarla del sistema, purgue completamente la unidad con 
gas limpio y seco para eliminar todo resto de la sustancia líquida empleada anteriormente. 

USE PROCEDIMIENTOS ADECUADOS PARA REALIZAR LA PURGA 

El instrumento debe purgarse debajo de una campana de ventilación y deben utilizarse guantes 
protectores. 

NO HAGA FUNCIONAR EL INSTRUMENTO EN AMBIENTES CON RIESGO DE 
EXPLOSIÓN 

Para evitar que se produzcan explosiones, no haga funcionar este instrumento en un ambiente con 
riesgo de explosiones, excepto cuando el mismo haya sido certificado específicamente para tal 
uso. 
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USE ACCESORIOS ADECUADOS Y REALICE CORRECTAMENTE LOS 
PROCEDIMIENTOS DE AJUSTE 

Todos los accesorios del instrumento deben cumplir las especificaciones del mismo y ser 
compatibles con el uso que se debe dar al instrumento. Arme y ajuste los accesorios de acuerdo 
con las instrucciones del fabricante. 

COMPRUEBE QUE LAS CONEXIONES SEAN A PRUEBA DE FUGAS 

Inspeccione cuidadosamente las conexiones de los componentes de vacío para comprobar que 
hayan sido instalados a prueba de fugas. 

HAGA FUNCIONAR EL INSTRUMENTO CON PRESIONES DE ENTRADA SEGURAS 

No haga funcionar nunca el instrumento con presiones superiores a la máxima presión nominal 
(en las especificaciones del instrumento hallará la presión máxima permitida). 

INSTALE UNA CÁPSULA DE SEGURIDAD ADECUADA 

Cuando el instrumento funcione con una fuente de gas presurizado, instale una cápsula de 
seguridad adecuada en el sistema de vacío para evitar que se produzcan explosiones cuando suba 
la presión del sistema. 

MANTENGA LA UNIDAD LIBRE DE CONTAMINANTES 

No permita el ingreso de contaminantes en la unidad antes o durante su uso. Los productos 
contaminantes tales como polvo, suciedad, pelusa, lascas de vidrio o virutas de metal pueden 
dañar irreparablemente la unidad o contaminar el proceso. 

CALIENTE ADECUADAMENTE LAS UNIDADES CONTROLADAS POR MEDIO DE 
TEMPERATURA 

Las unidades controladas por medio de temperatura funcionarán de acuerdo con las 
especificaciones sólo cuando se las caliente durante el tiempo suficiente para permitir que lleguen 
y se estabilicen a la temperatura de operación indicada. No calibre la unidad y no la ponga en 
cero hasta que finalice el procedimiento de calentamiento. 
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Chapter One:  General Information 

Introduction 

The Baratron® Type 722B Absolute Pressure Transducer offers the proven technology of the 
Baratron transducer in a smaller RoHS (Restriction of Hazardous Substances)- compliant 
package.  The unit provides an accuracy of 0.5% of Reading and carries a CE Mark to indicate 
full compliance with the EMC Directive 2004/108/EEC.   

The 722B transducer is available with a selection of options. 

• Range:  1 Torr through 25,000 Torr (0.2 psia through 500 psia) 

• Fittings:  ½ " tube, 4-VCR® , 8-VCR®, 8-VCO®, Mini-CF, and NW-16-KF 

• Connectors:  5-pin terminal block, 9-pin Type “D”, and 15-pin Type “D” on a six inch 
length of cable 

Refer to Appendix A:  Product Specifications, page 65, for a complete list of product 
specifications.  The model code of your transducer specifies the options chosen.  Refer to 
Appendix B:  Model Code Explanation, page 67, for more information on the model code.   
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How This Manual is Organized 

This manual is designed to provide instructions on how to set up, install, and operate a Type 
722B unit.  

Before installing your Type 722B unit in a system and/or operating it, carefully read and 
familiarize yourself with all precautionary notes in the Safety Messages and Procedures 
section at the front of this manual.  In addition, observe and obey all WARNING and 
CAUTION notes provided throughout the manual. 

Pressure Transducer Safety Information 

Symbols Used in This Instruction Manual 

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual. 

 

Warning

 

The WARNING sign denotes a hazard to personnel.  It calls 
attention to a procedure, practice, condition, or the like, which, 
if not correctly performed or adhered to, could result in injury 
to personnel. 

 

Caution
 

The CAUTION sign denotes a hazard to equipment.  It calls attention 
to an operating procedure, practice, or the like, which, if not correctly 
performed or adhered to, could result in damage to or destruction of 
all or part of the product. 

 

Note
 

The NOTE sign denotes important information.  It calls attention to a 
procedure, practice, condition, or the like, which is essential to highlight. 
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Symbols Found on the Unit 

The following table describes symbols that may be found on the unit. 

Definition of Symbols Found on the Unit 

|    

On (Supply) 
IEC 417, No.5007 

Off (Supply)
IEC 417, No.5008  

Earth (ground) 
IEC 417, No.5017 

Protective earth 
(ground) 

IEC 417, No.5019 

    

Frame or chassis 
IEC 417, No.5020  

Equipotentiality 
IEC 417, No.5021 

Direct current 
IEC 417, No.5031 

Alternating current
IEC 417, No.5032  

    

Both direct and
alternating current
IEC 417, No.5033-a  

Class ll equipment 
IEC 417, No.5172-a 

Three phase
alternating current

IEC 617-2 No.020206  

 

   

 

Caution, refer to
accompanying

documents
ISO 3864, No.B.3.1  

Caution, risk of
electric shock

ISO 3864, No.B.3.6  
Caution, hot surface
IEC 417, No.5041  

 

Table 1:  Definition of Symbols Found on the Unit 
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Safety Procedures and Precautions 

Observe the following general safety precautions during all phases of operation of this 
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in this 
manual violates safety standards of intended use of the instrument and may impair the 
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the 
customer’s failure to comply with these requirements. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Do not install substitute parts or perform any unauthorized modification to the instrument.  
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure 
that all safety features are maintained. 

SERVICE BY QUALIFIED PERSONNEL ONLY 

Operating personnel must not attempt component replacement and internal adjustments.  Any 
service must be made by qualified service personnel only. 

USE CAUTION WHEN OPERATING WITH HAZARDOUS MATERIALS 

If hazardous materials are used, users must take responsibility to observe the proper safety 
precautions, completely purge the instrument when necessary, and ensure that the material used is 
compatible with the materials in this product, including any sealing materials. 

PURGE THE INSTRUMENT 

After installing the unit, or before removing it from a system, purge the unit completely with a 
clean, dry gas to eliminate all traces of the previously used flow material. 

USE PROPER PROCEDURES WHEN PURGING 

This instrument must be purged under a ventilation hood, and gloves must be worn for protection. 

DO NOT OPERATE IN AN EXPLOSIVE ENVIRONMENT 

To avoid explosion, do not operate this product in an explosive environment unless it has been 
specifically certified for such operation. 

USE PROPER FITTINGS AND TIGHTENING PROCEDURES 

All instrument fittings must be consistent with instrument specifications, and compatible with the 
intended use of the instrument.  Assemble and tighten fittings according to manufacturer’s 
directions. 

CHECK FOR LEAK-TIGHT FITTINGS 

Carefully check all vacuum component connections to ensure leak-tight installation. 
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OPERATE AT SAFE INLET PRESSURES 

Never operate at pressures higher than the rated maximum pressure (refer to the product 
specifications for the maximum allowable pressure). 

INSTALL A SUITABLE BURST DISC 

When operating from a pressurized gas source, install a suitable burst disc in the vacuum system 
to prevent system explosion should the system pressure rise. 

KEEP THE UNIT FREE OF CONTAMINANTS 

Do not allow contaminants to enter the unit before or during use.  Contamination such as dust, 
dirt, lint, glass chips, and metal chips may permanently damage the unit or contaminate the 
process. 

ALLOW PROPER WARM UP TIME FOR TEMPERATURE-CONTROLLED UNITS 

Temperature-controlled units will only meet specifications when sufficient time is allowed for the 
unit to meet, and stabilize at, the designed operating temperature.  Do not zero or calibrate the 
unit until the warm up is complete.   
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Sicherheitshinweise für den Druckmeßumformer 

In dieser Betriebsanleitung vorkommende Symbole 

Bedeutung der mit WARNUNG!, VORSICHT! und HINWEIS gekennzeichneten Absätze in 
dieser Betriebsanleitung. 

 
Warnung!

 

Das Symbol WARNUNG! weist auf eine Gefahr für das 
Bedienpersonal hin. Es macht auf einen Arbeitsablauf, eine 
Arbeitsweise, einen Zustand oder eine sonstige Gegebenheit 
aufmerksam, deren unsachgemäße Ausführung bzw. 
ungenügende Berücksichtigung zu Verletzungen führen kann.

 

Vorsicht!
 

Das Symbol VORSICHT! weist auf eine Gefahr für das Gerät hin. Es 
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine 
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung 
bzw. ungenügende Berücksichtigung zu einer Beschädigung oder 
Zerstörung des Gerätes oder von Teilen des Gerätes führen kann. 

 

Hinweis
 

Das Symbol HINWEIS macht auf wichtige Informationen bezüglich eines 
Arbeitsablaufs, einer Arbeitsweise, eines Zustands oder einer sonstige 
Gegebenheit aufmerksam. 
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Erklärung der am Gerät angebrachten Symbole 

Nachstehender Tabelle sind die Bedeutungen der Symbole zu entnehmen, die am Gerät 
angebracht sein können. 

Bedeutung der am Gerät angebrachten Symbole 

|    

Ein (Energie) 
IEC 417, No.5007 

Aus (Energie) 
IEC 417, No.5008 

Erdanschluß 
IEC 417, No.5017 

Schutzleiteranschluß
IEC 417, No.5019 

    

 
Masseanschluß 

IEC 417, No.5020 

Aquipotential-
anschluß 

IEC 417, No.5021 

 
Gleichstrom 

IEC 417, No.5031 

 
Wechselstrom 

IEC 417, No.5032 

    

 
Gleich- oder 

Wechselstrom 
IEC 417, No.5033-a 

Durchgängige 
doppelte oder 

verstärkte Isolierung 
IEC 417, No.5172-a 

Dreileiter-
Wechselstrom 
(Drehstrom) 

IEC 617-2, No.020206 

 

   

 

Warnung vor einer 
Gefahrenstelle 

(Achtung, Dokumen-
tation beachten) 

ISO 3864, No.B.3.1 

 
Warnung vor 
gefährlicher 

elektrischer Spannung
ISO 3864, No.B.3.6 

 
Höhere Temperatur 

an leicht  
zugänglichen Teilen 
IEC 417, No.5041 

 

Tabelle 2:  Bedeutung der am Gerät angebrachten Symbole 

31 



Sicherheitsvorschriften und Vorsichtsmaßnahmen Sicherheitshinweise für den Druckmeßumformer
 

Sicherheitsvorschriften und Vorsichtsmaßnahmen 

Folgende allgemeine Sicherheitsvorschriften sind während allen Betriebsphasen dieses Gerätes 
zu befolgen. Eine Mißachtung der Sicherheitsvorschriften und sonstiger Warnhinweise in dieser 
Betriebsanleitung verletzt die für dieses Gerät und seine Bedienung geltenden 
Sicherheitsstandards, und kann die Schutzvorrichtungen an diesem Gerät wirkungslos machen. 
MKS Instruments, Inc. haftet nicht für Mißachtung dieser Sicherheitsvorschriften seitens des 
Kunden. 

Niemals Teile austauschen oder Änderungen am Gerät vornehmen! 

Ersetzen Sie keine Teile mit baugleichen oder ähnlichen Teilen, und nehmen Sie keine 
eigenmächtigen Änderungen am Gerät vor. Schicken Sie das Gerät zwecks Wartung und 
Reparatur an den MKS-Kalibrierungs- und -Kundendienst ein. Nur so wird sichergestellt, daß alle 
Schutzvorrichtungen voll funktionsfähig bleiben. 

Wartung nur durch qualifizierte Fachleute! 

Das Auswechseln von Komponenten und das Vornehmen von internen Einstellungen darf nur 
von qualifizierten Fachleuten durchgeführt werden, niemals vom Bedienpersonal. 

Vorsicht beim Arbeiten mit gefährlichen Stoffen! 

Wenn gefährliche Stoffe verwendet werden, muß der Bediener die entsprechenden 
Sicherheitsvorschriften genauestens einhalten, das Gerät, falls erforderlich, vollständig spülen, 
sowie sicherstellen, daß der Gefahrstoff die am Gerät verwendeten Materialien, insbesondere 
Dichtungen, nicht angreift. 

Spülen des Gerätes mit Gas! 

Nach dem Installieren oder vor dem Ausbau aus einem System muß das Gerät unter Einsatz eines 
reinen Trockengases vollständig gespült werden, um alle Rückstände des Vorgängermediums zu 
entfernen. 

Anweisungen zum Spülen des Gerätes 

Das Gerät darf nur unter einer Ablufthaube gespült werden.  Schutzhandschuhe sind zu tragen. 

Gerät nicht zusammen mit explosiven Stoffen, Gasen oder Dämpfen benutzen! 

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät niemals zusammen mit (oder in 
der Nähe von) explosiven Stoffen aller Art eingesetzt werden, sofern es nicht ausdrücklich für 
diesen Zweck zugelassen ist. 
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Anweisungen zum Installieren der Armaturen! 

Alle Anschlußstücke und Armaturenteile müssen mit der Gerätespezifikation übereinstimmen, 
und mit dem geplanten Einsatz des Gerätes kompatibel sein. Der Einbau, insbesondere das 
Anziehen und Abdichten, muß gemäß den Anweisungen des Herstellers vorgenommen werden. 

Verbindungen auf Undichtigkeiten prüfen! 

Überprüfen Sie sorgfältig alle Verbindungen der Vakuumkomponenten auf undichte Stellen. 

Gerät nur unter zulässigen Anschlußdrücken betreiben! 

Betreiben Sie das Gerät niemals unter Drücken, die den maximal zulässigen Druck (siehe 
Produktspezifikationen) übersteigen. 

Geeignete Berstscheibe installieren! 

Wenn mit einer unter Druck stehenden Gasquelle gearbeitet wird, sollte eine geeignete 
Berstscheibe in das Vakuumsystem installiert werden, um eine Explosionsgefahr aufgrund von 
steigendem Systemdruck zu vermeiden. 

Verunreinigungen im Gerät vermeiden! 

Stellen Sie sicher, daß Verunreinigungen jeglicher Art weder vor dem Einsatz noch während des 
Betriebs in das Instrumenteninnere gelangen können.  Staub- und Schmutzpartikel, Glassplitter 
oder Metallspäne können das Gerät dauerhaft beschädigen oder Prozeß und Meßwerte 
verfälschen. 

Bei Geräten mit Temperaturkontrolle korrekte Anwärmzeit einhalten! 

Temperaturkontrollierte Geräte arbeiten nur dann gemäß ihrer Spezifikation, wenn genügend Zeit 
zum Erreichen und Stabilisieren der Betriebstemperatur eingeräumt wird.  Kalibrierungen und 
Nulleinstellungen sollten daher nur nach Abschluß des Anwärmvorgangs durchgeführt werden. 
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Informations relatives à la sécurité pour le transducteur 
de pression 

Symboles utilisés dans ce manuel d'utilisation 

Définitions des indications AVERTISSEMENT, ATTENTION, et REMARQUE utilisées dans ce 
manuel. 

 

Avertissement
  

L'indication AVERTISSEMENT signale un danger pour le  
personnel.  Elle attire l'attention sur une procédure, une 
pratique, une condition, ou toute autre situation 
présentant un risque d'accident pour le personnel, en 
cas d'exécution incorrecte ou de non respect des 
consignes. 

 

Attention
  

L'indication ATTENTION signale un danger pour l'appareil. 
Elle attire l'attention sur une procédure d'exploitation, une 
pratique, ou toute autre situation, présentant un risque 
d'endommagement ou de destruction d'une partie ou de la 
totalité de l'appareil, en cas d'exécution incorrecte ou de non 
respect des consignes. 

 

Remarque
  

L'indication REMARQUE signale une information importante. Elle 
attire l'attention sur une procédure, une pratique, une condition, ou 
toute autre situation, présentant un intérêt particulier. 
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Symboles apparaissant sur l'unité 

Le tableau suivant décrit les symboles pouvant apparaître sur l'unité. 

Définition des symboles apparaissant sur l'unité 

|    

Marche 
(sous tension) 

IEC 417, No.5007 

 
Arrêt (hors tension) 
IEC 417, No.5008 

 
Terre (masse) 

IEC 417, No.5017 

Terre de protection 
(masse) 

IEC 417, No.5019 

    

Masse 
IEC 417, No.5020 

Equipotentialité 
IEC 417, No.5021 

Courant continu 
IEC 417, No.5031 

Courant alternatif 
IEC 417, No.5032 

    

Courant continu et 
alternatif 

IEC 417, No.5033-a 

 
Matériel de classe II 
IEC 417, No.5172-a 

Courant alternatif 
triphasé 

IEC 617-2, No.020206 

 

   

 

Attention : se reporter  
à la documentation 
ISO 3864, No.B.3.1 

Attention : risque de 
choc électrique 

ISO 3864, No.B.3.6 

Attention : surface 
brûlante 

IEC 417, No.5041 

 

Tableau 3:  Définition des symboles apparaissant sur l'unité 

35 



Mesures de sécurité et précautions Informations relatives à la sécurité pour le 
 

Mesures de sécurité et précautions 

Prendre les précautions générales de sécurité suivantes pendant toutes les phases d'exploitation 
de cet appareil. Le non respect des ces précautions ou des avertissements contenus dans ce 
manuel constitue une violation des normes de sécurité relatives à l'utilisation de l'appareil et 
peut diminuer la protection fournie par l'appareil. MKS Instruments, Inc. n'assume aucune 
responsabilité concernant le non respect des consignes par les clients. 

PAS DE SUBSTITUTION DE PIÈCES OU DE MODIFICATION DE L'APPAREIL 

Ne pas installer des pièces de substitution ou effectuer des modifications non autorisées sur 
l'appareil. Renvoyer l'appareil à un centre de service et de calibrage MKS pour tout dépannage ou 
réparation afin de garantir le l'intégrité des dispositifs de sécurité. 

DÉPANNAGE UNIQUEMENT PAR DU PERSONNEL QUALIFIÉ 

Le personnel d'exploitation ne doit pas essayer de remplacer des composants ou de faire des 
réglages internes. Tout dépannage doit être uniquement effectué par du personnel qualifié. 

PRÉCAUTION EN CAS D'UTILISATION AVEC DES PRODUITS DANGEREUX 

Si des produits dangereux sont utilisés, l'utilisateur est responsable de la prise des mesures de 
précaution appropriées, de la purge complète de l'appareil quand cela est nécessaire, et de la 
garantie que les produits utilisés sont compatibles avec les composants de cet appareil, y compris 
les matériaux d'étanchéité. 

PURGE DE L'APPAREIL 

Après l'installation de l'unité, ou avant son enlèvement d'un système, purger l'unité complètement 
avec un gaz propre et sec afin d'éliminer toute trace du produit de flux utilisé précédemment. 

UTILISATION DES PROCÉDURES APPROPRIÉES POUR LA PURGE 

Cet appareil doit être purgé sous une hotte de ventilation, et il faut porter des gants de protection. 

PAS D'EXPLOITATION DANS UN ENVIRONNEMENT EXPLOSIF 

Pour éviter toute explosion, ne pas utiliser cet appareil dans un environnement explosif, sauf en 
cas d'homologation spécifique pour une telle exploitation. 

UTILISATION D'ÉQUIPEMENTS APPROPRIÉS ET PROCÉDURES DE SERRAGE 

Tous les équipements de l'appareil doivent être cohérents avec ses spécifications, et compatibles 
avec l'utilisation prévue de l'appareil. Assembler et serrer les équipements conformément aux 
directives du fabricant. 
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VÉRIFICATION DE L'ÉTANCHÉITÉ DES CONNEXIONS 

Vérifier attentivement toutes les connexions des composants pour le vide afin de garantir 
l'étanchéité de l'installation. 

EXPLOITATION AVEC DES PRESSIONS D'ENTRÉE NON DANGEREUSES 

Ne jamais utiliser des pressions supérieures à la pression nominale maximum (se reporter aux 
spécifications de l'unité pour la pression maximum admissible). 

INSTALLATION D'UN DISQUE D'ÉCHAPPEMENT ADAPTÉ 

En cas d'exploitation avec une source de gaz pressurisé, installer un disque d'échappement adapté 
dans le système à vide, afin d'éviter une explosion du système en cas d'augmentation de la 
pression. 

MAINTIEN DE L'UNITÉ À L'ABRI DES CONTAMINATIONS 

Ne pas laisser des produits contaminants pénétrer dans l'unité avant ou pendant l'utilisation. Des 
produits contaminants tels que des poussières et des fragments de tissu, de glace et de métal 
peuvent endommager l'unité d'une manière permanente ou contaminer le processus. 

RESPECT DU TEMPS D'ÉCHAUFFEMENT APPROPRIÉ POUR LES UNITÉS Á 
TEMPÉRATURE CONTRÔLÉE 

Les unités à température contrôlée atteignent leurs spécifications uniquement quand on leur laisse 
un temps suffisant pour atteindre d'une manière stable la température d'exploitation. Ne pas 
remettre à zéro ou calibrer l'unité tant que l'échauffement n'est pas terminé.   
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Símbolos usados en este manual de instrucciones Medidas de seguridad del transductor de presión
 

Medidas de seguridad del transductor de presión 

Símbolos usados en este manual de instrucciones 

Definiciones de los mensajes de advertencia, precaución y de las notas usados en el manual. 

 

Advertencia
  

El símbolo de advertencia indica la posibilidad de que se 
produzcan daños personales. Pone de relieve un 
procedimiento, práctica, estado, etc. que en caso de no 
realizarse u observarse correctamente puede causar daños 
personales. 

 

Precaución
  

El símbolo de precaución indica la posibilidad de producir daños al 
equipo. Pone de relieve un procedimiento operativo, práctica, 
estado, etc. que en caso de no realizarse u observarse 
correctamente puede causar daños o la destrucción total o parcial 
del equipo. 

 

Nota
  

El símbolo de notas indica información de importancia. Este símbolo 
pone de relieve un procedimiento, práctica o condición cuyo 
conocimiento es esencial destacar. 
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Medidas de seguridad del transductor de presión Símbolos hallados en la unidad
 

Símbolos hallados en la unidad 

La tabla siguiente contiene los símbolos que puede hallar en la unidad.  

Definición de los símbolos hallados en la unidad 

|    

Encendido  
(alimentación eléctrica) 

IEC 417, N° 5007 

Apagado 
(alimentación eléctrica)

IEC 417, N° 5008 

 
Puesta a tierra 

IEC 417, N° 5017 

 
Protección a tierra 
IEC 417, N° 5019 

    

Caja o chasis 
IEC 417, N° 5020 

Equipotencialidad 
IEC 417, N° 5021 

Corriente continua 
IEC 417, N° 5031 

Corriente alterna 
IEC 417, N° 5032 

    

Corriente continua y 
alterna 

IEC 417, N° 5033-a 

 
Equipo de clase II 

IEC 417, N° 5172-a 

Corriente alterna 
trifásica 

IEC 617-2, N° 020206 

 

   

 

Precaución. Consulte 
los documentos 

adjuntos 
ISO 3864, N° B.3.1 

 
Precaución. Riesgo 

de descarga eléctrica
ISO 3864, N° B.3.6 

 
Precaución. 
Superficie 
caliente 

IEC 417, N° 5041 

 

Tabla 4:  Definición de los símbolos hallados en la unidad 
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Procedimientos y precauciones de seguridad Medidas de seguridad del transductor de presión
 

Procedimientos y precauciones de seguridad 

Las precauciones generales de seguridad descritas a continuación deben observarse durante 
todas las etapas de funcionamiento del instrumento. La falta de cumplimiento de dichas 
precauciones o de las advertencias específicas a las que se hace referencia en el manual, 
constituye una violación de las normas de seguridad establecidas para el uso previsto del 
instrumento y podría anular la protección proporcionada por el equipo. Si el cliente no cumple 
dichas precauciones y advertencias, MKS Instruments, Inc. no asume responsabilidad legal 
alguna. 

NO UTILICE PIEZAS NO ORIGINALES O MODIFIQUE EL INSTRUMENTO 

No instale piezas que no sean originales ni modifique el instrumento sin autorización. Para 
asegurar el correcto funcionamiento de todos los dispositivos de seguridad, envíe el instrumento 
al Centro de servicio y calibración de MKS toda vez que sea necesario repararlo o efectuar tareas 
de mantenimiento. 

LAS REPARACIONES DEBEN SER EFECTUADAS ÚNICAMENTE POR TÉCNICOS 
AUTORIZADOS 

Los operarios no deben intentar reemplazar los componentes o realizar tareas de ajuste en el 
interior del instrumento. Las tareas de mantenimiento o reparación deben ser realizadas 
únicamente por personal autorizado. 

TENGA CUIDADO CUANDO TRABAJE CON MATERIALES TÓXICOS 

Cuando se utilicen materiales tóxicos, es responsabilidad de los operarios tomar las medidas de 
seguridad correspondientes, purgar totalmente el instrumento cuando sea necesario y comprobar 
que el material utilizado sea compatible con los materiales del instrumento e inclusive, con todos 
los materiales de sellado. 

PURGUE EL INSTRUMENTO 

Una vez instalada la unidad o antes de retirarla del sistema, purgue completamente la unidad con 
gas limpio y seco para eliminar todo resto de la sustancia líquida empleada anteriormente. 

USE PROCEDIMIENTOS ADECUADOS PARA REALIZAR LA PURGA 

El instrumento debe purgarse debajo de una campana de ventilación y deben utilizarse guantes 
protectores. 

NO HAGA FUNCIONAR EL INSTRUMENTO EN AMBIENTES CON RIESGO DE 
EXPLOSIÓN 

Para evitar que se produzcan explosiones, no haga funcionar este instrumento en un ambiente con 
riesgo de explosiones, excepto cuando el mismo haya sido certificado específicamente para tal 
uso. 
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Medidas de seguridad del transductor de presión Procedimientos y precauciones de seguridad
 

USE ACCESORIOS ADECUADOS Y REALICE CORRECTAMENTE LOS 
PROCEDIMIENTOS DE AJUSTE 

Todos los accesorios del instrumento deben cumplir las especificaciones del mismo y ser 
compatibles con el uso que se debe dar al instrumento. Arme y ajuste los accesorios de acuerdo 
con las instrucciones del fabricante. 

COMPRUEBE QUE LAS CONEXIONES SEAN A PRUEBA DE FUGAS 

Inspeccione cuidadosamente las conexiones de los componentes de vacío para comprobar que 
hayan sido instalados a prueba de fugas. 

HAGA FUNCIONAR EL INSTRUMENTO CON PRESIONES DE ENTRADA SEGURAS 

No haga funcionar nunca el instrumento con presiones superiores a la máxima presión nominal 
(en las especificaciones del instrumento hallará la presión máxima permitida). 

INSTALE UNA CÁPSULA DE SEGURIDAD ADECUADA 

Cuando el instrumento funcione con una fuente de gas presurizado, instale una cápsula de 
seguridad adecuada en el sistema de vacío para evitar que se produzcan explosiones cuando suba 
la presión del sistema. 

MANTENGA LA UNIDAD LIBRE DE CONTAMINANTES 

No permita el ingreso de contaminantes en la unidad antes o durante su uso. Los productos 
contaminantes tales como polvo, suciedad, pelusa, lascas de vidrio o virutas de metal pueden 
dañar irreparablemente la unidad o contaminar el proceso. 

CALIENTE ADECUADAMENTE LAS UNIDADES CONTROLADAS POR MEDIO DE 
TEMPERATURA 

Las unidades controladas por medio de temperatura funcionarán de acuerdo con las 
especificaciones sólo cuando se las caliente durante el tiempo suficiente para permitir que lleguen 
y se estabilicen a la temperatura de operación indicada. No calibre la unidad y no la ponga en 
cero hasta que finalice el procedimiento de calentamiento. 
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Customer Support Medidas de seguridad del transductor de presión
 

Chapter One:  General Information, (this chapter) introduces the product and describes the 
organization of the manual.   

Chapter Two:  Installation, explains the environmental requirements and describes how to mount 
the instrument in your system. 

Chapter Three:  Overview, gives a brief description of the instrument and its functionality. 

Chapter Four:  Operation, describes how to use the instrument and explains all the functions and 
features. 

Chapter Five:  Maintenance and Troubleshooting, lists a few general practices to follow to 
ensure that the unit will perform optimally.  It also includes a table of hints for reference in the 
event the unit malfunctions. 

Appendix A:  Product Specifications, lists the specifications of the instrument.   

Appendix B:  Model Code Explanation, describes the model code.   

Customer Support 

Standard maintenance and repair services are available at all of our regional MKS Calibration and 
Service Centers listed on the back cover.  In addition, MKS accepts the instruments of other 
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment 
located at all of our regional service centers.  Should any difficulties arise in the use of your Type 
722B instrument, or to obtain information about companion products MKS offers, contact any 
authorized MKS Calibration and Service Center.  If it is necessary to return the instrument to 
MKS, please obtain an RMA (Return Material Authorization) Number from the MKS Calibration 
and Service Center before shipping.  The RMA Number expedites handling and ensures proper 
servicing of your instrument. 

Please refer to the inside of the back cover of this manual for a list of MKS Calibration and 
Service Centers. 
 

Warning
 

 

All returns to MKS Instruments must be free of harmful, 
corrosive, radioactive, or toxic materials. 
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Chapter Two:  Installation How To Unpack the Type 722B Unit
 

Chapter Two:  Installation 

How To Unpack the Type 722B Unit 

MKS has carefully packed the Type 722B unit so that it will reach you in perfect operating order.  
Upon receiving the unit, however, you should check for defects, cracks, broken connectors, etc., 
to be certain that damage has not occurred during shipment. 

 

Note
  

Do not discard any packing materials until you have completed your 
inspection and are sure the unit arrived safely. 

 

If you find any damage, notify your carrier and MKS immediately.  If it is necessary to return the 
unit to MKS, obtain an RMA (Return Material Authorization) Number from the MKS Service 
Center before shipping.  Please refer to the inside of the back cover of this manual for a list of 
MKS Calibration and Service Centers.  

 

Caution

 

Only qualified individuals should perform the installation and any 
user adjustments.  They must comply with all the necessary ESD and 
handling precautions while installing and adjusting the instrument.  
Proper handling is essential when working with all highly sensitive 
precision electronic instruments. 

Unpacking Checklist 

Standard Equipment: 

• Type 722B Unit 

• Type 722B Instruction Manual (this book) 

Optional Equipment: 

• Electrical Connector Accessories Kit - 722B-K1 (includes a mating connector for the 
electrical connector) 

• Most pressure, flow, flow ratio, and throttling valve controllers 

• MKS Type 146, Type 660, Type PDR-C-1C, or Type PDR-C-2C power supply/readout 
unit, or PDR 2000 dual channel power supply/readout unit  

• Cables to connect the 722B transducer to the above equipment 
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Product Location and Requirements Chapter Two:  Installation
 

Product Location and Requirements 

Operating Environmental Requirements 

• Ambient Operating Temperature:  0° C to 50° C (32° F to 122° F),  

      15° C to 40° C(59° F to 104° F) 1 and 2 torr only. 

• Ventilation requirements include sufficient air circulation 

Dimensions 

 

Note

 

All dimensions are listed in inches with millimeters referenced in 
parentheses.   

 

The dimensions of the 722B transducer vary depending upon the full scale range:   

Full scale ranges up to and including 1000 Torr:  are referred to as “low pressure” transducers 

Full scale ranges above 1000 Torr:   are referred to as “high pressure” transducers 
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0.19 (4.7)

2.75 (69.8)

0.94 (23.9)

4-VCR Female

1.50 (38.1) Dia.

9-Pin Type "D"
Connector

5-Pin Terminal Block
Connector

15-Pin Type "D"
Connector

Screw Access From
This Side

Wire Entry
28 AWG to 14 AWG

0.54 (13.7)
Max.

6.00 (152)

 

Figure 1:  Dimensions of the Low Pressure (up to 1000 Torr) Type 722B Transducer  

0.76 (19.2)

0.049 (1.2)
0.50 (12.7) Dia.

" Tube½

0.86 (21.7)

NW-16-KF

0.80 (20.2)

Mini-CF, Rotatable

1.19 (30.1)

8-VCO Female8-VCR Female

1.40 (35.5)

4-VCR Male, Rotatable

0.94 (23.9)

 

Figure 2:  Fitting Dimensions for the Low Pressure Type 722B Transducer 
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0.19 (4.7)

2.68 (68.1)

1.36 (34.4)
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28 AWG to 14 AWG

0.54 (13.7)
Max.

6.00 (152)

9-Pin Type "D"
Connector
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15-Pin Type "D"
Connector

 

Figure 3:  Dimensions of the High Pressure (>1000 to 25,000 Torr) Type 722B Transducer 

1.07 (27.1) 0.75 (19.1)

0.049 (1.2)

0.50 (12.7) Dia.

(1000 Torr/19.3 PSI Max.)
" Tube½

1.17 (29.6)

NW-16-KF
(1200 Torr/23.2 PSI Max.)

1.11 (28.1)

Mini-CF, Rotatable

1.50 (38.0)

8-VCO Female8-VCR Female

1.71 (43.4)1.36 (34.4)

4-VCR Male, Rotatable  

Figure 4:  Fitting Dimensions of the High Pressure Type 722B Transducer 
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Setup 

Mounting 
The 722B transducer can be mounted with the cylindrical end in either a vertical (upright) or 
horizontal position.  The mounting requirements allow any foreign matter entering the pressure 
port to fall away from the sensing diaphragm.   

Mounting the Unit in a Vertical Position  

If the unit is mounted in a vertical position, the cylindrical end of the unit must point upwards, as 
shown in Figure Error! Bookmark not defined..  Do not install the unit with the cylindrical end 
of the unit pointing downward because particulate impurities may accumulate on the sensing 
diaphragm and alter the pressure reading.  

4-VCR Female
shown

4-VCR Female
shown

Acceptable Vertical Mounting  Unacceptable Vertical Mounting  

Figure 5:  Vertical Mounting Positions 

Mounting the Unit in a Horizontal Position  

In a horizontal position, the cylindrical end of the unit can point in any direction.   

4-VCR Female
shown

 

Figure 6:  Acceptable Horizontal Mounting Position 
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Fittings 
The 722B transducer is available with a variety of different fittings, listed below: 

• ½" Tube 

• 4-VCR® type Female  
• 8-VCR® type Female 

• 8-VCO® type Female 

• NW-16-KF 

• Mini-CF 

 

Caution

 

1. MKS does not warranty the 722B transducer when single or 
double metal ferrule compression-type vacuum fittings are used 
because damage will occur to the transducer when improper 
tightening procedures are followed.  

2. Before proceeding to Setup, page 47, carefully check all plumbing 
connections to the instrument to ensure a leak-tight installation. 

 

Making Mechanical Connections 
To make mechanical connections in line to a system, use the recommended installation practices, 
as specified by the fitting manufacturer or by an appropriate standard. 

 

Warning

 

Improper installation can cause personal injury or damage 
equipment.  Follow proper installation procedures at all times.

 

How To Tighten Fitting Attachments 

For VCR Fittings:  Tighten ¹/8 turn past the finger tight position for 316 SS or nickel gaskets  
(¼ turn for copper or aluminum).   
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Connectors 
The 722B transducer is available with a 9-pin Type “D”, a 5-pin terminal block connector, or a 
15-pin Type “D” on a 6 inch cable  

 

Note

 

A “No Connection” pin assignment means that the pin has no internal 
connection.   

 

Pinout of the 9-Pin Type “D” Connector 

Pin Assignment 

1 Pressure Output 

2 No Connection 

3 No Connection 

4 + Power Input 

5 No Connection 

6 No Connection 

7 No Connection 

8 Pressure Return 

9 Power Return 

Table 5:  Pinout of the 9-Pin Type “D” Connector 

 
Pinout of the 5-Pin Terminal Block Connector 

Pin Assignment 

1 Power Return 

2 Pressure Return 

3 Pressure Output 

4 No Connection 

5 + Power Input 

Table 6:  Pinout of the 5-Pin Terminal Block Connector 
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Pinout of the 15-Pin Type “D” Connector 

Pin Assignment 

1 No Connection 

2 Pressure Output 

3 No Connection 

4 No Connection 

5 Power Return 

6 No Connection 

7 + Power Input 

8 No Connection 

9 No Connection 

10 No Connection 

11 No Connection 

12 Pressure Return 

13 No Connection 

14 No Connection 

15 Chassis 

Table 7:  Pinout of the 15-Pin Type “D” Connector 
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How to Wire a PDR-C and PDR-D Series Readout to a Type 722B Transducer with a 
9-pin Type “D” Connector. 
 

Caution

 

DO NOT use the -15 VDC output of the PDR-C and PDR-D readout 
to power the 722B transducer.  When the -15 VDC signal of the PDR-
C and PDR-D is connected to the power return of the transducer, a 
short between the -15 VDC of the transducer and the A GND of the 
PDR-C and PDR-D occurs.  The PDR –C and PDR-D readout will 
blank out.  Either unit may be damaged. 

The correct cable to use to connect the 9 pin Type “D” connector to the PDR-C and PDR- D 
readout is a CB700-2 cable.  This cable has the mating Type “D” connector on the transducer end 
and flying leads on the PDR-C and PDR-D end.  Table 4 lists the pin assignments for the various 
colored wires on the flying leads end of the cable. 

Connections Between a Transducer with a Type “D” Connector and a PDR-C/-D Readout 

Pin Number Transducer Signal Flying Lead Color Code PDR Signal 

1 Pressure Output Red Pressure Input 

4 + Power Input Green + 15 VDC 

8 Pressure Return Black Signal  Ground (A GND) 

9 Power Return White Power Ground (D GND) 

Table 8: Connections Between a Transducer with a Type “D” Connector and a PDR-C /- D  Readout 
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Electrical Information 
The 722B transducer requires an external power source capable of supplying the voltages listed in 
Appendix A:  Product Specifications, page 65.  Noise and ripple should be less than 20 mV  
(peak-to-peak) over a 10 kHz bandwidth.  You may use any readout device capable of reading 
from -0.6 V to 11 V.  Refer to Figure 1 for the power, signal and chassis grounding scheme for a 
voltage unit. 

 

Note
  

The ground of any external power supply and readout should be the same 
as the transducer ground (chassis ground) to minimize any possible 
ground loops and power supply noise which can affect the performance 
and stability of the system. 

 

Readout

Power
Supply

+

-

0 to 10 V Pressure Output

Pressure Return

Power Return

10K

Note 2:  The absolute value of the potential difference between the chassis ground and 
               signal common/power ground  should not exceed 14 Volts.  

Note 1:  For best results, use a readout with fully differential inputs.  

Multiple Ground
Tie-Point

0.3   Fµ

+13 to +32 V (for 0 to 10 V)

Chassis
Ground

Sensor Port

 

Figure 1:  Electrical Scheme for a Voltage Unit 

NW16-KF Fitting Information 

The NW16-KF fittings are only available for units with full scale pressure of a maximum of 5000 
Torr (100 psia) or less. 

Warning

 

Units with NW16-KF fittings and a full scale range greater than 
1200 Torr (23 psi) require an HPS overpressure ring.  
Operating the unit without a protective overpressure ring may 
result in injury.   

The HPS part number for the overpressure ring is 100316301. 
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Interface Cables 

Interface cables to all MKS companion products can be purchased from MKS.  Refer to Table 5 
for a listing of the cable numbers.   

As of July 20, 2009, all products shipped to the European Community must comply with the EMC 
Directive 2004/108/EEC, which covers radio frequency emissions and immunity tests.  MKS 
products that meet these requirements are identified by application of the CE Mark. 

Note

 

 Metal braided, shielded cables are required to meet CE Mark 
specifications. 

 

Interface Cables 

Transducer 
Connector 

MKS Power 
Supply/Readout 

Cable Description Cable Number 

9-pin Type “D” Type 146, 660 9-pin Type “D” to 15-pin Type “D” CB700-S-1-X 

 PDR-C-1C, PDR-C-2C, 

PDR-D-1 
9-pin Type “D” to flying leads CB700-S-2-X 

9-Pin Type “D” PDR 2000 Dual Channel 
Single 9-Pin Type “D” to 

Dual 9-Pin Type ”D” 

CB2000-2-m1 (10ft) 

-M2 (20ft)-M3 (30ft) 

where X indicates the length of the cable, in feet 

Table 9:  Interface Cables 
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Generic Shielded Cable Description 

MKS offers a full line of cables for all MKS equipment.  Should you choose to manufacture your 
own cables, follow the guidelines listed below: 

1. The cable must have a braided shield, covering all wires.  Neither aluminum foil nor 
spiral shielding will be as effective; using either may nullify regulatory compliance. 

2. The connectors must have a metal case, which has direct contact to the cable’s shield on 
the whole circumference of the cable.  The inductance of a flying lead or wire from the 
shield to the connector will seriously degrade the shield’s effectiveness. The shield should 
be grounded to the connector before its internal wires exit. 

3. With very few exceptions, the connector(s) must make good contact to the device’s case 
(ground).  “Good contact” is about 0.01 ohms; and the ground should surround all wires.  
Contact to ground at just one point may not suffice.   

4. For shielded cables with flying leads at one or both ends; it is important at each such end, 
to ground the shield before the wires exit.  Make this ground with absolute minimum 
length.  Refer to Figures 2 and 3, page 55.  (A ¼ inch piece of #22 wire may be 
undesirably long since it has approximately 5 nH of inductance, equivalent to 31 ohms at 
1000 MHz).  After picking up the braid’s ground, keep wires and braid flat against the 
case.  With very few exceptions, grounded metal covers are not required over terminal 
strips.  If one is required, it will be stated in the Declaration of Conformity or in the 
instruction manual. 

5. In selecting the appropriate type and wire size for cables, consider: 

A. The voltage ratings; 

B. The cumulative I2R heating of all the conductors (keep them safely cool); 

C. The IR drop of the conductors, so that adequate power or signal voltage gets to the 
device; 

D. The capacitance and inductance of cables which are handling fast signals, (such as 
data lines or stepper motor drive cables); and 

E. That some cables may need internal shielding from specific wires to others; please 
see the instruction manual for details regarding this matter. 
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Attaching the Terminal Block Connector Cable 

The cable to the terminal block connector must be firmly attached to the top of the transducer, in 
order to comply with CE Mark requirements.  Figure 2 shows the preferred method to connect the 
cable; using a metal cable clamp to affix the cable to the transducer. Figure 3 shows an alternate 
method; wrapping the braided shield under the screw.  Both examples show the cable securely 
clamped to the transducer.   

Transducer

Overall Insulation
(if present)

Bare Metal Cable Clamp
Making Firm Contact To Braid

Braid Here Is Desirable
(but not usually necessary)

Keep Wires and Braid
Flat Against Case

Metal Cable Clamp
Screw
Split Lock Washer

External Tooth Lock Washer

Transducer Housing

Optional Plastic or Metal Cable
Clamp (For Physical Strain Relief)

 

Figure 2:  How To Connect the Cable to a Terminal Block (Example 1) 

 

Transducer

Overall Insulation
(if present)

Braid Strands Twisted
Under Washer

Keep Wires Flat 
Against Case

Optional Plastic or Metal Cable
Clamp (For Physical Strain Relief)

Screw
Split Lock Washer

Flat Washers
External Tooth Lock Washer

Transducer Housing

 

Figure 3:  How To Connect the Cable to a Terminal Block (Example 2) 
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How To Check the Transducer Zero 

Check the transducer zero prior to the initial operation and then periodically as required.  The 
zero can be set (or reset) by adjusting the zero potentiometer located on the top cover of the 
transducer or, on the front panel of an MKS Power Supply/Readout, if you are using one.  Refer 
to Figure Error! Bookmark not defined., page 45, for the location of the zero potentiometer on 
a low pressure 722B transducer; Figure Error! Bookmark not defined., page 46, for a high 
pressure 722B transducer.   

How To Zero the 722B Transducer 
To zero the 722B transducer, you must pump the unit, with the power on, down to a pressure less 
than the transducer’s resolution (0.01% of Full Scale).   

 

Note
  

The zero adjustment must be made at a pressure less than the transducer’s 
resolution (0.01% of F.S.).   

In addition, you should position the transducer in the same orientation as 
it will be positioned when installed in your system.   

 

Zeroing a transducer at a pressure above its stated minimum resolution creates a zero offset 
relative to true absolute pressure.  All subsequent readings are then linear and accurate relative to 
the offset value. 

 

Note
  

If your system cannot achieve a sufficiently low pressure to set the 
transducer zero, you may use a vacuum leak detector with sufficient 
vacuum pumping (to achieve proper zeroing pressures).  In this case, 
mount the transducer on the leak detector in the same plane of orientation 
as it will be during actual use. 

To properly zero an absolute transducer, follow this procedure: 

1. Install the transducer in a system and connect a power supply/readout.   

2. Pump the system down to a pressure below the resolution of the transducer.   

Refer to Table 6, page 57, for recommended pressure levels. 

3. Using a small screwdriver, adjust the ZERO pot until the readout displays zero (0000).   

Refer to the figure listed below for the location of the ZERO pot.    

Low Pressure 722B Transducer:  Figure Error! Bookmark not defined., page 45, 

High Pressure 722B Transducer:   Figure Error! Bookmark not defined., page 46. 
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Highest Pressure for Proper Zero Adjustment 

Full Scale Range Pressure 

1 Torr <5 x 10-5 Torr 

2 Torr  <2 x 10-5 Torr  

10 Torr < 5 x 10-4 Torr 

100 Torr < 5 x 10-3 Torr 

500 Torr < 5 x 10-3 Torr 

1000 Torr < 5 x 10-2 Torr 

30 psia < 1 x 10-3 psia 

100 psia < 5 x 10-3 psia 

500 psia < 2 x 10-2 psia 

Table 10:  Highest Pressure for Proper Zero Adjustment 

Span Adjustment 
The span setting may require adjustment periodically.  Only adjust the SPAN pot in conjunction 
with a calibration transfer standard.  Do not adjust the span setting if a calibration transfer 
standard is not available.  Instead, send the unit back to an MKS Service Center for calibration.  
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Chapter Three:  Overview 

General Information 

A complete pressure transducer system requires three components to convert pressure to a linear 
DC voltage output:  a sensor, signal conditioner, and power supply.  An analog or digital meter is 
required to display the DC output in pressure units. 

The 722B transducer contains two of the above components:  the sensor and signal conditioner.  
An MKS or MKS-compatible power supply is required to complete the pressure to DC voltage 
output conversion, and an MKS or MKS-compatible display unit is required for direct pressure 
readout.  The display unit could be a personal computer, an MKS pressure controller, or an MKS 
PDR Series power supply/readout unit.   

Sensor 

The variable capacitance sensor consists of a pressure inlet tube (port) connected to a small 
chamber in the transducer body.  One wall of this chamber is a metal diaphragm.  The front side 
of the diaphragm is exposed to the gas whose pressure is to be measured.  The back, or reference 
side of the diaphragm faces a rigidly mounted ceramic disc containing two electrodes.  The 
diaphragm is positioned opposite the inlet port. 

The reference side is permanently evacuated below the resolution of the instrument and its 
vacuum is maintained with a chemical getter system.   

The diaphragm deflects with changing pressure (force per unit area) independently of the gas type 
or composition of the measured gas.  This deflection causes an imbalance of the sensor electrode 
capacitances since the distance to the diaphragm is now different for each electrode. Using a 
precision constant frequency oscillator for excitation, the imbalance of capacitances is converted 
to a DC voltage.  The resultant signal is then linearized, zeroed, and amplified via the signal 
conditioner electronics, to produce a precise output signal scaled to the range of the transducer. 
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Signal Conditioning Electronics 

The signal conditioner contains state-of-the-art balanced bridge circuitry, self-compensated for 
thermal stability with ambient temperature changes.  The circuit board construction uses surface 
mount technology.  The output is either a DC voltage or mA current, which is linear with 
pressure.  The transducer is then calibrated against a transfer standard to provide the selected 
output over the range of the transducer. The electronics are compliant with most RoHS 
(Restriction of Hazardous Substances) Directives. 

Label 

The 722B transducer has one product identification label, shown in Figure 4.    

 

Figure 4:  Product Label 
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Chapter Four:  Operation 

General 

After installation and during periodic maintenance, check the transducer zero to verify proper 
output.  If the output is incorrect, set the output by adjusting the zero potentiometer.  Refer to 
How To Check the Transducer Zero, page 56, for zeroing instructions. 

Lowest Suggested Pressure Available for Reading 
The pressures listed in the middle column of Table 7 reflect reliable and practical pressures for 
different range transducers.  Lower readings may be obtained in environments, which have stable 
temperature and air flow. 

Lowest Suggested Pressure to Use for Control 
The pressures listed in the last column of Table 7 are for reference, and represent the pressure 
reading of the transducer at 50 mV signal output.  A DC signal of at least 50 mV is the 
recommended minimum signal level to use when integrating any transducer into complex 
processing systems. 

 
Suggested Pressures for Reading and Control 

Full Scale Range Lowest Suggested Pressure 
for Reading 

Lowest Suggested Pressure 
for Control 

1 Torr 5 x 10-4 5 X 10-3 

2 Torr  1 x 10-3 1 x 10-2 

10 Torr 5 x 10-3 Torr  5 x 10-2 Torr 

100 Torr 5 x 10-2 Torr 5 x 10-1 Torr 

500 Torr 5 x 10-2 Torr 5 x 10-1 Torr 

1000 Torr 0.5 Torr 5 Torr 

30 psia 3 x 10-2 psia 3 x 10-1 psia 

100 psia 0.1 psia 1 psia 

500 psia 0.5 psia 5 psia 

Table 11:  Suggested Pressures for Reading and Control 
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Chapter Five:  Maintenance and Troubleshooting 

General 

In general, no maintenance is required other than proper installation and operation, and an 
occasional zero adjustment.  If a transducer fails to operate properly upon receipt, check for 
shipping damage, and check the power/signal cable for correct continuity.  Any damage should 
be reported to the carrier and MKS Instruments immediately.  If there is no obvious damage and 
the continuity is correct, obtain an ERA Number (Equipment Return Authorization Number) 
before returning the unit to MKS Instruments for service. 

 

Caution

 

Only qualified individuals should perform the installation and any 
user adjustments.  They must comply with all the necessary ESD and 
handling precautions while installing and adjusting the instrument.  
Proper handling is essential when working with all highly sensitive 
precision electronic instruments. 

 

In production operations, verify the transducer zero (and adjust if necessary) each time the 
equipment is shut down for routine maintenance. 

Periodically check for wear on the cables and inspect the enclosure for visible signs of damage.   

 

Note
  

The zero adjustment is the only adjustment that should usually be made in 
the field.  Only adjust the span setting if you have access to proper 
calibration standards.  Return the transducer to MKS Instruments for other 
adjustments, calibration, or servicing.    

 

Zero Adjustment 

All pressure transducers require initial and periodic zero adjustments.  Make these adjustments at 
a pressure lower than the transducer’s minimum resolution to achieve the full dynamic range 
specified for the transducer.  Refer to How To Zero the 722B Transducer, page 56, for 
instructions on adjusting the zero setting.  
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Troubleshooting 

Troubleshooting Chart 

Symptom Possible Cause Solution 

Overrange positive or 
negative signal 

A shorted transducer or a 
damaged interconnect cable 
(transducer to electronics 
module).   

Measure supply voltages at 
the connector. 

Inspect cable and transducer.  
Replace if necessary. 

Measurement slowly goes 
positive over time 

Overpressure and/or a build-
up of contamination in the Px 
cavity.   

Return to MKS for servicing 
or transducer replacement. 

Unstable zero output The ambient temperature may 
be too high.   

or 

The ambient temperature is 
varying over a wide range.   

Refer to Operating 
Environmental Requirements, 
page 44, and be sure the 
ambient temperature is within 
product requirements. 

Table 12:  Troubleshooting Chart 
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Appendix A:  Product Specifications 

Performance Specifications 
Accuracy 0.5% of Reading  

CE Mark Compliance1 EMC Directive 2004/108/EEC 

RoHS (Restriction of Hazardous 
Substances) Compliance 

Fully compliant to Directive 2002-95-EC 

Temperature Coefficients 

 Zero 

  

Span 

 

0.008% of F.S./ °C 10 Torr through 25,000 Torr 

0.020% of F.S./ °C  1 and 2 Torr 

0.04% of Rdg./ °C 

0.05% of Rdg./ °C 1 and 2 Torr 

Physical Specifications 

Ambient Operating Temperature Range 0° to 50° C (32° to 122° F),15° to 40° C(59° to 104°F) 1&2 Torr 
only  

Burst Pressure 10 times full scale or 100 psi, whichever is greater 

Fittings ½ inch Tube; 4-VCR female, 8-VCR female, 8-VCO female, 
NW16-KF, Mini-CF. 

Full Scale Pressure Ranges 1 Torr through 25,000 Torr (0.02 psia through 500 psia) 

Material Exposed to Gas Inconel®  

Overpressure Limit 45 psia or 2 times full scale, whichever is greater 

Weight < 10 oz. (< 283 g) 

NW16-KF Fitting Information 

The NW16-KF fittings are only available for units with full scale pressure up to a maximum of 
5000 Torr (100 psia).   

  

                                                      
1 Requires a metal, braided, shielded cable properly grounded at both ends. 
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Warning

 

Units with NW16-KF fittings and a full scale range greater than 
1200 Torr (23 psi) require an HPS overpressure ring.  
Operating the unit without a protective overpressure ring may 
result in injury.   

 

The HPS part number for the overpressure ring is HPS 100316301. 

Electrical Specifications 
Input Required  

 0 to 5 Volt output 
 

 0 to 10 Volt output 

 

10.8 VDC to +32 VDC (regulated if below 13 VDC)  
@ 10 mA max. 

+13 VDC to +32 VDC @ 10 mA max. 

Output 

 0 to 5 VDC  

 0 to 10 VDC 

 

into >10 K ohm load 

into >10 K ohm load 

Due to continuing research and development activities, these product specifications are subject to change without notice. 
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Appendix B:  Model Code Explanation 

Model Code 

The options of your transducer are identified in the model code when you order the unit. 

The model code is identified as follows: 

722BXXXYYZF# 

where: 

 

Type Number (722B) 

This designates the model number of the instrument. 

 

Type Number 

Full Scale Range 

Fittings 

Accuracy 

F #XXX Z722B YY

Input/Output 

Connectors 
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Full Scale Range (XXX) 
The full scale range is indicated by a two digit / one letter code. 

Full Scale Range Ordering Code 
1 01T 
2 02T 

10  11T 
20  21T 
100  12T 
500 52T 
1,000* 13T 
5,000* 53T 
10,000* 14T 
25,000* RCT 
 

*must include a fitting. 

 

Fittings (YY) 
Six types of fittings are available, designated by a two letter code. 

 Ordering Code 

4-VCR Type Female CD 
½0 tube weld stub BA 
8-VCR Type Female CE 
8-VCO Type Female DA 
Mini-CF, rotatable HA 
NW-16-KF GA 

Power (Z) 
The input/output power is designated by a single number code. 

 Ordering Code 

+13 to +32 VDC/0 to 10 VDC 2 
+10.8 to 32 VDC/0 to 5 VDC 3 
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NW-16-KF Fitting Information 

The NW-16-KF fittings are only available for units with full scale pressure of a maximum of 
5000 Torr (100 psia).   

  

Warning

 

Units with NW-16-KF fittings and a full scale range greater 
than 1200 Torr (23 psi) require an HPS overpressure ring.  
Operating the unit without a protective overpressure ring may 
result in injury.   

 
The HPS part number for the overpressure ring is HPS 10031. 

Accuracy (F) 
The accuracy (0.5% of Reading) is specified by a letter F in this field. 

Connector (#) 
Three types of connectors are available, indicated by a single code. 

 Ordering Code 

9-pin Type “D” A 

15-pin Type “D” with a 6 inch cable K 

5-pin terminal strip J 
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Pressure Transducer Safety Information 

Symbols Used in This Instruction Manual 

Definitions of WARNING, CAUTION, and NOTE messages used throughout the manual. 

 

Warning

 

The WARNING sign denotes a hazard to personnel.  It calls 
attention to a procedure, practice, condition, or the like, which, 
if not correctly performed or adhered to, could result in injury 
to personnel. 

 

Caution
 

The CAUTION sign denotes a hazard to equipment.  It calls attention 
to an operating procedure, practice, or the like, which, if not correctly 
performed or adhered to, could result in damage to or destruction of 
all or part of the product. 

 

Note
 

The NOTE sign denotes important information.  It calls attention to a 
procedure, practice, condition, or the like, which is essential to highlight. 
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Symbols Found on the Unit 

The following table describes symbols that may be found on the unit. 

Definition of Symbols Found on the Unit 

|    

On (Supply) 
IEC 417, No.5007 

Off (Supply)
IEC 417, No.5008  

Earth (ground) 
IEC 417, No.5017 

Protective earth 
(ground) 

IEC 417, No.5019 

    

Frame or chassis 
IEC 417, No.5020  

Equipotentiality 
IEC 417, No.5021 

Direct current 
IEC 417, No.5031 

Alternating current
IEC 417, No.5032  

    

Both direct and
alternating current
IEC 417, No.5033-a  

Class ll equipment 
IEC 417, No.5172-a 

Three phase
alternating current

IEC 617-2 No.020206  

 

   

 

Caution, refer to
accompanying

documents
ISO 3864, No.B.3.1  

Caution, risk of
electric shock

ISO 3864, No.B.3.6  
Caution, hot surface
IEC 417, No.5041

 

Table 1:  Definition of Symbols Found on the Unit 
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Safety Procedures and Precautions 

Observe the following general safety precautions during all phases of operation of this 
instrument.  Failure to comply with these precautions or with specific warnings elsewhere in this 
manual violates safety standards of intended use of the instrument and may impair the 
protection provided by the equipment.  MKS Instruments, Inc. assumes no liability for the 
customer’s failure to comply with these requirements. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Do not install substitute parts or perform any unauthorized modification to the instrument.  
Return the instrument to an MKS Calibration and Service Center for service and repair to ensure 
that all safety features are maintained. 

SERVICE BY QUALIFIED PERSONNEL ONLY 

Operating personnel must not attempt component replacement and internal adjustments.  Any 
service must be made by qualified service personnel only. 

USE CAUTION WHEN OPERATING WITH HAZARDOUS MATERIALS 

If hazardous materials are used, users must take responsibility to observe the proper safety 
precautions, completely purge the instrument when necessary, and ensure that the material used is 
compatible with the materials in this product, including any sealing materials. 

PURGE THE INSTRUMENT 

After installing the unit, or before removing it from a system, purge the unit completely with a 
clean, dry gas to eliminate all traces of the previously used flow material. 

USE PROPER PROCEDURES WHEN PURGING 

This instrument must be purged under a ventilation hood, and gloves must be worn for protection. 

DO NOT OPERATE IN AN EXPLOSIVE ENVIRONMENT 

To avoid explosion, do not operate this product in an explosive environment unless it has been 
specifically certified for such operation. 

USE PROPER FITTINGS AND TIGHTENING PROCEDURES 

All instrument fittings must be consistent with instrument specifications, and compatible with the 
intended use of the instrument.  Assemble and tighten fittings according to manufacturer’s 
directions. 

CHECK FOR LEAK-TIGHT FITTINGS 

Carefully check all vacuum component connections to ensure leak-tight installation. 
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OPERATE AT SAFE INLET PRESSURES 

Never operate at pressures higher than the rated maximum pressure (refer to the product 
specifications for the maximum allowable pressure). 

INSTALL A SUITABLE BURST DISC 

When operating from a pressurized gas source, install a suitable burst disc in the vacuum system 
to prevent system explosion should the system pressure rise. 

KEEP THE UNIT FREE OF CONTAMINANTS 

Do not allow contaminants to enter the unit before or during use.  Contamination such as dust, 
dirt, lint, glass chips, and metal chips may permanently damage the unit or contaminate the 
process. 

ALLOW PROPER WARM UP TIME FOR TEMPERATURE-CONTROLLED UNITS 

Temperature-controlled units will only meet specifications when sufficient time is allowed for the 
unit to meet, and stabilize at, the designed operating temperature.  Do not zero or calibrate the 
unit until the warm up is complete.   
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Sicherheitshinweise für den Druckmeßumformer 

In dieser Betriebsanleitung vorkommende Symbole 

Bedeutung der mit WARNUNG!, VORSICHT! und HINWEIS gekennzeichneten Absätze in 
dieser Betriebsanleitung. 

 
Warnung!

 

Das Symbol WARNUNG! weist auf eine Gefahr für das 
Bedienpersonal hin. Es macht auf einen Arbeitsablauf, eine 
Arbeitsweise, einen Zustand oder eine sonstige Gegebenheit 
aufmerksam, deren unsachgemäße Ausführung bzw. 
ungenügende Berücksichtigung zu Verletzungen führen kann.

 

Vorsicht!
 

Das Symbol VORSICHT! weist auf eine Gefahr für das Gerät hin. Es 
macht auf einen Bedienungsablauf, eine Arbeitsweise oder eine 
sonstige Gegebenheit aufmerksam, deren unsachgemäße Ausführung 
bzw. ungenügende Berücksichtigung zu einer Beschädigung oder 
Zerstörung des Gerätes oder von Teilen des Gerätes führen kann. 

 

Hinweis
 

Das Symbol HINWEIS macht auf wichtige Informationen bezüglich eines 
Arbeitsablaufs, einer Arbeitsweise, eines Zustands oder einer sonstige 
Gegebenheit aufmerksam. 
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Erklärung der am Gerät angebrachten Symbole 

Nachstehender Tabelle sind die Bedeutungen der Symbole zu entnehmen, die am Gerät 
angebracht sein können. 

Bedeutung der am Gerät angebrachten Symbole 

|    

Ein (Energie) 
IEC 417, No.5007 

Aus (Energie) 
IEC 417, No.5008 

Erdanschluß 
IEC 417, No.5017 

Schutzleiteranschluß
IEC 417, No.5019 

    

 
Masseanschluß 

IEC 417, No.5020 

Aquipotential-
anschluß 

IEC 417, No.5021 

 
Gleichstrom 

IEC 417, No.5031 

 
Wechselstrom 

IEC 417, No.5032 

    

 
Gleich- oder 

Wechselstrom 
IEC 417, No.5033-a 

Durchgängige 
doppelte oder 

verstärkte Isolierung 
IEC 417, No.5172-a 

Dreileiter-
Wechselstrom 
(Drehstrom) 

IEC 617-2, No.020206 

 

   

 

Warnung vor einer 
Gefahrenstelle 

(Achtung, Dokumen-
tation beachten) 

ISO 3864, No.B.3.1 

 
Warnung vor 
gefährlicher 

elektrischer Spannung
ISO 3864, No.B.3.6 

 
Höhere Temperatur 

an leicht  
zugänglichen Teilen 
IEC 417, No.5041 

 

Tabelle 2:  Bedeutung der am Gerät angebrachten Symbole 
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Sicherheitsvorschriften und Vorsichtsmaßnahmen 

Folgende allgemeine Sicherheitsvorschriften sind während allen Betriebsphasen dieses Gerätes 
zu befolgen. Eine Mißachtung der Sicherheitsvorschriften und sonstiger Warnhinweise in dieser 
Betriebsanleitung verletzt die für dieses Gerät und seine Bedienung geltenden 
Sicherheitsstandards, und kann die Schutzvorrichtungen an diesem Gerät wirkungslos machen. 
MKS Instruments, Inc. haftet nicht für Mißachtung dieser Sicherheitsvorschriften seitens des 
Kunden. 

Niemals Teile austauschen oder Änderungen am Gerät vornehmen! 

Ersetzen Sie keine Teile mit baugleichen oder ähnlichen Teilen, und nehmen Sie keine 
eigenmächtigen Änderungen am Gerät vor. Schicken Sie das Gerät zwecks Wartung und 
Reparatur an den MKS-Kalibrierungs- und -Kundendienst ein. Nur so wird sichergestellt, daß alle 
Schutzvorrichtungen voll funktionsfähig bleiben. 

Wartung nur durch qualifizierte Fachleute! 

Das Auswechseln von Komponenten und das Vornehmen von internen Einstellungen darf nur 
von qualifizierten Fachleuten durchgeführt werden, niemals vom Bedienpersonal. 

Vorsicht beim Arbeiten mit gefährlichen Stoffen! 

Wenn gefährliche Stoffe verwendet werden, muß der Bediener die entsprechenden 
Sicherheitsvorschriften genauestens einhalten, das Gerät, falls erforderlich, vollständig spülen, 
sowie sicherstellen, daß der Gefahrstoff die am Gerät verwendeten Materialien, insbesondere 
Dichtungen, nicht angreift. 

Spülen des Gerätes mit Gas! 

Nach dem Installieren oder vor dem Ausbau aus einem System muß das Gerät unter Einsatz eines 
reinen Trockengases vollständig gespült werden, um alle Rückstände des Vorgängermediums zu 
entfernen. 

Anweisungen zum Spülen des Gerätes 

Das Gerät darf nur unter einer Ablufthaube gespült werden.  Schutzhandschuhe sind zu tragen. 

Gerät nicht zusammen mit explosiven Stoffen, Gasen oder Dämpfen benutzen! 

Um der Gefahr einer Explosion vorzubeugen, darf dieses Gerät niemals zusammen mit (oder in 
der Nähe von) explosiven Stoffen aller Art eingesetzt werden, sofern es nicht ausdrücklich für 
diesen Zweck zugelassen ist. 
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Anweisungen zum Installieren der Armaturen! 

Alle Anschlußstücke und Armaturenteile müssen mit der Gerätespezifikation übereinstimmen, 
und mit dem geplanten Einsatz des Gerätes kompatibel sein. Der Einbau, insbesondere das 
Anziehen und Abdichten, muß gemäß den Anweisungen des Herstellers vorgenommen werden. 

Verbindungen auf Undichtigkeiten prüfen! 

Überprüfen Sie sorgfältig alle Verbindungen der Vakuumkomponenten auf undichte Stellen. 

Gerät nur unter zulässigen Anschlußdrücken betreiben! 

Betreiben Sie das Gerät niemals unter Drücken, die den maximal zulässigen Druck (siehe 
Produktspezifikationen) übersteigen. 

Geeignete Berstscheibe installieren! 

Wenn mit einer unter Druck stehenden Gasquelle gearbeitet wird, sollte eine geeignete 
Berstscheibe in das Vakuumsystem installiert werden, um eine Explosionsgefahr aufgrund von 
steigendem Systemdruck zu vermeiden. 

Verunreinigungen im Gerät vermeiden! 

