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The following is an abbreviated list of equipment we can supply. Actual equipment availability
changes on a daily basis, so please call us with you equipment needs.

Ellipsometers
Gaertner L116 and L117
Plasmos

Rudolph Auto EL 11
Rudolph EL Il

Rudolph Auto EL IV

Etchers

Applied Materials 8110, 8120, 8130
Applied Materials 8310

Applied Materials 8320

Applied Materials 8330 metal etcher
Branson/IPC 2000 etcher
Branson/IPC 2100 P etcher/stripper
Branson/IPC 3100 and 3100 LP, 12"
Branson/IPC 4000 Dual Barrel

Drytek Drie-102 etcher

Drytek 202 oxide etcher

Gasonics Aura 1000 & 2000 strippers
Gasonics Aura 2001 etcher

LAM Rainbow 4500

LAM 480, 490

LAM 580 oxide etchers

LAM 590 etchers

LAM 690 aluminum etcher, 5"
LFE 1002 PFS/PDE/PDS etcher
exposure

Plasmatherm 640 Hex etcher RIE

Plasmatherm PK-2410 Parallel plate

Plasmatherm PK 2430 and PD-2480
RIE

Plasmatherm AMPS 300E RIE
Technics RIE 80, 800, 8000

Tegal 421 plasmaline

Tegal 415 plasma etcher

Tegal 701 poly etcher

Tegal 703 oxide etcher

Tegal 801 & 803 etchers

Tegal 900E etcher

Tegal 901 etcher

Tegal 903 etcher 57
Tegal 915 Barrel Etcher
Tegal 1511E

Evaporators

Airco-Temescal FC 1800 E-beam

evaporator

Airco-Temescal FC-2500 E-beam
Airco-Temescal VES-2500 Filament
Airco Temescal FC 3200 Filament

evaporator

Balzer 510 Filament evaporator

CHA MARK 50 E-beam evaporator

CHA SE 600 evaporator

CHA 1000 E-beam evaporator

Davis and Wilder 10-SC 2836
Filament

Varian 3118 Filament evaporator

Varian 3120 E-beam evaporator

Varian 3125 E-beam evaporator

Furnaces

ASM Diffusion Furnaces
Bruce BDF4 Furnace
Tempress 4 stacks

SVG/Thermco 4300 4-stack w/TMX

9001 controller
Thermco MB-71, 80 & 81 Mini-Brutes
Thermco TMX 9000 furnaces

Thermco TMX 9001 4 stack, 5 & 6"

lon Implanters

Eaton Nova 10-80 implanters
Eaton Nova 10-160 high current
implanters
Eaton Nova 3204/3206 implanter
Varian CF4 and DF4 implanter

Varian CF5 and DF5 implanter
Varian 350D implanter 4, 5 & 6"
Varian CF 3000 implanter

Varian 120XP

Leak Detectors

Leybold Hereaus Ultratest F line leak
Triotech G-203 gross leak detector
Leybold Hereaus U100 helium-turbo
Triotech 4001-1A-2 fine leak detector
Varian 936-60

Veeco MS-Series

Mask Aligners

Canon MPA 500 FAB
Cannon PLA 500F aligners
Canon PLA 501F and FA aligners
Canon 521 FA

Canon FPA-1550 MI G-line
KARL SUSS MAS6 3" aligner

KARL SUSS MA54 4" GaAs
KARL SUSS MJB-3 aligners
KARL SUSS MJB 55 aligners

Kasper 2001 aligners: 3 or 4”
Perkin-Elmer 240/241 mask aligners
Perkin-Elmer 340/341 mask aligners
Perkin-Elmer 552HT

Perkin-Elmer 600HT, 660HT

Ovens

Blue M’'s
IMTEC Star 2000 vapor prime oven
Yield eng. LP Ill vapor prime ovens

Photoresist Tracks

& Strippers

DNS tracks

FSI: Atlas, Jupiter and Saturn
Fusion M 126 deep UV flood

Fusion M 150 deep UV flood exposure
Headway D single head spinner

MTI MultiFabs
MTI FlexiFabs
MTI OmniChuck single track coater
MTI Target Track
Semitool ST, S and F Series SRD’s
Semix
Solitec Developer
Solitec 4
SVG 8100, 8600 & 8800 Series
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Probers

Electroglas 1034X wafer prober
Electroglas 1034X-6 prober, Opt D
Electroglas 2001X probers
Micromanipulator 6000 and 6200
Pacific Western Probe I
profilometers

