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COPYRIGHT NOTICE

Copyright © 1994, 1995 by TENCOR INSTRUMENTS. All rights reserved worldwide. No part of this publication

_ may be reproduced, transmitted, transcribed, stored in a retrieval system or translated into any human or computer
language, in any form or by any means, electronic, mechanical, magnetic, chemical, manual, or otherwise, without
the express written permission of TENCOR INSTRUMENTS, 2400 Charleston Road, Mountain View, California,
94043,

é ' WARRANTY

h Except as otherwise indicated, Tencor Instruments warrants to the Buyer that the items sold by it hereunder are
free from defects in material and workmanship and meet applicable specifications. In discharge of this warranty,
Tencor Instruments agrees either to repair or replace as it may elect, any part or parts which under proper and
normal use proves defective in material or workmanship within twelve months after delivery to Buyer, except for
optional printers. If it is recognized that some components and accessories fail to give reasonable service for a
reasonable period of time, as determined solely by Tencor Instruments, Tencor Instruments will at its election
replace or repair them. Tencor Instruments may at any time discharge its warranty as to any item by refunding the
purchase price and taking back the item.
Unless Buyer shail inspect all items and within thirty days of delivery notify Tencor Instruments of any apparent
defects discovered and shall retum the apparently defective item, transportation charges prepaid, to the Tencor
Instruments factory or service office if so directed, Tencor Instruments shall have no liability hereunder.
The foregoing warranty and remedy are exclusive and Tencor Instruments shall have no other liability under any
other warranty express or implied either in fact or by operation of law, statutory or otherwise. Tencor Instruments
shall have no liability for special or consequential damages of any kind and from any cause arising out of the
installation or use of any item. r
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TRADEMARKS

Tencor® is a registered trademark of Tencor Instruments.

PATENTS
This instrument is protected under the following patents: 5134303 and 524889.
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AN IMPORTANT MESSAGE

Thank you for selecting the Tencor FLX-2320 and welcome to our growing world-wide
family. Please read this manual carefully to familiarize yourself with the FLX-2320. The
Tencor Instruments applications staff or the Tencor Instruments Service Department will
be happy to assist you with any questions you have about your instrument.

#274526 Rev. B 9/95
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OPERATING SAFETY

LASER

The Tencor FLX-2320 contains two solid-state lasers: a Class IIla laser with 4 milliwatts
(mW) power and 670 nanometers (nm) wavelength and a Class ITIb laser with 4 mW power
and 750 nm wavelength. The lasers comply with Title 21 of the United States Code of
Federal Regulations (CFR) Chapter 1, Subchapter I, Sectlons 1046.10 and 1040.11, as
applicable.

Pursuant to the Regulations for the Administration and Enforcement of the Radiation
Control for Health and Safety Act of 1968 (pertinent to laser products), a document
describing this product has been filed with the Consumer Industrial Products Branch (HFZ-
312) of the Division of Radlologlcal Products of the National Center for Devices and
Rad1ologica1 Health (CDRH):. _

The CDRH requires that all laser products.be maintained to keep them in compliance with
CDRH’s regulations. To maintain compliance with CDRH regulations, verify the operation
of the Beam Attenuator (turns the laser beam off when the instrument door is open) annuaily
or whenever the product has been subjected to adverse environmental conditions (mechan-
ical shock, spilled solvents, and fire).

WARNING: Do not defeat the electrical or mechanical interlocks. When the
interlocks are defeated, laser beams of Class lllb medium power
could be present. These beams are a safety hazard. Also avoid
direct exposure to the laser beam.

Figure i indicates the location of the warning and information labels, laser controls, and
safety controls on the Tencor FLX:2320. For a detailed explanatlon of the various controls,

- refer to Sectlon 3.1, “System Components ”

#274526 Rev. B 9/95
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viiio _ o Tencor FLX-2320

Emission _ Laser '_
Indicator Keyswitch

Beam Attenuator

Certification and
: ldentification Labeils

Interfock < -
Warning:
Label

Door to Measurement
- -.Chamber

.Figl'l(re i Tencor FLX-2320 (_ani View) - -.

Sample Certification and Identification and Interlock labels are displayed on the folowing

 page. o -

WARNING: Use of controls or adjustments, or performance of procedures other
than those specified in this manual could result in hazardous light
exposure. Do not remove the back cover of the instrument; service
should be done by Tencor Instruments personnel only.

When operating the Tencor F LX-Z}EZO, comply with safety precautions described in this
section; you can consult OSHA, ACGIH, and ANSI standards for additional guidance.

During instrument installation, instrument maintenance, or laser service, avoid unnecessary
exposure to laser or collateral radiation exceeding the acceptable emission limits listed in
the section titled “Performance Standards for Laser Products,” in the CFR, Section

1040.10(d).

" #274526 Rev. 8 9/95
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Sample identification label: )

Model No. FLLX 2320
Serial No. 4198
V: 115V A: 12 Ph: 1 Hz: 60

Sample certification label:

Tencor® Instruments

2400 Charleston Rd.
Mountain View, CA 924043
Manufactured: June 1993
This product conforms to
the applicable requirements
of 21 CFR Subchapter J.

Sample interlock label:

DANGER - Visible and invisible

laser radiation when open and
interlock defeated.

AVOID DIRECT EXPOSURE TO BEAM

VOLTAGE

The system contains components requiring electrical voltages of 115 V or 230 V.

:“\w/

WARNING: Disconnect all power connections before removing the instrument
cover; the inside of the measurement platform contains voltages of
116V or 230 V.

HIGH TEMPERATURES

The hot plate and measurement platform are very hot (up to 500° C) when the heater is
operating.

WARNING: Do not open the instrument door or touch the inside components
or the wafer yntil cool.

LIFTING THE FLX-2320
The FLX-2320 is too heavy for one person to lift.

WARNING: One person should not attempt to lift the FLX-2320. Use at least two
people to move the instrument.

\\\1.-«’ g
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REVISION LOG
This manual describes the FLX-2320 software version 4.2. Changes to this manual include

* The addition of safety information and labels on pages viii, ix, 2-6, and 2-7.

#274526 Rev. B 9/95
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Introdtlction

1 INTRODUCTION

1.1 ABOUT THIS MANUAL

This manual is divided into the followmg chapters .

Chapter 1, “Introduction,” provides mformatron on the manual organization, con-
ventions, and terminology. SR

Chapter 2, “Instrument Overview and Installation,” provides information on instru-
ment features 1nstalhng the mstrument, and installing and upgrading software.

Chapter 3, “Basic Skﬂls ” provxdes mformatmn on instrument components and
controls and on startmg and shuttmg down the 1nstrument

Chapter 4, “Performmg Measurements covers the measurement modes of first
stress, single stress, stress-time, and stress-temperature

~ Chapter 5, “Managing Data Files,” covers the Data Editor window, and the various

- functions that can be done ‘within the wmdow

| Chapter 6, “Creatmg and Drsplaymg Graphs covers creating and dlsplaymg trend

plots'and graphs R :

Chapter 7, “Data Analysm, covers the various calculatlons record comparisons,
and analysis of data files.

Chapter 8, “Maintenance,” provides information on basrc mstrurnent mamtenance
troubleshootmg, calibration, and diagnostics.

Chapter 9, “Theory of Operatlon prov1des a brlef overview of the theory of
operation of the instrument.

Appendixes describe the instrument specifications, and constants and conversions
used in calculations, and the cooling stage option. : :

A glossary and an index are also provided at the end of this manual. |

1 2 'HOW TO USE THIS MANUAL

- To get the most out of this manual you should work sequentially from Chapter 3, “Basic
Skills,” through Chapter 7, “Data Analysis. ” Chapter 8, “Maintenance,” should be used
.. by the key person responsible for mamtammg the instrument. :

CAUTION: Wealso strongly recommend that you read the section on Operating
Safety on page vii before operating the instrument.

#274526 Rev. B 9/95
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1.2 Tencor FLX-2320

1.3 CONVENTIONS USED IN THIS MANUAL _
This manual uses the following typographic formatting and symbols to make your learning
+ experience faster and easier.

1.3.1 TYPOGRAPHIC FORMATTING o
Keep these conventions in mind while reading the manual:

Term Meaning

"'Beld - _Messages and examples appea.r in bold text
o ST  The keysor buttons you! must press appear in small capitalized
o ‘letters ' _ _
File menu Tencor FLX- 2320 menus and windows are shown with initial
. capital letters o IR
J«1[-]1[M [~ Thearrowkeyson the keyboard move the selection bar around the

display. To select an option, press the arrow key pointing in the
desired d1rect1011 until the selection bar hlghhghts the option.

Bnter | The word enter is often used in conjunction with data that youtype
using the keyboard. To enter data means to type the words or data
and press the ENTER key.

1.3.2 TERMINOLOGY
Before continuing, you need to famlhanze yourself wﬂ;h several terms used throughout

this publication.

Application ST

A software program such as the Tencor FLX-232G apphcatlon Apphcatlons occupy the
full display screen when operating, if not iconified or if the maximized button is off.

Arrow Keys

The four arrow keys on the computer keyboard Each arrow key pomts in a spemﬁc
direction. To move the selection bar in menus, press [+] to move the bar downward and
*[1] to move the bar upward. To activate the menu item, press ALT, and then usc the arrow
keys to select any menu. Press [—9] to select menus left to rlght and [<—-] to select menus

- right to left.

Command

The action assocmted with one of the options appearing on a menu and activities performed
when keys are pressed on the keyboard.

#274526 Rev. B 9/95 .
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Cursor

Small blinking dash appearing in the alphanumeric fields. The cursor serves as a pointer
marking the location where characters appear when you type.

Directory

Computer files are stored on the computer’s hard disk in directories. The directory name
1dentifies the location where the files are stored. :

Field

© Reserved area provided on many windows for typing data, displaying data, or selecting

options associated with the field. Three types of fields can appear on windows—data entry
fields, option fields, and display-only fields. Data entry fields are reserved for typing
numeric values or alphanumeric data. Option fields have predefined values. Display-only
fields are used by the instrument to display the current status of hardware.

Highlight

A field that has a different background from the other fields indicating that the highlighted
field is to be replaced.

Keyboard
All instrument operations are done using the arrow keys, [«] [—] [1] [{], on the keyboard.

Menu

A list of actions. For example, the File menu contains file related actions. Inactive items
in the menus are dimmed.

Process Program
A process program is a set of parameters specifying information such as the number of
scan points, elastic modulus, substrate thickness, and wafer diameter for the measurement.

Scan
Action performed when the Tencor FLX-2320 optical system and measurement stage are

used to inspect wafers. e

Screen -

Generic term used to describe the information appearing on the computer display at any
given moment.

Trackbali

All instrument operations are done using the trackball or computer keyboard.

#274526 Rev. B 9/95
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Trackball Pointer

The arrow shaped cursor on the screen that follows the movement of a trackball (or other
pointing device) and indicates which area of the screen will be affected when you press
the trackball button. The pointer might change shape during certain tasks

Window

Small to large rectangular boxes that open on the screen. ¢

#274526 Rev. B 9/95



Instrument Overview and Installation 21 .

2 INSTRUMENT OVERVIEW AND INSTALLATION

| This chapter. provides informat_ion on the following:

L]

Instrument features
Operating environment and site requirements
Procedures for installing the instrument and software

Procedures for installing upgrades to the software

2.1 INSTRUMENT OVERVIEW

211 FEATURES
The Tencor FLX-2320 is a thm ﬁlm stress measurement instrument. It accurately mea-
sures the changes in the radius of curvature of the substrate caused by the deposition of a
stressed thin film on the substrate. Some of the features include

Laser scanning technology tb'_accurately measure stress on all reflecting films. You

o can also measure stress as a function of time or temperature (standard temperature

range from room temperature to 500° C; optional temperature range -65° C to 500°
C). The software displays regular and time-dependent stress measurements in graph
form automatlcally

~An optional inert atmosphere capability that allows measurements to be made ina

controlled atmosphere of nitrogen or argon.

‘-Software leveling of the sample which provides more accurate results.

Only one moving element in the optxcal components ensures low vibration and high
accuracy. '

Ability to customize parameters such as number of scan points, elastic modulus,
substrate thickness, and wafer diameter in the process programs. You can specify
heating and cooling cycles in the recipe for stress-temperature measurements.

Ability to edit data records, plot graphs, and trend charts. You can also automatically
recalculate the stress for a saved data file by changing the elastlc modulus, wafer,
or ﬁlm thickness. R A

Comprehenswe data ana1y51s capabilities that 1nclude calculatmg the biaxial mod-
ulus of elasticity and linear expansion coefficient, displaying thermal stress super-
imposed on stress-temperature measurement data, stress uniformity, file subtraction,
trend plotting for statistical process control (SPC), calculating the water diffusion
coetficient in dielectric films, and displaying a 3-D map of the deflection over the
wafer.

Menus, screens, and windows that are simple and easy to use. Key operation for

- each field is usually displayed at the bottom of the screen.

#274526 Rev. B 9/95
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21.2 SYSTEM COMPONENTS - - -. . .
The Tencor FLX-2320 system consists of a computer, computer keyboard with a built-in
trackball, and a measurement unit. Figure 2-1 shows the measurement unit with its door
open. Inside the cabinet you can see the hot plate; dial indicator, and the four thumbscrews-
that hold down the hot plate cover. '
Main On/Off

Fan Switch Laser Keyswitch— Switch
Heater Switch \ ,_/ | /

itc
Temperature /
Displa ’
play \ . / o /
S | N [@ [0

o O

L Beam
Attenuator

——Dial
Indicator

1 eveling
Screw

Hot Plate Measurement

Platform

Hot Plate Cover

L

!
t—Hot Plate Thumb -
Screw (4) . -

Figure 2-1 ° Tencor FLX-2320 (Front View) -

The témperamre display, heater s;j;iritch, fan switch, laser keyswitéh, and the main On/Off
switch are located along the top:front of the cabinet. For a detailed explanation of the
instrument components and controls, refer to Section 3.1, “System Components._”
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2.2 OPERATING ENVIRONMENT

The instrument must be installed on a reasonably flat; rigid foundation.

- Facility Specification

Temperature .. o 18-22°C(64-72° F)
CAIrQuality -0 - Class 100 or cleaner

Gas Connectiens S Inert gas flow rate 2—10 CFH S
 (Standard .. . Cooling gas. ﬂow rate: Up to 500 CFH pressure not to
- instrument) ' exceed 40 psi. Note The coohncr gas cools the hotplate
S .. from500°Cto room temperature in 60 min.
"'Sy_st'er_'n_-Power | _ 1 amp. at 110 V, 50/60Hz B

200-mm option: 13 amp. at 230 V, 50/60 Hz

CAUTION:  Avoid operating the Tencor FLX-2320 ﬁear sﬁ’ong electrical and
o magpnetic fields, emitters of radio frequency mterference sources
of mechanical vibration, or contammatmg or corrosive vapors

2.3, SHIPPING CONTENTS
The followmg items are shipped with the unit:-

* Two Tencor F LX—2320 manuals _
» One Tencor FLX-2320 software diskette

2.4 INSTRUMENT INSTALLATION

2.41 SHIPPING DAMAGE

NOTE: The carrier is responsible for damage incurred during shipping and
should be contacted immediately if the shipping containers appear
damaged (see below). Be sure to retain all damaged containers and
documentatiq:n for inspection by the carrier.

Each shipping container has a Shockwatch monitor and a Tiltwatch monitor on the outside
of the container. Sample labels are displayed here.

#274526 Rev. B 9/95-
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Tencor FLLX-2320

SHOCKWATCH MONITOR

IF SHOCKWATCH
INDICATOR IS

RED

1 m DO NOT REFUSE SHIPMENT.

2 MAKE NOTATION ON OELIVERY
® RECEIPT AND INSPECT FOR DAMAGE.

IN DRIGINAL CONTAINER AND A HAK
B PACKAGING, AND REQUEST . - - BED INDICATES ROUGH DUNG
c IF RED, NOTE ON BILL OF LADING

IMMEDIATE INSPECTION FROM
CARRIER WITHIN t5 DAYS QF R INSPECTION MAY BE WARRANTED

DELIVERY. {INT'L 3 DAYS) x . “‘% ’

: 3 IF DAMAGE IS DISCOVERED, LEAVE

i Joze, CASS112

RW. JAMES 1oummv .
PACKAGING .

Figure 2-2 Shockwatch Monitor

If the shockwatch indicator in the middle of the monitor is red, the crate was not properly
handled. Note that normal movements and acute angles during aircraft take-off and landing
do not activate the indicator. If the indicator is red, make a notation on the bill of lading

and service report and check the instrument for damage. If the instrument is damaged,
notify-the carrier and the service dispatcher at Tencor Instruments.

Also verify that the sticker “FACTORY SEALED, Tencor Instruments Inc., Mtn. View,
Calif.” is still intact. If the seal is not in place the instrument could have been mishandled
by the carrier. If the seal is missing or not in place, make a note on the Service Report.
Check the instrument for damage and notify the carrier and the service dispatcher at Tencor

- Instruments 1 case of damage. _
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- TILTWATCH MONITOR

LAZ7)(C K 9

IF RED =
INSPECT CONTENTS.
TIPPING HAS OCCURRED.

®

R.W. JAMES PACKAGING -
1432 Oki Bayshore Hwy.
) San Jose, CA’ 8512
408-996-4445 U.S PAT. #4,438,720

O

Figure 2-3 Tiltwatch Monitor

. If the indicator in the center of the label is red (normal state is white), then the container
was tilted on its side or completely upended. Note that normal movements and acute angles
“during aircraft take-off and landing do not activate the indicator. If the indicator is red,
there could be possible damage to the instrument. Make a note on the bill of lading and
the Service Report Check the instrument carefully for damage and notify the carrier and
the service dispatcher at Tencor Instruments in case of damage.

2.4.2 INSTALLING THE INSTRUMENT

CAUTION: We strongly recommend that you read the section on O'perating
Safety on page v before installing the instrument.

To install the instrument you need to do the following:

. » Make the optional gas connf:cuons Note: If your instrument is equipped with the
cooling stage option, refer to Appendix C, “FL.X-2320 Cooling Stage (Option),” for
nitrogen gas and liquid nitrogen connections.

+ Connect instrument and computer components.
* Set up the desired process program.
* Level the measurernent platform.

NOTE: You do not need to verify the measured radlus of curvature for the instrument.
Before each instrument is shipped, its radius of curvature is verified. If you wish to verify
the radius of curvature, you can order special mirrors and rings for the verification. See

#274526 Rev. B - 9/95
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Section 8.7, “Radius of Curvature Verification,” for details: Also note that this verification
option is only available for the 6-in. and 8-in. wafer instruments.

All the procedures are explained in the following sections.”

To install the instrument: _
1. Connect the inert and cooling gas for the standard mstrument

+ The inert and cooling gas pipes are connected at the back of the instrument.
See Figure 2-4 for the location of the connections. The instrument gas
connections consist of four, assembled, 1/4-in. Swagelok bulkhead urions
(Swagelok Part No. SS-600-61). '

+ To connect the gas pipes (stainless steel ¢ or T__eﬂon),' remove the-nut-; the back
ferrule, and the front ferrule on each Swagelok. Place the nut and the two
ferrules on each pipe and then connect it-to the corresponding Swagelok.

Inert Gas
.Cut
o [e] .
..Cooling Gas .
'Out_,
— Cooling _
. Stage Option
Cooling Gas —— o ol _ | C.onneg_:tton
In = . / .
Inert Gas ' B R
" A‘\ A
ok . vl . . ay s
1.6 cm A S Ry
{4 in) i K .
16.8 cm : 1 %l e75em2a7in)
T {426in) S A . -l
"3.0cm
(7 62 in)

Figure 2-4 Tencor FLX- 2320 {Rear Vlew) Gas Connectlons
Note: The connections in Figure 2-4 and the followmg gas-flow specifications are

for the standard instrument. For the coolmg stage optlon, refer to Appendix C,
' “FLX-—2320 Coohncr Stage (Optlon) 7
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Gas Flow Spec_ifi_cations. R
i'i Inert Gas Flow Rate 2-10 CFH; nitrogen or argon, 5-10 psi
' ‘ Cooiin'g“Gas _FIOW Rate__ . ' 'Up to 50 CFH compressed a1r pressure not to

exceed 40 psi .
" Note: The cooling | gas cools the hot plate from
- 500° Cto room temperature in 60 min.

2. Attach the Dial Indicator and the levehng screw to the rlcht of the measurement
platform as shown in Figure 2-1.

3. Connect the 40-pin and 50-pin flat cables attached at the back of the instrument to
‘the computer as shown n Flgure 2-5. '

—25-Pin SECS Cable (option)
—40-Pin Flat Cable

' To Monitor
— 50-Pin Flat Cable
;.— Power In
an) |
QL9
[
KEYBUARD : @E }-9
SER. Z W= SR 1 MONTKR |
T @ S [ N o
KeyboardA’ L LMC’“'tO" '
Serial Port 1{RS-232 Cable)
Spare Board Mouse Port
rinter Port
Figure 2-5 Tencor FLX-2320 Computer (Reé_ir View)

4. Connect the 9-pin connector of the RS-232 cable to the Serial Port 1 on the back

of the computer and the 25-pin connector of the RS-232 cable to the back of the

instrument as shown in Figure 2-5.
5. Connect the monitor, keyboard, and printer (if you have one) to the computer. See

Figure 2-5 for the location of the various ports on the computer.