Stellen Sie sicher, daß Verunreinigungen jeglicher Art weder vor dem Einsatz noch während des 
Betriebs in das Instrumenteninnere gelangen können.  Staub- und Schmutzpartikel, Glassplitter 
oder Metallspäne können das Gerät dauerhaft beschädigen oder Prozeß und Meßwerte 
verfälschen. 

Bei Geräten mit Temperaturkontrolle korrekte Anwärmzeit einhalten! 

Temperaturkontrollierte Geräte arbeiten nur dann gemäß ihrer Spezifikation, wenn genügend Zeit 
zum Erreichen und Stabilisieren der Betriebstemperatur eingeräumt wird.  Kalibrierungen und 
Nulleinstellungen sollten daher nur nach Abschluß des Anwärmvorgangs durchgeführt werden. 
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Informations relatives à la sécurité pour le transducteur 
de pression 

Symboles utilisés dans ce manuel d'utilisation 

Définitions des indications AVERTISSEMENT, ATTENTION, et REMARQUE utilisées dans ce 
manuel. 

 

Avertissement
 

 

L'indication AVERTISSEMENT signale un danger pour le  
personnel.  Elle attire l'attention sur une procédure, une 
pratique, une condition, ou toute autre situation 
présentant un risque d'accident pour le personnel, en 
cas d'exécution incorrecte ou de non respect des 
consignes. 

 

Attention
  

L'indication ATTENTION signale un danger pour l'appareil. 
Elle attire l'attention sur une procédure d'exploitation, une 
pratique, ou toute autre situation, présentant un risque 
d'endommagement ou de destruction d'une partie ou de la 
totalité de l'appareil, en cas d'exécution incorrecte ou de non 
respect des consignes. 

 

Remarque
  

L'indication REMARQUE signale une information importante. Elle 
attire l'attention sur une procédure, une pratique, une condition, ou 
toute autre situation, présentant un intérêt particulier. 
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Symboles apparaissant sur l'unité 

Le tableau suivant décrit les symboles pouvant apparaître sur l'unité. 

Définition des symboles apparaissant sur l'unité 

|    

Marche 
(sous tension) 

IEC 417, No.5007 

 
Arrêt (hors tension) 
IEC 417, No.5008 

 
Terre (masse) 

IEC 417, No.5017 

Terre de protection 
(masse) 

IEC 417, No.5019 

    

Masse 
IEC 417, No.5020 

Equipotentialité 
IEC 417, No.5021 

Courant continu 
IEC 417, No.5031 

Courant alternatif 
IEC 417, No.5032 

    

Courant continu et 
alternatif 

IEC 417, No.5033-a 

 
Matériel de classe II 
IEC 417, No.5172-a 

Courant alternatif 
triphasé 

IEC 617-2, No.020206

 

   

 

Attention : se reporter  
à la documentation 
ISO 3864, No.B.3.1 

Attention : risque de 
choc électrique 

ISO 3864, No.B.3.6 

Attention : surface 
brûlante 

IEC 417, No.5041 

 

Tableau 3:  Définition des symboles apparaissant sur l'unité 

10 



Informations relatives à la sécurité pour le Mesures de sécurité et précautions
 

Mesures de sécurité et précautions 

Prendre les précautions générales de sécurité suivantes pendant toutes les phases d'exploitation 
de cet appareil. Le non respect des ces précautions ou des avertissements contenus dans ce 
manuel constitue une violation des normes de sécurité relatives à l'utilisation de l'appareil et 
peut diminuer la protection fournie par l'appareil. MKS Instruments, Inc. n'assume aucune 
responsabilité concernant le non respect des consignes par les clients. 

PAS DE SUBSTITUTION DE PIÈCES OU DE MODIFICATION DE L'APPAREIL 

Ne pas installer des pièces de substitution ou effectuer des modifications non autorisées sur 
l'appareil. Renvoyer l'appareil à un centre de service et de calibrage MKS pour tout dépannage ou 
réparation afin de garantir le l'intégrité des dispositifs de sécurité. 

DÉPANNAGE UNIQUEMENT PAR DU PERSONNEL QUALIFIÉ 

Le personnel d'exploitation ne doit pas essayer de remplacer des composants ou de faire des 
réglages internes. Tout dépannage doit être uniquement effectué par du personnel qualifié. 

PRÉCAUTION EN CAS D'UTILISATION AVEC DES PRODUITS DANGEREUX 

Si des produits dangereux sont utilisés, l'utilisateur est responsable de la prise des mesures de 
précaution appropriées, de la purge complète de l'appareil quand cela est nécessaire, et de la 
garantie que les produits utilisés sont compatibles avec les composants de cet appareil, y compris 
les matériaux d'étanchéité. 

PURGE DE L'APPAREIL 

Après l'installation de l'unité, ou avant son enlèvement d'un système, purger l'unité complètement 
avec un gaz propre et sec afin d'éliminer toute trace du produit de flux utilisé précédemment. 

UTILISATION DES PROCÉDURES APPROPRIÉES POUR LA PURGE 

Cet appareil doit être purgé sous une hotte de ventilation, et il faut porter des gants de protection. 

PAS D'EXPLOITATION DANS UN ENVIRONNEMENT EXPLOSIF 

Pour éviter toute explosion, ne pas utiliser cet appareil dans un environnement explosif, sauf en 
cas d'homologation spécifique pour une telle exploitation. 

UTILISATION D'ÉQUIPEMENTS APPROPRIÉS ET PROCÉDURES DE SERRAGE 

Tous les équipements de l'appareil doivent être cohérents avec ses spécifications, et compatibles 
avec l'utilisation prévue de l'appareil. Assembler et serrer les équipements conformément aux 
directives du fabricant. 
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VÉRIFICATION DE L'ÉTANCHÉITÉ DES CONNEXIONS 

Vérifier attentivement toutes les connexions des composants pour le vide afin de garantir 
l'étanchéité de l'installation. 

EXPLOITATION AVEC DES PRESSIONS D'ENTRÉE NON DANGEREUSES 

Ne jamais utiliser des pressions supérieures à la pression nominale maximum (se reporter aux 
spécifications de l'unité pour la pression maximum admissible). 

INSTALLATION D'UN DISQUE D'ÉCHAPPEMENT ADAPTÉ 

En cas d'exploitation avec une source de gaz pressurisé, installer un disque d'échappement adapté 
dans le système à vide, afin d'éviter une explosion du système en cas d'augmentation de la 
pression. 

MAINTIEN DE L'UNITÉ À L'ABRI DES CONTAMINATIONS 

Ne pas laisser des produits contaminants pénétrer dans l'unité avant ou pendant l'utilisation. Des 
produits contaminants tels que des poussières et des fragments de tissu, de glace et de métal 
peuvent endommager l'unité d'une manière permanente ou contaminer le processus. 

RESPECT DU TEMPS D'ÉCHAUFFEMENT APPROPRIÉ POUR LES UNITÉS Á 
TEMPÉRATURE CONTRÔLÉE 

Les unités à température contrôlée atteignent leurs spécifications uniquement quand on leur laisse 
un temps suffisant pour atteindre d'une manière stable la température d'exploitation. Ne pas 
remettre à zéro ou calibrer l'unité tant que l'échauffement n'est pas terminé.   
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Medidas de seguridad del transductor de presión 

Símbolos usados en este manual de instrucciones 

Definiciones de los mensajes de advertencia, precaución y de las notas usados en el manual. 

 

Advertencia
 

 

El símbolo de advertencia indica la posibilidad de que se 
produzcan daños personales. Pone de relieve un 
procedimiento, práctica, estado, etc. que en caso de no 
realizarse u observarse correctamente puede causar daños 
personales. 

 

Precaución
  

El símbolo de precaución indica la posibilidad de producir daños al 
equipo. Pone de relieve un procedimiento operativo, práctica, 
estado, etc. que en caso de no realizarse u observarse 
correctamente puede causar daños o la destrucción total o parcial 
del equipo. 

 

Nota
  

El símbolo de notas indica información de importancia. Este símbolo 
pone de relieve un procedimiento, práctica o condición cuyo 
conocimiento es esencial destacar. 
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Símbolos hallados en la unidad 

La tabla siguiente contiene los símbolos que puede hallar en la unidad.  

Definición de los símbolos hallados en la unidad 

|    

Encendido  
(alimentación eléctrica) 

IEC 417, N° 5007 

Apagado 
(alimentación eléctrica)

IEC 417, N° 5008 

 
Puesta a tierra 

IEC 417, N° 5017 

 
Protección a tierra 
IEC 417, N° 5019 

    

Caja o chasis 
IEC 417, N° 5020 

Equipotencialidad 
IEC 417, N° 5021 

Corriente continua 
IEC 417, N° 5031 

Corriente alterna 
IEC 417, N° 5032 

    

Corriente continua y 
alterna 

IEC 417, N° 5033-a 

 
Equipo de clase II 

IEC 417, N° 5172-a 

Corriente alterna 
trifásica 

IEC 617-2, N° 020206 

 

   

 

Precaución. Consulte 
los documentos 

adjuntos 
ISO 3864, N° B.3.1 

 
Precaución. Riesgo 

de descarga eléctrica
ISO 3864, N° B.3.6 

 
Precaución. 
Superficie 
caliente 

IEC 417, N° 5041 

 

Tabla 4:  Definición de los símbolos hallados en la unidad 
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Procedimientos y precauciones de seguridad 

Las precauciones generales de seguridad descritas a continuación deben observarse durante 
todas las etapas de funcionamiento del instrumento. La falta de cumplimiento de dichas 
precauciones o de las advertencias específicas a las que se hace referencia en el manual, 
constituye una violación de las normas de seguridad establecidas para el uso previsto del 
instrumento y podría anular la protección proporcionada por el equipo. Si el cliente no cumple 
dichas precauciones y advertencias, MKS Instruments, Inc. no asume responsabilidad legal 
alguna. 

NO UTILICE PIEZAS NO ORIGINALES O MODIFIQUE EL INSTRUMENTO 

No instale piezas que no sean originales ni modifique el instrumento sin autorización. Para 
asegurar el correcto funcionamiento de todos los dispositivos de seguridad, envíe el instrumento 
al Centro de servicio y calibración de MKS toda vez que sea necesario repararlo o efectuar tareas 
de mantenimiento. 

LAS REPARACIONES DEBEN SER EFECTUADAS ÚNICAMENTE POR TÉCNICOS 
AUTORIZADOS 

Los operarios no deben intentar reemplazar los componentes o realizar tareas de ajuste en el 
interior del instrumento. Las tareas de mantenimiento o reparación deben ser realizadas 
únicamente por personal autorizado. 

TENGA CUIDADO CUANDO TRABAJE CON MATERIALES TÓXICOS 

Cuando se utilicen materiales tóxicos, es responsabilidad de los operarios tomar las medidas de 
seguridad correspondientes, purgar totalmente el instrumento cuando sea necesario y comprobar 
que el material utilizado sea compatible con los materiales del instrumento e inclusive, con todos 
los materiales de sellado. 

PURGUE EL INSTRUMENTO 

Una vez instalada la unidad o antes de retirarla del sistema, purgue completamente la unidad con 
gas limpio y seco para eliminar todo resto de la sustancia líquida empleada anteriormente. 

USE PROCEDIMIENTOS ADECUADOS PARA REALIZAR LA PURGA 

El instrumento debe purgarse debajo de una campana de ventilación y deben utilizarse guantes 
protectores. 

NO HAGA FUNCIONAR EL INSTRUMENTO EN AMBIENTES CON RIESGO DE 
EXPLOSIÓN 

Para evitar que se produzcan explosiones, no haga funcionar este instrumento en un ambiente con 
riesgo de explosiones, excepto cuando el mismo haya sido certificado específicamente para tal 
uso. 
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USE ACCESORIOS ADECUADOS Y REALICE CORRECTAMENTE LOS 
PROCEDIMIENTOS DE AJUSTE 

Todos los accesorios del instrumento deben cumplir las especificaciones del mismo y ser 
compatibles con el uso que se debe dar al instrumento. Arme y ajuste los accesorios de acuerdo 
con las instrucciones del fabricante. 

COMPRUEBE QUE LAS CONEXIONES SEAN A PRUEBA DE FUGAS 

Inspeccione cuidadosamente las conexiones de los componentes de vacío para comprobar que 
hayan sido instalados a prueba de fugas. 

HAGA FUNCIONAR EL INSTRUMENTO CON PRESIONES DE ENTRADA SEGURAS 

No haga funcionar nunca el instrumento con presiones superiores a la máxima presión nominal 
(en las especificaciones del instrumento hallará la presión máxima permitida). 

INSTALE UNA CÁPSULA DE SEGURIDAD ADECUADA 

Cuando el instrumento funcione con una fuente de gas presurizado, instale una cápsula de 
seguridad adecuada en el sistema de vacío para evitar que se produzcan explosiones cuando suba 
la presión del sistema. 

MANTENGA LA UNIDAD LIBRE DE CONTAMINANTES 

No permita el ingreso de contaminantes en la unidad antes o durante su uso. Los productos 
contaminantes tales como polvo, suciedad, pelusa, lascas de vidrio o virutas de metal pueden 
dañar irreparablemente la unidad o contaminar el proceso. 

CALIENTE ADECUADAMENTE LAS UNIDADES CONTROLADAS POR MEDIO DE 
TEMPERATURA 

Las unidades controladas por medio de temperatura funcionarán de acuerdo con las 
especificaciones sólo cuando se las caliente durante el tiempo suficiente para permitir que lleguen 
y se estabilicen a la temperatura de operación indicada. No calibre la unidad y no la ponga en 
cero hasta que finalice el procedimiento de calentamiento. 
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Chapter One:  General Information 

Introduction 

The MKS Baratron® Type 627D Absolute Pressure Transducer is part of the MKS family of 
general purpose RoHS (Restriction of Hazardous Substances)-compliant pressure transducers 
designed to provide accurate, reliable, and repeatable pressure measurements in the range from 
1K Torr to as low as 0.02 Torr Full Scale (FS).  The instrument operates with ±15 VDC (±5%) 
input at ≤ 250 mA, and provides 0 to 10 VDC output linear with pressure.  The 627D transducer 
exposes only Inconel® to the process permitting use with corrosive or dirty gases and eliminating 
contamination of the process with transducer materials.  Measurements are independent of gas 
composition and the unit has a minimum measuring range of four decades. 

Using the latest single-sided, dual-electrode Inconel transducer design, coupled with a low 
impedance, fixed-frequency bridge signal conditioner, these instruments are capable of 
withstanding high overpressure conditions (45 psia) with minimal or no shifts in output over their 
range.  The advanced bridge signal conditioning technology provides high accuracy and 
operation which is extremely temperature-stable at operating pressure. 

Protection from RF interference and noisy electrical environments is increased by the use of a 
metal case, by internal design elements, and by the use of surge and ESD suppression networks 
and RFI filtering on all inputs and outputs.  The 627D unit meets the testing standards required 
for the European CE Mark when used with an overall metal braided shielded cable, properly 
grounded at both ends. 

The 627D transducer is designed specifically to meet the needs of vacuum process systems where 
environmental and process conditions are particularly demanding.  The 627D unit controls its 
temperature at 45° C (113° F), thereby minimizing the effects of ambient or process temperature 
variations typically encountered in process line environments. 

The 627D transducer is available with optional heater status LEDs, two interface connector lock 
options, and a variety of fittings.  The unit is capable of measuring pressure at ambient 
temperatures of 15° to 40° C (59° to 104° F). 
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How This Manual is Organized 

This manual is designed to provide instructions on how to set up, install, and operate a Type 
627D unit. 

Before installing your Type 627D unit in a system and/or operating it, carefully read and 
familiarize yourself with all precautionary notes in the Safety Messages and Procedures 
section at the front of this manual.  In addition, observe and obey all WARNING and 
CAUTION notes provided throughout the manual. 

Chapter One, General Information, (this chapter) introduces the product and describes the 
organization of the manual. 

Chapter Two, Installation, explains the environmental requirements and describes how to mount 
the instrument in your system. 

Chapter Three, Overview, gives a brief description of the instrument and its functionality. 

Chapter Four, Operation, describes how to use the instrument and explains all the functions and 
features. 

Chapter Five, Maintenance and Troubleshooting, lists any maintenance required to keep the 
instrument in good working condition, and provides a checklist for reference should the 
instrument malfunction. 

Appendix A, Product Specifications, lists the specifications of the instrument. 

Appendix B, Model Code Explanation, describes the model code used to order the instrument. 

Customer Support 

Standard maintenance and repair services are available at all of our regional MKS Calibration and 
Service Centers, listed on the back cover.  In addition, MKS accepts the instruments of other 
manufacturers for recalibration using the Primary and Transfer Standard calibration equipment 
located at all of our regional service centers.  Should any difficulties arise in the use of your Type 
627D instrument, or to obtain information about companion products MKS offers, contact any 
authorized MKS Calibration and Service Center.  If it is necessary to return the instrument to 
MKS, please obtain an RMA (Return Materials Authorization) Number from the MKS 
Calibration and Service Center before shipping.  The RMA Number expedites handling and 
ensures proper servicing of your instrument. 

Please refer to the inside of the back cover of this manual for a list of MKS Calibration and 
Service Centers. 

Warning

 

All returns to MKS Instruments must be free of harmful, 
corrosive, radioactive, or toxic materials. 
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Chapter Two:  Installation 

How To Unpack the Type 627D Unit 

MKS has carefully packed the Type 627D unit so that it will reach you in perfect operating order.  
Upon receiving the unit, however, you should check for defects, cracks, broken connectors, etc., 
to be certain that damage has not occurred during shipment. 

Note
 

Do not discard any packing materials until you have completed your 
inspection and are sure the unit arrived safely. 

If you find any damage, notify your carrier and MKS immediately.  If it is necessary to return the 
unit to MKS, obtain an RMA (Return Material Authorization) Number from the MKS Service 
Center before shipping.  Please refer to the inside of the back cover of this manual for a list of 
MKS Calibration and Service Centers. 

Unpacking Checklist 

Standard Equipment: 

• Type 627D Unit 

• Type 627D Instruction Manual (this book) 

Optional Equipment: 
• Electrical Connector Accessories Kit: 

 627D-K1 (includes a mate for the I/O connector) 

• Most MKS Power Supply/Readouts 

• Most MKS Pressure, Flow, Flow Ratio, and Throttling Valve Controllers 

• RM-6 Rack Mount Kit: 
 19” rack accommodates 1 or 2 readouts and/or controllers 

• Interface Cables (refer to Table 5, page 20) 
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Interface Cables 

As of July 20, 2009, most products shipped to the European Community must comply with the 
EMC Directive 2004/108/EEC, which covers radio frequency emissions and immunity tests.  In 
addition, as of January 1, 1997, some products shipped to the European Community must also 
comply with the Product Safety Directive 92/59/EEC and Low Voltage Directive 73/23/EEC, 
which cover general safety practices for design and workmanship.  MKS products that meet these 
requirements are identified by application of the CE Mark. 

To ensure compliance with EMC Directive 2004/108/EEC, an overall metal braided shielded 
cable, properly grounded at both ends, is required during use.  No additional installation 
requirements are necessary to ensure compliance with Directives 92/59/EEC and 73/23/EEC. 

Note
 

1. An overall metal braided, shielded cable, properly grounded at both 
ends, is required during use to meet CE specifications. 

2. To order an overall metal braided shielded cable, add an “S” after the 
cable type designation.  For example, to order a cable to connect a 
627D unit to a 651 controller, use part number CB259-5-10; for a 
metal braided shielded cable use part number CB259S-5-10. 

You can purchase interface cables to all MKS companion products from MKS (refer to Table 5), 
or optionally you can make cables that meet the appropriate specifications.  For cables connecting 
to non-MKS products, MKS can provide normal shielding or braided shielded cable assemblies in 
a nominal 10’ (3m) length, terminating in flying leads (pigtail) fashion at both ends. 

Overall metal braided shielded cable assemblies, properly grounded at both ends, are 
recommended if the environment contains high EMI/RFI noise. 

Interface Cables 

To Connect the 627D Unit To... Use the MKS Cable... 

 Standard Shielded 

PDR-C-1C/2C, PDR-5B Power Supply/Readouts CB127-1-10 CB127S-1-10 

146, 186, 651, 652, 660 Controllers CB259-5-10 CB259S-5-10 

Table 5:  Interface Cables 
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Generic Shielded Cable Guidelines 

Should you choose to manufacture your own cables, follow the guidelines listed below: 

1. The cable must have an overall metal braided shield, covering all wires.  Neither aluminum 
foil nor spiral shielding will be as effective; using either may nullify regulatory compliance. 

2. The connectors must have a metal case which has direct contact to the cable’s shield on the 
whole circumference of the cable.  The inductance of a flying lead or wire from the shield to 
the connector will seriously degrade the shield’s effectiveness. The shield should be 
grounded to the connector before its internal wires exit. 

3. With very few exceptions, the connector(s) must make good contact to the device’s case 
(ground).  “Good contact” is about 0.01 ohms; and the ground should surround all wires.  
Contact to ground at just one point may not suffice.   

4. For shielded cables with flying leads at one or both ends; it is important at each such end, to 
ground the shield before the wires exit.  Make this ground with absolute minimum length.  (A 
¼ inch piece of #22 wire may be undesirably long since it has approximately 5 nH of 
inductance, equivalent to 31 ohms at 1000 MHz).  After picking up the braid’s ground, keep 
wires and braid flat against the case.  With very few exceptions, grounded metal covers are 
not required over terminal strips.  If one is required, it will be stated in the Declaration of 
Conformity or in the instruction manual. 

5. In selecting the appropriate type and wire size for cables, consider: 

A. The voltage ratings. 

B. The cumulative I2R heating of all the conductors (keep them safely cool). 

C. The IR drop of the conductors, so that adequate power or signal voltage gets to the 
device. 

D. The capacitance and inductance of cables which are handling fast signals, (such as data 
lines or stepper motor drive cables). 

E. That some cables may need internal shielding from specific wires to others; please see the 
instruction manual for details regarding this matter. 
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Product Location and Requirements 

Ambient Operating Temperature 
The acceptable ambient operating temperature range for the 627D transducer is 15° to 40° C (59° 
to 104° F).  The unit is temperature controlled at 45° C (113° F). 

Power Requirements 
The 627D transducer requires an external power source capable of supplying ±15 VDC (±5%) at  
≤ 250 mA. 

Noise and ripple should be less than 20 mV peak-to-peak.  You may use any readout device 
which has input capabilities of less than 0 to greater than 10 VDC, and impedance greater than 
10K ohms.  The power is introduced to the unit through the Interface connector on the top panel 
of the transducer (refer to Figure 4, page 30). 
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Setup 

Dimensions 

Note
 

All dimensions are listed in inches with millimeters referenced in 
parentheses.  The tolerances for the dimensions are ±0.1 inches (X.X) and 
±0.01 inches (X.XX). 
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Figure 1:  Top View Dimensions 
(shown with the optional heater status LEDs) 
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Figure 2:  Side View Dimensions 
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Fittings 
The 627D transducer is available with the following fittings: 

• ½” diameter (12.7 mm) tubulation 

• Swagelok® 8-VCR® (female) 

• Mini-CF (rotatable) 

• NW16-KF 

• NW25-KF 

• Swagelok 8-VCO® (female) 

Mounting Instructions 
Mount the transducer with the inlet port pointing (vertically) downward.  The transducer port will 
easily carry the weight of the transducer. 

Although the unit can be mounted in any orientation, mounting it as suggested allows any foreign 
matter entering the pressure port to fall away from the diaphragm. 

Isolate the unit from vibration as much as possible.  When not subject to gas damping at low 
pressure, the diaphragm may become susceptible to resonance.  The low range transducers  
(≤ 1 Torr) are very sensitive and you should isolate them from any vibration that exists.  
Remember to isolate the vibration through the cable as well as through the port. 
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Electrical Information 

Grounding 

Note
 

The ground of any external power supply and readout should be the same 
as the transducer ground (chassis ground) to minimize any possible 
ground loops which can affect the performance and stability of the 
system. 

 

 

Readout

Power
Supply

+

-

0 - 10 V Pressure Output

Signal Common

+ 15 V

- 15 V

Power Common+ 15V 10K 1  F

Chassis
Ground

Sensor
Port

The absolute value of the potential difference between
the chassis ground and signal common/power ground
should not exceed 14 Volts.

NOTE: For best results, use a readout with fully
differential inputs.

Multiple Ground
Tie-Point

 

Figure 3:  Example Power, Signal, and Chassis Grounding Scheme 
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Interface Connector 
The 15-pin male Type “D” Interface connector on the top of the unit (refer to Figure 4, page 30) 
provides access to the power input and heater status pins.  The pinout is listed in Table 6, page 
27.  The connector is available with either thread locks or slide locks. 

Thread Locks 

The 15-pin connector with thread locks utilizes threaded posts onto which the mating connector is 
mechanically fastened using screws.  This is the standard MKS style Type “D” connector. 

Slide Locks 

The 15-pin connector with slide locks utilizes slotted posts onto which the mating connector is 
mechanically fastened using a slide mechanism which engages the slots in the posts. 

Note
 

Standard MKS interface cables are not available for use with units 
configured with a slide lock connector. 
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Interface Connector Pinout 

Pin Number Assignment 

1 At Temperature Status* or Reserved 

2 Pressure Signal Output 

3 No Connection 

4 At Temperature Status Return*  
or Reserved 

5 Power Return 
(Power Common) 

6 -15 VDC 

7 +15 VDC 

8 No Connection 

9 Heater Failure Status* or Reserved 

10 Heater Failure Status Return*  
or Reserved 

11 No Connection 

12 Pressure Signal Output Return 
(Signal Common) 

13 No Connection 

14 Reserved 

15 Chassis Ground 

* Valid only with the heater status LED option. 

Table 6:  Interface Connector Pinout 

Note
 

The “Reserved” pin assignment refers to a pin with an internal connection 
that may be assigned a function in the future.  The “No Connection” pin 
assignment refers to a pin with no internal connection. 
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Start Up 

After installation, allow your transducer to warm up until it is stabilized, then check the 
transducer zero to verify the proper output.  Refer to How To Adjust the Zero, page 33, for 
complete instructions on adjusting the zero controls on the 627D unit. 

Warm Up Time 
Allow sufficient time for your transducer to warm up.  The warm up times for 23° C ambient 
temperature conditions are: 

• 2 hours for ≥ 1 Torr units 

• 4 hours for < 1 Torr units 

Note
 

The transducer must be fully stabilized before you make any zero 
adjustments. 
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Chapter Three:  Overview 

General Information 

A complete pressure transducer system requires three components to convert pressure to a linear 
DC voltage output:  a sensor, signal conditioner, and power supply.  The 627D transducer 
contains two of the required components: the sensor and signal conditioner. 

An MKS or MKS-compatible power supply is required to complete the pressure to DC voltage 
conversion.  For a direct readout of the pressure measurement, a meter (analog or digital) is 
required. 

Sensor 

The 627D transducer is a variable capacitance sensor consisting of a pressure inlet tube (port) 
connected to a small chamber in the transducer body.  One wall of this chamber is an elastic metal 
diaphragm.  The front side of the diaphragm is exposed to the gas whose pressure is to be 
measured.  The back, or reference, side of the diaphragm faces a rigidly mounted ceramic disc 
containing two electrodes.  The reference side is permanently evacuated (10-7 Torr) and its 
vacuum is maintained with a chemical getter system. 

The diaphragm deflects with changing absolute pressure (force per unit area) independently of the 
gas type or composition of the measured gas.  This deflection causes an imbalance of the sensor 
electrode capacitances since the distance to the diaphragm is now different for each electrode.  
The imbalance of capacitances is converted to a DC voltage in the bridge.  This bridge is excited 
by a precision constant frequency oscillator.  The resultant signal is then linearized, zeroed, and 
amplified via the signal conditioner electronics, to produce a precise  
0 to 10 VDC signal scaled to the range of the transducer. 

In the heated 627D transducer, zero and span stability is further increased because the sensor and 
bridge electronics are temperature controlled.  This thermal enclosure reduces the effects of 
ambient temperature changes by a factor of at least 35 (that is a 35° C change in ambient 
temperature will produce less than a 1° C change inside the thermal housing). 

Signal Conditioner/Electronics 

The signal conditioner contains state-of-the-art, RoHS-compliant, low impedance balanced bridge 
circuitry, self-compensated for thermal stability with ambient temperature changes.  The output is 
a DC voltage which is linear with pressure.  The transducer is then calibrated against a traceable 
reference standard to provide a 0 to 10 Volt DC output over the range of the transducer. 
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Instrument Components 

1

9

8

15

Heater Failure 
Status LED 
(optional)

Heater Temperature
Status LED
(optional)

Zero Potentiometer

Coarse Zero 
Switch

Interface Connector

 

Figure 4:  Top View of the 627D Transducer 
(shown with the optional heater status LEDs) 

Coarse Zero Switch 
This multi-position switch adjusts the transducer zero if the ZERO potentiometer fails to provide 
sufficient zero adjustment.  Refer to How To Adjust the Coarse Zero Switch, page 35, for more 
information.  

Optional Heater Status LEDs and Semiconductor Switches 

When the temperature of the sensor is within the controlled temperature window (47° C ± 2° C) 
the “At Temperature Status” LED will illuminate green and the corresponding semiconductor 
switch (pins 1 and 4 on the Interface connector) will turn “on” (close).  The transducer must 
continue to warm up until it reaches thermal equilibrium per the warm-up specifications.  If a 
heater failure occurs, the bi-color “Htr Fail Status” LED will blink red (otherwise it will stay 
green), and the corresponding semiconductor switch (pins 9 and 10 on the Interface connector) 
will turn “off” (open).  Refer to Optional Semiconductor Switch Specifications, page 40, for 
information.   

Zero Potentiometer 
This potentiometer adjusts the transducer zero.  Refer to How To Adjust the Zero Potentiometer, 
page 34, for more information.  

Interface Connector 
The 15-pin male Type “D” Interface connector provides access to the power input and heater 
status pins.  Refer to Table 6, page 27, for the connector pinout. 
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Labels 

Note
 

The figures showing the instrument labels (Figures 5 through 7, and 
Figure 8, page 32) are not drawn to scale. 

Top Panel Labels 
The label on the top panel of the 627D unit identifies the  ZERO  potentiometer, and if ordered, the 
optional Heater Failure and Temperature Status LEDs. 

 

Figure 5:  Top Panel Label for Units without the Optional Heater Status LEDs 

 

Figure 6:  Top Panel Label for Units with the Optional Heater Status LEDs 

Band Label 
The band label, which is wrapped around the center of the transducer body, lists the pinout for the 
unit’s 15-pin Interface connector (refer to Table 6, page 27).  Note that pins 1, 4, 9, and 10 are 
“Reserved” for units without the optional heater status LEDs. 

Pin 1  At Temp Status (Optional)
Pin 2  Pressure Output
Pin 4  At Temp Status Rtn (Optional)
Pin 5  Power Return
Pin 6  - 15 VDC    Pin 7  +15 VDC

Pin 9    Htr Fail Status (Optional)
Pin 10  Htr Fail Rtn Status (Optional)
Pin 12  Pressure Output Rtn
Pin 14  Reserved
Pin 15  Chassis Ground

BARATRON
PRESSURE TRANSDUCER Made in USA

R

 

Figure 7:  Band Label 
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Serial Number Label 
The serial number label, located on the seam of the band label, lists the unit’s serial number, 
model code, full scale range, input voltage, and output voltage.  The label also displays the CE 
mark signifying compliance with the European CE regulations. 

Serial #

Model #

Range:  0.10 TORR
Input: +/-15 VDC (+/-5%) @ 250 mA
Output:  0 - 10VDC

0123456789

627BXXXYZBC

 

Figure 8:  Serial Number Label 

The options for your transducer are identified in the model code when you order the unit.  Refer 
to Appendix B:  Model Code Explanation, page 41, for more information. 

32 



Chapter Four:  Operation How To Adjust the Zero
 

Chapter Four:  Operation 

How To Adjust the Zero 

All pressure transducers require initial and periodic zero adjustments.  Prior to initial operation 
and during periodic maintenance you must check the transducer zero to verify the proper output.  
The zero can be set (or reset) by adjusting the ZERO potentiometer located on the top of the 
transducer (refer to How To Adjust the Zero Potentiometer, page 34) or at the front panel of any 
MKS Power Supply/Readout being used.  If the ZERO potentiometer fails to provide sufficient 
adjustment, the COARSE ZERO switch may be used (refer to How To Adjust the Coarse Zero 
Switch, page 35). 

To achieve the full dynamic range specified for the transducer, the zero adjustment must be made 
at a pressure less than the transducer’s resolution (0.001% of FS).  Low range transducers should 
be pumped for at least one hour after exposure to air to remove any moisture and to allow the 
pressure to stabilize.  Zeroing a transducer above its stated minimum resolution creates a zero 
offset relative to true absolute pressure.  All subsequent readings are then linear and accurate 
relative to the offset value. 

Note
 

If available pressures are not sufficiently low to set the transducer zero, 
you may use a vacuum leak detector with sufficient vacuum pumping (to 
achieve proper zeroing pressures).  In this case, mount the transducer on 
the leak detector in the same plane of orientation as it will be during 
actual use. 
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How To Adjust the Zero Potentiometer 
To adjust the ZERO potentiometer: 

1. Install the transducer in a system and connect a power supply/readout. 

2. Power the transducer and allow it to warm up and stabilize. 

Note
 

Allow 2 hours for ≥ 1 Torr units, and 4 hours for < 1 Torr units to warm 
up.  Ensure that the transducer is fully stabilized before you adjust the 
zero. 

3. Pump the unit down to a pressure below its resolution (0.001% of FS). 

For best results, pump the transducer while it is warming up.  Refer to Table 7 for the 
highest recommended pressure levels for proper zero adjustment.  

Highest Pressures Suggested for Proper Zero Adjustment 

Full Scale Range 
(Torr) 

Highest Pressure for Proper Zero 
Adjustment (Torr) 

0.02 2 x 10-7 

0.05 5 x 10-7 

0.1 1 x 10-6 

1.0 1 x 10-5 

2.0 2 x 10-5 

10 1 x 10-4 

20 2 x 10-4 

100 1 x 10-3 

1000 1 x 10-2 

Table 7:  Highest Pressures Suggested for Proper Zero Adjustment 

4. Adjust the ZERO pot with a small screwdriver until the readout displays zero (0000). 

Typically, the ZERO potentiometer provides ample control under normal conditions.  
However, if the ZERO potentiometer fails to provide sufficient adjustment, additional zero 
range capability is available with the  COARSE ZERO  switch, located on the side of the 
unit (refer to Figure 4, page 30).  Refer to How To Adjust the Coarse Zero Switch, page 
35, for more information. 
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How To Adjust the Coarse Zero Switch 

Note
 

Use the COARSE ZERO switch only if the  ZERO  potentiometer fails to 
provide sufficient adjustment. 

To adjust the COARSE ZERO switch: 

1. Install the transducer in a system and connect a power supply/readout. 

2. Power the transducer and allow it to warm up and stabilize. 

Note
 

Allow 2 hours for ≥ 1 Torr units, and 4 hours for < 1 Torr units to warm 
up.  Ensure that the transducer is fully stabilized before you adjust the 
zero. 

3. Pump the unit down to a pressure below its resolution. 

For best results, pump the transducer while it is warming up.  Refer to Table 7, page 34, 
for the highest recommended pressure levels for proper zero adjustment. 

4. Center the ZERO pot located at the top of the transducer by adjusting the screw to leave an 
equal amount of adjustment both clockwise and counterclockwise. 

5. Remove the plug that covers the COARSE ZERO switch. 

Refer to Figure 4, page 30. 

6. Turn the COARSE ZERO switch to a position that produces the output signal closest to  
0 Volts. 

7. Adjust the ZERO pot to bring the output to exactly 0 Volts. 

Refer to How To Adjust the Zero Potentiometer, page 34, for more information. 

8. Cover the COARSE ZERO switch with the plug removed in step 5. 
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Suggested Pressures for Reading and Control 
The lowest suggested pressures for reading and control with the 627D transducer are listed in 
Table 8. 

Lowest Suggested Pressures for Reading and Control 

Full Scale Range 
(Torr) 

Lowest Suggested Pressure 
for Reading (Torr) 

Lowest Suggested Pressure 
for Control (Torr) 

0.02 1 x 10-5 1 x 10-4 

0.05 2.5 x 10-5 2.5 x 10-4 

0.1 5 x 10-5 5 x 10-4 

1.0 5 x 10-4 5 x 10-3 

2.0 1 x 10-3 1 x 10-2 

10 5 x 10-3 5 x 10-2 

20 1 x 10-2 1 x 10-1 

100 5 x 10-2 5 x 10-1 

1000 5 x 10-1 5 x 100 

Table 8:  Lowest Suggested Pressures for Reading and Control 

Lowest Suggested Pressure Available for Reading 

The pressures listed in the middle column of Table 8 reflect reliable and practical pressures for 
different range transducers.  Lower readings may be obtained in environments which have stable 
temperature and air flow. 

Lowest Suggested Pressure to Use for Control 

The pressures listed in the last column of Table 8 are for reference, and represent the pressure 
reading of the transducer at 50 mV signal output.  A DC signal of at least 50 mV is the 
recommended minimum signal level to use when integrating any transducer into complex 
processing systems. 
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Chapter Five:  Maintenance and Troubleshooting 

General Information 

If the 627D transducer fails to operate properly upon receipt, check for shipping damage, and 
check the cables for correct continuity.  Any damage should be reported to the carrier and MKS 
Instruments immediately. 

If there is no obvious damage and the continuity is correct, check your instrument using the 
troubleshooting chart (refer to Table 9, page 38).  If the transducer performance does not improve 
and it is necessary to return the unit to MKS for service, obtain an ERA Number (Equipment 
Return Authorization Number) from any MKS Calibration and Service center before shipping.  
Please refer to the inside back cover of this manual for a list of MKS Calibration and Service 
Centers. 

Maintenance 

In general, the 627D transducer requires no maintenance other than proper installation and 
operation, and an occasional zero adjustment.  Periodically, check for wear on the cables and 
inspect the enclosure for visible signs of damage. 

Zero Adjustment 
The transducer zero can be set (or reset) by adjusting the ZERO potentiometer on the top panel of 
the unit (refer to Figure 4, page 30), or at the front panel of any MKS or MKS-compatible power 
supply being used.  Refer to How To Adjust the Zero, page 33, for complete instructions on how 
to adjust the transducer’s zero controls. 

Note
 

1. In production operations such as semiconductor manufacturing, verify 
the transducer zero (and adjust if necessary) each time the equipment 
is shut down for routine maintenance. 

2. The zero adjustments are the only adjustments that can be made in the 
field.  Return the transducer to MKS Instruments for other 
adjustments, calibration, or servicing. 
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Troubleshooting 

Troubleshooting Chart 

Symptom Possible Cause Solution 

Overrange positive or 
negative signal 

A shorted transducer or a 
damaged interconnect cable 
(transducer to electronics 
module). 

Measure supply voltages at 
the connector. 

Inspect cable and transducer.  
Replace if necessary. 

Measurement slowly goes 
positive over time 

Overpressure and/or a build-
up of contamination in the 
measurement cavity. 

Return to MKS for servicing 
or transducer replacement. 

Unstable zero output The ambient temperature may 
be too high. 

or 

The ambient temperature is 
varying over a wide range. 

Ensure the ambient 
temperature is within product 
requirements; refer to 
Appendix A:  Product 
Specifications, page 39. 

Table 9:  Troubleshooting Chart 
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Appendix A:  Product Specifications 

Electrical Specifications 
CE Compliance 

Electromagnetic Compatibility1 
Product Safety Requirements 

 

EMC Directive 2004/108/EEC 
Product Safety Directive 92/59/EEC 

RoHS (Restriction of Hazardous 
Substances) Compliance 

Fully compliant with Directive 2002-95-EC 

Input Power Requirement 

Voltage 
Current 

 

±15 VDC ±5% 
≤ 250 mA 

Signal Output 0 to +10 VDC, 110% overrange, active zero 

Environmental Specifications 
Ambient Operating Temperature Range 15° to 40° C (59° to 104° F)  

Maximum External Case Temperature 50° C (122° F) 

Storage Humidity Range 25 to 95% Relative Humidity, non-condensing 

Storage Temperature Range -20° to 80° C (-4° to 176° F)  

Performance Specifications 
Accuracy (non-linearity, hysteresis, and 
non-repeatability) 

≥ 1 Torr units 
0.1 and 0.05 Torr units 
0.02 Torr units 

 
 
±0.12% of Reading 
±0.15% of Reading 
±0.25% of Reading 

Burst Pressure 5 times full scale or 90 psia, whichever is greater 

Internal Volume 6.3 cc 

Leak Integrity Internal to external <10-9 scc/sec He 

Overpressure Limit Without Damage 45 psia (310 kPa) 

Pressure Ranges (Torr FS) 0.02, 0.05, 0.1, 1.0, 2.0, 10, 20, 100, 1000 

Resolution 0.001% (1 x 10-5) of FS 

                                                      
1 An overall metal braided shielded cable, properly grounded at both ends, is required during use. 
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Performance Specifications (Continued) 
Temperature Coefficients 

Zero 
≥ 1 Torr units 
0.1 Torr units 
0.05 Torr units 
0.02 Torr units 

Span (all ranges) 

 

 
0.002% FS/ °C 
0.005% FS/ °C 
0.015% FS/ °C 
0.030% FS/ °C 
0.02% Reading/ °C 

Time Response < 20 msec (< 40 msec for ≤ 1 Torr units) 

Warm Up Time  
(for 23° C ambient temperature conditions)

≥ 1 Torr units 
< 1 Torr units 

 
 
2 hours 
4 hours 

Zero Adjustment Range 

Zero Potentiometer 
Coarse Zero Switch 

 

±1.0% 
±20% 

Physical Specifications 
Fittings ½” Diameter (12.7 mm) tubulation, Swagelok®  

8-VCR® (female), Mini-CF (rotatable), NW-16-KF, 
NW-25-KF, Swagelok 8-VCO® (female) 

Interface Connector 15-pin male Type “D” 

Weight 1.5 lbs (0.68 Kg) 

Wetted Materials Inconel® 

Optional Semiconductor Switch Specifications 
Current Carrying Capacity 10 mA, maximum 

Saturation Voltage 0.4 V, maximum 

Open Circuit Voltage 28 V, maximum 

Zener Protection 28 V, nominal 

Due to continuing research and development activities, these product specifications are subject to change without notice. 
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Appendix B:  Model Code Explanation 

Model Code 

The options of your transducer are identified in the model code when you order the unit.  The 
model code is identified as follows: 

627D   XXX   Y   Z   B   C 

where: 

 

Type Number (627D) 
This designates the model number of the instrument. 

Full Scale Range (XXX) 
The full scale range in Torr is indicated by a two digit / one letter code. 

Full Scale Range Ordering Code 

0.02 U2T 
0.05 U5T 
0.1 .1T 
1.0 01T 
2.0 02T 
10 11T 
20 21T 
100 12T 
1000 13T 

Type Number 

Full Scale Range 

Fittings 

YXXX627D

Accuracy 

Z 

LED Option 

B 

Connector 

C 
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Fittings (Y) 
Six types of fittings are available, designated by a single letter code. 

Fittings Ordering Code 

½” Diameter tubulation A 
Swagelok 8-VCR (female) B 
Mini-CF (rotatable) C 
NW16-KF D 
NW25-KF Q 
Swagelok 8-VCO female E 

Accuracy (Z) 
Three specifications for accuracy are available, designated by a single letter code. 

Accuracy Ordering Code 

0.12% of Reading (≥ 1 Torr units) C 
0.15% of Reading (0.1 and 0.05 Torr units) D 
0.25% of Reading (0.02 Torr units) E 

LED Option (B) 
The unit is available with or without the heater status LEDs, designated by a single letter code. 

LED Option Ordering Code 

Standard (No status LEDs) A 
Heater Failure / Heater Temperature Status LEDs B 

Connector (C) 
Two configurations of the 15-pin Type “D” connector are available, designated by a single letter 
code. 

Connector Ordering Code 

15-pin Type “D” connector with thread locks B 
15-pin Type “D” connector with slide locks P 

 

42 



 Index
 

Index 

M A 

Maintenance, 37 Accuracy, 39, 42 

Manual organization, 18 
B Model code, 41 

Band label, 31 Mounting instructions, 24 

C O 

Cables, 20–21 Optional equipment, 19 

CE mark, 17, 20, 32 Options 

Coarse zero switch, description of, 30 heater status LEDs, 30, 42 

Customer support, 18 Interface connector, 26, 42 

F P 

Fittings, 24, 40, 42 Power requirements, 22 

Full scale ranges, 39, 41 Pressure 

highest for zero adjustment, 34 
G lowest for control, 36 
Grounding, 25 lowest for reading, 36 

H R 

Heater status option, 30, 42 Returning the product, 18, 19, 37 

RoHS (Restriction of Hazardous 
Substances), 17, 39 I 

Interface connector, 26, 30 
S 

options, 42 
Safety information, 1–16 

L Sensor, description of, 29 

Serial number label, 32 Labels 
Setup band label, 31 

grounding, 25 serial number, 32 
mounting instructions, 24 top panel, 31 
power requirements, 22 

43 



Index  
 

Signal Conditioner/Electronics, 29 

Slide locks, 26 

Specifications, 39–40 

Standard equipment, 19 

Start up, 28 

T 

Temperature 

operating, 22, 39 

storage, 39 

Thread locks, 26 

Top panel labels, 31 

Troubleshooting, 38 

W 

Warm up time, 28, 40 

Z 

Zero adjustment, 37 

coarse zero switch, 35 

zero pot, 34 

Zero pot, description of, 30 

 

44 



CONTROL
CONCEPTS

INC.

INSTRUCTION MANUAL

MODEL l029B

CONTROL

CONCEPTS
7870 PARK DRIVE

CHANHASSEN, MN 55317
(612)-474-6200
1-800-765-2799

FAX (612) 474-6070



CONTROL CONCEPTS, INC. 2 YEAR Limited Warranty

CONTROL CONCEPTS, INC. warrants that the products delivered will be as described in the sales order or
contract.
CONTROL CONCEPTS, INC. warrants to the original user that CONTROL CONCEPTS, INC. products will
be free from defects in materials and workmanship for a period of two (2) years after the date CONTROL
CONCEPTS, INC. ships such products.
If any CONTROL CONCEPTS, INC. product is found to be defective in material or workmanship during the
applicable warranty period, CONTROL CONCEPTS, INC.'s entire liability, and the purchasers sole and exclusive
remedy, shall be the repair or replacement of the defective product at CONTROL CONCEPTS, INC.'s election.
CONTROL CONCEPTS, INC. shall not be liable for any costs or expenses, whether direct or indirect, associated
with the installation, removal or re-installation of any defective product. All shipping and freight costs are the
responsibility of the customer. CONTROL CONCEPTS, INC.'s limited warranty shall not be effective or
actionable unless there is compliance with all installation and operating instructions furnished by CONTROL
CONCEPTS, INC., or if the products have been modified or altered without the written consent of CONTROL
CONCEPTS, INC., or if such products have been subject to accident, misuse, mishandling, tampering,
negligence or improper maintenance. Any warranty claim must be submitted to CONTROL CONCEPTS, INC.
in writing within the stated warranty period.
CONTROL CONCEPTS, INC.'s limited warranty is made in lieu of, and CONTROL CONCEPTS, INC. disclaims
all other warranties, whether expressed or implied, including but not limited to any IMPLIED WARRANTY OF
MERCHANTABILITY, ANY IMPLIED WARRANTY OF FITNESS FORA PARTICULAR PURPOSE, any implied
warranty arising out of a course of dealing or of performance, custom or usage of trade.
CONTROL CONCEPTS, INC. SHALL NOT, UNDER ANY CIRCUMSTANCES BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, LOSS OF PROFITS, REVENUE OR BUSINESS) OR DAMAGE OR INJURY TO PERSONS OR
PROPERTY IN ANY WAY RELATED TO THE MANUFACTURE OR THE USE OF ITS PRODUCTS. The
exclusion applies regardless of whether such damages are sought based on breach of warranty, breach of
contract, negligence, strict liability in tort, or any other legal theory, even if CONTROL CONCEPTS, INC. has
notice of the possibility of such damages.
By purchasing CONTROL CONCEPTS, INC.'s products, the purchaser agrees to the terms and conditions of
this limited warranty.

WARNING: The Control Concepts, Inc. power controllers use power thyristors to switch voltage
to the connected load. Line voltage must be assumed at the output terminals at all times, even
when the control signal has been removed and the load voltage appears to be off. It has been
mandated by the National Electrical Code and the Occupational Safety and Health Act of 1970
that a physical disconnect be opened ahead of all remotely actuated controls before performing
any maintenance work on the controller or its connected load.

PROPRIETARY DATA
© Copyright 1998, Control Concepts, Inc. Chanhassen, MN 55317

The information and design disclosed herein are the property of Control Concepts, Inc. and
may not be used, reproduced or disclosed in any form except as granted in writing by:

CONTROL CONCEPTS, INC.
7870 PARK DRIVE

CHANHASSEN, MN 55317
PHONE: (612) 474-6200
FAX: (612) 474-6070

TOLL FREE: (800) 765-2799



TABLE OF CONTENTS:

DESCRIPTION
FEATURES
THEORY OF OPERATION
SPECIFICATIONS
INSTALLATION
ADJUSTMENTS
FEEDBACK SELECTION
CONTROL CONNECTIONS
START - UP
MODEL No. IDENTIFICATION
TROUBLE SHOOTING
RECOMMENDED SPARE PARTS

LIST OF ILLUSTRATIONS

1
1
2
3,4 & 5
6
7
7
12
12
13
16
17

CIRCUIT BOARD ADJUSTMENTS 8
FEEDBACK SELECTION CONNECTOR 8
EXTERNAL FEEDBACK CONNECTIONS 8
SHORTED SCR, OVER CURRENT RELAY AND

RESET SWITCH CONNECTIONS 9
SINGLE POTENTIOMETER CONNECTIONS 9
SINGLE VOLTAGE OR CURRENT CONNECTIONS 10
RUN AND IDLE POTENTIOMETER CONNECTIONS 10
RUN AND IDLE VOLTAGE OR CURRENT CONNECTIONS 11
OUTPUT METERING CONNECTIONS 11
SIGNAL/POTENTIOMETER INPUT CONNECTIONS 12
FEEDBACK AND SIGNAL CONNECTIONS 12
POWER CONNECTIONS AND PATH. 13
INSTALLATION DRAWINGS:

50,100 AND 150 AMP CONTROLLERS 14
200, 250, 300, 380 AND 425 AMP CONTROLLERS 14
500, 600 AND 750 AMP CONTROLLERS 15

««««««««»»»»»»»»

Publication Number 95-1001



IDESCRIPTION:
MODEL COVERED:

This instruction manual covers the model 10298
controller with the following ratings:
CURRENT: 50 AMPS to 1000 Amps.
VOLTAGE: 120 Vac to 575 Vac. @ 50 /60 Hz.
Other voltage and current ratings may be available,
contact factory for information

GENERAL DESCRIPTION:
The model 10298 is a single-phase, phase-angle
power controller.
The model 10298 has selectable feedback, dual
command signals, adjustable current limiting, over
current trip, shorted SCR detection, estimated output
voltage metering and output current metering.

FEATURES:

STATUS INDICATORS:
COMMAND - The intensity of the command indicator

is proportional to the command signal and the
"ON" time of the SCRs.

LOAD - The intensity of the load indicator is propor
tional to the SCR and load current.

SHORTED SCR - When "ON" an SCR has failed in
the shorted mode and full power is applied to the
load.

OVER CURRENT - When "ON" indicates that the
SCRs have been locked "OFF" and that the reset
switch must be closed or power removed from the
input to re-enable the controller.

RUN OR IDLE INPUT SELECTION:
Closure of a remote contact, connected to pins 10
and 11 on the command connector, transfers
control from the "IDLE" command input to the
"RUN" command input (See Fig. 9, 10 or 11).
A current or voltage command signal or a potenti
ometer may be connected to the IDLE command
input while another current or voltage command
signal or a potentiometer is connected to the RUN
command input.
Using this feature provides a convenient means
by which the controller output can be operated
alternately from either of two process signals. The
feature provides a convenient means to maintain
the load at a predetermined level during idle or
standby condition.

SOFT START AND MISSING CYCLE DETECTION:
On initiation of power, or if the supply power is
momentarily interrupted for 1/2 cycle or more, the
load voltage is set to zero and increased to the
desired value at a rate equal to a time constant of
approximately 0.2 seconds. This feature allows
adequate time for variable resistance loads T-3
lamps to stabilize and prevents saturation of
transformers used to couple power between the
controller and the load.

CHOICE OF FEEDBACK:
The feedback choices are: Current, External,
power (if installed at factory) or Voltage.
External choices are 0-5 Vdc or 0-100 uA applied
to terminals P1-14(com) and P1-18 j(input).
Power may be selected if the Power option was
installed at the factory.

Voltage is True RMS unless the Average voltage
option was installed at the factory.

True RMS or Average Voltage use a feedforward
technique.
Current feedback may be selected by moving a
jumper on P2.

OUTPUT METERING:
CURRENT: A filtered 0 to 5Vdc (5mA max. load)
output signal, proportional to the value of the load
current.

VOLTAGE: A filtered 0 to 5Vdc (5mA max load)
output signal, proportional to the estimated value
of the load voltage.

Note: If average voltage feedforward technique is
installed, the voltage metering output will be
proportional to the estimated Average value of the
load voltage.

SHORTED SCR DETECTION:
In the event an SCR fails by shorting, the
SHORTED SCR LED will light and a relay with
form C contacts rated for 5 amps at 120Vac is
energized. These contacts may be used to
activate an alarm or remove system power.
Connections to these contacts are available on
the command connector. (Fig. 6, Pg. 8)

Model1029B
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IFEATURES:corit
CURRENT FLOW

Figure 3. SCR "ON" time,
shown by shaded area,

is varied to achieve the desired load voltage.

Because the SCR allows current to flow in only one
direction, two SCR's are connected in an "inverse
parallel" configuration to control AC current (Figure
2).

Point at which
SCR begins to

conduct ~

rCATHODE

I

GATE
Figure 1. SCR SYMBOL

ANODE

Figure 2. "AC SWITCH"

PHASE-ANGLE OPERATION
In phase-angle control, each SCR of the back-to
back pair is turned on for a variable portion of the
half-cycle that it conducts (Figure 3a & b). Power is
regUlated by advancing or delaying the point at which
the SCR is turned ON within each half cycle. Light
dimmers are an example of phase-angle control.
Phase-angle control provides a very fine resolution of
power and is used to control fast responding loads
such as tungsten-filament lamps or loads in which
the resistance changes as a function of temperature.
Phase-angle control is required if the load is trans
former-coupled, capacitive or inductive.

OVERCURRENT TRIP:
If the SCR current exceeds a preset value of
approximately one and one half times the rated
current, the SCRs will be latched off, the OVER
CURRENT LED will light and a relay with form C
contacts rated for 5 amps at 120Vac will be ener
gized. These contacts may be used to activate an
alarm or cause system power to be removed.
Connections to these contacts are on the command
connector. (Fig. 7, Pg. 12)

THE SCR
The heart of the SCR power controller is the SCR
(silicon controlled rectifier, sometimes referred to as
a thyristor).
The SCR has two states, ON and OFF, and allows
current to flow in only one direction when turned on.
SCRs can remain in the off state even though the
applied potential may be several thousand volts; in
the on state, they can pass several thousand
amperes. When a small signal is applied between
the gate and cathode terminals (Figure 1), the SCR
will turn on within 10-100 microseconds. Once
turned on, it will remain on until the current through
it is reduced below a very low value, referred to as
the holding current.

THEORY OF OPERATION

RESET SWITCH:
Momentary closure of a remote reset switch (Fig.

7, Pg. 12) or a momentary interruption of the AC
supply will reset the over current relay and allow the
controller to reapply power to the load. Closure of
the reset switch during normal operation prevents
the SCRs from operating but does not cause the
over current relay to energize. The reset switch may
be used as an ON-OFF switch.

CURRENT LIMITING:
Prevents the load current from exceeding the rating
of the SCRs and prevents excessive load current
from occurring when variable impedance loads are
used. A potentiometer on the printed circuit board
allows adjustment of the current limiting setting
from 20% to 105% of the controller's rating. The
CURRENT LIMIT potentiometer is factory set at
105% of the rated current.

Model1029B
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ISPECIFICATIONS: I
The following specifications apply over an ambient temperature of 0 to 55°C and a supply

voltage of 85% to 110% of the nominal supply voltage rating.

CONTROL MODE:

FRAME SIZE:

RUN COMMAND
SIGNAL:

IDLE COMMAND
SIGNAL:

RUN/IDLE CONTROL:

OPERATING VOLTAGE:

SCR phase-angle control of the voltage applied to a single
phase load.

The "[AMPS]A" term within the model number specifies the
maximum continuous RMS current rating at the maximum
operating ambient temperature of 55°C.

Input Impedance:
1/5mA 1200 ohms

4/20mA 300 ohms
0-5Vdc 1OOK ohms

Potentiometer 1OOK ohms
(1 K, 1/4watt pot recommended for optimum linearity,
up to 20K permissible)
The potentiometer is excited by 5Vdc, supplied by the
circuit.
Other ranges are available. Check with factory for
special applications

Input Impedance:
1/5mA 1200 ohms

4/20mA 300 ohms
0-5Vdc 1OOK ohms

Potentiometer 1OOK ohms
(1K, 1/4 watt pot recommended for optimum linearity,
up to 20K permissible)
The potentiometer is excited by 5Vdc, supplied by the
circuit.
Other ranges are available. Check with factory for
special applications

Control ofthe output can be switched between the idle command
signal and the run command signal by a remote single pole
single throw switch.

208,240,380,480 or 575Vac +10 -15% 50/60 Hertz
Other voltages available - consult factory.

ENVIRONMENT: Operating temperature
Storage temperature:
Humidity:

oto 55°C (32 to 132°F)
-40 to 80°C (-4 to 176°F)
oto 95%, non-condensing

SCR RATINGS:

Mode11029B
PAGEMAKER_1\1_PHASEl1029111029B.P65
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SPECIFICATIONS:

OVER CURRENT TRIP An LED indicates if the over current limit has occured.
INDICATOR:

LOAD CURRENT An LED indicates when current is applied to the load.
INDICATOR:

COMMAND INDICATOR: An LED indicates when the SCRs are turned on.

SHORTED SCR An LED indicates if either SCR is shorted.
INDICATOR:

SCR SURGE CURRENT peak one CYCE non-:repettire :r;.SM @ 125°C)
RATINGS: Controller Rating Surge Current Rating

50,100 & 150 Amp: 1750 Amps Peak
200 Amp: 4500 Amps Peak
250 Amp: 5200 Amps Peak
300 Amp: 5200 Amps Peak
380 Amp: 10,000 Amps Peak
425 Amp: 13000 Amps Peak
500 Amp: 10,000 Amps Peak
600 Amp: 13000 Amps Peak
750 Amp: 16500 Amps Peak

ELECTRICAL Aluminum compression lugs for line and load connections

CONNECTIONS: are provided for use with either aluminum or copper wire
from 500 MCM to NO.6 gao

ELECTRICAL Heatsink to supply and load voltage: - 2500 Volts Peak.
ISOLATION: Command signal to supply and

load voltage: - 1500 Volts Peak.

ZERO AND SPAN: Potentiometers on the circuit board allow zero and span
adjustments of ~ 25% of span for run and idle.

A potentiometer on the circuit board allows adjustment of

CURRENT LIMITING:
the current limiting setting from 20% to 105% of the
controller rating. (The current limit potentiometer is factory
set for 105% of the rated current unless otherwise
specified.)

VOLTAGE METER A filtered 0 to 5Vdc signal proportional to the percentage of

OUTPUT: load voltage output.
(True RMS or Average depending on type of feedback.)

CURRENT METER A filtered 0 to 5Vdc signal proportional to the true RMS
OUTPUT: current.

Mode11029B
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SPECIFICATIONS:

An optical coupled current source of 250mA with a maximum

GATE DRIVE: compliance of 20 volts provides the gate drives to the SCRs.
Duration or "back porch" is approximately 1.4 milliseconds
(60 electrical degrees).

CONTROL RANGE: oto 98% of supply voltage.

VOLTAGE The load power remains constant independant ofsupply
COMPENSATION: voltage changes within + 10%, -15% 50/60 Hz.

50 & 100 Amp controllers 13pounds

WEIGHT: 150 Amp controllers 15 Pounds
225 to 425 Amp controllers 25 Pounds
500 to 1000 Amp controllers 40 Pounds

POWER DISSIPATION: 1.5 Watts per amp of load current.

INTERNAL FEEDBACK:
User has choice of: True RMS Voltage, or True RMS
Current. Powerfeedback can be factory installed if desired.
Only one type offeedback may be selected at any time.

EXTERNAL FEEDBACK: An external 0 to 5Vdc or 0 to 50uA signal, (derived from the
load,) may be used for external feedback into the controller.

LINEARITY: The controlled variable is linear within 2% of Span with
respect to the command signal.

dV/dT rating = 200 volts/microsecond.

SCR PROTECTION: dV/dT circuit consists of a capacitor in series with a
noninductive resistor. This circuit is in parallel with the SCRs.
SCRs are protected from voltage transients by a Metal Oxide
varistor.

WARNING: the Control Concepts, Inc, model 10298 power controller uses power thyris
tors to switch voltage to the connected load. Line voltage must be assumed at the output
terminals at all times, even when the control signal has been removed and the load volt
age appears to be off. It has been mandated by the National Electrical Code and the
Occupational Safety and Health Act of 1970 that a physical disconnect be opened ahead
of all remotely actuated controls before performing any maintenance work on the control
ler or its connected load.
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IINSTALLATION:

TRANSFORMER TAP:
Prior to mounting the controller, place the spade
terminal on the transformer tap that corresponds with
the supply voltage to be used.

MOUNTING AND LOCATION:
The 50 and 100 amp controller must be mounted on
a vertical surface with the heat dissipating fins ori
ented so that air may flow vertically overthem. All other
controllers are forced air cooled and may be mounted
in any direction.

COMMAND:
The 1029B has two command inputs, which are
selected by a contact closure. A potentiometer, a DC
voltage or a DC current may be used as a command
signal into either input. These connections are made
to the command connector as described below.

NOTE: Terminal 13 (run input) is the normally active
input. To use alternate terminal 15 (idle input), the
jumper between terminals 10 & 11 must be discon
nected. See figures 9 & 10 on page 10.

Potentiometer:
A 1000 ohm to 20,000 ohm potentiometer, 1/4 watt
or higher, may be used to adjust the load voltage.
A 1000 ohm potentiometer provides the maximum
linearity. Connect terminal 12 to the clockwise end
of the potentiometer, terminal 13 (run) or terminal
15 (idle) to the potentiometer wiper, and terminal
14 (common) to the counterclockwise end of the
potentiometer.

Current:
The positive current connection is to terminal 13
(run) or 15 (idle). The negative or return current
connection is to terminal 14 (common).

Voltage:
A 0 to 5 Vdc signal may be used as the command
signal by connecting the positive signal to terminal
13 (run) or terminal 15 (idle) and the negative or
common signal to terminal 14 (common) (See fig.
10, Pg 10). Higher DC voltages may be used by
placing an external resistor in series with terminal
13 such that the maximum voltage between termi
nals 13 and 14 (or 14 and 15), is 5 volts.

OVER CURRENT TRIP RELAY:
Connections to the form C contacts of the over current
relay are as shown on the cover of the controller and
in Figure 6, on page 8. The contacts are rated for 5
Amps at 120 Vac and are intended for activating an
alarm and/or removing power from the system.

OVER CURRENT RESET:
Momentary closure of a switch connected between
terminals 9 and 10 on the command connector will
reset the over current relay and will release the SCRs
from the locked off state. The reset switch can also be
used as an on offcontrol. Closure ofthe switch causes
the SCRs to be immediately turned OFF. When the
switch is opened the SCRs begin operation at zero
conduction angle and slew at the soft start rate to the
desired output.

SHORTED SCR RELAY:
Connections to the 5 Amp 120 Vac form C contacts
are shown on the cover of the controller and in fig. 6,
on page 7. This relay energizes if an SCR fails in the
shorted mode and is intended to activate an alarm
and/or cause power to be removed from the system by
operating a contactor or a circuit breaker.

RUN/IDLE:
A remote switch can be used, as shown on page 10,
to cause the controller to be controlled by either the run
or idle inputs. Connecting terminal 10 to terminal 11
causes the run input to be in control. Opening the
connection between terminal 10 and terminal 11 causes
the idle input to be in control.

POWER CONNECTIONS:
Figures 15 & 16 on page 13 shows the electrical
connections. The line and load connectors are rated
forwire sizes from #6 to 500 MCM. The recommended
torques as a function of wire size are:

WIRE SIZE: TORQUE
6 100 IN-LBS
4 100
2 125
1 125

1/0 150
2/0 150
3/0 200
4/0 200

250MCM 250
500MCM 300

Model1029B
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I ADJUSTMENTS:

The I Span and V Span pots (and Power Span
and Zero pots, when factory installed), are
sealed at the factory. They are identified with
an X in Figure 4.
Under no circumstances should the adjust
ment of these four pots be tampered with. The
setting of these potentiometers is critical tothe
proper operation of the controller.

The potentiometers labeled RUN ZERO & SPAN,
and IDLE ZERO & SPAN have been calibrated at
the factory and adjustment should not be attempted
without first consulting a factory representative.
The zero potentiometer adjusts the controller to
provide the desired minimum output when the
command signal is at minimum.
The span potentiometer adjusts the controller to
provide the desired maximum output when the
command signal is at maximum.
If it is agreed that the adjustment should be made,
the following procedure must be followed.
It is assumed that the load is resistive.
To adjust the Run Zero and Span:
Short pin P1-11 (Run/ldle) to pin P1-10 (Common).
Make sure that the command signal is connected to
the Run input P1-13 (RunlWiper) and P1-14
(Common).
1. Set the command signal to minimum and adjust

the Run zero potentiometer until the output is zero.
2. Set the command signal to maximum and adjust

the Run span potentiometer until the output is at the
desired maximum value.
3. The span and zero adjustments may interact,
making it necessary to repeat steps 1 and 2.
To adjust the Idle Zero and Span:
Remove the Short between P1-11 (Run/Idle) and
P1-10 (Common).
Make sure that the command signal is connected to
the Idle input P1-15 (IdlelWiper) and P1-14
(Common).
Repeat steps 1,2 and 3 above.

It is important that equipment capable of
accurately measuring the output of the control
ler be used.
True RMS meters should be used for accurate
measurements of; True RMS Voltage, Current
or Power (RMS Volts times RMS current into a
resistive load).
Average responding meters should be used for
measurements of; Average A.C. Voltage, or DC
voltage.