R&K 260 and 300 probe stations
R&K 670 Semi Auto prober
Signatone S450 Semi-Auto with
motorized stage/micozoom
probes

Signatone S 250 sub-micron
analytical prober

Teledyne TAC PR-100 prober

Teledyne TAC PR-53 prober
Wentworth MP900 Probe Station

Reactors
AG Associates RTP systems (210,
410, 4100, 8108)

Applied Materials 2100, 3300, &
P5000

System

Applied Materials 7800 and 7810
RP/RPX

ASM PECVD

Wafer & Mask

Inspection

Aeronca WIS-150 and WIS-200

Estek WIS-600, 800, 8000, 850, 8500
Nanometrics Nanoline IIl CD measure

Wafer Testing

ADE 6033, 6034 and 6035 microsense
thickness gauges
Magnetron M700 and 750 4-point probe
MDC CV plotters

Nanometrics Nanoline IV CD measure Sloan Dektak |A and lIA

Nanometrics Nanoline V CD measure

Nanometrics Nanoline 50 CD measure

Nanometrics Nanospec AFT 174, 180,
181, 200 & 210

Nikon Optistation 2A & 3A
OSI Microvision VLS-1 CD measure

CSI Microvision VLS-201 inspection
station

Tencor Surfscans 100, 164, 4000,
4500, 5000, 5500, 6200, 7000

Wafer & Mask
Scrubbers

Kasper 4500 scrubbers
MTI 63008 scrubber

MTI 6700 mask scrubber

MTI Multifab and Flexifab scrubbers
Solitec 1100 scrubber

Solitec 5110 SJ scrubber

SVG 8020 SSC scrubber
SVG 8120 SSC scrubber
SVG 8620 SSC scrubber
Ultratech 602 mask cleaner
Ultratech 603 mask cleaner

Wafer Steppers

GCA 6300 stepper, 5x

GCA 8000 stepper, 5x

GCA 8500 in-line stepper, 5x

Nikon | and G-line steppers
Ultratech 900 standard field stepper
Ultratech 1000 standard

Ultratech 1000 wide field

Tencor Alpha step 100 profilometers
Tencor Alpha step 200 profilometer
Tencor 100 and 160 Surfscan

Veeco FPP 100, 5000 4-point

Sputtering Systems

Balzer BAK 600 sputtering system
Balzer LLS 801 sputtering system
Balzer BA 510 sputtering system

CPA 9900 and 9930 sputtering system
CPA 9980 sputtering system

MRC 603 sputtering/vertical-load lock
MRC 643 sputtering system

MRC 902M sputtering system
MRC 903A and 903M sputtering

MRC 942-A-2 CTI cryo

MCR 943 3 target in-line sputtering

Perkin-Elmer 2400 and 2400-8L
sputtering system

Perkin-Elmer 4400
Perkin-Elmer 4410
Perkin-Elmer 4450
ULVAC MCH-9000
Varian 3120 sputtering systems
Varian 3180 sputtering systems
Varian 3190 sputtering systems

Varian 3290

Let us take the headache out of your next equipment acquisition project. Using our network of
hundreds of specialists, we can handle everything from equipment locating and brokerage, to
complete system refurbishments. We handle consignment inventory and Fab liquidations as

well.
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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 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.

WARRANTY

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 rwelve months afier delivery 1o Buyer except
optional printers for which the warranty terms of the Original Equipment Manufacturers apply. If it is recognized
that some components and accessories fail to give reasonable service for areasonable 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 shall inspect all items and within thirty days of delivery notify Tencor Instruments of any apparent.
defects discovered. 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
shail 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.

TRADEMARKS

Braycote® is a registered trademark of Castrol, Inc.

dBase™ is a trademark of Ashton-Tate.

Epson® is a registered trademark of Epson America, Inc.

IBM® PC and AT are registered trademarks of International Business Machines Corporation.
Lotus 1-2-3% is 2 registered trademark of Lotus Development Corporation.

Matrox® is a registered trademark of Matrox Electronic Systems Ltd.

MS-DOS®. Microsoft®, and Microsoft Windows® are registered trademarks of Microsoft Corporation.
Paintjet® is a registered trademark of Hewlett-Packard Company,

Tencor® P-20is a registered trademark of Tencor Instruments.

Tri-Flow™ is a trademark of Thompson & Formby, Inc.

Vibratite™ is a trademark of N.D. Industries Corp.