CAUTION: If your instrument is equipped with the 200-mm (8-in.) option, the ' \
instrument must be connected to a 220 V electrical supply. -

#274526 Rev. B 9/95
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6. Plug in the electrical power for the instrument and the computer. Proceed to the
following section, “To set up the process program

To set up the process progranv -.

The process program specifies parameters such as the number of scan points, the elastic
modulus, the substrate thickness, and the wafer diameter. When you select measure-
ment modes, the last selected process program is always displayed. At that point you
have the option of selecting another process program or continuing with the last process
program selected. Tencor Instruments provides sample process programs for the 100-
mm, 125-mm, and 150-mm wafers. -

1. Turnthe computer on. The computer automatmally loads the software and displays
the Tencor FLX-2320 Main menu with the login user name dialog box (Fig 2-6).

Setoct User

jane

Figure 2-6 Entering a User Name

2. Keyina user name and choose OK. You can add and delete users by choosing User
- under the Edlt menu. The main menu displays (Fig. 2-7).

Measure Utilities Edlt Analysis Vlew Help

Figure 27 Tencor FLx-zszo Main Menu

3. From the Edit menu, choose Process Programs. The Process Program dialog box .
appears (Fig. 2-8). -
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Maximum scan points. -

. Low intensity alarm-

MPa

" Elastic modulus

Substrate thickness

Wafer diameter !1 50 mm

Hole diamet_e_r_ _ mm
@S.ave scan R ON .

@ Auto scan - ON

O nits © Mpa”

@ Wafer type

Laser selection

.. Figure 2-§ Process Program.Dialog Box .

4 The first tiﬁie; the éystem default values are displayéd_. Make sure the Auto Scan

~ fieldis set to On. _ o )
. 5. If you make changes, save the process program, by choosing the Save button. A
file directory dialog box, similar to the following displays.

per

File Name: . ‘ Directories:
I@ ' l c\windows\flexus .

1.dat ' 4 et

2.dat [ windows

J.dat F= flexus

4.dat

jan1_dat

janel. dat

janeZ_dat o

test.dat

List Files of Type: ""-Dri_\;es: SR
[Data Files (~DAT) B ERED *]

Figure 2-9. Saving a Process
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Enter the desired process name or choose OK to accept the default filename.

NOTE: The Tencor Instruments Service engineer will install the final gas
' and water connections and the quartz furnace chamber, and level
the measurement pedestal and furnace chamber. The foflowing
leveling procedures are provided for your information only.

To level the measurement pedestal:

1. Display the Main menu:

- If the software is already operating, let the current operatlon come to a stop,
then press ESC until the Main menu is displayed (Fig. 2-7).

» If the power is turned off, turn on the computer. The systém loads the
software and displays the user login dialog box and Main menu (Fig. 2-7).

2. Load a bare, silicon wafer in the instrument:

* Open the instrument door (Fig..2-1).

«  Loosen the four screws that hold down the hot plate cover (Fig. 2-1). Remove
the ‘screws and the hot:plate ¢over. e
« Place the wafer, face up, in the shallow depreSsion in the' center of the hot
plate. You do not need to replace the hot plate cover for thls test. Close the
instrument door. :
3. Choose Diagnostics from the Utilities menu. The _instrumenf Ehecks the reflected
 light intensity (SUM} and the beam positions (DIFF) and displays the information
along with other hardware information in the Diagnostics dialog box (Fig. 2-10).

§232

COMNECTED
emperature contsoller: ON
Pasallel port ﬁlintec: CONNECTED . '

7 sefial ports installed

Motor functioning: 0K

570m intensity: HIGH @~ Sum = 1_381 ) Diff = -O.IjBS

T able leveling (670m}:  OK

750m intensity: HIGH ‘Sum= 437N ﬁiff = -0.064" -

[T able leveling [750m): 114

‘Figure 2-10 Diagnostics Dialog Box
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' 4.  Use the information displayed in the Diagnostics dialog box to make sure the cables,
¢ drives, and instrument are mstalled and functmmng The followmg list explains the

information dlsplayed

-_Fi_eld
RS-232

Parallel port printer
Temperature controller
Serial ports installed
Motor functioning

670 nm mntensity
SUM = ; DIFF =

Table leveling (670 nm)

750 nm intensity
SUM = ; DIFF =

Table leveling (750 nm)

Descnptlon :

Status of the cable connector used to check the
instrument temperature The default setting is Con-
nected.

Status of the paralle! printer port.
Status of temperature controller.
Number of serial ports installed.
Status of the motor.

SUM 1s the reflected light intensity; DIFF is the
beam position for the 670-nm laser.

Indicates if the measurement platform needs to be
leveled by turning the leveling screw clockwise or
counterclockwise.

SUM is the reflected light intensity; DIFF is the
beam position for the 750-nm laser.

Indicates if the measurement platform needs to be
leveled by turning the leveling screw clockwise or
counterclockwise,

5. Tolevel the measurement pedestal, read the value in the DIFF field for the 670 laser
field. The DIFF field displays the laser beam position.

6. For a bare silicon wafer, the value in the DIFF field should be -0.1 to +0.1. The
Table Leveling field below the laser field indicates whether the leveling screw
should be turned clockwise or counterclockwise. Adjust the leveling screw until

the value in the DIFF field is within the specified limits.
2.4.3 INSTALLING AND UPGRADING SOFTWARE
Tencor Instruments installs the FLX-2320 software before the instrument is shipped.
However, if a serious software or hardware problem occurs, you might need to reinstall
the software. You will also need to install upgrades to the software. Use the instructions
in this section to reinstall software. For upgrades, follow the instructions provided with
the upgrade diskettes.

#274526 Rev. B- 9795
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To remstall the software. :

A O

#274526 Rev. B 995

Insert the Tencor FLX—2320 software d1skette into the floppy disk drive.

- Exit the Tencor FLX software.

From the Program Manager in windows, choose Run from the File menu.

" When setup is completed, reboot the system.

Type a:setup and press OK. . .
Start the Tencor FLX software.
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3 BASIC SKILLS )

Chapter 3 covers the following introductory procedures: - - -

-+ Using instrument controls o - : -
» Using pull-down menus and dialog boxes
. Creating a directory for storing data
* Working with system messages
» Starting the system and selecting options
. Ldadjng‘ and.unloa_dirig .W:.a.fe;_rs for all measuremént modes

= Shutting down the system

31 SYSTEM COMPONENTS

F1.X-2320 is shipped with a separate computer, computer keyboard with built-in trackball,
and the FLX-2320 instrument. Figure 3-1 displays the instrument controls.

Fan Switch
_ ) _ _ Laser Keyswitch =
Heater Switch — Main On/Off
: : - / Switch
Temperature -— \ \ \ ' / N
Display . ~\ S \ \ ED /
: : o o @

Instrument-
Door ' -

. \&Jj

7 i . - R -.'- - ; 15 Beam
- : Attenuator

T ———Dial Indicator

L. Leveling
Screw

Hot Plate Measurement

Platform
Hot Plate Cover

Hot Plate Thumbscrew (4)

]

Figure 3-1 Tencor FLX-2320 (Front View)
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WARNING: The hot plate cover and the four thumbscrews are hot (up o
500° C) while the heater.is operating. DO NOT touch the hot plate
or screws until cool.

See the following table for a brief descnpnon and settmg of each control indicated in

Figure 3-1.
Control Descriptidﬁ : .
Temperature Display Displays the temperaturé heating and cooling cycle
‘ ' ' when measuring stress using the Stress—Temperature
Measurement mode. :
Heater Switch Turns on the heater for the Stress—Temperature Mea-
surements.
FanSwitch =~~~ Tums the fan On or Off. If using the Stress-Tempera-
' o * ture Measurement mods, turn on the fan before loading
the wafer. . .

Laser Keyswitch The laser keyswitch turns the lasers On or Off. This
keyswitch should always be in the On position when
operating the instrument.

Main On/Off Switch The main On/Off switch should always be in the On
position when operatmg the instrument.
Beam Attenuator The beam attenuator blocks the laser beams mechani-
cally when you open the door to the instrument.
Dial Indicator The dial indicator is used for calibrating the instrument.
‘" Leveling Screw - The leveling screw is used to level the measurement

platform. The Diagnostics window indicates whether
this screw should be turned clockwise or counterclock-
wise to level the platform.
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" 3.2 USING APPLICATION WINDOWS

The Tencor FLX-2320 software runs in an appiication window. Application windows have
common elements, but not all elements are used in every apphcatlon window. Figure 3-2
shows a typical window stricture for'an application. =

A,

Titte Bar ___  Menu B?f —  Maximize Button

Minimize Button

' Laser
Mode:  Automatic
Selected:

Orientation: In i s Jhomiu

— Application
Workspace

Caomment: I f | HEIEESE

Subztrate thickness: @._5._._._] Bm

Proceszs pragram 100

Elastic moduluz 1.805 E11 Pa

| Wafer diameter 100 mm
Ayte scan ON

Status . |
£ Bar

Elds < ERtatats atior

hisnSUrEXLUNS D me

Figure 3-2 - Window Structure

Item - Description

Control Menu A menu that contains commands you can use to manipulate the
window. Control menus can also be found in application icons and
some dJang boxes

Title Bar ' " The title bar‘dlsplays the name of the application and can contain
- other information.

Minimize Button  Click on this button to reduce the window to an icon. To redisplay
the window, double-click on the icon.

Maximize Button Click on this box to enlarge the window to its maximum size.

Menu Bar The menu bar lists the menus provided by the application. Menus
contain items that perform actions.
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Tencor FLX-2320

Item

- Menu

Application _

Workspace
Tool Bar .

Status Bar . .

Description

A menu contazns a list of actions. For example the File menu
contains file-related actions. Inactive items in the menus are
dimmed (shown in gray).

| ~ Most of the work taking place while using an application is per-
formed in the workspace. The workspace_displays the results of _
- measurements, for example, data dlsplay wmdows

. The tool bar contams buttons that alIow you to choose commands

.qulckly

This area dlsplays mfomlatlonal messages and directions for the

actwe wmdow

3.3 USING THE TRACKBALL

The trackball is the primary device you use to interact with FLX-2320. The trackball
provides a method of manipulating objects on the screen. Most of the actions on the
trackball use the left button. These actions include selecting commands or optlons from a
menu. Several options are available when using the trackball:

Tfackba!l‘ 3
Action

Click

Double-click

Drag

#274526 Rev. B 9/95

Using the trackball

Press and release the trackball
button once.

Press the trackball button twice

in quick succession.

Move the trackball so that the
CUTSOT TNOVES QVer a screen ob-
" ject. Press the appropriate but-

ton and hold it down while

~ continuing to move the track- .
ball.

The action is used to
Select items in a list, acti-
vate buttons, select menu

commands, and choose op-
tions.

Select an item and start the
action associated Wlth the ‘
1tem

Select an option from a
menu, view information not
currently in a list box or win-
dow (scroll), change the
width of a column. . = -
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- 3.4 USING MENUS

The Tencor F1.X-2320 applicatioﬁ uses menus from which you select the option you wish
to perform next. Menu options you select can inturn display submenus, or they can display -
Wmdows that contain a number of screen Obj ects and controls.

Menus have a title bar at the top that tells you Wthh functlon or menu option is displayed

by them. Below the title bar is a single vertical column of menu options. The menu options

represent the commands that you can perform. To perform a menu action, use the trackball

to move the cursor until it rests on the desired menu option. Click the appropriate button on
. the trackball. The menu jtem is highlighted and the action is performed.

Menu Bar

e B .mmmwmmwwaLWW%wmwwm

- Flrs( Eno hlm 3 -
5 &

Menu
Options

Figure 3-3 Menu Strubture

3.4.1 OPENING AND CLOSING A MENU
You can open a menu and choose an action by using the keyboard or the trackball.

USing the trackball

Using the pointer, point to the name of the menu item on the menu bar, and click the
button to open the menu. To move directly to a menu item, first press the button and
drag the selection cursor down the menu until the menu item is hightighted, and then =
release the button

Usmg the keyboard

Press ALT or F10 to select the menu bar. Press the left arrow or nght AITOW key to select
the menu 1tem you want. Press ENTER to open the selected menu item.

3.4.2 SELECTING A MENU ITEM

To choose a menu item:
- Open the menu, then, do any ofithe following:
+ Using the trackball, move the pointer to a menu item and chck the button

* Use [1] or [{] to select the menu item, then press ENTER.
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3.4.3 MENU CONVENTIONS

The followmg conventions apply when usmg TNENUS and menu Items

Convention = Meanmg

Dimmed item The menu item is not available at this time or is not installed. The
' " menutitle or menu'item is shown in gray and cannot be selected.
Ellpsis ... . ) _Produces a dialog box requestmg additional information before
: ~executing the command. : S
Checkmark ¥~ Theaction assoc1ated with the command is currently actlve
Underlined - Forquick access to a menu item, open the menu and then press the
underlined key. :
Exclamation point! Menu titles ending with an exclamation point immediately start

the described action without displaying a pull-down menu.

Key Combination A key combination on a menu indicates a shortcut for using the
command. For example, in Plot3D, CTRL+N brings up the Create
New Deflection dialog box. These key comblnatlons are specified
in the menus.

Right Arrow The menu item opens a submenu that provides further choices.

3.5 WORKING WITH DIALOG BOXES
The Tencor FLX-2320 application displays dialog boxes when additional information
about the action you are performing is required. For example, when the Data Editor window

is activated, a Files Open dialog box appears to request additional mformatlon You enter
the Data Edltor window by pr0v1d1ng the necessary mformatlon :

When a menu item is followed by an ell1p31s (...), a dialog box appears when you choose
the item. .

The Tencor FLX-2320 application also uses windows to display wammgs error messages,
online help, and confirmation messages

When a window or dialog box app_ears, yoﬁ need to select 6ptions to supply information
requested by the application. The active option is highlighted or marked with a dotted
rectangle or both. :

To select options:

1. Press TAB to move to the next option group, or press SHIFT+TAB to move to the‘
previous option group. Groups can contain one option or several options. A
rectangular box usually encloses the group and the title identifies the options.

2. Within a group of options, use the arrow keys to move from one option to another.

#274526 Rev. B 9/95 .



Basic Skills

{ _ - 3.5.1 TEXT BOXES

A text box is a rectangle containing an area for entering data. When you select a text box,
a flashing vertical bar called the insertion point appears. The text or values you type begin
at the insertion point. As you type, the insertion point marks the next character location.

Insertion
Point

Text Box

Directories: -
! I eAwindowsiilexus

(=)
£ windows
2 flexus

Save File as Type: ' . D!igeé: .

|Graph Files (~GRP) @ -

Figure 3-4 Text Box

If data already exists in the text box, all the text in the box is highlighted when you select

the box. If you type, the text you type replaces the older text.

{ ' To edit the existing text, press [«] once to remove the highlighting. Use the arrow keys to
move the insertion point and edit characters as desired. You can use [«] to erase characters

to the lefi.

3.5.2 LIST BOXES

List boxes provide lists of options. A list offers selections within a panel or window. A list

- allows you to choose from a set of mutually exclusive options presented as a vertical list.
A common use of lists is the display of files, charts, or tables. When the list is longer than
will fit in the list box, scroll bars are provided. See Section 3.6, “Using Scroll Bars.”

File Name: Directories: )
!m c:\windnws\ﬂg:_?us

1.dat Eey : B
2.dat = windows =
3.dat = flexus

4_dat

janl.dat

janel.dat

jane2 dat i
testdat B
List Files of Type: Drives:

'Data Files (“.DAT) ] c &

(' Figure 3-5 List Box

Scroll bar

List box
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Most list boxes prevent you from selecting more than one item at a tlme however some
list boxes offer an optlon for selectlng multlpie itemsina hst

To select a smgle item:
1. Highlight the item by clicking on it.
2. Press ENTER.

3.5.3 DROP-DOWN LISTS

Drop-down lists display the current setting in the text box and display other chomes when
you click the drop-down button.

— Drop-Down Button

Drop-Down Lfst

F:gure 3-6 Drop -Down Button and Llst

To display a drop-down list and choose an item:
1. Click the drop-down button. -

- Or use TAB to choose the drop-down list and then use [T} and [{] to choose an item
* in a-drop-down list. The drop-down list does not open but the ch01ces are dlsplayed
one at a time, in the drop-down list box.

2. Click on an item in the hst or use {1] and [{] to highlight the item and then press
ENTER. '
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3.54 COMMAND BUTTONS :
Command. buttons immediately perform an action. One command button (usually 0K)
performs the primary action of the dialog box. Other buttons are provided for canceling the
action or performing other related actions.The current or active button is surrounded by a
dark border and a dotted rectangle around the name. Choose the active button by pressing
ENTER. You can close a dlalog box without carrying out a command by choosmg Cancel.

Performs the prlmary actlon

L,

N -
E! SFiEEsS \¥Cancels the actl bn.

Substiate thickness: 525 | gm \‘wPerforms an auXiliary action.

Process piogram 100

Elastic modulus 1.805 E11 Pa
Water diameter 100 mm '

Auto scan on

i,f . FESmaias Batatialds cEnterEateRd oL press cieasiie s b B A UE:

Figure 3-7 Command Buttons

To select a command button:
* Click the command button or press TAB or SHIFT + TAB to select the button, then
press ENTER.
* Press ESC to select Cancel.

« If available, use a shortcut key combination by pressing and holding ALT and the
character underlined in the command button name. (Not all dialog boxes provide
shortcuts to command buttons. )

:
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3.5.5 OPTION BUTTONS : :
Option buttons are displayed in groups. Only one item in a group can be selected at one
time. To change a selection within the group, choose a dlfferent button The selected button

contams a: black dot. Dimmed buttons are mactwe

L

Substrate thickness: m

Process progeam s
Elastic madulus 1.805 E11 Pa

Water diamete; 100 mm
Aute zcan BN\

tend oFpress Khiesifenhutat oy

Figure 3-8  Option Buttons

To select an option button:

Click the option button or press TAB to highlight the option group, then use the arrow
keys to select the option within the group. The black dot appears when the option is

.. selected.
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3.6 USING SCROLL BARS

Scroll bars allow you to scroll through a section of text too la,rge to be dlsplayed entirely
within a window. :

SRIAN E!SCAHZ*DAI;%W%& =T

s=lE) - Scroll Up Arrow

DEE e e Rmfl"’““' e

.mw P : -

: w;us;cm i m@é 2l M- Scroll Box

02/03795 " [20 | -655.040 :

02/83{95 |20 | -656.040 i

0471395 |20 | 654545 =

04/17/35 |20 |1.B76E03 £

041795 J20" 188783 — {]e T

0417795 |20 1.029E03 | |- Scrofl Bar

04/17/35 |20 |2.808E03 B

041795 |20 0.004 i

84117195 |28 |1.029E03 5

04/17/35 |26 [1.88GE03 5

04117795 |20 0.004 1

04717795 [z0 6004 || :

joan7/es (20 |- 0.004 & - Scroll Down Arrow

04717795 |20 0.004 7
A T R e N o [

Figure 3-9 Scroll Bar.

To scroll usmg the scroll bar:

Several scrolling optlons are avaﬂable When using the trackball

o 'I-‘o‘scroll_ o Do this
h One line -+ - Click one of the scroll arrows.
One window - . . .. .Click the scroll bar.
Continuously Press and Hold down the "dra'ckball button while over a scroll

arrow. When the desired information appears, release the button.

To any position . Drag the scroll box along the scroll bar to the desired position.
The length of the scroll bar is proportional to the amount of
information in the list. For example, dragging the scroll box to
the middle of the scroll bar views the middle of the list.

To scroll using the arrow keys: -

- The information automatically scrolls when you use the page up [T] or page down []
keys (N ot all vwndows and d1alog boxes prowde scrolhng usmg aATOW keys )
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3.7 WORKING WITH SYSTEM MESSAGES

3.8

Messages that appear on the screen can come from the mstrument or from the Mlcrosoft
Windows system. S

The Print Manager cannot wrlte to. LF'T1 There may be a
printer pmhlern, : e

resume the queue when the prnhlem is corrected or cance! the
document. -

' Figure 3-10 Example of a System Message . .

The Tencor FLX-2320 application displays a message box if

* The action you are attempting cannot be performed

*  Youneed to acknowledge the completion of an action, conﬁrm executlon of acommand,
or become aware of an urgent condition : :

A message box contains a message and can contain corrective action for.problems. For
example, before deleting files using the File Manager, the Confirm Delete message box
appears. Choose OK to confirm the deletion or Cancel to abort. -

Some message boxes also include a Retry button that allows you to attempt to correct a
problem before trying the action again.-

- WORKING WITH DATA DISPLAY WINDOWS

Multiple Data Display windows containing different data for the same wafer or multiple
wafers can be displayed at the same time. Any number of Data Display windows can be
tiled or overlapped and cascaded acgross the screen. For example, you can view multiple
graphs in the same window. —

Windows can be minimized to icons to free space on the screen and can be maximized later
when you need to see the data contained in the window. For example, you can minimize
one set of graphs to display a larger edit window. And if you later need to refer back to the
graphs, you can double-click on the appropriate icons to redisplay (maximize) the
windows. This section provides examples of managing multiple data windows.