To adjust the Current Limit:
(Current limit is factory set at 105% unless speci

fied differently by the (IL) term in the model num
ber.)
Clockwise rotation of the Current limit potentiometer
raises the point at which the load current is af
fected.
Note: Loads whose variable resistance increases
slowly, may cause the current limiting feature to
limit the output of the controller. This would appear
as though the span is not adjusted properly
If it is suspected that the current limit adjustment is
causing the output of the controller to be lower than
desired, rotate the current limit pot 1 turn clockwise.
If the load current increases, the current limit
adjustment is controlling the output

To adjust the Over Current Trip:
(Factory set at 150% of rated current) Clockwise

rotation raises the point at which the over current
trip activates the Over Current Trip LED and relay.
When necessary, this potentiometer may be
adjusted to suit the requirements of the application.
The range of adjustment is approximately 50% to
200% of rated current.

FEEDBACK SELECTION:
Connector P2 on the circuit board allows the
selection of feedback type. (See Figure 5 on Page
8).
Unless Average Voltage was installed by request,
True RMS Voltage is the default voltage selection.
Average voltage and True RMS voltage are of the
feedforward technique.
Voltage is selected when the jumper is placed on
pins P2-4 and P2-7.

Current feedback may be selected by placing the
jumper on P2-3 and P2-8.

Power feedback, if factory installed, may be se
lected by placing the jumper on P2-5 and P2-6.

External feedback may be connected between
terminals P1-14 and P1-18 on the command
connector (See Figure 6).
A 0-5Vdc signal may be used for external feedback
when the jumper is placed on pins P2-2 and P2-9.
A 0-1 OOuA signal may be used for external feed
back when the jumper is placed on pins P2-1 and
P2-10.
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Figure 4. 1029B Circuit Board Adjustments.
Under no circumstances should any attempt be made

to adjust the pots marked with an X

Figure 5. P2 Detail

<X:M\r'DII=~ """1

EXTERNAL
FEEDBACK INPUT
CONNECTIONS

----,
0-100MA OR
0- 5 vOLTS

f-

= >
et::~<:C
LLJ n::: ---'
>=LLJo c....:> n:::

Fig. 6. External feedback connections.
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OVER CURRENT TRIP RESET (MOMENTARY
CLOSURE RESETS THE CONTROLLER)
(REMOVAL OF POWER ALSO RESETS THE
CONTROLLER)

c::J
l...LJ >-
f-- «
g§0::::----l
:::r:: U l...LJ
UJ (/) 0::::

.- WIPER

Figure 7. Shorted SCR, Over current relay and reset switch connections.

RELAY CONTACTS CHANGE STATE WHEN AN OVERCURRENT CONDITION OCCURS OR IF AN
SCR FAILS IN THE SHORTED MODE.

cw

IK
POT

CCW -'------,

ex: :5= 3= :5=
0:::: l...LJ c....:>
l...LJ I--

--------. c....:> ------- :5=::::.:::: I-- + +CD l...LJ ~ Ul...LJ '----"' I '----"'

::2: ::2: l...LJ ~ Z
0 ----l ~ =:J L.O
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VOLTAGE
OR

CURRENT INPUT

POSITIVE (+)

COMMON (-) -

c::J
LW >-
I-- «
BD::::-----l
:::r= U L.LJ
UJ en D::::

I--

:z:: >-
D:::: ~ «
w 0:::: -----l
:> =:::l L.LJ
o U D::::

Figure 9. Single voltage or mA current connections.
(Terminals 10 & 11 must be connected.)

IDLE POTENTIOMETER RUN POTENTIOMETER

CCW""'1-----.......--------"CCW
WIPER

I K POT , I K POT

i'WIPER I,' CW
CW '------+--+--t----1'-----'

---, RUN/IDLE SWITCH:
~ CLOSED ENERGIZES THE RUN POTENTIOMETERI OPEN ENERGIZES THE IDLE POTENTIOMETER

c::J
L.L _
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Figure 10. Run and Idle potentiometer connections
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POSITIVE (+)POSITIVE (+)
-------,

IDLE RUN
VOLTAGE OR VOLTAGE OR

CURRENT SIGNAL CURRENT SIGNAL
=C-:::O~M:-:M:-:O:-:N::---+--'----1t----------=C-:::O-=-M:-:M:-:O:-:N::---

RUNIIDLE SWITCH:rr CLOSED ENERGIZES THE RUN INPUT
! OPEN ENERGIZES THE IDLE INPUT

(

0:::: ~ ~ ~
0:::: l..L.J c:>

~
l..L.J I-- ~ c:>

~m I-- l..L.J + ~ + Ul..L.J L -------- I --------L l..L.J ~ :z
0 ---.J ::::;:

~ LO
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o
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60::::---.J
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Figure 11. Run and Idle voltage or current connections
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Figure 12. Output metering connections
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Figure 14. Feedback and signal connections
a TO 5Vdc or a to 1aauA external feedback
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Figure 15. Power connections Figure 16. Power path

IMODEIlNoIDENTIFIGATION:
1029B-(FB)-(VOLTS)V-(AMPS)A
IL(AMPS)-R(CS)-I(CS)

The characteristics ofthe 10298 SCR power control
ler are defined by the terms in the model number as
follows:

1029B The model 10298 specifies a single phase,
phase-angle SCR firing circuitfeaturing: current
limit, overcurrenttrip, shorted SCR detection and
electrical isolation ofthe command signal from the
line and load voltages.

-(FB) (A, V, E, lorP[XXXAMPS])
A - Specifies average voltage feedback. With
average voltage feedback, the controllervaries the
conduction angle (or ON time) ofthe SCRs such that
the average voltage applied to the load is propor
tiona� to the command signal.
V - Specifies RMS voltage feedback. With RMS
voltage feedback, the controllervaries the conduc
tion angle (or ON time) ofthe SCRs such thatthe
RMS voltage applied to the load is proportional to the
command signal.
E - Specifies external feed back. The external
feedback being proportional to some parameter
such as speed, current, etc. that is ultimately being
controlled by the action ofthe controller.
1- Specifies RMS currentfeedback. The load current
is linearly controlled with respectto the command
signal.

P(XXXAMPS) - The letter P specifies powerfeed
back and therefore the load poweris linearly con
trolled with respectto the command signal. XXX
equals amp level for control of power.
MAX LOAD POWER=(VOLTS)V x P(AMPS)
-(VOLTS)V - Specifies the supply voltage the
controller has been calibrated to operate at. Note:
the standard controller has voltage taps on the
transformer for operation at240, 480 or 575 volts,
50/60 hertz.
-(AMPS)A- Specifies the continuous RMS current
rating.
-IL(AMPS) - Specifies the current limit in Amps.
-R( CS) - Specifies the run command signal. RO/5V,
R4/20mA or RpOT

-I(CS) - Specifies the idle command signal. IO/5V,
14/20mA or IpOT.

Specify special command signals: 112/6Vdc, etc.
Forexample:

1029B-A-480V-1 00A-IL75-RO/5V-IPOT
Will order a 10298 controllerwith average voltage
feedback, rated @480Volts, 100Amps, current
Iimitsetat75Amps, run command signalofOto
5Vdc and a potentiometeroption on the idle com
mand input.

Mode11029B
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Fig. 17. - Installation drawing
50,100 & 150 Amp

Fig. 18. -Installation drawing
200, 250, 300, 380 & 425 Amp

150 Amp controller has a fan. (not shown)
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RECOMMENDEDSP~RE""P~RTS:

1029B:
(FB)

TO ORDER A SPARE FIRING CIRCUIT:

IL ()
R(cs)
I (cs)

FC
FR(xx)

1029B-(FB)-ILO-R(cs)-1 (cs)-FC-FR(xx)

The model number of the controller ----+ t
The type of feedback used -

A = Average voltage feedback
V = True RMS voltage feedback
E = External feedback

The current limit in Amps
The run command signal
The idle command signal

(cs = 4/20mA, 0-5V, 0-10V or POT)
Firing circuit
The current rating of the frame ------------------'

(xx) = 50 (50 Amp frame),
100 (100 Amp frame) or
150 (above 100 Amp frame)

1029B-V-IL100-R4/20mA-IPot-FC-FR1 00
would be the correct number to order a firing circuit with True RMS voltage feedback,
calibrated for 100A limit with a 4/20mA run signal and a potentiometer idle signal, to be
used on a 100 amp frame.

TO ORDER A SPARE SCR MODULE: IT IS RECOMMENDED THAT THE CONTROLLER

AND THE LOAD BE PROTECTED BY FUSES:

CONTROLLER
CURRENT
RATING:

50 Amps
100 "
150
200
250
300
380
425
500
600
750

ORDER
CONTROL
CONCEPTS
PART No.

28325-0395-514
28325-0395-514
28325-0395-514
28000-0424-514
28000-0434-514
28000-0449-514
28011-0460-514
28011-0476-514
28011-0460-514
28011-0476-514
28013-0514-514

CONTROLLER
CURRENT
RATING:

50 Amps
100
150
200 "
250
300 "
380 "
425
500 "
600
750 "

RECOMMENDED
BUSS CLASS T
FUSE:
JJS -

60 Amps
125 "
175
250 "
300
350
450
500
600 "
700
800

CCI
PART

NUMBER:

42110-0460-360
42110-0460-412
42110-0460-417

*42110-0460-425
42110-0460-430
42110-0460-435
42110-0460-445
42110-0460-450

*42110-0460-460
*42110-0460-470
*42110-0460-480

IREFEREN~E"DWGs:

CCI No. D10005898 SCHEMATIC

* not normally stocked.
Contact factory for other components as desired.

Control Concepts stocks controller replacement parts.

Model 10298
PAGEMAKER_1\1..PHASE\1029IJ10298P65
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CONTROL CONCEPTS, INC 2 YEAR Limited Warranty

CONTROL CONCEPTS, INC warrants that the products delivered will be as described in the sales order or
contract
CONTROL CONCEPTS, INC warrants to the original user that CONTROL CONCEPTS, INC products will
be free from defects in materials and workmanship for a period of two (2) years after the date CONTROL
CONCEPTS, INC ships such products
If any CONTROL CONCEPTS, INC product is found to be defeclive In material or workmanship during the
applicable warranty period, CONTROL CONCEPTS, INC's entire liability, and the purchasers sole and exclusive
remedy, shall be the repair or replacement of the defective product at CONTROL CONCEPTS, INC's election
CONTROL,CONCEPTS, INC shall not be liable for any costs or expenses, whether direct or indirect, associated
with the installation, removal or re-installation of any defective product. All shipping and freight costs are the
responsibility of the customer CONTROL CONCEPTS, INC's limited warranty shall not be effective or
actionable unless there is compliance with all installation and operating instructions furnished by CONTROL
CONCEPTS, INC, or if the products have been modified or altered without the written consent of CONTROL
CONCEPTS, INC, or if such products have been subject to accident, misuse, mishandling, tampering,
negligence or improper maintenance Any warranty claim must be submitted to CONTROL CONCEPTS. INC
in writing within the stated warranty period
CONTROL CONCEPTS, INC's limited warranty IS made in lieu of, and CONTROL CONCEPTS. INC disclaims
all other warranties, whether expressed or implied. including but not limited to any IMPLIED WARRANTY OF
MERCHANTABILITY, ANY IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, any implied
warranty arising out of a course of dealing or of performance, custom or usage of trade
CONTROL CONCEPTS, INC SHALL NOT, UNDER ANY CIRCUMSTANCES BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, LOSS OF PROFITS, REVENUE OR BUSINESS) OR DAMAGE OR INJURY TO PERSONS OR
PROPERTY IN ANY WAY RELATED TO THE MANUFACTURE OR THE USE OF ITS PRODUCTS The
exclusion applies regardless of whether such damages are sought based on breach of warranty, breach of
contract, negligence, strict liability in tort, or any other legal theory, even if CONTROL CONCEPTS, INC has
notice of the possibility of such damages
By purchasing CONTROL CONCEPTS, INC s products. the purchaser agrees to the terms and conditions of
this limited warranty.

WARNING: The Control Concepts, Inc. power controllers use power thyristors to switch voltage
to the connected load. Line voltage must be assumed at the output terminals at all times, even
when the control signal has been removed and the load voltage appears to be off. It has been
mandated by the National Electrical Code and the Occupational Safety and Health Act of 1970
that a physical disconnect be opened ahead of all remotely actuated controls before performing
any maintenance work on the controller or its connected load.
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I DESCRIPTION:

MODEL COVERED:
This manual describes the Control Concepts'

model 1029C controller with the following
ratings:

CURRENT: 50 Amps to 750 Amps
VOLTAGE: 120 Vac to 575 Vac. @ 50/60 Hz

GENERAL DESCRIPTION:
The model 1029C is a single-phase, phase

angle power controller
The model 1029C has selectable feedback,

dual command signals, adjustable current
limiting, over-current trip, shorted SCR
detection, estimated output voltage metering
and output current metering.

I FEATURES:

CURRENT LIMITING:
A user adjustable setting prevents the load

current from exceeding a preset value

OVER CURRENT TRIP:
If the SCR current exceeds this preset value, a

relay with form C contacts is energized, an
LED is lighted and the SCR's are prevented
from turning on.
This provides a means to initiate an alarm or
to remove system power in the event that
excessive current occurs. Momentary closure
of a remote switch or momentary interruption
of main power will reset the O.CT circuit.

SOFT START AND MISSING CYCLE
DETECTION:

The output voltage is ramped from zero to the
desired output at a ramp rate equivalent to a
time constant of 0 2 seconds on power
interuptions of 1/2 cycle or more

This feature prevents inrush currents when
controlling variable resistance loads or
inductive coupled loads.

SHORTED SCR DETECTION:
A relay with form C contacts and an LED is

energized in the event an SCR fails in the ON,
state.

This provides a means to initiate an alarm or to
remove system power in the event an SCR
fails in the "ON" state

STATUS INDICATORS:
Command - The intensity of the command

indicator is proportional to the command
signal and the "ON" time of the SCRs.

Load - The intensity of the load indicator is
proportional to the load current.

Shorted SCR - When "ON", an SCR has failed
in the shorted mode

Over Current Trip - When "ON" indicates that
load current has exceeded the preset Over
Current Trip level.

RUN OR IDLE INPUT SELECTION:
With this feature, either of two command

signals can be selected by a remote switch
This allows the controller to be conveniently

switched from a "RUN" to an "IDLE" state,
or from an "AUTOMATIC" to a "MANUAL"
control.

CHOICE OF FEEDBACK:
The Average value of the load voltage, the RMS

value of the load voltage or the RMS value of
the load current can be linearly controlled
with respect to the command signal.

The power (watts) applied to the load can also
be linearly controlled with respect to the
command signal. (Power feedback is an
option that must be factory installed.)

The controller will also accept external
feedback signals of 0/5 Vdc or 100 uA
representing other process parameters.

OUTPUT METERING:
A filtered 0/5 Vdc signal representing the load

voltage and a 0/5 Vdc signal representing the
load current are provided for remote
monitoring.
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THEORY OF OPERATION

THE SCR
The heart of the Control Concepts, Inco power

controller is the SCR (silicon controlled
rectifier, sometimes referred to as a thyristor).

The SCR has two states, ON and OFF, and
allows current to flow in only one direction
when turned on. SCRs can remain in the off
state even though the applied potential may
be upto 1400 volts.

In the on state, they can pass several thousand
amperes. When a small signal is applied
between the gate and cathode terminals
(Figure 1), the SCR will turn on within 10-100
microseconds.

Once turned on, it will remain on until the
current through it is reduced below a very low
value, referred to as the holding current

CURRENT FLOW

ANODE • CATHODE

GATE

Figure 1. SCR SYMBOL

Because the SCR allows current to'flow in only
one direction, two SCR's are connected in an
"inverse parallel" configuration to control AC
current (Figure 2).

Figure 2. "AC SWITCH"

PHASE-ANGLE OPERATION
In phase-angle control, each SCR of (he back

to-back pair is turned on for a variable portion
of the half-cycle that it conducts (Figure 3).

Power is regulated by advancing or delaying
the point at which the SCR is turned ON
within each half cycle. Light dimmers are an
example of phase-angle control

Phase-angle control provides a very fine
resolution of power and is used to control fast
responding loads such as tungsten-filament
lamps or loads in which the resistance
changes as a function of temperature.

Phase-angle control is required if the load is
transformer-coupled, capacitive, inductive or a
variable resistance load requiring current
limiting

Point at which
SCR begins to

conduct ""

Figure 3. SCR "ON" time,
shown by shaded area,

is varied to achieve the desired load voltage.

WARNING: the Control Concepts, Inc, model1029C power controller uses power thyristors to switch
voltage to the connected load. Line voltage must be assumed at the output terminals at all times,
even when the control signal has been removed and the load voltage appears to be off.
It has been mandated by the National Electrical Code and the Occupational Safety and Health Act of
1970 that a physical disconnect be opened ahead of all remotely actuated controls before performing
any maintenance work on the controller or its connected load.
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SPECIFICATIONS:
The following specifications apply over an ambient temperature of 0 to 55°C and a supply
voltage of 85% to 110% of the nominal supply voltage rating.

CONTROL MODE:

FRAME SIZE:

RUN & IDLE COMMAND
SIGNAL:

OPERATING VOLTAGE:

SCR RATINGS:

Single phase SCR phase-angle control.

The "[AMPS]A" term within the model number specifies the maximum
continuous RMS current rating at the maximum
operating ambient temperature of 55°C

Command signal Input Impedance:
1/5mA 1200 ohms
4/20mA 300 ohms
0-5Vdc 200K ohms
Potentiometer 200K ohms
(1 K, 1/4watt pot recommended for optimum linearity,

up to 20K permissible)
The potentiometer is excited by 5Vdc, supplied by the circuit.
Other ranges may be available. Check with factory for special
applications
If it is desired to use a current command in both the run and idle
command input, the signals must either be common sourcing, or
they must be isolated from one another. Contact factory for
details.

The standard control transformer has three user selectable voltage
taps; 240, 480 & 575 Vac. Other voltages are available:
120, 240 & 480 Vac or 120, 277 & 480 Vac or 208, 380 & 480 Vac,
50/60 Hertz. Other voltages may be available - consult factory

Peak forward and reverse voltage 1400 volts

SCR SURGE CURRENT
RATINGS:
(peak one cycle non
repetitive I

TSM
@ 125°C)

Controller Rating
50 & 80 Amp:

120 Amp:
160 Amp:
200 Amp:
250 Amp:
300 Amp:
380 Amp:
425 Amp:
500 Amp:
600 Amp:
750 Amp:

Surge Current Rating
1750 Amps Peak
1900 Amps Peak
4000 Amps Peak
4500 Amps Peak
5200 Amps Peak
7000 Amps Peak

10,000 Amps Peak
13,000 Amps Peak
10,000 Amps Peak
13,000 Amps Peak
16,500 Amps Peak

SCR PROTECTION:

dV/dT rating = 200 volts/microsecond.
dV/dT circuit consists of a capacitor in series with a non inductive
resistor. This circuit is in parallel with the SCRs
The SCRs are protected from voltage transients by a
Metal Oxide Varistor.
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SPECIFICATIONS: (Continued) ...

Output can be selected to be proportional to either the run
RUN/IDLE CONTROL: command or the idle command by remote contacts

See figure 10 on Page 11.

Connectors for line and load are provided for copper wire from 6
ELECTRICAL ga to 250MCM on controllers rated 50 to 425 Amps
CONNECTIONS: Connectors for line and load are provided for copper wire from 1/0

,f to 500MCM on controllers rated 500 to 750 Amps

Heatsink to supply and load voltage: 2500 Volts Peak
ELECTRICAL ISOLATION: Command signal to supply and

load voltage 1500 Volts Peak

ZEROANDSPAN: Potentiometers on the circuit board allow zero and span
adjustments of ± 25% of span for run and idle

A potentiometer on the circuit board allows adjustment of the

CURRENT LIMITING: current limit setting from 20% to 105% of the controller rating.
(The current limit potentiometer is factory set for 105%
of the rated current unless otherwise specified.)

VOLTAGE METER OUTPUT: A filtered metering signal equals 5.0 Vdc when the nominal line
voltage is applied to the load. Metering load = 5mA max.

CURRENT METER OUTPUT: A 'filtered metering signal equals 5.0 Vdc when the frame rating
current is applied to the load. Metering load = 5mA max.

An optical coupled current source of 250mA with a minimum

GATE DRIVE: compliance of 10 volts provides the gate drives to the SCRs
Duration or "back porch" is approximately 14 milliseconds (60
electrical degrees).

VOLTAGE When using voltage feedback, the load voltage remains constant,
COMPENSATION: independent of supply voltage changes within + 10%, -15%

POWER DISSIPATION: 1.5 Watts per amp of load current, per phase.

The Control Concepts, Inc. model 1029C,
APPROVALS: rated 120 to 575 Volts, at 50 to 750 Amps, is U. L. listed.

UL File No. E136219 Call factory for information.
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SPECIFICATIONS: (Continued) .
User has choice of True RMS Voltage, or True RMS

INTERNAL FEEDBACK: Current. Power feedback can be factory installed if
desired Only one type of feedback may be selected

An external 0 to 5Vdc or 0 to 50uA signal, (derived from

EXTERNAL FEEDBACK: the load,) may be used for external feedback into the
controller.

of
See fig. 6 on Page 5 for connections.

LINEARITY: The controlled variable is linear within 2% of Span with
respect to the command signal.

COMMAND INDICATOR:
The intensity of this green LED is proportional to the

command signal

LOAD CURRENT The intensity of th is gree n LE 0 is pro po rtion al to the load
INDICATOR: current.

This amber LED, when lighted, indicates the over current
OVER CURRENT TRIP limit has been exceeded and the Over Current Trip relay
INDICATOR: has been energized. The SCR's will be prevented from

turning on while this circuit is active

SHORTED SCR This red LED, when lighted, indicates a shorted SCR.
INDICATOR:

The Over Current Trip, and the Shorted SCR circuits,
O.C.T. & SHORTED SCR each control a relay which has form C contacts rated for
RELAY CONTACT 5 Amps @ 120Vac. The contacts are available on the
RATINGS: command connector.

CONTROL RANGE: o to 98% of supply voltage.

Operating temperature ODC to 55DC (32°F to 132DF)

ENVIRONMENT:
Storage temperature -40DC to 80DC (-40DF to
176DF)
Humidity: o to 95%, non-condensing

50 & 80 Amp controllers 16 pounds

WEIGHT:
120&160 Amp controllers 17 Pounds
200 to 425 Amp controllers 21 Pounds
500 to 750 Amp controllers 40 Pounds

LINE 2 REQUIREMENTS: The Line 2 connection is used for the internal control
transformer which has a rating of approximately 50 VA.
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INSTALLATION:
TRANSFORMER TAP:

Place the removable terminal on the transformer tap
that corresponds with the supply voltage to be used

MOUNTING AND LOCATION:
The 50 and 80 amp controller must be mounted on a

vertical surface with the fins oriented so that air may
flow vertically between them The preferred orientation
offorced air cooled controllers is on a vertical surface
with the fan blowing the air up through the heatsink.

~

COMMAND INPUTS:
The 1029C has two command inputs which are selected

by a contact closure They are designated RUN and
IDLE A potentiometer, a DC voltage or a DC current
may be used as a command signal into either input.
These connections are made to the command
connector as described below

NOTE:
The controller is shipped from the factory with the run

input (terminal 13) as the active input.
If it is desired to use the idle input, (terminal 15), the
electrical connection between terminals 10 & 11
must be removed
(See figures 8,9, & 14.)

Run/Idle:
A remote switch can be used, as shown in figure 10
on Page 11, to cause the controller to be controlled
by either the run or idle inputs. Connecting terminal
10(COM)toterminaI11 (RUN/IDLE)onthecommand
connector causes the run signal input to be in
control. Opening the connection between terminal 10
and terminal 11 causes the idle signal input to be in
control.

COMMAND SIGNAL OPTIONS:
Voltage:

A 0 to 5 Vdc signal may be used as the command
signal by connecting the positive signal to terminal
13 (run), or terminal
15 (idle). The negative (common) signal is always
connected toterminal14 (common)(See fig. 9 or 11).

Current:
The positive current connection is to termina/13 (run)

or terminal 15 (idle). The negative or return current
connection is to terminal 14 (common). See fig 9 or
11.

When using a current command in both the run and idle
command Input, they must either be sourcing, or
they must be Isolated from one another. Contact
factory for details

Potentiometer:
A 1000 ohm to 20,000 ohm potentiometer, 1/4 watt or

more, may be used to adjust the load voltage (A
1000 ohm potentiometer provides the maximum
linearity) Connect terminal 12 to the clockwise end
of the potentiometer, terminal 13 (run) or terminal 15
(idle) to the potentiometer wiper, and terminal 14
(common) to the counterclockwise end of the
potentiometer See fig 8 or 10

Consult factory for other options

POWER & SAFETY CONNECTIONS:
Over Current Trip Relay:

Connections to the form C contacts of the over current
relay are shown in Figure 7 The contacts are rated
for 5 Amps at 120 Vac and are intended for activating
an alarm and/or removing power from the system by
operating a contactor or a circuit breaker

Over Current Trip Reset:
Momentary closure of a switch connected between
terminals 9 and 10 on the command connector will
reset the over current relay and Will release the SCRs
from the locked off state. The reset switch can also
be used as an on off control. Closure of the switch
causes the SCRs to be immediately turned OFF
When the switch is opened, the SCRs begin operation
at zero conduction angle and slew at the soft start
rate to the desired output.

The Over Current Trip circuit may also be reset by a
momentary interruption of supply power

Shorted SCR Relay:
Connections to the 5 Amp 120 Vac form C contacts are

shown in fig. 7. This relay energizes if an SCR fails
in the shorted mode and is intended to activate an
alarm and/or cause power to be removed from the
system by operating a contactor or a circuit breaker.

Power Con nections:
Figures 15 & 16 show typical electrical connections

The LINE 1 and LOAD 1connectors are approved for
wire sizes from 6ga to 500 MCM
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TIGHTENING TORQUE
FOR LINE AND LOAD

TERMINALS:
WIRESIZE: TORQUE

6 ga 100 IN-LBS
4 ga 100 "

2 ga 125 "
1 ga 125 "

... 1/0 150 "

2/0 150 "

3/0 200 "
4/0 200 "

250MCM 250 "
500 MCM 300 "

I_F_E_E_D_B_A_C_K_S_E_L_E_C_T_IO:......:.N..:....:.: I
Connector P2 on the circuit board allows the

selection of feedback type. (See Figure 5).
True RMS is the default voltage feedback

mode. Average voltage feedback mode may
be requested when ordering the controller.

Voltage feedback may be selected by placing
the jumper across pins P2-4 and P2-7. (VFB)

Current feedback may be selected by placing
the jumper across P2-3 a.nd P2-8., (IFB)

Power feedback, if factory installed, may be
selected by placing the jumper across P2-5
and P2-6. (PFB)

External feedback may be connected
between terminals P1-14 (Common) and P1
18 (FD BK) on the command connector (See
Figure 6)

A 0-5Vdc signal may be used for external
feedback when the jumper is placed across
pins P2-2 and P2-9 (EXT).

A 0-1 OOuA signal may be used for external
feedback when the jumper is placed across
pins P2-1 and P2-10 (SJ).

Average voltage and True RMS voltage are of
the feedforward technique

ISTART-UP:
Determine that the selected transformer tap

corresponds to the line voltage

If the customer wishes to determine that the
controller and the command signals are wired·
and operating correctly before applying power
to the load, the following procedure may be
followed.

A load capable of drawing at least one amp
must be connected for the controller to
operate properly

1 Move the feedback jumper to pins P2-4 &
P2-7 to select Voltage FB. (See fig. 5.)

2. Determine that terminals P1-10&P1-11 are
electrically connected. Apply a command
signal to the run command signal input

3 Set the command signal to zero before
applying system power The load voltage
should start at zero and increase as the
command signal is increased, reaching
optimum line output when command signal is
maximum.

4 Remove system power from controller
Remove electrical connection from between
P1-10 & P1-11. Apply a command signal to
the idle command signal input and repeat
step 3.

The load voltage and current may be measured
with any meter. However, for accurate RMS
voltage measurements use a True RMS
responding meter. Use an average responding
meter for average voltage measurements

5. When start-up tests have been completed,
move the feedback jumper to select the
desired operating feedback.

The controller was calibrated at the factory.
If adjustments appear necessary, see the
zero and span adjustment instructions on
page 8.

Care is urged whenever working near high
voltages, and it is recommended that
installation and service be done by a licensed
electrician or experienced technician.
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ADJUSTMENTS:

The I Span and V Span pots (and Power Span
and Power Zero pots, when factory installed),
are sealed at the factory. They are identified
with an X in Figure 4.
Under no circumstances should adjustment of
these four pots be attempted.
The ~~!!.i.!!9 of each ofthese potentiometers is
critical to the proper o~ration of the
controUer.

The potentiometers labeled Run Span,
Run Zero, Idle Span & Idle Zero have been
calibrated at the factory and readjustment
should not be necessary

The zero pots are adjusted to provide zero
output when the command Signal is at
minimum

The span pots are adjusted to provide full
output when the command signal is at
maximum

If it is determined that the adjustment should
be changed, the following procedure should
be followed

It is assumed that the load IS resistive and can
draw at least one or more amps

RUN ZERO AND RUN SPAN:
Determine that pin P1-11 (Run/Idle) IS

electrically connected to pin P1-10
(Common)

Make sure that the command signal is
connected between the Run input P1-13 (Run/
Wiper) and P1-14 (Common)

1. Set the command signal to minimum and
adjust the Run zero potentiometer until the
output is zero

2 Set the command signal to maximum and
adjust the Run span potentiometer until the
output is at the deSired maximum value

3 The span and zero adjustments may
interact, making it necessary to repeat steps
1 and 2

OLE ZERO AND IDLE SPAN:
Remove the electrical connection from between

P1-11 (Run/ldle) and P1-1 0 (Common)
Make sure that the command signal IS

connected between the Idle input P1-15 (Idle/
Wiper) and P1-14 (Common)

Repeat steps 1,2 and 3 (above) on the Idle zero
and span potentiometers

It is important that meters capable of accu
rately measuring the output of the controller
be used.
True RMS meters should be used for accurate
measurements of True RMS Voltage, Current
or Power (RMS Volts times RMS current into a
resistive load).
Average responding meters should be used for
measurements of; Average A.C. Voltage, or DC
voltage.

CURRENT LIMIT:
(The current limit pot is factory set at 105% of

rated current unless speCified differently by
the (IL) term in the model Number)

Proper calibration of tt~~_c_LJ~r~nt limit feature
requires a True RMS_~urrentm~ter-- - -

If it becomes desirable to reset the current limit
level:

1. Rotate the current limit pot fUlly counter
clockwise. (This IS a multiple turn pot)

2. Carefully increase the command signal to
maximum

3 Slowly rotate the current limit pot In a
clockwise direction until the deSired load
current is reached

If it is suspected that the current limit
adjustment is causing the output of the
controller to be lower than desired. rotate the
current limit pot clockwise If the load voltage
increases, the cu,rent limit adjustment has
been controlling the output

Follow the steps above to set current limit to
the desired level

OVER CURRENT TRIP:
This potentiometer has been factory set at

150% of rated frame current
For optimum protection, the customer may

wish to reduce the level at which Over Current
Trip occurs

1 Adjust command Signal to maximum
2 Slowly rotate the Over Current Trip pot

counterclockwise until the Over current Trip
occu rs

3 Rotate the Over Current Trip pot about 1/2
turn clockWise

4 Reset the Over Current Trip CirCUit
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1-] l:J 10 SJ (SUMMING JUNCTION)

[] [] 9 EXT (EXTERNAL F B )

lJ Cl 81FB (CURRENT F B)
I

41 7 VFB (VOLTAGE F B )

5 i l_-~ LJ 6 PFB (POWER F B)

Run Span Pot*

Run Zero Pot*

Idle Span Pot*
Idle Zero Pot*

Current Limit Pot*

P2 Feedback Selector

be mounted on back side of board.
led only with Power feedback option.

Change this adjustment**

Change this adjustment**

Over Current Trip
Change this adjustment

Change this adjustment

I I
I ~ ..
I ~ ..

I S B ....
[]of ..

I S I S
..

I S
I S I S

tE Do Not

sOc=J
Do Not

I s I
[ ~ ..

~
-

c=J Do Not

Do Not

* May

0 °l
** Instal

oOC
c=J

0
I I

Figure 4. 1029C circuit board showing adjustment locations.

Figure 5. P2 Detail

COMMON

EXTERNAL FEEDBACK
INPUT CONNECTIONS

0-100mA
or
o - 5 Volts

ex:: s:
~ s: LLJex:: LLJ "-C> ---' :z: = >-

LLJ f-- .----.... ~ .........--.... --- o 0 =Y: f-- ~I~G f-- LLJ >- >-= LLJ ~2' f-- LLJ
LLJ 2' LLJ = ~ ex:: = ~
2'

LLJ _ :z: :z: 2' Ul 0 ex:: ---' LLJ = ---'c::i ------l ::::E =:> L.[) :=J 0 LLJ ::c u LLJ >- :=J LLJ
'-'- :> g 80:::+ ex:: u ex:: en Ul cx:: 0 u cx::

Fig. 6. External feedback connections
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TO ALARM OR
POWER
DISCONNECT.
CIRCUIT

I--

= >-
ex:: ~ <r:
LLJ = ---.J::> =:J LLJo L.) ex::

4

,--- TO ALARM OR
r---- POWER DISCONNECT

r-- CIRCUIT

(§)
6

(§) (§)
7 5

O.C.T.
RESET SWITCH

\§)
17

Figure 7. Shorted SCR, Over current relay and reset switch connections.

OVER CURRENT RELAY CONTACTS CHANGE STATE WHEN AN OVERCURRENT CONDITION OCCURS
SHORTED SCR RELAY CONTACTS CHANGE STATE WHEN AN SCR FAILS IN THE SHORTED MODE.

CW -----------,

1K POT
..-
- WIPER

CCW-----...,

ex:: :s: 3: :s: LLJex:: LLJ c.:> ---.J Z
LLJ I--

~ c.:> ~ :s: 0 0~ I-- + + I--co LLJ U ~ 2LLJ '---" I '---" LLJ
2 2 LLJ ~ Z z 2 U)

0 ---.J ~ =:> LO =:> 0 LLJ:> 0 =LL - c.:> ex:: + ex:: u ex::

C)

LLJ >-
I-- <r:
6ex::---.J
::r U LLJ
(J) U) ex::

I--

rv' L3 >-'-'- = <r:
LLJ = ---.J::> =:J LLJo L.) ex::

Figure 8. Single potentiometer applied to the run input connections.
(Terminals 10& 11 must be connected to enable the run input.)
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POSITIVE (+)

RUN INPUT
(VOLTAGE OR CURRENT
COMMAND SIGNAL)

r---t-----------=C-=OC":"M7":MC":""O=-=-=N-_

-

f-_.-

:z: >
CL ~ «
l..LJ = ~:::> =:::> l..LJo L) CL

IDLE POTENTIOMETER

Figure 9. Single voltage or mA current applied to the run input connections
(Terminals 10& 11 must be connected to enable the run input)

RUN POTENTIOMETER

CCW ------+-------CCW

1KPOT
WIPER WIPER

1KPOT

CW -----..j----j----,-,t--.--- CW

~ RUNIIDLESWITCH:I CLOSED ENABLES THE RUN POTENTIOMETERI OPEN ENABLES THE IDLE POTENTIOMETER

c::::J
l..LJ >-
f-- «
6D::::----l= U l..LJ
UJ UJ CL

Figure 10. Run and Idle potentiometer connections
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COMMON

POSITIVE (+)POSITIVE (+)

IDLE INPUT -------, RUN INPUT

(VOLTAGE OR CURRENT' (VOLTAGE OR CURRENT*
COMMAND SIGNAL.) COMMAND SIGNAL.)

------t--..-------1f-------
COMMON

n RUN/IDLESWITCH:
~ CLOSED ENABLES THE RUN INPUT
I OPEN ENABLES THE IDLE INPUT.

I--= >--
~ <:C= ---l= LLJ
L:J D::::

0:::
LLJ
>
o

0:::>3=>
O:::LLJ c::> ---lZ =

~ LLJ I-- + c::> + > Cl 0 I-- LU >--
CO I-- LLJ ~ U ~ :::2: I--

~ :::2: W ~ Z ," Z :::2: bS = 0::: :5
Cl ---l ~ ~ U~ ~ 0 LLJ 0 U LLJ
l..L _ :> Cl c::> 0::: + 0::: U D:::: ~ UJ 0:::

Figure 11. Run and Idle voltage and current connections.
* If it is desired to use a current command in both the run and idle command input,

the signals must either be common sourcing, or they must be isolated from one another.
Contact factory for details.