Video Blaster™ is a trademark of Creative Labs, Inc,

PATENTS

This instrument is protected under the following patent: 4,752,898.
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REVISION LOG _
This manual includes new features for software version 2.31 of the P-20 Long Scan
Profiler. The following is a brief summary of these changes:
» Chapter 2, “Basic Skills”
The following keys have been implemented to enhance the keyboard:

THETA, XY, LOAD, START, STOP, FASTZ A ,FASTZ ¥ ,SLOW Z v, VAC, OPTIC MAG
A, OPTIC MAG v

» Chapter 10, “Wafer Stress Application Option”

The Tencor P-20 Wafer Stress application now enables you to calculate the stress
in a deposited film by measuring the wafer deflection or curvature that the stress
induces on the substrate.

« Chapter 11, “Signal Light Tower Option”

The current implementation of the Signal Light Tower available in the current
release of the Tencor P-20 allows you to specify custom definition corresponding
to specific instrument states. This approach involves some relatively simple hard-
ware and new Profiler software which translates instrument statues into commands
to the new hardware.
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1 INTRODUCTION

1.1 ABOUT THIS MANUAL

This manual describes in detail the operation of the Tencor P-20 Long Scan Profiler. It is
intended as a tutorial and a general operating guide for individuals who will use the P-20
to inspect and analyze sample surfaces.

‘This manual consists of the following chapters:

Chapter 1, “Introduction,” discusses how to use the manual, terminology used, and
an overview of the instrument and its features.

Chapter 2, “Basic Skills,” provides information on starting the instrument and a
description and overview of the controls and the measuring software.

Chapter 3, “Getting Started,” is a brief tutorial on how to load and measure a sample.

Chapter 4, “Recipes,” provides detailed information on creating, editing, copying,
and saving profile recipes.

Chapter 5, “Profiling,” provides detailed information on loading samples, locating
sample features, and collecting data from the sample surface.

Chapter 6, “Analyzing Scan Data,” discusses analysis of the sample data, as well as
editing and saving the data.

Chapter 7, “Sequencing,” covers creating, editing, and saving sequence programs.

Chapter 8, “Using the Database,” discusses deleting, printing, reviewing, exporting,
and importing of Scan and Sequence recipes and data.

Chapter 9, “GEM/SECS Option,” discusses the optional GEM/SECS interface.

Chapter 10, “Wafer Stress Application Option, ” discusses how to calculate the stress
in a deposited film.

Chapter 11, “Signal Light Tower Option, ” discusses custom definition correspond-
ing to specific instrument states.

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

1.2 RELATED MANUALS

Tencor Instruments also provides the Tencor P-20 Long Scan Profiler Reference Manual,
a reference guide covering installation, maintenance, calibration, configuration, and
operational theory of the instrument, and the Tencor P-20 SECS Interface Manual, a
reference guide covering the implementation of the GEM/SECS Option.
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1.3 INSTRUMENT FEATURES OVERVIEW

The Tencor P-20 Long Scan Profiler is a computerized, highly sensitive surface profiler
that measures roughness, waviness, step height, and other surface characteristics in a
variety of applications. It features the ability to measure micro-roughness with up to 0.5A
(0.002 pin.) resolution over short distances as well as waviness over a full, 210-mm
(8.2-in.) scan. The built-in PC computing power offers precise, automatic measurement
capability with the convenience and ease of use of Microsoft Windows-based software
control and data analysis.

The Tencor P-20 can profile a variety of materials, including

* Magnetic disks

» Semiconductor wafers

* Precision-machined and polished surfaces
* Ceramics for micro-electronics

* (lass for flat panel displays

+ Optical surfaces

The instrument is available in two basic configurations: the manual P-20 and the automatic
wafer handler P-20h. Additional hardware and software options can be added. Contact
Tencor Instruments about availability.

The Tencor P-20 provides the following features:

* Precise measurement of the surface typography of finely textured disks at sub-
angstrom vertical resolution.

* Measurement of vertical features ranging from under 100A (0.4 puin.) to approxi-
mately 0.3 mm (11 mils), with a vertical resolution of 0.5, 2, or 10A (or 1, 10, or
50A with the optional Extended Range MicroHead).

* An unlimited number of data points per profile guarantee that the horizontal
resolution is generally limited by the stylus radius and not by the number of data
points.

* Measurements can be taken in either metric or English units, which are selectable
independently for horizontal and vertical parameters.

* Measurement of many roughness and waviness parameters, with user-selectabie
cutoff filters to isolate roughness and waviness.

* Ability to fitand level a scan, allowing accurate step height measurements on curved
surfaces.