#274526 Rev. B. 9/95.
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3.8.1 SELECTING DATA DISPLAY WINDOWS-

To select a window do one of the foﬂowing:

* Click anywhere in the window workspace. The title bar and border of the window
are highlighted when selected. If the window you want to select is concealed under
other windows, move the other windows until the desired window appears, or

» Select the window from the Window menu.

3.8.2 MINIMIZING A DATA DISPLAY WINDOW
Data Display windows can be minimized when you need more screen space but still need
the data in the window. When a window is minimized, a small icon representing the
window is displayed at the bottom of the screen.

To minimize a window: _
'Choose Minimize from the window’s Control-menu box or click on the minimize

button in the upper-right corner of the window. The minimize button is the small
rectangle with the arrow head facmg downward

See Section 3.2, “Using Application Wmdows ” for more mforma‘aon on the system
menu.

3.8.3 MAXIMIZING A DATA DISPLAY WINDOW
- AData Display window can be enlarged to its maximum size.

To maximize a window:

Choose Maximize from the window’s Control-menu box or click on the smali box
containing an up arrow at the right of the title bar. Trackball users can click the
maximize button to enlarge a window to its maximum size. To restore to its previous
size, refer to Section 3.8.4, “Restoring an Icon or Window to its Previous Size.”

3.84 RESTORING AN ICON OR WINDOW TO ITS PREVIOUS SIZE
A minimized window (1con) can be restored to redisplay the window at its previous location
and size. ‘ : o _ .

To restore a Wmdow -

With the trackball, double-chck on the icon to redlsplay the window at its previous
location and size, or on the keyboard press ALT+SPACEBAR. This opens the Control
menu. Choose Restore from the Control menu. . o

#274526 Rev. B 9/95
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3.8.5 MOVING DATA DISPLAY WINDOWS
You can move Data Display windows to other screen locations.

To move a data window:

Select the window’s title bar and drag the window to the new location.

3.8.6 RESIZING DATA DISPLAY WINDOWS
You can enlarge or reduce the Data Display windows. The pointer transforms into a double-
sided arrow when placed over window borders and corners. The arrow heads point in the
directions you can change the window’s size.

To resize a wmdow.

Move the pointer over the desired window border or corner. When the double-sided
arrow appears, press and hold the trackball button and move the border. Release the
trackball button to change the window size. You can repeat this operation for any side
or comer of the window. . .. | | |

3.8.7 CLOSING DATA DISPLAY WINDOWS _
You can close all the data display windows or selected windows.

To close all windows:

Choose Close All from the Window menu. All ma;dmiied._wiﬁdows and minimized
windows (icons) will be closed. This command is available in the Plot3D menu.

To close an open window:

Choose Close from the File menu.

To close a mmlm_lzed wmdow (1c__0n):

Click on the icon to display the system menu for the window and choose Close.

- 388 USING THE ACTIVE WINDOW :
It is important to understand the - ‘concept of the active window. The currenﬂy selected
window is highlighted to signify that it is the active window. The options selected from the
‘Data Display menus and any status information displayed on the screen are always
associated with the active window. If you minimize a window or select a different window,
the menus are updated and display the data display options for the active window.

Note that you can check the options selected for a minimized window by selecting the
applicable icon before displaying a menu. Afterward, the menu displays the option settings
for the minimized window. You can add the same display settings used on a minimized
window to the active window by temporarily selecting the minimized icon and displaying
the menu options selected.

#274526- Rev. B 9/85
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3.9 STARTING THE INSTRUMENT

Use the following procedure to start the instrument and select options.

CAUTION: ~ ~ We strongly recommend that you read the section on Operating -
~ Safety on page v before starting the instrument.

To start the instrument:

1.

Make sure the electrical power cords and necessary cables are connected to the
instrument and the computer. See Section 2.4.2, “Installing the Instrument,” for

details.

Turn the computé:r on. The computer automatically loads the software and displays
the user login dialog box and the Tencor FL.X-2320 Main menu:

Ready - ; i i

Figure 3-11 Tencor FLX-2320 Main Menu

Choose submenus by using the trackball. To display the optibns inasubmenu, select
the submenu and press ENTER. See Section 3.10, “Main Menu, Submenus, and
Submenu Options,” for a schematic representation of the submenus and their

options.

3.10 MAIN MENU, SUBMENUS, AND SUBMENU OPTIONS

If you do not have the SECS Interface Option, the Main menu (Fig. 3-12) consists of four

submenus. If your instrument has the SECS Interface Option installed, an additional

submenu—Host—is added to the Main menu list. The first four menus—Measure,

Utilities, Edit, and Analy51s——hst ;options for instrument operation. The next two sub-
. mepus—View and Help—are mformanonal

Figure 3-12 delineates the Main menu, submenus, and their options. Submenu options are
explained as they appear in the manual.

#274526 Rev. B. 9/4%5
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Measure
3 : 1 — First (No Film} ;.
— el - 2.— Single
- 3 - Time
4 — Temperature
5~ Exit-

‘  Utilities
1 — Intensity Check
2 — Calibration
3 — Move Laser Beam
4 — Diagnostics

_ Edit.
1-~DataFiles = -
2 — Process Programs
3 — Materials Database

4 — Users
Main Menu

1 — Measure Analysis

2 — Utilities 1 — Graph Retrieval

3 - Edit 2 - Diffusion Coefficient

4 - Analysis p 3 - Elastic and Expansion
5 — Host (optional) 4 — Graph Subtraction

6 — View _ 5 — Thermal Stress
"7 - Help 6 — Record Comparison

: 7 — 3D Plotting (option)

: Host (Optional}
1 — Go Offline '

-1 -2 - Attempt Online

- 3 —Llocal

4 - Remote .

L - _ 5 — Process Programs
g "~ 6—Config '

View
1—-ToolBar -~
2 — Status Bar
3 - Config

Help

W__h'
1 — About Winflx

Figure 3-12 Main Menu, Submenus, and Options
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L,

states or to transfer and receive process programs and terminal messages with the host.
For detailed information on initiating and stopping measurements from the host computer,
message listings and their detaﬂs, and SECS scenanes refer to the Tencor FLX SECS

Interface Manual.

* NOTE: If your instrument has the SECS Interface option i:nsfalled,'a:i additional submenu .
titled Host is available on the Main Memu window. The SECS control state —Local or
Remote—is also displayed in the upper right of the window.

3.121 COMMUNICATION AND GONTROL STATES
The current communication and control states are dlsplayed ina box Iocated at the upper-
right corner of the screen.

The communication state is indicated by the color of the box. Whi'te indicates disabled, red
indicates enabled/not communicating, and green indicates enabled/communicating.

The control state is displayed as text in this box. The possible conditions are Equip. Oft-
line, Atternpt Offline, Host Offline, Online/Local, and Online/Remote. In addition to the
control state, two other text 1ndlcators - may proceed the__e_ontrol state text. They are

- c;*:u

Spooling is active’

* “(TTY)”: At least one terminal message from the Host is currently being
buffered.

The switch for the Online substate is located in the Host submenu (Fig. 3-15). A check

mark is located next to the currently set Online substate. The substates are either Local or

Remote. Note that in order to perform remote commands from the host, the Remote

substate must be selected, and to perfonn operations from the equ1pment the Local
o substate must be selected

l\'i's.'-w'/

__Figur_e 3-15 SECS Parameters Dialog Box

r
The sw1tches for Equipment ofﬂlne/onlme are also located in the Host submenu. They are
- indicated by the words “Go Offline” and “Atiempt Online.” Select the appropriate menu
item to sw1tch between the online and ofﬂme control states.

Nt
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3.12.2 SETTING THE SECS PARAMETERS
“Once you have set the SECS parameters these settmgs become the default settmgs

To set the SECS parameters:
1. Choose Config from the Host menu. The SECS parameters dlalog box displays.

Communication— | [ Conteol States :
Init. Comm. State: Init. Control State:
Pall Deloy _ Online Failed State:[Equipment Dtfinel®] -| - | .
Estab. Comm. Delay: o . .
[ Spocling " Event Repoits
Spooting Enabled [ Annotated Reports (S5F13)
B3 overwrite Spoe! B w-gi for 55
Ma. S;_molr'i’lammit;. |ﬂ I .
Kax Spoal Filz Size: [10000 l_ W-Bit for 55
- [ Equipment Identification " [ Termi
Mot oL & w10
o T Buffer TTY Msg=

I

Device Name:

Figure 3-16 SECS Parameters Dialog Box

2. Enter values for the fields using the following list. After entenng a value mna ﬁeld,'
press TAB to move to the next field. '

Option . Description

1nit Comm State | N The soffWére reverts .1‘:0 ﬂﬁs default staté when the
software is restarted. Available modes from the drop-
down menu are Enabled and Dlsabled

Poll Delay Poll Delay is the interval, in seconds, at whlch the
instrument checks for communication from the host
computer and updates the commumcatlon window

accordmgly

Estab. Comm. Delay | The settmg in this field determmes at what time inter-
.;val in seconds, a failed connect request is retried.

- Spooling Enabled =~ . Select this box to enable the spooling function. Unse-
: =+ lecting this box disables spooling.
WARNING: Disabling the spool places the equipment
in a non-GEM compliant operating mode.

Overwrite Spool Select this box if you wish to overwrite the existing
spool.
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Optlon

Max. Spool Transmit.

Max Spool File Size
Model (MDLN):
Rev.

Device Name

Init Control State _

- Online Failed State

Annotated_Reports

(S6F13)

W-Bit for 56

W-Bit for S5

. W-Bit for S10

Buffer TTY Msgs

. After completmg the dlalog box, choose OK to accept the values or choose CANCEL
- to start again. _ _ o

Descrlptlon o

Determines how many messages the equtpment sends
to the host in response to an S6F23 ¢ Transrmt Spooled
Messages” request.:

- The maximum size of the spool area.

The name of the speciﬁ Tencor Flexus model.

The revision level of the software for the Tencor FELX
product.

The Tencor FLX product line néﬁie

The software reverts to this default state when the
software is restarted. Available modes are Online and
Ofﬂlne _

. The softwa:re reverts to-this default offime state when
an attempt to go Onlme fa.lls

~Click on this box to generate annotated reports

Click on this box to ena_t)le_the__ teply bit on Stream 6

~ messages transmitted from the equipment.

Click on this box to activate the alarm for W-bit for S5.
Enables W-bit for Stream 10 tel"tniha'll messages.

If checked. tetrhinlall ihessages from host will not be
displayed 1mmed1ately, but 1nstead buffered for later
- viewing. e

#274526 Rev. B 9/95
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3.12.3 UPLOADING AND DOWNLOADING PROCESS PROGRAMS
Use the procedures in this sectlon to upload and download Process programs to and from
the host computer. - '

To upload a process program to the host:

1. Choose Upload from the Process Programs menu (Fig. 3-17). A Process Program
Upload dlalog box dlsplays

Figure 3-17 Process Program Meﬁu

2. Enter the name of the desired file an& choose Upload. A message is displayed after
the file has-been successfully transferred telling you that the upload is complete.

To download a process program from the host:

1. ChOOSe download from the Process Pro grams menu. A Process Program Download
dialog box displays. __

2. Ente_r_ the name of the desired file and choose Download to start the transfer process.
A message is displayed after the file has been successfully transferred telling you
that the download is complete.

NOTE: < An existing file cannot be downloaded if it is currently executing or
being edited.

3.12.4 TERMINAL MESSAGES

To send a terminal message

To send a terminal message to the host computer, bring up the dialog box shown in Figure
3-17. Enter the message and press OK.

Figure 3-18 SECS Parameters Dialog Box
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To receive and acknowledge a message

If the Host computer sends a terminal message to the Tencor FLX system, a view and

acknowledge dlalog box similar to the following dlsplays _

Figure 3-19 View and Acknowledge Dialog Box

Press ACK HOST MSG to acknowledge the message and press OK to close the box. If you
selected to buffer TTY messages as described in the section, Setting the SECS Parameters,
then the box does not automatically appear. Instead, the Control state text located in the
upper right of the screen will be preceeded by the text “(TTY)”. In this case, point the
mouse inside the region of the Communication state rectangle. Press View and ACK Host
TTY Msg. Then continue as described above.

) 3.13 SHUTTING DOWN THE INSTRUMENT )
g: ‘ When turning off the instrument, use the following procedure to ensure against loss of data. h

To shut down the instrument:

I.

2.
3.
4

Close all open windows and choose Exit from the Measure menu.
Choose Exit from the Program Manager File menu.
At the DOS prompt, turn off the power to the computer.

Tum off the instrument power. For the location of the instrument Main On/Off
power switch, see Figure 3-1.

"

#274526 Rev. B 9/95







e

Performing Measurements 4-1

4 PERFORMING MEASUREMENTS

This chapter descnbes how to perform stress measurements (ﬁrst smgle stress-time, and
stress-temperature).

The procedures in this chapter assume a knowledge of instrument controls and basic
operations such as starting and shutting down the instrument. These operations are
described in Chapter 3, “Basic Skills.” If you have not already done so, read Chapter 3
before proceeding.

4.1 STRESS MEASUREMENTS

Stress measurements involve setting up a process program, taking a measurement of the
undeposited wafer, and finally a measurement of the deposited wafer. The Tencor FLX-
2320 instrument also provides the option of taking stress measurements at specified
intervals over a specified length of time and taking stress measurements as a function of
temperature. All these measurement options are described in the following sections.

4.1.1 SETTING UP THE PROCESS PROGRAM
Before starting stress measurements, you can set up the process program or select a
prevmusly created program. The process program. spec1ﬁes paramefers such as the number
of scan points, the directory in which the data file is saved, the elastic modulus, the
substrate thickness, and the wafer diameter. Note: You do not need to select or set up the
process prooram before each measurement.

To select or_set up the process program:
1. From the Edit menu, choose Process Programs.

The Process Program dialog box dlsplays with the name of the process program
displayed in the title bar.
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“available process programs. -

Maximum scan points l@]

Low intensity alarm

Elastic modutus MP‘_‘
Sul:;st.rate thickness urﬁ_ .
Wafer diameter. . ) mm

Hole diameter ‘C’ mm

@ Save scan ON
@ Aute scan ON
Ounits . MPa
(® wafertype : F!ﬂf

Laser selection’

Figure 4-1 Process Program Dialog Box

‘To load another pro@;ess: p’rogrém, '_éhbose'the Ldé@d button to _display a list of

File Name: Directaries:

lm ] chwindowsitlexus
100prc.pre i Eoy

150 prc =] = windows
200.prc = flexus

List Files of Type: Drives:

Ic: o

[Pracess Files {“PRC)

Figure 4-2 List of Avaiiagie Process Programs

Use [1] or [{] to scroll through the list. Select the desired process program and press
ENTER. The system loads the process program and displays the process program
name in the title bar of the Process Program window. Proceed to step 4 to edit the
process program or choose Save to save the process program and exit the window

and proceed to the sections on measuring wafers.

In the Process Program dialog box, select the desired parameters. To edit the
parameter, type another value. For parameters that have predefined values, use [«]
or {—] to select values. Use the following list as a guide to selecting and entering
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values for the parameters. Afier entering a value, press ENTER to move the cursor
o e 1o the next field. : _ o

Field _ ‘ . Description

- Maximum Scan Points You can specify up to.a maximum of 1250 points per
B : - scan; 50 points per scan are sufficient for a correct
measurement. Also note that when scan profiles are
saved, only 50 data points are saved with each scan
_ to conserve space on the hard disk.

Low Intensity Alarm Specify an intensity imit below which measurement
e " points will be ignored. If set; this alarm will also
~ sound if a measurement is started without a wafer in .
the instrument or with a pooriy reﬂecting substrate.

Elastic Modulus: . .. The biaxial elastic modulus of t_he substrate to be
. used in the strcss calculations.

Substrate Thickness The tlnckness of the substrate in microns.
Wafer Diameter The diameter of the wafer in mllhmeters

Save Scan © - This is a toggle. If this Value is set to No, choose the
Save Scan button to set to Yes. Note: The software
( E o saves only 50 data points in the scan file irrespective
of the number of scan points specified in the Maxi-
mum Scan Points field.

AutoScan  ©  SetAuto Scan to On to scan from 10% to 90% of the
substrate diameter. To define desired scan limits, set
Auto Scan to Off. You are prompted to enter the
starting (From) and ending (To) scan positions {in
mm) after the last field, Wafer Type, is edited.

" Hole Diameter  The diameter of the center region of the substrate to
e - beskipped. (This feature is used for hard or compact
dlSk apphcatlons )

Units - » Select Units to select MPa or dynes/cm? units.
Laser Selection® - + Use the drop-down hst to select Automatlc 670 nm,

or 750nm

5. Choose Save to save the changes to the process program, Cancel to not save the
changes, or Load to load another process program, without saving the current
values. . :

o
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4.1.2 FIRST STRESS MEASUREMENT _
Use the First Stress Measurement mode to measure the stress on wafers before deposition.

To measure the stress on wafers before deposition:

L

Install the wafer locator ring on the hot plate measurement platform and place the
blank wafer, face up, in the ring. For details on using locator rings, see Section 3.11,
*Using Wafer Locator Rings.” Note: Do not replace the hot plate cover for room
temperature measurements. '

Choose Flrst (No Fllm) from the Measure menu. The Flrst Stress Measurement

: g%‘igs’t%%‘iﬁﬁ“ﬁﬁﬁtﬁ

' O‘rientatiun;:‘ .IO

~ Eomment: I
Sl_xbstrate thickness: 730 nm
Process program 168 )
Elastic modulus ~ 1.805  E11Pa

Waler diameter 150 mm . -

HAuto scan S ON

Figure 4-3 First Stress Measurement Dialog Box

- All fields except Elastic Modulus, Wafer Diameter, and Auto Scan can be edited.
The data in these fields is supphed by the selected process program and cannot be
" edited in this dialog box.

NOTE: ' After entermg the filename, path, and ID (steps 4 and 5}, you can

start the measurement by choosing the Measure button. Entering
data in the remaining fields is optional.

#274526 Rev. B 9/95

In the File field, enter the path and filename (eight characters maximum) to save
the data points. (Note: You do not need to specify a file extension; the software
assigns the extension .DAT automatically.) To save the data in a previously existing
file, choose the Files button to display a list of existing filenames. Select the desired
filename. : B

In the ID field, enter an ID (1 6 characters maximum) or select the desired ID from
the drop-down menu.

In the Orientation field, enter the orientation of the wafer and how many degrees
of rotation.
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; 6. In the Comment field, type a comment (12 characters maximum). -
Enter the thickness of the substrate in microns. o

To start the measurement without selecting another process program, choose the
Measure button (Fig. 4-3). To select another process program, select Process
Program from the Edit menu. The software displays a list of available process
programs. SeIect the desired process program and press ENTER.

Viewing a graph

After the measurement is complete the mstrument displays the substrate deflection
and the light intensity graphs, and a graph menu bar. The graph menu options display
only when a graphis active. Figure 4-4 is a sample scan profile showmg the substrate
deflection and the’ graph menu bar.

Graph Menu

Bar
L 5.10
i
g ,5.08
g O . P
h 5.06
t
s5.04 |
i
- s.02 §
3 n Scan Profile
3 t S.00 ’
P=3
- 4.98
n, 3
& 4.96
i
t a.e4 |
b Aa.sz
. L
A2 .4.90
: 10 20 30 40 S0 50 7o
Distance mm

Figure 44 Sample Scan Profile and Graph Menu Bar

#274526 Rev. B 9/95

!
J




4-6 | - Tencor FLX-2320

Figure 4-5 is a sample light intensity graph.

[ 5.15 - 0 T T T 1
1 HE H ' \ H .
1 ¥ * 0 . :
=] H : : H H
n 5.0 [-=m g O N . IS - VY AP S -
H 1 v v ¥ v
T Y e ' & o o Q
) 1 - b : :
. S.05 f----A2d=h-f -t --JF-~ PP T ) AN VX I L N o
o H g b
n. ! K =] & :
t 5.00 |[----0M 1 A= J - b SN | S P, -3b -
T . o HEaS 1 1 1.
a2 - . mf wp | !
& E 5 v
.8 . =k & Yl . ‘ A
s 4.98 |-econ T e B R o R L o e |
I . N |
. 4 i & '
t 4,90 e NS, " S I i S, [ R
v ' ST gk Fmmes
: : VO H H HE H 3 1
' I [ . '
v Cass U ! L—_— - . S :
o 20 Aac 60 80 100 120 1ag -
Distamce mm ;

Figure 4-5 Displaying the Light Infensity
A negative radius, on the Deflection graph lndlcates aconvex surface and a positive radius

mdicates a concave Surface

To save a graph to a data file:
1. Choose Save As from the File menu. The Save As d1alog box dlsplays

File Name: Directories: _
im I - c:\windnws\flexurs.
==
1= windows
£ flexus
Save File as Type: Drives:
|Graph Fites (~.GRP) [=c

Figure 4-6 Saving the Graph Information

2. Enter the name for the graph and choose OK. Note that if you measure the sample
again using the same ID, a second record is created and saved without overwriting
the first record. The most recent record 1s used as the valid record when measuring

’ stress after deposition.
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Usmg the Graph menus =~

Whenever a graph displays and is active, a set of graph menu options displays.