CURRENT METERING
OUTPUT

VOLTAGE METERING
OUTPUT

COMMON

~ ~ ~ ~n~u~u~u~u~v
~~~~~~~~~

D:::: > 3= > LLJ :T
0::: LLJ c::> ---l Z = I--LLJ .----..... c::> .----..... Cl~ I--

I-- + + > 0 I-- LLJ >-- = >--CO LLJ U ~ :::2: I-- LU
LLJ :::2: ----- I ----- LLJ = <:C D:::: = <:C
:::2: LLJ Z Z :::2: UJ 0 D:::: ---l LLJ = ---l

Cl ---l :.::2:
~

L()
~ 0 LLJ ::c U LLJ > = LLJ

:> Cl =l..L - c::> 0::: + 0::: U D:::: Ul UJ 0::: 0 L:J D::::

Figure 12. Output metering connections
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~----------~L1NE 2

TO VOL TAGE
SUPPLY

L1NE1

o
«
o
....J

o
<t:

r--{QJS-
I
I
I
I
I
I
I
I
I
I

~ ~Qf'.!l·R_O_LL~R_
Figure 16. Power path

Note: Fuses and a disconnect are recommended.
in the voltage supply lines

L1NE2

VOLTAGE TalK 0=

~~SUPPLY @ @

~

1
~

L1NE1
'J/ 'I;;2J

l-- e @ @

@ @

~

GROUND

Figure 15. Power connections

MODEL No IDENTIFICATION:
1029C-(FB)-(VOLTS )V-(AMPS )A-OCT(AMPS)
IL(AMPS)-R(CS)-I(CS)

The characteristics ofthe 1029C SCR power control
ler are defined by the terms in the model number as
follows:

1029C The model 1029C specifies a single phase,
phase-angle SCR firing circu itfeaturing: current limit,
overcurrenttrip, shorted SCRdetection and electri
cal isolation ofthe command sig nal from the line and
load voltages.

-(FB) (A, V, E, lorP[XXXAMPS])
A - Specifies average voltage feed back. With aver
age voltage feed back, thecontrollervaries the con
duction angle (orON time) ofthe SCRssuch thatthe
average voltage applied to the load is proportional to
the command signal.
E - Specifies externa/feedback. The externa/feed
back being proportional to some parametersuch as
speed, current, etc. thatis ultimately being controlled
by the action of the controller
1- Specifies RMScurrentfeedback The load current
is linearly controlled with respect to the command
signal.
P(XXXAMPS)-TheletterPspecifies powerfeedback
and therefore the load poweris linearly controlled with
respecttothe command signal. XXX equals amp level
for control of power.
V -Specifies RMS voltage feedback. With RMSvolt
age feed back, the controller varies the cond uction
angle (orON time) of the SCRs such that the RMS
voltage applied tothe load is proportional tothe com
mandsignal.
MAXLOADPOWER=(VOLTS)V x P(AMPS)

-(VOLTS)V - Specifies the supply voltage the control
ler has been calibrated to operate at.

Note: unless otherwise specified, the controller is
equipped with a transformerthat has primary volt
age taps at: 240, 480 or 575 volts, 50/60 Hz
Other voltages are available
120,208,277 or 380 Vac

-(AMPS)A - Specifies the continuous RMS current
rating.
50,80,120,160,200,250,300,

380,425,500,600 or 750 Amps
-IL(AMPS) - Specifies the current limit in Amps.
-OCT - Specifies the overcu rrent trip in
(AMPS) Amps.
-R(CS)- Specifies the run command signal.

ROffiV,R4QOmAOrRpoT

-I(CS)- Specifies the idle command signal
10/5V, 14/20mA or IpOT

Contact factory for special applications.

Example:
1029C-A-480V-80A-IL75-RO/5V-IPOT
Will ordera 1029C controllerwith average voltage
feedback, rated @ 480 Volts, 80 Amps, current
limit set at 75 Amps, run command signal of 0 to
5Vdc and a potentiometer on the idle command
input.
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NOTE: THE 50 and 80 AMP UNITS ARE
NOT FAN COOLED. THEY MUST BE
MOUNTED ON A VERTICAL SURFACE
WITH THE FINS ORIENTED VERTI.,
CALLY SO THAT AIR MAY FLOW
FREELY BETWEEN THE FINS.

Fig. 17. - Installation drawing
50,80, 120 & 160 Amp

5/16Dia (4)~ L-

EE> 'EB-f.---

Fig. 18. -Installation drawing
200, 250, 300, 380 & 425 Amp
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Fig. 19. - Installation drawing
500,600 AND 750 Amp Controllers

Model1029C 16 of 18 Part No. 5000095-1100-5 6.12.2000



TROUBLE SHOOTING:

CAUTION: HIGH VOLTAGESARE PRESENT
-- ----_._._--

ON THIS CONTROLLER AND ON PORTIONS
OF THE PRINTED CIRCUIT BOARD. USE EX
TREME CARETO AVOID ELECTRICAL SHOCK.

Notes: The indicator LED's provide a convenient
method ofdetermining the general location ofcontroller
problems
The LOAD LED lites when 10% or more of rated load

currenLis present LOAD LED intensity should in
crease as the command signal is increased

The COMMAND LED indicates the operation of a
large part of the circuitry. The intensity of the command
indicator should be proportional to the command sig
nal
The OCT LED is a fault indicator to warn that an Over

CurrentTrip has occurred
The Shorted SCR LED is a fault indicator to warn that

one or more SCR's may be shorted

NO LOAD VOLTAGE:
Determine that the command light varies with the
command signal

If the command light does not vary.
Determine that the following conditions exist
(Measure voltages at screw terminals to ensure good
electrical connections)
• Determine if over current trip LED is ON
• Voltage between COM (Pin 14) and +5CW (Pin 12)

is 5 Volts ±1. If not: Circuit is not receiving power
or command connections are shorting out supply
Determine that line voltage exists between Line 1
and Line 2
Determine that fuses on controller are OK.
Remove connections to CW (terminal 12).

• Voltage or potentiometer inputs
Determine that voltage from COM (pin 14) to IDLE
(W) or RUN (W) changes from 0 to 5 Vdc as
command is changed from zero to 100%

• 4/20 mA inputs
Determine that voltage from COM (pin 14) to
IDLE (W) or RUN (W) changes from 12 to 6 Vdc
as command is changed from 4 to 20 mA

• Determine that there is no connection between
terminals 9 & 10

If command light can be varied:
• Determine that the load fuses are OK and that the

load has continuity Load continuity (Including load
fuses can be confirmed by determining that the
supply voltage exists between terminals Line 1 and
Load 1 when the command signal is zero.

LOAD VOLTAGE WILL NOT GO TO ZERO:
If RMS value of the load voltage is greater than 10
percent of the supply voltage.
• Determine Shorted SCR LED status while varYing

the command signal
• With power removed and the load disconnected

from terminal Load 1 the resistance between
terminals Line 1 and Load 1 should be greater than
1000 ohms.

• If the resistance between Line 1 and Load 1 is
less than 1000 ohms the SCR module has failed

• If the shorted SCR led is ON & the resistance
between Load 1 and Line 1 IS greater than 1000
ohms, the failure is likely associated with the
circuit board Determine by removing the circuit
board and applying power

• Determine that the supply to line 2 and the load
are connected to the same supply

If the RMS va lue of the load vo Itage is less than 10
percent of the supply voltage.
• Determine that the command signal IS correct
Adjust the zero and span potentiometers to achieve the
desired output
(Note: The Zero and span potentiometers are factory
set. Adjustment should be made with caution

FULL VOLTAGE CANNOT BE OBTAINED:
• Determine that the control signal is at maximum
• Determine that the controller is not in current limit

Decrease the current limit by rotating the current
limit potentiometer counterciocklwise, the control
ler is in current limit if the load voltage decreases

• The DC voltage from terminals Line 1 to Load 1
should be less than 1 volt If the voltage is greater
than 1 volt, either the circuit card or the SCR
module has failed.

• If the problem occurs on initial start up, determine
that line 2 and the load are connected to the same
supply.

CONTROL

CONCEPTS
7S7() I'.\IZ,," IlIZlVI

CII\i\II\~\IN. 1\1N ";17
('):i 2) -17-\- (,2 () ()

1-S()()- 7 (,:i -2 7')')

lAX ('):i2) 174-(,()7()

Model1029C 17 of 18 Part No. 5000095-1100-5 612 2000



I SPARE I REPLACEMENT PARTS:

TO ORDER A SPARE FIRING CIRCUIT:

1029C: The model number of the controller

(FB) The type of feedback used
A = Average voltage feedback
"!r = True RMS voltage feedback
E = External feedback
P = Power feedback (optional)

1029C - (FB) -IL() - R(CS) -I(CS) - FC - FR(XX)

_t 1

IL () The current limit in Amps

R(cs) The run command signal

I (cs) The idle command signal
(cs = 4/20mA, 0-5V, 0-1 OV or POT)

FC Firing circuit

FR(xx) The current rating of the frame
(xx) = 50,80,120,160,200,250,300,

380, 425, 500, 600 or 750 Amps

1029C - V -IL 100 - R4/20mA -IPot - FC - FR120
Would be the correct number to order a firing circuit with True RMS voltage feedback, calibrated
for 1OOA limit with a 4/20mA run signal and a potentiometer idle signal, to be used on a 120 amp
frame.

cel No. D1000589B - Schematic

REFERENCE DWG:

CCI PART
NUMBER:

4211 0-0460-360
42110-0460-410
42110-0460-415
42110-0460-420

42110-0460-425
42110-0460-430
42110-0460-435
42110-0460-445
42110-0460-450
4211 0-0460-460
42110-0460-470
42110-0460-480

RECOMMENDED
BUSS CLASS T
FUSE TYPE JJS

60 Amps
100 "
150
200
250
300
350
450
500
600
700
800

The control transformer is protected by two
fast acting class CC fuses

BUSS FNQ-R-1/4 42130-0460-125
BUSS FNQ-R-1/2 42130-0460-150A
BUSS FNQ-R-1 42130-0460-210

IT IS RECOMMENDED THAT THE CONTROLLER
AND THE LOAD BE PROTECTED BY 600 VOLT

SEMICONDUCTOR FUSES:

CONTROLLER
CURRENT
RATING:

50 Amps
80 "

120
160
200
250
300
380
425
500
600
750

50 & 80AMPS
120AMPS&UP
500-750 A FU1

28325-0395-514
28325-0395-514
28325-0410-514
28345-0413-514
28000-0424-514
28000-0434-514
28000-0449-514
28011-0460-514
28011-0476-514
28011-0460-514
28011-0476-514
28013-0514-514

TO ORDER A SPARE SCR MODULE:

ORDER
CONTROL

CONCEPTS
PART No.

50 Amps
80

120
160
200
250
300
380
425
500
600
750

CONTROLLER
CURRENT
RATING:
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CONTROL CONCEPTS, INC. 2 YEAR Limited Warranty

CONTROL CONCEPTS, INC. warrants that the products delivered will be as described in the sales order or
contract.
CONTROL CONCEPTS, INC. warrants to the original user that CONTROL CONCEPTS, INC. products will
be free from defects in materials and workmanship for a period of two (2) years after the date CONTROL
CONCEPTS, INC. ships such products.
If any CONTROL CONCEPTS, INC. product is found to be defective in material or workmanship during the
applicable warranty period, CONTROL CONCEPTS, INC.'s entire liability, and the purchasers sole and exclusive
remedy, shall be the repair or replacement of the defective product at CONTROL CONCEPTS, INC.'s election.
CONTROL CONCEPTS, INC. shall not be liable for any costs or expenses, whether direct or indirect, associated
with the installation, removal or re-installation of any defective product. All shipping and freight costs are the
responsibility of the customer. CONTROL CONCEPTS, INC.'s limited warranty shall not be effective or
actionable unless there is compliance with all installation and operating instructions furnished by CONTROL
CONCEPTS, INC., or if the products have been modified or altered without the written consent of CONTROL
CONCEPTS, INC., or if such products have been subject to accident, misuse, mishandling, tampering,
negligence or improper maintenance. Any warranty claim must be submitted to CONTROL CONCEPTS, INC.
in writing within the stated warranty period.
CONTROL CONCEPTS, INC.'s limited warranty is made in lieu of, and CONTROL CONCEPTS, INC. disclaims
all other warranties, whether expressed or implied, including but not limited to any IMPLIED WARRANTY OF
MERCHANTABILITY, ANY IMPLIED WARRANTY OF FITNESS FORA PARTICULAR PURPOSE, any implied
warranty arising out of a course of dealing or of performance, custom or usage of trade.
CONTROL CONCEPTS, INC. SHALL NOT, UNDER ANY CIRCUMSTANCES BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, LOSS OF PROFITS, REVENUE OR BUSINESS) OR DAMAGE OR INJURY TO PERSONS OR
PROPERTY IN ANY WAY RELATED TO THE MANUFACTURE OR THE USE OF ITS PRODUCTS. The
exclusion applies regardless of whether such damages are sought based on breach of warranty, breach of
contract, negligence, strict liability in tort, or any other legal theory, even if CONTROL CONCEPTS, INC. has
notice of the possibility of such damages.
By purchasing CONTROL CONCEPTS, INC.'s products, the purchaser agrees to the terms and conditions of
this limited warranty.

WARNING: The Control Concepts, Inc. power controllers use power thyristors to switch voltage
to the connected load. Line voltage must be assumed at the output terminals at all times, even
when the control signal has been removed and the load voltage appears to be off. It has been
mandated by the National Electrical Code and the Occupational Safety and Health Act of 1970
that a physical disconnect be opened ahead of all remotely actuated controls before performing
any maintenance work on the controller or its connected load.

PROPRIETARY DATA
© Copyright 1998, Control Concepts, Inc. Chanhassen, MN 55317

The information and design disclosed herein are the property of Control Concepts, Inc. and
may not be used, reproduced or disclosed in any form except as granted in writing by:

CONTROL CONCEPTS, INC.
7870 PARK DRIVE

CHANHASSEN, MN 55317
PHONE: (612) 474-6200
FAX: (612) 474-6070

TOLL FREE: (800) 765-2799



IDESCRIPTION: I ITHE()f{I'()F(j:PFJRATION:
The models 1822 and 1825 are single phase DC power The model 1822 and 1825 are phase-angle controllers

controllers. The 1822 controller responds to command with full wave bridges to provide a DC output. The load
signals of 0-5Vdc, 0-1 OVdc or a potentiometer signal. The voltage is controlled by turning the appropriate SCR on
model 1825 controller responds to a 4-20mA current for a portion of each electrical half cycle of the line
command signal. voltage as shown in figure I.

Both models control the average DC voltage to the The wavefonn shown as Es represents the Source
load proportional to the command signal. voltage.

Features: The waveform shown as Ec represents the "ON" time
Soft start & missing cycle detection. of the SCRs in each half cycle and therefore represents
Both controllers include soft-start and missing cycle the voltage wavefonn applied to the bridge rectifier.

detection. If a line voltage interruption of one half cycle or The waveform shown as E
L

represents the rectified
more occurs, this feature will set the output to zero, then voltage which is applied to the load.
ramp the DC output back to the desired voltage. This To increase the load voltage, the SCRs are turned ON
process takes about 3 to 5 seconds. In-rush currents that earlier in the cycle. To decrease the load voltage, the
can occur in loads with low cold resistance are reduced. SCRs are turned on later in the cycle. The DC load

Isolation voltage can be varied from 0 to full output.
The command signal is electrically isolated from the Output voltages are limited to 95 Volts DC max. for a

line and load voltages and all signals and voltages are 120 Volt AC line and 190 Volts DC max. for a 240 Volt
electrically isolated from the heat sink. AC line.

I MODEL No.IQENTIFICATXml;;
MODEL NUMBER: I 822-[v-aJ-[VJ-[fb]-[csJ-SC[xxxJ

1825-[v-a J-[VJ-I fbl-lcsJ-SC[xxxJ
1822 (0-5Vdc, 0-1 OVdc or potentiometer control)
1825 (4-20mA input)

Figure I. Phase angle control at 50% power

_I_N_ST_l\L__L_A:_T_I_O_N_: ~
The controller must be mounted on a vertical surface

such that the heat radiating fins on the heats ink are
vertical and located in an environment that will not
exceed 135°F and that is protected from dirt and dust.

The wiring must be per local electrical codes. The
supply and load terminals will accept # 14 to # 2 wire.

43 I 12-0430-330

CCI Stock No.
421 10-0430-315
42110-0430-325

2 pole Fuse holder
30A max, 300 Volts

The terminals for the control signals will accept # 30
to # 14 wire.

NOTE: It is recommended that the controller and the
load be protected with fast acting class "T" fuses such as
Bussmann type JJN.

Control Concepts stocks a complete line of fuses and
fuseholders for your convenience.

Fuse
15 Amp, 300 Volt fuse
25 Amp, 300 Volt fuse

[VI = Output voltage
95VDC == 95 Volts D.C. output rating

190VDC = 190 Volts D.C. output rating

Ifbl = feedback
AVG = average feedback
FAVG = fast average feedback
RMS = True RMS voltage feedback

Icsl == command signal
1822, could be 0-5, 0-10 or pot
1825, could be 4/20mA

Iv-a[ = Input voltag~ & output current rating:
12-10 = 120 Vac & 10 Amps DC.
12-20 = 120 Vac & 20 Amps DC.
24··10 == 240 Vac & 10 Amps DC.
24-20 = 240 Vac & 20 Amps DC

For example 1825 - 24-10 - 190VDC - FAVG speci
fies a phase-angle controlled DC power source requiring
240 Volts AC input, controls 190 Volts DC@ 10 Amps to
the load and has a fast average response.

-SC[xxx] == optional.
The addition of "-SCxxx" specifies that the controller

has been modified to have a different input command. For
example, "-SCI/5Vdc" means the controller will operate
with a I to 5 Volt DC control signal.

Model 1822 & 1825
PATH =PAGEMAKER_1\1,PHASE\1822111822P65
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SPECIFICATIONS:
> >

.......•...../ ..
.,

Control Mode Single-phase; Phase-angle, with a rectifier to apply DC voltage to the load.

Command Signal Model Signal Input impedance

1822: 0-5Vdc lOOK Q

O-IOVDC & Pot 200K Q

1825: 4-20mA; 200 Q

Control Range oto 95 Volts DC or oto 190 Volts DC

Linearity Average DC load voltage is linear within 2% of span of the command signal.

Zero and Span Adjustment Adjustable over range of ±20% of span

Isolation
Dielectric strength input/line & load voltagelheatsink 2500V(RMS)
Insulation resistance input/line & load voltage/heats ink 10 10 ohms.
Maximum capacitance input to output 8pf.

Cooling Convection

Mounting Must be mounted on vertical surface with fins vertical. Units may be mounted
adjacent to each other. Heat sink is electrically isolated.

Line voltage 120 or 240 Vac +10%,-15% 50/60 Hertz

Diagnostic Indicator The intensity of an LED varies as a function of the command signal. Feature
provides a quick and safe means to check controller operation.

Physical Weight: approximately 4 Ibs
Dimensions: Refer to installation drawing below

Environmcnt
Operating: oto 55°C (32 to 131°F)
Storage: -40 to 80°C (-40 to 176°F)
Humidity: oto 95% Non-condensing
200 volts/usee minimum

dv/dt & Transient Voltagc A dv/dt snubber and a metal oxide varistor (MOV) are provided to protect
against high frequency transients (dv/dt) and voltage spikes.

Dissipation 1.5 watt per amp of controlled current

INSTALLATION DIMENSIONS:
~ r--O.2 (4)

lJ 1+'
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l ~ J •I<§)
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<D r--:O§O

o 0 o 0
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Modell 822 & 1825
PATH =PAGEMAKEH. 1I1_PHASE\1 822\11 822P65
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CAUTION: High voltage exists on the supply and
load terminals of this controller and may exist on other
equipment located near the controller. Use extreme
caution to avoid electrical shock.

The LED located on the controller circuit can be used
to aid in determining problems. This LED varies in
intensity proportional to the command signal and there
fore should be proportional to the load voltage.

THE FOLLOWING ARE SYMPTOMS AND
POSSIBLE CAUSES:

NO LOAD POWER: LED not ON:
Detennine that the command signal wires are applied

to the correct temlinals on the command connector and
that the command signal is not at minimum. Detennine
that 24 volts AC is applied to the circuit. Circuit card may
have failed.

NO LOAD POWER: LED intensity can be varied:
. Detennine that line voltage is present. Set command

signal to maximum, if the voltage across the SCR module
is equal to the line voltage, the SCR module has probably
failed.

1··tttlRmIIjJSJ;lI~Il.l~m~;JJMtlNOOS··:.··.···.1
The zero and span adjustments have been factory

calibrated. Further adjustment of these settings should not
be necessary. If it is desired to readjust the zero and span
settings, the following procedure should be followed.
I Adjust the zero potentiometer with the minimum
command signal applied, so that the load voltage is just
zero.
2. Adjust the span potentiometer with the maximum
command signal applied so that load voltage equals the
rated voltage of the controller (95 or 190 Volts DC).
It may be necessary to repeat these steps due to interaction
between the zero and span pots.
(Clockwise rotation of both the span and zero potentiome
ter increase the load voltage.)

These controllers have line voltage compensation. If
the supply voltage goes above the nominal rating, the
controller will supply the calibrated voltage to the load.
For example, a controller is rated for 240Vac line input
with 190Vdc output: The line goes to 260Vac when a
maximum command signal is applied; the controller will
supply no more than 190 Volts DC to the load. This
feature reduces the effects of line voltage changes.

SUGGESTED SPARE PARTS:

NOTE: If replacement parts are ordered, specifY the
voltage, current rating and serial number of the controller
as well as the numbers for the parts.

LOAD POWER IS MAXIMUM AND CANNOT BE
REDUCED: LED is ON:

Detennine that the command signal is at zero. An easy
way to do this is to remove either of the green connectors
from the circuit board. If the LED remains on, the circuit
board may have failed.

LOAD POWER IS MAXIMUM AND CANNOT BE
REDUCED: LED is OFF:

The SCR module has probably failed as a short
allowing full power at be applied to the load.

To confirm a shorted SCR module, remove the circuit
board and measure the voltage across the line and load
terminals on the SCR module. If the voltage is less than 2
Volts the SCR module has failed.

NOTE: Ifa replacement SCR module is ordered,
specify the voltage and current rating of the controller and
the serial number of the failed unit as well as the number
on the SCR module. (see spare parts section of this
manual)

CONTROLLER

MODEL NUMBER
1822-12-10 or 1825-12-10
1822-12-20 or 1825-12-20
1822-24-10 or 1825-24-10
1822-24-20 or 1825-24-20

ALL MODELS

REPLACEMENT

SCR MODULES:
1612-12-10-T
1612-12-20-T
1612-24-10-T
1612-24-20-T

BRIDGE RECTIFIER
20050-0325-460

CONTROLLER BLOWS FUSES WHEN COMMAND
SIGNAL IS INCREASED.

Determine if the bridge rectifier has failed. Remove
power from controller. Disconnect all the wires that go
to the bridge. Usc an ohmmeter to measure the resistance
across the AC input of the bridge rectifier. Observe the
reading, then reverse the leads. If the resistance is less
than lOOK ohms either way, the bridge has failed.

CONTROL

CONCEPTS

Model 1822 & 1825
PATH" PAGEMAKER_1\1_PHASE\1822\11822.P65
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ANGSTROM SCIENCES
ONYX-3513I™

MAGNETRON SPUTIERING CATHODE

PROCEDURES OF OPERATION

Effective Date: January, 2001

Angstrom Sciences
40 South Linden Street
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(412) 469-8466
(412) 469-8511
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ATTENTION

Do not disassemble magnetron.

This will void all warranties.

Special procedures and/or tools are required to

assemble and disassemble.

ANGSTROM SCIENCES is not responsible for

misuse by customers.

Please consult ANGSTROM SCIENCES for any

technical questions.
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PRODUCT WARRANTY

Cooling Water Connection:

CAUTION: If the source is mounted in a sputter down configuration, then proceed to
operation specifications. However, if the source is mounted in any other configuration (ie. side
sputter or sputter up), the cathode will have to be purged of any trapped air inside the cathode body.
To do this, first, place the source in a sputter down orientation and fill with water until all air is
removed from the source. Any trapped air can be further removed by tilting the source from side to
side. Next, proper fittings should be connected to ensure that source can be installed without air
entering the cathode. If this procedure is not followed the source may run at high temperature and
damage may occur to the source and/or target material. Failure to follow this procedure will VOid
any or all warranties stated or implied.

Manufacturer's Declaration:

The manufacturer warrants that the accuracy of the data listed in this manual for the ONYX
35131™ is within the tolerances given. The manufacturer reserves the right to alter other data of
the equipment. The customer will be informed about occasional alterations as may be appropriate.
Any alteration by customer of the ONYX-3513I™ may only be performed if the main parameters of
the equipment will be kept or improved.

Warranted Data:

The following data are warranted:

-Identification of the equipment and its manufacturer:
-main and characteristic dimensions and weights of the equipment;
-main and technical parameters of the equipment;
-characteristic dimensions, features and quantity of accessories;
-optional accessories according to delivery contract.

Statement of Warranty:

Angstrom Sciences warrants that all equipment manufactured by it shall be free from defects
in materials and workmanship under normal use and service for a period of twenty-four (24) months
from the date of shipment from the Angstrom Sciences production facJlity. This warranty is subject
to the Angstrom Sciences equipment being installed, maintained and operated in accordance with the
operating and maintenance instructions accompanying each item manufactured by Angstrom
Sciences. Warranty shall be void if the Angstrom Sciences equipment is modified by customer or
used in other than recommended manner or applications. Purchased equipment incorporated into
any item supplied by Angstrom Sciences will be covered by manufacturer's warranty.

The liability of Angstrom Sciences for any claims of customer arising out of damages alleged
to result from the use or failure of equipment manufactured by Angstrom Sciences shall be limited to
the original invoice cost as adjusted by generally accepted accounting practices for useful life
expectancy



OPERATIDN SPECIFICATIONS ONYX-3513I™
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Maximum Sputtering Power

Cathode Voltage

Discharge Current

Operating Pressure

Cooling Requirements
Flow Rate

Maximum Input Temperature
Input Pressure (open drain)

Target
Form
Length
Width
Thickness
Cooling

Magnetic Enhancement

Source Dimensions
Outside Width
Length
Height
Weight

Mounting

Maximum Temperature

Source-to-Substrate Distance

Uniformity

Construction
Cathode Body
Anode
Insulator

January 2001

11 Kilowatts DC
3.5 Kilowatts RF

100 to 1500 Volts

0.1 to 18 Amps

1 to 50 milliTorr

3 Gallons per Minute At
Maximum Power
20°C
60 psi

Planar
13" (± 0.005")
3.5" (± 0.005"J
0.250"
Direct/Indirect

Permanent (NdFeBJ
Encapsulated

6.0"
15.5"
3"
55 Pounds

(2J 1.25" Dia Tubes

2 - 12"

±5% across center of target
area with a 4" source-to
substrate distance

OFHC Copper
304 SS
Teflon (PTFE)
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INSTALLATION PROCEDURE

The ONYX-3513I™ is supplied with an external flange that can be mounted in any vacuum
system. All utilities are maintained at atmosphere and are accessed from the rear of the cathode
assembly All ONYX-3513I™ cathodes are supplied with utilities (water and electric] properly fitted to
the cathode which allow the customer to access these without disassembly of the source.

The ONYX-3513I™ is supplied with 0.500" 00 water lines (water in/water out]. In order to
function properly, the ONYX-3513I™ requires a water flow rate of two gallons per minute of 30°C
water with an open drain (input pressure should be 60 psi]. Proper flow and water temperature
must be maintained to allow effective use of the ONYX-3513I™; and any deviation can constitute a
loss of product warranty. All ONYX-3513I™ cathodes should be fitted with a water flow inter-lock
switch in the exit line which is wired to prevent operation of the power supply in the event that water
flow falls below the minimum operation specifications. Operation of the ONYX-351 31™ sputtering
source without proper water flow will damage the magnet array and the target and void the product
warranty.

The ONYX-351 31™ operates with either Direct Current (DC] or Radio Frequency
(RF] power supplies. Maximum power levels for the ONYX-3513I™:

Direct Current-----
Radio Frequency'-----

11 Kilowatts
3.5 Kilowatts

The ONYX-3513I™ is supplied standard with a power coupling which is fastened to the
cathode body. A sufficient ground line should be attached to the cathode mounting plate. Please
consult Angstrom Sciences if any questions arise. The anode is maintained at ground potential.
BECAUSE THE ONYX-3513I™ IS A HIGH VOLTAGE DEVICE, EXTREME CARE MUST ALWAYS BE
TAKEN DURING OPERATION. To protect the operator, safety interlocks should be added to the
vacuum system prior to powering of the ONYX-3513I™ These interlocks should Include and not be
limited to the following:

-a vacuum interlock preventing operation of the power supply
without a minimum vacuum level within the chamber working
environment (preventing operation of the ONYX-3513jTM with
the chamber open and the source exposed to the operator].

-mechanical door interlocks on all system panels to prevent
operation of the high voltage power supply with the doors open
or removed, exposing the operator to the high voltage.



-a water flow switch must be installed in the drain line of
the ONYX-3513I™ and wired to prevent operation of the
power supply in the event that the water flow drops below
1 gallon per minute.

Once all interlocks are installed, operation of the ONYX-3513I™ may be initiated
(see Operation Procedures).

NOTE:
The ONYX-3513I™ is factory pretested for vacuum integrity,
electrical circuit and water circuit integrity. There is no reason
to disassemble the ONYX-3513I™ prior to installation. In the
event of failure of the source, please contact the factory prior
to disassembly for proper procedure, or, if possible, return the
source to the factory for repair.

page 4
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OPERATION PROCEDURE

Target Installation:

The ONYX-3515I™ utilizes a 3.5" x 13" x 0.250" thick target which can be fabricated of
elemental metals, dielectrics [oxides, nitrides, carbides, etc.), precious metals, composite alloys,
stoichiometric oxide superconductors, etc. Angstrom Sciences manufactures a complete range of
sputtering targets for the ONYX line of Magnetrons and for most commercial sputtering and
evaporation equipment. Please consult the sales department for a quotation. Actual fabrication
tolerance on the target is:

3.5" wide x 13" long x 0.250" thick all [±.005")

Target is to be flat to within 0.005" to ensure the proper seating in the cathode.

Once a target has been fabricated to the above tolerances, remove the anode/dark space shield
from the source, then remove the target clamp. Place target on the cathode body or bond to
backing plate target and fasten with target clamp onto cathode. Target clamp should be tightened to
rest on the target and secure the target to the cathode [do not overtighten - maximum torque should
not exceed 3 foot-pounds). Tighten the anode/dark space shield onto the source.

Initial Operation:

Make certain all interlocks [as defined in Installation Procedure section of manual)
are functional. The system chamber should be vacuum pumped down to a minimum of
5 x 10.6 Torr. Backfill the system chamber with a high purity working gas [typically Argon: Oxygen or
Nitrogen for reactive sputtering applications) to a pressure between 2 and 20 microns. If available,
place source shutter In front of the source to prevent deposition of the target material onto the
substrate during target break-in. Turn on the power supply. ~310wly increase the power to the
source [voltage should increase with no increase in the current - an increase in current indicates a
short circuit In the source and the power supply should immediately be turned off). The ONYX
3513/™ should ignite a plasma at approximately 100 watts depending upon the target material
[metals which readily oxidize, i.e. Ti, AI may require a higher voltage if operated by DC to penetrate
the existing surface oxide layer).
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Operate the source at 200-500 watts for approximately ten (10) minutes to "clean" the
target surface (some plasma irregularity may exist during break-in, allow the plasma to
stabilize prior to increasing the power. Slowly increase the power to a level consistent with the levels
outlined for continuous operation in the Standard Specification Section of this manual. In the event
that the plasma extinguishes, it may necessary to either ramp the power slower and/or increase the
working pressure in the chamber and repeat the above procedure. Open the source shutter and
deposition begins on the substrate (to obtain the maximum deposition rate and uniformity
characteristics of the ONYX-3513I™, the substrate should be positioned approximately 4" from the
target surface). At the completion of the deposition process, reduce the power to zero, turn off the
power supply, turn off the working gas flow, vent the chamber. Allow water to flow for approximately
15 minutes after power shutdown.

NOTES:
ALLOW WATER TO FLOW FOR A MINIMUM OF FIFTEEN MINUTES AFTER POWER HAS
BEEN TURNED OFF TO SUFFICIENTLY COOL CATHODE BODY AND PREVENT MAGNET
OVERHEATING.
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1 2 3 4 5 6 8
Standard Standard 0.0625" 0250" 0.250" 0.250" 0.250" 0.250" 0250"

Metric 1.5875 mm 6.35 mm 635 mm 6.35 rnrn 6.35 rnrn 6.35 mm 6.35 mm
Magnetic 0.005" 0.020" 0.020" 0020" 0020" 0.020" 0020"

Metric 0.127mm 0.508 mm 0508 rnrn 0508 mrn 0.508 rnrn 0.508 rnm 0508 mm

Stage I Standard X 0.250" 0.250" 0250" 0250" 0250" 0.250"
Magnetic Metric 6.35 mm 6.35 mm 6.35 mm. 6.35 rnm 6.35 mm 6.35 mrn

Magnetic X 0.060" 0.060" 0060" 0060" 0.060" 0.060"
Metric 1.524 mm 1.524 mm 1 524 mm 1.524 mm 1.524 mm 1.524 mm

Stage II Standard 0.125" 0.250" 0.250" 0.250" 0.250" 0.250" 0.250"
Magnetic Metric 3.175 mm 6.35 mm 6.35 mm 6.35 mm 6.35 mm 6.35 mm 6.35 mm

Magnetic 0.060" 0125" 0.125" 0125" 0.187" 0.250" 0.250"
Metric 1.524 rnm 3.175 mm 3.175 mm 3175 mm 4.75 mm 6.35 mm 6.35 mm

High Utilization I Standard X 0.125" 0.125" 0125" 0250" 0.250" 0.250"
Uniformity Metric 3.175 mm 3.175 mm 3.175 mm 6.35 mm 6.35 mm 635 mm

Magnetic X 0.005" 0.010" 0020" 0.020" 0.020" 0.020"
Metric 0.127 mm 0.254 rnm 0.508 mm 0508 mm 0.508 mm 0508 mm

UHV Standard 0.125" 0.125" 0125" 0.250" 0.250" 0.250" 0250"
Metric 3.175 mm 3.175mm 3.175mm 6.35 mm 6.35 mm 6.35 rnm 6.35 mm

Magnetic 0.005" 0.020" 0.020" 0.020" 0.020" 0.020" 0.025"
Metric 0127 mm 0.508 mm 0508mm 0.508 mrn 0.508 mOl 0.508 mrn 0508 rnm

UHV Standard 0.125" 0.250" 0.250" 0.250" 0.250" 0.250" 0250"
Metric 3.175 mrn 6.35 rnm 6.35 mm 635 mm 6.35 mm 6.35 mm 6.35 mm

Stage II Magnetic 0030" 0.060" 0.060" 0125" 0.125" 0.125" 0125"
Magnetic Metric 0.762 rnm 1.524 mm 1.524 mm 3175 mrn 3.175mm 3.175mm 3175mm

* The above numbers reflect recommended material thickness for optimal performance and are not indicative of maximum thickness capability
•• Magnetic material calculations are optimized with Nickel targets.

Mafch 2001



ATTENTION

Do not disassemble magnetron.

This will void all warranties.

Special procedures and/or tools are

required to assemble and disassemble.

ANGSTROM SCIENCES is not responsible for

rT,1isuse by customers.

Please consult ANGSTROM SCIENCES for

any technical questions.
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PRODUCT WARRANTY

WARRANTY REGISTRATION: Please complete and return the enclosed Warranty Registration
Card or register your warranty on-line at: http://www.angstromsciences.comin the
"Products" link within 30 days to ensure immediate and proper warranty service and to receive
important notifications regarding your magnetron.

Cooling WaterCooo8ctioo:

CAUTION: If the source is mounted in a sputter down configuration, then proceed to
operation specifications, However, if the source is mounted in any other configuration (ie, side
sputter or sputter up). the cathode will have to be purged of any trapped air inside the cathode
body, To do this, first, place the source in a sputter down orientation and fill with water until all air
is removed from the source, Any trapped air can be further removed by tilting the source from
side to side. Next, proper fittings should be connected to ensure that source can be installed
without air entering the cathode, This procedure is extremely important for the proper functioning
of the cathode, If this procedure is not followed the source may run at high temperature and
damage may occur to the source and/or target material. Failure to follow this procedure will void
any or all warranties stated or implied,

Manufacturer's Declaration:

The manufacturer warrants that the accuracy of the data listed in this manual for the
ONYX-3™ is within the tolerances given. The manufacturer reserves the right to alter other data
of the equipment. The customer will be informed about the occasional alteration as may be
appropriate. Any alteration by the customer of the ONYX-3™ may only be performed if the main
parameters of the equipment will be kept or improved,

Warranted Data:

The following data are warranted:
- identification of the equipment and its manufacturer;
- main and characteristic dimensions and weight of the equipment;
- main technical parameters of the equipment;
- characteristic dimensions, features and quantity of accessories;
- optional accessories according to delivery contract.

Statement of Warranty:

Angstrom Sciences warrants that all equipment manufactured by it shall be free from
defects in materials and workmanship under normal use and service for a period of twenty four
(24) months from the date of shipment from the Angstrom Sciences production facility, This
warranty is subject to the Angstrom Sciences equipment being installed, maintained and operated
in accordance with the operating and maintenance instructions accompanying each item
manufactured by Angstrom Sciences. Warranty shall be void if the Angstrom Sciences equipment
is modified by the customer or used in other than the recommended manner or applications,
Purchased equipment incorporated into any item supplied by Angstrom Sciences will be covered by
the manufacturer's warranty.

The liability of Angstrom Sciences for any claims of customer arising out of damages
alleged to result from the use or failure of equipment manufactured by Angstrom Sciences shall be
limited to the original invoice cost as adjusted by generally accepted accounting practices for useful
life expectancy.
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OPERAII0l'J~SPECIEICAnONSONYX-3

SPECIFICATJONSONYX~3

Maximum Sputtering Power

Cathode Voltage

Discharge Current

Operating Pressure

Cooling Water Requirement
Flow Rate
Maximum Input Temperature
Input Pressure (open drain)

Tar'get
Form
Diameter
Thickness
Cooling

Magnetic Enhancement

Source Dimensions
Outside Diameter
Cathode Length
Weight .

Mounting
Source
Water
Power

Maximum Temperature

Source-to-Substrate Distance

Uniformity

Construction
Cathode Body
Anode
Insulator

1500 Watts DC
900 Watts RF

100 to 1500 volts

.1 to 1 amp

1 to 200 milliIorr

1 gallon/minute
30°C
60 psi

Circular/Planar
3.0" (+/-.010")
0.010" - 0.375"
Indirect

Permanent [NdFeB)

3.812"
2.25"
5 pounds

1" dia. "o"-rlng seal
.250" 00 tubing
Type N Connector

4 - 12"

+/-5% across 3"
substrate at 4"

OFHC Copper
304/316 Stainless Steel
High density PTFE



INSTAlLATIONPBOCEDUBE

The ONYX~3TM is supplied standard with a %" 00 stainless steel tube utilities line
and can be mounted in any vacuum systems whiich has a standard 1" diameter "0" ring
compression fitting. All utilities are maintained at atmosphere and accessed from the
rear of the cathode assembly. All ONYX~3TM cathodes are supplied with utilities (water
and electric) properly fitted to the cathode and sufficient cable/tubing runs to allow the
customer to access these without disassembly of the source

The ONYX~3TM is supplied with 114" 00 convoluted teflon water lines (water inl
water out). The cuffs on the customer connection end are suitable for use with standard
compression tube fittings. In order to function properly, the ONYX-3™ requires a
minimum water flow rate of 1 gallon per minute of 30°C water with an open drain
(Iflput pf'essure should be 60 psi). Proper flow and water temperature must be main~

tained to allow effective use of the ONYX-3™; any deviation can constitute a loss of
product warranty. All ONYX-3™ cathodes should be fitted with a water flow inter-lock
switch in the exit line which is wired to prevent operation of the power supply in the event
that water flow falls below the minimum operation specification. Operation of the
ONYX~3TM sputtering source without proper water flow will damage the magnet array and
the target and void the product warranty.

The ONYX~3TM operates with either Direct Current (DC) or Radio Frequency (RF)
power supplies. Maximum power levels for the ONYX~3TM are:

Direct Current ---- 1500 Watts
Radio Frequency 900 Watts

The ONYX~3TM is supplied standard with a Type N fUlly insulated power connector
which IS pre~wired by the factory to the cathode body minimizing impedance loss. The
anode is maintained at ground potential. BECAUSE THE ONYX-3™ IS A HIGH VOLTAGE
DEVICE, EXTREME CARE MUST ALWAYS BE TAKEN DURING OPERATION. To protect
the operator, safety interlocks should be added to the vacuum systems prior to powering
the ONYX-3™. These interlocks should include and not be limited to the following:

~a vacuum interlock preventing operation of the power supply without
a minimum vacuum level within the chamber working environment
(preventing operation of the ONYX-3™ with the chamber open and the
source exposed to the operator)

~mechanical door interlocks on all system panels to prevent operation
of the high voltage power supply with the doors open or removed,
exposing the operator to the high voltage

-a water flow switch must be installed in the drain line of the ONYX~3TM

and Wired to prevent operation of the power supply in the event that the
water flow drops below 1 gallon per minute
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Once all interlocks are installed, operation of the ONYX-3™ may be initiated.
[See Operation Procedures]

NOTE: The ONYX-3™is factory pretested for vacuum integrity. electrical
circuit and water circuit integrity. There is no reason to disassemble
the ONYX-3™ prior to installation. In the event of failure of the source.
please contact the factory prior to disassembly for proper procedure,
or, if possible. return the source to the factory for repair.
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Target Installation:

The ONYX-3™ utilizes a 3" diameter target which can be fabricated of elemental metals,
dielectrics (oxides. nitrides. carbides etc.), p.recious metals. composite alloys, stoichiometric oxide
superconductors, etc. Angstrom Sciences manufactures a complete
range of sputtering targets for the ONYXTM line of magnetrons and for most all commercial
sputtering and evaporation equipment. Please consult the sales department for a quotation.
Target thickness can range from thin foils (0.010") up to 3/8" thick. Actual fabrication tolerance
on the target diameter is:

3.000" diameter +/-0010"

Target thickness is variable, but the target is to be flat to within 0.010" to ensure proper
seating in the cathode.

If a target is less than .060" thick, the foil spacer ring should be placed
between the target and the target clamping ring to ensure good thermal contact of
the target to the cathode body.

Once a target has been fabricated to the above tolerances, remove the threaded
anode/dark space shield from the source, remove the threaded target clamping ring with
adjustable dark space slip ring, remove the stainless steel foil clamping spacer, place the target in
the cavity on the cathode body (if target is foil, place foil clamping spacer on the target; if target is
not a foil, store clamping spacer for future use.), thread target clamping ring onto cathode, target
clamp should be tightened to rest on the target and secure the target to the cathode (do not
overtighten - maximum torque should not exceed 2 foot-pounds), adjust dark space slip ring until it
rests on the step at the base of the copper cathode block and completely shield the threads on
the cathode body, thread the anode/dark space shield onto the source. place the anode/dark
space shield spacing tool between the target clamping ring and the anode/dark space shield and
tighten the dark space shield down to that level, remove the spacing adjustment tool, adjust the
anode shield locking ring until anode shield is tight. The source is ready for operation.

InitiaLOperation:

Make certain that all interlocks (as defined in Installation Procedure Section of manual) are
functional. The system chamber should be vacuum pumped down to a minimum of 5 x 1a-o Torr.
Backfill the system chamber with a high purity working gas
(typically Argon: Oxygen or Nitrogen for reactive sputtering applications) to a pressure
between 2 and 20 microns. If available, place source shutter in front of the source to
prevent deposition of the target material onto the substrate during target break in. Turn on the
power supply. SloWly increase the power to the source [voltage should increase with no increase
in the current· an increase in current indicates a short circuit in the source and the power supply
should immediately be turned off.) ONYX-3™ should ignite a plasma at approximately
50 watts in this pressure range depending upon the target material (metal which readily oxidize,
i.e. Ti, AI may require a higher voltage if operated by DC to penetrate the existing surface oxide
layer]. Operate the source at 50 - 100 watts for approximately ten (10) minutes to "clean" the
target surface (some plasma irregularity may exist during break-in, allow the plasma to stabilize
prior to increasing the power).
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Slowly increase the power to a level consistent with the levels outlined for continuous operation in
the Standard Specification Section of this manual. In the event that the plasma extinguishes. it
may be neces::;ary to either ramp the power slower and/or increase the working pressure in the
chamber and repeat the above procedure. Open the source shutter and deposition begins on the
substrate (to obtain the maximum deposition rate and uniformity characteristics of the
ONYX-3™, the substrate should be positioned approximately 100mm from the target surface). At
the completion of the deposition process, reduce the power to zero, turn off the power supply,
turn off the working gas flow, vent the chamber.

NOTES:
ALLOW WATER TO FLOW FOR A MINIMUM OF FIFTEEN MINUTES AFTER POWER HAS
BEEN TURNED OFF TO SUFFICIENTLY COOL CATHODE BODY AND PREVENT MAGNET
OVERHEATING.
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ITEM TITLE DESCRIPTION SPECIFICATIONS QTY. ITEM TITLE DESCRIPTION SPECIFICATIONS QTY.

1 STEM 304 STAINLESS STEEL '1> 3.598 x .900 1 101 SHCS STAINLESS STEEL #4-40 x 5/8 LG. 8

2 INSULATOR KEL-F '1> 3 1/2 x .708 1 102 SHCS STAINLESS STEEL #4-40 x 1/4 LG. 1

3 CATHODE BODY OFHC COPPER '1> 3.38 x .621 1 103 SHCS STAINLESS STEEL #6-32 x 1/4 LG. 1

4 TARGET CLAMP RING 304 STAINLESS STEEL '1> 3.48 (2.920 10) x 1/2 1 104 Socket Hd Shlder Screw STAINLESS STEEL #4-40 x 3~8 LG. 80DY 4x .150 TH EAD LENGTH

5 ANODE SHIELD 304 STAINLESS STEEL '1> 3.81 (2.910 10) x 2 1 105 "O"-RING PARKER #2-006 1/1 ~!T~~J.0OD~Rf~foE~CT.) 4

6 INTERNAL PLASMA SHIELD 304 STAINLESS STEEL '1> 3.49 (3.402 10) x .59 1 106 "O"-RING PARKER #2-010 1/1 ~!T~~J.0OD~Rf~foE~CT.) 3

7* FOIL RING 304 STAINLESS STEEL '1> 3.000 (2.92 1.0.) x .06 1 107 "O"-RING PARKER #2-037 1/1 ~!T~~J.0OD~Rf~foE~CT.) 1

8 LOCKING RING 304 STAINLESS STEEL ¢ :3 7/8 (3.558 10) x .19 1 108 "O"-RING PARKER #2-041 1/1 ~!T~~J.0oD~Rf~foE~CT.) 1

9 SEAL PLATE 304 STAINLESS STEEL '1> 2.36 x .125 1 109 "O"-RING PARKER #2-042 1/1 ~!T~~J.0oD~Rf~foE~CT.) 1

10 WATER INLET 304 STAINLESS STEEL ¢ 2.19 x .078 1 110 HELICOIL McmJ5~ftfR #4-40 x .228 LG. 8

11 TARGET T.B.D. ¢ 3.000 x .125 1 111 THREADED INSERT M)~~J!:AOCftR TH~g:1?,r;xt~TEi~_x4(n~K 4

12 CENTER MAGNET NEO 38 MGO (MAGNETIZED) ¢ .375 x .325 1 112 BARBED WATER FITTING #~WAGELOK STAINLES~ NE~~b:/6~ bore dio 255-505-4

13 OUTER MAGNET NEO 38 MGO (MAGNETIZED) '1> 2.975 (2.475 10) x .325 1 113 WATER LINE PTFE CONVOLUTED ¢ 3/16" (.120 1.0.) 2

14 CENTER MAGNET COVER PVC ¢ .740 x .190 2 114 WATER LINE INSERT (EXT.) 304 STAINLESS STEEL .220 0.0. (.180 10) x 7/8 L9. 2

15 OUTER MAGNET COVER PVC ¢ 3.025 x (2.420 10) x .190 2 115 POWER CABLE RG 142 (OR TO ORDER) 1

16 CENTER MAGNET BUSHING PTFE ¢ .680 x (.378 10) x .318 1 116 POWER CONNECTOR TYPE "N" OR "HN" 1

17 POWER STANDOFF OFHC COPPER ¢ .281 x .72 1 117 GROUND CABLE 14 AWG (41/30) TC .016 PVC INS MIL W 76B 1TYPE MW 80' 1OOOV

18 STEM TUBE 304 STAINLESS STEEL ¢ .750 (.625 10) x ___ 1 118 GROUND EYE 1

19 ANODE SPACING TOOL 304 STAINLESS STEEL '1> .045 x 6" LG (PRE BEND) 1 119 CATHODE STOP RULAND #SP-12-A ALUMINUM for 3/4 Tube 12 Pc Clomp Type Collor

20* STRAIN RELIEF
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_ ANGSTROM SCIENCES, INC.
40 SOUTH LINDEN STREET. DUQUESNE. PA 15110/ PHONE: (412) 469-8466 FAX: (412) 469-8511

www.angstromsciences.com

CLRIlElCATEOflNSPECTlDN

-1-

-2-

-3-

-4-

-5-

-6-

-7-

-8-

-9-

Visual inspection for external damage.

Internal inspection of parts for damage.

Examination of parts for proper fit.

Internal inspection of parts for cleanliness.

Leak rate less than 10-8 cclsec of atmospheric helium.

Electrical isolation between anode and cathode.

Minimal electrical resistance breakdown between anode
and cathode of 1 .5 Kv.

Water pressure test. Forward 60 psi [24 hours).
Back pressure 60 psi [24 hours). Spike 90 psi [10 seconds).

Magnet map within ±1 0%

./
V"

-10- Source packaged and shipped in a contamination free container
including operations manual.

Customer: T-M VACUUM PRODUCTS, INC.

Model #: ONYX™-8131

Serial #: ON8131DBCHVSSS0002

Quality Control Inspector: JU',,,,j/d cJ}/d!;ti

Date:

REVISION DATE 09-09-99

JANUARY 19, 2001



ATIENTION

Do not disassemble magnetron.

This will void all warranties.

Special procedures and/or tools are required to

assemble and disassemble.

ANGSTROM SCIENCES is not responsible for

misuse by customers.

Please consult ANGSTROM SCIENCES for any

technical questions.
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PRODUCT WARRANTY

Cooling Water Connection:

CAUTION: If the source is mounted in a sputter down configuration, then proceed to
operation specifications. However, if the source is mounted in any other configuration (ie. side
sputter or sputter up], the cathode will have to be purged of any trapped air inside the cathode body
To do this, first, place the source in a sputter down orientation and fill with water until all air is
removed from the source. Any trapped air can be further removed by tilting the source from side to

side. Next, proper fittings should be connected to ensure that source can be installed without air
entering the cathode. If this procedure is not followed the source may run at high temperature and
damage may occur to the source and/or target material. Failure to follow this procedure will void
any or all warranties stated or implied.

Manufacturer's Declaration:

The manufacturer warrants that the accuracy of the data listed in this manual for the ONYX
8131™ is within the tolerances given. The manufacturer reserves the right to alter other data of the
equipment. The customer will be informed about occasional alterations as may be appropriate. Any
alteration by customer of the ONYX-813I™ may only be performed if the main parameters of the
equipment will be kept or improved.

Warranted Data:

The follOWing data are warranted:

-identification of the equipment and its manufacturer;
-main and characteristic dimensions and weights of the equipment;
-main and technical parameters of the equipment:
-characteristic dimensions, features and quantity of accessories;
-optional accessories according to delivery contract.

Statement of Warraoty:

Angstrom Sciences warrants that all equipment manufactured by it shall be free from defects
in materials and workmanship under normal use and service for a period of twenty-four (24) months
from the date of shipment from the Angstrom Sciences production facility. This warranty is sublect
to the Angstrom Sciences equipment being installed, maintained and operated in accordance with the
operating and maintenance instructions accompanying each Item manufactured by Angstrom
Sciences. Warranty shall be void if the Angstrom Sciences equipment is modified by customer or
used in other than recommended manner or applications. Purchased equipment incorporated into
any item supplied by Angstrom Sciences will be covered by manufacturer's warranty.

The liability of Angstrom Sciences for any claims of customer arising out of damages alleged
to result from the use or failure of equipment manufactured by Angstrom Sciences shall be limited to
the original invoice cost as adjusted by generally accepted accounting practices for useful life
expectancy.
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OPERATION SPECifiCATIONS ONYX-813I™

Maximum Sputtering Power

Cathode Voltage

Discharge Current

Operating Pressure

Cooling Requirements
Flow Rate

Maximum Input Temperature
Input Pressure (open drain)

Target
Form
Length
Width
Thickness
Cooling

Magnetic Enhancement

Source Dimensions
Outside Width
Length
Height
Weight

Mounting

Maximum Temperature

Source-to-Substrate Distance

Uniformity

Construction
Cathode Body
Anode
Insulator

January 2001

26 Kilowatts DC
8 Kilowatts RF

100 to 1500 Volts

0.1 to 40 Amps

1 to 50 milliTorr

7 Gallons per Minute At
Maximum Power
20°C
60 psi

Planar
13" (± 0.005"]
8" (± 0005")
0.250"
Direct/Indirect

Permanent (NdFeB)
Encapsulated

10.50"
15.50"
3"
55 Pounds

(2) 1.25" Dia Tubes

2 - 12"

±5% across center of target
area with a 4" source-to
substrate distance

OFHC Copper
304 SS
Teflon (PTFE)
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INSTALLATION PROCEDURE

The ONYX-81 31™ is supplied with an external flange that can be mounted in any vacuum
system. All utilities are maintained at atmosphere and are accessed from the rear of the cathode
assembly. All ONYX-813I™ cathodes are supplied with utilities [water and electric] properly fitted to
the cathode which allow the customer to access these without disassembly of the source.

The ONYX-813I™ is supplied with 0.500" 00 water lines [water in/water out]. In order to
function properly, the ONYX-813I™ requires a water flow rate of two gallons per minute of 30°C
water with an open drain [input pressure should be 60 psi). Proper flow and water temperature
must be maintained to allow effective use of the ONYX-813I™; and any deviation can constitute a loss
of product warranty. All ONYX-813I™ cathodes should be fitted with a water flow inter-lock switch in
the exit line which is wired to prevent operation of the power supply in the event that water flow falls
below the minimum operation specifications. Operation of the ONYX-81 31™ sputtering source
without proper water flow will damage the magnet array and the target and VOid the product
warranty

The ONYX-813I™ operates with either Direct Current [DC) or Radio Frequency
[RF) power supplies. Maximum power levels for the ONYX-3513I™:

Direct Current,-----
Radio Frequency'-----

26 Kilowatts
8 Kilowatts

The ONYX-81 31™ is supplied standard with a power coupling which is fastened to the cathode
body. A sufficient ground line should be attached to the cathode mounting plate. Please consult
Angstrom Sciences if any questions arise. The anode is maintained at ground potential. BECAUSE
THE ONYX-81 31™ IS A HIGH VOLTAGE DEVICE, EXTREME CARE MUST ALWAYS BE TAKEN DURING
OPERATION. To protect the operator, safety interlocks should be added to the vacuum system prior
to powering of the ONYX-813I™ These interlocks should include and not be limited to the follOWing

-a vacuum interlock preventing operation of the power supply
without a minimum vacuum level within the chamber working
environment [preventing operation of the ONYX-813I™ with
the chamber open and the source exposed to the operator].

-mechanical door interlocks on all system panels to prevent
operation of the high voltage power supply with the doors open
or removed, exposing the operator to the high voltage.



-a water flow switch must be installed in the drain line of
the ONYX-813I™ and wired to prevent operation of the
power supply in the event that the water flow drops below
1 gallon per minute.

Once all interlocks are installed, operation of the ONYX-813I™ may be initiated
(see Operation Procedures).

NOTE:
The ONYX-813I™ is factory pretested for vacuum integrity,
electrical circuit and water circuit integrity. There is no reason
to disassemble the ONYX-813I™ prior to installation. In the
event of failure of the source, please contact the factory prior
to disassembly for proper procedure, or, if possible, return the
source to the factory for repair.
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OPERATION PROCEDURE

Target Installation:

The ONYX-813I™ utilizes a 8" x 13" x 0.250" thick target which can be fabricated of
elemental metals, dielectrics (oxides, nitrides, carbides, etc.], precious metals, composite alloys,
stoichiometric oxide superconductors, etc. Angstrom Sciences manufactures a complete range of
sputtering targets for the ONYX line of Magnetrons and for most commercial sputtering and
evaporation equipment. Please consult the sales department for a quotation. Actual fabrication
tolerance on the target is:

8" wide x 13" long x 0.250" thick all (±.005"]

Target is to be flat to within 0.005" to ensure the proper seating in the cathode.

Once a target has been fabricated to the above tolerances, remove the anode/dark space shield
from the source, then remove the target clamp. Place target on the cathode body or bond to
backing plate target and fasten with target clamp onto cathode. Target clamp should be tightened to
rest on the target and secure the target to the cathode (do not overtighten - maximum torque should
not exceed 3 foot-pounds). Tighten the anode/dark space shield onto the source.

Initial Operation:

Make certain all interlocks (as defined in Installation Procedure section of manual]
are functional. The system chamber should be vacuum pumped down to a minimum of
5 x 10-6 Torr. Backfill the system chamber with a high purity working gas (typically Argon; Oxygen or
Nitrogen for reactive sputtering applications) to a pressure between 2 and 20 microns. If available,
place source shutter in front of the source to prevent deposition of the target material onto the
substrate during target break-in. Turn on the power supply. Slowly increase the power to the
source (voltage should increase with no increase in the current - an increase in current indicates a
short circuit in the source and the power supply should immediately be turned off] The ONYX-813I™
should ignite a plasma at approximately 100 watts depending upon the target material (metals which
readily oxidize, I. e. Ti, AI may require a higher voltage if operated by DC to penetrate the existing
surface OXide layer).
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Operate the source at 200-500 watts for approximately ten (10) minutes to "clean" the
target surface (some plasma irregularity may exist during break-in, allow the plasma to
stabilize prior to increasing the power. Slowly increase the power to a level consistent with the levels
outlined for continuous operation in the Standard Specification Section of this manual. In the event
that the plasma extinguishes, it may necessary to either ramp the power slower and/or increase the
working pressure in the chamber and repeat the above procedure. Open the source shutter and
deposition begins on the substrate (to obtain the maximum deposition rate and uniformity
characteristics of the ONYX-813I™, the substrate should be positioned approximately 4" from the
target surface). At the completion of the deposition process, reduce the power to zero, turn off the
power supply, turn off the working gas flow, vent the chamber. Allow water to flow for approximately
15 minutes after power shutdown.

NOTES:
ALLOW WATER TO FLOW FOR A MINIMUM OF FIFTEEN MINUTES AFTER POWER HAS
BEEN TURNED OFF TO SUFFICIENTLY COOL CATHOOE BODY AND PREVENT MAGNET
OVERHEATING.
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QDP40 Drystar Pump
QDP80 Drystar Pump (4 kW)
QDP80 Drystar Pump (8 kW)
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Declaration of Conformity
We, BOe Edwards,

Manor Royal,
Crawley,
WestSussex RH102LW, UK

Q T -,-- - - - - -,-- -,-- T...Pump(s)--------_-J L
1. QDP40 Electrical supply
2. QDP80 1. 200-208 V, 50 Hz, 3-ph
3. QDP40jQMB2S0 2.200-208 V, 60 Hz, 3-ph
4. QDP40jQMB5oo 3.230 V 60 Hz, 3-ph
5. QDPBOjQMB2S0 Cables 4.380-415 V, 50 Hz, 3-ph
6. QDPBOjQMBSOO O. None 5.460 V, 60 Hz, 3-ph

7. QDPBOjQMB1200 1.5 metres (wall mounted controller)
Gas Control 2. 1 metre (frame mounted controller)
O. None 3. 7 metres cable only
1. Gas Module 4. 7 metres armoured cable only
2. Gas Module & Exhaust Pressure Module
3. Shaft Seal Purge Module - Oil Level Monitor(s)
4. Gas Module and Nitrogen Flow Switch O. None
5. Gas Module, Exhaust Pressure Module 1. Oil Level Monitor

and Nitrogen Flow Switch _ Electrical control
Mechanical Booster Frame O. None
O. No Booster pump fitted B. Motor Control Module (End User version)
1. Direct mount (not available with QMB1200) C. Motor Control Module (OEM 24 V d.c.)
2. Booster Frame D. Motor Control Module (OEM 24 Va.c.)
Enclosures E. Q Series Controller with N2 FlowJOLM alarms
O.None
1. Standard Enclosures
2. Extractable Enclosure

declare under our sole responsibility that the product(s)

Standard pumping system configured using the Q-matrix modular build structure,
as shown below

and the following standard accessories, not configured via the Q-matrix:
Water Cooled Exhaust Trap AS31-14-OOO
Enclosure Extraction Fan Kit A223-<J1-006

Dual Enclosure Extraction Fans Kit A528-6O-000

to which this declaration relates is in conformity with the following standard(s)
or other normative document(s)

EN 60204-1
EN13463-1

Electrical Safety: Machines.
Non Electrical Equipment for Potentially Explosive Atmospheres'.

following the provisions of

73j023jEEC
89j336jEEC
94j9jEC

98j37jEC

Low Voltage Directive.
Electromagnetic Compatibility Directive.
Equipment for use in Potentially Explosive Atmospheres
(ATEX Directive) (Category 3GD) Internal Atmospheres Only'.
Machinery Safety Directive.

10 ;Iv"Nt~ ~I'r

Date and Place

'Only applies to systems fitted with a Q Series 3 Exhaust Pressure Module.

Dr J. D. Watson, Senior Technical Manager
Vacuum Equipment and Exhaust Managem''ent and Product Divisions

III BOC EDWARDS



CONTENTS

Section

1

1.1
'1.2

1.3

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6
1.4

1.5

2

2.1

2.2
2.3

2.4
2.5

2.6
2.7

2.7.1
2.7.2

2.8
2.8.1

2.8.2

3

3.1
3.2

3.3
3.4

3.5
3.6

3.7

3.8
3.8.1

3.8.2
3.8.3
3.8.4
3.8.5
3.8.6

3.9

3.10

Title

INTRODUCTION
Scope and definitions
ATEX directive implications
Description

Overview
TheQDPpump
Gas system
Temperature control system
Electrical system
Exhaust system

Accessories
Labels

TECHNICAL DATA
General
Performance data
Services
Full load current ratings
Temperature control system
Electrical connectors
Lubrication system

Gearbox
High vacuum bearings

Exhaust system
Exhaust-silencer
Exhaust check-valve

INSTALLATION
Safety
Unpack and inspect
Height adjustment
Check the coolant-level
Check the gearbox oil-level
Locate the pump
Connect to your emergency stop system
Electrical connections

17-way connector
High and low voltage operation
Connect the electrical supply
Connect the thermal snap-switches
Connect the motor-protection thermistors
Check the pump rotation

Fit a mechanical booster pump
Connect the cooling-water supply

Page

1

1
2
3
3
3
3
4

6

6

7
7

9

9

9
14
15

15

16

16
16

16

16
'16

16

17

17
18
18
20
20
20
20
23

23

24

24

28
28

29
29
29

QDP40 and QDPSO Drystar Pumps



Section

3.11

3.12

3.13

3.13.1

3.13.2

3.14

3.15

3.15.1

3.15.2

4
4.1

4.1.1

4.1.2

4.1.3

4.2

4.3

4.4

5

5.1

5.2

5.3

5.4
5.5
5.6

5.7

5.8

5.9

6

6.1

6.2

7
7.1

7.2

7.3

7.4

Title

Connect the nitrogen supply
Connect the pump to your vacuum system
Exhaust system connection

Use of the alternative outlet position
Connect the pump to your exhaust system

Leak-test the installation
Commission the pump

Adjust the thermostatic control-valve (TCV)
Commissioning procedure

OPERATION
ATEX directive implications

Introduction
Flammablejpyrophoric materials
Gas purges

Start-up procedure
Gas flow rates and pressures
Pump shutdown

MAINTENANCE
Safety
Maintenance plan
Check the gearbox oil-level
Check the coolant-level
Inspect and clean the exhaust-silencer
Inspect the pipelines and connections
Inspect the exhaust check-valve
Change the gearbox oil
Relubricate the rotor bearings

STORAGE AND DISPOSAL
Storage
Disposal

SERVICE, SPARES AND ACCESSORIES
Introduction
Service
Spares
Accessories

RETURN OF BOC EDWARDS EQUIPMENT

Page

30

31

31

31

32

33

33

33

34

33

35

35

35

36
36
37

37

38

38

39

39

40
41

42

44
44
46

48

48

48

49
49
49
49
50

ii QDP40 and QDP80 Drystar Pumps



Illustrations

Figure

1

2
3

4

5
6

7
S

9

10
11

12
13
14
15
16
17
1S
19
20

Tables

Table

1
2

3
4

5
6

7

8

Title

Schematic diagram of the gas system
Services panels
Positions of the labels on the QDP pump
QDP40 Pump dimensions without enclosures (mm)
QDPSO Pump dimensions without enclosures (mm)
Typical pumping speeds for QDP40: pumping speed against pressure
Typical pumping speeds for QDPSO: pumping speed against pressure
QDP40 Power curves
QDPSO Power curves
Remove the pump from the pallet
Cooling system and lubrication system components
Schematic diagram of the emergency stop system
17-way connector wiring
QDP40 low voltage configuration
QDP40 high voltage configuration
QDPSO low voltage configuration
QDPSO high voltage configuration
Exhaust silencer
Exhaust check-valve
Rotor bearing relubrication

Title

Maximum cooling-water consumption
Recommended nitrogen supply pressures and flow rates
Full load current ratings
Checklist of components
17-way connector pins
Adjust the TCV on the QDP40
Adjust the TCV on the QDPSO
Maintenance plan

Page

4

5
8

10
11
12
12
13
13
19
21

22
25
26
26
27

27

43
45
47

Page

14
14
15
18
24

34
34
39

QDP40 and QDP80 Drystar Pumps iii



Associated publications

Publication title

Vacuum Pump and Vacuum System Safety

QMB Mechanical booster Pumps

Q Controller

CDI' Accessories - Flap Valve

QDP Acoustic Enclosure

QDp Gas Module

Q Series 3 Exhaust Pressure Module

QDP Shaft-Seals Purge Module

Leak-testing COP installations

iv

Publication Number

1'300-20-000

A301-85-880

A380-00-880

A504-51-880

A528-01-880

A528-05-880

A528-50-880

A528-55-880

1'500-10-000

QDP40 and QDP80 Drystar PUlIlpS



1 INTRODUCTION

1.1 Scope and definitions

This manual provides installation, operation and maintenance instructions for the ROC
Edwards QDP Drystar Vacuum Pumps, abbreviated to QDP pumps in the remainder of this
manual. You must use the pumps as specified in this manual.

Read this manual before you install and operate the pump. Important safety information is
highlighted as WARNING and CAUTION instructions; you must obey these instructions. The
use of WARNINGS and CAUTIONS is defined below.

W,ming' '" given whe" f,ilm, '0 Ob:::~~~:'truction could "",Jt in iOJuey", de"'h]
to people.

'---------------------------------~------

--------_.__.. --_..-_... __....._ .._ ..--

CAUTION

Cautions are given where failure to observe the instruction could result in damage to the
equipment, associated equipment or process.

'-------------------------------_..-------

QOP40 and QOPSO Dnjstar Pumps 1



1.2 ATEX directive implications

Note: The following information only applies to a QDP pump with an Exhaust Pressure Modulefitted.
QDP pumps without all Exhaust Pressure Module fitted are not ATEX compliant.

GII3 GDT3X
INTER'4AL A.TMOSPti[R[S Oi'lLy

Te<:" Fie Ref MPTR0200

• This equipment is designed to meet the requirements of Group II Category 3 equipment in
accordance with Directive 94/9/EC of the European Parliament and the Council of 23rd
March 1994 on the approximation of the laws of the Member States concerning equipment
and protective systems intended for use in potentially explosive atmospheres. (The ATEX
Directive)

The ATEX Category 3 applies in respect of potential ignition sources internal to the
equipment. An ATEX Category has not been assigned in respect of potential ignition
sources on the outside of the equipment as the equipment has not been designed for use
where there is an external potentially explosive atmosphere.

There is no potential source of ignition within the pump during normal operation but there
may be potential sources of ignition under conditions of predictable and rare malfunction as
defined in the Directive. Accordingly, although the pump is designed to pump flammable
materials and mixtures, operating procedures should ensure that under all normal and
reasonably predictable conditions, these materials and mixtures are not within explosive
limits. Category 3 is considered appropriate for the avoidance of ignition in the case of a rare
malfunction which allows flammable materials or mixtures to pass through the pump while
within their explosive limits.

• When flammable or pyrophoric materials are present within the equipment you must:

• Not allow air to enter the equipment.

• Ensure that the system is leak tight.

• Use an inert gas purge (for example, a nitrogen purge) to dilute any flammable gases or
vapours entering the pump inlet, andlor use an inert gas purge to reduce the
concentration of flammable gases or vapours in the pump and in the exhaust pipeline to
less than one quarter of the gases' published lower explosive limits (LEL).

• For further information, please contact BOC Edwards: refer to the Addresses page at the end
of this manual for details of your nearest BOC Edwards company.

2 QDP40 and QDP80 DnJstar Pumps



1.3

1.3.1

1.3.2

1.3.3

Description

Overview

The QDP pumps operate at pressures between atmospheric and ultimate vacuum with no
lubricating or sealing fluid in the pumping chamber. This ensures a clean pumping system
without back-migration of oil into the system being evacuated.

QDP pumps have enclosed, water-cooled motors and are therefore suitable for applications in
clean environments where fan cooling is unacceptable.

The QDP pumps are each fitted with a gas system, exhaust-silencer and check-valve. The pump
is fixed to the framework by vibration isolators. The framework has castors and levelling feet.

TheQDPpump

The QDP pumps are four-stage, pOSItive displacement rotary pumps in which pairs of
intermeshing rotors (of different profiles mounted on common shafts) are held in correct phase
relation by a pair of timing-gears. The timing-gears and the adjacent double-row angular contact
ball-bearings, are oil lubricated.

The pump shafts and rotors are made fmmcast-iron. The internal and external shaft-seals on the
motor drive-shaft are made of polytetrafluoroethylene (PTFE). Bearings are located on the high
vacuum end of the shaft, near to the pump-inlet. These bearings are packed with
perfluoropolyether (PFPE) grease.

Gas system

QDP pumps have a gas system of stainless steel pipelines (see Figure 1) which allows nitrogen to
be delivered to the following points:

• Inlet-purge

• Shaft-seal purge

• 2/3-interstage purge

• Exhaust-purge

• 3/4-interstage purge.

You will connect your nitrogen supplies to this gas system through connectors on the gas
services panel (see Figure 2).

QOP40 and QOPSO Orystar Pumps 3



1

1.3.4 Temperature control system

The low vacuum stage of the pump has an indirect cooling system, all other stages are air-cooled
by natural convection and radiation. In the secondary circuit of the indirect cooling system,
coolant circulates around the pump-body by natural convection. In the primary circuit,
cooling-water is circulated through copper coils to extract heat from the coolant. In operation,
the pump is maintained at a constant temperature by a thermostatic control-valve (TCV) which
controls the supply of cooling-water to the primary circuit in the pump.

(Continued on page 6)

1
2

3
4

5
..-~

8 ----.-...
---- 9 10
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1 12 1d 14 15
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1. QDP pump 8.

2. Inlet-purge pipeline 9.

3. 2/3-interstage purge pipeline 10.

4. 3/4-interstage purge pipeline 11.

5. Pump shaft-seals purge pipeline 12.

6. Exhaust-purge pipeline 13.

7. Check-valve 14.

15.

Gearbox vent

Motor shaft-seals purge pipeline

Restrictor

Shaft-seals purge inlet connector

3/4-interstage purge inlet connector

2/3-interstage purge inlet connector

Exhaust-purge inlet connector

Inlet-purge inlet connector

4

Figure 1 - Schematic diagram of the gas system
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Figure 2 - Services panels
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1.3.5

1.3.6

6

The pump-motor is cooled by water flowing through a cooling jacket which surrounds the
motor. The pump-motor cooling circuit is separate from the pump cooling circuit. The
cooling-water supply and return pipelines are connected to the pump by connectors on the
water services panel at one end of the pump (see Figure 2).

The cooling-water manifold on the pump distributes the cooling-water to the pump cooling
circuit and to the pump-motor cooling circuit (and to the QMB pump-motor cooling circuit, if a
QMB pump is fitted). When a QMB pump is not fitted, the flow of cooling-water to the QDP
pump-motor is greater than the minimum required flow. When a QMB pump is fitted, the
cooling-water flow is distributed equally between the two pump-motors and the overall flow
requirement for the pumping combination increases (see Section 2.3).

Two thermal snap-switches are fitted to the pump-body. One of these snap-switches (the
warning switch) opens at 88°C and the other snap-switch (the shut-down switch) opens at 95 0c.
Use the warning switch to provide a warning that the pump is too hot. Use the shut-down switch
to shut down the pump.

Three motor-protection thermistors are fitted to the pump-motor (one on each winding). These
thermistors are solid-state devices which have an electrical resistance of 100 to 500 n at normal
pump-motor operational temperature. When the pump-motor is too hot, the electrical
resistance rises quickly to 3000 Q. The thermistors are connected in series and you can use the
output of the thermistors to shut down the pump because the motor is too hot.

Electrical system

The QDP pumps have universal voltage and frequency motors. These motors are supplied
configured for 'low voltage' operation (200-208 V at 50 Hz or 200-230 V at 60 Hz). To change the
motor to 'high voltage' operation, refer to Section 3.8.2.

You will connect your electrical supply cable to the pump through a cable-gland on the
terminal-box on the end of the pump-motor (see Figure 11). You must use a suitably rated
contactor (see Section 2.4). The electrical services panel has a connector to connect the outputs of
the thermal snap-switches and the motor-protection thermistors to your control equipment.

Exhaust system

The pump outlet is connected to an exhaust-silencer, which is below the pump. The outlet also
has a port which allows gearbox vent gases to join the main exhaust stream (see Figure"]). The
exhaust-silencer attenuates the pulses in the exhaust pressure and reduces pump-induced
resonance in your exhaust-extraction system. The outlet of the silencer has a check-valve which
prevents the suck-back of exhaust vapours after the pump is shut down. The valve also provides
additional attenuation of the pulses in the exhaust pressure.

QDP40 and QDP80 Drystar Pumps



1.4 Accessories

A number of accessories are available for the QDP pump; use these to configure the pumps for
specific applications. These accessories are listed in Section 7.

1.5 Labels

Labels are fitted to the QDP pump in order to:

• Identify components.

• Define required installation/ operating/ maintenance procedures.

• Identify safety hazards.

Refer to Figure 3 which shows the positions of the labels on the QDP pump.
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A General view of the QDP pump
B Detail view of the QDP pump

1. 'Warning - Maximum lifting angle 60" label
2. 'Caution - Do not overfill with oil label
3. 'Use only Fomblin Y25 or Krytox 1525 oil label
4. Direction of gas flow arrow label
5. Caution symbol label
6. 'Warning - Risk of high temperature label
7. QDP information/Warning - Risk of high

temperature' label
8. 'Caution - For safe operation, this equipment must

be installed, operated and maintained in accordance
with the instruction manuar label

~~lo..-------' 8

9

9. 'Caution - Do not overfill with coolant label
10. 'Caution - Valve is factory preset label
11. 'Caution - Read instruction manual before

adjusting valve' label
12. 'Supply In/Out / Bleed air: lift label
13. Protective earth (ground) symbol label
14. Water In/Out label
15. 'Warning - Risk of electric shocK label
16. Direction of rotation arrow label
17. QDP motor rating information label

8

Figure 3 - Positions of the labels on the QDP pump
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2 TECHNICAL DATA

2.1 General

< 70 dB(A)

IS063

NW40

1 x 10-5 mbar I s-l

(1 x 10-3 Pa Is-I)

1 x lCr5 mbar I sol

(1 x 10-3 Pa Is-I)

5 to 40°C

90% RH

11'44

QDP80 (4 kW and 6 kW)

See Figure 5

202 kg

4kW/6kW

15 min

< 70 dB(A)

QDP40

See Figure 4

172 kg

2.2kW

15 min

IS040

NW40

1 x 10-5 mbar I sol

(1 x 10-3 Pa Is-I)

1 x 10-5 mbar I sol

(1 x 10-3 Pa Is-I)

5 to 40°C

90% RH

IP44

Exhaust system maximum leak-rate

Ambient operating temperature range

Maximum ambient operating humidity

Protection degree (as defined by IEC 529)