* Ability to detect the edge or apex of a profile feature, allowing automated data
analysis relative to the feature.

« Ability to divide a length in a single scan into segments, as in the OD-to-QD profile .
of a disk with a central hole.
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* Ability to repeat a scan up to ten times and automatically calculate the average,
thereby minimizing the effects of environmental noise on measurements.

* Ability to automatically execute an unlimited number of scans in a sequence.
* Automatic positioning on the sample surface to within a few microns in X and Y.

» Precision mode, allowing precise location of small features and deskew coordinates
for automatic operation.

* Built-in, 80486-DX 33 MHz PC-compatible computer with 210 MB of disk storage.
* Application software running in the Microsoft Windows environment.

* Accommodation of samples up to 355 mm (14 in.) wide, 57.2 mm (2.25 in.) thick,
and 2.2 kg (5 Ib) in weight.

1.4 HARDWARE FEATURES AND OPTIONS

Processor

The processor is an 80486DX-33 MHz controller that runs MS-DOS and Windows. It is
PC compatibie. :

Screen

The 36-cm (14-in.} VGA video monitor displays the Tencor P-20 program, including a
magnified sample video image. The sample image has high resolution and contrast and
can be zoomed to an image ratio of 4:1.

Keyboard

The system is equipped with an operator’s keyboard built into the front panel for full
instrument operation. The keyboard has a full set of standard AT keys, as well as some
instrument-specific control keys.

The keyboard also has a trackball contro] device for fast cursor movement, stage and
measurement head motion control, and convenient menu option selection. The trackball
and keyboard can be used interchangeably for these functions.

Data Disk System

The inboard 210-MB hard disk contains the Tencor P-20 program and provides storage
of scanrecipes, sequences, and data. A 3.5-in. (1.4-MB) disk drive enables data and recipes
to be stored on floppy diskettes.

MicroHead Low Moment Measurement Head

The MicroHead permits highly accurate profiling of surface topography with minimal
stylus contact force. The innovative stylus arm design has a very low moment of inertia,
so itis much less susceptible to environmental noise. This allows the instrument to operate
effectively at stylus forces that are more than 10x lower than achievable with the standard
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measurement head. At higher force settings, the MicroHead can either take scans at higher
speeds for a given stylus force, or take scans with greatly reduced noise. The MicroHead
also allows greater precision in identifying peaks and valleys on the surface with vertical
repeatability typically at 6A (1) with 0.5A resolution.

The MicroHead also features an undistorted top-down view, facilitating precise stylus
alignment and allowing accurate video calibration and pattern recognition. User-inter-
changeable lenses provide magnification from 185 to 1200x in two ranges. Features as
small as 10 x 10 pm are easily positioned and scanned.

Extended Range Measurement Head (Optional)

The Extended Range MicroHead, offers most of the capabilities of the MicroHead with
an extended vertical range. Stylus forces range from 0.5 to 45 mg; vertical ranges are
+6.55,%65.5, and £325 pm; vertical repeatability is typically 10A (1o) with 1 A resolution.

Motorized Level and Rotation (Optional)
The Motorized Level and Rotation Option enables

* Automatic mechanical leveling of the sample. (The standard unit provides electronic
leveling of the traces.)

* Programmable sample rotation using a motorized rotary stage. (The standard feature
is a high-precision manual stage.) The motorized option enables programmed
6-position repeatability at 4 in. from the center of 4 pm (0.16 mil).

This option is available only at the time of initial factory installation.

Hard Disk Locator (Optional)

A disk locator is available for holding hard disks on the sample stage. The locator adjusts
to fit 48-, 65-, and 95-mm disks.

Wafer and Square Sample Precision Locators (Optional)

Wafer and square sample precision locators are available to enable exact positioning of a
sample relative to a fixed reference point. Locators are available for the following sample
sizes: 3, 4, 5, 6, and 8 in. See Appendix D, “Precision Locators,” in the Tencor P-12
Reference manual for graphic representations of the available locators.

Wafer Handler (P-20h)

The wafer handler automatically transports wafers in and out of the instrument. The
handler consists of a robotic mechanism with a vacuum puck mounted on a tumtable, two
cassette locators (one standard, one optional), and an aligner. If you are using both cassette
locators, the standard cassette locator functions as the sender and the optional cassette
locator functions as the receiver.

The vacuum puck picks up and transports the wafers, the cassette locators hold the cassettes
of wafers, and the aligner orients the wafers in the X, Y, and 8 positions as desired.