These menu options allow you to change the font of the graphtext; change the shape

- and color of the graph pomts resize and reposition the graph; reorder the curve

. shape; reduce or eliminate noise in the graph; and specify the colors for the graph
attributes.

4.1.3 SINGLE STRESS MEASUREMENT _ -
Use the Smgle Stress Measurement mode to measure stress on wafers after deposition.

To measure the stress after deposmon

1. Install the wafer locator ring on the hot plate measurement platform and place the
wafer, face up, in the ring. For details on using locator rings, see Section 3.11 “Using
Locator Rings.” Note: Do not replace the hot plate- cover for room temperature
measurements. o :

2. Choose Single from the Measure menu. The Single Stress dialog box appears, as
shown in Figure 4-7.

File: . " _ . _ ]

e | | f

'5"‘“" St

Qrientation: |[l _ I 2Ca r.-e”““?

Comment: I |

Film thickness: Il] ] A

Figure 4-7 Single Stress Dialog Box

All the fields displayed in the Single Stress dialog box can be edited; entering
information in the Comment field is optional.

3. Enter the same filename and path as entered in the first stress measurement, in the
File field. If you cannot recall the filename, choose the Files button to display a file
selection dialog box. Choose the desired filename from the list of filenames. Press
TAB to move the cursor to the ID field.

4. Enter the same ID as entered in the first stress measurement. If you cannot recall
the ID, click on the drop-down arrow to display a list of IDs for the selected file.
Choose the desired ID. Press TAB to move the cursor to the Comment field.

5. In the Orientation field, enter the orientation of the wafer and how many degrees
of rotation.

#274526 Rev. B 9/95
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In the Comment field, press TAB to not enter a comment, or type a comment (12
characters maximum) and press TAB. The cursor moves to the Film Thickness field.

In the Film Thickness field, enter the thickness of the film, in Angstroms, and

‘choose Measure: Note: If the film was etched rather than deposited, enter the film

thickness as a negative value (enter a minus sign [~] before the value).

Choose Measure to start the measurement. After the measurement is complete the
instrument displays both the substrate deflection and the hght mten51ty in graphs
similar to Flgures 4-4 and 4- 5 _

The measured radius and stress values are d1splayed on the graphs A negatlve value
indicates compressive stress and a positive value indicates a tensile stress. A
negative radius indicates a convex surface; a positive radius indicates a concave
surface when viewing the wafer from the polished side.

To analyze the data using the Data Editor window or Data Ana1y31s options, see
Sections 5.1, “Working with Data F11es and Chapter 7, “Data Analysis,” for
details. - Ny e

4.1.4 STRESS-TIME MEASUREMENT : :
Use the Stress-Time Measurement mode to measure the stress, overa specified period of
time, on a wafer after deposition. The stress-time measurement reveals: kinetics such as
water absorption in oxides, densification, phase transformations, and stress relaxation.
Note that the total mlmber of records in a data file is 11m1ted to 1000.

To measure the film stress on a deposited wafer using the Stress-Time mode:

1.

#274526 Rev. B 9/95

Install the wafer locator ring on the hot plate measurement platform and place the
watfer, face up, in the ring. For details on using locator rings, see Section 3.11 “Using
Locator Rings.” Note: Do not replace the hot plate cover for room temperature
measurements. '
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2... Choose Time from the Measure menu. The Stress-Time dialog box appears, as
- shown in Figure 4-8. All the fields displayed in the Stress-Time dialog box can be
edited; entering information_ in the Comment__ﬁ_e_l_d 1s optional.

Comment:

Film thickness: A _
Intetval: -mm Etec Lo
Total time: -l’ll Iﬁ:lm

Figure 4-8 Stress-Time Dialog Box

3.  Enter the same filename and path as entered in the First Measurement mode, in the
File field. If you cannot recall the filename, choose the Files button to display a
file selection dialog box. Choose the desired ﬁlename from the list of filenames.
" Press TAB to move the cursor to the ID field. . }

4. Enter the same ID as entered in the first stress measurement. If you cannot recall
the ID, press the drop-down arrow to display a list of IDs for the selected file.
Choose the desired ID. Press TAB to move the cursor to the Comment field.

5. In the Orientation ﬁeld enter the onentatlon of the wafer and how many degrees
of rotation.

6.. Inthe Comment field, press TAB 1f you do not want to type a comment, or type a
.-comment (12 characters maxunum) then press TAB. The cursor moves to the Film
Thickness field. - » :

7. Inthe Film Thickness field, enter the thickness of the film, in Angstroms. Note: If
- the film was etched rather than deposited, enter the ﬁlm thlckness as a negative
value (enter a minus sign [~ ] before the value).- T

o 8 In the Interval field, enter the time interval the wafer will be measured in mimutes
 and seconds. Press TAB to move the cursor to the Total Time field.

9. Enter the total time, in minutes and hours, for which the wafer will stay in the
measurement chamber and be measured. Press ENTER or choose Measure to start
the measurements. The instrument measures the stress on the wafer at the specified
time intervals for the total time specified. Note: A maximum of 1000 measurements
are allowed per data file.

b
j
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A stress-time graph similar to the following displays as the measurements are being
taken showing various time values, and after the measurements are complete. -

Stabily

angeq

178

Time  hrs

Figure 4-9 Sampte Stress-Time Grap_h_

| -1'0, Close the graph wmdows Repeat steps 1 through 8to take another set of measure-
ments. To exit the Stress-Time measurement option, double-click on the Control-
menu box.

" To display and a.na.lyze the saved data, use the mstructions in Section 5.1, “Working
with Data Files,” and Chapter 7, “Data Analysis.” :

415 STRESS-TEMPERATURE MEASUREMENT .
Use the Stress-Temperature Measurement mode to measure the stress as a function of
*temperature on a wafer after deposition. The instrument uses temperature cycling to reveal
stress changes. Temperature cycling causes stress changes due to thermal expansion,
mismatch, volume changes and plastic deformations. 4

To measure the stress ona deposited wafer using the Stress-Temperature mode:

1. Install the watfer locator ring on the hot plate measurement platform and place the

watfer, face up, in the ring. For details on using locator rings, see Section 3.11 “Using

' 'Locator Rings.” Note: Do not replace the hot plate cover for room temperature

measurements. Replace the hot plate cover and tlghten the thumbscrews Close the
1instrument door : : : g

- #274526 Rev. B 9/95
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2. Choose Temperature from the Measure menu. The Stress-Temperature dialog box

7.

appears, as shown in Figure 4-10.

60 0 1
. 09 0 OFF |OFF g
Otientation:. - oo 0 OFF |OFF éﬁ?
8o 0 OFF [OFF |7}
Eomment: oo g OFF  |OFF :55*
__joo 8 OFF |OFF |{

Film thicknexs; o0 2 oFF TorF :

00 a OFF [oFF

oo [} OFF . |OFF  JI&

00 0 OFF__JOFF |l
o0 0 OFF |OFF {5

Figure 4-10 Sti'ess-Temperature Dialog Box

All the fields displayed in the Stress-Temperature dialog box can be edited; entering
information in the Comment field is optional. .

Enter the path and filename (the software assigns the extension.DAT automatically)
in the File field, to save the data points. To save the data in a previously existing
file, choose the Data Files button, a file selection dialog box displays. Choose the
desired filename from the list. The cursor moves to the ID field.

In the ID field, enter an ID (eight characters maximum) and press TAB. The cursor

. moves to the Comment ﬁeid

In the Orientatlon field, enter the orientation of the wafer and how many degrees

oof rotation. -

In the Comment ﬁeld press TAB to not enter a comment, or type a comment (12

characters maxmlum) and press TAB. The cursor moves to the Film Thickness field.

In the Fllm Thickness field, enter the film thickness in Angstoms and press TAB.

Recipes

A recipe contains data that the:ﬁhstru_ment uses to automatically take a temperature
measurement. The information in‘a recipe determines the settings of a Stress-Temperature
measurement, the target temperature, the number of readings during a temperature ramp,
and time and famp rate. To run a Stress-Temperature measurement, a recipe must exist.
In the Stress-Temperature mode, you can use an existing recipe or create a new recipe.

#274526 Rev. B 9/95

L ,/

i




. -

4-12

" Tencor FLX-2320

To perform a temperature measurement using an existing récipe" '

1.

4.

To use an existing recipe, choose the Open Rempe button in the Stress Temperature
dialog box (Fig. 4-10). - :

~ A dialog box displays with a list of existing recipe files. o

Fite Name: . Divectories:
@ - ! c\windowstflexus
jahe.rcp : ﬁ Sel i
jarel.rcp | : . 1 [=>windows
S B flexus |

List Fites of Type: ' Drives;

[Recipe Files (*RCP) @ E 2

Figure 4-11 File List of Recipes’ -

Choose the desired recipe file and choose OK The Stress Temperature dialog box
redisplays with the selected recipe.

" Choose the Measure button (Fig. 4- 10) to perform the temperature measurement -

with the selected rec1pe

To create a new reclpe.

1.

2.

3.

Display.the Stress-Temperature Measurement dialog. box.

Orientation:

Comment;

Film thickness:

Figure 4-12 Creating a Recipe

Select a line for entering the heating and cooling cycles in the Recipe menu area.

Enter the desired target temperature, time, and number of readings. After entering
avalueineach field, press TAB to move to the next field. Note: You can skip entering

#274526. Rev. B 9/85
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the time and enter the Ramp value only. The software will automatically calculate
the Time usmg the Ramp Value

4. To automatically calculate and display the Ramp value, in degrees Celsius per
minute, select the time option as the priority after entering a value in the Readings
field. If values are entered in both the Time and Ramp ﬁelds the value in the Time
field takes precedence.

NOTE: In some cases the stage cooling could be smaller than the requested
ramp (especially at low temperatures). To get around this, set up
two recipe lines with the same temperature, :

5. Selectthe hext-recipe line and enter values. You can enter a maximum of 150 recipe
lines and the total number of readings should not exceed 1000.

6. Choose the Save Rec1pe button (Fig. 4-12). The Save As dlalog box displays.

‘File Name: o - Directories; -
l c:Awindows\flexusijane2.rcp clwindows\lexus
. o N =r=Y

andnws

B flexus

. ('-‘\\3
Save File as Type: " Drives: _
1 [Recipe Fites -.RCP} [Be [

Figure 4-13 Saving a Recipe

7.  Enter the desired filename for the newly created recipe. Choose OK.

After saving the recipe, you can perform a Stress-Temperature measurement. -

To perform a temperature measurement using the newly created recipe:

1. Once the recipe is created, choose the Measure button to perform the temperature
measurement with the selected recipe.

As the measurements are doﬁe and data is collected, a Stress-Temperature graph is
displayed on the monitor. Figure 4-14 is a sample Stress-Temperature graph.

#274526 Rev. B 9/95
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AVANBOWSIELEXUSIAL.GRE:

2% SHIcor

C =1
Meoaozurcment complete

072 wodsep

o - +o0. =2co 300 <00 | saa ]
) TempPpesraotaur e -

Figure 4-14- Samplei- Stress-Temperature Graph

2. Close the graph windows. Afier the measurements are compléte' you can display
and analyze the saved data using the instructions m Sectlon 5. 1 “Workmg with
Data Files,” a.nd Chapter 7, “Data Analysis.” » o SRR

WARNING: The stage heats up to 500° C while operating. DO NOT open the
furnace or attempt to remove the wafer until the stage has cooled.

3. To remove the wafer, wait until the heater has cooled. Then, remove the heater
cover and remove the wafer. To measure stress on another wafer using the Stress-
Temperature mode, place the new wafer, on the heater and repeat the previous steps
in Section 4.1.5, “Stress-Temperature Measurement.”

#274526 Rev. B 9/95 .-
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5 MANAGING ‘-DATA FILES

ThlS chapter descnbes how to . R
- s Manage ﬁles usmg the delete copy, and rename functlons - -
. Dlsplaydataﬁles R R
. Copy, save, delete a.nd rename data records
’ Export merge and pnnt data files
+ Edit data records j'_ '

The procedures in ﬂ'llS chapter assume a knowledge of instrument controls and basic
operations such as starting and shutting down the instrument. These operations are
described in Chapter 3, “Basm Skills.” If you have not already done so, read Chapter 3
before proceedmg : o o

5.1 WORK!NG WITH DATA FILES

Once measurements have been taken you can dlsplay the saved data ﬁle (extensmn .DAT)
to alter, delete, or merge records, and plot graphs or trends. The procedures in this section
descnbe how to dlsplay and work w1th data ﬁles

5
A
5.2 USING FILE MENU OPTIONS IN THE EDITOR WINDOW
You can load, rename, saye, merge, and print a data ﬁle .
5.2.1 DISPLAYING ADDITIONAL DATA FILES
" To display another file: -
1 To dlsplay another file, choose Load frorn the File menu.
A
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02703795 -655.040
[g2t03195 " | -653.696
02/03/95 -918.669
02/03{95 - |-887.178

02703/35 -585.993
02{03795 ' -918.703
02{03795 -653.636
02/09/95 1.876E03 -
0213/95 -654.545

Figure 51 Loading Additional Data Files =
2. Enter the filename and pfess ENTER. The file is loaded into the Data Editor window.

522 SAVING DATAFILES B o
You can save a data file under its current name or a different name.
To save a data file: _ - : . )
1. Display a data file. See Section 5.1, “Working With Data Files,” for details.
2. [Edit the data file as desired. See Section 5.3.1, “Editing Records,” for details.
3. 7o save the data file with rhe current name, choose Save from the File menu.
4

To save the data file with a new name, choose Save As. A dialog box displays
prompting you to enter a filename. Enter the new filename and press ENTER to save
the data file under the new filename.
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5.2.3 RENAMING A FILE -
Use the procedures in this section to rename files in the Data Edltor window.

" To rename a file:

1.

2.

(W3]

In the Data Editor Wmdow open the file to be renamed

Choose Save As from the File menu. The Save As dlalog box displays:

File ﬂarne: . . © Diectories:

I = | cwindowstflexus -

e
[ windows
B flexus

Save File as Type:
{Data Files [.DAT} [ e

Figure 5-2 Save As Dialog Box

Enter a new ﬁlename and press ENTER. To change the directory, enter the path and
dlrectory name (end with a backslash [\]) and press ENTER

5.2.4 MERGING DATA FILES
Note: Data ﬁles can have up to a maximum of 1000 records

To merge two data files:

1

(WS

'Dlsplay the data file into which you want to merge data from another file. See

Section 3.1, “Working with Data Files,” for details. .
Move the cursor to the record after Wthh the records are to be added

Choose Merge from the File menu and press ENTER. The software prompts you to
enter a filename. Enter the filename and press ENTER. The file is loaded into the
file displayed in the Data Editor window at the point of the cursor.

5.2.5 PRINTING DATAFILES
The printer must be connected to the FLX-2320 and be online to print data files. Note: To
- print blocks of records, see Section 5.3.1, “Editing Records,” for more details.

To print a data file:

i.
2.

Display a data file. See Section 5.1, “Working With Data Files,” for details.

Choose Print from the File menu and press ENTER.

#274526 Rev. B 9/95 -
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5.2.6 PRINTING RECORDS

To print records:

1. Select the block of records usmg the mstruc‘uons in SE:CUOII 5 3 2 “Selectmg
Records.” ' :

2. Choose Print from the -File'menu. The Print dialog box displays:

Printer: Default Printer [HP LaserJet JBIMSI

MX on tennet/pubdsi [LPT2:])

[ Print Range

O >elechon
O Pages

From: I‘l I | o o
Print Quality: lHigh Qopié;: D

' l:l Collate Eobies

Figure 5-3  Print Dialog Box
3. Choose OK to send the print job to the de._sigr_xated prmter : _

5.2.7 CLOSING ADATAFILE : - _
Close a data file by choosmg Close from the Flle menu. The actlve open wmdow closes.

5.3 EDIT MENU OPTIONS

. Use the edit menu options to select and unselect blocks of ﬁles move, copy, delete,
: recalculate stress and create no ﬁhn records '

| To display a data ﬁle'
1.  From the Editor menu, choose Edit.

#274526 Rev. B 9/95



§-5 -

Managing Data Files

.‘Wﬂu‘.

_Qirectones
c\windows\flexus
= e

[ windows
flexus

1.dat
2.dat
3.dat

4 dat
janl_dat
janel_dat
jane2. dat
test.dat

List Files of Type: . - ~ Diives:
[pata Files (=DAT) [Ec

Figure 5-4 Entermg a Data Fllename

2. From the Edit menu, choose Data Files. A dialog box dlsplays prompting for the
' desired ﬁlename

3. Choose OK to accept the default data filename, or enter the des1red filename and
choose OK. To change the directory name, enter the path and directory name {end
with a backslash [\]) and press ENTER. A list of available files for the specified
pathname is displayed. Select the desired filename and press ENTER. The data file,
similar to the following example, is displayed in the Data Editor window.

' 112503;95

-655.040

(2/03/95

-653.696

0203795

-918.669

02403785

5§7.178

02103795

-585.993

12103795

-918.703

" lo2ma3ges

653.696

62{0935

1.876E03

02113795

-hh4.545

Figure 5-5 Data File Displayed in the Data Editor Window

The name of the data file is displayed below the menu bar.

#274526 Rev. B 9/95
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- Moving within the Data Editor Win&ow

The data file displays only 7 fields horizontally; to display additional information
for the measurement, use any of the followmg key combinations to move within the
Data Editor window. :

CTRL+PAGE UP _ Returns to the first record .
CTRL+PAGE DOWN Goes to the iast fecord |
TAB _ : Goes to the next field. -
SHIET+TAB - - Goes to the prevmus ﬁeld
PAGE DOWN : | Displays the next page
PAGE UP ' - | | D'isplays thé lést pége
B SHIFT+END - ~ Goes to the end of a record __
| SHIFT+HOME B _ _— Goes to the beginning of a record
COF ) Makblodksant
¥ Markblockend
F9 ' :3. . ::..Unma_rkBlock_. |

5.3.1 EDITING RECORDS
You can edit the ID, Comment, Substrate Thickness, Film Thmkness and Elastic Modulus
fields for each record -and recalculate the stress using a different elastic modulus, substrate
thickness, or film thickness or a combination of all three. Edit records in the data file by
usmg the opt:lons under the Edit menu (F 1g 5-6). S

#274526 Rev.B9/95
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B . =

9105-'94 0

09;88/84 D 2.331E03
_ srﬂsssa 0 2331Ena

A B

nsmm o 1375503 N/A N/A ﬁ

—{09/09794 - j0 - [1.027ER3 | NjA NA §

09709794 [0 - J2.rs3€03 NA (N[

0909194 [0 2.814E03 N/A NA B

148/09/94 0 1.027E83 NIA NA [

09/89194 [0 1.B88E03 NiA N

q 0941984 |0 [1.138E03 NyA Nis |

i 89/09/94 NiA I NA T
) g SRR st T [

Figure 5-6  Edit Meﬁu’_?

To edit the records in a data file:

» Display a data ﬁle (Flg 5 5) See Sectmn 5 1, “Working With Data Files,”
for details.

5.3.2 SELECTING RECORDS
« With the trackball button pressed down, pull the cursor arrow down the
- window. Notice that as you are pulling the cursor down, the records are
highlighted. Pull the cursor arrow to the desired position. All selected records
are h1gh11ghted The arrow must be in the record number column

To select and unselect a block of data- -

. In the Data Editor window (Flg 5- 5) ‘select the ﬁrst record to be edited,
press F7 or Mark Block Start from the Edit menu. Move the cursor to the
last record to be selected, press F8 to end the block selection. The marked
block is hlghllghted You can move, copy, or delete. the selected block of
data.

+ To unselect a block of data press F9 or choose Unmark Block from the Edit
menu.

5.3.3 MOVI'NG”RECORDS"

To move records m a data file:

1. Select a block of records using the mstmctlons in Section 5.3.2, “Selecting
Records.”

2. Choose Move from the Edit menu.
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3. Move the cursor to the record before which you wish to insert the block, and double-
click. The selected mformatlon is moved to that point.

534 COPYING FILES
Use the procedures i in ﬂ'llS sectlon to copy a ﬁle to a new ﬁlenarne or overwnte an existing

file.