Continuous A-weighted sound

pressure level (at 1 meter)

Overall dimensions

Mass

Motor rating

Warm-up time to nominal performance

Inlet connections

Outlet connections

Vacuum system maximum leak-rate

2.2 Performance data

Pumping speed range

Power curves

Typical peak pumping speed

50Hz

60Hz

Displacement (swept volume)

50Hz

60Hz

Typical ultimate vacuum without gas-ballast

50 Hz

60Hz

See Figure 6

See Figure 8

44 m 3 h-l

55 m 3 h-I

52 m 3 h- l

62.4 m3 h-1

5 x 10-2 mbar

(5 x 10° Pa)

3 x 10-2 mbar

(3 x 10° Pa)

See Figure 7

See Figure 9

80 m 3 h- 1

96 m 3 h-I

91.5 m 3 h-l

109.8 m3 h-l

3 x lCr2 mbar

(3 x 10° Pa)

3 x 10-2 mbar

(3 x 10° Pa)

QDP40 and QDPSO Drystar Pumps 9
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2.3 Services

Note: The motors are supplied configured for low voltage operation (200-208 Vat 50 Hz or 200-230 Vat
60 Hz). To change the motor to high voltage operation (380-415 Vat 50 Hz or 460 Vat 60 Hz),
r£1cr to Section 3.8.2.

Electrical supply

Supply voltage

Voltage tolerance

Cooling-water

Maximum supply pressure

Minimum required pressure differential

across supply and return

Typical heat removed from pump

Maximum water consumption

Maximum particle size in supply

Nitrogen supply

Supply pressures and flow rates

Fittings type

200-208/380-415 V at 50 Hz, 3-phase

200-230/460 V at 60 Hz, 3-phase

±10% (except for 208 V and 415 V <:It

50 Hz which are +6% and -10%)

100 psi (6.9 bar absolute, 6.9 x 105 Pa)

30 psi (2.1 x 105 Pa)

1.75 kW (QDP40), 2.75 kW (QDP80)

See Table 1

0.03 mnl

For recommendations, see Table 2

1/4 inch compression

14

Pump operating
Maximum water consumption at ultimate vacuum with

50 Hz electrical supply, cooling-water supply temperature
temperature (measured at of 20°C and a pressure differential across the supply and
the thermal snap-switch return of 30 psi (2.1 x 105 Pa)
position)

QDP40 QDP80

55°C 300 I h,l 3241 h,l

70°C 150 I h,l 1651 hI

90°C * 1351 h,l 126 I h,l

* The 88" thermal snap-switch must be configured to provide warning only, or you must fit the high
temperature thermal snap-switch kit: see Section 7.4.

Table 1 - Maximum cooling-water consumption

Shaft-seals 3/4-inter- 2/3-inter- Inlet- Exhaust-
purge stage purge stage purge purge purge

Supply pressure (min)
8 psig

- - - -
(1.55 X 10:> Pa)

Supply pressure (max) 10 psi~ - - - -
(1.69 x 10' Pa)

Flow rate IQDP40 25 (max) 20 (max) 5 (max) 25 (max) 5 (typical)

(I min'l) QDP80 25 (max) 25 (max) 10 (max) 25 (max) 5 (typical)

Table 2 - Recommended nitrogen supply pressures and flow rates

QOP40 and QOP80 Orystar Pumps



2.4 Full load current ratings

Supply voltage and frequency
200-208 V 200-208 V 230 V 380-415 V 460 V

50 Hz 60Hz 60Hz 50Hz 60Hz

Full load (A) 8.7 8.8 7.8 5.0 4.4
QDP40Pump

Rating (kW) 2.2 2.2 2.2 2.2 2.2

Full load (A) 16.0 16.0 14.2 8.0 8.0
QDP80 Pump (4 kW)

Rating (kW) 4.0 4.0 4.0 4.0 4.0

Full load (A) 18.9 22.2 19.7 9.5 9.9
QDP80 Pump (6 kW)

Rating (kW) 5.0 6.0 6.0 5.0 6.0

Table 3 - Full load current ratings

2.5 Temperature control system

Note; A BOC Edwards Material Safety Data Sheet for the coolant used in the QDP pump is available Oil

request.

Water-cooling system

Type

Coolant capacity

Thermostatic control-valve

Manufacturer

Model

Part number

Working temperature range

Maximum sensor temperature

Thermal snap-switches

Manufacturer

Model

Opening temperatures

Closing temperatures

Contact rating

Maximum voltage

Maximum current (inductive load)

Maximum current (resistive load)

Motor-protection thermistors

Type

Reference temperature

Compliant with

Recommended control-unit

Relay contact rating

QDP40 alld QDPSO Drystar Pumps

Indirect water-to-coolant heat exchanger

1.7litres

Danfoss

AVTA DN15

003N2110

50 to 90°C

130°C

Fenwallnc

08-02

88°C (warning switch)

95 °c (shut-down switch)

78°C (warning switch)

85 °c (shut-down switch)

240 V

6.3 A

12A

Positive temperature coefficient

160°C

lEC 34-11 (BS4999 part 111)

To comply with IEC34-11 (BS4999 part 111)

Suitable for use with your contactor

15



2.6 Electrical connectors

17-way connector

Pump half

Cable half

2.7 Lubrication system

MS type, CA3100E20-29P/F80

MS type, CA3106E20-29S

Note: BOC Edwards Material Safety Data Sheets for the oils and greases referenced below arc available
un request.

2.7.1 Gearbox

Oil capacity

Grade of oil

ISO viscosity grade

Recommended perfluoropolyether oils

2.7.2 High vacuum bearings

Grease type

H.ecommended grease

2.8 Exhaust system

2.8.1 Exhaust-silencer

Gas temperature

Exhaust pulsation attenuation

Mass

2.8.2 Exhaust check-valve

Gas temperature

Reverse flow leak tightness when clean

(minimum)

Mass

16

OAlitres

SAE40

150

Fomblin Y25, Krytox 1525

Perfluoropolyether

Fomblin RTl5

5 to 150 DC

30 dB(A)

5.5 kg

5 to 130 DC

0.4 mbar 1s-1 (4 x 101 Pa 1s-1)

0.95 kg

QDP40 and QDP80 Drystar Pumps



3 INSTALLATION

3.1 Safety

I

I WARNING I

Obey the safety instructions given below and take note of appropriate precautions. If you
do not, you can cause injury to people and damage to equipment

- - --------------------

• A suitably trained and supervised technician must install the QDP pump.

• Ensure that the installation technician is familiar with the safety procedures which relate to
the products pumped. Wear the appropriate safety-clothing when you come into contact
with contaminated components. Dismantle and clean contaminated components inside a
fume-cupboard.

• Vent and purge the process system (if the QDP Pump is replace an existing pump) with
nitrogen for 15 minutes before you start installation work.

• Disconnect the other components in the pumping system from the electrical supply so that
they cannot be operated accidentally.

• Do not reuse any '0' ring or '0' ring assembly, and do not allow debris to get into the QDP
pump during installation.

• Wipe up any water or oil spilt during installation, so that people cannot slip over any
spillages.

• Safely route and secure cables, hoses and pipes during installation, so that people cannot trip
over them.

• Do not remove the temporary cover or the blanking-plate from the pump inlet-flange until
you are ready to connect the pump to your vacuum system. Do not operate the pump unless
the inlet blanking-plate is fitted, or the pump is connected to your vacuum system.

• Do not remove the temporary cover or the blanking-plate from the exhaust-silencer outlet
until you are ready to connect the pump to your exhaust system. Do not operate the pump
unless the pump is connected to your exhaust system.

• Obey all local and national rules and safety regulations when you install the pump.

• Consult SOC Edwards publication P300-20-000 (Vacuum Pump and Vacuum System
Safety) before you pump hazardous materials. This publication is available on request:
contact your supplier or SOC Edwards.

QDP40 and QDP80 DnJSlar Pumps 17



3.2 Unpack and inspect

1. Place the pallet in a convenient position with a fork-lift truck or a pallet truck.

2. Remove the staples which secure the cardboard box to the pallet then remove the cardboard
box; alternatively, open the top of the cardboard box. Tear open the foil bag around the
pump.

3. Refer to Figure 10. Remove the two nuts and washers (2) which secure the front of the pump
to the pallet. Dispose of the nuts and washers. Remove the two nuts and washers (2) which
secure the rear of the pump to the pallet.

4. Use suitable lifting-equipment to remove the pump from its pallet. Do not try to lift the
pump by hand (see Section 2 for the mass of the pump).

5. Inspect the pump. If the pump or any other item is damaged, notify your supplier and the
carrier in writing within three days; state the Item Number of the pump together with your
order number and your supplier's invoice number. Retain all packing materials for
inspection. Do not use the pump if it is damaged.

6. Check that the pallet contains the items listed in Table 4. If any of these items is missing,
notify your supplier in writing within three days.

7. If the pump is not to be used immediately, replace the packing materials. Store the pump in
suitable conditions as described in Section 6.

Qty Description Check (./)

1 QDPPump U

1 General fitting-kit .J

Table 4 - Checklist of components

3.3 Height adjustment

The height of the pump-inlet from the ground can be lowered by 6 mm. To lower the pump-inlet,
remove each of the castors and then remove the spacer plate between each castor and the pump
frame. Refit the castors with 16 mm long M8 cap-head bolts.
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1.

2.

3.

4.

5.

QOP pump frame

Nut and washer

Bracket

Stud

Block

6.

7.

8.

9.

Pallet

Levelling foot

Nut and washer

Bracket

Figure 10 - Remove the pump from the pallet
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3.4 Check the coolant-level

1. Refer to Figure 11. Unscrew and remove the combined filler-plug/level indicator (5). Use a
clean lint-free cloth to wipe the shaft of the indicator, then replace the combined
filler-plug/level indicator in the coolant header-tank.

2. Remove the combined filler-plug/level indicator again and check the coolant-level: the
coolant-level must be visible on the shaft of the indicator, but must not be above the notch
mark on the indicator shaft.

3. If necessary, add more coolant: refer to Section 5.4.

4. Check that the bonded seal on the combined filler-plug/level indicator (5) is in place. Refit
and tighten the combined filler-plug/level indicator.

3.5 Check the gearbox oil-level

Check that the gearbox oil-level is correct; the oil-level must be between the MIN and MAX
marks on the bezel of the oil-level sight-glass (see Figure"j 1). If necessary, drain excess oil from
the pump or fill the pump with oil: refer to Section 5.3.

3.6 Locate the pump

1. Refer to Figure 10. Remove the nuts and washers (8) fitted to the top of the four levelling feet
(7), then retract the levelling feet.

2. Wheel the pump on its castors to move the pump into its operating position. The QDP pump
must be located on a firm, level surface.

3. Once located in its final operating position, adjust the levelling feet to make sure that the
QDP pump is level and is not supported by the castors.

3.7 Connect to your emergency stop system

The QDP pump must be connected to an emergency stop facility. The operation of the
emergency stop function should immediately disconnect power from the pump when the
emergency stop control is operated. Returning the emergency stop control to its normal position
should not result in power being re-applied to the QDP pump; a separate start or reset control
should be used for this.

The shut-down thermal snap-switch and excess temperature detected by the motor winding
thermistors should also be connected to an emergency stop facility to cause the QDP pump to
stop immediately, in the same way as the emergency stop function.

Refer to Figure 12 and to Section 3.8 for more information about the electrical connections.
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1. Electrical supply cable-gland

2. Pump-motor cooling-water pipe

3. Oil filler-plug

4. Coolant header-tank

5. Combiner filler-plug/

level indicator

6. Inlet

7. Air bleed-valve

8. TCV adjuster spindle

9.

10.

11.

12.

13.

14.

15.

16.

17.

Cooling-water manifold

Thermostatic control-valve (TCV)

Cap (over OMS water return connection)

Cap (over OMS water supply connection)

Oil-level sight-glass

Pump-motor cooling-water pipe

Thermistors cable-gland

Temperature measurement point

Thermal snap-switch box

Figure 11 - Cooling system and lubrication system components
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1. Electrical supply to OOP pump-motor

2. OOP pump

3. OOP pump-motor

4. Thermal snap-switch

5. Motor-protection thermistors

6. Thermistor interface

7. Emergency stop control

8. External electrical supply

9. Emergency stop system

10. Reset/start controls

AW/6185/A
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Figure 12 - Schematic diagram of the emergency stop system
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3.8 Electrical connections

---------_..__.-

WARNING

If you use gas dilution as a safety feature of your system, you must fit a suitable alarm and
interlock system to prevent operation of the QDP pump when the gas dilution system does
not work. If you do not, the concentration of dangerous process gases in the exhaust of the
pump may (without warning) exceed safe limits and may cause an explosion or injury to

people.

r--------------------------------------

WARNING

Use a suitable cable-gland so that the seal of the electrical cable entry into the motor
terminal-box meets the requirements of TP44 in TEe 529. If you do not, condensation may

form inside the terminal-box and there may be a risk of electric shock.

-_.. _--_.__.._--- ----_._-_._._----- - ..-'.-

WARNTNG

Do not turn on the cooling-water supply until after you complete the electrical installation
of the pump. If you do, condensation may form inside the motor terminal-box and there

may be a risk of electric shock.

3.8.1 17-way connector

._---_._-_..._ .. ---_....- ..----..-

There is a 17-way connector (Figure 2, item 3) on the electrical services panel for the outputs from
the thermal snap-switches and the motor-protection thermistors. The connector may also be
used to carry electrical supplies and signals to pump accessories (refer to the instruction manual
supplied with your accessory). A wiring diagram for the connector is shown in Figure "13; all of
the wiring shown in this figure is inside the QDP frame.

Note also that:

• A mating-half for the 17-way connector is not supplied with the pump: refer to Section 7.3
for the Item Number of the connector mating-half.

• A 3-way mating-half for the flow-switch link (3) is supplied fitted to the connector on the
flying leads in the pump. You must remove this link if you fit a flow-switch.

• A 2-way mating-half forthe QMB thermistors electrical connector (4) is supplied fitted to the
connector on the flying leads in the pump. If you fit a QMB mechanical booster pump, you
must remove the link from the mating-half and connect the QMB thermistors through the
mating-half of this 2-way connector.

We recommend that you use the pins of the 17-way connector as shown in Table 5 (see page 19).
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3.8.2

3.8.3

24

Pins Wire colour Use

A and B Red Enclosure interlock and/ or emergency off

C Green/Yellow Thermal snap-switch earth (ground)

DandN D: brown, N: Blue Oil-level monitor control (if required)

Eand F Black Warning (88°C) thermal snap-switch

GandH Black Shut-down (95°C) thermal snap-switch

J and K Black Not assigned to a specific accessory

LandM Black Oil-level monitor outputs

Pand R White QMB motor-protection thermistor outputs

Sand T S: Blue, T: Brown QDP motor-protection thermistor outputs

Table 5 - 17-way connector pins

High and low voltage operation

The universal voltage and frequency motors are supplied configured for 'low voltage' operation
(200-208 Vat50Hzor200-230Vat60Hz). Figures 14and 16 show the low voltage configurations
for the QDP40 and QDP80 Pumps.

To change the QDP40 Pump-motor to 'high voltage' operation (380-415 Vat 50 Hz or460 V at 60
Hz), remove the pump-motor terminal-box cover, then remove the three links from the U, Vand
W terminals. Link the Ul, VI and WI terminals as shown in Figure 15.

To change the QDP80 Pump-motor to 'high voltage' operation, remove the pump-motor
terminal-box cover, then remove the wires from the Ul, VI and WI terminals. Reconnect the
wires to the W2, U2 and V2 terminals as shown in Figure 17.

Connect the electrical supply

~
~~_. -]CAUTION

The motor must be correctly configured and you must make the correct electrical
connections for your electrical supply. If you do not, you can damage the motor.

- -- ----~-----~------

Connect the motor to the electrical supply as described below. Connect the supply through a
contactor which has overload-protection, or use a controller which incorporates a contactor. You
must use a contactor which has a manual reset control. If you do not, the pump could
automatically restart after an electrical overload or an electrical supply failure.

1. Remove the motor terminal-box cover.

2. Check your electrical supply voltage and frequency. If necessary, configure the motor to
operate with your supply voltage (see Section 3.8.2).

3. Remove the plug from the cable entry-hole.

(Continued on page 28)
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1. 17-way connector

2. Electrical connector (oil-level monitor)

3. Electrical connector (flow-switch)

4. Electrical connector (QMB thermistors)

5. QDP thermistors

6. Warning thermal snap-switch

7. Shut-down thermal snap-switch

8. QDP electrical services panel

Wire colour codes:

BK Black

BN Brown

BU Blue

GN Green

RD Red

WH White

YE Yellow

Figure 13 -17-way connector wiring
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CD
r----7''\,

W1

1. To electrical supply

2. To 17-way connector on electrical services panel

3. Links
Figure 14 - QDP40 low voltage configuration

W1

UlCD
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3 - {li -,:-1>-"-1--i--:--+-------+-°
V1

1. To electrical supply

2. To 17-way connector on electrical services panel

3. Links

Figure 15 - QDP40 high voltage configuration
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1. To electrical supply

2. To 17-way connector on electrical services panel

Figure 16 - QDP80 low voltage configuration
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V2

1. To electrical supply

2. To 17-way connector on electrical services panel

Figure 17 - QDP80 high voltage configuration
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3.8.4

3.8.5

4. Fit a suitable 20 mm cable-gland to the hole. If your cable is too large to pass through a 20 mm
cable-gland, fit a 20 mm to 25 mm female thread-adaptor to the cable entry-hole, and fit a
25 mm cable-gland to the adaptor. The cable-gland (and adaptor, if fitted) must provide a
protective seal to IP44 (or higher), as defined by IEC 529.

5. Pass the supply cable through the cable-gland and connect the wires of the electrical supply
cable to the appropriate terminals (see Figures 14 to 17).

6. Tighten the cable-gland and refit the terminal-box cover.

Connect the thermal snap-switches

....__..._ ....._--_.._---_._----------------

WARNING

Incorporate a manual reset device in your conh"ol equipment. If you do not (and a fault
which causes the shut-down thermal snap-switch to open is not corrected), the pump will

switch on again when it cools down.

You can connect the warning thermal snap-switch to your control equipment to provide an
indication that the pump is too hot. Connect the shut-down thermal snap-switch to your control
equipment to shut down the pump. Alternatively, you can connect the shut-down thermal
snap-switch to the electrical-overload control-loop of your contactor. If you do this, the
contactor will automatically switch off if the pump is too hot.

The thermal snap-switches will reset (that is, close again) when the pump cools down to a preset
temperature (see Section 2). We therefore recommend that your control equipment incorporates
a manual reset device to prevent the pump switching on again automatically when itcools down.

Vou can use a 17-way connector mating-half (not supplied: refer to Section 7.4) to connect the
thermal snap-switches to your control equipment; Table 5 defines the functions of the pins.

Connect the motor-protection thermistors

Connect the output of the motor-protection thermistors to your control equipment to switch off
the pump if the motor is too hot. Refer to Section 2 for the specification of a suitable control-unit.
Vou can use a 17-way connector mating-half (not supplied: refer to Section 7.4) to connect the
thermistors outputs to your control equipment; Table 5 defines the functions of the pins.

If you have a QMB mechanical booster pump in your pumping system, then:

• If you connect the QDP and QMB thermistors to a single control-unit (for example, a BOC
Edwards Q Controller), you must connect the outputs in series not in parallel. The outputs
must not be short-circuited by any links or jumpers.

• If you connect the QMB thermistor outputs directly to a BOC Edwards Q Controller (that is,
you do not use the 17-way connector on the QDP), either make sure that pins P and R on the
electrical connector on the QDP are not connected to the auxiliary socket of the Q Controller,
or make sure that the mating-half of the 2-way QMB thermistors electrical connector is
removed (refer to Section 3.8.1).
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3.8.6 Check the pump rotation

Check the direction of pump rotation as described below.

1. Loosen the bolts which secure the blanking-plate to the pump-inlet.

2. Watch the pump-inlet blanking-plate and switch on the pump for one or two seconds, then
switch the pump off. If the blanking-plate lifts from the inlet, the direction of rotation is
incorrect. If the direction of rotation is incorrect, isolate the electrical supply and reverse any
two of the electrical supply phase-wires in the pump-motor terminal-box.

3. Repeat the check to ensure that the direction of rotation is correct.

3.9 Fit a mechanical booster pump

If you want to use a mechanical booster pump, fit it now. Details of the connection kits available
from BOC Edwards are given in Section 7. Refer to the installation procedures in the instruction
manual supplied with the connection kit.

3.10 Connect the cooling-water supply

WARNING

Do not turn on the cooling-water supply until after you complete the electrical installation
of the pump. If you do, condensation may form inside the motor terminal-box and there

may be a risk of electric shock.

..__ ._._._-----_._--------_._---_.- .._~-_ ..__ ._ ..

CAUTION

Drain the cooling-water from the pumping system, if you will transport or store it in
conditions where the cooling-water could freeze. If you do not, cooling-water may freeze

in the QDP pump and damage the pump.

Note: Tf you will transport or store the pumping system in conditions where the cooling-water could
freeze, you must ensure that 1111 cooling-water is drained from the pumping systelll : refer to
Section 6.1

Connect the cooling-water supply as described below. If a QMB mechanical booster pump is
fitted, you must connect the QMB cooling-water supply and return to the cooling-water
manifold on the QDP as described in the instruction manual supplied with the QMB Connection
Kit. When you connect the hoses between the QDP cooling-water manifold and the QMB pump,
remove only the 3/ 8 BSP caps on the manifold (Figure 11, items 11 and 12). Do not remove the
3/8 to 1/ 4 inch reducer fittings on the manifold.

If you need to connect more than one QDP pump to the water supply, you must connect them in
parallel and not in series.

(Continued on page 30)
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1. Take out the male and female type quick-release COlmectors from the general fitting-kit.

2. Fit these connectors to your cooling-water supply and return hoses with 3/8 inch BSP male
pipe fittings (which you must supply). Fit the female quick-release connector to the water
supply hose and fit the male quick-release connector to the water return hose.

3. Remove the dust-caps from the cooling-water connectors on the water services panel
(Figure 2, items 4 and 6).

4. Connect your water return pipe to the water return connector on the water services panel,
then connect your water supply pipe to the water supply connector on the water services
panel.

5. Turn on the cooling-water supply.

6. To bleed air out of the water cooling system, use a screwdriver to lift up the spindle on the
top of the TCV (Figure 11, item 8) and hold it up for 15 to 30 seconds to allow a steady flow of
water to establish. Do not turn the spindle against the locking-wire.

7. Check the water hoses, pipelines and connections to ensure that there are no leaks.

8. Turn off the water supply while you complete the remainder of the installation procedures.

3.11 Connect the nitrogen supply

,--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~_.~-

WARNING

If your vacuum system is not suitable for pressures above atmospheric, you must install a
suitable control-valve system. If you do not, your system could be pressurised up to the

nitrogen supply pressure.

Connect nitrogen supplies to the pump through the five connectors on the gas services panel (see
Figure 2). You must connect a nitrogen supply to the shaft-seals purge connector (Figure 2,
item 12) for all QDP pump applications. Use the other gas pipelines according to your
application.

The gas pipeline connections are 1/4 inch compression fittings. Use rigid metal supply pipelines
(such as stainless steel) with an outside diameter of 1/4 inch. If you have an acoustic enclosure to
fit, ensure that the pipelines will not obstruct the enclosure. Use the connectors in the general
fitting-kit to connect your pipelines to the pump. If you have a gas module accessory, the
necessary pipelines and connectors are supplied with the accessory.

Use a suitable regulator in the nitrogen supply pipeline to the shaft-seals purge to maintain a
constant supplr pressure of 8 psig (0.55 bar gauge, 3.8 x 103 Pal minimum and 10 psig (0.69 bar
gauge, 6.9 x 10 Pal maximum.

If your vacuum system is not suitable for positive pressures, install an inlet-valve or nitrogen
supply solenoid-valve, interlocked to the pump-motor electrical supply, to prevent
over-pressurisation. To prevent over-pressurisation of the exhaust-line, install a facility to
monitor the exhaust pressure and to cut off the nitrogen supply automatically if this pressure
reaches 6 psi (4.1 x 104 Pal.
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3.12 Connect the pump to your vacuum system

When you connect your pump to the vacuum system, take note of the following:

• To get the best pumping speed, ensure that the pipeline which connects the vacuum system
to the pump is the minimum length pOSSible and has an internal diameter not less than the
pump-inlet port. Use a flexible connection in the pipeline to reduce vibration and stress in
the system pipelines.

• On very dusty applications, use an inlet-filter to minimise damage to the pump.

• You must be able to isolate the pump-inlet from the atmosphere and from your vacuum
system if you have pumped or produced corrosive chemicals.

• Vacuum pipelines must be adequately supported to stop the transmission of stress to
pipeline joints.

The QDP40 inlet-flange is 15040 and the QDP80 inlet-flange is 15063. Use the following
procedure to connect the QDP pump to your vacuum system. This procedure assumes that a
mechanical booster pump has not been fitted. If a mechanical booster pump has been fitted, use
the instructions given in the appropriate instruction manual supplied with the mechanical
booster pump.

1. Remove the four M8 x 45 mm cap-head bolts, nuts and washers. Remove the inlet
blanking-plate.

2. Retain the nuts, bolts and washers for future use. Retain the blanking-plate for future use as
a temporary cover, for uncontaminated pumps only.

3. Use the trapped '0' ring supplied to connect the pump inlet-flange to your vacuum system.
Secure with the bolts provided in the general fitting-kit or the bolts removed in Step 1.

3.13

3.13.1

Exhaust system connection

Use of the alternative outlet position

Figures 4 and 5 show the positions of the outlet on the QDP pump; as supplied, the outlet is at the
motor end of the pump. If required, the outlet can be moved to the opposite end of the pump.
Use the follOWing procedure to use the alternative outlet position.

1. Remove the two screws (Figure 2, item 7) which secure the exhaust-silencer support-plate to
the pump and remove the support-plate.

2. Undo and remove the NW40 clamp which secures the inlet of the exhaust-silencer to the
outlet of the pump.

3. Remove the exhaust-silencer and turn it through 180°, so that the outlet is at the other end of
the pump (as in Figures 4 and 5).

(Continued on page 32)
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3.13.2

4. If required, you can remove the adaptor (Figure 5, item 3) from the exhaust-silencer on the
QDP80 pump. To remove the adaptor:

• Remove the two NW40 clamps which secure the adaptor to the outlet of the
exhaust-silencer and the elbow and remove the adaptor.

• Use one of the clamps to secure the elbow to the outlet of the exhaust-silencer.

5. Use the clamp removed in Step 2 to secure the inlet of the exhaust-silencer to the outlet of the
pump.

6. Refit the exhaust-silencer support-plate and secure with the two screws removed in Step 1.

Connect the pump to your exhaust system

_._--------------------------------

WARNING _I
Pipe the exhaust to a suitable treatment plant to prevent the discharge of dangerous gases

or vapours to the surrounding atmosphere.

- --------- - --- ----- - -----

WARNING

Do not operate the QDP pump with the exhaust pipeline blocked. If the exhaust pipeline
is blocked, the QDP pumps can generate_exhaust pipeline pressures up to 7 bar

(7 x 10" Pal.

----_.._--_.. _--_...._---_..._.__._-------

[
-_.._-_.. ..-----_.

CAUTION

U", ,,"hpo' '0 p"ven' ,ooden"'e d"iniog back io'o the pump. Conden,," which I
drains back into the pump could damage the pump.

When you connect the pump to the exhaust system, take note of the following:

• Ensure that all components in the exhaust pipeline have a pressure rating which is greater
than the highest pressure that can be generated in your system.

• Incorporate flexible pipelines in the exhaust pipeline to reduce the transmission of vibration
and to prevent loading of coupling-joints. We recommend that you use BOC Edwards
flexible pipelines.

• You must be able to isolate the exhaust-silencer outlet from the atmosphere if you have
pumped or produced corrosive chemicals.

• Exhaust pipelines must be adequately supported to stop the transmission of stress to
pipeline joints.

1. Remove the plastic cover from the NW40 flange on the exhaust-silencer outlet. Retain the
cover for future use as a temporary cover, for uncontaminated pumps only.

2. Connect the exhaust-silencer outlet to your exhaust system. The outlet has an NW40 flange.
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3.14 Leak-test the installation

WARNING

Leak-test the system after installation and maintenance and seal any leaks found to
prevent leakage of dangerous substances out of the system and leakage of air into the

system.

Leak-test the system after installation and seal any leaks found. Dangerous substances which
leak from the system will be dangerous to people and there will be a danger of explosion if air
leaks into the system. We recommend that the leak rate is 1 x 10-5 mbar 1s-l (1 x 10-3 Pa Is-I)
helium or less.

3.15

3.15.1

Commission the pump

Adjust the thermostatic control-valve (TCV)

WARNING

Do not adjust the TCV to a lower setting (that is, turn the adjuster spindle anticlockwise)
when the pump is hot. This will increase the flow of cooling-water which may damage the

pump because of the differential contraction of the pump rotor and case.

Note: The QDP pump can only be operated at pump temperatures above 88°C ifyou configu re the pump
so that the 88°C thermal snap-switch gives a warning only, (that is, docs not automatically sill< t
down the QDP pump), or ifyou fit the high temperature thermal snap-switch kit, which contains a
warning thermal snap-switch which opens at 95 "c and a shut-down thermal snap-switch which
opens at 115 "c.

The TCV regulates the flow of water through the water cooling system to maintain the pump at
the required operating temperature.

A pump operating temperature of 70°C is suitable for most processes and, as supplied, the TCV
is factory set to maintain this temperature (measured at the thermal snap-switch position). The
adjuster spindle on the TCV is held at this setting by a locking-wire.

You can adjust the TCV to vary the operating temperature of the pump (measured at the
temperature measurement point - Figure 11, item 16) between approximately 55°C (minimum)
and approximately 90 °c (maximum). If you need to adjust the TCV to suit your operating
conditions, refer to Figure 11 and use the following procedure. Note that it takes approximately
30 minutes for the pump to stabilise at its final operating temperature.

1. Cut and remove the locking-wire on the spindle on the top of the TCV (8).

(Continued on page 34)
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3.15.2

2. Use a suitable screwdriver to turn the spindle (8) the necessary number of turns from the
factory set position to select the required operating temperature (refer to Table 6 for the
QDP40 and Table 7 for the QDP80). If you are not sure whether the adjuster spindle is at the
factory set position, turn the spindle fully clockwise until it will turn no further, then adjust
the spindle from this position.

Required pump operating Required number of turns of TCV adjuster spindle

temperature °c From factory set position From fully clockwise position

Valve shut/pump off 10}
-

90 # 9 Clockwise

'}70 * - 10 Anti-

55 6 Anticlockwise 16 clockwise

# 88°C thermal snap-switch must be configured to provide warning only, or you must fit the high
temperature thermal snap-switch kit.

* Factory set position

Table 6 - Adjust the TCV on the QDP40

Required pump operating Required number of turns of TCV adjuster spindle

temperature °c From factory set position From fully clockwise position

Valve shut/pump off 13
}C1ockwise

-

90 # 9 '}70 * - 13 Anti-

55 8 Anticlockwise 21 clockwise

# 88 "c thermal snap-switch must be configured to provide warning only, or you must fit the high
temperature thermal snap-switch kit.

* Factory set position

Table 7 - Adjust the TCV on the QDP80

Commissioning procedure

1. Isolate the pump from your vacuum system.

2. Turn on the cooling-water supply, the nitrogen supply and your exhaust-extraction system
(if fitted).

3. Check all of the water, nitrogen system, exhaust-extraction system and vacuum system
connections.

4. Switch on the pump (and the mechanical booster pump, if fitted).

5. Allow the pump temperature to stabilise (approximately 30 minutes).

6. Turn off the pump and the services.
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4 OPERATION

4.1 ATEX directive implications

Note: The information in this section only applies to a QDP pump with an Exhaust Pressure Module
fitted. QDP pumps without an Exhaust Pressure Module fitted arc not ATEX compliant.

4.1.1

4.1.2

Introduction

This equipment is designed to meet the requirements of Group II Category 3 equipment in
accordance with Directive 94/9IEC of the European Parliament and the Council of 23rd March
1994 on the approximation of the laws of the Member States concerning equipment and
protective systems intended for use in potentially explosive atmospheres. (The ATEX Directive)

The ATEX Category 3 applies in respect of potential ignition sources internal to the equipment.
An ATEX Category has not been assigned in respect of potential ignition sources on the outside
of the equipment as the equipment has not been designed for use where there is an external
potentially explosive atmosphere.

There is no potential source of ignition within the pump during normal operation but there may
be potential sources of ignition under conditions of predictable and rare malfunction as defined
in the Directive. Accordingly, although the pump is designed to pump flammable materials and
mixtures, operating procedures should ensure that under all normal and reasonably predictable
conditions, these materials and mixtures are not within explosive limits. Category 3 is
considered appropriate for the avoidance of ignition in the case of a rare malfunction which
allows flammable materials or mixtures to pass through the pump whilst within their explosive
limits.

Flammablejpyrophoric materials

WARNING

You must obey the instructions and take note of the precautions given below, to ensure
that pumped gases do not enter their flammable ranges.

When flammable or pyrophoric materials are present within the equipment you must:

• Not allow air to enter the equipment.

• Ensure that the system is leak tight.

• Use an inert gas purge (for example, a nitrogen purge) to dilute any flammable gases or
vapours entering the pump inlet, andlor use an inert gas purge to reduce the concentration
of flammable gases or vapours in the pump and in the exhaust pipeline to less than one
quarter of the gases' published lower explosive limits (LEL).

• Use an inert gas purge in to the pump gas ballast connection to prevent the condensation of
flammable vapours within the pump mechanism and exhaust pipeline.
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4.1.3 Gas purges

l
,---- WARNING

If you use inert gas purges to dilute dangerous gases to a safe level, ensure that the QDP
pump is shut down if an inert gas supply fails.

-- jWARNING

You must obey the instructions and take note of the precautions given below, to ensure
that pumped gases do not enter their flammable ranges.

.._-- - --------- -- - -- - -

Switch on the inert gas purge to remove air from the pump and the exhaust pipeline before the
process starts. Switch off the purge flow at the end of the process only after any remaining
flammable gases or vapours have been purged from the pump and exhaust pipeline.

If liquids that produce flammable vapours could be present in the pump foreline, then the inert
gas purge to the QDP pump should be left on all the time this liquid is present. Flammable
liquids could be present in the foreline as a result of condensation, or may be carried over from
the process.

When you calculate the flow rate of inert gas required for dilution, consider the maximum flow
rate for the flammable gases/vapours that could occur. For example, if a mass flow controller is
used to supply flammable gases to the process, you should assume a flow rate for flammable
gases that could arise if the mass flow controller is fully open.

Continually measure the inert gas purge flow rate: if the flow rate falls below that required, you
must stop the flow of flammable gases or vapours into the pump.

Note: We recommend that you obtain and read the Vacuum Pump and Vacuum System Safety IIlllnulll
(publiCiltion nUlllber P300-20-(00), available from BOC Edwards or your supplier.

4.2 Start-up procedure

1. Check the gearbox oil-level in the sight-glass on the side of the pump (see Figure 11).

2. Check the coolant level with the filler-cap/level indicator.

3. Turn on the cooling-water supply, the nitrogen supply and the exhaust-extraction system (if
fitted).

4. Check all of the water, nitrogen system, exhaust-extraction system (if any) and vacuum
system connections.

5. Switch on the pump (and the mechanical booster pump, if fitted).

6. Refer to Section 2.3 and Section 4.3 for operation of the gas system to suit your process
conditions.
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4.3 Gas flow rates and pressures

Table 2 (sec Section 2) shows the maximum flow rates for the shaft-seals purge, 3/4-interstage
purge and 2/3-interstage purge gas flows.

During operation, you must set the flow rates of the 3/4-interstage purge and the 2/3-interstage
purge pipelines to the required values. These values are dependent on the process in which the
pump is used and you should adjust the flow rates according to your experience. If you exceed
the flow rates specified in Table 2, the performance of the pump may be reduced.

You must set the pressure of the shaft-seals purge as specified in Table 2 and Section 3.11. You
must not attempt to adjust the flow rate of the shaft-seals purge (which is determined by the
pump itself). The nominal flow rate ofthe shaft-seals purge is 121 min-1 . If the flow rate is higher
than the nominal value, you may reduce the flow rate of the 3/4-interstage purge by
[F-12]I min-1 (where F is the actual shaft-seals flow rate). This will reduce the amount of nitrogen
exhausted from the pump.

4.4 Pump shutdown

Shut down the pump as described below.

1. Isolate the pump-inlet from your vacuum system and operate it for 15 minutes with the
nitrogen supply switched on.

2. Turn off the nitrogen supply.

3. Switch off the QDP pump (and the mechanical booster pump if fitted).

4. Turn off the cooling-water supply.
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5 MAINTENANCE

5.1 Safety

Obey 'he ,afely i,,,'n,,'ion, given be",:::::~no'c of appenp,'a'e p~caution,.:ou
do not, you can cause injury to people and damage to equipment. J

L- ~~~__~"__~_

• A suitably trained and supervised technician must maintain the QDP pump.

• Ensure that the maintenance technician is familiar with the safety procedures which relate to
the products handled by the pumping-system. Wear the appropriate safety-clothing when
you come into contact with contaminated components. Dismantle and clean contaminated
components inside a fume-cupboard.

• Allow the pump to cool to a safe temperature before you start maintenance work.

• Vent and purge the pumping system with nitrogen before you start any maintenance work.

• Isolate the pump and other components in the pumping system from the electrical supply so
that they can not be operated aCCidentally.

• Fit a suitable blanking-plate to the pump inlet-flange and to your vacuum system as soon as
you have disconnected the pump from your vacuum system. Do not operate the pump
unless the inlet blanking-plate is fitted, or the pump is connected to your vacuum system.

• Fit a suitable blanking-plate to the exhaust-silencer outlet-flange and to your exhaust system
as soon as you have disconnected the pump from your exhaust system. Do not operate the
pump unless the exhaust-silencer outlet is connected to your exhaust system.

• Recheck the pump rotation direction if the electrical supply has been disconnected.

• '0' ring replacement intervals will vary depending on your application: contact BOC
Edwards for advice.

• Do not reuse '0' rings or '0' ring assemblies.

• Dispose of components, grease and oil safely (see Section 6.2).

• Take care to protect sealing-faces from damage.

• Do not touch or inhale the thermal breakdown products of fluorinated materials which may
be present if the pump has been overheated to 260°C and above. These breakdown products
are very dangerous. Fluorinated materials in the pump may include oils, greases and seals.
The pump may have overheated if it was misused, if it malfunctioned or if it was in a fire.
BOC Edwards Material Safety Data Sheets for fluorinated materials used in the pump are
available on request: contact your supplier or BOC Edwards.

• Leak-test the system after maintenance work is complete if you have connected or
disconnected any vacuum or exhaust joints. Seal any leaks found to prevent leakage of
dangerous substances out of the system and leakage of air into the system.

• Wipe up any water, Drystar coolant or oil spilt during maintenance, so that people cannot
slip over any spillages.

• Safely route and secure all cables, hoses and pipes during maintenance, so that people
cannot trip over them.
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5.2 Maintenance plan

The plan in Table 8 details the maintenance operations we recommend to maintain the pump in
normal operation. Instructions for each operation are given in the section shown.

When you maintain the pump, use BOC Edwards maintenance and service kits. These contain
all of the necessary seals, lubricating grease and other components necessary to complete
maintenance operations successfully. The Item Numbers of the service kits are given in
Section 7.3.

In practice, the frequency of maintenance is dependent on your process. In clean processes, you
may be able to decrease the frequency of maintenance operations; in harsh processes you may
have to increase the frequency of maintenance operations. Adjust the maintenance plan
according to your experience.

Operation Frequency Refer to Section

Check the gearbox oil-level 6 Monthly 5.3

Check the coolant-level 6 Monthly 5.4

Inspect and clean the exhaust-silencer 3 Monthly 5.5

Inspect the pipelines and connections 6 Monthly 5.6

Inspect the exhaust check-valve 6 Monthly 5.7

Change the gearbox oil Yearly or when con- 5.8
taminated, whichever

occurs first*

Relu bricate the rotor bearings Yearly 5.9

* If the gearbox oil is not contaminated, you may only need to change the gearbox oil once a year. If there is
contamination (indicated by a change in colour of the oil; for example, water contamination will turn the
oil a white colour), you must change the oil. You may be able to remove the contaminants from the oil by
filtration.

Table 8 - Maintenance plan

5.3 Check the gearbox oil-level

1

------

WARNING

Do not remove the oil filler-plug when the pump is operating. If you do, hot oil may be
ejected from the pump gearbox

Refer to Figure 11 and check that the pump gearbox oil-level is between the MIN and MAX
marks on the bezel of the oil-level sight-glass. If the oil-level is above the MAX mark, drain
excess oil from the pump as described in Section 5.7 until the oil-level is correct. If the oil-level is
below the MAX mark:

(Continued on page 40)

1.

2.

Unscrew and remove the oil filler-plug (3).

Pour oil into the gearbox until the oil-level is at the MAX mark on the bezel of the oil-level
sight-glass.
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3. Make sure that the bonded seal is in place on the oil filler-plug. Screw the filler-plug back in
and tighten to finger tight. Use a spanner to tighten a further 1/16th of a turn.

The gearbox is vented and the loss of a small amount of oil during operation is normal. If you
need to pour oil into the gearbox frequently, or if there is a sudden loss of a large amount of oil,
this may indicate that the pump has a fault. In these circumstances, we recommend that you
shut down the pump as soon as possible and contact your supplier or BOC Edwards for advice.

5.4 Check the coolant-level

1

:- ---;

WARNING

Do not remove the combined filler-plug/level indicator when the QDP pump is hot. If you
do, hot coolant may be ejected from the header-tank and could cause injury.

- .

CAUTION

Fill the QDP pump with the correct type and amount of coolant. If you do not, the pump
may overheat and it may not work correctly.

In addition to cooling the pump, the coolant acts as a corrosion inhibitor and anti-scaling agent.
Check the coolant-level and fill the pump with coolant as described below; new coolant is
available as a spare: refer to Section 7. The locations of the components of the cooling-water
system are shown in Figure 11.

1. Isolate the pump from the electrical supply and ensure that the cooling-water supply is off.

2. Unscrew and remove the combined filler-plug/level indicator (5). Use a clean lint-free cloth
to wipe the shaft of the indicator, then replace the combined filler-plug/level indicator in the
coolant header-tank.

3. Remove the combined filler-plug/level indicator again and check the coolant-level: the
coolant-level must be visible on the shaft of the indicator, but must not be above the notch
mark on the indicator shaft. If the coolant-level is acceptable, continue at Step 12, otherwise
continue at Step 4.

4. Remove the cap from a container of pump coolant and pour in de-ionised water until the 2.-1
litre fill line on the container is reached.

5. Refit the cap firmly on the container. Shake the container gently to fully mix the fluids.

6. Check that the coolant drain-plug on the underside of the pump is securely fitted.

7. Fit a length of transparent flexible hose to the air bleed-valve, then unscrew the air
bleed-valve (7).

8. Use a clean funnel to slowly fill the pump with the coolant mixture until the coolant fluid
starts to flow through the hose fitted to the air bleed-valve.

9. Tighten the air bleed-valve (7), then remove the flexible hose.
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10. Continue to fill the system slowly until you see the fluid in the bottom of the coolant
header-tank (4).

11. Refit the combined filler-plug/level indicator (5) and then remove it to check the fluid-level
on the shaft of the indicator: refer to Step 3.

12. Check that the bonded seal on the combined filler-plug/level indicator (5) is in place. Refit
and tighten the combined filler-plug/level indicator.

5.5 Inspect and clean the exhaust-silencer

WARNING

Substances which accumulate in the exhaust-silencer may be dangerous. Do not allow
these substances to come into contact with your skin or eyes. Do not inhale vapours from

these substances. Fit blanking caps to the inlet and outlet flanges when you move the
silencer around your workplace.

Refer to Figure 18 and dismantle, inspect and clean the silencer as described below.

1. Release the NW40 clamps at the silencer inlet and outlet flanges to disconnect the silencer
from the check-valve and the pump.

2. Slide the silencer out towards the high-vacuum end of the pump to remove the silencer from
the pump. Alternatively, undo the two support-plate retaining screws (see Figure 2) and
slide the silencer complete with the support-plate towards the motor end of the pump.

3. Weigh the silencer. If the mass of the silencer is greater than 7.5 kg, dismantle, clean and
reassemble the silencer as in Steps 4 to 9 below. If you do not need to clean the silencer, refit
the silencer as in Step 12.

4. Remove and retain the six bolts and washers which secure each end-cover plate to the
silencer body. Pull the end-cover plates squarely from the outlet pipe to remove them.

5. Remove the three '0' rings from the silencer and discard.

6. Empty all loose deposits from the silencer body; take care not to damage the end-cover plate
sealing surfaces.

7. Use a suitable tool to dislodge remaining deposits, then wash the silencer body with steam or
water. Finally, glass-bead blast the silencer body. If required, use a cleaning solution
suitable for the nature of the deposits.

8. Inspect the silencer for internal corrosion and check that the wall of the silencer body is not
excessively eroded. Inspect the end-cover plate and inlet and outlet flange sealing-faces for
damage and refinish if necessary. If silencer damage is excessive, it should be replaced.

9. Check that the '0' ring grooves are clean. Apply a light wipe of vacuum grease and place the
new '0' rings in position.

(Continued on page 42)
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10. Refit the end-cover plates and secure with the bolts and washers removed in Step 3. Tighten
the bolts progressively; alternate between bolts on opposite sides of the end-cover plate.
Tighten to a torque of 10 Nm.

11. Leak-test the silencer.

12. Slide the silencer in from the high-vacuum end of the pump. Alternatively, slide the silencer
complete with the support-plate in from the motor end of the pump and tighten the
support-plate retaining screws (see Figure 2).

13. Reconnect the silencer to the pump and the check-valve with the new NW40 clamps and
trapped '0' rings supplied in the servicing kit.

5.6 Inspect the pipelines and connections

1. Inspect all cooling-water connections and check that they are secure; tighten any loose
connection. Inspect all cooling-water pipelines and connections for corrosion, leaks and
damage. Repair or replace any corroded or damaged components and seal any leaks found.

2. Inspect all nitrogen supply connections and check that they are secure; tighten any loose
connection. Inspect all nitrogen supply pipelines and connections for leaks and damage.
Repair or replace any corroded or damaged components and seal any leaks found.

3. Inspect all electrical connections and check that they are secure; tighten any loose
connection. Inspect all electrical cables and check thay they are not damaged and have not
overheated. Repair or replace any cable that is damaged or has overheated.

4. Inspect all vacuum connections and check that they are secure; tighten any loose connection.
Inspect all vacuum pipelines for corrosion and damage and check that they do not leak.
Repair or replace any corroded or damaged components and seal any leaks found.
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1. Cap-head bolt

2. Washer

3. End-cover plate

4. '0' ring

5. Silencer body

6. Transfer tube

7. '0' ring

8. '0' ring

9. End-cover plate

10. Outlet flange

11. Inlet flange

12. Outlet tube

Figure 18 - Exhaust silencer



5.7 Inspect the exhaust check-valve

-----~._------_._--

WARNING

Substances which accumulate in the check-valve may be dangerous. Do not allow these
substances to come into contact with your skin or eyes. Do not inhale vapours from these

substances. Fit blanking caps to the inlet and outlet flanges when you move the
check-valve around your workplace.

You must remove the exhaust check-valve from the silencer and your exhaust-extraction system
before you can inspect it. It is convenient, therefore, to inspect the exhaust check-valve at the
same time as you inspect the exhaust-silencer (see Section 5.5).

Use the procedure below to remove and inspect the valve. This procedure assumes that the
exhaust-silencer has already been disconnected from the pump and the exhaust check-valve has
been removed. Figure 19 shows the component parts of the exhaust check-valve.

1. Release the NW40 clamp at the exhaust check-valve outlet flange and remove the
check-valve from the system pipeline.

2. Unscrew the two halves of the check-valve body; use a strap wrench if necessary.

3. Remove the fluoroelastomer ball and the '0' ring.

4. Use a cleaning solution suitable for the process products pumped to clean the valve body
and the fluoroelastomer ball. If necessary, replace the flu oroelastomer ball with a new one.

5. Inspect the '0' ring groove and the KF40 flange sealing-faces for damage and refinish if
necessary.

6. Apply a light wipe of vacuum grease and position the '0' ring in its groove in the valve body.

7. Ensure that the fluoroelastomer ball is positioned correctly and screw the two halves of the
valve body together.

8. Refit the valve to the system pipeline with the NW40 clamp and trapped '0' ring. Ensure
that the flow direction arrow points away from the silencer (towards your
exhaust-extraction system).

5.8 Change the gearbox oil

1. Remove the oil filler-plug (see Figure 11).

2. Use a suitable pump or syringe to suck the oil out of the gearbox.

3. Discard the old bonded seal on the oil filler-plug and replace with a new one from the pump
maintenance kit.

4. Fill the gearbox through the filler hole, with the correct grade and quantity of oil. Allow the
oil to drain into the gearbox and then check the level on the oil sight-glass (refer to
Section 3.5).

5. Ensure that the new bonded seal is positioned correctly and refit the oil filler-plug.
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1. Spider leg

2. Valve body (female)

3. Fluoroelastomer ball

4. Valve body (male)

5.

6.

7.

8.

Inlet-flange

'0' ring

Mounting direction arrow

Outlet-flange
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Figure 19 - Exhaust check-valve
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5.9 Relubricate the rotor bearings

Relubricate the rotor bearings as described below. Figure 20 shows the location of the rotor
bearings components.

1. Remove the six screws (2) which secure the bearing end-cover (1) to the high vacuum
head-plate (4).

2. Lift away the end-cover and remove the sealing '0' ring (3). Dispose of the '0' ring (see
Section 6.2).

3. Use a clean lint-free cloth or a plastic or wooden spatula to remove as much old grease as
possible from the end-cover and bearings. Do not use your fingers for this operation.

4. Inspect the bearings for obvious signs of wear or the presence of debris. If the bearings are
worn, return the pump to a BOC Edwards Service Centre for repair.

5. If the bearings are in a satisfactory condition, force new PFPE grease (supplied in the
maintenance kit) into the bearings so that a smooth layer of grease covers the case and
bearings. Do not over-pack the bearings or the pump will run hot.

6. Apply a light wipe of PFPE grease to the new '0' ring seal and position it in its groove in the
head-plate. Refit the end-cover to the high vacuum head-plate.
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1. Bearing end-cover

2. End-cover securing screw

3. '0' ring

4.

5.

6.

High vacuum head-plate

Bearing

End-cover cavity

Figure 20 - Rotor bearing relubrication
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6 STORAGE AND DISPOSAL

6.1 Storage

-------------------------~----------

CAUTION

Drain the cooling-water from the pumping system, if you will transport or store it in
conditions where the cooling-water could freeze. If you do not, cooling-water may freeze

in the QDP pump and damage the pump.

If you will transport or store the pumping system in conditions where the cooling-water could
freeze (for example, if you transport the pump as air freight), you must ensure that all
cooling-water is drained from the pumping system.

Use the following procedure:

1. Remove the cooling-water connectors from the pump, or attach an open pair of
quick-connector halves to the connectors on the pump.

2. Blow compressed air through the cooling-water inlet, to force any water out of the cooling
system.

Store the pump as follows:

1. If applicable, ensure that the pump has been shut down as described in Section 4.4 and
disconnect all services, process and exhaust connections.

2. Fit blanking-plates to all vacuum inlets and outlets. Place protective covers over the pump
services connection points.

3. Store the pump in clean dry conditions until required.

4. When required for use, prepare and install the pump as described in Section 3 ofthis manual.

6.2 Disposal

Dispose of the QDP pump and any components safely in accordance with all local and national
safety and environmental requirements.

Take particular care with the following:

• Fluoroelastomers which may have decomposed as the result of being subjected to high
temperatures

• Components which have been contaminated with dangerous process substances.
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7 SERVICE, SPARES AND ACCESSORIES

7.1 Introduction

BOC Edwards products, spares and accessories are available from BOC Edwards companies in
Belgium, Brazil, China, France, Germany, Israel, Italy, Japan, Korea, Singapore, United
Kingdom, U.s.A and a world-wide network of distributors. The majority of these centres
employ Service Engineers who have undergone comprehensive BOC Edwards training courses.

Order spare parts and accessories from your nearest BOC Edwards company or distributor.
When you order, please state for each part required:

• Model and Item Number of your equipment

• Serial number (if any)

• Item Number and description of the part.

7.2 Service

BOC Edwards products are supported by a world-wide network of BOC Edwards Service
Centres. Each Service centre offers a wide range of options including: equipment
decontamination; service exchange; repair; rebuild and testing to factory specifications.
Equipment which has been serviced, repaired or rebuilt is returned with a full warranty.

Your local Service Centre can also provide BOC Edwards engineers to support on-site
maintenance, service or repair of your equipment.

For more information about service options, contact your nearest Service Centre or other BOC
Edwards company.

7.3 Spares

The spare parts listed below are available for the QDP pumps:

Product

Pump routine maintenance kit

Exhaust-silencer servicing kit

Exhaust check-valve servicing kit

Coolant

Krytox 1525 oil (1 kg)

Fomblin RT15 grease (100 g)

Exhaust-silencer

Exhaust check-valve

QDP40 and QDP80 DnJstar Pumps

Item Number

A526-40-820

A386-11-820

A440-03-820

HU8-10-002

H113-09-018

loon13-50-003

A528-19-000

A440-03-000
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7.4 Accessories

The accessories listed below are available for the QDP pumps. Each accessory contains all the
necessary components for assembly and installation of the accessory. Full functional
descriptions and installation details are included in the instruction manual supplied.

50

Accessory

QDP High Temperature Thermal Snap-Switch Kit

QDP Gas Module

QDP Acoustic Enclosure for QDP40 with inlet manifold

QDP Acoustic Enclosure for QDP80 with inlet manifold

Q Series 3 Exhaust Pressure Module

QMB Booster Connection Kit for QDP40/QMB250F

QMB Booster Connection Kit for QDP40/QMB500F

QMB Booster Connection Kit for QDP80/QMB250F

QMB Booster Connection Kit for QDP80/QMB500F

QDP Shaft-Seals Purge Module

CDP Flap Valve

17-way connector mating-half

Item Number

A505-27-000

A528-05-000

A528-01-000

A528-03-000

A528-50-000

A528-31-000

A528-32-000

A528-33-000

A528-34-000

A528-55-000

A504-51-000

A528-40-067
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Return of BOe Edwards Equipment - Procedure

INTRODUCTION
Before returning your equipment, you must warn BOC Edwards if substances you used (and produced)
in the equipment can be hazardous. This information is fundamental to the safety of our Service Centre
employees and will determine the procedures employed to service your equipment.
Complete the Declaration (HS2) and send it to BOC Edwards before you dispatch the
equipment. It is important to note that this declaration is for BOC Edwards internal use only, and
has no relationship to local, national or international transportation safety or environmental
requirements. As the person offering the equipment for shipment, it is your responsibility to ensure
compliance with applicable laws.

GUIDELINES

• Equipment is 'uncontaminated' if it has not been used, or if it has only been used with substances
that are not hazardous. Your equipment is 'contaminated' if it has been used with any substances
classified as hazardous under EU Directive 67/548/EEC (as amended) or OSHA Occupational Safety
(29 CFR 1910).

• If your equipment has been used with radioactive substances, biological or infectious agents,
mercury, polychlorinated biphenyls (PCB's), dioxins or sodium azide, you must decontaminate it
before you return it to BOC Edwards. You must send independent proof of decontamination (for
example a certificate of analysis) to BOC Edwards with the Declaration (HS2). Phone BOC
Edwards for advice.

• If your equipment is contaminated, you must either:
Remove all traces of contamination (to the satisfaction of laws governing the transportation of
dangerous/hazardous substances).
Or, properly classify the hazard, mark, manifest and ship the equipment in accordance with
applicable laws governing the shipment of hazardous materials.

Note: Some contaminated equipment may not be suitable for airfreight.

PROCEDURE

1. Contact BOC Edwards and obtain a Return Authorisation Number for your eqUipment.

2. Complete the Return of BOC Edwards Equipment - Declaration (HS2).

3. If the equipment is contaminated, you must contact your transporter to ensure that you properly
classify the hazard, mark, manifest and ship the equipment, in accordance with applicable laws
governing the shipment of contaminated/hazardous materials. As the person offering the equipment
for shipment, it is your responsibility to ensure compliance with applicable law. Note: Equipment
contaminated with some hazardous materials, such as semiconductor by-products,
may not be suitable for airfreight - contact your transporter for advice.

4. Remove all traces of hazardous gases: pass an inert gas through the equipment and any accessories
that will be returned to BOC Edwards. Where possible, drain all fluids and lubricants from the
equipment and its accessories.

5. Seal up all of the equipment's inlets and outlets (including those where accessories were attached)
with blanking flanges or, for uncontaminated product, with heavy gauge tape.

6. Seal equipment in a thick polythene/polyethylene bag or sheet.

7. If the equipment is large, strap the equipment and its accessories to a wooden pallet. If the
equipment is too small to be strapped to a pallet, pack it in a suitable strong box.

8. Fax or post a copy of the Declaration (HS2) to BOC Edwards. The Declaration must arrive before
the equipment.

9. Give a copy of the Declaration (HS2) to the transporter. You must tell your transporter if the
equipment is contaminated.

10. Seal the original Declaration in a suitable envelope: attach the envelope securely to the outside of
the equipment package, in a clear weatherproof bag.
WRITE YOUR RETURN AUTHORISATION NUMBER CLEARLY ON THE
OUTSIDE OF THE ENVELOPE OR ON THE OUTSIDE OF THE EQUIPMENT
PACKAGE.



~~BOC EDWARDS Form HS2

Return of BOe Edwards Equipment - Declaration
Return Authorisation Number:

You must:

Know about!!!! of the substances which have been used and produced in the equipment before you complete this Declaration

Read the Return of BOC Edwards Equipment - Procedure (HS1) before you complete this Declaration

Contact BOC Edwards to obtain a Return Authorisation Number and to obtain advice if you have any questions

Send this form to BOC Edwards before you return your equipment

SECTION 1: EQUIPMENT

Equipment/System Name _

Part Number _

Serial Number _

Has the equipment been used, tested or operated?

YES 0 Go to Section 2 NO 0 Go to Section 4

IF APPLICABLE:

Tool Reference Number _

Process _

Failure Date _

Serial Number of
Replacement Equipment _

SECTION 2: SUBSTANCES IN CONTACT WITH THE EQUIPMENT

Are any substances used or produced in the equipment:

Radioactive, biological or infectious agents, mercury,
poly chlorinated biphenyls (PCBs), dioxins
or sodium azide? (if YES, see Note 1) YES 0 NO 0
Hazardous to human
health and safety? YES 0 NO 0

Note1: BOC Edwards will not accept delivery of any
equipment that is contaminated with radioactive substances,
biological/infectious agents, mercury, PCB's, dioxins or
sodium azide, unless you:

Decontaminate the equipment

Provide proof of decontamination

YOU MUST CONTACT BOC EDWARDS FOR ADVICE
BEFORE YOU RETURN SUCH EQUIPMENT

SECTION 3: LIST OF SUBSTANCES IN CONTACT WITH THE EQUIPMENT

Substance name
Chemical Precautions required (for example, Action required after a spill,
Symbol use protective gloves, etc.) leak or exposure

SECTION 4: RETURN INFORMATION

Reason for return and symptoms of malfunction _

If you have a warranty claim: who did you buy the equipment from? _

give the supplier's invoice number _

SECTION 5: DECLARATION

Print your name: ,Print your job title: _

Print your organisation: _

Print your address: _
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Note: Please print out this
form, sign it and return the
signed form as hard copy.

Date

Telephone number: Date of equipment delivery: _

I have made reasonable enquiry and I have supplied accurate information in this
Declaration. I have not withheld any information, and I have followed the Return of
BOC Edwards Equipment - Procedure (HS1).

Signed:
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UNITED KINGDOM

CORPORATE HEADQUARTERS
ROC EDWARDS
Manor Royal
Crawley
West Sussex
RHI09LW

Tel +(44) 1293 528844
Fax +(44) 1293 533453

ROC: EDWARDS
Wingates Industrial Estate

Great Bank Road
Westhoughton, Bolton
Lancashire

BL535L
Tel +(44) 1942652652
Fax +(44) 194265265 I

AMERICA (USA)

USA HEADQUARTERS
ROC: EDWARDS
One Edwards Park
301 Ballardvale 5treet
Wilmington, MA 01887
Tel +(1) 978 658 5410
Toll free (USA only) I 800 848 9800
Fax +( I) 978 658 7969

390 I Burton Drive
Santa Clara, CA 95054
Tel +(1) 408 4961177
Fax +(1) 408 496 1188

1810 West Drake Drive
5ulte 101
Tempe, AZ 85283
Tel +( I) 602 777 7007
Fax +( I) 602 777 2244

I 1701 Stonehollow Drive
Suite 100
Austin, TX 78758
Tel +(1) 5124916622
Fax +(1) SI2 4910629

350 I Island Avenue
Philadelphia, PA 19153
Tel +(1) 215 365 8653
Fax +( I) 978 753 6846

BELGIUM

BOC EDWARDS
Bergensesteenweg 709
B1600 Sint-Pieters-Leeuw
Brussels

Tel +(32) 2 363 0030
Fax +(32) 2 363 0064

BRAZIL

ROC DO BRASIL LTDA
DIVISAO EDWARDS ALTO VACO
Rua Bernado Wrona 222
02710 Sao Paulo-SP
Tel +(55) II 39525000
Fax +(55) I I 3965 2766

CANADA

BOC EDWARDS
5975 Falbourne 5treet
Mississauga, Ontario L5R3W6
Canada
Tel +( I) 905 50 I 2558
Fax +(1) 905 501 1632

I2055 Cote de Liesse
Dorval, Quebec H9P IB4
Canada
Tel +(1) 514 631 3501
Fax +( I) 514 63 I 3502

CHINA

ROC TRADiNC
(SHANGHAI) CO LTD.

23 Fu Te Road (N)
Wai Gao Qlao Free Trade Zone
Pudong
5hanghai, 200131
PRC China
Tel +(86 21) 5866 9618

Fax +(86 21) 5866 9993

HONG KONG S.A.R.

BOC: EDWARDS (ASIA)
12 Chun Yat Street
Tseung Kwan a Industrial Estate
Tseung Kwan 0, Kowloon
Hong Kong SAR.
Tel +(852) 2372 2640

Fax +(852) 2796 9095

INDIA

ROC EDWARDS
DIVIN. OE SOC iNDIA LIMiTED
203 Surya Kiran Building
19 Kasturba Gandhi Marg
New Delhi - 110 00 I
India
Tel +(91) I 18510065
Fax +(91) 1I 85 I 0245

ISRAEL

EDWARDS ISRAEL VACUUM LTD
5 Habarzel Blvd
Gat 2000 Industrial Zone
Qiryat Gat 82000
Tel +(972) 8 681 0633
Fax +(972) 8 681 0640

ITALY

BOC EDWARDS
Via Carpaccio 35
20090 Trezzano sui Naviglio
Milan
Tel +(39) 02 48 4471

Fax +(39) 02 48 401638

JAPAN

HEADQUAIUERS
ROC EDWARDS

Shuwa Shiba Park Building A-3F
2-4-1 Shlbakoen Minato-ku
Tokyo, 105-001 1
Tel +(81) (0) 3 54706530
Fax +(81) (0) 3 5470 6521

KOREA

ARTERS
WARDS LTD

o Engineering Bldg.

-do

Tel +(82) 4 I 62 I 7070
Fax +(82) 41 621 7700

SINGAPORE

BOC EDWARDS (ASIA)
42 Loyang Drive
Loyang Industrial Estate
Singapore 508962
Tel +(6S) 65468408
Fax +(65) 6546 8407

TAIWAN, R.O.C.

EDWARDS TECHNOLOGIES
LIMiTED
No. 434 Chung hua Road
Toufen Town, Mlaoli County
Taiwan ROC
Tel +(886) 37611422
Fax +(886) 37611401

PLEASE CONTACT ANY OF THESE COMPANIES FOR DETAILS OF OTHER SALES AND
SERVICE CENTRES IN YOUR AREA.
BOC Edwards is part of BOC Limited. BOC Edwards and the stripe symbol are trade marks of The BOC Group.
© BOC Edwards 2003

Produced by Technical PubliCity Techpublicity@edwards.boc.com

http://www.bocedwards.com
info@bocedwards.com ~ BOC EDWARDS



Instruction Manual

QMB Mechanical Booster Pumps

A301-85-880
Issue M

Description

QMB250F Mechanical Booster Pump, 50 Hz
QMB250F Mechanical Booster Pump, 60 Hz
QMB500F Mechanical Booster Pump, 50 Hz
QMB500F Mechanical Booster Pump. 60 Hz
QMB1200F Mechanical Booster Pump. 50 Hz
QMB1200F Mechanical Booster Pump. 60 Hz

~ BOC eDWARDS

Manor Royal, Crawley, West Sussex, RH10 2LW, UK
Telephone: +44 (0) 1293528844 Fax: +44 (0) 1293533453
http://www.bocedwards.com

Item Number

A301-85-905
A301-86-905
A302-85-905
A302-86-905
A305-85-905
A305-86-905





CONTENTS

Section

1

1.1
1.2
1.2.1
1.2.2
1.2.3
1.2.4
1.3

2

2.1
2.2

3
3.1
3.2
3.3
3.4
3.4.1
3.4.2
3.4.3
3.5
3.6
3.7
3.7.1
3.7.2
3.7.3
3.8

3.9

3.10

4
4.1
4.2
4.3

5
5.1
5.2
5.3
5.4
5.5
5.6

Title

INTRODUCTION
Scope and definitions
Description

General
Construction
Principle of operation
Hydrokinetic fluid-coupling

Labels

TECHNICAL DATA
General
Electrical data

INSTALLATION
Safety
Unpack and inspect
Locate the pump
Fill the pump with oil

Coupling-cover
Shaft-seal reservoir
Gear-cover (QMB1200F only)

Cooling-water connections
Connect to your emergency stop system
Electrical connections

High and low-voltage operation
Motor connections
Motor-protection thermistors

Check the pump rotation
Connect the pump-inlet and outlet
External evacuation of coupling-cover (optional)

OPERATION
Operational safety
Start-up
Shut-down

MAINTENANCE
Safety
Maintenance plan
Check the oil-levels
Inspect the pump connections
Lubricate the rear-bearing (QMB250F and QMB500F only)
Change the pump oil

Page

1

1
1

1

2
2
2
4

5
5
5

II
II
12
12
12
12
13
14
14
14
16

16

16

17
17
20
20

21
21
21
22

23
23
24
24
25
25
26

QMB Mechanical Booster Pumps



Section

6

6.1

6.2

7
7.1

7.2
7.3

7.4

7.4.1

7.4.2
7.4.3

7.4.4

Illustrations

Figure

I
2
3
4
5
6

7
8
9

10

II
12

13

14

IS
16

Tables

Table

I
2
3

Title

STORACE AND DISPOSAL
Storage
Disposal

SERVICE, SPARES AND ACCESSORIES
Introduction
Service
Spares
Accessories

QMB Booster Frames
QMB Booster Frame Connection Kits
QMB Booster Frame Acoustic Enclosures
QMB to QMKII Connection Kits

RETURN OF BOC EDWARDS EQUIPMENT

Title

QMB Mechanical Booster Pumps (part cut-away)
Labels on the QMB pump
QMB250F dimensions
QMB500F dimensions
QMBI200F dimensions
Typical pumping speed for QDP40 and QMB250F pumping combinations
Typical pumping speed for QDP80 and QMB250F pumping combinations
Typical pumping speed for QDP80 and QMB500F pumping combinations
Typical pumping speed for QDP80 and QMBI200F pumping combinations
Sight-glasses
Schematic diagram of the emergency stop system
QMB250/500F low-voltage configuration
QMB250/500F high-voltage configuration

QMBI200F low-voltage configuration
QMBI200F high-voltage configuration
Lubricate the rear bearing (QMB250F and QMB500F only)

Title

Full load current ratings
Technical data
Maintenance plan

Page

28
28
28

29

29

29

29

30

30

30

30

31

Page

3
4
7

8
8
9
9

10
10

13
IS
18
18

19
19
27

Page

5

6

24

ii QMB Mechanical Booster Pumps



Associated publications

Publication title

Vacuum pump and vacuum system safety

QMB Booster Connection Kits

QMB Booster Frames

QMB Booster Frame Connection Kits

QMB Booster Frame Acoustic Enclosure

QMB Mechanical Booster Pumps

Publication Number

P300-20-000

A528-31-880

A528-37-880

A528-65-880

A528- 70-880

iii



iv

(This page deliberately left blank)

QMB Mechanical Booster Pumps



1 INTRODUCTION

1.1 Scope and definitions

This manual provides installation, operation and maintenance instructions for the BOC
Edwards QMB250F, QMB500F and QMB1200F Mechanical Booster Pumps. You must use the
pumps as specified in this manuaL

Read this manual before you install and operate the pump. Important safety information is
highlighted as WARNING and CAUTION instructions; you must obey these instructions. The
use of WARNINGS and CAUTIONS is defined below.

WARNING

Warnings are given where failure to observe the instruction could result in injury or death
to people.

CAUTION the I
Cautions are given where failure to observe the instruction could result in damage to th.e

equipment, associated equipment and process.

The units used throughout this manual conform to the SI international system of units of
measurement.

1.2 Description

1.2.1 General

BOC Edwards QMB Mechanical Booster Pumps are compact and have high pumping speeds.
Low system pressures can be achieved by using two or more mechanical booster pumps in
series. You must use the QMB Mechanical Booster Pump with a suitable backing pump. The
maximum continuous inlet pressure is 20 mbar for the QMB250F and QMB500F Mechanical
Booster Pumps and 1 mbar for the QMB1200F Mechanical Booster Pumps.

The QMB250F and QMB500F pumps are air-cooled and the QMB1200F pump is water-cooled.
All the QMB pumps have enclosed, water-cooled motors and are therefore suitable for
applications in clean environments where fan cooling is unacceptable.

The pump coupling-cover is connected to the pump outlet and forms an integral part of the
vacuum system. The connecting pipelines have a filter which removes debris and so prevents
contamination of the lubricating oil and bearings. For an even cleaner system, the
coupling-cover and bearings can be evacuated by connection to the pump-inlet or to an external
vacuum pump.

QMB Mechanical Booster Pumps



Three motor-protection thermistors (one on each winding) are fitted to the motor of the QMB
pump. These thermistors are solid-state devices which have an electrical resistance of 100 to

500 Q at normal pump-motor operational temperature. When the pump-motor is too hot, the
electrical resistance rises qUickly to 3000 Q.

The thermistors are connected in series and you can connect the thermistors to control
equipment to automatically shut down the system if a pump-motor is too hot.

1.2.2 Construction

The QMB pumps are positive displacement Roots vacuum pumps. The pump mechanism is
driven by a three-phase electric motor through a hydrokinetic fluid-coupling. The motor is
enclosed and is cooled by integral cooling-water coils.

The pump shafts and rotors are made of high-grade, corrosion-resistant, cast-iron. The internal
and external shaft-seals are made of polytetrafluoroethylene (PTFE) or fluoroelastomer.

The pump-bearings, gears and seals are lubricated by oil fed from reservoirs in the
coupling-cover. A series of seals stops the oil from reaching the vacuum side of the pump. The
coupling-cover is evacuated. You can inspect the oil-levels through sight-glasses which are
fitted to the coupling-cover. Oil-filler, oil-drain and external evacuation connections are
provided on the cover.

The QMB2S0F and QMBSOOF pumps have rear bearings which are lubricated by
perfluoropolyether (PFPE) grease. The QMB1200F pump gears are lubricated by oil in the
gear-cover. The gear-cover of the QMB1200F has oil-filler and oil-drain plugs and an oil-level
sight-glass. The QMB pumps are suitable for use only with PFPE oils.

1.2.3 Principle of operation

The QMB Mechanical Booster Pump is shown in Figure I. The motor-shaft drives one of the
rotors through the fluid-coupling. The 1: 1 gears inside the coupling-cover drive the second rotor
in the opposite direction inside the stator housing. A small, accurately gauged, clearance is
maintained between the rotors and between each rotor and the stator wall. This clearance allows
the pump to operate at high speed without mechanical wear and without the need for lubrication
inside the swept volume.

1.2.4

2

Hydrokinetic fluid-coupling

The hydrokinetic fluid-coupling connects the electric-motor shaft to the rotor. This system is