#271632 Rev. £ 8/95



Introduction 1-5

The handler can load wafers in four sizes: 100 mm (4 in.), 125 mm (5 in.), 150 mm (6 in.),
and 200 mm (8 in.).

Vacuum Sample Hold-Down

The vacuum hold-down enables a sample to be held securely in the center of the stage and
is available with the manual and motorized rotary stages.

Printer Port

A parallel port accommodates a compatible printer. Any printer supported by Microsoft
Windows can be used with the Tencor P-20 software.

ESD Ground Jack

A standard banana jack for an ESD wrist strap (1-MQ resistance minimum) is provided
for use with static-sensitive devices. See Figure 1-1 for the location of the jack.

1.5 SOFTWARE FEATURES AND OPTIONS

Operating Environment

The Tencor P-20 runs in the Microsoft Windows 3.1 environment on the MS-DQOS 6.2.x
operating system.

Database Manager

This feature provides enhanced organizational capabilities for storing, managing, and
exporting your P-12 measurement recipes and data.

Automatic Sequencing

The Sequence feature allows you to write a sequence program for the instrument so that
vou can combine up to 300 recipes and artifact locations into a sequence. A sequence
program links scan recipes with stage locations to automatically take repetitive measure-
ments, greatly enhancing the productivity of the P-12 instrument.

Wafer Stress Application (Optional)

The Tencor P-20 Wafer Stress application Option enables you to calculate the stress in a
deposited film by measuring the wafer deflection or curvature that the stress induces on
the substrate.

Signal Light Tower (Optional)

The Signal Light Tower Option allows you to specify custom definition corresponding to
specific instrument states. This approach involves some relatively simple hardware and
new Profiler software which translates instrument statues into commands to the new
hardware.
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GEM/SECS (Optional)

The GEM/SECS Option allows the uploading of scan measurement data to a host
computer. The capability also supports Alarms, Data Collection, Equipment States, Error
Messages, Initialization, Clock, and process program upload and download. See the
Tencor P-20 SECS Interface Manual for more information on the GEM/SECS Option.

Pattern Recognition (Optional)

The Pattern Recognition Option can be used to enhance the capabilities of the Sequence
Option. Autornated deskew alignment minimizes operator intervention in sequences,
improving throughput.
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1.6 HOW TO USE THIS MANUAL

To get the most out of this manual, first-time users should proceed sequentially from
Chapter 1 through Chapter 3 to get an overview of the instrument and its operation.

The remaining chapters provide a more thorough look at the concepts introduced in these
first three chapters.

1.7 CONVENTIONS USED IN THIS MANUAL

This manual uses typographic formatting and symbols to distinguish between explana-
tions, procedures, notes, cautions, and so on. This manual also uses many specialized terms
that might be new to you. These conventions are described in this section.

1.71 TYPOGRAPHIC FORMATTING
Keep these conventions in mind when reading the manual.

Term

abe..xyz

CD D:\DATA

LOAD

ALT+S

File menu
Scan window

Direction field

[<1 [>] [A] V]

ENTER

NOTE:
CAUTION:

Meaning

Italics are used to identify information you type using the operator
keypad or the computer keyboard.

Messages and examples appear in bold text.

The keys or buttons you must press are indicated by small, capitalized
letters.

When you see several keys divided by plus signs, hold down the first key
while pressing the remaining key(s). For instance, hold down ALT while
pressing S.

Menus and windows are shown with initial capital letters.

The term field is used to identify the location of areas on dialog boxes

where you can type data. The actual field name or description usually

appears in the window next to the location where data is entered. Some
fields are for display purposes only and do not accept data.

The arrow keys on the keyboard are used to select items in lists, move
the text cursor from field to field in dialog boxes, and to manipulate the -
cursors in the Data Analysis window.

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

A note box indicates that the information is vital to remember.

A caution or warning box suggests that you might damage the instrument
or injure yourself.
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1.7.2 TERMINOLOGY
Before continuing, you need to familiarize yourself with several terms used throughout
this publication. A more complete listing of words and terms is provided in the glossary
at the back of the manual.

Arrow Keys

The four arrow keys found on the aperator keyboard. Each arrow key points in a specific
direction. The arrow keys are used in many places throughout the Tencor P-20 software.
For example, when you want to move the selection bar in menus, you press [v] to move
the bar downwards and [A] to move the bar upwards. Use the [<] and [>] keys to move
the measuring cursors in the Data Analysis window.