To copy a file: o e T
1. Choose Data Files from the Echt menu You are prompted for the name of the data
file. Enter the desued ﬁlename The Data Editor, wmdow dlsplayS' s

BEREe Mwmmawmmamwmm%w = e
/ i J €M ;7 BT B
s e srcramen R |
02703195 - [20 -555.040
[02/03/95 |20 - | -653.696-
j02;03r85 |26 -318.664
|p2t0395 {20 -587.178
|82j03¢95. {20 - | 585993
{o2j03795 |20 -918.703
02703595 (28 -553.696
Jo2mas |20 1.876E83
02/13/95 |26 -654.545
T . %
T R e e L o

Figiire 5-7 Data Editor Window

2. Select. the desired records. Choose Copy from the Edit menu:
mammﬂw[; T _

i

X
-1 -918.669

20 587.178

20 -585.993

20 -918.703

20 -653.696

28 1.876E03

20 -554.545 ¢
A8 . i3
DR LN s el

Figure 5-8 - Edit Menu
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" ‘ 3. Place the cursor where you want to copy the information.’ Double—chck on the
L trackball at that spot. The selected information is copied.

5.3.5 DELETING RECORDS
Use the procedures in this section to delete records frorn the Data Editor mndow

To delete a group of records within a file:
1. Use [T] [{] to select the records you want to delete:

= 2. Choose Delete from the Edit menu. The selected records are deleted.:

'5.3.6 RECAL’CULATING' STRESS'
Teo recalculate séress valueS‘

1. Change the film or substrate thickness, or elastic modulus in the ﬁrst record of the
block. See Section 5.3.1, “Editing Records,” for details on editing records.

2. Select the block of records, starting at the edited record using the instructions found
m Section 5.3.2, “Selecting Records,” for details on select:mg records.

" 3. Choose Recalculate Stress from the Edit menu.

ke

- DMMent: o S Temp i Hatits: B
i % .i. %z i v!(“: ¥ 4 : .. . o
S B[
UZIE3I95 ZI] -§55:§49 _
~ [02/3s5 |20 |-818.669
02403495 |20 587178
- 02/03195 |20 ~585.993
[02ra3p95 |20 [ -918.703
lezpu3i95 |26 | 653.696
jozr0e9s {20 [1.876E03
6271395 |20 | 654.545
K e e e e e et 0 7]
Figure 5-9 Recalculating:Stress
Stress values for the desired records in the selected block are automatically
calculated.
)
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5.3.7 CREATING A NO FILM RECORD
Use this menu option to create a film with no records::

To create a no film record in a data file: ...

- Choose Create No Film Rec from the Edit menu.I The Data Editor window updates the
selected files with N/A in the Film Thick column.

5.4 EXPORTING DATAFILES =

Data files are exported as ASCII files with the extension. TXT. If you choose to save the
ASCII data in rows only, the record fields of the data file appear as 14 consecutive rows
as displayed in Figure 5-9. ASCII files can be read and manipulated in other data handling
software such as Lotus 1-2-3.

To export a data file:
L Dlsplay a data ﬁle See Sectlon 5. 1 “Workmg With Data Files,” for details.
2. Choose ASCII-Lotus from the Export menu in the Data Editor window.

3. " The system prompts you to enter a filename for the ASCII data: Enter a filename
and press ENTER. (Note: The__-_ext_ension, TXT, ._i:s. __a_uton_lati_cally added to the
ﬁlename) '

4. Close the wmdow You can recali the saved ASCII-format ﬁles in programs that
mampulate data suchas Lotus 1 2- 3 P L :

5.5 GRAPH MENU OPTION

Use this menu optlon to create edlt and dlsplay data and to plot graphs and trends. Refer
to Chapter 6, “Creatmg and Dlsplaymg GTaphs ” for 1nformat10n on. usmg thlS option.
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y ) 6 CREATING AND DISPLAYING GRAPHS

This chapter describes the operation-of the instrument. It describes how to create, edit, and
display data and plot graphs and trends.

.The procedures in this chapter assume a knowledge of instrument controls and basic
operations such as starting and shutting down the instrument. These operations are
‘described in Chapter 3, “Basm SklllS ” If you have not already done so, read Chapter 3
'before proceedmg

6.1 CREATING GRAPHS

Use this option to' create graphs from the raw data files. You have the option of creating
a graph from the entu‘e d_a,ta_ﬁl_e or from _a_selected block.
To create a graph |
1. D1sp1ay a data ﬁle in the Data Editor window.
2. “Choose Create from the Graph menu. The Create Graph dialog box displays:

':Eraphzlahel: I A R |

)
%\q . . .X axis: |Temperatule ] .
. . Y axis: IStress | .

‘@ Imtlal stress: I o | {® Modulus copection

{ Autoscale azis

Figure 6-1 Creaté Graph Dialog Box

Ea
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3.

Enter values for the fields using the followmg 11st After each entry or selectlon g
press TAB to move to the next field.

Field

Graph Label

~* Initial Stress .

Modulus Correction

- Autoscale Ams

X From:

Y From:

X To:

Y To:

X Step:

Y Step:
Create Graph

#274526 Rev. B 9/95 " -
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: Descnptlon &

The label to be dlsplayed above the graph You can

- enter any combination of characters and numbers.

The X-ams of the- graph Ch01ces avauiable from the
drop-down list are Time, Stress, Bow, Record Num-
ber, Temperature, and Light Intensity. If you select
Time or Stress, an additional field is displayed next
to the field to allow you to enter Initial Time or Stress
respectively. - R

* The Y-axis of the graph Choices avaulable from the

drop-down list are Stress, Bow, Record Number, -
Temperature, and Light Intensity. If you select Time
- or Stress, an additional field is displayed next to the
field to allow you to enter Initial Time or Stress

respectwely

Imt1a1 tIme or 1n1t1al stress. Imtlal time is entered in

hours and minutes, and initial stress in MPa or dynes/
2 _

To apply the modulus correction to the data, choose
the Modulus Correction button. The dot in the center
of the circle indicates that this option is activated; to
not apply the Modulus Correction, choose the Mod-
ulus Correction button until the circle in the center

of the button disappears. For details on this feature

- refer to the Film Stress Applications Note #2, “Ef-

fects of Temperature on Biaxial Elastic Modutus.”

Choose the Autoscale Ax13 button to activate. Once

: Autoscale axis 1s selected addltlonai options dis-

play

Startmg X value.
' Starting Y value.

Ending X value.
Ending Y value.
Distance between grid markings on the X-axis.
Distance between grid markings on the Y-axis.

Creates a graph.
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" Cancdl ~ Cancels the apphcatlon

4. Choose the Create Graph button the graph for the selected ﬁle is displayed (Fig.
6.

5. To display a graph of only some records select the bIock of records using the
following procedures. - :

~» In the Data Editor window, move the cursor to the record that begins the
block to be selected. :

* Drag the cursor to the end of the block. The record numbers in the block
~ are highlighted, md1cat1ng the records are selected To deselect the block,
double- chck anywhere in-the window.

- Choose Create Graph from the Create Graph chalog box (Fig. 6-1). Figure
© 6-2 is a'sample graph of a selected file.

- Stabpiity:

PMesmsuaraenient complete

hndan(

uTg

Figure 6-2 Sample Graph

6. To save the graph, choose Save As or Save from the Graph menu.

6.1.1 USING THE ZOOM FEATURE
You can use the zoom feature to magnify a portion of the graph.

To zoom in a portion of a graph:
Move the cursor into the graph area.

2. Double click on the trackball button. The cursor changes to a movable rectangle
shape.

3. Move the trackball to place the rectangle over the area you want to magnify.
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4. Click to magnify the portion of the graph enclosed by the rectangle.

5. Ifyoumakea mlstake choose Restore from the File menu to return to the normal
resolution. - : Lo

Graph Options
You have the following optlons in the Graph menu: |
* Use the File menu to load, save, rename, and merge graph files.
+ Use the Font menu to set font styles for graph text.

~+ Use the Pomts menu to change the color and shape of graph points and to
‘connect points.

. Use the Axis Scale menu to re31ze the graph

- Use the Curve Fitting menu to ﬁt a hnc or polynomlal up to an order 3 to
the data.

~ « Use the Smooﬂnng menu to ‘reduce or eliminate noise.
» Use the Color menu to specify colors for the different graph attributes.

« Double-click on the Control-menu box to close the Graph window and return
to the Graph menu. To redisplay a graph for the same file but with different
’graph options, repeat steps 1, 2 and 3. :

To exit-the Graph Retneval optlon double—chck on the Control—menu box to return
totheMammenu" S , R

6.2 CREATING A TREND PLOT

Use this option to plot trends from the raw data ﬁles You have the option of generating
a trend plot from the entire data file or from a selected block.

To generate a trend plot:
1. Display a data file in the Data Editor WIIIdOW
+ Choose Trend Plot from the Graph menu in the Data Editor window.
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* A Trend Plot dialog box diSpIays (Fig. 6-3).
. \;3%5?;%” -«%ﬁf ; :7{-« po Ahﬁaiﬁlﬂqfﬁi e

Graph label: I

Y axis: Stress ' <>

X axis:

OiCalculate STD deviation: Upper SL: [4.00E+07 | MPa

S _Z. - ' Lower SL: |-4 DOE+D7- MPa -
‘O.Autoss:a_le.;.__ :

‘Figure 6-3 Trend Plot Dialog Box

* Enter values for the fields using fhe':folléwri'hg list. After each entry or se-
l_ectio_n, press TAB to move to the next ﬁcl_d. N

Field Description
Graph Label ' Thelabeltobe displayed at the top of the trend plot.
T - You can enter any combination of characters and
numbers. cen
X 7 TheX-axis of the graph. Choices available are
‘ y . Record Number, Date, and Days.
Y " The Y-axis of the graph. The X-axis is set to Stress
... . (MPaordynes/em’) and cannot be changed.
Autoscale o Choose Autoscale to activate this feature.
Autoscale X 'Y autoscales the X-axis; unselecting Autoscale dis-
o i ables the feature. |
Autoscale Y | Y autoscales the Y-axis; unselecting Autoscale dis-
ables this feature.
- UpperSL ... The Upper Specification Limit in MP& or dynes/cm’.
" Lower SL ' The Lower Specification Limit in MPa or dynes/cm?.
Calculate STD " Ycalculatesthe étanda_ird deviation (the specification
- # deviation ~ limits will not be displayed); N disables the feature

(the specification limits will be displayed).
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2.

Choose Trend Plot from the Trend Plot dialog box (Fig. 6-3). A trend plot displays.
Figure 6-4 1s a sample plot without standard deviation being calculated.

id 1 . File: SIAB.dat =
Average=@. 558 HPa o = @.217 MPa
Cpk = 8.633, Cp =8.763

SMTE  BUMEHD
®
®
=]
1
!

!
i
|
l
|

-a.2
a 56 i8e - 158 . . Ze8 259 388 . 358 4800

RECORTDE number

.. Figure 64 Sample Trend Plot .
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To display a trend plot of onljf selected records, select a blbck of records using the
following procedures:

~*» Drag the cursor to the end of the block.

'+ The. selected block is highlighted. To unselect the block double-click any-
where in the window. '

-+ Choose Trend Plot from the Trend Plot dialog box (Fig. 6-3).

If the option to calculate the standard deviation was not selected in the Trend Plot.
~ dialog box (Fig. 6-3), then the average, o, and the Process Capability Index (Cpk

and Cp) values are displayed. The USL and LSL values are displayed on the right
side of the plot and all other values are displayed at the top of the plot

i Cpk is defined as the lower of Cpl and Cpu where

(Average — LSL) Cpu _ (USL — Average)
3o . 3¢
and,

If the option to calculate the standard deviation was selected in the Graph window,
then ¢ and the average are displayed above the trend plot. Also, note that in the plot

. pomts within +¢ limits are plotted as squares,

- .+ points within the +3c limit but outside the +c limits are plotted as circles, and

e “points outside the +3c limits are marked with an X.

Th
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Cp = {Cpu+ Cpl) .

+ points outside the i3c limits are mérk_ed with an X,

4, Todisplay a table of the points outside the spécnﬁcatlon limits, choose Out Of Limits
from the Trend Plot dialog box (Flg 6 3) A table .of the outlymg points displays

(Fig. 6-5).

o b e
Hetiild = s e hnimer
s e e *Eas%%%@@w

I 02/03/95 | .70.4 :

4 02j03/95 | -28.0
o 02/03{35 | 28.5
B . “[02s03195 | 282

Figure 6-6 - Table of Points Outside the Limits

5. Close the @aph window. You have the following optioﬁs: a "

« You can generate another trend plot with different settings for the same data
file by repeatmg steps 5 through 8 of this procedure or

~* You can ‘generate a trend plot for another data file by closing the Graph
window and redisplaying ‘the. Data Editor window.
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6.3 DISPLAYING GRAPHS

Use the Graph Retrieval option in the Analysis menu to recall graphs, display linear
regressions, thermal stress graphs, graph subtractions, and diffusion coefficient calcula-
t10ns

To display a graph:
I. Choose Graph Retneval from the Analysis: menu. .

Figure 6-6 AnélySis Menu :

A dlalog box drsplays promptmg for the graph filename.

File Name: . Directornes:
Im chwindowsiflexus
1.arp cA
éﬂzglp windows
 aip ndows
3.0 B flewss
4 grp
h.aip
b.gep
? g[p s .
List Flles of Yype: . . - Drives:

|Graph Files ".GRP] & ]c:

H g;"g

Figure 6-7 Specifying the Graph File
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2.  Enter the name of the file and press ENTER, or choose OK. To change the directory,

enter the path and directory name (end with a backslash [\]) and press ENTER. The
selected graph d1SpIays

Stabity

AMAemsurement complete

Banamp

uyg

Figure 6-8 Sample Graph -

Graph Options
You have the following options in the Graph menu:
* Use the File menu to load, save, rename, and merge. graph files.
* Use the Font menu to set font styles for graph text..

» Use the Points menu to change the color and shape of graph pomts and to
connect points. - - - - . o .

.+ Use the Axis Scale menu t to resize the graph.

+ Use the Curve Fittmg menu to ﬁt a line or polynomlal up to an order 3 to
the data. : _

+ Use the Smoothing menu to reduce or eliminate noise.

+ Use the Color menu to spemfy colors for the dlfferent graph attrlbutes

6 4 USING THE FILE MENU IN THE GRAPH WINDOW

When in a graph window, you can modify a graph using the File, F ont, Points, Axis Scale,
Curve Fitting, Smoothing, or Color menu items.

Use the File menu items in the graph window to load save, rename, and merge graph files.
To load another graph | |

1 Choose Load from the File menu.
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2. Enter the desired filename and press ENTER The graph is Ioaded and displayed in
the Data Editor window. s .

6.4.1  RENAMING A FILE -
~ Refer to Section 5.2.3, “Renammg a F11e ? for detalls on renaming a file.

6.4.2 MERGING GRAPHS
Refer to Section 5.2.4, “Merging Data Files,” for details on how to merge graphs

nto the Data Editor wmdow

6.4.3 PRINTING A GRAPH _ :
Refer to Sectlon 5.2 5; “Prmtmg Data Flles,” for detal_is on how to pnnt graph files.

6.4.4 DELETING GRAPHS

To delete a graph: . _
1. Choose Delete from the File menu. A dialog box displays.
2. Enter the filename of the graph that you wish to delete. ~ -
3. Press OK.

6.4.5 CLOSING A GRAPH WINDOW

To close a graph window:

Choose Close from the File menu. The active graph WlndOW closes

6.5 USING THE FONT MENU IN THE GRAPH WINDOW
Use the Font menu to modify the font, font style, and color of the text used in a graph.
651 SETTING A GRAPH HEADER STYLE -
Use the Graph Header Style sub menus to set the font, font style, color and font size
of the graph header

F

To set a font

1. Choose Font/Set/Graph Header/Styie from the font cascadmg menus. A fontdialog .
- box displays. . '

2. The sample area of the dlalog box dlsplays the seleoted font settings. Choose the
desued font from the dialog box. .

3. Press OK. The text font for the graph header is changed
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i To set a font style:
- 1.. -Choose Font/Set/Graph Header/Style from the font cascadmg IBenus.
2. Choose the desired font style from the dialog box. :
3. Press OK. R PE R LTI I . X
To underlme text in the graph header
1. Choose Font/ Set/Graph HeaderfUnderlme from the font cascadlng menus. A check
displays next to the menu item mdlcatmg that itis selected Choose Underlme again
to unselect tlus 1tem
To change the color of the graph header
1. Choose Font/Set/ Graph Header/Color from the font cascading menus. A color
dialog box displays. :
2. Modify the dialog box to the desired setting. Press OK.
6.5.2 SETTING THE AXIS HEADER STYLE
Use the Axis Header Style submenus to modify the font, font style, and color of the
axis header text used in a graph. Refer to Section 6.5.1, “Settmg a Graph Header
Style,” for instructions on doing this.
\}“:‘
%ﬁ 6.5.3 SETTING THE AXIS LABEL _
Use the Axis Label submenus to mod1fy the font style and color for the axis label
used in a graph. Refer to Section 6.5.1; “Settlng a Graph Header Style,” for
instructions on doing this. -
6.5.4 SETTING THE SUBTITLE -
Use the Subtitle submenus to modify the font style, and color for-the sub title text
.used-in a graph. Refer to Section 6.5.1, “Setting a Graph Header Style,” for
instructions on doing this.
6.5.5 SETTING THE POINTS oy a
Use the Points submenus to ‘modify the font, h1gh11ght and font style of points used
in a graph. Refer to Sectlon 6.5.1, “Setting a Graph Header Style ” for instructions
- on doing this. .
6.5.6 SAVING THE GRAPH FILE '
Use Save menu to save the graph file with the defined settings.
Choose Save from the Font menu. The graph is saved to the default filename.
)
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6.6 CHANGING AND SETTING POINTS

Use the Points menu to change the shape and color of the points displayed on a graph as
well as connecting specified points.

6.6.1 SETTING THE COLOR OF POINTS
Use the Color menu to change the color of the points in a graph. Refer to Section
6.5.1, “Setting a Graph Header Style,” for instructions on doing this.

6.6.2 SETTING THE SHAPE OF POINTS ON A GRAPH
Use the Shape menu to change the shape of the points displayed on a graph You
can change the shape of displayed points to any of the following:

. Rectangle
+ Circle
. Trianglé..'
+ Star
Dot
. Cioss:

To change the shape of a point:
1. _Choose Shape from the Points menu. A cascadmg menu dlsplays '
| 2.-.. | Choose the desired shape from the cascadmg menu..

3. Position the cross-hair cursor on a point in the graph. The shape of each of the points
on that line changes to the selected shape

6.6.3 - CONNECTING AND DISCONNECTING LINES ON A GRAPH
' ~Use the Connect menu to connect and disconnect lines on a graph from point to point.

To connect points:

Choose Connect from the Points menu. All points on the g:raph are connected..

| To dlsconnect pomts : é

Choose Disconnect from the Pomts menu. All points on the graph are dJsconnected

6.7 USING THE AXIS SCALE S
Use the Axis Scale menu to move the X-Y axis scale of a graph

To position the axis scale to the top left:

1. Choose Top Left from the Axis Scale menu. A cross-hair cursor displays.
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2. Position the cursor over the desired point in the top left area of the graph and click.
The graph redlsplays at the new position in the Graph window.

To posmon the axis scale to the bottom right: :
1. Choose Bottom Right from the Axis Scale menu. A cross-hair cursor displays.

2. Move the cursor over the desired"point in the bottom righf area of the graph and
click. The graph redisplays at the new position in the Graph window.

6.8 CURVE FITTING
Use the Curve Fitting menu to adjust the curve fitting to either a linear, order 2 or order 3.
To do a linear curve fitting:
1. Choose Linear from the Curve Fitting menu.

2. Click on the desired start and end points. A hnear curve d1splays for the selected
points. : . S L

To do an order 2 curve fitting:

1. Choose order 2 from the Curve Fitting menu.

2. Click on the desired start and end pomts An order 2 curve ﬁttmg chsplays for the
selected points. : : :

. To do an order 3 curve fitting:
1. Choose order 3 from the Curve Fitting menu.

2. Click on the desired start and end pomts An order 3 curve fitting displays for the
selected points.

6.9 SMOOTHING | o
Use the Smoothing menu to reduce the amount of noise found in a graph. Smoothing can
be performed for three, five, seven or nine points.

3-point smoothing

* Choose 3 point from the Smoothmg menu. The graph redisplays with smoothing for
every three points. -

5-point smoothing

+ Choose 5 point from the Smoothing menu. The graph redisplays with smoothing for
every five points.

7-point smoothing

* Choose 7 point from the Smoothing menu. The graph redlsplays with smoothing for
every seven points.

*
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9-point smoothing'

+ Choose 9 point from the Smoothmg mentl. The graph redlsplays W1th smoothmg for
every nine points. .

6.10 SETTING THE COLORS OF A GRAPH

Use the Color menu to set or change the color of the background axis frame grid, or plot
area of the graph.

To change the background color:
1.. Choose Background from the Color menu.

2. The color dialog box displays. Select the desired color and click OK. The graph
redisplays with the selected background color .