configured so that when the gas-load is high the rotational speed of the rotors is reduced. As the
gas-load decreases, the rotors accelerate to full speed. This allows continuous operation of the
pump over the vacuum range without the risk of overloading the motor and removes the need
for bypass-valves and associated pipelines.

QMB Mechanical Booster Pumps
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Figure 1 - QMB Mechanical booster pump (part cut-away)
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10. Coupling-cover oil drain-plug

(under the pump)

11. Direction of rotation sight-glass

12. Oil-level sight-glasses

13. Electrical supply cable entry

14. Motor terminal-box cover

15. Gear-cover (OMB1200F)

16. Oil filler-plug (OMB1200F)

17. Oil drain-plug (under the gear-cover,

OMB1200F)

18. Oil-level sight-glass (OMB1200F)

13

12
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1. Cooling-water bracket (OMB250F/OMB500F pumps)

2. Cooling-water bracket (OMB1200F pump)

3. Shaft-seal reservoir vented oil filler-plug

4. Coupling-cover oil filler-plug

5. Inlet-flange

6. End-cover (OMB250F/OMB500F)

7. External evacuation port

8. Rotors / l3
9. Stator housing
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1.3 Labels

Labels are fitted to the QMB pump in order to:

• Identify components.

• Define required installation/operation/maintenance procedures.

• Identify safety hazards.

Refer to Figure 2 which shows the positions of the labels fitted to the QMB pump.

1. Direction of rotation arrow/frequency label

2. 'Do not step on/motor damage' label

3. Coupling cover filler plug/Oil level lower sight glass

4. 'Use only Fomblin Y16/6 or Krytox 1514 oil' label

5. 'Regrease bearing in accordance with instruction manual' label

6. QMS informationl'Warning - Risk of high temperature' label

7. Caution symbol

8. 'Warning - Risk of high temperature' label

9. 'Caution - Do not not overfill with oil' label

10. 'Use vented plug only/Shaft seal reservoir' label

11. QMS motor rating information label

12. 'Warning - Risk of electric shock' label

Figure 2 - Labels on the QMB pump
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2 TECHNICAL DATA

2.1 General

Overall dimensions

Performance

Backed by QDP dry pump
Backed by 1 or 2-stage rotary pump

Mass

Continuous inlet pressure

QMB250F and QMB500F

QMB1200F

Maximum outlet pressure (see Section 1.2.4)

Ambient operating temperature range

Maximum operating humidity

Protection degree (as defined by lEC 529)

Oil capacity

Recommended oil type

Recommended grease (for QMB250F

and QMB500F rear bearing)

See Figures 3 to 5

Sec Figures 6 to 9

See Table 2

See Table 2

3oto 20 mbar, 0 to 2 x 10 Pa

oto 1 mbar, 0 to 100 Pa

1000 mbar, 1 x 105 Pa
5 to 40 DC

90%RH

IP44

See Table 2

Fomblin YVAC 16/6 or Krytox 1514

Fomblin RT15

Note: A BOC Edwards Material Safety Data Sheet for the above oil is available on request.

2.2 Electrical data

Note: The motor is supplied configured for low-voltage operation (200-208 Vat 50 Hz or 200-230 Vat
60 Hz). To change the motor to high-voltage operation (380-415 Vat 50 Hzor460 Vat 60 Hz) refer
to Section 3.7.1.

Number of phases

Supply voltage

Voltage tolerance

Full load current rating

3

200-208 V/380-415 V at 50 Hz

200-230 V/ 460 V at 60 Hz

±10%, except 208 and 415 V at

50 Hz which are +6% and -10%

See Table 1

200-208 V 200-208 V 230V 380-415 V 460 V
Supply voltage and frequency

50 Hz 60 Hz 60Hz 50 Hz 60 Hz

QMB250F and Full load (A) 8.7 8.8 7.8 5.0 4.4

QMB500F Rating (kW) 2.2 2.2 2.2 2.2 2.2

Full load (A) 16 16 14.2 8 8
QMB1200F

Rating (kW) 4 4 4 4 4

Table 1 - Full load current ratings

QMB Mechanical Booster Pumps 5



Motor protection thermistors

Type

Reference temperature

Compliant with

Recommended control-unit

Relay contact rating

Positive temperature coefficient

160 DC

IEC 34 -II (BS4999 part III)

To comply with IEC 34-11

(BS4999 part 111)

Suitable for use with your contactor

6

Parameter QMB250F QMB500F QMBI200F

Mass (kg) 65 78 157

Minimum cooling-water flow (1.h-1
) 75 75 75

Oil capacity (1)
Coupling-cover 1.5 1.5 2.4
Shaft-seal reservoir 0.125 0.125 0.125
Gear-case - - 1.25

Rotational speed (r.min-1
)

50 Hz supply oto 2900 oto 2900 oto 2900
60 Hz supply oto 3500 oto 3500 oto 3500

Ultimate pressure without 8 x 10-4 mbar 8 x 10-4 mbar 8 x 10-4 mbar
gas-ballast, permanent gases 8 x 10 2 Pa 8 x 10-2 Pa 8 x 10 2 Pa

Pressure differential across pump oto 180 mbar oto 110 mbar oto 90 mbar
determined by the hydrokinetic drive oto 1.8 x 104 Pa oto 1.1 x 104 Pa oto 9 X 103 Pa

Recommended backing-pump QDP40 QDP40 QDP80
orQDP80 or QDP80 or DPI80

Vacuum connections
Inlet connection IS063 bolted ISO I00 bolted IS0160 bolted
Outlet connection IS040 bolted IS063 bolted ISO 100 bolted

Cooling-water connections
Inlet connection (BSP) Hansen quick connect

3/8 inch male

Outlet connection (BSP) Hansen quick connect
3/8 inchfemale

Noise data
Continuous A-weighted
sound pressure level (dB (A)) 66 66 70

Table 2 - Technical data

QMB Mechanical Booster Pumps
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3 INSTALLATION

3.1 Safety

WARNING

Obey the safety instructions given below and take note of appropriate precautions. If you
do not, you can cause injury to people and damage to equipment.

• A suitably trained and supervised technician must install the pump.

• Ensure that the installation technician is familiar with the safety procedures which rclate to
the products handled by the pumping system. Wear the appropriate safety-clothing when
you come into contact with contaminated components. Dismantle and clean contaminated
components inside a fume-cupboard.

• If the QMB pump is to replace an existing pump, vent and purge the process system with
nitrogen for 15 minutes before you start installation work.

• Check that all the required components are available and of the correct type before you start
work.

• Disconnect the other components in the pumping system from the electrical supply so that
they cannot be operated accidentally.

• Do not reuse any '0' ring or '0' ring assembly, and do not allow debris to get into the QMB
pump during installation.

• Leak-test the system after installation work is complete to prevent leakage of hazardous
substances out of the system and leakage of air into the system. Seal any leaks found to
prevent leakage of dangerous substances out of the system, and leakage of air into the
system.

• Do not remove the temporary cover or the blanking-plate from the QMB pump-inlet and
pump-outlet until you are ready to connect the QMB pump to your vacuum system. Do not
operate the QMB pump unless the inlet blanking-plate is fitted, or the QMB pump is
connected to your vacuum system.

• Do not operate the QMB pump without a suitable backing pump: refer to Section 2.

• Wipe up any water or oil spilt during installation, so that people cannot slip over any
spillages.

• Safely route and secure cables, hoses and pipes during installation, so that people cannot trip
over them.

• Obey all local and national rules and safety regulations when you install the QMB pump.

• Consult BOC Edwards publication P300-20-000 (Vacuum Pump and Vacuum System
Safety) before you pump hazardous materials. This publication is available on request:
contact your supplier or BOC Edwards.

QMB Mechanical Booster Pumps 11



3.2 Unpack and inspect

WARNING

Use suitable lifting equipment to move the pump. Refer to Section 2 for the mass of the
pump.

1. Place the pallet in a convenient position with a fork-lift truck or a pallet truck.

2. Remove all packing materials.

3. Use suitable lifting-gear to remove the pump from its pallet. Do not try to lift the pump by
hand. Refer to Section 2 for the mass of the pump.

4. Remove all protective covers and inspect the pump. If the pump is damaged, notify your
supplier and the carrier in writing within three days; state the Item Number of the pump
together with your order number and your supplier's invoice number. Retain all packing
materials for inspection. Do not use the pump if it is damaged.

5. If the pump is not to be used immediately, replace the protective covers. Store the pump in
suitable conditions as described in Section 6.1.

3.3 Locate the pump

WARNING

Use suitable lifting equipment to move the pump. Refer to Section 2 for the mass of the
pump.

Attach suitable lifting equipment to the lifting points on the pump (see Figures 3 to 5) to move the
pump into its operating position. The pump must be mounted on a firm, level surface.

3.4 Fill the pump with oil

CAUTION

Ensure that the oil-levels in the pump are correct. If an oil-level is incorrect, pump
performance may be affected and the pump may be damaged.

3.4.1 Coupling-cover

We recommend that the coupling-cover oil-level is maintained at the recommended oil-level
shown in Figure 10, item 5; if the oil-level is above or below the recommended oil-level, the
performance of the pump may be affected. Do not allow the coupling-cover oil-level to fall
below the bottom of the reflector plate (Figure 10, item 4) or the pump may be damaged.

12 QMB Mechanical Booster Pumps



3.4.2

1. Remove the coupling-cover oil filler-plug (Figure 1, item 4).

2. Refer to Figure 10. Fill the coupling-cover with PFPE oil until the oil-level reaches the
recommended oil-level (5) at the top of the reflector plate (4) in the coupling-cover
sight-glass (3).

3. Refit the coupling-cover oil filler-plug.

Shaft-seal reservoir

WARNING

Ensure that the correct vented filler-plug is replaced in the shaft-seal reservoir. If you usc a
non-vented plug, the reservoir will be pressurised and the oil sight-glass may fracture.

We recommend that you fill the shaft-seal reservoir so that the oil-level is at the recommended
oil-level, shown in Figure 10, item 2. You can operate the pump as long as the oil-level is above
the bottom of the reflector plate. Do not allow the shaft-seal oil-level to fall below the bottom of
the reflector plate or the pump may be damaged. You must use the same oil you used to fill the
coupling-cover.

(Continued on page 14

5

3

1.

2.

3.

4.

Shaft-seal reservoir sight-glass 5.

Shaft-seal reservoir recommended oil-level 6.

Coupling-cover sight-glass 7.

Coupling-cover reflector plate

Coupling-cover recommended oil-level

Shaft-seal reflector plate

Direction of rotation sight-glass (the arrow

shows the correct direction of rotation)

Figure 10 - Sight-glasses
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3.4.3

1. Remove the shaft-seal reservoir vented oil filler-plug (Figure I, item 3).

2. Refer to Figure 10. Fill the shaft-seal reservoir with PFPE oil until the oil~level is at the
recommended oil~level (2) at the top of the reflector plate (6).

3. Refit the vented oil filler~plug.

Gear~cover (QMB1200F only)

Use the following procedure to fill the gear~coveron the QMB1200F pump. You must fill the
gear~coverwith the same oil you used to fill the coupling~coverand shaft~seal reservoir.

1. Refer to Figure 1. Remove the oil filler~plug (16) on the top of the gear~cover;take care not to
aCCidentally remove the plug from the external evacuation port (7).

2. Fill the gear~coverwith oil until the oil~level is at the middle of the reflector plate in the
gear~cover oil~level sight~glass (18).

3. Refit the oil filler~plug.

3.5 Cooling~water connections

WARNING

Do not turn on the cooling~watersupply before you have finished all electrical installation.
If you do, condensation may form inside the motor terminal~boxand there may be a risk of

electric shock.

Connect the cooling~water supply and return pipelines to the quick connectors on the
cooling~waterbrackets on the pump (see Figure 1).

Refer to Section 2 for the minimum cooling~water flow rate required. Do not turn on the
cooling~watersupply yet.

3.6 Connect to your emergency stop system

The QMB pump must be connected to an emergency stop facility. The operation of the
emergency stop function should immediately disconnect power from the QMB pump when the
emergency stop control is operated. Returning the emergency stop control to its normal position
should not result in power being re~applied to the QMB pump; a separate start or reset control
should be used for this.

The excess temperature detected by the motor protection thermistors should also be connected
to an emergency stop facility to cause the QMB pump to stop immediately, in the same way as the
emergency stop function.

Refer to Figure 11 and to Section 3.7 for more information about the electrical connections.
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1. Electrical supply to OMS pump-motor

2. OMS pump

3. OMS pump-motor

4. Not used

5. Motor-protection thermistors

6. Thermistor interface

7. Emergency stop control

8. External electrical supply

9. Emergency stop system

10. Reset/start controls

Figure 11 - Schematic diagram of the emergency stop system

QMB Mechanical Booster Pumps 15



3.7 Electrical connections

WARNING

Use suitable cable-glands so that the seals of the electrical supply and thermistor cable
entries into the motor terminal-box meet the requirements of IP44 (or higher), as defined
by IEC 529. If you do not, condensation may form inside the terminal-box and there may

be a risk of electric shock.

3.7.1 High and low-voltage operation

The universal motors are supplied configured for 'low-voltage' operation (200-208 V at 50 Hz or
200-230 V at 60 Hz). Figures 12 and 14 show the low voltage configurations for the
QMB250/500F and QMBI200F pumps.

To change the QMB2501500F pump-motor to 'high-voltage' operation (380-415 V at 50 Hz or 460
V at60 Hz), remove the pump-motor terminal-box cover, then remove the three links from the U,
V and W terminals. Link the UI, VI and WI terminals as shown in Figure 13.

To change the QMB1200F pump-motor to 'high-voltage' operation (380-415 V at 50 Hz or 460 V at
60 Hz), remove the pump-motor terminal-box cover, then remove the wires from the UI, VI and
WI terminals. Reconnect the wires to the terminals as shown in Figure 15.

3.7.2

16

Motor connections

CAUTION

The motor must be correctly configured and you must make the correct electrical
connections for your electrical supply. If you do not, you can damage the motor.

Connect the motor to the electrical supply as described below. Connect the supply through a
contactor which has overload-protection, or use a controller which incorporates a contactor. You
must use a contactor which has a manual reset control. If you do not, the pump could
automatically restart after an electrical overload or an electrical supply failure.

I. Remove the motor terminal-box cover.

2. Check your electrical supply voltage and frequency. If necessary, configure the motor to
operate with your supply voltage (see Section 3.7.1).

3. Remove the plug from the cable entry-hole you will use for the electrical supply cable.
Choose the most suitable entry-hole for your application.

4. Fit a suitable 20 mm cable-gland to the hole. Ifyour cable is too large to pass through a 20 mm
cable-gland, fit a 20 mm to 25 mm female thread-adaptor to the cable entry-hole, and fit a
25 mm cable-gland to the adaptor. The cable-gland (and adaptor, if fitted) must proVide a
protective seal to IP44 (or higher). as defined by lEC 529.
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3.7.3

5. Pass the supply cable through the cable-gland and connect the wires of the electrical supply
cable to the appropriate terminals (see Figures 12 to 15).

6. Tighten the cable-gland.

Motor-protection thermistors

Connect the output of the motor-protection thermistors to your control equipment to switch off
the pump if the motor is too hot. Refer to Section 2 for the specification of a suitable control-unit.
To connect the thermistors output:

1. Remove the plug from the other cable entry-hole.

2. Fit a suitable 20 mm cable-gland to the entry-hole. The cable-gland must be a protective seal
to IP44 (or higher) as defined by IEC 529.

3. Pass the thermistor cable through the cable-gland.

4. Refer to Figures 12 to 15. Connect the two wires of the thermistor cable to the thermistor
terminals (Tl and T2). Connect the other ends of the wires to your control equipment.

5. Tighten the cable-gland, then refit the motor terminal-box cover.

3.8 Check the pump rotation

WARNING

Blank the inlet or connect the pump to the vacuum system before you check the direction
of pump rotation. If you do not, there is danger of objects being trapped in the rotating

rotors.

It is possible for the three-phase electrical supply to the motor to be phased incorrectly. If the
supply is phased incorrectly, the rotors will rotate slowly in the reverse direction or remain
stationary. Look through the direction of rotation sight-glass in the coupling-cover (Figure 1,
item 11) to check the direction of rotation of the motor-coupling. An enlarged view of the
Sight-glass is shown in Figure 10. The correct direction of rotation is indicated by an arrow.
Check the direction of rotation as described below.

1. Check that the pump is connected to the vacuum system or that the inlet is blanked off.

2. Connect the backing-pump and switch the backing-pump on.

3. Watch the motor-coupling in the sight-glass (Figure 10, item 7) and switch on the QMB
pump for two or three seconds.

4. Check that the direction of rotation of the coupling is the same as that indicated by the
rotation arrow on the motor and shown in Figure 10.

5. If the direction of rotation of the coupling is incorrect, switch off the backing-pump and
isolate the QMB pump from the electrical supply. Reverse any two of the phase-wires in the
motor terminal-box.

6. Repeat the check to ensure that the direction of rotation is now correct.
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1. Electrical supply cable

2. Thermistors cable

3. Links

Figure 12 - QMB2S0/S00F low-voltage configuration
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1. Electrical supply cable

2. Thermistors cable
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Figure 13 - QMB2S0/S00F high-voltage configuration
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Figure 14 - QMB1200F low-voltage configuration
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1. Electrical supply cable
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Figure 15 - QMB1200F high-voltage configuration
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3.9 Connect the pump-inlet and outlet

Consider the following points when you connect your pump:

• You must use a suitable backing pump: refer to Section 2.

• For optimum pumping speeds, ensure that the pipeline connected to the pump-inlet is as
short as possible and has a bore size not less than the inlet-port diameter.

• On very dusty applications, use a low-impedance inlet-filter to minimise abrasion in the
pump. A range of inlet-filters is available; if necessary, contact your supplier or BOC
Edwards for advice.

• Adequately support vacuum pipelines to stop the transmission of stress to the pipeline
joints.

• If necessary, incorporate flexible pipelines in your system pipelines to reduce the
transmission of vibration and to prevent loading of coupling-joints. If you use flexible
pipelines, you must ensure that you use flexible pipelines which have a maximum pressure
rating which is greater than the highest pressure that can be generated in your system.

• You must be able to isolate the pump-inlet and exhaust from the atmosphere and from your
vacuum system if you have used corrosive chemicals in the pump.

• You can incorporate a suitable control system so that the QMB pump is only switched on if
the inlet pressure is below the maximum inlet pressure.

Before you connect the QMB pump to your vacuum system, remove the blanking-plates fitted to
the pump-inlet and outlet. Retain the nuts, bolts and washers for future use. Retain the
blanking-plates for future use as temporary covers, for uncontaminated pumps only.

Ensure that debris does not get into the pump when you install it. If the pump is to replace a
pump in an existing system, purge the existing pump with nitrogen for 15 minutes before you
disconnect it.

Use standard ISO flanges to connect the pump-inlet and outlet. Use a BOC Edwards trapped '0'
ring to seal the pump-inlet connection and use a BOC Edwards trapped '0' ring or (on the
QMB250F only) a BOC Edwards Co-Seal to seal the pump-outlet connection.

3.10 External evacuation of coupling-cover (optional)

You can use an external pump to evacuate the coupling-cover. A description of the connections
required is beyond the scope of this manual. Contact your supplier or your nearest BOC
Edwards company for advice if you wish to use this facility.
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4 OPERATION

4.1 Operational safety

WARNING

Do not touch any part of the pump when it is switched on. Surfaces of the pump are very
hot. especially at high inlet pressures. and can cause injury to people and damage to

equipment.

If you operate the QMB250F or QMB500F pump in an area with poor ventilation, the
temperature of the coupling-cover can reach 100 °c and above. Take all necessary precautions to
avoid accidental contact with the coupling-cover; if necessary. use a pump enclosure or fit a
guard to the pump.

Ifyou operate the QMB1200F pump with the inlet pressure higher than 1mbar (100 Pal for a long
period, the stator and the coupling-cover will reach very high temperatures. Take all necessary
precautions to avoid accidental contact with the stator and the coupling-cover; ifnecessary. use a
pump enclosure or fit a guard to the pump.

4.2 Start-up

Start-up the pump as described in the procedure below. This procedure assumes that the pump
and the vacuum system are at atmospheric pressure.

1. Check that the pump oil-levels are correct (see Section 3.4).

2. Switch on the cooling-water supply and check that there is an adequate now of cooling
water.

3. Close all valves to atmospheric pressure and ensure that all other openings are closed.

4. Switch on the backing pump and open the backing valve (if fitted).

5. When the inlet pressure is below the maximum inlet pressure for the pump, switch on the
pump.

6. Slowly open the pump-inlet isolation-valve (if fitted).

7. Allow the pump to operate for approximately fifteen minutes to achieve normal operating
temperature.

8. Inspect the cooling-water connections and pipes and check that there are no leaks. If there
are any leaks, shut down the pumping system (refer to Section 4.3) and seal the leaks.
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4.3 Shut-down

1. Close the pump-inlet isolation-valve (if fitted).

2. Switch off the mechanical booster pump.

3. Open the backing-pump air-admittance valve (if fitted) and switch off the backing-pump.

4. Turn off the cooling-water supply.
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5 MAINTENANCE

5.1 Safety

WARNING

Obey the safety instructions given below and take note of appropriate precautions. If you
do not, you can cause injury to people and damage to equipment.

• A suitably trained and supervised technician must maintain the pump.

• Ensure that the maintenance technician is familiar with the safety procedures which relate to
the products pumped. Wear the appropriate safety-clothing when you come into contact
with contaminated components. Dismantle and clean contaminated components inside a
fume-cupboard.

• Allow the pump to cool to a safe temperature before you start maintenance work

• Vent and purge the pumping system with nitrogen before you start any maintenance work.

• Check that all the required parts are available and ofthe correct type before you start work.

• Isolate the pump and other components from the electrical supply so that they cannot be
operated accidentally.

• Recheck the pump rotation direction if the electrical supply has been disconnected.

• Do not reuse any '0' ring or '0' ring assembly, and do not allow debris to get into the QMB
pump during maintenance.

• Dispose of components safely (see Section 6.2).

• Take care to protect sealing-faces from damage.

• Do not touch or inhale the thermal breakdown products of fluorinated materials which may
be present if the pump has been overheated to 260 DC and above. These breakdown products
are very dangerous. Fluorinated materials in the pump may include oils, greases and seals.
The pump may have overheated if it was misused, if it malfunctioned or if it was in a fire.
BOC Edwards Material Safety Data Sheets for fluorinated materials used in the pump are
available on request: contact your supplier or BOC Edwards.

• Leak-test the system after maintenance work is complete if you have connected or
disconnected any vacuum joints. Seal any leaks found to prevent leakage of dangerous
substances out of the system, and leakage of air into the system.

• Fit suitable blanking-plates to the pump-inlet and outlet as soon as you have disconnected
the QMB pump from your vacuum system. Do not operate the pump unless the inlet
blanking-plate is fitted, or the pump is connected to your vacuum system.

• Do not operate the QMB pump without a suitable backing pump: refer to Section 2.

• Wipe up any water or oil spilt during maintenance, so that people cannot slip over any
spillages.

• Safely route and secure all cables, hoses and pipes during maintenance, so that people
cannot trip over them.
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5.2 Maintenance plan

The plan shown in Table 3 details the maintenance operations necessary to maintain QMB
pumps in normal use. Instructions for each operation are given in the section shown.

More frequent maintenance may be required if the pump has been used to pump corrosive or
abrasive gases and vapours. If necessary, acljust the maintenance plan according to your
experience.

Operation Frequency Refer to Section

Check the oil-levels 3 monthly 5.3

Inspect the pump connections Monthly 5.4

Lubricate the rear-bearing * 12 monthly 5.5

Change the pump oil As required 5.6

* QMB250F and QMB500F only

Table 3 - Maintenance plan

5.3 Check the oil-levels

CAUTION

Ensure that the oil-levels in the pump are correct. If an oil-level is incorrect, pump
performance may be affected and the pump may be damaged.

Note: If there is a loss of oil from the shaft-seal reservoir, the shaft-seal may have failed. You cannot

replace the shaft-seal; contact your supplier or a BOC Edwards Service Centre for advice.

Use the following procedure to check the oil-levels in the sight-glasses. Refer to Figure 1 for the
location of the filler-plugs and Sight-glasses. During normal operation, the coupling-cover
sight-glass (Figure 10, item 2) may appear empty or show a froth because the oil is in circulation
around the coupling.

1. Refer to Figure 10. Check the shaft-seal oil-level. If the oil-level is below the bottom of the
reflector plate (6), refer to Section 3.4 and refill the shaft-seal reservoir.

2. Check the coupling-cover oil-level. If the oil-level is below the top of the reflector plate, refer
to Section 3.4 and refill the coupling-cover reservoir.

3. On the QMB1200F only, check the gear-cover oil-level in the gear-cover sight-glass (Figure I,
item 18). Ifthe oil-level is below the middle of the reflector plate, refer to Section 3.4 and refill
the gear-cover.
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5.4 Inspect the pump connections

1. Check that the cooling-water connections are secure. Tighten any connections that are loose.

2. Inspect the cooling-water pipelines and connections and check that they are not corroded or
damaged and do not leak. Replace any pipelines and connections which are corroded or
damaged or leak.

3. Check that the electrical connections are secure. Tighten any connections that are loose.

4. Check the electrical supply cables for damage. Replace any cable which is damaged.

5. Check that all the vacuum connections are secure. Tighten any connections that are loose.

6. Inspect all the vacuum pipelines and connections and check that they are not corroded or
damaged. Replace any pipelines and connections which are corroded or damaged.

5.5 Lubricate the rear-bearing (QMB250F and QMB500F only)

1. Switch off the pump and isolate it from the electrical supply. Vent the pump to atmospheric
pressure.

2. Refer to Figure 16. Remove the four plastic cover-caps (8) from the end-cover (6).

3. Undo and remove the socket-head screws (7) located under the four plastic cover-caps.

4. Remove the end-cover (6) and '0' ring (5). Dispose of the '0' ring safely.

5. Note the exact location of the shims (4) and spacers (3) inside the end-cover (6). Clean off all
visible grease from the end-cover: take care not to misplace or damage the shims and
spacers.

6. Use a clean, lint-free cloth or a plastic or wooden spatula to remove all visible grease from
both bearings (2).

7. Fill the visible side of each bearing (2) with clean grease, then lightly force the grease into the
bearings.

8. Apply a light wipe of high-vacuum grease to the new' 0' ring (5) and fit it into the groove in
the end-cover (6).

9. Check that the shims (4) and spacers (3) are correctly located in the end-cover (6).

10. Fit the end-cover (6) and secure with the four socket-head screws (7). Tighten the screws
evenly and refit the plastic cover-caps (8).
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5.6 Change the pump oil

WARNING

Ensure that the correct vented filler-plug is replaced in the shaft-seal reservoir. If you use a
non-vented plug, the reservoir will be pressurised and the oil sight glass may fracture.

CAUTION

Ensure that the oil-levels in the pump are correct. If an oil-level is incorrect, pump
performance may be affected and the pump may be damaged.

Replace the pump oil as described below. Refer to Figure I for the location of the oil-filler and
drain-plugs.

1. Switch off the pump and allow it to cool.

2. Remove the coupling-cover oil filler-plug (4).

3. Remove the coupling-cover oil drain-plug (l0) from the underside ofthe coupling-cover and
allow the oil to drain into a suitable container.

4. Remove the shaft-seal vented oil filler-plug (3). Use a suitable pump to suck the oil out of the
shaft-seal reservoir.

5. Refit the coupling-cover oil drain-plug (10).

6. Refer to Section 3.4 and fill the coupling-cover and shaft-seal reservoir with oil.

7. Refit the coupling-cover oil filler-plug (4) and the shaft-seal vented oil filler-plug (3).

8. On QMB1200F pumps only:

• Remove the filler-plug on the gear-cover; take care not to accidentally remove the plug
from the external evacuation port (7).

• Remove the drain-plug from the underside of the gear-cover and allow the oil to drain
into a suitable container.

• Refit the drain-plug and refer to Section 3.4 to refill the gear-cover with oil.
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1. Pump-body 5. '0' ring

2. Bearing 6. End-cover

3. Spacer 7. Socket-head screw

4. Shims 8. Cover-cap

Figure 16 - Lubricate the rear bearing (QMB250F and QMB500F only)
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6 STORAGE AND DISPOSAL

6.1 Storage

Use the procedure below to store the pump.

1. Shut-down the pump as described in Section 4.

2. Isolate the pump from the electrical supply and disconnect it from the vacuum system.

3. Clean the pump and change the oil as described in Section 5.

4. Place protective covers over the inlet and outlet-flanges.

5. Store the pump in cool, dry conditions until required for use. When required, prepare and
install the pump as described in Section 3.

6.2 Disposal

Dispose of the pump and any components safely in accordance with all local and national safety
and environmental requirements.

Take particular care with components which have been contaminated with dangerous process
substances.
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7 SERVICE, SPARES AND ACCESSORIES

7.1 Introduction

BOC Edwards products, spares and accessories are available from BOC Edwards companies in
Belgium, Brazil, China, France, Germany, Israel, Italy, Japan, Korea, Singapore, United
Kingdom, U.S.A and a world-wide network ofdistributors. The majority ofthese centres employ
Service Engineers who have undergone comprehensive BOC Edwards training courses.

Order spare parts and accessories from your nearest BOC Edwards company or distributor.
When you order state for each part required:

• Model and Item Number of your equipment

• Serial number

• Item Number and description of part.

7.2 Service

BOC Edwards products are supported by a world-wide network of BOC Edwards Service
Centres. Each Service Centre offers a wide range of options induding: equipment
decontamination; service exchange; repair; rebuild and testing to factory specifications.
Equipment which has been serviced, repaired or rebuilt is returned with a full warranty.

Your local Service Centre can also provide BOC Edwards engineers to support on-site
maintenance, service or repair of your equipment.

For more information about service options, contact your nearest Service Centre or other BOC
Edwards company.

7.3 Spares

The spare parts listed below are available for the QMB Mechanical Booster Pump:

Product

RT15 Fomblin grease (lOOgm)

End-cover '0' ring (QMB250F and QMB500F)

Gear-cover '0' ring (QMBI200F)

Fomblin YVAC 16/6 fluid (lkg)

Fomblin YVAC 16/6 fluid (5kg)

Krytox 1514 fluid (lkg)

Krytox 1514 fluid (5kg)

QMB Mechanical Booster Pumps

Item Number

HI13-50-003

H021-22-091

H021-22-159

H 113-06-019

H 113-06-020

HI13-08-018

HI13-08-020
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7.4 Accessories

Note The accessories listed in Sections 7.4.2 and 7.4.3 are designed to be Ilsed together with the Booster

Frame described in Section 7.4.1.

7.4.1 QMB Booster Frames

The QMB Booster Frame supports the QMB pump and allows you to leave the QMB pump
installed in the vacuum system while you install or remove a QDP dry pump.

Product

QMB Booster Frame for QDP40lQMB250F

QMB Booster Frame for QDP40IQMB500F, QDP80lQMB250F

and QDP80lQMB500F

QMB Booster Frame for QDP80lQMBl200F

7.4.2 QMB Booster Frame Connection Kits

Item Number

A528-37-000

A528-38-000

A528-39-000

These kits enable a QMB pump fitted in a Booster Frame to be mounted onto a QDP dry pump.
Each kit contains a sub-frame to support the QMB pump before you install the QDP pump, a
flange adaptor (if necessary) and cooling-water pipes and connections to connect the QMB
pump cooling-system to the QDP pump cooling-system.

Product

QMB Booster Frame Connection Kit for QDP40lQMB250F

QMB Booster Frame Connection Kit for QDP40lQMB500F

QMB Booster Frame Connection Kit for QDP80lQMB250F

QMB Booster Frame Connection Kit for QDP80lQMB500F

QMB Booster Frame Connection Kit for QDP80lQMBl200F

7.4.3 QMB Booster Frame Acoustic Enclosures

Item Number

A528-65-000

A528-66-000

A528-67-000

A528-68-000

A528-69-000

When fitted to a QMB Booster Frame, an Acoustic Enclosure reduces noise from the QMB and
QDP pumps.

Product

QMB Booster Frame Acoustic Enclosure for QDP40lQMB250F

QMB Booster Frame Acoustic Enclosure for QDP40lQMB500F

QMB Booster Frame Acoustic Enclosure for QDP80lQMB250F

QMB Booster Frame Acoustic Enclosure for QDP80lQMB500F

QMB Booster Frame Acoustic Enclosure for QDP80lQMBl200F

Item Number

A528-70-000

A528-71-000

A528-72-000

A528-73-000

A528-74-000
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7.4.4 QMB to QMKII Connection Kits

These kits enable a QMB pump to be mounted onto the QDP dry pump in a QMKll system.

Product

QMB250F to QMKll Connection Kit

QMB500F to QMKII Connection Kit

QMB1200F to QMKII Connection Kit

QMB Mechanical Booster Pumps

Item Number

A529-33-000

A529-34-000

A529-35-000
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WARNING

INSTALLATION OF THIS POWER SUPPLY SHOULD BE PERFORMED IN COMPLIANCE WITH
NATIONAL ELECTRICAL CODE ANSI C1 TO AVOID SHOCK OR FIRE HAZARD. SERVICE SHOULD BE
PERFORMED BY QUALIFIED PERSONNEL.ONLY

PROPRIETARY INFORMATION

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION OF SEREN, INC. THIS DOCUMENT
SHALL NOT BE REPRODUCED OR CONTENTS DISCLOSED WITHOUT THE WRITTEN PERMISSION
OF SEREN. THIS NOTICE SHALL APPEAR IN ALL COPIES
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R600 RF POWER SUPPLY OPERATOR'S MANUAL

1.0 Introduction

This operator's manual provides the operating instructions for the R600 Radio Frequency
power supply.

1.1 Purpose

The R600 Radio Frequency power supply is a precision microprocessor controlled power
source with a flexible set of controls.

1.2 Scope

This document discusses characteristics, installation, operation and service of the equipment.

1.3 General Description

The R600 power supply is an RF module with a rated power output of 650 watts (open loop
power output is 850 watts for a nominal 30% margin).

The generator has several control modes. The R600 may be controlled via the front panel,
an analog interface or serial interface. The front panel consists of a 40 character display for
operating and programming, a set of key switches for menu movement and function selects
and an rotary encoder for data entry.

The analog interface, described in detail in section 1.5.0, has optical isolation for the digital
inputs and outputs and instrumentation inputs and outputs for the analog control signal. The
serial interface is RS232C, operates to 19.2 kbaud, and is optically isolated.
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CONTROL AND INTERFACE

1.4.0 FRONT PANEL CONTROLS

The R600 is supplied with the following front panel controls and indicators:

AC SWITCH - The rocker switch turns on all power supplies and control circuits.

PROGRAM - Switches the unit from normal "RUN" screen to "PROGRAM" mode. The program mode is
used to set and verify parameter selections.

RUN - Returns unit to "RUN" screen after program is complete.

UPIDOWN - Menu movement keys. "Down" takes user through menu. "UP" returns through menu.

KNOB - The knob is used for parameter selection and numerical entry. Turn clockwise to increase
number and counter- clockwise to decrease. When used as a select turn clockwise to
select, counter-clockwise to deselect.

OISPLAY- The vacuum fluorescent display (VFO) is used to indicate forward and reflected power,
mode and time in the "RUN" mode. The second line is also used to display fault conditions.
In addition to forward and reflected power, the programming parameters are displayed in
"PROGRAM" mode.

RFON LIGHT - The red light-emitting diode (LED) is illuminated when the RF power is on.

1.5.0 REAR PANEL CONNECTIONS

The following connections are available on the rear panel of the R600.

AC LINE CORD - Plug unit into AC Mains power source.
100-125V units are equipped with a 125V 15A, NEMA type 5-15P power plug
198-250V units are eqUipped with a 250V 15A, NEMA type L6-15 locking power plug.

RF OUT - Type "N" female connector for RF output

CEX OUT - Type "BNC" female connector, Common EXciter output; 5V P-P @ 13.56 MHZ

CEX IN - Type "BNC" female connector, Common EXciter input; requires 3V P-P @ 13.56 MHZ

RS232 - Serial Interface. 25 pin male "0" connector for serial communication and control

ANALOG INT - Analog Interface. 37 pin male "0" connector for remote analog control
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1.3.1 SEREN R600 TECHNICAL SPECIFICATIONS

FREQUENCY

FREQUENCY STABILITY

RF POWER OUTPUT

OUTPUT IMPEDANCE

METERING ACCURACY

TEMP COEFFICIENTS

POWER STABILITY

13.56 MHZ, +-.005%

.005% SHORT TERM

650 WATTS INTO 50 OHMS

50 OHMS +-5 OHMS NOMINAL

FORWARD +-.5%F.S. +-3% READING

.025% PER DEGREE C.

.5% LONG TERM

FORWARD POWER REGULATION 1 % INTO 50 OHMS

LOAD TOLERANCE

NOISE, HUM, RIPPLE

HARMONIC DISTORTION

CONTROLS

COMMON EXCITER

PROTECTION

SPURIOUS RADIATION

OPERATING TEMPERATURE

HUMIDITY

POWER REQUIRED

CIRCUIT PROTECTION

MECHANICAL DIMENSIONS

WEIGHT

COOLING

NO OSCILLATION OR FAILURE INTO MISMATCH

-40 DBC

ALL HARMONICS DOWN -45 DB

FRONT PANEL, RS232, RS485 OPTICALLY ISOLATED ANALOG

INPUT: 50 OHMS 2V to 10V P-P AT SPECIFIED FREQUENCY.
OUTPUT:5V P-P INTO 50 OHMS.

FORWARD POWER LIMITS ON CURRENT, TRANSISTOR POWER
DISSIPATION, AND EXCESSIVE REFLECTED POWER. UNIT IS
OPEN AND SHORT CIRCUIT PROTECTED.

UNIT MEETS OR EXCEEDS FCC SPECIFICATIONS.

oTO 45 DEGREES C

80% NON-CONDENSING

100-125 VAC 47/63 HZ SINGLE PHASE 12 AMPS OR
198-250 VAC 47/63 HZ SINGLE PHASE 5 AMPS

100-125V: 15 AMP OVER-CURRENT CIRCUIT BREAKER
198-250V: 10 AMP OVER-CURRENT CIRCUIT BREAKER
WITH 1000 AMP INTERRUPT CAPACITY.

8.75"H X 8"W X 19"D.

APPROX. 45 LBS

AIR, 110 CFM FAN
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PIN SIGNAL NAME DESCRIPTION

Active in Panel, Analog, or Serial control modes.

6 GATEN* Selects Continuous Wave (CW) or Pulse Operation. TTL -
compatible input with an internal pull-up resistor.

A contact closure between pin 6 and pin 25 or applying a TTL
"low" signal to pin 6 enables pulse operation. Apply the
external pulse train to Pin 7.

7 GATE External Pulse Train input. Toggles output power between
setpoint value 0 Watts. TTL - compatible input with internal
pull-up resistor.
An open circuit or TTL "high" signal applied to pin 7 holds the
RF output the setpoint level.

A contact closure between pin 7 and pin 26 or a TTL 'low"
signal applied to pin 7 switches the RF output power to 0
Watts.

a No connection -

9 No connection -

10 RFENABLED* RF output status signal. Active low, open collector output with
internal pull-Up resistor to +5VDC.
Signal output is OV (low) for an RF on condition; signal output
is +5VDC for an RF off condition.

Use pin 29 for a reference return.

11 TEST* Reserved. No function assigned.

12 No connection -

13 FWDMON Forward power monitor output signal. Analog output,
selectable 0 to +5VDC or 0 to +10VDC range via front panel
controls.

Output scaling is 5.0VDC at 650 Watts (7.7mV/Watt) or
10.0VDC at 650 Watts (15.4mv/Watt), depending on output
range selected.

Measure monitor voltage with respect to pin 32 (FWD RTN).

14 COMMON Connected to chassis ground.

15 REFMON Reflected power monitor output signal. Analog output,
selectable 0 to +5VDC or 0 to +10VDC range via front panel
controls.
Output scaling is 5.0VDC at 150 Watts (33.3mV/Watt) or
10.0VDC at 150 Watts (66.64mv/Watt), depending on output
range selected.

Measure monitor voltage with respect to pin 34 (REF RTN).

16 FEEDBACK External feedback voltage signal. Analog input, selectable
range of 0 to 5VDC or 0 to 10VDC and selectable polarity -
positive (+) or negative (-) via front panel control.
Use pin 35, FEEDBACK RTN, for return reference.
The external feedback signal is derived from a voltage probe
(RF or DC) located elsewhere in the plasma or process
system. Refer to the controls section of the operator's manual
for detailed instructions on how to configure and use this
mode
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1.5.1 ANALOG INTERFACE PIN LIST AND FUNCTIONAL DESCRIPTION

Asterisk (*) denotes an active-low signal

PIN SIGNAL NAME

1 AC INTERLOCK

2 EXT INTERLOCK*

3 RFON*

4 PWRNLT*

5 SLAVE*

DESCRIPTION

Optional feature. A contact closure between pin 1 and pin 20
is required to allow AC mains power to engage. An open
circuit between pin 1 and pin 20 disables AC mains power.
100 mA maximum current.

External Interlock. TTL - compatible input, active low, with an
internal pull-up resistor.
A contact closure between pin 2 and pin 21 or a TTL "low"
signal applied to pin 2 is required before RF output can be
enabled.
An open circuit or a TTL "high" signal applied to pin 2 while the
RF output is enabled, will cause the RF output to turn off.
An open circuit or a TTL "high" signal applied to pin 2 while the
RF output is off, will prevent the RF output from being
enabled.

This signal is active in Panel, Analog, or Serial control modes.

RF Output Enable/Disable. TTL - compatible input, active
low, edge triggered, with an internal pUll-up resistor.

A contact closure between pin 3 and pin 22 or a TTL signal
transition from "high" to "low" applied to pin 3 enables the RF
output, provided Pin 2 is at TTL "low" state.

An open circuit between pin 3 and pin 22 or a TTL signal
transition from "low" to "high" applied to pin 3 disables the RF
output.

This signal is active only in "Analog" control mode.

Power or Voltage control mode select. TTL - compatible input
with internal pull-up resistor.
An open circuit or TTL "high" signal applied to pin 4 selects the
power supply's internal power sensor for power regulation.
A contact closure between pin 4 and pin 23 or a TTL "low"
signal applied to pin 4 selects forward power regulation based
on an external feedback signal (FEEDBACK signal - Pins 16
and 35).
Refer to the controls section of the operator's manual for
detailed instructions on how to configure and use this mode.

Active only in "Analog" control mode.

Selects internal oscillator/exciter or external oscillator/exciter
as frequency source (Slave / Common Exciter / CEX)
operation. TTL - compatible input with an internal pull-up
resistor.
A contact closure between pin 5 and pin 24 or applying a TTL
"low" signal to pin 5 selects external frequency source (CEX)
operation. The external frequency source is connected to the
"CEX IN" connector on the rear panel.

An open circuit or TTL "high" applied to pin 5 selects the
power supply's internal oscillator/exciter as the frequency
source.
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PIN SIGNAL NAME

35 FEEDBACK RTN

36 SETPOINT

DESCRIPTION

Signal return reference for FEEDBACK signal.

Power setpoint input. Analog, high-impedance, differential
input with selectable 0 to 5VOC or 0 to 10VOC range and
selectable polarity - positive (+) or negative (-) via front panel
controls.

Refer to the controls section of the operator's manual for
detailed instructions on how to configure and use this mode

NOTE: Setpoint return (pin 18) MUST be referenced to
common or ground at the setpoint voltage source (system
controller) or the RF output power will behave erratically.

Sensitivity is 650 Watts at 5.0VOC (7.7mV per Watt) or 650
Watts at 10.0VOC (15.4mV per Watt) depending on range
selected.

NOTE: Feedback voltage range and polarity must match
setpoint voltage range and polarity for proper operation in
voltage control mode.

Pin 36 is the positive (+) input of the differential setpoint
amplifier.

Active only in ANALOG control mode.

37 RL-IN Remote Limit input. Analog input, 0 to +5VOC range.

Used in dual-bias (multiple power supply) systems to fold-back
the power supply's output power if reflected power is detected
by another power supply in the system. Consult factory for
assistance.

The R600 power supply is shipped with this feature disabled
(factory default).

1.5.2 RS-232 CONNECTOR PIN LIST

Model R600 RF power supplies built after June 14, 2000 (serial numbers 6299 and up) are constructed to
be CE-compliant. Design changes were made to obtain CE compliance. The serial interface connector
was changed from a 25 pin male "0" connector to a 9 pin female "0" connector.

The RS-232 interface· uses a simple 3-wire connection. The 9-pin and 25-pin R600 serial interface
connections are defined in the tables below:

PIN

2

3

5

XMIT

RCV

GNO

Transmit Data

Receive Data

Common

25 PIN SERIAL CONNECTOR

PIN .SIGNAL DESCRIPTION

GNO Common

2 RCV Receive Data

3 XMIT Transmit Data

Mating Connector: 9 pin male "0" type Mating Connector: 25 pin female "0" type
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PIN SIGNAL NAME DESCRIPTION

Note: feedback voltage range and polarity must match
setpoint voltage range and polarity for proper operation of
voltage control mode.

Active only in ANALOG control mode.

17 COMMON Connected to chassis ground.

18 SETPOINT RTN Power setpoint return. Differential analog input

NOTE: Setpoint return (pin 18) MUST be referenced to
common or ground at the setpoint voltage source (system
controller) or the RF output power will behave erratically.

Pin 18 is the negative (-) input of the differential setpoint
amplifier.

19 RLI-OUT Remote Limit Output. Analog output. Buffered, non-linearized
reflected directional coupler signal. Used on dual-bias
(multiple power supply) systems. Consult factory for
assistance.

20 ACINTERLOCK Optional feature. A contact closure between pin 20 and pin 1
is required to allow AC mains power to engage. An open
circuit between pin 20 and pin 1 disables AC mains power.

21 EXT INTERLOCK* RTN Return for External Interlock input. Internally connected to
chassis ground

22 RFON*RTN Return for RFON* input. Internally connected to chassis
ground.

23 PWRNLT* RTN Return for PWRNLT* input. Internally connected to chassis
ground.

24 SLAVE*RTN Return for SLAVE* input. Internally connected to chassis
ground.

25 GATEN*RTN Return for GATEN* input. Internally connected to chassis
ground.

26 GATE RTN Return for GATE input. Internally connected to chassis
ground.

27 No connection -

28 No connection -

29 RF ENABLED* RTN Return for RF ENABLED* output. Internally connected to
chassis ground.

30 TEST* RTN Return for TEST* input. Internally connected to chassis
ground.

31 No connection -

32 FWD RTN Return for FWDMON output. Internally connected to chassis
ground.

33 COMMON Internally connected to chassis ground.

34 REF RTN Return for REFMON output. Internally connected to chassis
ground.

10



R600 RF POWER SUPPLY OPERATOR'S MANUAL
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1.6.0 Installation

The R600 should have the proper transformer taps set prior to turn on.

NOTE: The transformer taps may be changed in the field within a given operational range. Changing the
unit from 198-250VAC operating range to 99-125VAC operating range or from 99-125VAC to 198-250VAC
operating range must be performed at the factory - component and internal wiring changes are required.

WARNING!
THE TRANSFORMER TAPS FOR THE R600 MUST BE SET WITH THE AC MAINS

UNPLUGGED. A SEVERE SHOCK, INJURY, OR DEATH MAY RESULT IF THE
EQUIPMENT IS CONFIGURED WITH THE MAINS CONNECTED.

CONNECTIONS FOR 198-250VAC OPERATION:

NOMINAL LINE

250

240

230

218

208

198

CONNECT TOGETHER

4,5

4,5

3,5

4,6

3,6

3,6

1,8

1,7

1,7

2,8

2,8

2,7

CONNECTIONS FOR 99-125VAC OPERATION:

CONNECT
TOGETHER

125

115

109

99

4,8

3,7

2,6

2,6

1,5

1,5

4,8

3,7

1,4

1,3

2,4

2,3

TO CHANGE TRANSFORMER TAPS:

1) Disconnect the unit from AC Mains power.

2) Remove top cover and drop front panel to expose terminal block.

3) Connect jumper wires as shown in table.

4) Connect input lines from circuit breaker as shown in table.
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2.0 CONTROLS AND INDICATORS

There are three ways to operate the Generator: from the front panel, from the analog interface, and from the
serial interface. This section of the manual describes how to operate and configure the Generator from the
front panel. Front Panel operation means that when the Generator is in RUN mode the front panel controls
are used to select the setpoint and turn RF power on and off. The front panel is also used to configure the
Generator for the intended application.

The following controls and indicators are mounted on the front panel:
• 20-Character, 2-Line Display
• * Data Entry Knob
• * PROG Key
• * RUN Key
• * DOWN Key
• * UP Key
• * RF ON/OFF Key
• * RF ON Indicator

20 - Character, 2-Line

Alphanumeric Display I DATAKNOB

I PROG I__R_U_N_.LI_D_O_W_N U_P_-,-_O_N
R
_/6_F_F_

The data knob is used to change the SETPOINT in RUN mode, the RF ON/OFF key is used to activate or
deactivate RF power, and the display shows status information such as current power output and alarms.
The PROG key is used to enter the PROGRAM mode for configuration.

In PROGRAM mode, the DOWN and UP keys are used to access various configuration settings and the
data knob is used to change the settings. The PROG key is used to store new settings. The display shows
the selected values and shows abbreviated status information. The RUN key is used to exit the PROGRAM
mode and return to RUN mode.

2.1.0 RUN MODE

2.1.1 RF POWER OFF CONDITION
The data knob is used to change the setpoint with RF power off. The display will appear as follows:
Power Control:

ISET 100W
PWRPANEL

MAX 650W
01 :14:27

The top line shows the current setpoint and max setpoint in watts. The bottom line shows the output control
mode (PWR =power control), the operating mode (PANEL =front panel operation), and the RF On clock
(optional).
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1.7.0 Generator Checkout - Front Panel

1) Select taps per section 1.6. Unit is tapped for voltage indicated on serial tag.

2) Connect RG213 cable to type "N" output connector. Terminate the output cable into a 50 Ohm
dummy load or matching network.

3) Install "Analog Interface" connector 0837. At a minimum the EXT* external interlock must be
closed. Connect pin (2) to pin (21)

4) Press rocker switch on front panel to turn on ac power.

5) Select desired power with front panel knob. Turn clockwise to increase or counterclockwise to
decrease power.

6) Press RFON button to enable RF power.

1.8.0 Generator Checkout - Analog Interface

1) Select taps per section 1.6. Unit is tapped for voltage indicated on serial tag.

2) Connect RG213 cable to type "N" output connector. Terminate in 50 ohm dummy load or
matching network

3) Install "Analog Interface" connector 0837. To configure the unit for power control make the
following connections:

a) Jumper EXT* (2) TO EXT* Ret (21) -Close external interlock.

b) SPST switch RFON* (3) TO RFON* Ret (22) Closing switch enables RF.

c) Apply variable 0-5v setpoint voltage to Setpoint (36). Use Setpoint Ret as the ground reference.

4) Press rocker switch on front panel to turn on ac power.

5) Close RFON* switch to enable RF output
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In pulse mode, the data knob has no effect. The power level shown after the "PLS" indicator is the power
output during the high portion of the pulse train.

Power Control, Ramping:

IRMP 157W
PWR PANEL

REF OW

During Ramp interval the data knob has no effect until the output reaches the setpoint that was in effect at
the time RF was turned on. Once the output has stabilized the data knob can be used to change the
setpoint. If the setpoint is changed, the "RMP" indicator changed to "FWD".

Voltage Control:

I V: 1000 F:200 R
DCV PANEL

4

The top line shows the feedback voltage after "V:", forward power after "F:", and reflected power after "R".
The bottom line shows the output control mode (DCV =DC Voltage) and the operating mode (PANEL =
front panel operation). The RF On clock is not shown in this example.

Voltage Control, Setpoint Changing:

IS: 1050 F:210 R
DCV PANEL

4

If the data knob is turned while RF is on, the indicator "V:" on the top line changes to "S:" and the setpoint is
shown in place of the feedback voltage. The display returns to normal about one second after the data knob
stops moving.

2.13 ALARMS

The following alarm messages may appear on the bottom line:

ALARM AEARM
MESSAGE CONDITION

EXT The external interlock is not closed

CVR The cover interlock is not asserted

REFP Reflected power is greater than limit

MAXP Forward power is greater than limit

PAC Power Amp. Current is more than 30A

DISS Dissipation/device is more than 100W
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Voltage Control:

ISET 1000
~CV PANEL

The top line shows the current setpoint in volts. The bottom line shows the output control mode (DCV =DC
Voltage) and the operating mode (PANEL = front panel operation). The RF On clock is not shown in this
example.

If the Generator is configured for analog operation, the bottom line will indicate ANALOG. Serial operation
will be indicated by the word SERIAL. In either case, the data knob will do nothing. The data knob controls
the setpoint only while operating in front panel control mode. The front panel RF ON/OFF key will enable
RF power output only while operating in front panel control mode.

NOTE: The front panel RF ON/OFF key can always be used to turn RF power OFF.

2.12 RF POWER ON CONDITION

The data knob is used to change the setpoint with RF on, unless the Generator is pulsing or ramping. If
pulsing, the data knob has no effect. During Ramp interval the data knob has no effect until the output
reaches the setpoint value in effect when RF was turned on.

The top line of the display shows forward and reflected power in watts. In voltage control the top line also
shows the feedback voltage. The bottom line shows the output control mode, operating mode, and either the
RF On clock (if enabled) or the Target Life clock (if enabled). The RF On clock shows hours, minutes, and
seconds up to 99:59:59 and is reset to 00:00:00 whenever RF is turned off. The Target Life clock show
hours and minutes up to 99999:59 and must be manually reset via front panel or serial port command.

If there are any alarm conditions, the bottom line will show the most important alarm alternating with the
normal information. Examples:

Power Control:

I FWD 100W
PWR PANEL

REF 2W
01 :14:27

The top line shows the forward and reflected power in watts. The bottom line shows the output control mode
(PWR), the operating mode (PANEL), and the RF On clock (optional).

Power Control, Setpoint Changing:

ISET 130W
PWR PANEL

REF 3W
01:42:18

If the data knob is turned while RF is on, the indicator "FWD" on the top line changes to "SET" and the
setpoint is shown in place of the forward power. The display returns to normal about one second after the
data knob stops moving. The target life clock is shown in the example.

Power Control, Pulsing:

IPLS 100W
PWR PANEL

REF OW
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Function: Enables or disables analog operation and the

Analog Column. If disabled, Generator is set for front panel operation.

NOTE: Setting cannot be changed while RF power is on. The display above indicates that RF is off. With
RF on, the top line shows both the forward and reflected power without units. Since the setpoint unit is
watts, the Generator is set for power control; a "V" would indicate the setpoint for voltage control.

The bottom line indicates Analog operation is disabled, as it would be with the Generator set for front panel
operation. As long as RF is off, the data knob and PROG key can be used to enable Analog operation and
access the rest of the Analog Column.

2.2.02 ANALOG: CONTROL

!150W
Control

ANALOG
RF Power

Data knob: Selects either "RF Power" or "DC Volts".

Function: Determines generator output feedback source.

NOTE: Setting cannot be changed while RF power is on.

2.2.03 ANALOG: POLARITY

I
150W
Polarity

ANALOG
Positive

Data knob: Selects either "Positive" or "Negative".

Function: Determines polarity of analog setpoint and voltage feedback inputs.

NOTE: Setting cannot be changed while RF power is on.

2.2.04 ANALOG: RANGE

!
150W
Range

ANALOG
10V

Data knob: Selects either "5V" or "10V".

Function: Determines full-scale range of analog setpoint and voltage feedback inputs.

NOTE: Setting cannot be changed while RF power is on.

2.2.05 ANALOG: EXCITER

!150W
Exciter

ANALOG
Master

Data knob: Selects either "Master" or "Slave".
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2.20 PROGRAM MODE

Use the program mode to configure the Generator for your application. Press the PROG key to enter
PROGRAM mode, and press the RUN key to return to normal operation. There are many different
parameters which may be accessed and changed, but just about all settings are handled the same way:

1) Press the PROG key to enter PROGRAM mode
2) Use the UP and DOWN keys to find the desired parameter
3) Use the data knob to select the desired value or enable/disable
4) Press the PROG key to accept the new value or UP or DOWN to cancel
5) Press UP or DOWN to select another parameter or press RUN to quit

The parameters are organized into groups called Columns. Each Column may be separately enabled or
disabled so you don't have to step through every single parameter to find the one you want. The Columns
are as follows:

COLUMN COLUMN DESCRIPTION

Analog Parameters related to analog operation

Pulse Parameters related to pulsing

Max Power Allows you to set a limit for the setpoint

Ramp Parameters related to ramping

System Various system parameters

Service Special purpose calibration and test functions

The first parameter in each column (except for Max Power) is the column and function enable/disable. For
example, when entering the Pulse column, if you select "disable" and press the PROG key, you disable not
only the rest of the Pulse column but also the pulsing function of the Generator. If you enable the Pulse
column and function, the next time RF is turned on the Generator will pulse according to the parameters set
in the Pulse column.

Some settings cannot be changed while RF is on. If you attempt to change them, the message "Can't
change - RF on" appears briefly on the bottom line of the display. If this happens and you want to change
the setting, press the RF ON/OFF key to turn off the RF power output.

If the Generator is set for front panel control, the RF ON/OFF key can be used to turn RF power back on
while in PROGRAM mode. In PROGRAM mode, the Column name appears on the top right on the display.

If RF is on, forward and reflected power is displayed on the top left. If RF is off, the setpoint is displayed on
the top left. The bottom line identifies the parameter within the Columns and the selected value. New values
are not saved unless the PROG key is pressed and the message "------accepted------" appears on the
bottom line. To cancel a change in setting, press the UP, DOWN, or RUN key.

2.2.01 ANALOG: ANALOG ENABLE/DISABLE

I
150W
Analog

Data knob: Selects either "Enabled" or "Disabled".
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Data knob: Selects value from 0 to 10000 milliseconds.

Function: Sets duration of "low" portion of pulse.

2.2.11 MAX POWER

!150W
Max Power

MAX POWER
500

Data knob: Selects value from 0 to rated power in watts.

Function: Sets power level during "high" portion of pulse. The Max Power setting puts a limit on the power
setpoint for front panel operation and analog operation. As an additional safeguard, the Power Limit setting
in the Service Column limits Max Power.

2.2.12 RAMP: ENABLE/DISABLE

I 150W
Ramping

RAMP
Disabled

Data knob: Selects either "Enabled" or "Disabled".

Function: Enables or disables ramping operation and the Ramp Column. If RF is turned on with ramping
enabled, the Generator will smoothly increase the power from zero to the setpoint over a period of time
specified by the Ramp Time. The data knob is disabled while ramping is in progress.

When ramping is done, the data knob may be used to change the setpoint the same as if ramping were
disabled. If you try to turn RF on with both ramping and pUlsing enabled, the message "Ramp/pulse conflict"
will appear on the top line of the display and RF will not be turned on.

2.2.13 RAMP: RAMP TIME

I
150W
Ramp Time

RAMP
01 :30:00

SYSTEM
Disabled

Data knob: Selects value from 00:00:00 to 09:00:00

Function: Sets duration of ramp.

2.2.14 SYSTEM: COLUMN ENABLEIDISABLE

I
150W
System

Data knob: Selects either "Enabled" or "Disabled".

Function: Enables or disables the System Column.
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Function: Determines generator excitation source, either internal (master) or external (slave).

NOTE: Setting cannot be changed while RF power is on.

2.2.06 PULSE: ENABLE/DISABLE

!
150W
Pulse

PULSE
Disabled

Data knob: Selects either "Enabled" or "Disabled".

Function: Enables or disables pulsing operation and the Pulse Column.

If you enable pulsing, the Generator will provide pulsed output the next time RF is turned on. If you try to
turn RF on with both ramping and pulsing enabled, the message "Ramp/Pulse conflict" will appear on the
top line of the display and RF will not be turned on.

2.2.07 PULSE: HIGH POWER

[
150W
Hi Power

PULSE
500

Data knob: Selects value from 0 to Max Power in watts.

Function: Sets power level during "high" portion of pulse.

2.2.08 PULSE: LOW POWER

!
150W
~o Power

PULSE
50

Data knob: Selects value from 0 to Max Power in watts.

Function: Sets power level during "low" portion of pulse.

2.2.09 PULSE: HIGH TIME

I
150W
HI Time

PULSE
100

Data knob: Selects value from 0 to 10000 milliseconds.

Function: Sets duration of "high" portion of pulse.

2.2.10 PULSE: LOW TIME

j
150W
Lo Power

PULSE
50
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2.2.20 SYSTEM: PROBE ATTENUATION

I 150W
Prob Attn

SYSTEM
1000

Data knob: Selects value from 1 to 10000.

Function: Specifies attenuation of probes used for voltage setpoint and voltage feedback.

NOTE: Setting cannot be changed while RF power is on.

2.2.21 SYSTEM: REFLECTED POWER ALARM LEVEL

!150W
Ref Alarm

SYSTEM
25

SYSTEM
DISABLED

Data knob: Selects value from 0 to rated reflected power, watts.

Function: Determines reflected power alarm threshold.

2.2.22 SYSTEM : VOLTAGE CONTROL SETPOINT SCALE CONSTANT

!
150W
REAR RF ON

Data knob: Selects Rear RFON in Panel Mode enabled/disabled

2.2.23 SYSTEM: BAUD RATE

I 150W
Baud Rate

SYSTEM
19200

Data knob: Selects 150, 300, 600, 1200, 2400, 4800, 9600, or 19200

Function: Sets baud rate for serial operation

2.2.24 SYSTEM: SERIAL MODE

!
150W
Serial Mode

SYSTEM
Human

Data knob: Selects between "Human" and "Computer"

Function: Determines command syntax for serial operation. Two command sets are offered for serial
operation. Both sets provide identical functions, but "Human" commands are easier to remember while
"Computer" commands are more See the section on serial operation for complete descriptions of all
commands.
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2.2.15 SYSTEM: CLOCK DISPLAY CONTROL

!
150W
Show Clk:

Data knob: Selects "-none-", "RF On", or "Targ Life".

Function: Determines whether RF On clock or Target Life clock is displayed on bottom line. The RF On
clock counts seconds since RF was turned on (up to 99:59:59) and is reset whenever RF is turned off. The
Target Life clock, if enabled, accumulates total RF ON time (up to 99999:59) and must be reset via front
panel or serial port command (see below).

2.2.16 SYSTEM: TARGET LIFE CLOCK ENABLE/DISABLE

I 150W
Show Clk:

SYSTEM
-none-

Data knob: Selects either "Enabled" or "Disabled".

Function: Enables or disables the Target Life clock. If disabled, the clock will not accumulate time while RF
is on and will remain at whatever value it had when it was disabled.

2.2.17 SYSTEM: TARGET LIFE CLOCK RESET

I 150W
ShowClk

SYSTEM
: -none-

Data knob: Selects either "Reset? Yes" or "Reset? No".

Function: Allows Target Life clock to be reset.

2.2.18 SYSTEM: DEFAULT WATTS

!150W
Dflt Watts

SYSTEM
100

SYSTEM
o

Data knob: Selects value from 0 to Max Power in watts.

Function: Determines default power setpoint.

2.2.19 SYSTEM: DEFAULT VOLTS

I
150W
Dflt Volts

Data knob: Selects value from 0 to 9999 volts.

Function: Determines default voltage setpoint.
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2.2.29 SERVICE: VOLTAGE CONTROL GAIN ADJUST

I
150W
VCtl gain

Data knob: Selects value from 0% to 1000%

Function: Determines the amount of the error signal to be used in the voltage control loop algorithm. The
smaller the number, the longer the Generator takes to respond to load or setpoint changes. Too high a value
will results in overshoot or oscillation. The value is optimized at the factory and should not be changed.

2.2.30 SERVICE: VOLTAGE CONTROL 1ST GUESS GAIN ADJUST

!
150W
PGuess amt

Data knob: Selects value from 0% to 200%

Function: Determines the amount of a calculated guess to use when RF power is turned on.

NOTE: This parameter has no effect at this time.

2.2.31 SERVICE: MONITOR SUBCOLUMN ENABLE

i 150W
Monitor

SERVICE
Disabled

SERVICE
ADO 0.000

Data knob: Selects between "Enabled" and "Disabled".

Function: Enables or disables the Monitor Subcolumn.

2.2.32 SERVICE/MONITOR: RAW DAC CONTROL & ADC MONITOR

I
150W
DAO 0.000

Data knob: Selects various parameters. See notes.

Function: Allows direct control of 4-channel Digital-to-Analog Converter (DAC) and direct display of
readings from the 10-channel Analog-to-Digital converter (ADC). This is a special mode, which allows direct
examination and manipulation of the measurement and control circuits used by the microprocessor to
operate the Generator.

The circuits involved are a 4-channel Digital-to-Analog Converter (DAC) and a 10 - channel Analog-to-Digital
Converter (ADC). All DAC channels are DC voltage outputs, adjustable from zero to +10V. All of the ADC
channels measure DC voltage from -3V to +3V. Signals measured by the ADC are scaled in hardware to fit
the -3V to +3V range; for example, when +10V is applied to the analog setpoint input of the generator, the
associated ADC channel should measure +2.5V.
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2.2.25 SERVICE: SERVICE COLUMN ENTRY CODE

!150W
Entry Code

SERVICE
0000

Data knob: Selects value from 0 to 9999

Function: Correct number allows access to Service Column

NOTE: Call your Seren representative if you feel you need access to the Service Column.

SERVICE
40%

2.2.26 SERVICE: POWER CONTROL GAIN ADJUST

!
150W
PCtI gain

Data knob: Selects value from 0% to 200%

Function: Determines the amount of the error signal to be used in the power control loop algorithm. The
smaller the number, the longer the Generator takes to respond to load or setpoint changes. Too high a value
will results in overshoot or oscillation. The value is optimized at the factory and should not be changed.

2.2.27 SERVICE: POWER CONTROL 1ST GUESS GAIN ADJUST

!150W
pGuess amt

SERVICE
100%

Data knob: Selects value from 0% to 200%

Function: Determines the amount of a calculated guess to use when RF power is turned on. When RF
power is turned on, the microprocessor calculates an initial power amplifier setting so that the output power
is close to the setpoint before the control loop is enabled.

Normally the initial setting, or guess, causes the output to reach the setpoint almost immediately after RF is
turned on, with little if any overshoot. It may sometimes be desirable to adjust the amount of the initial
guess.

2.2.28 SERVICE: POWER CONTROL LINEARIZATION THRESHOLD

I 150W I~~RVICE

Data knob: Selects value from 0 to 9999 watts.

Function: Determines the power above which directional coupler measurements are linearized. In power
control, the output power of the Generator is measured using internal directional couplers. The couplers may
be measured directly or a linearization circuit may be employed; the choice can be changed "on the fly" by
the microprocessor.
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2.2.35 SERVICE: SCALES SUBCOLUMN ENABLE

!
150W
Scales

Data knob: Selects between "Enabled" and "Disabled".

Function: Enables or disables the Scales Subcolumn.

2.2.36 SERVICE/SCALES: POWER LIMIT

I
150W
Power Limit

Data knob: Selects value from 0 to rated power

Function: Sets limit on power setpoint and Max Power setting.

2.2.37 SERVICE/SCALES: FORWARD MONITOR F.S.

I 150W
Fwd Mon FS

SERVICE
650

SERVICE
130

Data knob: Selects value from 0 to rated power.

Function: Sets scale of the forward power monitor so that the voltage output will be full scale (5V or 10V)
when the Generator power output is equal to or greater than the specified power.

NOTE: This parameter has no effect at this time.

2.2.38 SERVICE/SCALES: REFLECTED MONITOR F.S.

!
150W
Ref Mon FS

Data knob: Selects value from 0 to rated reflected power.

Function: Sets scale of the reflected power monitor so that the voltage output will be full scale (5V or 10V)
when the Generator power output is equal to or greater than the specified power.

NOTE: This parameter has no effect at this time.

2.2.39 SERVICE/SCALES: ANALOG SETPOINT F.S.

I 150W
Setpoint FS

SERVICE
650

Data knob: Selects value from 0 to rated power.

Function: Sets scale of the analog setpoint so that a full-scale input (5V or 10V) will result in a setpoint
equal to the specified power.

27



SERVICE
PAC O.OA

SERVICE
TEMP 45C

R600 RF POWER SUPPLY OPERATOR'S MANUAL

The DAC and ADC channels are as follows:

DAC 0 With RF on, changing this voltage from zero to 10V causes the output power to change from zero to
max possible power, which is more than the rated power. This is potentially dangerous. This feature is
intended for use only at the factory under controlled safety conditions.

DAC 1 Has no function at this time.
DAC 2 Reflected power monitor output voltage.
DAC 3 Forward power monitor output voltage.
ADC 0 Forward power directional coupler, linearized.
ADC 1 Reflected power directional coupler, linearized.
ADC 2 PA current.
ADC 3 DC voltage from Generator internal power supply.
ADC 4 Feedback used for voltage control.
ADC 5 Temperature.
ADC 6 Analog control setpoint.
ADC 7 Forward power directional coupler, non-linearized.
ADC 8 Reflected power directional coupler, non-linearized.
ADC 9 Dissipation per power transistor.

From left to right, the bottom line on the display shows the selected DAC channel, the DAC setting in volts
for the selected channel, the selected ADC channel, and the voltage applied to the selected ADC channel.

The PROG key is used to move a cursor under the parameter you wish to change. The data knob changes
the value indicated by the cursor.

For example: to change the forward power monitor output, press the PROG key until the cursor is under the
number after "DA", use the data knob to set the DAC channel to 3, then press the PROG key again to move
the cursor under the output voltage; the data knob may now be used to change the forward power monitor
output. Likewise, to select a different ADC channel to examine, press the PROG key to place the cursor
under the number after "AD" and use the knob to select the desired channel.

2.2.33 SERVICE/MONITOR: DCV/PAC MONITOR

I
150W
DCV 40.3V

Data knob: Controls the setpoint.

Function: Monitors the Generator's internal DC power supply and power amplifier (PA) current.

2.2.34 SERVICE/MONITOR: DISSIPITEMP MONITOR

I
150W
DIS O.5W

Data knob: Controls the setpoint.

Function: Monitors the dissipation per power transistor and the temperature.
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to adjust the setpoint for the lowest power needed to maintain a plasma under all expected conditions, then
press the PROG key to save. Set the Generator for voltage control to activate this feature.

2.2.45 SERVICE: CALIBRATE SUBCOLUMN ENABLE

!
150W
Calibrate

Data knob: Selects between "Enabled" and "Disabled".

Function: Enables or disables the Calibrate Subcolumn.

2.2.46 SERVICE/CALIBRATE: LINE DC VOLTAGE

I150W
Line DC

Setup:

SERVICE
40.0

Measure the internal DC supply voltage.

SERVICE
15.0

SERVICE
65.0

SERVICE
50

Data knob: Adjust until the value on the bottom line agrees with the measurement.

2.2.47 SERVICE/CALIBRATE: PA CURRENT

1

300 0
PA Current

Setup: With RF on and a setpoint of about 1/2 rated power, measure the PA current.

Data knob: Adjust until the value on the bottom line agrees with the measurement.

2.2.48 SERVICE/CALIBRATE: DISSIPATION

1

300 0
Dissip/dev

Setup: With RF on and a setpoint of about 1/2 rated power, measure the dissipation per device.

Data knob: Adjust until the value on the bottom line agrees with the measurement.

2.2.49 SERVICE/CALIBRATE: TEMPERATURE

1

300 0
Temperature

Setup: With RF on and a setpoint of about 1/2 rated power, measure the temperature.

Data knob: Adjust until the value on the bottom line agrees with the measurement.
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2.2.40 SERVICE/SCALES: FORWARD POWER CORRECTION

!
150W
Fwd Correct

Data knob: Selects value from -12.5 to +12.5 percent.

Function: Correction factor for forward power measurement.

2.2.41 SERVICE/SCALES: REFLECTED POWER CORRECTION

!
150W
Ref Correct

Data knob: Selects value from -12.5 to +12.5 percent.

Function: Correction factor for reflected power measurement.

2.2.42 SERVICE/SCALES: NOMINAL LINE VOLTAGE

I
150W
Nom Line DC

Data knob: Selects value from 0 to 99.9 volts.

Function: Sets nominal value for internal DC supply.

2.2.43 SERVICE/SCALES: TEMPERATURE ALARM

I 150W
Temp Alarm

SERVICE
40.0

Data knob: Selects value from 0 to 99.9 degrees C

Function: Sets temperature alarm threshold

2.2.44 SERVICE/SCALES: MINIMUM COUNTS

I ~~ Counts
SERVICE
78

Data knob: Used to change Generator setpoint for lowest power needed to maintain plasma. Press PROG
button to save.

Function: Establishes minimum power output with RF on in voltage control.

NOTE: This parameter is active only with the Generator set for voltage control, but can be programmed only
in power control mode. This feature allows you to specify a minimum Generator output while operating with
RF on in voltage control. To set, the Generator must be set for power control. With RF on, use the data knob
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2.2.55 DESCRIPTION OF FRONT PANEL CALIBRATION

ICAL (LIN) - RF ON
Pto1 37 12.0W

ICAL (LIN) - RF ON
Pto1 37 12.0Wnor

ICAL (LIN) - RF ON
Pt644095 700.0Wmax

The top line of the display indicates whether you are calibrating for linearized (LIN) or non-linearized (NLlN)
coupler readings along with an indication of "RF ON" or "RF OFF". Initial calibration must be performed with
RF on. The bottom line shows the selected calibration point, the control DAC setting for that point, and the
measured power for that point. For each calibration point, the corresponding table entry is filled in using the
following steps:

1) Turn RF on.

2) Press the PROG key until the cursor is under the point number and use the data knob to select a
calibration point. Press the PROG key to accept the point selection. The cursor will now be under