To change the axis frame color: ..
1. Choose Axis Frame from the Color menu.

2. The color dialog box displays. Select the desired color and click OK. The graph
redisplays with the seIected aXIS frame color _

To change the grid color:
1. Choose Grid from the Color menu.

2. The color dialog box displays. Select the desired color and click OK. The graph
redisplays with the seiected gnd color. .

To change the color of the plot area:
1. Choose Plot Area from the Color menu.

2. The color dialog box dlsplays Select the desired color and chck OK The graph:
redlsplays with the selected plot area color. o
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7 DATA ANALYSIS

This chapter describes the Operation of the instrument. It describes how to analyze the data
by displaying graphs of file subtraction; thermal stress, elastic and expansion coefficient
calculations, and diffusion coefficients. . . _ »

The procedures in this chapter assume a knowledge of instrument controls and basic

operations such as starting and shutting down the instrument. These operations are
described in Chapter 3, “Ba31c Sk:{lls 7 If you have not already done so, read Chapter 3
before proceedmg

7.1 DIFFUSION COEFFICIENT

To calculate the diffusion coefficlent

1. To calculate the diffusion coefficient and plot it in a Graph window, choose
Diffusion Coeﬁic:lent from the Ana1y51s menu.

2. The system dlsplays a dlalog box promptlng for the de31red ﬁlename

File Name: Directories:
: lm . c:Awindows\flexus

Tl.ap - By B Ncel;::
10.9p . windows

2.gp

3.gmp - e
4.ag1p S :
S.qip : - L

b.gip ' -

Lizt Files of Type: ' Drives:

{Graph Files {~ GRP} ;_ g | c - @ .

Figure 71 Filename Dialog Box

Enter or choose the desired filename.

3. A graphdisplays and you a:re prompted to select two points on the graph by double-
clicking on the points. Note that diffusion coefficient graphs can be calculated and
displayed only for Stress-Time graphs.
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The following is a sample diffusion coefficient graph. -

E=]w i) VATER ABESCRETION A% o

Initl&al strexss = 8.7 79E+008 Dyne:’cm‘-i, Flnal stress = S5.312E+-007 Oy
iteration 3 3: [0 w 2.48E-0132 (oM rsec)
2.00=E+08
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t : 1] 1 L} :

7 OOE+O8 Pr~-F-mmk-m ek R m e — ke — e — k- -
- & 1 1 : ¥ 3 e -
= 5.00E+08 |- L - ) mmmberm-bemmob o=
= . Y ' r : L
¥ G.00E~08 | e I

1 1 1 4 . 3 N 1 t
H )
¥ A400E+0f f~—-r-—Fgr-mmkrece ke e m e e mm = — e m - ——
s ' v : ' I
N 3 .00E-0OS L h . pmmmbemmtmaa]
/S 2 ODE~+~0OS I i s mfpmm—pemm—p=~—F——=
= H H H . . ¢ '
' ' ' o . v
M ] OOE+OS Frrmtb e m b, — e — o — Rt SRR A yes - v~ =
= ' H : H
L} 1 L]

v
1
00 .1 D2 O.2 04 O 0.6 0.7 0,8, 0.9 1.0
T1im e nrrs

o

- Figure 7-2: - Diffusion Goefficient Extraction-

. For details on the equatlon used to calculate the d:tffuswn coefﬁment see Chapter
-9, “Theory of Operation.” R

4. 'Double-chck on the Control-menu box to return to the Analy31s menu. To redisplay
* another graph with different attributes; repeat Steps 2 and 3. - L

7.2 MATERIALS DATABASE

Use the Materials Database option on the Edit menu to display a hst of available elastic

and expansion coefficients. You can add new coefficients, and delete or change the existing
coefficients. . e

To .display the elastic and expansion coefficnents

1. Choose Materials Data Base from the Edlt menu. An Elastlc and Expansion
Database window displays (see Flg 7- 3) o
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EREXp ARSI O
Linear Expansion Coefficients
b1 {E-S}+X1 [E-9)T+X2" [E-'l3] ™,
Figure 7-3  List of Available Elastic and Expansion Coefficients
2. The window can display up to 12 coefficients at one time. Press PAGE DOWN to
display the next 12 coefficients (if any) and PAGE UP to retum to the previous
- dlsplay .

A : _
K/ : 3. Toeditan existing coefficient:

« Use TAB to move the cursor 1o the coefﬁc:1ent hne and chck once to hlghllght
the first field for editing.

« After edltmg each field, press TAB to move to the next field. To erase the
entry in a field, use the backspace key. To exit a field without editing it,
press TAB. When you press TAB in the last field of the line, the cursor moves
to the next line. - :

4 To add a new coefficlent ona blank lme'
+ Move the cursor to the line above whlch you want to insert a blank line.

« Choose Ipsert (Fig. 7-3) A blank line is dlsplayed with the first field se-
lected.

* Enter the name of the;.}':material in the first field, the biaxial modulus (in Pa)
in the second field, and the linear expansion coefficients in the next three
columns. After entering a value in a field, press TAB to move to the next
field. To erase the entry in a field, use the backspace key. When you TAB
in the last field of the line, the cursor moves to the next line.
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7.3 ELASTIC AND EXPANSION COEFFICIENT CALCULATION

The Expansion and Coefficient optlon under the Analysrs menu calculates the film thermal
expansion coefficient and biaxial modulus. For an explanation of the equation used in this
calculation, see Chapter 9 “Theory of Operation.”

To display a graph of the elastlc and expansion coefficlent calculatlon

1. Use the Stress-Temperature mode to run two temperature cycles on two different
- substrates with the same ﬁlm ' :

- Note: For best results use slow heatmg or cooling (<5° C per minute) to minimize
 the lag of the wafer temperature behind the heating Stage See Sectlon 4.1.5, “Stress-
Temperature Measurement,” for details. S :

2 Use the procedures in Sectlon 6. 1 “Creatmg Graphs 7 to create and save graphs for -
both the data files. e

: 3... Choose Elastic & Expansmn from the Analy31s menu. The following dialog box
i dlsplays

Figure 74  Elastic and Expansion Dialog Box

4. . Enter the path and name of the ﬁrst graph file and press TAB. To display a list of
- avatlable graph files, choose the Files button.

5. Enter the path and name of the second graph file and press ENTER. To display a list
of available graph files, choose the Files button: A Graph window appears display-
ing the curves of the two substrates.

Figure 7-5 is a sample graph d1splay1ng the coolmg curves of two substrates-—
silicon and GaAs—<coated w1th a tungsten film.
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Stress tempoaraturs graph

FILE 1 | MW O ONWW S LLE M LUISWA 1~ A A S CSBRP
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Figure 7-5 Sample Graph Displaying Cooling Curves N

In the Graph window, click on two points to IpIOt and display - the éxpansion
coefficient. Figure 7-6 is a sample plotted expansion coefficient.

Limone therna =i u:u:eunc:lol""i Doefriclesnt

SN DO S NE L EE K LS WV — OB A0S SR
K2 WA OV S NE L E XU WV -1 _ O
CoeifTicient = a4 . 1 19E-0068 - 3. 711 E-009 ~t {1/7°C=)
Blaxisal NModulius se S 4 S3IE--O12 Dryme/cmm™s

=)

=

s

ns3os WAm I-r

PA A A A a oy
0]

Figure 7-6 = Sample Plotted Expansion Coefficient

#274526 Rev. B 9/95




7-6 Tencor FLX-2320

The average values of the exparlsion coefficient and the biaxial modulus display in
a dlalog box (Flg 7«7)

Temperature range . 40 T to 400 *C

Material:  GaAs Si 100 Film
Expansion (ppm/c):  5.402 3.448 4.501
Biaxial modulus (D yneloa’].  T.239E+012 - 1.805E+012 5 415E+012

File 1:  CAWINDDWSA\FLEXUS\W1-GAAS.GRP

File 2: =~ CAWINDOWSYFLEXUSYW1 -S[.GRP

_Figure 7-7  Average Values of the Expansion Coefficient and Biaxial Modulus

7.3.1 THERMAL STRESS
Use the Thermal Stress option to dlsplay the thermal stress superlmposed on the stress-
temperature measurement data.

.To display the thermal stress superimposed on the Stress.-Temperature graph:

1. Choose Thermal Stress from the Analysm menu. The followmg dlalog box displays:

From temper.a_tl‘.l.rezr D To-. I:!

Subtrate material name:. . l - - I . .

Filin lha.teria.l'ria:.ne:"'. . | ~ |" .

Figure 7-8  Thermal Stréés Dialog Box

2. - Enter the path and name of the file and press ENTER, or choose the Files button to
« display a list of available files. To change the directory, enter the path and directory
"'name (end with a backslash [\]). Press TAB to move to the next field.

3. Enter the From temperature and To temperature values. Press TAB to move to the
next field. : '

4. Enterthe substrate material rrame. Enter the desired substrate name, or use the drop-
down menu to select the desired substrate. Press TAB to move to the next field.
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% 5. Enter the film material name. Enter the symbol, for example, W for tungsten, or
use the pull-down menu to select the desired film material. Choose the OK button
or press ENTER to measure the thermal stress.

"Flgure 7-9is an example of ﬁlm tungsten (W) on GaAs.

SGEph

216 W ON Ganfs COOLING
T wm W

Substrate . COaax

8 .00E~03 r T T T
.
. : ! : ! : .
SO0E+Q P e e rr e e c m b dw R e s m - e e i - -
= ! ' H :
s ' M
[=] i 1
=.00E+09 }-—-- e b
o : .
' '
W : : : . :
n 1. 00E+08 - - - - Fo— P m o e e a . L
. . L ' T
e ' ' H
/ : : !
=4 @ L H
(g8} i ] .
1 ) L] 1 1 1]
= 4 [ [ + .
1 1 H

-1 . 00E+09 . ' . . 4
o =0 100 150 200 =2S0 00 350 400

Tempearasture =<

Figure 7-9 Thermal Stress Superlmposed on Stress-Temperature Measurement
Data ' .

6. Double—chck in the Control—menu box of the GTaph wmdow and then the Thermal
Stress menu to redisplay the Main menu.

7.4 GRAPH SUBTRACTION |
The graph subtraction feature is used for
-« Simple graph subtraction for comparison or éqrréc'tio_n,_ and .
» Multiple films on the substrates _
In the case of multi-film use, measg\ire the wafer with Film 1 (thickness t,) using the Stress-
‘Temperature method and: create g graphic file called File2. Assume the stress measured
for this film is o, . Then measure the wafer with Film 1 + Film 2 (thickness t,) and create

. agraphic file called Filel. Note: Use the same temperature reape for both graphs. The
. stress of the film with Film 1 + Film 2is

_ (o o5ty _ Gttl_,_
b

Iy 2
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As o, was measured in Fi1e2' 0,18 _calcﬁiatcd_by: éﬁbtrdcting c—’—l-t—’ ﬁbm_FiIel. This is done by
2

inserting the value of 4 as the multlpher of Flle2 as ¢, = File 1 - r— X Flle2 Note that this
2

equation and procedure are valid only if the Film 1 stress 1s not affected by Film 2.

To subtract graphs:

1. Choose Graph Subtraction from the Analysis menu. The followmg dialog box
displays:

Fite 2:

0 —
Multiplier 1 ':, _
N

Multipher 2-

@ Curve smoothing: Y

" |New graph headeri_ I

The resulting file subtraction is: ' o
. Filel * Multiplier1 - File2.* Multiplier2

Flgure 7-10  Graph Subtractlon Dlalog Box

2. Enter the path and filename 6f the first graph file or choose the Files button to
display a list of available files. To change the directory, enter the path and directory -
name (end with a backslash [\]). Press TAB to move to-the next value. -

3. Enter the path and filename of the second graph file or choose the Files button to
display a list of available files. To change the directory, enter the path and directory
name (end with a backslash [\]). Press TAB to move to the next value.

4. Tab to the next field if you.dre accepting the default value in the multiplier 1 field.
- Enter adifferent multipliervalue (if the films are of different thicknesses) and press
5. Tab to the next field if you are accepting the default value in the multiplier 2 field.
Enter a different multiplier value (if the films are of different thicknesses) and press
TAB.

6. The cursor moves to the Curve Smoothing field. Set the option button to Y to use
the curve smoothing feature. This feature smooths the second graph to fit a third-
: order polynomial. j

7. Press TAB to move to the New Graph Header field. Enter a new header.
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8. Choose OK to generate the subtracted graph.

9. Choose Save from the F ile menu to save the graph. -
7.5 COMPARING RECORDS
The Record Companson option in the Ana1y51s menu compares the deflection curves of )
the first stress and single stress measurements. You can use this option only if you selected
the option to save scan (extension.SCN) files when scanning the wafer in First Stress and
Single Stress Measurement modes. Also note that the Stress-Time and Stress -Temperature
Measurement modes do not create scan ﬁles : :
To compare records._ - -
- 1. Choose Record Companson from the Analys1s menu. The followmg dialog box
dlSpIaYS '
File Hame: e Directories; -
[2_scr | c\windows\Hlexus _
1.scn ; cA
g-scn windows
4_':2::- B flexus
T amtZ.scn .- -
C) : . amtfull.zcn
k« § o ' intel.scn
I anel.scn
List Fldles of Type: - - C Daves:”
[ScanFiles =5CN) — [¥] [E =

Flgure 7-11 Record Companson Dlalog Box

2. ' Enter the name of the file and press ENTER, or use [T] or [1] to select the filename.
The Record Comparison window displays (Fig. 7-12).
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—
8189prit 1¥1/23/94 L
8189gpr11 1123/94 NIA 680 |0
8189prt1 ) 11723194 | NiA 680 |0
8183pri11 - 11123134 NA 680 10 -
8189pr11 - . |11423194 NfA. 680 (D
8189pri1 . 111423494 NiA 680 |0
8189prit 1123194 | Nta [68D |6
8189prii 11123194 NJA 680 |0
8189prii 11123194 | N/A 686 |0
8189pri1 11723194 NiA 680" [0
8189pr11 11723194 | NjfA 680 |0
8189pri1 11{23/94 NJA 688 |0
kerB7540 11 1'23]94 NJA 673 |0

Low intensity cutoff___-

~ Figure7-12 Record Con"tparisqn' Window

The window can display up to 14 records at one time. To display the next 14 records,

press PAGE DOWN; to return to the previous set of records, press PAGE UP. To display

the last screen, press CTRL+PAGE DOWN; to return to the first 14 records, press
CTRL+PAGE UP. :

To edit arecord, use TAB to move to the record. Youcan edlt the ID, Film Thickness
(if measured), and Substrate Thlckness fields.

To select the records for companson. '

« Use TAB to move to a record that was created during the First Measurement
mode (it-typically displays N/A in the Film Thickness field).

S

SR

R
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.+ 6. Choose Tag as First or press CTRL+F from the Edit menu:
EEE e e e e R Y

Hilmt e :

02/03/95 | NjA -
02/03/95 (18000

|02{03]35 {2500
02/03135 | NjA -
02/09/95 | NAA

Low intensity cutoff..

_Figure 7-13 Edit Menu for Record Comparison

An F appears next to the record indicating it i$ selected as the first measurement. To
untag the record, choose Untag (Both) or press CTRL+U from the Edit menu.

7. Use TAB to move to a record with the same ID as the first measurement record but
created during the Single Stress Measurement mode and displaying a stress mea-
surement. Choose Tag As Single or press CTRL+S from the Edit menu. An S appears

© " mext to-the record indicating that it is selected as the stress measurement. To untag
' the record, choose Untag (Both) or press CTRL+U from the Edit menu.

Note: To select and:d:is'play only one record, tag the samne record as Firstand Single.
In this case, the tagged record can be a first or single.
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8. After selecting the two records, choose Deflection from thc menu (Fig. 7-13). A C
deﬂectlon graph similar to the followmg dlsplays )

Frec u:z — Sircle s : Fu:c T E - req:tanales

DHrerence - trlclru:lu:s
o

R
B =1

_ae

3T Jo=m6n=a00

]
3
Il 1
[l 1
1 1
[l » 4
[=] =20 =30 [=1=] SO 100 120 1aQ
DIiIstance m m

C-ze

Figure 7-14. Deflection Graph .
. In the plot,
« the deflections of the first measurement are plotted as circles,
» the deflections of the second measurement are plotted as squares, and
« the difference between the two measurements are plotted as triangles.

To dlsplay the stress segmentatlon plot

L Choose Segmentatlon from the Stress menu in the Record Companson window.

Figure 7-15 Stress Menu

A difference graph 1s dlsplayed or if you selected only one record, the deflection
for that record is d1sp1ayed Figure 7-16 is a sample difference graph.
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T Wx‘:

e ;ﬁg&wﬁwpﬁ @”ﬁf@%y

Id € Data: G9/21/93 Flle- C: \WINDOWS\FLEXUS’\Z SC

Orrerence
0.180

. - . IR . 1 - B [ € 0 El

' H H ' . ' '
o0.160 “___J____-?___-.‘iaéeeﬂn_“?o_a AU S

: S, T :

0.140 [ ----sonon 5_‘14__:.___'_i_'-_n..iﬂ.a,_:_____é _____

_________ 07 UG U R . W

0.-120 ' \ ; M V A : -
. : ,

0.100

o.080

J0-m00 =00

- 0.060

0.040 j-

it

0.0z20

G.G00 A - -
: =0 - 40 &0 a0 100 120 140 160 180

Distance mm. -

Figure 7-16 Difference Graph

You can compare any scanned segment and display the local radius of curvature
and stress of the segment (1f two records were tagged):

T RN A blinking cursor is displayed at the first point of the plot Use [—] to move
' - o up through the points and [«] to-move backward through the points.

* To delete a point, move the blinking cursor over the point and press D. To
- restore the deleted point, move the cursor to the place where the point was
deleted and press R.

* To calculate the stress and radius for selected points, press ENTER after de-
leting undesired points. ~

#274526 Rev. B 9/85




7-14

Tencor FLX-2320

To display the stress uniformity plot:

1. Choose Uniformity from the Stress menu. The syStém.' displays a dialog box
displaying values for film thickness and substrate thickness at five locations (Fig.
717). _ - _ v HHCRDC

[

#274526 Rev. B 9/95

Location in ‘mm*

Substrate thickness in “um’

38 ] [es | [100 | [132 [154 [
. . File thickness in ‘A’
[toeoe "] [oeo0 |  [ooeo |  [ioooe {10000 |

Figure 7-17 Displaying the Stress Uniformity Values

" To make chaiiges;.plac':e the cursor in the desired field. Press TAB to move from one

field to another. The cursor moves left to right, first in the Film Thickness, then the
Substrate, and the Location fields. Choose the Calc Stress button to calculate and
plotthe stress acrossthe wafer. Figure 7-18 is an example of a stress uniformity plot.

5.40E5+08

80 100
Distanm-rcEe mm

= 7 0 -
L] L] L]
T M H L]
. 6. 20E+08 bomm e 2 e em o e
. H H '
e GEO00E+08 [m~mmcedfoe e A e —————— — e .
& ; h H
E] 5.80E+08 ?9:;\; _____ e Amsmm e
5.60E+08 g feet-Sg .o R dm————-
. H A
= 5. A0E+0S ___-.,-:..1_.:____4:. _____
¥ i Vo3 :
[} ’ 3 .
S 20E408 |---c i r e s b m —_——— L
=) H H H
r S.O00E+4DE |- --—F-Lomnr e o hmww o —_—————— - o m -
c H H :
s, G4 BOEHO0S |——= e o e e e Rttt
= i '
4. 6DE+08 - U
120

Figure 7-18 Sample Stress Uniformity Plot

Using this option, you can allow for film and substrate thickness nonuniformities.
Note that these results are correct for radially symmetrical nonuniformities only.

When you have finished examining the stress uniformity plot, close the graph to

return to the Record Comparison window.
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s 7.51 DISPLAYING DEFLECTION MAPS

w Use the Deflection Maps option to display a 3-D view of the deflection. By taking several
measurements at different angles you can display a complete 3-D map of the deflection
over the wafer surface. The deflection can be plotted as the-difference of two groups of
measurements (for example, before deposmon and after dep031t10n of a film) or as an
absolute deflection of a single measurement

To display 3-D deflection maps:

I. Measure the wafer at different angles before deposition, after deposition, or at both
stages using the procedures in Sections 4.1.2, “First Stress Measurement,” and
4.1.3, “Single Stress Measurement During the measurements use the following
guidelines: -

+ Measure the wafer at different angles relative to the scan axis. After each
measurement, manually move the wafer to the next angle. Make sure that
the angles selected include 0°'and 90°. For example, to measure the wafer
at angular increments of 15°, you need to take measurements at 0°, 15°, 30°,
45°, 60°, 90°, 105°, 120°, 135°,.150°, and 165°. =~ . .

» Use the procedures in Section 3.11, “Using Wafer Locator Rings,” to position
the wafer. In addition, make the 0° orientation measurement with the flat or
... notch on the right side of the instrument. This means that the wafer locator
N A ~ ring should be positioned with the 270° mark pointing to the front of the
: ) _ ' instrument. For each successive measurement; rotate . the locator with the
\ - wafer counterclockwise. For example, to- measure the wafer at angular in-
- crements. of 159, 'posmon the locator ring in the following sequence: 270,
- 255,240, 225, 210, 195, 180, 165, 150, 135, 120, and 105. Note: 8-in. wafers
do not use locator rings but should be positioned in the same way.

-+ The IDs for each measurement in a group should be identical and in the
 format xxxx-###, where xxxx is any character (including spaces) and ###
© is the -angular -orientation. For example the IDs for wafer T12 measured
- every 15° would be as follows ' --

S T12- 0 - Ti2-60 T12 -120
T12-15 © T12-75  TI12-135
TI2-30 . T12-90  TI2-150
- Ti2-45 ._.m -105 . TI2-165

NOTE When comparing two scans (before and after deposition), the first four ID

" characters must be identical for both scans and the orientation steps used must also
be the same. Also, the dash must be in the ﬁfth column and the ### portion must
be right justified. : : , o

2. Choose 3DPlottmg from the_A_nalysis menu, as shown in Fig_ure 7-19.

#274526 Rev. B 9/95°




7-16 Tencor FLX-2320

Flgure 719 3D Plottmg from the Analyms Menu

A _Plbt3D menu similar to the _foHdW_ing displays:

. Figure 7-20 Plot3D. Menu -

3. Choose Open from the File menu. Select the desired filename and choose the OK
- button or press [{] to select the- ﬁlename and press "ENTER. The Group Selection
- dialog box dlsplays. . )

iz

11../23 /94

kor67640 11/23/94 First 673 15} 10.4%
8189priz 11/23/94 First| = 679} 15} 10.
8189pr 13 .. 11/23/94|. First - 679] 15[ 10.433
gbe72792 . .|11/23/94] . Ficst 668 15{ 10.
8180pri1a |11/23/94] | Fixst| - 79| 15| 10.
B189pr13 - |11/23/94| - First ~679| 15| 10.
vey36551 11/23/94] First . 676{ 15| 1B.
8189pr1l 12/ 9/94 5000 630 15¢ 10.0
ke 67640 127 9/84 5000 &73 15[ 10.
8189pri2 M2/ 95/94 5000] 679 15| 10.10%
{8189pri3 12/ 9/94 5000 79| 15| 10.4:
ghsT2792 i1z/ 9/94 5000 668 15| 10.4:
B189pr14 12/ 9/94 5000 675 15| 10.043%
8189p¥13 |12/ 9/94 ' 1]

Figure 7-21 Group Selection Dialog Box

4. Select the desired records. After selecting the records, choose OK to display the _
deflection window (Fig. 7-22). )
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T:50, R:45, M:1.0
STATISTICS:
100 Film th: -——-
'UOI IAverage: -19.44
Minimum: -119.02
Scan Comment: 4% PSG , paximm: 158,78
N ID: 23 - O Diameter: 100 : Std Dev:  68.50
Yo Figure 7-22 Displaying the Deflection Map File

To change the viewing angle use the following icons or key combinations:

icon Key Combination  Description
F7 30° increment
CTRL+F7 Face on view
ALTHF7 .
10? increment
F$ 30° increment
CTRL+F8 # Face on view
ALT+F8 . .
. -~ 10° increment
F9 - 45°increment
5 CTRL#F9 90° increment
ALT+F9 .
15%increment
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Jdcon - . Key Combination =~ Description

o F10 45° increment
7 - CTRL+FI0 |

90° increment
ALT+F10 S

- 15%increment

... " Compressthe view of the
L waferverdcally by halfa
o it The default unit is 1
unithigh. = -

- 7o Stretch the view of the
FI2 i wafer vertically by halfa
. . unit. The default unitis 1

unit high.
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8 MAINTENANCE

This chapter is intended for the key person responsible for the maintenance of the Tencor
FLX-2320 mstrument. The following information is provided in this chapter

. Calhng Tencor Service and other related information

=+ Getting 1nformatron about the hardware using the Dragnostrcs and Configuration
: optrons

Verifying the calrbratron of the i mstrurnent

Troubleshootmg rmnor problems R

Moving the laser beam

8.1 SERVICE POLICY

The Tencor Instruments Service Organization is available to you in the United States,
Europe, and Japan. We also have representatives in The People’s Republic of China,
Taiwan, Hong Kong, Singapore, and Indra

Tencor Instruments’ commitment is to provrde a techmcal response by telephone within
24 hours, often wrthln the same busmess day. The cornrmtment for on- srte repair is 48
hours. : - :

~« The service organization is available for unpacking and installing your instrument.
To Schedule the rnstallatlon contact the Customer Servrce Admrmstrator at (800)
- 722-6775.

* Inthe United States, service requests are processed through a central number located
‘in California. Call (800) 722-6775 Monday through- Friday between 6:00 A.M. and
6:00 P.M., Pacific Standard Tlme to arrange for service or repa1r work or to order
'replacement parts.

« Standard on-site service hours are Monday through Friday, 8 AM. to 5 P.M., local
time. You can arrange for other hours through a customized servrce contract. .

~* Tencor Instruments provides service beyond the original Warranty perrod of 1 year
as needed. Repair work perfOrmed after the original warranty expires is guaranteed

- for 3 months. Full service contracts extend the warranty penod and can be custom-
~ ized to your specific requiréments.

Tencor Instruments encourages you to attend a maintenance and repair trammg course for

your instrument. In general, trained customers experience greater instrament uptrme and

-~ make better use of Tencor Instruments service resources. Your sales. or service engineer
. can provide you with the course and fee schedule. -
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8 2 MAINTENANCE

Use the procedures in the manuals to maintain the components as required. Note the
~ following:

» The instrument should be calibrated by Tencor Instruments once a year. Do not
calibrate the mstrument yourself only Tencor Service should calibrate the instru-
ment.

* The instrument could require cleaning or adjustment if the reflected light intensity
is consistently low (see Section 8.5, “Calibration,” for details on testing the inten-
sity). Call Tencor Service to schedule the necessary maintenance; do not attempt to
clean or adjust the instrument yourself. However, before calling Tencor Instruments,
use the procedures in Section 8.3 “Troubleshootmg,” to make sure that the low light
intensity is not caused by any of the listed reasons.: P

8.3 TROUBLESHOOTING

- If the measured mten51ty 1S Zero or low do the followmg before calhng Tencor Instru-
ments: : N

* Make sure the instrument is tmned on.
e - Make su:e a sample is loaded and the sample is reﬂectlve _ o
* Make sure the beam is impinging on the substrate by using the followmg procedure:

1. Open the door to the instrument (Fig. 3-1). If not already removed, loosen the

- _four thumbscrews that hold down the hot plate cover and remove the thumb-

screws and the cover. Place a bare, flat silicon wafer, polished face up, in the
shallow depression on the measurement platform Close the mstrument door.

| __ 2 .Choose Intensity Check from the Utilities menu. The instrument moves the

~ beam to the center of the stage, measures the hght intensity and displays it in

the Intensity Check dialog box. The value displayed in the window should read
2.04. O

8.4 DIAGNOSTICS

~ Use the Dlagnostlcs optlon to get hardware mformation such as Iaser 1nten51tles table

_ levcl_mg, and reflected light intemsity. You can correct the_ table leveling using the

information displayed in the Diaghostics dialog box. We recommend that you check the
hardwa.re conﬁguratlon in the Dlagnostlcs dJalog box when the mstrument is installed.

To dlsplay the Dlagnostlcs dlalog box:

1. Openthe door to the instrument (Fig. 3-1). If not aIready removed, loosen the four
thumbscrews that hold down the hot plate cover and remove the thumbscrews and
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the cover. Place a bare, flat silicon wafer, polished face up, in the shallow depression
on the measurement platform. Close the instrument door.

2. Choose Diagnostics from ‘the Utility menu. The instrument checks the reflected
- light intensity (SUM) and the beam positions (DIFF) and displays the information
along with other hardware mformatlon in the Diagnostics dialog box:
emperature controfler: .~ ON
Parallel pott printer: CAONNECTED
7 zerial ports installed
Motor iunclinninﬁ: 0K
F70m intensity: HIGH  Sum= 4981  Diff = -0.068
Table Ietre_ling_ [G?um]:.' B -. | o
[750m intensity: HIGH =~ Sum= 4971  Diff = - -0.064- s
* frable levefing (750m) 0K ' o .
- Figure 8-1  Diagnostics Dialog Box :
3. The following list explams the information displayed. Note that the fields displayed

- .Parallel port printer .

in the Diagnostics dialog box depend on your instrument configuration.

Field
RS-232

Description

‘ Status of the cable connector used to check the

instrument temperature The default settmg is Con-

* nected.

| Temperaﬁlre controller
Serial ports installed
Motor functioning. - i

670 nm intensity
SUM = ; DIFF =

Table leveling (670 nm)

750 nm intensity
SUM = ; DIFF =

- Status of the parallel printer port.
B Statu:_;.' of temperature __eldnt.roli_er. )
-, Number of serial portsjnstall_ed.. :
Status of the motor, -

SUM is the reﬂected hght mtensny, DIFF is the
beam position for the 67_0_-_nm laser.

Indicates if the measurement platform needs to be
leveled by turning the leveling screw (Fig. 3-1)
clockwise or counterclockwise.

SUM is the reflected light intensity; DIFF is the .
beam position for the 750-nm laser.
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Field _ ~ Description
Table leveling . Indicates if the measurement platform needs to be.

(750 nm) - .. leveled by turning the leveling screw (Fig. 3-1)
-~ . - clockwise or counterclockwise.

4. When ﬁmnshed readmg the information, choose OK to close the wmdow andreturn

to the Main menu.

5. Remove the wafer from the measurement platform.

8.5 CALIBRATION

The Tencor FLX-2320 should be calibrated once a year. Schedule an appointment with
Tencor Service to calibrate the instrument..

CAUTION: The following procedures are for verification only. Do not attempt
. to calibrate the instrument yourself. If your test values fall outside
" the specified ranges, call Tencor Instruments Service. However,
~ before calling Tencor Instruments, use the procedures in Section
. 8.3, “Troubleshooting,” to make sure that the low light intensity is
not caused by any of the reasons listed. '

. The Calibration procedure is password protected and can only be accessed by Tencor
Service to calibrate the instrument.

8.5.1 INTENSITY CHECK : ‘
Use the Intensity Check option on the Utilities menu to check reﬂected hght intensity and
position. - o -

To check the light intensity and position:

1. Open the furnace door. Install the wafer locators. See Section 3.11, “Using Wafer
Locator Rings” for details. Place the bare, silicon Wafer on the three quartz pins
(Fig. 3-1). Close the furnace door.

2. Choose Intensity Check frgm the Utilities menu (Fig. 8-2).

T N
.ﬂ-‘fg Utllmes &mﬂﬁrﬁ Ve

' Figure 8-2 Utilities Menu
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3. The instrument checks and displays the Intensity and Position values. Compare
your readings to the following table. Note that the followmg values are the limits
for a bare, flat silicon wafer.

Intensity 24

Position .1

If the intensity and position are outside the limits defined in the above table, contact
Tencor Service. Do not calibrate the instrument. However, before calling Tencor
Instruments, use the procedures in Section 8.3, “Troubleshooting,” to make sure
that the low light intensity is not caused by any of the reasons listed.

4. 'When done checking the intensity and positibn, choo_se Cancel to close the window
and return to the Main menu.

5. Open the furnace door and remove the wafer from the furnace chamber

8.6 MOVING THE LASER BEAM

The Move Laser Beam optlon on the Ut1]1t1es menu provides three movements of the laser:

. Movmg (]oggmg) the laser in small increments
,-_' Setting the laser at the center of the sample
| . Moving the LiaSer a de'sired diétance
To move the laser beam: |

1. Open the furnace door. Install the wafer locators. See Section 3.11, “Using Wafer
" Locator ngs ” for details. Place the bare, silicon wafer on the three quartz pins
(Fig. 3-1). Close the furnace door.

2. "Choose Move Laser Beam from the Utilities menu:

Figure 83 Utilities Menu. .
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3. The Laser Position dialog box displays as shown in Figure 8-4.

Figure 8-4 Laser.Position Dialog Box - s

4 Choose the desired option. Use the followmg llst for detaﬂs on each opt10n

Option Descrlptlon o

Move To Moves the Iaser a spemﬁed dlstance from its
' current position. Displays a window for entering
. the desired distance in mm. Enter the distance and
choose Move to. Enter a positive (+) value to move
the laser beam to the right and a negative (~} value
to move the laser beam to the left.

<> . Moves the laser beam left c_ir:igh.t at increments of
P . R OSH]In Use'[(-—-] to move'the_.bcam'leftand [__>]
to move the beam rxght

Setatcenter .. . - . . Automatically moves the laser to the center of the
L sample. o
" Cancel SR _ .Cancels the operation T

5.  When done, choose Cancel to return to the Mam menu _
6. Open the furnace door and remove the Wafer from the ﬁJmace chamber.

8.7 RADIUS OF CURVATURE VERIFICATION

Note that the following procedure is optional. Before each instrument is shipped, its radius
of curvature is verified and a Certification of Accuracy (Fig. 8-8) is included with the
instrument. This calibration option is only available for the 6-in. and 8-in. wafer instru-
ments.
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You can test the accuracy using either or both of the following mirrors:

* 100-mm diameter, Optical Flat Mirror with 1/10 wavelength
* 100-mm diameter, 20-meter radius (concave) Quartz Mirror

You can also order special rings for positioning the mirrors in the instrument, Note that
the mirror positioning rings are opttonal. If you do not have the rings, you can manually
center the mirror on the measurement platform. Call Tencor Instruments for ordermg the‘
mirrors and the rings.

Figures 8-5, 8-6, 8-7, and 8-8 display a sample mirror, the 6-in. mirror positioning ring,
the 8-in. mirror positioning ring, and a sample Certification of Accuracy.

" Mirror \
i ) Positioning
kv ! Line

Figure 8-5 Mirror

The mirror positioning ring displayed in the following figure is used for the 1nstrmnenf
with the 6-in. wafer option.
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.
_ ”ﬂ)
Mirror - ’
Positioning
Score
Figure 8-6 6-in. Mirror Positioning Ring
The mirror positioning ring displayed in the following ﬁgure is used for the mstmment
with the 8-in. wafer option. :
N
Mirror - _
Positioning
Score
Figure 8-7 8-in. Mirror Positioning Ring
J

#274526 Rev, B 9/95




Maintenance 89

The Certification of Accuracy certifies the radius of curvature for the instrument. It
includes information such as the customer name, the date the test was done the type of
- test dc)ne the reference standards used, and the certified results

CERTIFICATION OF ACCURACY

- Customer: ABC Manufacturing® = ~ “~‘Date of Test: 9/15/93
Sales Order No.: 23436 | |
item Tested: Concave Mirror

o Part No: 236349 - . . . . ... . - . Serial No.: OFCLE002-3

' ‘Ty_rpe'_of Test Performed: :Fi:r_s"c.Measurement_'_Teehni_que for Radius of Curvature
-Certified Results:

Radius of Curvature 20.150 m concave -
Radius of Curvature when measured with FLX—2320 21 .003 m concave®

Reference Standards Used: .
20.2527 m concave mirror : Serial No.: 2195FLEQ02-2

.. (Certification of Accuracy by ZYGO CORP.)
Laboratory conditions during the test
Temperature: 24° C

Tencor Instruments certifies that the data consists of 10 measurements made under the
conditions specified producing the resuits- reported The result reported is the average of
these measurements, . . :

Note: *The result of measurement with FLX-2320 is Iarger due fo the thickness of the mirror.

/Signed:

‘Dated:

Figure 8-8 Certification of Accuracy

#274526 Rev. B 9/95



8-10

Tencor FLX-2320

To verify the measured radms of curvature'

1.

The mirror touches
the mirrorring on the

left and back.

The mirror line -
and the ring score —

are aligned.

Open the door to the mstrument (Fig. 3- 1) If they are not already removed, loosen
the four thumb screws that hold down the hot plate.cover and remove the thumb—
screws and the cover. Remove the wafer locator, if present.

If you do not have the mirror positioning ring:

» DPosition the flat or concave mirror, face up, in the shallow depression on
the measurement platform. Manually center the mirror in the depression.

* Close the instrument door.
* Proceed to step 4.

- If you have the mirror positioning ring:

- = Place the mirror ring in the shallow depression on the measurement platform.

Position the mirror ring so that the mirror positioning score (see Figs. 8-6
and 8-7) is toward the left side of the instrument (opposite the Dial Indicator).

* Place the flat or concave mirror, face up, into the center of the mirror ring,
Position the mirror so that the positioning line on the mirror matches the
positioning score on the mirror ring. Also, move the mirror so that it touches
the mirror ring on the left and the back (Fig. 8-9). :

Mirror
Positioning .
Ring

Mirror

This section of the
positioning ring
should be towards the:
front of the :
instrument.

Figure 8-2  Mirror Positioned in the Ring

#274526 Rev. B 9/95
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* Close the instrument_d_oor.-. :

* Proceed to step 4.

4. Choose First (Ne F1lm) from the Measure menu.
Figure 8-10 Stress_ Measurem_ent Menu

5. Perform a first stress measurement using the procedures in Sectlon 4.1.2, “First
Stress Measurement.” o L

6.  After the measurement is complete, the instrument displays the substrate deflection
graph. Note the measured radius displayed above the graph. Check it with the radius
specified in the Certification of Accuracy. If the radii do not match, call Tencor
Instruments.

7." Close the graph windows to refurn to the Main menu.

) 8.8 SYSTEM CONFIGURATION INFORMATION

L The Configuration option on the Main menu displays additional system information such
as Model Type, Max Scan Length, RAM drive, and Motor Speed. You might need this
information to help Tencor Service troubleshoot problems. Note that you cannot change
any of the information displayed in this window.

To display the Configuration dialog box:
1. Choose Config from the View menu.

Figure 8-11 Choosing thewﬁonﬁguration Menu

#274526 Rev. B 9/85




812 - | Tencor FLX-2320

. )
The Configuration dlalog box displays: ~~ ' v
MODEL'TYPE T ] § Y'anznm
TABLE AXIS TO INDICATOR " 1240 hches
WAFER DETECTOR DISTANCE (TABLE) . 1342 Inches - |-
STEPSREV . S Stepst [ ”
MAX SCAN LENGTH ' 20208 mm o
CHANNEL RATIO - ' 117
MOTOR SPEED 15
MOTOR ACCELERATION 8
O CENTER EXCLUSION . Ne P
AXIS . WAFER CENTER 37500 inches” |
IMPINGEMENT ANGLE 0.00698  RAD
OVER TEMPERATURE =~ = I
WAFER BETECTOR DISTANCE 13.12 Inches
- {SERIALNO . - : 495
“.Figure 8-12' Configuration Dialog Box -
2. When you have finished reading the information, choose OK to return to the Main
menu.
N
.E/
/
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Theory of Operation 9-1. :

. 9 THEORY OF OPERATION

This chapter describes the theory of operation of the Tencor FLX-2320, and the equations
used to calculate the diffusion, expansion, and elastic coefficients.

The FLX-2320 measures the changes in the radius of curvature of a substrate caused by
deposition of a stressed thin film. The stress in the thin film is calculated from the radius
of curvature of the substrate using the following equation:

EW’

T a-ver

‘where

a f 5 is the biaxial elastic modulus of the substrate (1.805E11 Pa for 100 silicon
wafers)
h is the substrate thickness (m) -
tis the film thickness (m) |
R 1s the substrate radius of curvature (m)
| ) o is the average film stress (Pa)

o The following picture is a schematic drawing of substrate deformed to radius R by the
deposition of a film. In this case, the film is under compression deforming the substrate.
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“ Tencor FLX-2320 "

To illustrate the stress calculation, Suﬁpose that a 100 mm silicen wafer, 525 pm thick, is-
deformed to a radius of 30 m by the deposition of a.surface film of thickness 7500A. Since

the biaxial elastic modulus of 100 s111c011 15 1.802x 10” Pa, the stress calculated according
toEquatlonlls SR S : . o

2
. 11 -6 .
o = 1805 x 10 x (525 x 106)" _ 3o 108py = 360MPa
(6x30x 750010710 TR TS0 R

The average radius R, of the bare substrate is obtained by measuring 6 as a function of x

and performing a linear regression. 1—;— equals half the slope obtained from the linear
1

regression. After the film is deposited, the substrate deforms to a new radius R,. Since the

- . stress is proportional to }2 , it follows that -

1_1_1
R R, R,
or
_ 1 (RRy)
(_I__L) (R —R,)
RZ RI

The thin film stress is now determlned by using the effective:radius R in the equation
described above. To calculate the stress, the substrate radius must be measured before and
after film deposition. ,

Single wavelength machines can run into destructive interference from transparent films -
such as silicon nitride. The Dual Wavelength system solves this problem by choosing .

automatically between two lasers ?:nd using the stronger reflection for measurement.