the power value.

3) Wait for the Generator to adjust its output until the target ADC reading is achieved. You should see
the DAC setting change and the indicator "nor" after the power on the bottom line. When the "nor"
(for normalizing) indicator goes away and the DAC setting stops changing, the target has been
reached. If "max" appears instead f "nor", the output is at its maximum and the target ADC reading
cannot be reached.

4) Measure the actual power and use the data knob to enter the power value. Press the PROG key to
accept the power value. The cursor will now be under the point number, ready for a new point
selection. If the "max" indicator is showing, enter a power value higher than the power value of the
previous point. All points must have power values, and the power value for each point must be
larger than the value for the previous point

5) WRITE DOWN the DAC setting and power value for each point. When the calibration table is filled,
use the DOWN key to access the calibration table save function.

2.2.56 RESTORING LOST CALIBRATION DATA

As previously mentioned, the initial calibration must be done with RF on so that actual power measurements
may be made and entered into the calibration table. Once calibration is complete, if you've followed step 5
above you should have a list of the DAC settings and measured power values for each point. If for some
reason the Generator loses its calibration data, you can enter the data manually with RF off. For each
calibration point, the corresponding table entry is filled in using the following steps:

1) Turn RF off.

2) Press the PROG key until the cursor is under the point number and use the data knob to select a
calibration point. Press the PROG key to accept the point selection. The cursor will now be under
the DAC setting.

3) Refer to the calibration table listing and use the data knob to enter the DAC setting for the selected
point. Press the PROG key to accept the DAC setting. The cursor will now be under the power
value.
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2.2.50 SERVICE/CALIBRATE: FEEDBACK VOLTAGE

j300W
Feedback

SERVICE
10.000

Setup: Apply about 5V DC to the voltage feedback input and measure the voltage with a calibrated digital
multimeter.

Data knob: Adjust until the value on the bottom line agrees with the measurement.

2.2.51 SERVICE/CALIBRATE: ANALOG SETPOINT VOLTAGE

1

300W
Analog Set

SERVICE
10.000

SERVICE
5.000V

Setup: Apply about 10V DC to the analog setpoint input and measure the voltage with a calibrated digital
multimeter.

Data knob: Adjust until the value on the bottom line agrees with the measurement.

2.2.52 SERVICE CALIBRATE: REFLECTED POWER MONITOR OUTPUT VOLTAGE

1

300W
Adj ref mon =

Setup: Measure the reflected power monitor output.

Data knob: Adjust until the output voltage is 5.000V.

2.2.53 SERVICE/CALIBRATE: FORWARD POWER MONITOR OUTPUT VOLTAGE

!300W
Adj fwd mon =

SERVICE
5.000V

Setup: Measure the forward power monitor output.

Data knob: Adjust until the output voltage is 5.000V.

2.2.54 SERVICE/CALIBRATE: FILL CALIBRATION TABLE, LINEARIZED COUPLER,
EXPLANATION OF CALIBRATION TABLES

An internal directional coupler allows the microprocessor to measure the power output of the Generator. The
coupler signal is applied to a linearization circuit, the output of which is connected to one of the analog-to
digital converter (ADC) channels. The direct, or non-linearized, coupler signal is connected to another ADC
channel. For both linearized and non-linearized signals, a separate calibration table is used by the
microprocessor to convert the ADC readings into output power values.

Each calibration table contains 64 entries. Each entry contains the control digital-to-analog converter (DAC)
setting and actual power measured for one calibration point. Calibration points are numbered from 1 to 64.
Calibration point "n" represents the DAC setting and resulting power needed to achieve an ADC reading of
n/64 of full scale from the coupler signal.
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Declaration of Conformity According to EN 45014

Manufacturer's Name:

Manufacturer's Address:

Declares the following product,

SEREN IPS, Inc.

1717 Gallagher Drive
Vineland, NJ 08360
U.S.A.

MODELR600 RF POWER SUPPL Y

Complies with the following specifications:

EMV:
EMC (emissions):

Radiated: CISPR 11 (EN 55011): 1998, Class A, Group2, 150 KHz to 1000 MHz
Conducted: CISPR 11 (EN 55011): 1998, Class A, Group 2, 150 KHz to 30 MHz

EMV:
EMC (immunity):

EN 61000-4-3: 1996, ENV 50204: 1995, EN 61000-4-4: 1995, IEC 1000-4-2: 1995, IEC
61000-4-6: 1996,

Product Safety: EN 61010-1: 1993

Complimentary Information:

This product complies with the EMC directive 89/336/EEC and the Low Voltage Directive
73/23/EEC.

Location and Date:
Seren IPS Inc.
1717 Gallagher Drive
Vineland, NJ 08360
USA

June 23,2000

HL/JteadOfEnginee~ing

/ .~- .. '(r7~(Z'---

Lawrence A. Hooper

35



R600 RF POWER SUPPLY OPERATOR'S MANUAL

4) Refer to the calibration table listing and use the data knob to enter the power value for the selected
point. Press the PROG key to accept the power value. The cursor will now be under the point
number. When the calibration table is filled, use the DOWN key to access the calibration table save
function.

2.2.57 SERVICE CALIBRATE: SAVE CALIBRATION TABLE, LINEARIZED

j150W
LCal Save

SERVICE
Disabled

Data knob: Selects between "Enabled" and "Disabled".

Function: Enables or disables saving the calibration table for linearized coupler readings. To save the
calibration table, select "Enabled" and press the PROG key.

2.2.58 SERVICE/CALIBRATE: FILL CALIBRATION TABLE,
NON-LINEARIZED COUPLER READINGS

See the description for "Fill calibration table, linearized coupler readings".

2.2.59 SERVICE/CALIBRATE: SAVE CALIBRATION TABLE, NON LINEARIZED

I 150W
NCal Save

SERVICE
Disabled

Data knob: Selects between "Enabled" and "Disabled".

Function: Enables or disables saving the calibration table for non-linearized coupler readings. To save the
calibration table, select "Enabled" and press the PROG key

3.0.0 SERIAL CONTROL FUNCTIONS

3.1.0 GENERAL

The serial commands listed are of the "HUMAN" mode (English language) command set. All terminators are
CRLF. The generator responds with a prompt of "OK" for an accepted command.

3.1.1 SERIAL

The RS232 command to allow serial remote control is "SERIAL". The default power-on state of the
generator is the "PANEL" control mode. The generator does not retain the control mode state when
powered down. If serial control is desired after a power down/power-up cycle, the "SERIAL" command must
be re-asserted. Send "SERIALcrlf' to place the unit in serial control mode.

3.1.2 POWER SETPOINT

Modifies power output setpoint. Send "Power XXXcrlf', where XXX is the desired output power. From 0 to
maximum power, use 1 to 3 characters.

Send "POWERcrlf' to query unit. The generator will respond by returning "XXXcrlf' where XXX is the
current power setpoint.
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3) Enable the RF output with the "RFON" command. The generator's software waits for the reflected
power to drop below the threshold level before starting the timer. The RF output turns off on
timeout.

3.3.0 RS232 CONNECTIONS

See section 1.5.2 for RS-232 connector pin list
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MC2 MATCHING NETWORK CONTROLLER OPERATOR'S MANUAL

Front Panel Controls and Display:

TUN 49% LOAD: 35%
P-TN 25% P-LD: 50%
PH: -2mV MAG: +5mV
PGM DOWN UP ENT

~ EEJ~

[] ~EJ

(1) Program Button:

(2) Menu Down Button:
(3) Menu Up Button:
(4) Enter Button:
(5) Up
(6) Down

(7) Load Min
(8) Load Max
(9) Load Mode

(10) Tune Min
(11) Tune Max
(12) Tune Mode

Changes Characters of Line 3 from default programmed
Characters to Programmable Menu Entries.
Moves down the menu
Moves up the menu
Programs changes made to parameter.
Change Parameter Value
Change Parameter Value

Manually moves Load cap to minimum capacitance
Manually moves Load cap to maximum capacitance
Selects Load capacitor automatic or manual mode

Manually moves Tune cap to minimum capacitance
Manually moves Tune cap to maximum capacitance
Selects Tune capacitor automatic or manual mode

• Line 1: Tune and Load Position
• Line 2: Preset Tune/Load Set Point
• Line 3: Phase and Magnitude Error Signals

MENU:
Depress Program Button: Line 3 becomes:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:

RECORD STRIKE PRESET
Load Preset ON/OFF
Tune Preset ON/OFF
Set Load Preset 00%
Set Tune Preset 00%
DCV Probe Selected DCV/RFV
DC Probe Attn. 0-9999
RF Probe Attn. 0-9999
LD/TN Display ON/OFF
PHIMAG Display ON/OFF
FWDIFRL Display ON/OFF
RF/DCV Display ON/OFF
Forward F. S. 0-9999
Reflected F. S. 0-9999
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L MC2 MATCHING NETWORK CONTROLLER OPERATOR'S MANUAL

Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:

Enter Secure Setup
Depress Down Button:
Depress Down Button:
Depress Down Button:
Depress Down Button:

Alarms:
Cable disconnected
Tune/Load Feedback Missing

Load Limit High
Load Limit Low
Tune Limit High
Tune Limit Low
(presets local/remote)

PASS CODE
Load Dead-band
Tune Dead-band
Mag. Error Adj.
Phase Error Adj.
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MC2 MATCHING NETWORK CONTROLLER OPERATOR'S MANUAL J

Rear Panel Connections And Interfacing

Power Inlet / Fuse Holder /Voltage Selector

CAUTION: UNLESS OTHERWISE SPECIFIED, THE MC2
CONTROLLER IS SHIPPED FROM THE FACTORY WITH THE LINE
VOLTAGE SELECTOR SET FOR 110 VOLT OPERATION.

CHECK YOUR LINE VOLTAGE OR CONSULT A QUALIFIED
ELECTRICIAN BEFORE CONNECTING THE MC2 CONTROLLER TO
MAINS POWER. SELECTING THE WRONG LINE VOLTAGE MAY
DAMAGE THE MC2 CONTROLLER AND VOID THE WARRANTY.

Power Inlet Connector: IEC320 type male, filtered
Mating Connector: IEC320-C13

Fuses: 1.6A 250V Time Delay, 5mm x 20mm

Matching Network Connector
Control signals and motor drive for matching network. Connector Type: 15 pin
"D" female. Connect to matching network's "CONTROL" connector.

·Pin. d. .... • ....... ;.'

·.·je·.··=, .,..
,~

1 TUNEMOTOR Drive voltage output for tune capacitor motor
-15VDC to +15VDC

2 GROUND Return for load capacitor motor. Internally
connected to chassis ground.

3 TUNEPOS Tune capacitor position feedback input. Analog
signal, O.OOVDC = minimum capacitance,
5.00VDC = maximum capacitance.

4 +5.25VREF Current limited +5.25VDC reference voltage output
for capacitor feedback signals. Do not connect
external equipment to this pin.

5 -0.25VREF Current limited -0.25VDC reference voltage output
for capacitor feedback signals. Do not connect
external equipment to this pin.

6 +12V Current limited +12VDC output for operation of
control circuits within the matching network. Do
not connect other equipment to this pin.
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MC2 MATCHING NETWORK CONTROLLER OPERATOR'S MANUAL

7 PHASE Phase (tune) error signal input. Analog input, -
10VDC to + 1OVDC range.

8 MAG Magnitude (load) error signal input. Analog input,
-lOVDC to + 1OVDC range

9 LOADMOTOR Drive voltage output for load capacitor motor
-15VDC to +15VDC

10 GROUND Return for tune capacitor motor. Internally
connected to chassis ground.

11 LOADPOS Load capacitor position feedback input. Analog
signal, O.OOVDC = minimum capacitance,
5.00VDC = maximum capacitance.

12 GROUND Internally connected to chassis ground.

13 DC-PROBE DC Probe signal input. Analog, -1 OVDC to
+ 1OVDC range

14 RF-PROBE DC Probe signal input. Analog, -10VDC to
+ 1OVDC range

15 GROUND Internally connected to chassis ground.

Analog Control Connector
Analog control signals for system interfacing. Connector Type: 25 pm "D"
female.

Pill ~ ri

= i~ ,

1 No Connection No connection

2 PRELOAD Load capacitor preset enable input. TTLlHCMOS
compatible logic input, active low, internally
pulled-up to +5V. Apply a logic low signal to
enable preset, apply a logic high signal to disable
preset.

3 PRELOAD-ON Load capacitor preset active output. TTLIHCMOS
compatible logic output, active low. Internally
pulled up to +5VDC. Logic low when controller is
presetting the load capacitor, logic high when the
load capacitor is not being pre-set.

4 PRETUNE-ON Tune capacitor preset active output. TTLlHCMOS
compatible logic output, active low. Internally
pulled up to +5VDC. Logic low when controller is
presetting capacitors, logic high when the tune
capacitor is not being pre-set.
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Pin Signal Description

5 PRETUNE Tune capacitor preset enable input. TTLlHCMOS
compatible logic input, active low, internally
pulled-up to +5V. Apply a logic low signal to
enable preset, apply a logic high signal to disable
preset.

6 -TUNELIMIT Tune capacitor mIlllmum limit signal output.
TTLlHCMOS compatible logic output, active high.
Output is a logic high when the tune capacitor has
reached its minimum limit. Output is a logic low
when the tune capacitor is not at its minimum limit.

7 +TUNELIMIT Tune capacitor maXImum limit signal output.
TTLIHCMOS compatible logic output, active high.
Output is a logic high when the tune capacitor has
reached its maximum limit. Output is a logic low
when the tune capacitor is not at its maximum limit.

8 FAIL General purpose fail condition signal output.
TTLlHCMOS compatible logic output, active high.
Output state is a logic high if a fail condition is
detected (control cable disconnected or other
software-determined condition), output state is a
logic low ifthere is no fail condition.

9 -LOADLIM Load capacitor mIlllmum limit signal output.
TTLlHCMOS compatible logic output, active high.
Output is a logic high when the load capacitor has
reached its minimum limit. Output is a logic low
when the load capacitor is not at its minimum limit.

10 +LOADLIM Limit capacitor maXImum limit signal output.
TTLlHCMOS compatible logic output, active high.
Output is a logic high when the load capacitor has
reached its maximum limit. Output is a logic low
when the load capacitor is not at its maximum limit.

11 LOADMETER Load capacitor position output signal. Analog,
O.OOVDC to +5.00VDC, linearly proportional 0 to
100% of load capacitor position. O.OOVDC =
mInImUm capacitance, 5.00VDC = maXImum
capacitance.

12 LOADPSETV Tune capacitor position preset voltage input.
Analog input, O.OOVDC to +5.00VDC. O.OOVDC =
minimum capacitance, +5.00VDC = maXImum
capacitance.

13 LOADPSETV Load capacitor position preset voltage input.
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Pin Signal Description

Analog input, O.OOYDC to +5.00YDC. O.OOYDC =
minimum capacitance, +5.00YDC = maXImum
capacitance.

14 No Connection No Connection

15 Ground Internally connected to chassis ground.

16 Ground Internally connected to chassis ground.

17 Ground Internally connected to chassis ground.

18 Ground Internally connected to chassis ground.

19 Ground Internally connected to chassis ground.

20 Ground Internally connected to chassis ground.

21 Ground Internally connected to chassis ground.

22 Ground Internally connected to chassis ground.

23 TUNEMETER Tune capacitor position output signal. Analog,
O.OOYDC to +5.00YDC, linearly proportional 0 to
100% of tune capacitor position. O.OOYDC =
mllllmum capacitance, 5.00YDC = maXImum
capacitance.

24 Ground Internally connected to chassis ground.

25 Ground Internally connected to chassis ground.

Loop-Thm Connectors
These connectors are provided to interface the MC2 matching network controller
with an RF generator. This enables the MC2 to monitor and display the
generator's setpoint, forward power, and reflected power, supply the RF or DC
probe voltage signal to the RF generator (for voltage control), and disable the RF
generator's output if matching network fault condition is detected. All other
control signals are passed from the SYSTEM connector to the GENERATOR
connector without modification.

The Loop-Thm connectors are designed to be plug-compatible with the Seren IPS
Inc. RlL20XXl30XXl50XX series of RF generators. Other RF generators can be
connected with external cabling - contact Seren IPS Inc. customer service for
assistance.
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System Connector
Connects to the user's system controller. Connector type: 25 pin "D" male.

Pin Signal Description

1 Loop-Thru Connected to pin 1 of GENERATOR connector

2 Loop-Thru Connected to pin 2 of GENERATOR connector

3 RFON RFON signal input. TTLIHCMOS compatible
logic input, active low. Internally pulled up to
+5VDC.

4 Loop-Thru Connected to pin 4 of GENERATOR connector

5 Loop-Thru Connected to pin 5 of GENERATOR connector

6 Loop-Thru Connected to pin 6 of GENERATOR connector

7 Loop-Thru Connected to pin 7 of GENERATOR connector

8 Loop-Thru Connected to pin 8 of GENERATOR connector

9 Loop-Thru Connected to pin 9 of GENERATOR connector

10 GROUND Internally connected to chassis ground.

11 REFLECTED Reflected Power monitor signa1. Analog 100p-
thru, -10VDC to +10VDC. Connected to pin 11
of GENERATOR connector.

12 PROBE RF or DC probe signal (from matching network
controller). Analog, -10VDC to +1OVDC.
Connected to pin 12 of GENERATOR connector.

13 SETPOINT Forward Power Setpoint signa1. Analog loop-
thru, -10VDC to +10VDC, single-ended.
Connected to pin 13 of GENERATOR connector.

14 Loop-Thru Connected to pin 14 of GENERATOR connector.

15 GROUND Internally connected to chassis ground.

16 GROUND Internally connected to chassis ground.

17 GROUND Internally connected to chassis ground.

18 GROUND Internally connected to chassis ground.

19 Loop-Thru Connected to pin 19 of GENERATOR connector.

20 Loop-Thru Connected to pin 20 of GENERATOR connector.

21 Loop-Thru Connected to pin 21 of GENERATOR connector.

22 FWDRET Forward Power Monitor return signal. Internally
connected to chassis ground.
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Pin Signal Description

23 REFRET Reflected Power Monitor return signal. Internally
connected to chassis ground.

24 FBRET External Feedback (Probe) return signal.
Internally connected to chassis ground.

25 SETRET Forward Power Setpoint return signal. Internally
connected to chassis ground.

Generator Connector
Connects to the generator's analog interface connector. Connector type: 25
pin "D" female

Pin n. • I}es¢fip!igB..~ ,

1 Loop-Thru Connected to pin 1 of SYSTEM connector

2 Loop-Thru Connected to pin 2 of SYSTEM connector

3 RFONI RFON signal output. TTLlHCMOS compatible
logic output, active low. The logic state is the
same as the pin 3 of the SYSTEM connector
unless a matching network fault condition IS

detected. If a matching network fault condition is
detected, .the MC2 controller holds pin 3 at a
"high" logic state, disabling the generator's RF
output.

4 Loop-Thru Connected to pin 4 of SYSTEM connector

5 Loop-Thru Connected to pin 5 of SYSTEM connector

6 Loop-Thru Connected to pin 6 of SYSTEM connector

7 Loop-Thru Connected to pin 7 of SYSTEM connector

8 Loop-Thru Connected to pin 8 of SYSTEM connector

9 Loop-Thru Connected to pin 9 of SYSTEM connector

10 GROUND Internally connected to chassis ground.

11 REFLECTED Reflected Power monitor signal. Analog loop-
thru, -10VDC to +10VDC. Connected to pin 11
of SYSTEM connector.

12 PROBE RF or DC probe signal (from matching network
controller, derived from the matching network).
Analog, -10VDC to +1OVDC. Connected to pin
12 of SYSTEM connector.
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Pin Signal Description

13 SETPOINT Forward Power Setpoint signal. Analog loop-
thru, -10VDC to +10VDC, single-ended.
Connected to pin 13 of SYSTEM connector.

14 Loop-Thru Connected to pin 14 of SYSTEM connector.

15 GROUND Internally connected to chassis ground.

16 GROUND Internally connected to chassis ground.

17 GROUND Internally connected to chassis ground.

18 GROUND Internally connected to chassis ground.

19 Loop-Thru Connected to pin 19 of SYSTEM connector.

20 Loop-Thru Connected to pin 20 of SYSTEM connector.

21 Loop-Thru Connected to pin 21 of SYSTEM connector.

22 FWDRET Forward Power Monitor return signal. Internally
connected to chassis ground.

23 REFRET Reflected Power Monitor return signal. Internally
connected to chassis ground.

24 FBRET External Feedback (Probe) return signal.
Internally connected to chassis ground.

25 SETRET Forward Power Setpoint return signal. Internally
connected to chassis ground.

Note: Seren IPS Inc. RF generators use a
differential setpoint input. To prevent erratic
operation, this signal must be connected to the
generator's setpoint return tenninal.

Serial RS-232 Connector
Allows remote control and monitoring of the matching network and generator
parameters (requires use of the SYSTEM/GENERATOR Loop-Thru connectors)

For serial operation, see the Serial Commands section of this manual.

Connector Type: 9 pin "D" female

1 No Connection

2 TXB

3 RXB

No Connection

Transmit Data

Receive Data
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Pin Signal Description

4 No Connection No Connection

5 No Connection No Connection

6 No Connection No Connection

7 CTS Clear To Send

8 RTS Request To Send

9 No Connection No Connection

PHASE Test Point
Buffered PHASE detector output from the matching network. Used while nulling
(calibrating) the matching network's phase detector. See Troubleshooting
instructions for details.

MAG Test Point
Buffered MAGnitude detector output from the matching network. Used while
nulling (calibrating) the matching network's magnitude detector. See
Troubleshooting instructions for details.

COM Test Point
Common return for PHASE and MAG test points. Internally connected to chassis
ground.
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Safety Procedures and Precautions 
 
 
 
 

WARNING 
 
Owners of MeiVac Vari-Q Throttle Valves should not open chamber/pump 
isolation valve unless the Vari-Q Valve is in the 100% open position. 
 
Throttle valves not fully open when subjected to high pressure differential 
across the valve, could cause the vanes of the throttle valve to be pulled from 
the center hub and/or otherwise damaged.  This will void the MeiVac warranty. 
 

WARNING 
 

      Pneumatically actuated (PA) type valves with micrometer adjustment must 
have exhaust restrictors installed to control the speed of the valve movement 
thereby minimizing the potential for the valve to slam open or closed.  
Maximum air pressure to the pneumatic actuator is not to exceed 55 PSI. 
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1. GENERAL DESCRIPTION 
 
1.1 Introduction 
This manual details the operation and maintenance of the Vari-Q pressure control 
system, a new dimension in pressure control technology manufactured by MeiVac 
Incorporated.  Procedures are given for installation, use and maintenance of the 
various system elements.  This manual should be carefully read prior to installation 
of the equipment or use of the system.  And, the procedures described in this 
manual should be followed to maximize the system's unique capabilities. 
 
1.2 VARI-Q Throttle Valve 
The MeiVac Vari-Q throttle valve consists of a flange and a number of triangular 
vanes radially disposed around a central split hub.  The number of vanes depends 
upon the flange diameter.  For example, the VQ-6-ASA (6-inch valve) has 12 vanes 
while the VQ-10-ASA (10-inch valve) has 20 vanes. 
 
Each vane has a rotating pin (shaft) brazed to the vane point end, and a pulley, with 
a spherical machined rear or outside surface, brazed to the vane wide end.  Each 
pulley has a short shaft protruding from the center of the back surface, which acts as 
a rotational hinge point when installed in the flange body.   The vanes are actuated 
by a narrow continuous stainless steel cable, which threads sequentially over and 
under each succeeding pulley.  Both ends of the cable are secured to a driver vane 
assembly that incorporates the drive and vacuum shaft seal. All vane-pulley 
assemblies are physically attached to the stainless steel cable for precise alignment 
and to prevent vane slippage. 
 
As the vanes open, the conductance changes linearly to modulate the pumping 
speed of the chamber.  Vane shape and operation (counter rotation) provide very 
high OPEN pump-down throughput and linear control resolution during throttle 
operation. 
 
The Vari-Q throttle valve has been used with most high vacuum pumps, including 
cryogenic, diffusion, conventional (ceramic) bearing turbo-molecular and mag-lev 
bearing turbo-molecular pumps. 
 
1.3 Functional Description 
Vari-Q Throttle Valves can be used with multiple actuator types and come in variety 
of flange styles, sizes and operating modes: 
 
• Actuators 

o Pneumatic actuators (PA) stop valves at two positions, fully open or a fixed 
throttle position adjustable by a micrometer on the valve body.  These 
actuators are typically used for upstream pressure control (see below). 

o Servo Motor (SM) actuators position the vanes anywhere between full open 
and full closed.  This configuration is normally coupled with a controller, such 
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as an MKS 2252 or 651C.  These actuators may be used for upstream or 
downstream pressure control (see below). 

• Flange Styles, Materials and Sizes 
o MeiVac valves are available in a wide variety of sizes, materials and styles.  

Contact MeiVac or your local MeiVac sales representative for more details 
 
1.4 Pressure Control Methods 
In normal applications there are two forms of pressure control. MeiVac Vari-Q 
throttle valves are capable of handling one or both of these control methodologies. 

 
Upstream Pressure Control 
Upstream pressure control is control of the vacuum level in the chamber by 
varying process gas flow against a fixed pumping speed.  A common 
configuration has an MFC (mass flow controller) operating closed loop with an 
external pressure set point and a pressure measurement device.   
 
A PA model Vari-Q valve is designed specifically for this application.  On 
actuation, the vanes are moved to a fixed throttle position.  This position is 
mechanically adjustable, with a precision micrometer, external to the valve body. 
 
PA Advantages: 
o Lower cost,  
o Ease of installation and configuration. 
 
PA Disadvantages:   
Operation: 
o Only 2 positions, e.g. fully open or a single adjustable position. 
o Adjustment to the throttle position must be made at the valve body. 
Process: 
o Poor response to residual gas events 

In instances where a pressure burst of non-process gas occurs, such as initiation of 
plasma, upstream control can be problematic. Upstream's reaction to this occurrence 
is to REDUCE the flow of process gas to control pressure.  The result of this action is 
the worsening of the process gas to contaminant ratio and a higher residual gas 
presence in the first critical layers of a process. Without increased pumping speed, 
the event lasts longer than Downstream. 

 
SM driven valves may also be used for upstream pressure control.  An 
advantage of SM over PA is the ability of the SM actuator to adjust valve position 
from its controller. 

 
Downstream Pressure Control 
Downstream pressure control is control of the vacuum level in the chamber by 
varying pumping speed (valve position in this case) against a fixed process gas 
flow.  Common configurations would have one or more MFCs flowing a fixed rate 
and/or ratio of process gas(es).   A motor driven throttle valve would have its 
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valve position drive motor controlled by a pressure controller that was monitoring 
vacuum level vs. set points. 
 
SM and MK versions of the MeiVac Vari-Q throttle valve normally are used in 
these applications. Pressure controllers are available in standard commercially 
available rack mounted or valve mounted models. 
 
SM Advantages: 
o Flexibility in process control   Ratios of gas flow and pumping speed can 

easily be changed prior to or during process steps. 
o Potentially higher quality process results 

In instances where a pressure burst of non-process gas occurs, such as initiation of 
plasma, process gas flow and pressure remain constant.  The duration of the event is 
significantly reduced, compared to upstream pressure control, due to increasing pump 
throughput.  Less process gas dilution and faster recovery time combine to improve 
deposited film quality. This is particularly true during the first few adhesion promoting 
monolayers. 

 
1.5  Control Options 
Three options are available for valve control.  

o PA - Used for upstream pressure control.  
o SM - Used in conjunction with a pressure controller such as an MKS 651.   
o MK - An integrated servo motor and pressure controller that mounts on the 

valve body.  The only such actuator currently available is the MKS 2153. 
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Pneumatically Actuated VQ Throttle Valve 

 

 
   

Figure 1 
 
PA type valves with micrometer adjustment must have exhaust restrictors 
installed to control the speed of the valve movement thereby minimizing the 
potential for the valve to slam open or closed.  Maximum air pressure to the 
pneumatic actuator is not to exceed 55 PSI. 
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Servo Motor Driven VQ Throttle Valve 
 

 
Figure 2 

 
2. SPECIFICATIONS:  VARI-Q VALVE 

Dimensions: 
See size diagram Figure 3 and Table 1.  Other sizes may be available by 
special order. 

Conductance: 
Infinite adjustment from less than 20 l/sec to greater than 61,000 l/sec 
depending upon model.  (See Table 2) 

 
Size Diagram of VQ Throttle Valves 

 
Figure 3,  
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DIMENSIONS OF VQ THROTTLE VALVE 
 

Model O.D. I.D. T A N H D O-Ring 
 

         
VQ-200-JIS-XX-0 11.811 7.376       2.375 11.30 8 0.593 10.603 225mm ID 

x 6mm C/S 
VQ-250-JIS-XX-0 13.780 9.898 2.500 14.32 12 0.594 12.598 275mm ID 

x 6mm C/S 
VQ-300-JIS-XX-0 15.748 11.875 2.375 15.67 12 0.594 14.567 325mm ID 

x 6mm C/S 
VQ-400-JIS-XX-0 20.472 16.000 2.750 20.57 12 0.748 18.899 430mm ID 

x 6mm C/S 
VQ-450-JIS-XX-0 22.638 18.000 2.750 22.81 16 0.750 21.063 480mm ID 

x 10mm C/S 
         

 
VQ-100-ISO-XX-0 6.496 4.016 1.750 6.87 8 0.354 5.709 NA 
VQ-160-ISO-XX-0 8.858 6.024 2.250 9.32 8 0.433 7.874 NA 
VQ-200-ISO-XX-0 11.220 7.376 2.375 11.00 12 0.437 10.236 NA 
VQ-250-ISO-XX-0 13.190 10.291 2.750 13.72 12 0.437 12.205 NA 
VQ-320-ISO-XX-0 16.730 12.520 2.375 16.75 12 0.547 15.551 NA 
VQ-400-ISO-XX-0 20.079 15.758 2.750 20.38 16 0.546 18.899 NA 
         

 
VQ-6-CF-SS-0 5.97 3.699 1.000 6.16 16 0.330 5.130 Cu Gasket 
VQ-8-CF-SS-0 7.97 5.702 0.870 8.30 20 0.332 7.128 Cu Gasket 
VQ-10-CF-SS-0 9.997 6.438 0.970 10.35 24 0.332 9.128 Cu Gasket 
VQ-12-CF-SS-0 12.000 9.868 2.500 12.51 32 0.344 11.181 Cu Gasket 
         

 
VQ-4-ASA-XX-0 9.000 4.016 2.250 8.87 8 0.688 7.500 #2-431 
VQ-6-ASA-XX-0 11.000 7.376 2.375 10.89 8 0.875 9.500 #2-267 
VQ-8-ASA-XX-0 13.500 7.376 2.375 13.00 8 1.062 11.750 #2-272 
VQ-10-ASA-XX-0 16.000 11.875 2.375 15.89 12 0.937 14.250 #5-905 
VQ-16-ASA-XX-0 23.500 18.000 2.750 23.68 16 1.125 21.250 #2-466 
VQ-20-ASA-XX-0 27.500 21.000 3.250 27.62 20 1.250 25.000 #2-471 
VQ-32-ASA-XX-0 38.000 32.120 5.250 38.19 16 0.880 36.250 32.750 ID 

x .275 C/S 
VQ-35-ASA-XX-0 41.750 35.000 5.250 41.68 14 1.625 38.500 35.000 ID 

x .275 C/S 
         
MeiVac will custom design throttle valves to your specifications.  Consult factory for details. 
 
 

Table 1 
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TYPICAL CONDUCTANCE PERFORMANCE CHARACTERISTICS 

 
 

Model Minimum 
Conductance (l/s) 

Maximum  
Conductance (l/s) 

   
VQ-200-JIS 31 2443 
VQ-250-JIS 56 4587 
VQ-400-JIS 139 12168 
VQ-450-JIS 158 12510 

   
VQ-100-ISO 16 660 
VQ-160-ISO 19 1591 
VQ-200-ISO 31 2443 
VQ-250-ISO 56 5085 
VQ-320-ISO 88 7685 
VQ-400-ISO 139 16356 

   
VQ-6-CF 10 627 
VQ-8-CF 28 1612 

VQ-10-CF 26 2177 
   

VQ-4-ASA 11 619 
VQ-6-ASA 31 2443 
VQ-8-ASA 31 2443 
VQ-10-ASA 69 6884 
VQ-16-ASA 158 16261 
VQ-20-ASA 178 22023 
VQ-32-ASA 273 51249 
VQ-35-ASA 300 61685 

   
 
 

Table 2 
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3.  INSTALLATION AND OPERATION 
 
3.1 PLEASE READ AND UNDERSTAND ALL INSTRUCTIONS BEFORE 
 OPERATION.  

1. Remove the equipment from the shipping containers.  Save the containers 
and packing materials for possible future use.  

2. Inspect the Vari-Q Valve and the Controller for any physical damage, 
which might have occurred in transit.  If damage is visible, refer to the 
instructions under "Claims & Returns" in this manual. 

 
3.2 PREPARATION FOR USE 

• The shipment MAY contain the following items.  Check your packing slip: 
 Vari-Q Valve with Pneumatic Actuator or with Servo Motor 
 *O-Rings 
 *Controller with AC Power Cord 
 *Interconnecting Cable with Connectors, Instruction Manual(s) 

 
*Notes:  

o Controller and interconnect cable are sold separately, not included 
in Valve part number. 

o ASA and JIS models include flange o-ring. 
o ISO flanges do NOT include a centering ring assembly. 
o CFTM flanges do NOT include a metal gasket. 

 
If any of the items on the packing slip are missing, contact your local 
representative or MeiVac, Inc. Customer Support, 5830 Hellyer Avenue, 
San Jose, CA 95138, USA, Telephone: 1.408.362.1000. 

 
3.3 PRELIMINARY OPERATION 

 
The Vari-Q valve should be cycled prior to installation in the vacuum system 
to verify that all components are correctly adjusted and operating properly.  
Proceed as follows. 

 
1. For valves with controllers, place the valve and controller (sold 

separately) on a bench.  A source of 115 or 230 VAC will be required. 
 

2. Install the interconnecting cable (sold separately). 
 

3. Prior to connecting the controller to 115 VAC or 230 VAC, be sure that 
the voltage selector switch on the rear panel is in the proper position. 

 
4. Put the valve controller in the Manual mode. 
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5. Have the valve controller command the valve to open.  The orifice 
blades should move to the fully open position. 

 
Note: The Vari-Q valve is designed so that the vanes are self-adjusting 
and always end up either fully open or fully closed.  Over-driving the 
valve a small amount will have no effect on the vane orientation. 
 

6. Have the valve controller command the valve to close.  The orifice 
blades should move to the fully closed position. 
 

7. The orifice blades should move freely through their entire range of 
travel.  If any binding is evident, refer to Section 7. 

 
3.4 SYSTEM DESIGN 

Figure 4 shows the usual setup for standard downstream pressure control.  
The VQ-SM valve should be in series with an isolation high vacuum valve.  
The pressure transducer can be one of a number of units (See Table 3). 
 
Connect the sensor to the vacuum chamber using the shortest possible 
tubing lengths with minimum restrictions.  For ½ inch diameter tubing, lengths 
should be no longer than 6 inches.  Never reduce the tubing diameter to less 
than that of the transducer. Fittings should be checked to make sure that they 
do not have restrictions (small passages). Antechambers off the main vacuum 
chamber or other small volumes should be kept to a minimum, as they can 
make system stabilization difficult or impossible to achieve.  If the chamber is 
repeatedly opened to the atmosphere, an isolation valve should be installed 
to protect the transducer. 
 
An important consideration is the peculiarity associated with diffusion pumps 
known as choking.  If too much gas is introduced into the vacuum chamber at 
too high a pressure, the diffusion pump pumping speed changes radically and 
erratically.  This behavior is easily recognized by lack of stability at set point, 
making control impossible at times.  Closing down the inlet to the pump is the 
only solution.  Note: Diffusion pumps should never be operated at inlet 
pressures above that at which the "top jet" will experience a pressure in 
excess of 5 X 10-4 Torr. 

 
3.5 INSTALLATION OF THE VARI-Q VALVE 

1. Follow normal procedures to bring the vacuum chamber to atmosphere. 
2. Normally the Vari-Q valve will be installed in series with the vacuum 

chamber, the high-vacuum valve, a high-vacuum pump, a cryogenic trap 
(if used) and a roughing pump.  Remove the appropriate nuts and bolts to 
create sufficient space above the high vacuum pump. 

3. Lubricate the O-ring furnished with the Vari-Q valve.   
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4. Install the o-ring in the groove machined in the Vari-Q valve. For an ISO 
flange, this is a centering ring (sold separately).  For a CF flange, this is a 
metal gasket (sold separately). 

5. Place the Vari-Q valve in the open space between the high-vacuum pump 
and cryogenic trap (or vacuum valve if no cryo trap is used) and bolt it in 
place. 

6. After completing the installation verify the system’s vacuum integrity. 
 

Caution! 
Do not inject alcohol, acetone, or other solvents around the valve.  Damage to 
the shaft seals may result. 
 
7. If included, position the controller in a convenient location.  It may be 

mounted in a standard 19-inch equipment rack or left free-standing, as 
desired. 

8. Connect the appropriate cable between the Vari-Q valve and the rear 
panel of the controller. 

10. Before plugging in the AC line cord, turn the power switch OFF and 
confirm that the voltage selector on the rear panel is in the proper position. 

11. Connect the AC power cord from the rear panel of the controller to a 
source of main power. 

12. Exercise the throttle valve as described above under Preliminary 
Operation (Section 3.3) and verify that all components continue to move 
freely. 

 
3.6  PRESSURE CONTROLLER INTERFACE, 

Refer to appropriate manufacturer’s manual for controller set up. Links to 
selected controller manuals are provided here: 
    SM-651C CONTROLLER 
    SM-2153D CONTROLLER 
    SM-2252E CONTROLLER  

 
3.7  PRESSURE TRANSDUCERS 

 
Pressure transducer compatible with the pressure controller you select can be 
used as the feedback element of your pressure control loop.  A number of 
pressure transducer options and their corresponding interconnecting cables 
are listed in Table 3.   
 
Refer to appropriate manufacturer’s manual for transducer set up. 
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Example Pressure Transducers 
 

Transducer 
MKS 

Recommended 
Pressure Ranges 

Available Torr 

Interconnecting 
Cable 

Output Voltage 
F.S. Volts 

    
310/170M-6 1, 10, 100, 1000 CB-254-6 10 
220 or 220B 1, 10, 100, 1000 CB-254-10 10 

220A 10, 100, 1000 CB-254-4 10 
221 10, 100, 1000 CB-254-1 10 
222 10, 100, 1000 CB-254-2 10 
227 1, 10, 100, 1000 CB-254-11 10 

 
Table 3 
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Typical VQ-SM Control Loop 
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Figure 4 
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4.  BASIC CONTROL THEORY, DOWNSTREAM PRESSURE CONTROL 
 
The purpose of a pressure controller is to compare the desired pressure level 
(set point) with the actual pressure level (feedback input) and make 
appropriate corrections in pumping speed, via adjustments on the valve, until 
the actual pressure equals the desired pressure. 
 
Figure 4 shows a simple pressure control loop consisting of a pressure 
transducer, controller, control valve, process chamber and pump.  The 
pressure transducer converts pressure to an electrical signal, which is 
compared in the controller to the set point. Set points can originate from 
pressure controllers, system controllers or a precision potentiometer. 
 
Any error between the feedback and set point signals is amplified by the 
controller and fed to the valve.  For example, if the pressure is higher than the 
set point, the controller will open the valve allowing the pump to remove more 
gas than is entering, thereby reducing the pressure. 
 
An additional capability of many controllers is to provide a stabilizing control.  
This control allows the operator to compensate for the different delays or lags, 
which occur in different systems.  This capability is called “Phase Lead” in 
MKS controllers. 

 
 
5.  TROUBLESHOOTING SEQUENCE 
 

1. Check for obvious problems such as power off, open fuse, defective line 
cord, input power failure, or loose connections. 

2. Check all control settings. Refer to appropriate control manuals  
3. If the trouble is traced to a MeiVac supplied Vari-Q valve or a pressure 

controller or other component that has been supplied by MeiVac, contact 
your local representative or MeiVac, Inc. Customer Support for problem 
disposition instructions.  If it is necessary to return any part to MeiVac, 
Inc., follow the instructions for Authorized Returns found in the Claims & 
Returns section of this manual. 
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6. ALIGNMENT AND MAINTENANCE 
 

Pressure control is a demanding process.  It is highly recommended that if 
calibration or service is required on a Vari-Q valve that it is accomplished at 
the MeiVac factory or by a distributor using factory trained service personnel. 

 
6.1 SERVICING OF THE VARI-Q VALVE 
 

The O-ring, stainless steel cable, shaft seal and motor drive are the only 
items that are ever likely to need service.  Maintenance procedures for these 
elements are listed below.  The Vari-Q valve is pre-adjusted at the factory; no 
calibrations or further adjustments should be required under normal use. 
 
 

6.2 VARI-Q VALVE DISASSEMBLY 
 
To disassemble the Vari-Q valve, use the following procedure and refer to the 
items called out on Figure 5. 
 
1.   Remove motor assembly or pneumatic actuator assembly from driver 
shaft.  Refer to Figure 6 or Figure 7 respectively. 
 
2. Remove both driver cable clamps (1) and all pulley clamps. 

 
3. Carefully unlace or pull out stainless steel cable (2). 

 
4. Unscrew and remove split central hub (3). 
 

CAUTION: 
COMPLETE DISASSEMBLY WITH THE VALVE HORIZONTAL, OR ALL VANES WILL FALL 

OUT. 
 
5. Remove all vanes (4).   

 
6. Remove driver vane assembly (5).  
 

NOTE: 
IF THE VALVE IS KEPT FLAT ON A TABLE TOP THE SHAFT SEAL ELEMENTS MAY BE 

REMOVED AS DESCRIBED IN SECTION 6.6. 
 

7. Reassemble in reverse order.   
 
 IMPORTANT:  See NOTE in section 6.4 
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6.3 FREEPLAY ADJUSTMENT 
 

Perform the following adjustments to assure that the Vari-Q vanes open and 
close smoothly. 
 
1. With the stainless steel cable threaded and clamped at one end, pull on 

the other end with needle nose pliers. 
2. While maintaining tension on the cable with the pliers, rotate the vanes 

back and forth until all vanes work uniformly. 
3. Install clamp on free end of the cable. 
4.   Adjust all vanes to the closed position and clamp vanes to cable. 
 
NOTE:  Vanes are universal and may be clamped to the cable to allow left or 
right rotation.  Select the correct rotation direction and then tighten the 
clamps.  

VALVE COMPONENTS 
 

  

 1 

 2 
  3 

  4 

  5

 
 

Figure 5 
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6.4 MOTOR DRIVE REMOVAL 
 
Caution:  Before starting the removal operation, connect the motor to the 
control power supply and close the throttle valve.  
 
Refer to Motor drive assembly drawing Figure 6.  The item numbers below 
are keyed to this drawing. 
 
1. Loosen flexible shaft coupling (1) by unscrewing retaining screw, which is 

accessed through an opening in the locking plate (5). 
 
2. Remove four socket head screws (2). 
 
3. Remove motor plate (3) by pulling straight out away from the gear box (4). 
 
Caution:  Throttle valves manufactured after October 1, 1997 will have a 1/8” 

shaft key installed in the flexible coupler. Locate key and set aside 
for reuse later, when motor is reinstalled.   

 
4. Remove two socket head screws holding the gear box (4), to the flange. 
 
5. Remove gear box (4) and Locking Plate (5). 
 
6. The shaft seal elements are now free to come out.  Refer to Section 6.6. 
 
 
NOTE: 
Throttle valves manufactured before October 1997 
Before replacing motor assembly, connect the motor to the control power 
supply and rotate the motor to the open and closed position, checking both 
limit switches. Rotate the motor assembly and the throttle valve vanes to 
their closed position before installing.  After replacing motor assembly, 
tighten the shaft coupler screw to 30 in/lb.  Use of a calibrated torque tool is 
required. 
Throttle valves manufactured after October 1, 1997 
Before replacing motor assembly, connect the motor to the control power 
supply and rotate the motor to the open and closed position, checking both 
limit switches. Rotate the motor assembly and the throttle valve vanes to 
their closed position before installing.   Insert the 1/8” key in the shaft, 
then while holding motor plate assembly (3) slide the coupler into position. 
Replace the four screws (2), and then tighten setscrew on shaft coupler. If the 
vanes moved and are not in the fully closed position, (rotated cw or ccw),  
you will need to readjust the coupler position, reference to the stop limit 
switch. Refer to Figure 6A. 
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Remove the motor assembly plate (3), and connect the motor to the controller 
power supply. rotate the motor to the closed position. Check the alignment of 
the coupler slit. If the alignment not correct, loosen the cam (7), locking screw 
and jog the motor one way or the other until the coupler slit is parallel with the 
sides of the cover (3).  With the coupler aligned, push the cam (7), tightly 
against the close limit switch and tighten the cam (7), clamping screw. 
Reassemble motor assembly plate (3) per instructions.  Repeat cam 
adjustment until vanes remain closed with all screws tight. 
 

Motor Drive Assembly 
 

 
Figure 6, Motor Shown with Hex Connector 

 
Motor Drive Inside View 

 
Figure 6 A 
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6.5 MANUAL ACTUATOR REMOVAL 
  
 Refer to drawing Figure 7.  Note that when the pneumatic piston is all the 
 way in, the vanes are in the fully open position. 
 1.  Loosen the screw on the shaft clamp. (1) 
 2.  Remove the two screws (2) holding the assembly to the valve and set       
      aside.  
 
 NOTE:  When reinstalling actuator assembly, adjust the driver shaft so that 
 all vanes are in the fully open position, then tighten the clamp. 
 

PA type valves with micrometer adjustment must have exhaust restrictors 
installed to control the speed of the valve movement thereby minimizing 
the potential for the valve to slam open or closed.  Maximum air pressure to 
the pneumatic actuator is not to exceed 55 PSI. 

 
Pneumatic Drive Assembly 

 

   

  2

  1 

 
Figure 7 
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6.6 SHAFT SEAL DISASSEMBLY 

 
The shaft seal has more than a dozen elements and should be disassembled 
only by an experienced vacuum technician.  Refer to items listed on drawing, 
Figure 8. 
 
1. To access shaft seal elements, go through Vari-Q valve disassembly, 

Section 6.2, and motor drive removal, Section 6.4, or manual actuator 
removal, Section 6.5, procedures. 

 
2. With the vane-actuating shaft and locking plate removed, carefully remove 

the shaft seal elements. 
 
3. Remove each seal element with care, being sure to note the following 

order of assembly. 
 

Shaft Seal Parts List 
 

Nomenclature Item. MeiVac Part # 
Bearing spacer (1) 1767-0806-3 
Ball bearing (2) 1995-0848-3 
Bearing spacer (1) 1767-0806-3 
Precision washer (3) 1765-0845-3 
O-ring (4) 2310-2202-2 
Precision washer (3) 1765-0845-3 
Bellville washers (5) 1770-0804-3 
Precision washer (3) 1765-0845-3 
O-ring (4) 2310-2202-2 
Precision washer (3) 1765-0845-3 
Bearing spacer (1) 1767-0806-3 
Ball bearing (2) 1995-0848-3 
Locking plate (6) 0100-0782-0 

 
Table 4 

 
4. Inspect each element for wear.  Clean or replace as required.  Lightly coat 

the O-rings with Apiezon "L" vacuum grease prior to installation. 
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SHAFT SEAL ASSEMBLY 
 

 
 

Figure 8 
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7. Claims & Returns 
 

Shipping and Handling Claims 
The Purchaser should inspect the product carefully as soon as it is received and test it in 
accordance with any instructions that may be provided.  If damage is noted, or the product fails 
to operate properly as the result of transportation damage, a claim should be filed with the 
common carrier and a copy forwarded to MeiVac or MeiVac’s local Distributor.  MeiVac or its 
local Distributor will not recognize any claim for equipment damaged as a result of 
transportation damage if the claim is submitted more than thirty days after Purchaser’s receipt of 
the product.  Failing to report any damage within this thirty day period shall be considered an 
acknowledgement by Purchaser that the product was received undamaged. 
 
Warranty Claims 
For a warranty claim to be valid, it must: 
• be made within the applicable warranty period, 
• include the product serial number and a full description of the circumstances giving rise to 

the claim,  
and if a material return is required, 

• have been assigned an RMA number (see Authorized Returns) by MeiVac or its 
Distributor. 

Purchaser’s exclusive remedy and MeiVac’s sole responsibility related to warranty claims 
shall be as set forth in the MeiVac, Inc. Terms and Conditions of Sale available from 
MeiVac, its Distributor or MeiVac’s web site (www.meivac.com).  
 
Purchaser is responsible for obtaining authorization to return any defective units, prepaying 
the freight costs, and ensuring that the units are returned to the location identified by MeiVac 
on the RMA (see Authorized Returns). Provided the work required on the unit is covered 
under the Warranty, MeiVac will replace the affected unit or repair it at no charge to 
Purchaser.  On completion of said repair or replacement, the unit will be returned (freight 
prepaid) to the Purchaser.  Whoever ships the unit (either Purchaser or MeiVac) will be 
responsible for properly packaging and adequate insurance. 
 
Authorized Returns 
Before returning any product for any reason, Purchaser shall call MeiVac or its Distributor to 
advise the serial number of the unit and discuss the reason for return.  This consultation call 
shall be at no charge to the Purchaser and will allow MeiVac or its Distributor to determine if the 
unit must actually be returned.  If it is determined that the unit needs to be returned a Return 
Material Authorization (RMA) number will be issued. This RMA number must be referenced on 
all paperwork associated with the return, and be prominently displayed on the outside of any 
packaging that the unit is being returned in. 
 
Units that are returned without MeiVac’s or its Distributor’s authorization will be held by MeiVac 
or its Distributor until such time as Purchaser can identify the reason for the return, after which, 
action deemed appropriate by MeiVac or its Distributor (including return of the unit to Purchaser 
freight collect) shall be taken.   
 
Terms governing all products sold by MeiVac, Inc. are the MeiVac Terms and Conditions of 
Sale.  These can be found on the MeiVac, Inc. web site (www.meivac.com) or obtained from 
your local representative. 
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Please refer to the MeiVac Website for a  
list of representatives in your area. 

 
 

www.meivac.com 
 
 
 
 
 

For operational or applications questions  
regarding MeiVac products, contact:  

 
 

support@meivac.com 
 
 
 
 
 
 
 
 
 
 

 
         QUALITY VACUUM PRODUCTS & SERVICES 
                                  5830 Hellyer Avenue,  San Jose,  CA   95138 
                    Telephone: (408) 362-1000          Fax: (408) 362-1010 
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Compliance

Preface

Products tested and found to be in compliance with the requirements defined in the

EMC standards defined by 89/336/EEC as well as Low Voltage Directive (LVD)

73/23/EEC can be identified by the CE label on the rear of the unit. The testing has

demonstrated compliance with the following directives:

LVD,73/23/EEC

EMC, 89/336/EEC

Complies with UL 3101-1 :93

EN 55011, Class A Verification

EN 50082-1:1992

IEC 1000-4-2:1995

IEC 1000-4-3: 1994
IEC 1000-4-4: 1995

Unpacking

Warranty

For any additional information refer to the Letter of Compliance that shipped with the

unit (Declaration of Conformity).

Retain all cartons and packing material until the unit is operated and found to be in

good condition.

If the unit shows external or internal damage, or does not operate properly, contact

the transportation company and file a damage claim. Under ICC regulations, this is

your responsibility.

Units have a warranty against defective parts and workmanship for one full year from

date of shipment. See back page for more details.

NES-care Extended
Warranty Contract

• Extend parts and labor coverage for an additional year.

• Worry-free operation.

• Control service costs.

• Eliminate the need to generate repair orders.

• No unexpected repair costs.

Other contract options are available. Please contact Thermo

NESLAB for more information.

After-sale
Support

Thermo NESLAB is committed to customer service both during and after the sale. If you

have questions concerning the operation of your unit or the information in this manual,

contact our Sales Department. If your unit fails to operate properly or if you have ques

tions concerning spare parts or Service Contracts, contact our Service Department.

Before calling, please refer to the serial number label on the rear of the case top to

obtain the following information:

- 80M number _

- Serial number _
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Warnings

Section I Safety

Make sure you read and understand all instructions and safety precautions

listed in this manual before installing or operating your unit. If you have any

questions concerning the operation of your unit or the information in this

manual, contact our Sales Department for assistance (see Preface, After

sale Support).

Performance of installation, operation, or maintenance procedures
other than those described in this manual may result in a hazardous
situation and may void the manufacturer's warranty.

Transport the unit with care. Sudden jolts or drops can damage the
refrigeration lines.

Do not attempt to defeat any of the interlock switches or safety
features built into the unit.

Observe all warning labels.

Never remove warning label.

Never operate damaged or leaking equipment.

Never operate the unit without cooling fluid in the fluid reservoir.

Make sure the unit is off before connecting or disconnecting the
power cord or other cables.

Always turn off the unit and disconnect the power cord from the
power source before performing any service or maintenance
procedures, or before moving the unit.

Always empty the fluid reservoir before moving the unit.

Never operate equipment with damaged power cords.

Refer service and repairs to a qualified Thermo NESLAB technician.

In addition to the safety warnings listed above, warnings are posted

throughout the manual. These warnings are designated by an exclamation
mark inside an equilateral triangle with text highlighted in bold. Read and

follow these important instructions. Failure to observe these instructions

can result in permanent damage to the unit, significant property damage, or

personal injury or death.

- 5 -



Section II General Information

Description
The HX Series Recirculating Chiller is designed to provide a continuous flow

of cooling fluid at a constant temperature and volume.

The unit c~)nsists of an air-cooled or water-cooled refrigeration system, a

fluid reservoir, a fluid recirculation pump, and a digital temperature controller.

HX units are available with a large number of options. This manual explains
how to install, operate, and maintain a "standard" HX unit. This manual also

explains some of the available options. Supplemental manuals are supplied

with units equipped with options not covered in this manual.

Throughout the manual, you will be asked to consult the unit's serial number

label, or the pump identification label, or both, for specific information. The

labels are located on the rear of the case top.

Reservoir access panel, page 24.
Stirrermotorvent(HX-150 through HX-750), page 16.

Temperature Controller, page 25.

Spring
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Refrigeration Status, page 25.

Mode

Idle © I I lempoC

Coo I © L- .

Reservoirfluid Low Level warning, page 25.

low

level

Adjust Power

On

Off

i/
Setpoint display and adjust, page 26.

RECIRCULATING 1',

PRESSURE GAUGE, page 30. I'~

~I ~h '

RECIRCULATING FLOW
CONTROL Handle, page 29.

SUPPLY, page 20.

RETURN, page 20.

RESERVOIR DRAIN, page 20.
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Unit On/Off control, page 25.

Serial Number Label
(Typical)

AUTO REFILL (Optional), page 36.

TAP WATER (Water-cooled units), page 21.

DRAIN (Water-cooled units), page 21.



Water-Cooled HX Series Quick Reference Operating Procedures

Installation
• Position the unit in a clean environment with easy

access to facility cooling water and a drain. The
facility water requirements must meet those specified
in the instruction or unit performance will be derated.

Ensure the voltage of the power source meets the
specified voltage, ±10%.

The plumbing connections are located on the rear of
the unit and are labelled TAP WATER, DRAIN,
SUPPLY and RETURN. Remove the plastic protec
tive plugs from all the plumbing connections. Connect
the TAP WATER fitting to the facility cooling water
and the DRAIN fitting to a drain. Connect the SUP
PLY fitting to the inlet of your application and the
RETURN fitting to the outlet of your application.

To fill the reservoir open the access panel on the left
rear corner of the case top and remove the reservoir
cover by unscrewing the thumbscrews. Fill the
reservoir to within one inch of the top. If the fluid
capacity of your application and recirculation lines are
significant, have extra fluid on hand.

Thermo NESLAB recommends using distilled/deion
ized water with a 0.05 to 0.1 megohm-cm reading. If
you do not have access to distilled/deionized water
we recommend using filtered tap water.

Operation
Before starting the unit, double check all electrical
and plumbing connections. Make sure the circulating
system has been filled with cooling fluid.

Ensure the facility water is turned on.

On models HX-300 through HX-750, the unit must be
connected to the power source for at least 12 hours to
allow the oil to be heated and separated from the
refrigerant

To start the unit, place the Power Switch to the ON
position. The Cool and Idle LEDs on the front panel
indicate the status of the refrigeration system. Cool is
on when the unit is removing heat from the cooling
fluid, Heat is on when the unit is in the hot gas bypass
mode. As the operating temperature approaches the
setpoint, the LEDs cycle.

When the unit is shut off, wait five minutes before
restarting to allow time for the refrigeration pressures
to equalize. If the pressures are not allowed to
equalize, the compressor will short-cycle and no
cooling will occur.
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Digital Controller Temperature Adjustment
To display the temperature setpoint, press and
hold the DISPLAY switch. To adjust the
temperature setpoint, press and hold the
DISPLAY switch and turn the ADJUST knob
until the desired temperature setpoint is
indicated on the digital display. Once the
setpoint is adjusted, release the DISPLAY
switch. The display will now indicate the
temperature of the fluid in the reservoir.

Flow Control
The RECIRCULATING FLOW CONTROL
handle controls the flow rate to your applica
tion. In the "+" position you receive full flow,
the "-" position is no flow.

Periodic Maintenance
Periodically inspect the reservoir fluid. If
cleaning is necessary, flush the reservoir with
a cleaning fluid compatible with the circulating
system and the cooling fluid.

The cooling fluid should be replaced periodi
cally. When operating at low temperatures, the
concentration of water in the cooling fluid will
increase over time, leading to a loss of cooling
capacity.

Periodic vacuuming of the condenser fins is
necessary. The frequency of cleaning depends
on the operating environment. We recommend
avisual inspection of the condenser be made
monthly after initial installation. After several
months, the cleaning frequency will be estab
lished.

Units with PD and TU pumps have a strainer.
If debris is in the system, the strainer will
prevent the material from being drawn into the
pump and damaging the pump vanes.

After initial installation, the strainer may
become clogged. The strainer must be
cleaned after the first week of installation.
After this first cleaning, a monthly visual
inspection is recommended. After several
months, the frequency of cleaning will be
established.

Before cleaning the strainer, disconnect the
power cord from the power source and drain
the reservoir.

For complete information, including

troubleshooting procedures, please refer

to this instruction manual.



Air-Cooled HX Series Quick Reference Operating Procedures

Installation
Position the unit so the intake and discharge are
not impeded. Inadequate ventilation will cause a
reduction in cooling capacity and, in extreme
cases, compressor failure.

Avoid excessively dusty areas and institute a
periodic cleaning schedule. For proper operation,
the unit needs to pull substantial amounts of air
through a condenser. A build up of dust or debris
on the fins of the condenser will lead to a loss of
cooling capacity.

The unit will retain its full rated capacity in ambi
ent temperatures up to approximately +24°C.

Ensure the voltage of the power source meets the
specified voltage, ±10%.

The plumbing connections are located on the rear
of the unit and are labelled SUPPLY and RE
TURN. Remove the plastic protective plugs from
both plumbing connections. Connect the SUPPLY
fitting to the inlet of your application. Connect the
RETURN fitting to the outlet of your application.

To fill the reservoir open the access panel on the
left rear corner of the case top and remove the
reservoir cover by unscrewing the thumbscrews.
Fill the reservoir to within one inch of the top. If
the fluid capacity of your application and recircula
tion lines are significant, have extra fluid on hand.

Thermo NESLAB recommends using distilled/
deionized water with a 0.05 to 0.1 megohm-cm
reading. If you do not have access to distilled/
deionized water we recommend using filtered tap
water.

Operation
Before starting the unit, double check all electrical
and plumbing connections. Make sure the circulat
ing system has been filled with cooling fluid.

On models HX-300 through HX-750, the unit must
be connected to the power source for at least 12
hours to allow the oil to be heated and separated
from the refrigerant

To start the unit, place the Power Switch to the
ON position. The Cool and Idle LEDs on the front
panel indicate the status of the refrigeration
system. Cool is on when the unit is removing heat
from the cooling fluid, Heat is on when the unit is
in the hot gas bypass mode. As the operating
temperature approaches the setpoint, the LEOs
cycle.
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When the unit is shut off, wait five minutes before
restarting to allow time for the refrigeration
pressures to equalize. If the pressures are not
allowed to equalize, the compressor will short
cycle and no cooling will occur.

Digital Controller Temperature Adjustment
To display the temperature setpoint, press and
hold the DISPLAY switch. To adjust the tempera
ture setpoint, press and hold the DISPLAY switch
and turn the ADJUST knob until the desired
temperature setpoint is indicated on the digital
display. Once the setpoint is adjusted, release the
DISPLAY switch. The display will now indicate the
temperature of the fluid in the reservoir.

Flow Control
The RECIRCULATING FLOW CONTROL handle
controls the flow rate to your application. In the "+"
position you receive full flow, the "-" position is no
flow.

Periodic Maintenance
Periodically inspect the reservoir fluid. If cleaning
is necessary, flush the reservoir with a cleaning
fluid compatible with the circulating system and
the cooling fluid.

The cooling fluid should be replaced periodically.
When operating at low temperatures, the concen
tration of water in the cooling fluid will increase
over time, leading to a loss of cooling capacity.

Periodic vacuuming of the condenser fins is
necessary. The frequency of cleaning depends on
the operating environment. We recommend a
visual inspection of the condenser be made
monthly after initial installation. After several
months, the cleaning frequency will be estab
lished.

Units with PO and TU pumps have a strainer. If
debris is in the system, the strainer will prevent
the material from being drawn into the pump and
damaging the pump vanes.

After initial installation, the strainer may become
clogged. The strainer must be cleaned after the
first week of installation. After this first cleaning, a
monthly visual inspection is recommended. After
several months, the frequency of cleaning will be
established.

Before cleaning the strainer, disconnect the power
cord from the power source and drain the reser
voir.

For complete information, including trouble

shooting procedures, please refer to this
instruction manual.



477

216

15.0

56.8

HX-300

45 7/8 x 33 % x 25 1,4

116.5 x 85.7 x 64.1

I

---1---

I

8.0

30.3

HX-150

395/8 x 26 1,4 x 21 1/8

100.6 x 66.7 x 53.7

5.0

18.9

50 5/8 x 46 x 28 %

128.3 x 11 6.8 x 73.0

746 971

338 440

HX-75

35 % x 23 1,4 x 18 %

90.8 x 59.0 x 47.6

- -- --- - ----1-- -- --

I 63 % x 46 x 29+ 161.9 x 116.8 x 73.7

28.0 I 40.0

_________ 106.0 ~-- 1§J.0

I

I

I

· 261 320

118 145

"~_--~--_-=-H-_X--5-0-0~---_-1-----H-X--7-50-----
~- ----

I

Shipping Weight
Pounds

Kilograms

Shipping Weight

Pounds

Kilograms

Specifications

Unit Dimensions
(H x W x D)

Inches
Centimeters

Unit Dimensions3

(H x W x D)

Inches

Centimeters

Reservoir Volume

Gallons

Liters

Reservoir Volume
Gallons

Liters

Temperature Range

Temperature Range1,2

Temperature Stability

Temperature Stability

1. Modified temperature ranges from -15°C to +90°C are available.
2. For additional dimensions see page 47.

3. HX-750 with a water-cooled refrigeration system has the same dimensions as the HX-500.
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Cooling Capacity
Cooling capacity will vary depending on fluid temperature, ambient

temperature, and cooling fluid.

Cooling capacities were obtained under the following conditions:

1. air-cooled unit operating at +20°C (+68°F) ambient temperatur6

2. cooling fluid with specific heat of 1.0 was used for fluid temperatures from

+5°C to +35°C.
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Pump Capacity
HX units are available with one of three standard pump types: positive

displacement (PD), centrifugal (CP), and turbine (TU). Refer to the pump

identification label on the rear of the case top to identify the specific pump in

your unit.
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Site (Air-cooled Units)

Section III Installation

The unit should be located in a laboratory or clean industrial environment

where ambient temperatures are inside the range of +55°F to +95°F (+13°C

to +35°C).

The unit will retain its full rated capacity in ambient temperatures to approxi

mately +75°F (+24°C). Reduce the cooling capacity 1% for every 1°F above
+75°F, to a maximum ambient temperature of +95°F. In °C, reduce the

cooling capacity 1% for every 0.5°C above +24°C, to a maximum ambient

temperature of +35°C.

Never place the unit in a location where excessive heat, moisture, or
corrosive materials are present.

The unit has an air-cooled refrigeration system. It must be positioned so the

air intake and discharge are not impeded.

On models HX-75 and HX-150, air is drawn through the left side of the unit

and discharged through the right and rear. A minimum clearance of

2 feet (0.6 meter) on these three sides is necessary for adequate ventilation.

On models HX-300 through HX-750, air is drawn through the front of the unit

and discharged through the side and rear. A minimum of 5 feet (1.5 meters)

on all four sides of the unit is necessary for adequate ventilation.

In some applications where space is at a premium, the minimum ventilation

clearance can be compromised. However, consult our Sales Department

before positioning the unit in a location with less minimum clearance than

listed above. Inadequate ventilation will cause a reduction in cooling capac
ity and, in extreme cases, compressor failure.

Excessively dusty areas should be avoided and a periodic cleaning schedule

should be instituted (see Section VII, Condenser Cleaning).

Avoid excessively dusty areas and institute a periodic cleaning sched

ule (see Section VII, Condenser Cleaning). If the compressor is allowed

to overheat the unit's High Pressure Cutout (HPC) will cycle the unit on
and off until cleaning is done and proper airflow is restored. This

cycling will eventually damage the unit's compressor.
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Models HX-150 through HX-750 have a stirrer motor located under the case

top. (Models HX-500 and HX-750 have two stirrer motors.) Heat generated

by the stirrer motor is discharged through vents in the case top. Do not block

the vents. A minimum clearance of 2 inches (5 centimeters) is necessary for

adequate ventilation.

NOTE: Units with plate heat exchangers do not have stirrer motors.

_------------- Stirrer motorvent

NOTE: The HX-750 380/480V model contains a three phase condenser fan

motor. It is possible to connect the main power and have the motor turn in

the wrong direction resulting in incorrect airflow over the condenser. Proper
airflow is achieved by exchanging any two main power connectors so air is

drawn into the fan.

Refer to the table below to determine the approximate amount of air intake
required for the unit to retain its full rated capacity. If the air intake does not

meet these standards, cooling capacity will be reduced.

------_._-- -_._--_._----- ----- -.

--------------------+-------------

1- ~. HX-75 _I ...__ HX-150--=_+-_~~~X~300 _

__ 1~~~~__1 __2~0:~0 L 5~~~O
HX-500 HX-750

5600

158800
5000

141750

Air Intake
Cubic feet per minute

Liters per minute

Air Intake
Cubic feet per minute

Liters per minute
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Site (Water-cooled units)
The unit should be located in a laboratory or clean industrial environment

with easy access to a facility cooling water supply and a drain.

All units are equipped with castors for easy movement. This allows the unit

to be placed in a small area, as long as there is ample space for the unit to

be moved for access on all four sides. A minimum access clearance of

3 feet (1 meter) on two adjacent sides is recommended.

The facility cooling water supply must meet or exceed the requirements

listed in the table shown on the next page for the unit to operate at its full

rated capacity. If the facility cooling water does not meet these standards,

the cooling capacity will be reduced.

As the temperature of the cooling water supply increases, the required flow

rate and pressure of the cooling water supply increases.

For example, with a model HX-150, if the temperature of the cooling water

supply is +65°F, the flow rate must be at least 1.5 gallons per minute, with a

pressure differential of at least 3.5 PSI. However, if the temperature of the

cooling water supply is +85°F, the flow rate must be at least 4.0 gallons per

minute, with a pressure differential of at least 10 PSI.

If the unit is being used with a building water supply, the back pressure of

the drain must be less than the supply pressure.

A water regulating valve, located in the TAP WATER line, regulates the flow

rate of the cooling water supply as it enters the unit. The valve regulates the

flow rate based on the heat load. Flow through the unit stops automatically

when the unit is shut off.

Models HX-150 through HX-750 have a stirrer motor is located under the

case top. (Models HX-500 and HX-750 have two stirrer motors.) Heat

generated by the stirrer motor is discharged through vents in the case top.

Do not block the vents. A minimum clearance of 2 inches (5 centimeters) is
necessary for adequate ventilation. See illustration on previous page.

NOTE: Units with plate heat exchangers do not have stirrer motors.
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Temperature of cooling water supply
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HX-500
Flow Rate

Gallons per minute
Liters per minute

Pressure Drop
PSI
Bar

HX-750
Flow Rate

Gallons per minute
Liters per minute

Pressure Drop
PSI
Bar

-Estimated Value
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Electrical Requirements
Refer to the table below to determine electrical requirements of your unit.

Verify the requirements by reviewing the ratings listed on the serial number

label on the rear of the case top.

Volts

Hertz
Phase

Plug

HX-75 & HX-150

208-230 220-240

60 50
1 1

NEMA L6-30P or L6-20P

HX-500 & HX-750

HX-300

208-230 200-220 380-420

60 50 50

3 3 3
NEMA L15-30P or L16-20P

Volts

Hertz

Phase

Plug
'---------

208-230

60

3

N/A

380-420

50

3

Make sure the voltage of the power source agrees with the unit's voltage and

frequency rating. The unit is designed to tolerate deviations of ± 10% from

the rated line voltage.

Models HX-75 through HX-300 have an 8 foot (2.4 meter) power cord
installed on the unit at the time of shipment.

NOTE: Custom units equipped with heaters may not have a power cord. See
Section VI, Special Features.

Power Cord (HX-75 through HX-300)

Electrical Connection
(HX-500 & HX-750)
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Plumbing
Requirements

The unit construction provides extra protection against the risk of

electric shock by grounding appropriate metal parts. The extra
protection may not function unless the power cord is connected to a

properly grounded outlet. It is the user's responsibility to assure a

proper ground connection is provided.

Models HX-500 and HX-750 are not equipped with a power cable. Installa

tion of the cable is the user's responsibility. Wire the unit in conformance to
local, state, and federal electrical codes. Double check all wiring to make
sure it is properly connected and protected from the elements.

Models HX-300 through HX-750 are equipped with a compressor crankcase

heater. The crankcase heater warms the oil in the compressor and prevents

refrigerant from mixing with the oil. Before start up, the unit must be con

nected to its power source for at least 12 hours. This allows time for the oil to

be heated and separate from the refrigerant.

Air-cooled and water-cooled units

Before installing the unit to an instrument that previously used tap water as a

cooling fluid, flush the instrument several times to remove any rust or scale

that has built up. Consult the manufacturer of the instrument for a cleaning

fluid recommendation.

The plumbing fittings used to connect the HX to the instrument being cooled
are located on the right side of the unit (labelled SUPPLY and RETURN).

These connections are % inch FPT, 1 inch FPT for units with CP-75 and
TU-9 pumps.

Remove the protective plugs from the SUPPLY and RETURN connections.

Connect the SUPPLY fitting to the inlet of the instrument being cooled.

Connect the RETURN fitting to the outlet of the instrument being cooled.

The RESERVOIR DRAIN connection on the rear of the unit is a 1/2 inch FPT

fitting connected internally to the unit's fluid reservoir. This fitting provides a
means for draining the reservoir. The unit is shipped with a 1/2 inch MPT plug

installed in this fitting. Remove the plug to drain the reservoir.
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SUPPLY

RETURN

TAP WATER

RESERVOIR DRAIN

Two plumbing adapters (% inch MPT x 5/8 inch hose) are included with the

unit. If the unit is being plumbed to the instrument being cooled using

flexible tubing, install the adapters in the SUPPLY and RETURN plumbing

ports. To prevent leaking, wrap the threads of the adapters with Teflon®

sealing tape before installing them in the plumbing ports. The adapters will

accept 112 or 5/8 inch ID flexible tubing.

If the unit is "hard plumbed" to the instrument being cooled or to the cooling

water supply, damage can occur if the unit is bumped or jolted from its site.

Provisions should be made to prevent the unit from being moved after

installation. Once the unit is plumbed, secure the locking castors on the

unit's base. If the unit is located in a heavy traffic area where the possibility

of collision is imminent, it may be necessary to secure the unit to the site

using blocks or mounting brackets.

Flexible tubing, if used, should be heavy wall or reinforced construction. All

tubing should be rated to withstand 110 psi at the highest operating tempera

tures. Make sure all tubing connections are securely clamped. Avoid running

tubing near radiators, hot water pipes, etc. If substantial lengths of tubing are

necessary, insulation may be required to prevent loss of cooling capacity.

Tubing and insulation are available from Thermo NESLAB. Contact our

Sales Department for more information (see Preface, After-sale Support).

It is important to keep the distance between the unit and the instrument

being cooled as short as possible, and to use the largest diameter tubing

practical. Tubing should be straight and without bends. If diameter reduc

tions must be made, they should be made at the inlet and outlet of the

instrument being cooled, not at the HX.

If substantial lengths of connecting tubing are required, they should be

pre-filled with cooling fluid before connecting them to the unit.
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Fluids

Water-cooled units
The plumbing connections used to connect the water-cooled condenser in

the HX to the facility cooling water supply are located at the rear of the unit
(labelled TAP WATER and DRAIN). On models HX-75 through HX-300,

these fittings are 1/2 inch FPT. On models HX-500 and HX-750, these fittings

are 1 inch FPT.

Remove the plastic protective plugs from the TAP WATER and DRAIN

connections. Connect the TAP WATER fitting to the facility cooling water

supply. Connect the DRAIN fitting to a drain.

Never use flammable or corrosive fluids with this unit. Do not use
automotive antifreeze. Commercial antifreeze contains silicates that
can damage the pump seals. Use of automotive antifreeze will void the
manufacturer's warranty.

Thermo NESLAB recommends using distilled/deionized water with a 0.05 to

0.1 megohm-cm reading.

Highly distilled/deionized water, above the 3 megohm-em region, may
become aggressive and is not recommended for use with units with
wetted parts other than stainless steel. Distilled/deionized water in the
15 megohm-em region is definitely aggressive and should not be used.
Units operating in these regions should be closely monitored. See
Water Quality Standards and Recommendations in this section.

If you do not have access to distilled/deionized water we recommend using

filtered tap water. Thermo NESLAB cannot recommend any custom fluids,
these fluids are too dependent on your particular application.

If your unit is equipped with a plate heat exchanger do not use 100%
water as a recirculating fluid. Due to the physical nature of a plate heat
exchanger, and its response to temperature changes, using 1000-' water
may cause the plate heat exchanger to rupture.

Below +8°C, a non-freezing solution is required. A 50/50 mixture, by volume,
of distilled/deionized water and laboratory grade ethylene glycol is suggested.
The selected cooling fluid must have a viscosity of 50 centistokes or less.

For units with extended temperature ranges above +35°C, we recommend

distilled/deionized water up to +80°C. Above +80°C, you are responsible for
the fluid(s) used.
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Water Quality
Recommendations

Unfavorably high total ionized solids (TIS) can accelerate the rate of

galvanic corrosion. These contaminants can function as electrolytes which

increase the potential for galvanic cell corrosion and lead to localized

corrosion such as pitting which can be observed at the studs and on the

outside surface of cooling coils. Eventually, the pitting will become so

extensive that the coil will leak refrigerant into the water reservoir.

As an example, raw water in the United States averages 171 ppm (of

NaCI). The recommended level for use in a water system is between 0.5 to

5.0 ppm (of NaCI).

Recommendation: Initially fill the tank with distilled/deionized water. Do not
use untreated tap water as the total ionized solids level may be too high.

Maintain this water quality at a resistivity of between 1 to 10 megohm-cm

(compensated to 25°C) by using a purification system. Although the initial
fill may be as high as 10 megohm-cm (compensated to 25°C), the desired

level for long time usage is 1 to 3 megohm-cm (compensated to 25°C).

The above two recommendations will reduce the electrolytic potential of the
water and prevent or reduce the galvanic corrosion observed.

18.30

Not Recommended, Increasingly Corrosive

Operations with Stainless Steel Systems

Operations with
Mixed Metals
Copper/Brass/
Stainless Steel

0.10

0.05

o
~ 15.00 f---------------------
N
(§)

E
u
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.s=
o
OJ
<Il.s
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ti
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Water Quality Considerations
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Reservoir Access Panel

Filling
Requirements

The reservoir access panel is located at the left rear corner of the case top,
below an access panel. To open the access panel, slide the latch back

(towards the rear of the unit) and lift.

Loosen the thumbscrews and remove the reservoir cover.

Fill the fluid reservoir with cooling fluid to within 1 inch of the top.

The fluid capacity of the instrument being cooled and the recirculation lines

may be significant. To prevent the lowering of the fluid level in the reservoir

below the operating level, have extra cooling fluid on hand to keep the

reservoir filled to within 1 inch of the top.

When the recirculating system is full, replace the reservoir cover. Close the

access panel.

:7 Thumbscrews

"'~ ~// ReservoirCover

~ ~ a //
"~ Reservoir Filler Hole
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Temperature
Controllers

Refrigeration Control

Start Up

Section IV Temperature Controllers

The standard temperature controllers available with HX units are: Digital

and Digital with Interlock. This section explains the controller's operation.

On "standard" units, the refrigeration compressor runs continuously, unless

the fluid temperature exceeds +40°C. However, on some "custom" units

equipped with an extended temperature range, the compressor may operate

at higher temperatures. A refrigerant hot gas bypass system, designed to
eliminate compressor cycling and premature wear, is used to maintain

constant temperature in all units.

The Idle and Cool indicators indicate the status of the refrigeration system.
See next page. The Idle indicator is lit when the unit is in the hot gas bypass

mode. The Cool indicator is lit when the refrigeration system is removing

heat from the cooling fluid. As the fluid temperature approaches the tem

perature setpoint, the indicators cycle on and off to indicate the duty cycle of •

the system. The unit can be in Cool or Idle, but never both at the same time.

A balance between Cool and Idle controls the temperature.

Before starting, check all electrical and plumbing connections and make sure

the recirculating system (the HX, your application, and the recirculation

lines) has been properly filled with cooling fluid. Also, make sure the flow

control valve is fully closed (see Section V, Flow Control). For CE Mark units

ensure the circuit breaker on the right hand side of the unit is on.

For water-cooled units - ensure that the facility water is turned on.

Models HX-300 through HX-750 are equipped with a compressor crankcase
heater. The crankcase heater warms the oil in the compressor and prevents

refrigerant from mixing with the oil. Before start up, the unit must be con

nected to its power source for at least 12 hours. This allows time for the oil to
be heated and separate from the refrigerant.

To start the unit, place the Power On/Off switch in the On position. The

pump and refrigeration system will start. The TempoC display will indicate

the reservoir fluid temperature. After starting recheck the fluid level, a "top

off" may be needed. To shut the unit off, place the Power On/Off switch in
the Off position.

When the unit is shut off, wait approximately five minutes before restarting.

This allows time for the refrigeration pressures to equalize. If the pressures

are not allowed to equalize, the compressor will short-cycle (clicking sound)
and no cooling will occur.
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Digital

Mode

Idle © I
Temp ·c

Cool © '--__-'
Low 0
Level

Setpoint

D
Actuol Temp'"

o Adjust Power
On

Off

Digital Temperature Controller

Temperature Adjustment

To display the temperature setpoint, press and hold the SetpointiActual

Temp button. To adjust the setpoint, press and hold the SetpointiActual

Temp button and turn the Adjust dial until the desired temperature setpoint is

indicated on the TempoC LED display. Once the setpoint is adjusted,

release the SetpointiActual Temp button. The TempoC LED display will

indicate the temperature of the fluid in the reservoir.

NOTE: Inadvertent movement of the Adjust dial will result in a change in the

setpoint. The change will not be immediately reflected on the TempoC

display unless the SetpointiActual Temp button is pressed. The display will

eventually change as the unit responds to the new setpoint

Low Level Warning

The Low Level indicator is connected to a float switch in the reservoir. The

indicator warns the user of a low cooling fluid level in the reservoir. A low

fluid level condition occurs when the cooling fluid in the reservoir drops

below the operating level. The indicator serves only as a warning. The unit

will not shut down as a result of a low fluid level condition.
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Digital with Interlock

IDLE

~L I----,[·c
TEMPERATURE

DISPLAY

TEMPERATURE CONTROL

Insertvaries
depending on the
controller
configuration

ON

OFF

POWER

<::'---~~~~ ...Jj

Insert varies
depending on the
controller
configuration

'~' r[J
--II-

FAULT DETECTION

Digital with Interlock Temperature Controller

Description
The Digital with Interlock temperature controller is a Digital temperature

controller with up to four monitoring options: low temperature, high tempera

ture, low fluid level, and low flow. The controller can be built with any

combination of these four monitors.

Temperature Adjustment
To display the temperature setpoint, press and hold the DISPLAY button. To
adjust the temperature setpoint, press and hold the DISPLAY button and turn

the ADJUST dial until the desired temperature setpoint is indicated on the
TEMPERATURE °C LED display. Once the setpoint is adjusted, release the

DISPLAY button. The TEMPERATURE °C display will indicate the tempera

ture of the fluid in the reservoir.

NOTE: Inadvertent movement of the ADJUST dial will result in a change in

the setpoint. The change will not be immediately reflected on the

TEMPERATURE °C display unless the DISPLAY button is pressed. The

display will eventually change as the unit responds to the new setpoint.

Fault Response
Controllers with a START switch are configured to shut off in the event that a

fault occurs. Controllers NOT equipped with a START switch will allow the

unit to continue to operate if a fault occurs. This option is available for

customers who are willing to accept the risk of damage to the unit in order to

continue to provide cooling fluid to the instrument being cooled.

With either controller configuration, the relay contacts connected to the

controller receptacle will open and the FAULT indicator will light if a fault
occurs. The cause of the fault must be identified and corrected before the

unit can be restarted.
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START Switch

If the controller is equipped with a START switch, a fault will cause the unit

to shut down. Press the START switch to restart the unit after the fault has
been corrected. If the fault has not been corrected, the unit will not start and

the FAULT indicator will light when the START switch is pressed.

Temperature Monitors

The optional high and low temperature monitors are connected to sensors

that monitor the temperature of the cooling fluid as it exits the reservoir. The

monitors protect the system from exposure to excessively hot or cold cooling

fluid. A temperature fault occurs when the fluid temperature exceeds the set

temperature limit.

To adjust either temperature monitor, turn the appropriate calibrated dial to

the desired temperature limit.

Low Fluid Level Monitor

The low fluid level monitor is connected to a float switch in the reservoir. If

the controller is equipped with a LOW LEVEL indicator, the low level monitor

is not connected to the interlock circuit. The indicator will light if the reservoir

cooling fluid drops below the operating level. Unit response depends on its

configuration, see Fault Response on previous page.

If the controller is NOT equipped with a LOW LEVEL indicator, the low level

monitor is connected to the interlock circuit. Unit response depends on its

configuration, see Fault Response on previous page.

Low Flow Monitor

The optional low flow monitor is connected to a flow switch in the RETURN

line. A low flow fault occurs when the flow rate of the returning cooling fluid

drops below 0.3 gallons per minute (1.0 liters per minute).

When starting a unit with a controller equipped with both a low flow monitor

and a START switch, the START switch must be held in the ON position

until the flow switch "closes" (2 or 3 seconds). If time is not allowed for the

flow switch to close, the unit will stop when the START switch is released.

Interlock Relay Contacts

A set of contacts are connected to a receptacle on the operator panel. The

contacts are rated 15A, 125V. This is not a power inlet or outlet. The

receptacle is isolated from the circuitry. Its ground pin is connected to the

chassis. The contacts are normally open: they are closed when the unit is

running normally (no faults present), and they are open when the unit is off

or when a fault occurs.
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Section V Operation

Flow Control
The flow control handle is connected to a valve that controls the flow rate of

the cooling fluid to the instrument being cooled. The handle is located on the
right side of the unit and is labelled RECIRCULATING FLOW CONTROL.

•

1/
Flow Control Valve

RECIRCULATING PRESSURE gauge

\\

When the handle is in the "+" position, the valve is open and all possible

cooling fluid is supplied to the instrument being cooled. When the handle is
in the "-" position, the valve is closed and no cooling fluid is supplied to the

instrument being cooled. When the handle is between these two positions,

the flow rate of the cooling fluid is between full flow and no flow. Use a flow

meter on the SUPPLY line to adjust the desired flow rate.

Make sure the flow control handle is closed before starting the unit. Once the

unit is running, use the handle to slowly open the valve until the desired flow
rate is adjusted.

On units equipped to detect a low flow condition (Digital with Interlock

temperature controllers equipped with a low flow monitor), the flow control
valve must be opened slightly to allow fluid to circulate through the flow

switch that monitors the flow rate. A flow rate of more than 0.3 gallons per

minute (1.0 liters per minute) is necessary. If the flow is completely shut off,
or if flow is not adequate, a low flow fault will occur and the unit will not start.

Never rapidly turn the valve wide open from the closed or slightly open

position.
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Pressure Gauge
The RECIRCULATING PRESSURE gauge is located next to the flow control

handle. The gauge indicates the operating pressure of the system.

Pressure Relief Valve
(PD-2 and TU Pumps Only)

Units with a PD-2 or any TU type pump have an adjustable pressure relief

valve. Refer to the pump identification label on the rear of the case top to

identify the specific pump in your unit.

The pressure relief valve establishes the maximum operating pressure of the

unit. If the pressure of the fluid leaving the pump exceeds the valve setting,

the relief valve will bypass the fluid within the unit to relieve the pressure.

The valve does not determine the actual operating pressure; the operating

pressure of the system is determined by the back pressure of the connected

equipment and the setting of the flow control valve. If adjustment seems

necessary, consult our Service Department for assistance.

Before calling, refer to the serial number label to obtain the following:

- unit part number

- unit serial number

High Pressure Cutout
(Water-Cooled Units Only)

Should the unit's refrigeration discharge pressure become too high the high

pressure cutout will activate and shut down the unit. High pressures can be

caused by a lack of cooling water to the compressor or debris in the refrig
eration lines.

Reset

Once the cause of the problem has been identified and corrected you must

manually reset the cutout. The cutout location depends on the size of your
unit. On the HX-75, it is normally behind the right side panel, on the HX-150

it is behind the left side panel, and on

the HX-300 through HX-750 it is

normally behind the rear panel.

Locate the white reset switch on the

high pressure cutout. Press in on the
switch until a "click" is heard. If the

reset does not "click" the cutout was

not activated and the unit shut down

occurred for another reason.

HPC (Typical)
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Pump Motor
Overload Protector

Section VI Special Features

Refer to the serial number label for the specific electrical requirements of

your unit; specifically, identify the phase requirements of your unit.

The pump motor overload protector prevents the pump motor from exposure

to excessive current. If an overload fault occurs, due, for example, to

excessive pressure or flow, or excessive ambient temperature, the overload

protector will shut off the pump motor. The overload protector will automati

cally reset after approximately one to two minutes.

If a fault occurs, a red lamp on the protector enclosure will light while the

pump motor is off. The lamp goes out once the protector resets.

The pump motoroverload protector
is located underthe bonnet, inside
the electrical enclosure. ---t---"'>..~--

The unit's fault response also varies depending on the unit's configuration.

If the unit has Digital temperature controller and a single phase pump motor,

the unit will continue to run if an overload fault occurs. The pump will restart

as soon as the protector resets.

If the unit has Digital temperature controller and a three phase pump motor,

the pump and refrigeration system will both shut down until the protector

resets.

If the unit has a Digital with Interlock temperature controller with a low flow

monitor, the unit will shut down due to a low flow fault. The unit must be

manually restarted after the protector resets.

The overload protector can be adjusted to require manual resetting after an

overload fault. If you are unsure of the phase of the pump motor in your unit,

contact our Service Department (see Preface, After-sale Support).
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Heater Package
(Optional)

The heater package option consists of an immersion heater in the unit's fluid

reservoir, a high temperature limit device, a solid state zero-crossing relay, a

heater ENABLE/DISABLE switch and a FAULT indicator. The ENABLE/

DISABLE switch and the FAULT indicator are located on a small control box

appended to the right side of the case top. The FAULT indicator will light if

the high temperature limit device is tripped. The high temperature limit

device will disconnect power to the heater if the heater surface temperature

exceeds a preset limit.

•

--- ---- -------------~--~- -..~--

'fQ1'''''' -t:3--~i
I

l~) . --~.

~~

I ""....
l,

Heater Package Control Box (Typical)

With the ENABLE/DISABLE switch set to ENABLE, the heater will cycle on

and off under the control of the temperature controller. With the switch in the

DISABLE position, the heater will remain off.

The heater high temperature limit device senses the surface temperature of

the heater. If the heater temperature becomes too high, the limit device

opens a mechanical relay to remove power from the heater.

The heater surface temperature may operate several degrees higher than

the reservoir fluid. The limit device is factory set to a temperature above the

upper limit of the temperature controller's range.

For personal safety and equipment reliability, the following procedure
must only be performed by a qualified technician. Contact our Service
Department for assistance (see Preface, After-sale Support).

To reset a tripped temperature limit device, lift and open the case top. The
case top is secured to the unit base by a hinge between the case top and the

base (along the rear of the unit), and by two spring clips located at the front

corners, see page 6. To gain access to the temperature limit device, disen

gage the spring clips with a flat bladed screw driver and lift the front of the

case top and tilt it back. A support brace, located on the right side of the

inner case, will stop and support the case top.
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Reset Button

VI//
JI

High Temperature Limit Device

Stirrer Motor Connection

You must identify and correct the fault before restarting the unit.

The protection device and the heater power connections are located in a

small stainless steel box on top of the fluid reservoir. The protection device

has a reset button and a temperature limit adjustment shaft. Press the reset

button to restore operation. NOTE: On units without a reset button, cycle the

unit's power switch.

Some units equipped with heaters do not have a power cable. Installation of

the cable is your responsibility. Wire the unit in conformance to local, state

and federal electrical codes. Double check all wiring to make sure it is
properly connected and protected from the elements.

The unit construction provides extra protection against the risk of
electric shock by grounding appropriate metal parts. The extra protec
tion may not function unless the power cord is connected to a prop
erly grounded outlet. It is your responsibility to assure a proper
ground connection is provided. For personal safety and equipment
reliability, the following procedure should only be performed by a
qualified technician.

To access the power cable connection box and install the cable:

- Lift the unit's bonnet.

- Remove the panel under the right half of the bonnet by removing the
screws and the stirrer motor connection. (The stirrer motor connection is
located at the lower left corner of the bonnet, see illustration above.)

- Remove the plastic plug on the rear of the bonnet. We recommend that
you install an electrical conduit in place of the plastic plug.

- Insert your cable through the conduit.

- Locate the connection box and connect your cable to L1 and L2 (both
connections are labeled) and to the ground stud (not labeled).

- Replace the panel and stirrer motor connection.
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Remote Condenser
(Optional)

Nitrogen Purge
(Optional)

Particulate Filters
(Optional)

Units with the optional remote air-cooled condenser are equipped with high

and low refrigeration pressure monitors. The monitors are connected

internally to a pressure gauge that monitors refrigeration pressure at the

suction side 0f the compressor. The monitors protect the refrigeration

system from operating under excessively high and low refrigeration pres

sures. A pressure fault occurs when the refrigeration pressure exceeds the

set pressure limit.

The status of the monitors is indicated by the COMPRESSOR LOW

PRESSURE and COMPRESSOR HIGH PRESSURE indicators located on

the operator panel.

In the event of either a low or high refrigeration pressure fault, the unit will

shut down. The unit must be manually restarted after the cause of the fault

has been identified and corrected. If both indicators are lit simultaneously,

an interruption in the main power supply has occurred.

Units equipped with nitrogen purge valves are designed to accept a constant

flow of dry nitrogen into the reservoir. The nitrogen blankets the cooling fluid
reducing fluid evaporation.

Remove the reservoir cover by removing the screws. Fill the reservoir with

fluid. Replace the reservoir cover and screws. Connect the nitrogen line to

the valve on the reservoir cover.

A pressure regulator, set to 0.5 psig (0.35 kg/cm3
) or lower, should be used

to prevent fluid overflow.

Some custom units are fitted with particulate filter assemblies attached to

the supply side of the recirculation water. The frequency for cleaning/

changing the filter depends on your usage. Should the unit's performance be
degraded, check the filter.

Filters are available from Thermo NESLAB, contact our Customer Service

Center. Before calling refer to the serial number label on the rear of the unit
to obtain the follOWing information:

-unit serial number

-unit part number
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External Pressure
Reducer (Optional)

For applications requiring a maximum pressure less than 55 psi, an External
Pressure Reducer (EPR) is available. An EPR allows an adjustable operat

ing pressure of 10 to 50 psi. If the pressure of the fluid leaving the unit

exceeds the valve setting the relief valve will bypass the fluid back into the

unit to relieve the pressure. The pressure of the systerr is determined by the

back pressure of the connected equipment and the flow rate of the recircu

lating fluid to your application.

Connect the EPR assembly as shown below. Tighten the hose clamps tight

enough to prevent leakage. Do not overtighten or the clamps will "bite" into

the flexible tubbing and can cause excessive wear.

Protective Cap

Connect the outlet tee assembly to the inlet of your application. Connect the

inlet tee assembly to the outlet of your application.

Adjustment
When adjusting the relief valve some leaking may occur, place a container

under the valve during adjustment.

Remove the protective cap and locate a threaded fitting with a slot for a

large screwdriver. Hold the threaded fitting in place and loosen the lock nut

on the valve body until it is almost flush with the threaded fitting. Unscrew

the threaded fitting three to four turns. (If the threaded fitting unscrews

completely from the valve housing, screw it back in two to three turns.)

To simulate blockage, close (or pinch off) the hose between the EPR outlet

tee assembly and your application. Monitor the operating pressure of the HX

unit. Turn the threaded fitting until the desired relief pressure is set (the EPR

valve cannot be set lower than the total back pressure of your instrument, or

flow will not be received).

Tighten the locknut to secure the position of the threaded fitting. Open the

hose between the EPR outlet tee assembly and your application.
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Automatic
Refill Device

(Optional)
The automatic refill device is designed to maintain the correct level of

cooling fluid in the rElservoir. The device consists of a float switch in the
reservoir and a solenoid valve on top of the reservoir. If the cooling fluid

level falls, the float switch will drop, opening the solenoid valve and allowing

makeup fluid to fill the reservoir. Once the cooling fluid level reaches the

proper level, the float switch will rise and the solenoid valve will close.

The plumbing connection for the refill device is located at the right rear

corner of the unit and is labelled AUTO REFILL. This connection is a
3/8 inch 00 stainless steel barbed fitting.

Connect this fitting to a makeup fluid source using 5/16 or 3Ja inch 10 flexible

tubing. Make sure all tubing connections are securely clamped.

Tubing is available from Thermo NESLAB. Contact our Sales Department

for more information (see Preface, After-sale Support).

AUTO REFILL
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Section VII Maintenance & Service

Service Contracts

Condenser Cleaning
(Air-cooled
units only)

For personal safety and equipment reliability, the following procedure

should only be performed by a qualified technician. Contact our

Service Department for assistance (see Preface, After-sale Support).

Thermo NESLAB offers on-site Service Contracts that are designed to

provide extended life and minimal downtime for your unit. For more informa

tion, contact our Service Department (see Preface, After-sale Support).

For proper operation, the unit needs to pull substantial amounts of air

through a finned condenser. A build up of dust or debris on the fins of the

condenser will lead to a loss of cooling capacity.

If the compressor is allowed to overheat the unit's High Pressure

Cutout (HPC) will cycle the unit on and off until cleaning is done and

proper airflow is restored. This cycling will eventually damage the

unit's compressor.

The frequency of cleaning depends on the operating environment. Thermo

NESLAB recommends a monthly visual inspection of the condenser after

initial installation. After several months, the cleaning frequency will be

established.

Algae

For "standard" air-cooled units, periodic vacuuming of the fins on the

condenser is necessary.

For units with the optional remote air-cooled condenser, remove any debris

from around the condenser site. If a visible accumulation of dust or dirt is
found on the condenser fins, the condenser should be cleaned with a

condenser cleaning solvent and rinsed with water.

Exercise caution not to damage the condenser fins or coil. Condenser

fin or coil damage can result in a loss of performance and, in

extreme cases, refrigeration system failure.

To restrict the growth of algae in the fluid reservoir, it is recommended that

the reservoir cover be kept in place and that all recirculation lines be

opaque. This will eliminate the entrance of light which is required for the

growth of most common algae.

Thermo NESLAB recommends the use of Chloramine-T, 1 gram per 3.5

liters. Other algicides can be harmful to the unit's internal components.

Contact Thermo NESLAB for additional information.
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Hoses
The unit's internal and external hoses and clamps should be inspected and

tightened on at least a semiannual basis.

Configuration
Case Top
The unit has a hinged case top to allow service access. The case top is

secured to the top of the unit base by a hinge between the case top and

base (along the rear of the unit), and by two spring clips located at the front

corners, see illustration on page 6. To gain access to the pump assembly or

the reservoir area, disengage the spring clips with a flat bladed screw driver

and lift the front of the top cover and tilt it back. A support brace, located on

the right side of the inner base, will stop and support the case top. Ensure

the spring clips engage when the top is lowered back into position.

Reservoir Cover
Access to the inside of the fluid reservoir is necessary to clean the reservoir.
The figure on the next page illustrates a typical layout of the components

mounted on top of the reservoir cover. The component layout varies de

pending on the unit size. If you are unable to identify the components on

your unit's reservoir cover, contact our Service Department for assistance

(see Preface, After-sale Support).

Disconnect the unit from its power source before removing the reser
voir cover.

Locate the reservoir stirrer motor (units with plate heat exchangers and

HX-75s do not have a stirrer motor; HX-500s and HX-750s have two stirrer

motors). Disconnect the motor wires at the plug located on the side of the

Stirrermotor

\

Stirrer motorwire connection

Temperature sensor and mounting plate

Ground stud and stirrer motor ground stud

Strainer Access Cover
Float switch and mounting bracket
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electrical box cover. Also disconnect the green ground wire that connects the

ground stud on the reservoir cover to the unit's grounding bar.

Locate the float switch mounting bracket. Remove the two stainless steel

screws that secure the bracket to the reservoir cover. Carefully rpmove the

mounting bracket and place the assembly in an area adjacent to the

reservoir. Make sure not to strain the connecting wires.

Locate the temperature sensor mounting plate. Remove the two stainless
steel screws that secure the bracket to the reservoir. Carefully remove the

sensor mounting plate with the sensor(s) attached and place the assembly in

a protected area adjacent to the reservoir. Make sure not to damage the

sensor(s) or strain the connecting wires.

Remove the stainless steel screws that secure the reservoir cover to the

reservoir. Remove the cover and place it to one side in a manner that

protects the stirrer motor blades from being bent.

Service Access Panels
Service panels on your unit allow easy access to the pump and refrigeration
assemblies. Panel location varies with the size and type of unit. The panels
are designed to allow removal without disconnecting the HX from the instru

ment being cooled.

Reservoir Cleaning

Disconnect the unit from its power source before removing any of the
access panels.

Periodic reservoir cleaning is necessary. It is recommended that a visual

inspection of the reservoir be made monthly after initial installation. After
several months, the frequency of cleaning will be established.

Disconnect the unit from its power source and drain the reservoir
before cleaning the reservoir.

Lift the top cover to access the reservoir. Remove the reservoir cover as

described in Configuration.

Clean the reservoir with a cleaning fluid compatible with the recirculating

system and the cooling fluid.
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Pump Strainer
(PO and TU Pumps Only)

Do not use steel wool or other abrasive materials. They can scratch the
stainless steel surface and initiate rusting.

When the reservoir is clean, reassemble the cover assembly and close the

case top.

Refer to Section III, Filling heauirements for instructions on replacing the

cooling fluid.

If debris is drawn into the recirculating system, the strainer will prevent the

material from being sucked into the pump and damaging the pump vanes.

After initial installation, the strainer may become clogged with debris and

scale. Therefore, the strainer must be cleaned after the first week of use.

After this first cleaning, a monthly visual inspection is recommended. After

several months, the cleaning frequency will be established.

Disconnect the power cord from the power source and drain the fluid
reservoir before cleaning the strainer. Do not operate the unit with the
strainer removed.

PD-2 and TU Pumps
The wire mesh pump strainer is located in the reservoir on the pump suction

line. Remove the strainer access panel located on top of the reservoir cover
to access the strainer.

Cover the strainer with a plastic bag to help catch any debris which may

become free.

Unscrew the strainer and rinse it with water. Replace the strainer. Refer to
Section III, Filling Requirements for instructions on replacing fluid.

Pump Strainer

Reservoir cover deleted for clarity
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Flow Filter Strainer
(Optional)

Unit's equipped with flow switches have flow filter strainers located behind

the top right access panel on the inlet side of the flow switch.

Unscrew the locknut and remove the screen. Clean the screen by rinsing it

with water.

Replace the strainer and locknut. Refer to Section III, Filling Requirements

for instructions on replacing the cooling fluid.

Locknut

Flow Switch

Recirculating
Pressure Gauge

Phase Rotation
Refer to the serial number label on the rear of the case top for the specific

electrical requirements of your unit; specifically, identify the phase require

ments of your unit.

Three phase units with three phase pump motors have a phase rotation

interlock. The interlock prevents the unit from starting if the phase rotation

is wrong. If the unit will not start, see Section VIII, Checklist. If the options

in the checklist are not applicable, the problem may be phase rotation.

Disconnect the unit from its power source, remove the rear panel and the

junction box cover (if so equipped). Reverse any two line conductors on

the line side of the relay.

& Never remove the green ground wire.

Replace the junction box and the rear panel. Reconnect the unit to its power

source. If the unit will not start, contact our Service Department.

If you are unsure whether your three phase unit has a three phase pump

motor, contact our Service Department (see Preface, After-sale Support).
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Pump Lubrication
Units with PD-2 pumps require pump motor lubrication. Refer to the pump

identification label on the rear of the case top to identify the specific pump in

your unit.

Motors used to drive the pump are manufactured by several companies.

These motors use sleeve type bt.arings with large oil reservoirs. Oiling

instructions are generally posted on each motor. In the absence of

instructions, add approximately 30 to 35 drops of SAE 20 non-detergent oil
in each fill hole on the following schedule (SAE 20 = 142 CS viscosity):

Duty Cycle

Continuous

Intermittent

Occasional

I__ -------1_

Fill Holes (Typical)
//"~

// ~
/ ~.

Oiling Frequency

Once every year

Once every 2 years

Once every 5 years
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Refrigeration Data (R-22)

This information does not apply to units with remote condensers.

Air-Cooled Standard and High-Temperature Units (All Pump Types)1

Unit Amount Hot Gas Valve(psi/kPa) Suction(psi/kPa) Discharge(psi/kPa) Speed CheckCFrC per Minute)

HX-75 22 ounces/625 grams 25/172 77 - 84/530 - 580 225 - 250/1550 - 1725 2.7 - 3.1/1.5 - 1.7
HX-150 28 ounces/794 grams 25/172 70 - 73/483 - 500 240 - 270/1655 - 1860 3.6 - 4.5/2.0 - 2.5
HX-300 9 pounds/4 kilograms 25/172 84 - 105/580 - 725 270 - 305/ 1860 - 2100 4.3 - 4.92.4 - 2.7

HX-500 13.5 pounds/6.1 kilograms 25/172 80 - 90/550 - 620 215 - 235/1485 - 1620 3.6 - 4.3/2.0 - 2.4
HX-750 20 pounds/9 kilograms 40/275 65 - 75/450 - 517 185 - 215/1275 - 1480 Unspecified

Water-Cooled Standard and High-Temperature Units (All Pump Types)2

Unit Amount Hot Gas Valve (psi/kPa) Suction(psi/kPa) Discharge(psi/kPa) Speed CheckCFrC per Minute)
HX-75 20 ounces/567 grams 25/172 72/500 170/1172 2.7 - 3.1/1.5 -1.7

~ I HX-150 24 ounces/680 grams 25/172 65/450 175/1205 3.6 - 4.5/2.0 - 2.5w
HX-300 7 pounds/3.2 kilograms 25/172 73 - 78/500 - 540 180/1240 Unspecified
HX-500 10 pounds/4.5 kilograms 40/275 75 - 82/517 - 565 180/1240 Unspecified
HX-750 18 pounds/8.2 kilograms 40/275 50 - 60/345 - 413 180/1240 Unspecified

On HX-75 and HX-150 set the high pressure control to cut out at 300 PSI, cut in at 200 PSI. For other sizes use the following:

cut in cut out
high pressure control 200 PSI 300 PSI

low pressure control
if cut in/cut out type 35-37 PSI 3-5 PSI

low pressure control

if cut in/differential 37-40 PSI diff =35 PSI

I~~----"-" -----.-------~

~TE: For all low-temperature ~nits please call Thermo NESLAB'
I

1. 2rC unittemperature, water in reservoir, access panel removed. Hot Gas setting is observed on the suction gauge when the unit is in the heat/idle cycle. Measure pressures with unit in cool
cycle, as it crosses 20°C. The speed check is measured as the unit cools past 20°C, using water as a fluid, with no heat applied. Thermo NESLAB recommends a short loop of hose between the
inlet and outlet fittings.

2. 25°C unittemperature, water in reservoir. Hot Gas setting is observed on the suction gauge when the unit is in the heat/idle cycle. Measure pressures with unit in cool cycle, as it crosses 25°C.
The speed check is measured as the unit cools past 20°C, with no heat applied. Thermo NESLAB recommends a short loop of hose between the inlet and outlet fittings.

a:l!I\Jas ~ a:lUBUa\U!BW



Checklist

Service Assistance

Section VIII Troubleshooting

Unit will not start
For CE Mark units, check the position of the circuit breaker on the right side

of the unit.

For units equipped with an EMO butto.1, check the position of the button.

Check power source for correct voltage output. Refer to the serial number

label on the rear of the unit for the specific electrical requirements of your

unit. Power source must be specified voltage, ±10%.

Check house circuit breaker.

On three phase units with three phase pump motors, the phase rotation may

be reversed (see Section VII, Phase Rotation).

On water-cooled units, make sure the cooling water supply is connected to

the TAP WATER connection, not the DRAIN connection. Ensure the facility

water is turned on.

Check the High Pressure Cutout, it may need to be reset (see Section V,

Operation).

Unit will not circulate fluid
Check the tubing between the unit and your application for obstructions.

The pump strainer may require cleaning (PO and TU pumps only). Refer to

the pump identification label on the rear of the case top to identify the
specific pump in your unit. For instructions on cleaning the pump strainer,

see Section VII, Pump Strainer.

On units with CP type pumps, if the back pressure of the instrument being
cooled is greater than the maximum pressure of the pump, adequate flow

may not be obtained. Check for obstructions in the tubing.

Inadequate temperature control
Make sure the installation of the unit is in compliance with the conditions

described in Section III.

Make sure the heat load of the instrument being cooled is not greater than
the cooling capacity of the unit.

When the unit is shut off, wait approximately five minutes before restarting.

This allows time for the refrigeration pressures to equalize. If the pressures
are not allowed to equalize, the compressor will short-cycle (clicking sound)

and no cooling will occur.

If, after following these troubleshooting steps, your unit fails to operate

properly, contact our Service Department for assistance (see Preface, After

sale Support). Before calling, please obtain the following information:

- unit part number
- unit serial number
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Section IX Diagrams
Refrigeration

Flow Diagram
(HX-75 and HX-150)
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Refrigeration
Flow Diagram

(HX-300 through HX-750)
r--------------:;O'------------------,

Accumulator

Condenser

Solenoid valve (NC)

Dryer

Sightglass

Receiver

TXV

Evaporatorcoil

Reservoir

Hot gas
bypass
valve

Solenoid
valve
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Pump Flow
Diagram (CP Pumps)
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Pump

Reservoir
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Pump Flow
Diagram

(PO and TU Pumps)
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Dimensions

0

Jj~
I
I

~

1

~

F ~
B A

C, ,,
Unit Dimensions HX-75 HX-150 HX-300 HX-500 HX-750AC*

Height 35% 39% 457
/. 50% 6334

Width 2314 2614 33% 46 46

Depth 18% 21'/. 2514 2834 29

DimensionA 16 20 25% 2514 41

DimensionS 1514 1914 23]12 21'/. 3334

DimensionC 814 914 8% 516 NA

DimensionD 714 714 716 9]12 916

DimensionE 3 3 3 3 3

DimensionF 3 3 3 5]12 NA

DimensionG 1% 1% 116 214 NA

DimensionH 216 216 2% 214 214

Dimension / 247
/. 2716 3116 35'/. 35

DimensionJ 4816 54 647
/. 7316 8614

Crate Dimensions 46x30x27 49x33x29 55x4Ox33 61x54x36 74x54x36

(HxWx D)

* Air-cooled units. Water-cooled units are the same size as the HX-500 units.

1. Dimensions are given in inches, ± 1/8 inch.
2. Model HX-750 with a water-cooled condenser has the same dimensions as an HX-500.

3. Dimension A is the distance from the floor to the center of the SUPPLY and RETURN connections.

4. Dimension B is the distance from the floor to the center of the DRAIN connection.

5. Dimension C is the distance from the floor to the center of the tap water outlet connection.

6. Dimension D is the distance from the center of the SUPPLY connection to the rear of the unit case.

7 Dimension E is the distance between the SUPPLY and RETURN connections

8. Dimension F is the distance between the center of the TAP WATER connections (upper inlet and lower outlet).

9. Dimension G is the distance from the edge of the unit case to the center of the three plumbing connections.

10. Dimension H is the distance from the floor to the bottom of the case, height of the castors (not shown).

11. Dimension I is the depth of the unit with the case top open (not shown).

12. Dimension J is the height of the unit with the case top open (not shown).
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WARRANTY

Thermo NESLAB Instruments, Inc. warrants for 12 months from date of shipment any Thermo NESLAB unit

according to the following terms.

Any part of the unit manufactured or supplied by Thermo NESLAB and found in the reasonable judgment of

Thermo NESLAB to be defective in material or workmanship will be repaired at an authorized Thermo

NESLAB Repair Depot without charge for parts or labor. The unit, including any def€ctive part must be
returned to an authorized Thermo NESLAB Repair Depot within the warranty period. The expense of return

ing the unit to the authorized Thermo NESLAB Repair Depot for warranty service will be paid for by the

buyer. NESLAB's responsibility in respect to warranty claims is limited to performing the required repairs or

replacements, and no claim of breach of warranty shall be cause for cancellation or recision of the contract of

sales of any unit.

With respect to units that qualify for field service repairs, NESLAB's responsibility is limited to the component

parts necessary for the repair and the labor that is required on site to perform the repair. Any travel labor or

mileage charges are the financial responsibility of the buyer.

The buyer shall be responsible for any evaluation or warranty service call (including labor charges) if no

defects are found with the Thermo NESLAB product.

This warranty does not cover any unit that has been subject to misuse, neglect, or accident. This warranty

does not apply to any damage to the unit that is the result of improper installation or maintenance, or to any

unit that has been operated or maintained in any way contrary to the operating or maintenance instructions

specified in NESLAB's Instruction and Operation Manual. This warranty does not cover any unit that has

been altered or modified so as to change its intended use.

In addition, this warranty does not extend to repairs made by the use of parts, accessories, or fluids which are

either incompatible with the unit or adversely affect its operation, performance, or durability.

Thermo NESLAB reserves the right to change or improve the design of any unit without assuming any

obligation to modify any unit previously manufactured.

THE FOREGOING EXPRESS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR

IMPLIED, INCLUDING BUT NOT LIMITED TO WARRANTIES OR MERCHANTABILITY AND FITNESS

FOR A PARTICULAR PURPOSE.

NESLAB'S OBLIGATION UNDER THIS WARRANTY IS STRICTLY AND EXCLUSIVELY LIMITED TO THE

REPAIR OR REPLACEMENT OF DEFECTIVE COMPONENT PARTS AND Thermo NESLAB DOES NOT

ASSUME OR AUTHORIZE ANYONE TO ASSUME FOR IT ANY OTHER OBLIGATION.

Thermo NESLAB ASSUMES NO RESPONSIBILITY FOR INCIDENTAL, CONSEQUENTIAL, OR OTHER

DAMAGES INCLUDING, BUT NOT LIMITED TO LOSS OR DAMAGE TO PROPERTY, LOSS OF PROFITS

OR REVENUE, LOSS OF THE UNIT, LOSS OF TIME, OR INCONVENIENCE.

This warranty applies to units sold in the United States. Any units sold elsewhere are warranted by the affiliated

marketing company of Thermo NESLAB Instruments, Inc. This warranty and all matters arising pursuant to it shall

be governed by the law of the State of New Hampshire, United States. All legal actions brought in relation hereto

shall be filed in the appropriate state or federal courts in New Hampshire, unless waived by Thermo NESLAB.
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Compliance

Preface

Products tested and found to be in compliance with the requirements defined

in the EMC standards defined by 89/336/EEC as well as Low Voltage

Directive (LVD) 73/23/EEC can be identified by the CE label on the rear of

the unit. The testing has demonstrated compliance with the following direc

tives:

· ,

- I

LVD, 73/23/EEC

EMC, 89f336/EEC

Complies with UL 3101-1 :93

EN 55011, Class A Verification

EN 50082-1:1992
IEC 1000-4-2:1995

IEC 1000-4-3:1994

IEC 1000-4-4:1995

- I

- .

After-sale Support

Warranty

Unpacking

For any additional information refer to the Letter of Compliance that shipped
with the unit (Declaration of Conformity).

Thermo Electron Corporation is committed to customer service both during
and after the sale. If you have questions concerning the operation of your
unit, contact our Sales Department. If your unit fails to operate properly, or if

you have questions concerning spare parts or Service Contracts, contact our
Service Department. Before calling, please obtain the following information
from the unit's serial number label on the rear of the unit

- BOM number _

- Serial number _

- Software version (see page 18) _

Units have a warranty against defective parts and workmanship for one full
year from date of shipment. See back page for more details.

Retain all cartons and packing material until the unit is operated and found to

be in good condition. If the unit shows external or internal damage contact

the transportation company and file a damage claim. Under ICC regulations,

this is your responsibility.
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Warnings

Section I Safety

Make sure you read and understand all instructions and safety precautions

listed in this manual before installing or operating your unit. If you have any

questions concerning the operation of your unit or the information in this

manual, contact our Sales Department (see After-sale Support).

Performance of installation, operation, or maintenance procedures
other than those described in this manual may result in a hazardous
situation and may void the manufacturer's warranty.

Observe all warning labels.

Never remove warning labels.

Never operate damaged or leaking equipment.

Never operate the unit without cooling fluid in the reservoir.

Always turn off the unit and disconnect the line cord from the power
source before performing any service or maintenance procedures, or
before moving the unit.

Always empty the reservoir before moving the unit.

Never operate equipment with damaged line cords.

Refer service and repairs to a qualified technician.

In addition to the safety warnings listed above, warnings are posted
throughout the manual. These warnings are designated by an exclamation

mark inside an equilateral triangle with text highlighted in bold print. Read

and follow these important instructions. Failure to observe these instruction

can result in permanent damage to the unit, significant property damage, or

personal injury or death.

-4-
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Description

Specifications

Temperature Range

Temperature Stability

Pumping Capacity1

Cooling Capacity2

Reservoir Volume
Gallons

Liters

Unit Dimensions

(H x Wx OJ
Inches

Centimeters

Section II General Information

The System V Liquid to Liquid Heat Exchanger is designed to remove heat

from water-cooled instruments.

The unit consists of a heat exchanger, recirculation pump. stainless steel

reservoir and a microprocessor temperature controller.

+5°C to +40°C

±1.0°C

120 - r-==F===:stt ..U5 ,60Hz! I
~

'"""-- I I
100 "I ...,--

~ .50HZ~::::J
IJ)
IJ} 80

\I~
~
ll.
~ 60

I \1;:
Q)

~ 40 f----c--
I l0 I

20 I
i\ ]I

10 20 30 40 50 60

Flow Rate (GPM)

150 'r<W

5.0
18.9

-----

55% x 28 X 37
141.0x71.1 x 94.0

1. Reliefvalve open.

2. Cooling capacity is based on a 1O·C difference between the temperature of the cooling
water supply and the process fluid leaving the System Vto the instrument being cooled and
a 34 gpm facility water now rate.
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Site

Facility Water
Requirements

Electrical
Requirements

Fluids

Filling
Requirements

Section III Installation

The unit should be placed in a laboratory or clean industrial environment

with easy access to a facility cooling water and a drain.

A control valve, located in the FACILITY WATER SU PPLY line, regulates

the flow rate of the cooling water supply as it enters the unit. The valve

regulates the flow rate based on the heat load. Flow through the unit stops
automatically when the unit is shut off.

The flow display on the controller measures the flow rate of the cooling fluid

to the instrument being cooled.

Refer to the serial number label on the rear of the unit to identify the specific
electrical requirements of your unit.

Make sure the voltage of the power source meels the specified voltage, ±10%.

The unit construction provides protection against the risk of electric

shock by grounding appropriate metal parts. The protection may not
function unless the power cord is connected to a properly grounded
outlet. It is the user's responsibility to assure a proper ground connec

tion is provided.

NOTE: To reduce the large inrush current normally required for pump start

up, units are equipped with a starting torque controller.

Filtered tap water is the recommended cooling fluid. See Fluid Standards

and Recommendations on the next page.

Open the reservoir access panel on the rear left corner on the top of the unit.

Remove the fill hole cover. Fill the reservoir with cooling fluid.

-6-
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Water Quality Standards
and Recommendations

Permissible (PPM) Desirable (PPM)

o

<0.6
<25
<1.0
<0.1
o

<0.1
<0.03

o
<0.3
<1.0
<0.3
<50

<0.05
<10

7-8
0.05-0.1*

o

<40
250
<1.3
<0.3

<0.015
<12

<0.05
<10 as N

<20
<25
<20

<250
<17
<50

Microbiologicals
(algae. bacteria, fungi)
Inorganic Chemicals
Calcium
Chloride
Copper
Iron
Lead
Magnesium
Manganese
Nitrates\Nitrites
Potassium
Silicate
Sodium
Sulfate
Hardness
Total Dissolved Solids
Other Parameters
pH 6.5-8.5
Resistivity 0.01*
.. Megohm-Cm (Compensated to 25°C)

Unfavorably high total ionized solids (TIS) can accelerate the rate of galvanic corrosion. These
contaminants can function as electrolytes which increase the potential for galvanic cell corrosion and
lead to localized corrosion such as pitting. Eventually, the pitting could become so extensive that
leaking will occur between the process water and facility water diminishing the System's heat transfer
capability.

High water hardness (Calcium and Maganese) can also produce scaling. Scaling will inhibit heat
transfer between the process and facility side by bUilding up a deposit layer on metal surfaces. As an
example, raw water in the United States averages 171 ppm (of NaCI). The recommended level for
use in a water system is between 0.5 to 5.0 ppm (of NaCI).

Recommendation: Initially fill the tank with distilled/deionized water. Do not use untreated tap water
as the total ionized solids level may be too high.

Maintain this water quality at a resistivity of between 1 to 10 megohm-em (compensated to 25°C) by
using a purification system. Although the initial fill may be as high as 10 megohm-em (compensated
to 25D C), the desired level for long time usage is 1 to 3 megohm-em (compensated to 25°C).

The above two recommendations will reduce the electrolytic potential of the water and prevent or
reduce the galvanic corrosion observed.

· I

· ;

· ,

Not Recommended, Increasingly Corrosive
15.00 f---------------------

i3
:n
N
@) 10.00

§
E

.;:::
o
~ 3.00
.s
z. 1.00
:~
<il
'w
(lJ

0:: 0.10

0.05

Operations with Stainless Steel Systems

Operations with
Mixed Metals
Copper/Brass/
SlainlessSteel

10 20 30 40 50 60 70 BO ·C
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Plumbing
Requirements

The plumbing connections are located on the rear of the unit. They are

labelled FACILITY WATER and RECIRCULATING WATER. The FACILITY

WATER connections and the RECIRCULATING WATER connections are

1y" inch female pipe thread.

Before installing the unit to an instrument that previously used tap water as a
cooling fluid, flush the instrument several times to remove any rust or scale
that has built up. The manufacturer of the instrument should be able to
recommend a cleaning fluid for their equipment.

Connect the FACILITY WATER SUPPLY to the cooling water source.
Connect the FACILITY WATER RETURN to the drain.

Limit the facility water inlet pressure to less than 80 psi (5,5 Bar) and
limit the facility water inlet pressure to outlet pressure differential
across the System V to less than 35 psid (2,4 Bar).

Connect the RECIRCULATING WATER SUPPLY to the inlet of the instru
ment being cooled. Connect the RECIRCULATING WATER RETURN to the

outlet of the instrument being cooled.

Connect the auto refill line to a house water supply.

Flexible tubing, if used, should be of heavy wall or reinforced construction.
All tubing should be rated to withstand 135 psi at +40°C. Make sure all
tubing connections are securely clamped. Avoid running tubing near
radiators, hot water pipes, etc. If substantial lengths of tubing are necessary,
insulation may be required to prevent loss of cooling capacity.

Tubing and insulation are available from Thermo. Contact our Sales
Department for more information (see Preface, After-sale Support).

It is important to keep the distance between the unit and the instrument
being cooled as short as possible, and to use the largest diameter tubing

practical. Tubing should be straight and without bends. If reductions must

be made, they should be made at the inlet and outlet of the instrument being

cooled, not at the unit.

If substantial lengths of cooling lines are required, they should be pre-filled
with cooling fluid before connecting them to the unit.

-8-
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Start Up

Temperature
Adjustment

Flow Control

Section IV Operation

Before starting the unit, double check all electrical and plumbing connections

and make sure the circulating system (the System V, the instrument being
cooled, and the tubing that connects them) has been properly filled with

cooling fluid.

Turn the RECIRCULATING FLOW CONTROL handle to the vertical position

(full closed). To start the unit press the controller's START.

The low fluid level monitor in the reservoir prevents the unit from operating if

the fluid in the reservoir is below the safe operating level. By slightly and/or

intermittently opening the RECIRCULATING FLOW CONTROL toward the

horizontal position (full open) and using extra cooling fluid to keep the unit

topped off, the system can be filled without repeated tripping of the low fluid
level monitor.

If the unit shuts down, top off the reservoir and restart the unit. When the
system is full, the reservoir level will no longer drop when the RECIRCULAT
ING FLOW CONTROL valve is opened.

The temperature is set in the controller's Setup Loop, see page 14. The

temperature control system actuates a control valve in the FACILITY
WATER SUPPLY line. The control valve adjusts the flow of the cooling
water supply to produce the desired operating temperature.

The cooling fluid temperature can be monitored on the controller's display.

When selecting an operating temperature, remember that the lowest

achievable temperature is a function of the available flow rate, the tempera

ture of the cooling water supply and the heat load.

The green COOL light on the controller provides an indication of the control

valves status. When the temperature control valve is wide open (for maxi

mum cooling), the COOL light is on steady. When the control valve is
closed, the COOL light is off. As the control valve moves between these

extremes, the light will flash with varying on-time to indicate the approximate

position of the control valve.

The unit's RECIRCULATING FLOW CONTROL handle controls the flow of

the cooling fluid to the instrument being cooled. When the handle is in the

full horizontal position all available fluid is being supplied. When the handle

is in the full vertical position no cooling fluid is being supplied. Read the

controller to read and adjust the desired flow rate.
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YES NO

Controller Keypad

PUMP O-LOAD •
PHASE •

LOW FLOW •
LOW LEVEL •

LOW RESIST •
HIGH RESIST •

LOWTEMP •

II

00
STOP START

~@

• PUMP
• COOL
• DI LOOP
• AUTO REFILL
• REMOTE
• POWER FAULT
• HIGH TEMP

II

00
REMOTE RESET

(!)0)

- I

" ,

- ,

• i

• 1

START
Depressing START energizes the channel contactor which starts the circu
lating pump and brings the reservoir temperature to the current setpoint.

STOP
Depressing de-energizes the channel contactors and stops the pump.

REMOTE
Enables remote operation. NOTE: Pins 11 and 12 on the INTERFACE (J25)
connector are used for remote start/stop. See Wiring Diagram.

RESET
Clears alarm indications after fault condition has been corrected. Alarm
LEDs will remain lit after problem is eliminated to provide indication of

problem cause for operator. RESET clears these indicators.

NEXT
Scrolls forward through the menus.

YES, A.
Answers Yes to YIN questions, increments numerical values upward for

setting numeric values.

NO,~

Answers NO to YIN questions, increments numerical values downward for

setting numeric values.

ENTER

Confirms entry of numeric values.

-10-
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Status Indicators
Status indicators are provided to show the state of various functions.

PUMP a-LOAD
Indicates a pump overload.

PHASE
Indicates improper phase to the unit.

LOW FLOW
Indicates low process flow.

LOW LEVEL
Indicates that the reservoir level is too low.

LOW RESIST
Indicates resistivity is below setpoint.

HIGH RESIST
Indicates resistivity is above setpoint.

LOW TEMP
Indicates temperature is below setpoint.

PUMP
Indicates pump is running.

COOL
Illuminates when the heat exchanger is removing heat from the fluid in the
reservoir. Flashes when the channel is operating in the cool proportional
band.

01 LOOP
Indicates flow through the resistivity cartridge.

AUTO REFILL
Indicates auto refill is in operation,

REMOTE
Indicates unit is in REMOTE mode of operation.

POWER FAULT
Indicates a system fault.

HIGH TEMP
Indicates temperature is above setpoint.
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Changing a Value

Controller Displays

The YES key increments the value. The NO key decrements the value.

The display will flash as soon as either key is depressed, and will continue to
flash until the ENTER key is pressed to accept the new value.

The new value will not be used by the controller until the ENTER key is

depressed and the display stops flashing.

If the NEXT key is pressed while the value is flashing, the new value will not

be accepted. The display will stop flashing and the original value will be

displayed. In this case the NEXT key can be used to abort data entry. The
display will not sequence unless the NEXT key is depress again.

For large values the display can be changed by manipulating the individual

digits. Press the YES key and the NO key at the same time. The most
significant digit will start to flash. The YES key increments or the NO key

decrements the digit. Press the ENTER key to accept the digit and to move
to the next most significant digit. Repeat until all digits are entered. Pressing
the NEXT key before all digit are entered will abort the procedure and return

the display to the original value.

The controller will not allow you to enter a value above the maximum
(+40°C) or below the minimum (+5°C). If you try to enter an illegal value
outside the operating range, the display will revert to its original value.

An alphanumeric display presents numeric readings of various operating
conditions within the chiller. Display function is selected by pressing the

appropriate keys to move through a menu of available information.

Various controller loops allow the operator to display and/or alter different

parameters of the controller. The various controller loops can be accessed

from the temperature display by pressing and holding the key combinations

shown on Figure 1 on the next page.

When the controller is first powered up it goes through a short self test and

then enters the Operator's Loop, displaying the reservoir fluid temperature.

-12-

; )

. I

• I

; I

- I

; ,
. I

. j



, I

Operators Loop
When the controller is first powered it goes through a short self test and then

enters the Operator's Loop, displaying the temperature of coolant leaving the
chiller at the SUPPLY port.

By pressing the NEXT key the controller will step through the menu shown
below.

TEMPERATURE xxxC
This displays the temperature of coolant
leaving the chiller at the SUPPLY port.

seT xxxC
This displays the setpoint for temperature
control. The chiller's temperature controller
causes the supply temperature to be equal
to this temperature.

NEXT

Y

SET XXXC ]
~J~

~
NEXT

T

_n ~[ TEMP XX.XC J-0-~ -~ SalupLoop

'----~'i-----~ NO NEXT

~

- j

- T

~Fl:_O-.-~_XX_._XG__J
~

NEXT

Y

FLOW xxxG
This displays the flowrate at the RETURN
port in gallons per minute,

RESIS xx.xM

This displays the 01 resistivity.

RES SP xx.xM
This displays the 01 resistivity setpopint.

PRESSURE xxx PSI

This displays the system back pressure.

RES SPXX.XM
I

~
NEXT.,

[_PR:,SURE XXX PSI J
I

~
NEXT.,

[~OURS xxxx ]
I

~
NEXT.,

HOURS xxxx
This displays the unit's hours of operation.

NO FAULT
This displays the fault status. If a fault is
present, the display is listed from highest
to lowest priority.

RTD1 FAIL
REV PHASE
PUMP OLOAO
LOW LEVEL
LOW FLOW
LOW RESIST
HI RESIST
LOW TEMP
HIGH TEMP
PWR FAULT

~---G~_FAULT J

Figure 1 Operator's Loop
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Setup Loop
The Setup Loop allows the operator to change the flow alarm setting, low and high

temperature limits, and the resistivity alarm limits. Use this loop to determine if the unit

will cutout or not with a fault condition.

To enter this loop you must be in the Operator's Loop and displaying the temperature.

Depress and hold the ENTER key while pressing the NEXT key.

Adjust values with the UP and DOWN arrows. Press ENTER for the controller to accept

each new entry.

• I

· I

, I

· I

• I

• !

~ SETUP?

~

G(JTO
OPERATOR'S

LOOP

I-~
~

~~,-_fl.;.,.ow~~.x_G_....Jh

----~
,-1---..:......, ~~'-_H.:-I....;.:xx,:":,,,c_...Jh

,......------~
~--..L.-, ~-../ LOW xxC "h
... .._V_ES ~

~ RESIS ALM? J- ~---+l LOW ALM xx.xM h

~ ~
1

rFi~.'M ~~
•.-----------m;

I'-"'Curo-UT-I"'(Y)--~L..._CUT_O_UT""':I(c...;N)_.-J

~ ~
====SA=VE~7====I ...- 1I

~

• !

- 1

_ I

• 1
I

· I

- 1

• j

CHANGES

Figure 2 Setup Loop

NOTE: Should you desire to return to the temperature display and abort all

changes, keep pressing the NEXT until the display reads SAVE? Press NO.
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Emergency Motor
Off (EMO)

High Temperature
Safeties

Low Liquid
Level Safety

Pump Motor
Overload Protector

Resistivity Monitor

Section V Special Features

When the EMO is depressed power is disconnected from the unit, with the
exception of the control board. The EMO is also routed to 2RECP for

connection to a remote EMO. In order for the unit's EMO to be effective,

2RECP should be connected in series with the remote EMO.

In the event of a high temperature fault, the POWER FAULT lamp will light

and the unit will shut down. The cause of the fault must be identified and

corrected before the unit can be restarted.

The low liquid level safety is connected to a float switch in the reservoir. A

low liquid level fault occurs when the cooling fluid in the reservoir drops
below the operating level.

In the event of a low liquid level fault, the amber LOW LEVEL lamp will light
and the unit will shut down. The cause of the fault must be identified and

corrected before the unit can be restarted.

The unit has a pump motor overload protector. The overload protector

prevents the pump motor from exposure to excessively high current. If an

overload fault occurs, due, for example, to a heavy work load, the amber
PUMP O-LOAD light will light and the unit will shut down. The overload
protector will automatically reset after about two minutes. The unit must be

manually restarted by pressing the reset on the controller.

The monitor is factory preset at 2.7 megohm-em. See Controller IV Setup

Loop for instructions on changing this value and setting low and high alarms.

NOTE: The controller IV RESISTIVITY MONITOR energizes a solenoid coil,

allowing water to flow through the cartridges. The monitor has +0.20 me
gohm, -0.30 megohm hysteresis. When the resistivity drops to 0.30 mego

hms below the setpoint the solenoid is energized. It stays energized until the

resistivity reaches 0.20 megohms above the setpoint.
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Fault Response
Modes

In the event of a low fluid level or high temperature fault, two modes of

response to a fault are possible: SHUTOFF and ALARM ONLY.

In the SHUTOFF mode, jf either fault occurs, the FAULT light will light and

the unit will shut down.

In the ALARM ONLY mode the FAULT light will light, but the unit will con
tinue to operate. This mode is available for users who prefer to accept the
risk of damage to the System in order to continue to provide all available
cooling fluid to thir application in the event of a failure.

The unit is shipped from the factory with the ALARM mode selected.
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Service Contracts

Pump Strainer

Particulate Filter

Algae

Section VI Maintenance

Thermo offers on-site Service Contracts that are designed to provide

extended life and minimal down-time for your unit. For more information,
contact our Service Department (see Preface, After-sale Support).

A wire mesh pump strainer is located in the unit. If debris is drawn into the

system, the strainer will prevent the material from being drawn into the pump
and damaging the pump vanes.

After initial installation, the strainer may become clogged with debris and

scale within the first week. Therefore, the strainer must be cleaned after the

first week of installation. After this first cleaning, the frequency of cleaning

depends on the purity of the cooling water. It is recommended that a visual
inspection of the reservoir be made monthly after the initial cleaning. After

several months, the cleaning frequency will be established.

If the strainer is visibly clogged, cleaning is required.

Disconnect the power cord from the power source and drain the reservoir
before cleaning the strainer.

Remove the strainer by unscrewing it.

Clean the strainer by rinsing it with water.

Refer to Section Ill, Filling ReqUirements for instructions on replacing the
cooling fluid.

Never operate the unit with the strainer removed.

To change the filter open the front access door. Turn the valve on the inlet

(right) side of the filter perpendicular to the plumbing. Grip the cannister and

turn counterclockwise. Replace the used filter.

Replace the cannister and hand tighten. Return valve to the original position.

To restrict the growth of algae in the reservoir, it is recommended that the

reservoir fill plug be kept in place and that all circulation lines be opaque.

This will eliminate the-entrance of light which is reqUired for the growth of

most common algae.

We recommend the use of Chloramine-T, 1 gram per 3.8 liters.
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Section VII Service

For personal safety and equipment reliability, the following procedure
should only be performed by a qualified technician. Contact our
Service Department for assistance (see Preface, After-sale Support).

, I

" 1

, !

Pressure Relief
Valve

A pressure relief valve is located on the pump discharge line. The relief

valve establishes the maximum operating pressure of the unit. If the

pressure of the fluid leaving the pump exceeds the valve setting, the relief
valve will bypass the fluid within the unit to relieve the pressure. The relief

valve does not determine the actual operating pressure; the actual operating

pressure is determined by the flow control valve setting and pressure drop

through the instrument being cooled.

The valve is factory preset at 135 psi. If adjustment is necessary, call our

Customer Service Department (see Preface, After-sale Support).

Phase Rotation
Three phase units with three phase pump motors are equipped with a phase
rotation interlock. The amber PHASE light on the controller will illuminate if
there is an error.

This interlock prevents the unit from starting if the phase rotation is wrong. If
the phasing is wrong, the PHASE light will light and the unit will not start.

Unplug the unit. Reverse any two power cord wires in the power cord plug.

A Never remove the green ground wire.

Plug in the unit. The PHASE light should be off and the unit should start.

Displaying Software
Version

To display the software version ensure the controller is in the Operator's

Loop and dl'laying the reservoir fluid temperature. Depress and hold the
enter key . Press the YES NO YES keys and the display will indicate

CALIBRATE? While continuing to hold the enter key press the YES NO YES

keys again. The display will now indicate the software version, for example

000550.36h.
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Checklist

Section VIII Troubleshooting

Unit does not start, FAULT light does not come on when START
button is pushed.
- Check the position of the EMO.

- Check the voltage of the power source. Refer to the serial number on the

rear of the unit for the specific electrical requirements of your unit. Make

sure the voltage of the power source meets the specified voltage, ±10%.
- Check the fuses (see Section VII, Fuses).

When START switch is pushed, unit does not run, FAULT light comes
on (SHUTOFF mode)
- Check the position of the EMO.

- Check fluid level in the reservoir. The low fluid level monitor prevents the
unit from starting if the fluid level is below the safe operating level.

- Make sure the TEMPERATURE CONTROL setting is less than the HIGH

TEMPERATURE LIMIT setting.

Unit runs, but FAULT light is on (ALARM ONLY mode)
- Check fluid level in the reservoir. The low fluid level monitor indicates a

fault if the fluid level is below the safe operating level.
- Make sure the TEMPERATURE CONTROL settings are less than the

HIGH TEMPERATURE LIMIT settings.

Unit continues to run for a short period and then stops
- Check fluid level in the reservoir. If low, check the system for leaks.
- Make sure the heat load is not greater than the cooling capacity (see

Section II, Cooling Capacity).
- Make sure the cooling water supply meets the requirements outlined in

Section III, Facility Water Requirements.
- Possible power interruption has occurred causing "latch" relay to unlatch.

Attempt to restart.

COOL light always on, temperature is not dropping
- Make sure the heat load is not greater than the cooling capacity (see

Section II, Specifications).
- Make sure the cooling water supply meets the requirements outlined in

Section III, Facility Water Requirements.

Clean the pump strainer.
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Spare Parts List ' !

Part # Description · I

008700 VALVE, SOLENOID, 1.5" SLOW, 208VAC ' J

008899 VALVE, CHECK, ~" SWT, BRZ, WTR - I

008995 TRANSDUCER, PRESSURE, 0-200 PSI

013057 CASTER, 3", W/MOUNT BRAKE

013058 CASTER, 3", W/BRAKE, W/MOUNTING PLATE

014744 VALVE, MTR, NC, 1" FPT, BRZ 6-9V

024677 FLOW TRANS, 1", BRASS, 10-60 GPM
· .

051737 COIL ASSY, OMKC1, 120VAC, HXJI

052860 OUTLET, DEI FLOW METER

VALVE RELIEF, 40-125 PSI, %" BR
' I

003282

009217 GAUGE, PRESSURE, 0-160 PSI, STEM

053937 TANK ASSY, SYS 5
· I

003224 SCREEN, SUCTION, 20 MESH, 1X"

008342 VALVE, CHECK, 1" FPT, BRZ, SWING, Y

008415 VALVE, RELIEF, 60-150 PSI

008899 VALVE, CHECK, Y2" SWT, BRZ, WTR

009856 VALVE, CHECK, BRZ, 1.5", SWING • J

014530 VALVE, 3WAY BALL, 1-1/2 FPT · 1

024928 PUMP, TU RGTC9, 208/60, 200/50/3
- j

000239 DIODE, BIPOLAR ARC SUP, 48VDC
000241 SWITCH, CaNT BLOCK, 2NC, 800E - I
000410 LAMP, 24V POWER IND, 800E · j
000500 SENSOR, 3/16" X 6" X 10FT LD SHLD

000545 RELAY SOCKET, SCREW TERM G2R 'I

000546 RELAY, SPOT, 24VDC, 21MA W/DIOD
I

1
~ I

000689 RECEPTACLE, 50A, PANEL INLET

000940 CaNT, 3P+1 NO, 24VAC, 20A, FUJI - ,
001696 SWITCH, MUSHROOM, 2NC, P-P, RED, 800T

005599 SWITCH, FLOAT, HORIZ 5/8" SHIELD

005663 LAMP, PILOT, AMBER STD AB800E - !

005807 CKT BRKR, 30A RT 3P · .
005808 CKT BRKR, 20A RT 3P

006520 RELAY, BIMETAL a-LOAD, 10-16A

010187 PLUG, 250V, 15A, 3P, PANL, ML-3P , j

010188 RECPT, 250V, 15A, 3P, CORD, ML-3R

010855 FUSE, 1.0A, 250V, FNM, SLO, 35AI

010881 FUSE, 0.5A, 250V, FNM, SLO, 34AI

010882 FUSE, 2.0A, 250V, FNM SLO, 100AI

014517 TRANSFORMER, 208V, 24/24V, 8f158VA

014692 SWITCH, SELECT, 2POS, BLK, 800E

059909 KEYPAD ASSX SYS4 D4

009242 VALVE, BALL, Yz" FPT, SS BALL & STEM

006056 RELAY, DPDT, 24DC, 10Al240V, FLMT

009114 COIL, SOLV, 115VAC, MKC1, 26" CON
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009013

026521

026714
009116

009725

013006
U00202

008634

Service Assistance

Technical Support

VALVE, SOLENOID, W6P1, NC MKC-1

PROBE, RESISTIVITY SS FTG

CARTRIDGE, DEI, 14", ~" NPT

COIL, SOlV, 220VAC, MKC1, 26" JBOX

VALVE, SOLENOID, % FPT MKC1

RUBBER BUMPER, ,50 SQ X .25 H STICK

INSTRUCTION MANUAL

FILTER, CARTRIDGE, 1", 40 MIC

If, after following these troubleshooting steps, your units fails to operate

properly, contact our Service Department for assistance (see Preface, After

sale Support). Before calling please obtain the following information:

Part number

Serial number

Voltage of unit

Voltage of power source

Our Service Department can provide you with a complete list of spare parts

for your unit (see Preface, After-sale Support). Before calling, please obtain

the following information:

Part number

Serial number
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