#274526 Rev.B.9/95 - . -
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Theory of Operation | 9-3

DIFFUSION COEFFICIENT CALCULATION

The diffusion coefficient is calculated by the least square fitting to the diffusion equation
into a finite film:

G = GO~—AG[1 —(%)i(—(—zn—l_l-j-)zexp—[ _I;LZZH 211:2Dt]:]
i

k%

where

o is the stress at time t

o, 1s the initial stress

Ac 15 the total stress change after completion
n is a running index from 1 to infinity

L is the film thickness

D is the diffusion coefficient

t is the time

For details on using this option, see Section 6.3, “Displaying Graphs.”

ELASTIC AND EXPANSION COEFFICIENT CAL.CULATION

The stress change with temperature in the elastic range is governed by the following
equation:

2-(5) @-a

where

do
dT

( £ ) is the biaxial modulus of the film

1-v/f
«, is the substrate thermal expansion coefficient
o 1s the film thermal expansion coefficient

The above equation has two unknbwns—a and ( ) To solve these, two temperature

cycles are done with two dlfferent’ substmtes and the software solves two equations. For
details on using this option, see Section 7. 3, “Elastic and Expansion Coefficient Calcu-
lation.”

is the derivative of stress versus temperature
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Specifications

APPENDIX A —- SPECIFICATIONS

100-mm (4-in.), 125-mm (5-in.), 150-mm (6-in.), and 200-
mm (8-in.) wafers. Note: The 200-mm (8-in.) wafer is an

Speed: 5 sec. for 150- -mm wafer

Range: 2 x- 107 to 4 x 107 dyne/cm? (stress upper limit
increases with shorter scan length)

RMS Noise: 0.0001 m™ (radius=10,000 meters) at room

Resolution: 0.00003 m™ (33 kilometers)
Minimum Scan Step: 0.02 mm
Maximum Points Per Scan: 1250

‘Minimum Radius: 2.0 m (for 80 mm scan length)

Standard: Room temperature to 500° C
Optlonal -65° Cto 500° C. (Factory mstalled only)

. The mam source of'the repeatability error is the replacernent -

accuracy of wafers. The typical Tencor Instruments 1 o error
in E is 1x107 dynes/cm? for a 1-pum film on a 525-um
silicon substrate. Thicker films and thinner substrates result

PERFORMANCE SPECIFICATIONS
Substrate Diameter
option.
Measurement
temperature
Temperature Range
Rep:éatai__)ility_' e

in smaller errors and thinner films and thicker substrates

" resultin larger errors. The following table lists stress errors

for different film and silicon substrate combinations.

Substrate N _ Film Thickness (4)
Thickness —r——
100,000 | 10,000 1,000 100
D 375pm | 05x105 | 05x107 0.5x 108 0.5x 10°
525 pm 1.0x10° 1.0x 10° 1L.ox 108 1.0x 107
625 pm Eax106 | 14x107 | roxi1e8 | 14x10°
675 um 17x108 - | 17x 107 1L7x105 | 17x10°

OPERATING SPECIFICAT!ONS

Light Source

Two lasers 4-mW solid state (GaAlAs) laser with wave-
length 670 nm and 4-mW solid state (GaAlAs) laser with
wavelength 750 nm : .
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Tencor FLX-2320

PHYSICAL DIMENSIONS

FL.X-2320 Instrument

WEIGHT

System
Shipping Weight o

46 cm (18 m)x46 cm(18 1n)x56 cm(22m)plus
computer

45.5 kg (100 lb)'

727 kg (160 Ib)

OPERATING ENVIRONMENT

Temperature
Air Quality

. Gas Cﬁﬁnections
(Optional) -

_System Power

B2 cED

: Cleaﬁ-room Class. 100 or bettei'

Inert gas flow rate 2—10 Cr H

g Coohng gas ﬂow rate: Up to 500 CFH pressure not to

exceed 40 psi. Note: The coolmg gas cools from 500° C to

' room temperature in 60 min.; liquid nitrogen cools to room
_tergperature in 30 mm

w Nitfogen flow rate: Up to 50 CFH. The atmosphere inside
~ the measurement chamber is replaced by low-humidity
- nitrogen. This. makes it possible to take very low tempera-

ture measurements without condensation or ice formation

~ on the wafer.

" Instrument: Standard 150 mm wafer 11 amp., 115V,
- 50/60Hz -
~Optional 200 mm wafer: 13 amp., 230 V, 50/60 Hz
-Computer 54 amp 115 vV, 50/60 I—IZ

COMPUTER AND PERIPHERAL,S

‘Computer
Hard Disk
Monitor
. Fllop_p_y_ Diskette D'ri'_ve' i

Printer

#274526 Rev. B -9/95 -

| 485DX- 66 MHz

540 MB .
VGA Color Monitor

' 3.5-in. high density (1.44 MB)

Hewlett-Packard Deskjet 520, recommended

M



Specifications : A-3

Comm Port One male serial RS-232 port connector for use as SECS-II
port. Note: A gender changer and a null modem adapter is
provided for use with the standard SECS cable.
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Appendix B

B-1

. APPENDIX B — CONSTANTS AND CONVERSIONS

This appendix lists selected constants and conversions.
1 MPa = 107 dynes/cm?®
1 GPa = 10" dynes/cm?
Silicon Biaxial Moduli';
© (100) 1.805 x 10!! Pa
(111)2.290 x 101t Pa

- 'Brantley, WA, J Appl. Phys. 44 (1973): 534.

#274526 Rev. B 9/95






Appendix C | C-1.

. APPENDIX C - FLX-2320 COOLING STAGE OPTION

This appendix describes the optional cooling stage for the Tencor FLX-2320. The cooling

stage provides measurement temperatures of 500° C to -65° C.. The cooling stage in >

addition to the standard FL.X-2320 measurement platform and its components is surround-

ed by an assembly through which inert nitrogen gas flows to form a blanket around the
“measurement platform and the wafer. ' T

A quartz plate is placed over the wafer to protect it from water condensation. Liquid
nitrogen runs through the heater to cool the measurement platform. Note that the proce-
* dures for all measurement modes are identical to the standard instrument procedures.

Figure C-1 shows the cooling stage in detail.

" Hot Plate Cover

Shallow depression
_where the wafer is
placed, face up, for
~ measurement

Nitrogen gas
flowing through this
assembly surrounds
the wafer and the.
measurement stage

Heater through whiéh
liquid nitrogen is run
to cool the wafer

Figure C-1 Cooling Stage o

The following sections provide ifistructions on installing and operating the Tencor FLX-
2320 with the cooling stage. '
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c-2 . Tencor FLX-2320

UTILITY ﬁ'SPECIF!CATIONS' |

The Tencor FLX-2320 cooling stage option requires the following utilities:

« Inert gas at 2-5 CFH to surround the wafer. This prevents condensation or ice
formation on the wafer and the quartz plate at very low temperatures

« Inert gas at 40 CFH to prov1de adry blanket around the measurement stage. This
also prevents condensation or ice formation on the wafer and the quartz plate at very
low temperatures

. L1qu1d mtro gen at approximately 20 llters/hour B
- Figure C-21isa detalled block diagram showmg all the gasand 11qu1d mt:rogen connections.

 Valve T -

Flow  FLX.2320 Rear View

Meter
Pressure
Gauge
’ 1 Liquid
] Nitrogen

Tank

L2l - .
2l AN

T -
Nltrogen Open Returnj
Inert Gas In - for Nitrogen quuld Nltrogen

InertGas Qut:

L—Nitrogen
Blanket In

Figure C-2 - Inert Gas and Liquid Nitrogen Connections _

| #274526 Rev. B 9/95
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Appendix C

INSTALLATION

To mstall the coolmg stage optlon

L

3 Prepare the various gas and 11qu1d mtrogen connections. See the previous section
“Utility Specifications,” for the required utilities and Figure A-2 for the various
connections. The instrument gas and 11qu1d nitrogen connections consist of five,

~ assembled, 3/8-in. Swagelok bulkhead unions (Swagelok Part No. SS-600-61). To
* connect the gasand liquid nitrogen pipes (stainless steel or Teflon), remove the nut,

the back ferrule, and the front ferrule on each Swagelok. Place the nut and the two
ferrules on each pipe and then connect it to the corresponding Swagelok.

Use the procedures in Section 2.4.2, “Installing the Instrument,” to connect the

- various instrument and computer components, set up the default process program,

~and level the measurement platform. Note: Do not follow the procedures in the

 section labeled “To connect the inert and cooling gas connections.”

Proceed to the following section “Operation,” for procedures to.use the cooling
stage to measure stress. '

OPERATION

NOTE: Tencor recommends that you read the followmg procedure before

begmnmg the measurements. -

To use the cooling stage option:

I.

Use the procedures in Section 4.1.2, “First Stress Measurement,” to measure the
stress on an undeposited wafer.

After the wafer has been deposited, take a single-stress measurement without the
quartz plate:

* Install the wafer locator ring on the hot plate measurement platform and
place the deposited wafer, face up, in the ring. For details on using locator
rings, see Section 3.11, “Using Wafer Locator Rings.” Note that you can
start the single-stress measurements without replacing the hot plate cover.

* Close the instrument dgor.
)

* Use the procedures ianSection 4.1.3, “Single Stress Measurement,” to mea-
sure the stress on the wafer after deposition.

* Note the measured stress value displayed at the end of the measurement.

For the stress-temperature measurement, cover the wafer with the quartz plate.
Replace the hot plate cover and tighten the thumbscrews. Close the instrument door.
Then use the procedures in Section 4.1.5, “Stress-Temperature Measurement,” to
measure stress as a function of temperature.

#274526 Rev. B 9195,
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Tencor FLX-2320

NOTE: If your recipe starts with heating and ends with cooling;, turn on the
fan for the heating cycle. When the temperature cools to room
' temperature, turn off the fan and use steps 4 and 5 to turn on the
gas and liquid nitrogen flows.
Do not leave the fan on when' Operatmg below room temperature
. this causes heavy |ce or water condensatlon on the wafer and the

. quartz plate

Start the flow of liquid nitrogen by opening the valve connecting the liquid nitrogen
tank to.the Tencor FLX-2320. See Figure C-2 for the location of the valve.

i Start the flow of both mert gases (Wafer and rneasurement stage) by opening the1r

valves. See Figure C-2 for the location of the valves.

" Create a graph of the results of the stress~temperature measurement using the

procedures in Section 6.1, “Creating Graphs.” The graph dialog box (Fig. 6-1)

includes fields for specifying the X- and Y- axis. When you select either axis to be'.

Stress, an additional field called Initial Stress is displayed next to the axis field.

. Specify the stress value obtained in step 2 (measurement w1thout the quartz plate)

of this procedure as the Im’ual Stress

#274526 Rev.B -9/95 -~
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Glossary

GL-1

GLOSSARY

Autosean. A scan in which the start and end
scan positions are defined as 10% in from the
edge of the wafer.

Elastic Modulus. The biaxial elastic modulus
of the substrate to be used in siress calculations.

First (No Film) Measurement. A single scan
performed on a wafer before deposition and used
as a reference for subsequent scans.

Hole Diameter. The diameter of the center
region of the substrate to be skipped.

Intrinsic Stress. The stress of a film at the
deposition temperature.

Process Program. A set of parameters
specifying information, such as the wafer
diameter for measurement, elastic modulus, and
substrate thickness.

Ramp Value. The rate of change of temperature
in degrees Celsius (°C) per minute during a
heating or cooling cycle.

Recipe. A recipe contains data that the
instrument uses to automatically take a
temperature measurement. The information in a
recipe determines the setting of a stress-
temperature measurement, the target
temperature, and the number of ramping readings
for each measurement. &
Record Comparison. A comparison of the
deflection curves of the first stress and single
stress measurements. Record Comparison also
allows you to do stress and stress uniformity
calculations as well as view intensity curves. This
feature is only available on measurements where
scan data has been saved.

Scan. Action performed when the Tencor FLX-
2320 optical system and measurement stage are
used to inspect wafers.

Single Stress Measurement. A single scan,
performed on a wafer after film deposition, used
to measure the induced stress.

Stress-Temperature Measurement. A scan
used to measure stress as a function of
temperature on a wafer after deposition. The
instrament uses temperature cycling to reveal
stress changes. Temperature cycling causes
stress changes due to thermal expansion,
mismatch, volume changes, and plastic
deformations.

Stress-Time Measurement. Scans used in
measuring the stress over a specified period of
time, on a wafer after deposition. This type of
measurement reveals the kinetics, such as wafer
absorption in oxides, densification, phase
transformations, and stress relaxation, of a wafer.

Temperature Controller. Instrument that
displays the temperature heating and cooling
cycle. The controller is located on the front panel
of the measurement unit.

Thermal Stress. The film stress change
between the deposition temperature and the

measurement temperature.

Wafer Diameter. The diameter of the wafer in
millimeters (mm).
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Index

index-1

' INDEX

A

Air quality, specification 2-3, A-2
Application, definition 1-2

Arrow keys 1-2

B

Beam attenuator 3-2

c

Cables, installation 2-7

Calibration, instrument - .
Light intensity check 8-4
Troubleshooting 8-2

Capability index (Cpk) 6-6

Certification of accuracy, radius 8-9

Closing windows 3-14
Command buttons 3-9
Computer, specifications :
Floppy diskette drive A 2
Hard disk A-2
Monitor A-2
Printer A-2

~ Concave quartz mirror 8-7 .

Constants, instrument B-1
Centrol menu 3-3
Controls, instrument
Beam attenuator 3-2
Dial indicator 3-2
Fan switch 3-2
Heater switch 3-2
- Laser keyswitch 3-2
Leveling screw 3-2 ‘
Main on/off switch 3-2 . -
Temperature display 3-2
Conventions
Terminology 1-2
Typographic formatting 1-2
Conventions, menus 3-6 .
Cooling gas flow rates A-2 -
Cooling gas specification 2-7
Cooling stage option
Gas specifications C-2
Inert gas flow C-1
Installation C-3
Installation procedures C-3
Instrument schematic C-1i
Liquid nitrogen C-1

Liquid nitrogen specxﬁcatlons C—2 -
Operation C-4
Operational procedures C-4
Stage schematic, in detail C-.’Z
Utilities C-2

Copying files 5-8

Cpk (capability index) 6-6

Cuastomer service administrator 8-1

D
Data
Display windows, using 3-12
Data analysis
Comparing records 7-9
Displaying deflection maps 7-15
Displaying graphs 6-8
Data Display
Closing window 3-14
Data files
Copying files 5-8
Deleting 5-2
Editing records 5-6
Exporting files 5-10
Generating graphs 6-1
Merging files 5-3
Moving blocks 5-7
Printing blocks 5-4
Printing files 5-3
Recalculating stress 5-9
Renaming files 5-3
Selecting record blocks 3-7
Trend plots, generating 6-4
Data windows, using 3-12
Deflection maps option
Changing the viewing angle 7-17
Measurement angles 7-15
Measurement guidelines 7-15 -
Procedure 7-15 '
Scan data file window 7-16
Specifying measurement IDs 7-15
Deleting files 5-9 ' S

"~ Diagnostics

Hardware information 2-11, 8-3
Window 2-10, 8-3
Dial indicator 2-7, 3-2

. Dialog box

System message 3-12
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index-2

Tencor FLX-2320

Dialog boxes, using 3-6
Diffusion coefficient graphs, displaying 7-1

E

Elastic & expansion coefficient option 7-4
Biaxial modulus, average 7-6 =~
Cooling curves graph 7-5 . ..
Expansion coefficient plot 7-5
Expansion coefficient, average 7-6

Elastic coefficients
Adding 7-3
Displaying 7-2
Editing 7-3

Expansion coefficients
Adding 7-3
Displaying 7-2
Editing 7-3
List 7-3

Exporting, data files 5-10

F

Facility specifications 2-3
Alr quality 2-3
Gas connections 2-3
System power 2-3
Temperature 2-3

Fan switch 3-2

Features, instrument 2-1

Field 1-3

File subtraction option
Multi-film use 7-7
Procedure 7-8
Stmple file subtraction 7-7

First program window 4-4

First stress measurement o
First program window 4-4
Procedure 4-4

G

Gas connections S
Cooling gas specification 2-7 -

Inert gas specification 2-7 . - . ; .,

Nitrogen specification A-2
Schematic 2-6
Gas connections, specification 2 3 A-2
Gas connections, standard instrument
Procedure 2-6 : o
Schematic of instrument back 2-6
Specfications of gas flow 2-7
Graphs
Diffusion coefficient extraction 7-2 |, .

Elastic & expansion coefficient calculatlon T4
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Generating 6-1

Graph specification parameters 6-2
Retrieving option 6-8' '
Stress temperature 4-14

Stress time 4-10

Hardware information o AR
Configuration window 8-11
Diagnostics window §-2

Heat switch 3-2

Inert gas flow rates A-2
Inert gas specification 2-7
Inert gases, cooling stage option C—
Installation, instrument
Facility specifications 2-3
Operating environment 2-3
Procedures 2-5 '
Shipping damage 2-3
Sofiware installation 2-11
Instrument, schematic 2-2, 3-1
Intensity, litmits 8-5 e

L
Laser beam adjustments '_ R .
Moving beam incrementally 8-6 - e

Moving the beam specified distance 8- 6
Setting beam at center §-6 '
Laser keyswitch 3-2
Lasers, information vii 3
Leveling screw 3-2
Light source, lasers vii, A-1

T \,\*—/

Locator ring

150-mm (6-in.) wafer 3-17 >~
200-mm (8-in.) ring 3-18

200-mm (8-in.) wafer 3-18

200-mm wafer 3-17

Measurement modes 3-17

Using 3-17, 3-18

Wafer sizes available 3-17

Low intensity, probléms 8-2

Lower specification limit (LSL) 6-5

M
Main on/off switch 3-2
Maintenance, instrument
Adjustment 8-2
Calibration 8-2 _
Cleaning 8-2 Ce o |
Managing files C /




e

)

Index Index-3
Copying 5-8 Hole diameter 4-3
Manual Laser selection 4-3

Conventions 1-2
Description 1-1
Terminology 1-2
Measured intensity, problems 8-2
Measurement specifications A-1 -
Menu 1-3, 34
Menu bar 3-3
Menus
Choosing a menu item 3-5
Description 3-6
Opening or closing 3-5
Using 3-5
Merging, data files 5-3
Messages .
Error 3-12
System 3-12
Minimizing a window 3-13
Mirror positioning rings 8-7
Mirrors, radius of curvature verification 8-6
Modulus correction 6-2
Monitor, damage
Shockwatch 2-4
Tiltwatch 2-5
Moving a window 3-14

N
Nitrogen atmosphere, option A-2

O

Operating environment 2-3
Operating safety vii
Operating specifications

Light source A-1
Optical flat mirror 8-6
Option buttons 3-10
Qverview, instrument 2-1

Features 2-1

Schematic drawings 2-2

P
Physical dimensions, instrument A-2
Printer A-2
Printing, data files 5-3
Process program 1-3
Editing 4-1
Fields 4-3
Selecting 4-1
Process program fields
Auto scan 4-3
Elastic modulus 4-3

Low intensity alarm 4-3
Maximum scan points 4-3

- Save.scan-4-3 )
Substrate thickness 4-3
Units 4-3
Wafer diameter 4-3

Q

Quartz plate, co&ling stage option C-1

R

Radius of curvature, verification
Certification of accuracy 3-9

Mirror positioning ring, 6-in. option 8-8

Mirror positioning ring, 8-in. option 8-8
Mirror positioning rings 8-7 '
Mirror, concave 8-7
Mirror, optical flat 8-6
Verification procedures 8-10
Record, comparison 7-9
Renaming files 5-3 '
Repeatability, specification A-1
Resizing a window 3-14
Restoring a window 3-13

S
Safety, operating viii
Scan 1-3
Scroll bars, using 3-11
Scrolling )

Using keys 3-11

Using scroll bar 3-11
Service hours, on-site 8-1
Service Policy 8-1
Service requests 3-1
Shipping contents 2-3
Shipping weight A-2
Shockwatch monitor 2-4
Shutting down, instrument 3-23
Silicon biaxial moduli B-1
Single stress measurement mode

Procedure 4-7

Singie screen 4-7, 4-9, 4-11
Software

Installation 2-12

Upgrade installation 2-12
Specifications, operating

Air quality A-2

Gas connections A-2

System power A-2
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" Index-4 . Tencor FL.X-2320

Temperature A-2 . o Menu bar 3-3
Specifications, performance S Minimizing 3-13

Measurement A-1 R ' ~ Moving 3-14

Reliability A-1 S : Resizing 3-14

Substrate diameter A-1 D : Restoring 3-13

Temperature range A-1 . : ce Title bar 3-3 . : : :
Standard deviation 6-5 Do Using data windows 3 12 e S .

Starting, instrument 3-15
Stress measurement modes
First stress 4-4
Single stress 4-7
Stress-temperature 4-10
Stress-time 4-8
Stress temperature measurement mode
Graph 4-14 L
Procedure 4-10 _
Stress time measurement mode
Graph 4-10 o
Procedure 4-8
Substrate diameter supported A-1
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