Boot

The term used to describe the operation of powering up a computer where the computer
sets up its internal sofiware configuration, loads operating system software, and perhaps
executes an application program, depending on the instructions and data found in two DOS
files named AUTOEXEC.BAT and CONFIG.SYS. Ordinarily, the Tencor P-20 initializes
the Windows environment and starts up the P-20 application software.

Choose

The terms choose and select are used interchangeably to indicate selecting options from
the screen with the keyboard or trackball.

Click

The term used to indicate quickly pressing and releasing one of the trackball buttons
(usually the left button) when the trackball cursor is over a specific section of a window.
Depending on what you click on, a window might close, a dialog box might open, an option
might be selected, and so on.

Command

The action associated with selecting one of the options appearing on a menu, clicking on
an icon in Windows, or pressing certain keys on the keyboard.

Cursor

In Windows, there are several kinds of cursors, which are moveable objects on the
computer screen used to indicate position. The frackball cursor is a small graphic picture
or icon, most often in the form of an arrow, that indicates the position of the trackball in
relation to the objects on the screen. The trackball cursor can also change appearance and
action depending on its location. When entering text in dialog boxes, a text cursor (usually
in the form of a vertical bar) indicates where typed text will be echoed. The Tencor P-20
also provides measurement cursors and leveling cursors superimposed on scan data in the
Data Analysis window.
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Database

A set of computer files containing information and the software used to maintain and
access the information. The Tencor P-20 database contains recipe and sequence files
describing how to perform scans and sequences of scans as well as the associated
measurement data files.

Directory

Computer files are stored on the computer’s hard disk organized in directories. The
directory name identifies the location where the files are stored. The directory name is
prefaced with a backslash (V) character. For instance, the \TENCOR directory contains
program and data files necessary to run theTencor P-20 main program.

Double-click

The term used to indicate quickly pressing and releasing one of the trackball buttons
(usually the left button) twice in rapid succession when the trackball cursor is over a
specific portion of a window. Depending on what you double-click on, a window might
close, a dialog box might open, an option might be selected, and so on.

Drag

The mouse action performed when you hold down the mouse button and move the mouse.
You can drag the mouse to choose a menu item and to move a graphics cursor.

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 for recipe parameters. Option fields have associated
tables with predefined values. Display-only fields are used by the instrument to display
the current status of inspections and values acquired after calculating inspection results.

Highlight

In the Windows environment, there are several ways of indicating the current condition
of the program by visual means. For example, in a drop-down list, a series of items appear,
one of which can be selected at a time. The item that is currently selected usually appears
with a differently-colored background that makes it stand out clearly from the other items
in the list. This kind of visual indication is called highlighting.

Keyboard

Instrument operation is performed using the instrument keyboard. It houses a set of
typewriter-like keys with alphanumeric characters, a set of numeric keys arranged like a
standard calculator, and miscellaneous special keys that perform designated functions.
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Menu

A menu is a list of commands that can be selected. Menus take several different forms in
Windows. A drop-down menu is a list of possible actions that appear when you click on
a title n the menu bar. An icon-based menu is a group of graphic objects that might look
like buttons that you click on with the trackball to select from a set of possible actions.

Option

One of several items you can select when programming recipe parameters. Many recipe
parameter fields have an associated set of options that influence the behavior of the
instrument when measurements are performed.

Profile

If you intersect a surface with a plane, the curve formed is a profile. The Tencor P-20
measures a profile by scanning a surface with a stylus. As the stylus moves up and down,
the instrument records the variation along the length measured. The word scan or trace is
sometimes used interchangeably with profile.

Prompt

An indication from the computer that it is waiting for information or instructions from the
user.

Reboot

A term used to describe the operation of resetting a computer (without necessarily turning
off the power) where the computer reloads operating system software and resets its internal
software configuration. Usually used when some problem has caused the computer to lock
up, and sometimes necessary after installing software to allow changes made to configu-
ration files to take effect.

Recipe

The Tencor P-20 takes a scan based on the settings selected by the user in the recipe. A
recipe is 2 list of scan parameters such as scan length, stylus force, and vertical range/res-
olution. A recipe also contains instructions for the analysis of the data collected in the scan.

Scan

Action performed when the Tencor P-20 measures a sample surface. Also used inter-
changeably with profile or trace to describe the plotted data that results from the scan.

Screen
The screen is the front of the video display where the computer displays information.
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Select

The terms select and choose are used interchangeably to describe the actions you take
when selecting options from windows with the built-in keyboard, remote keyboard, or the
trackball.

Sequence

The Tencor P-20 allows you to write a sequence, which programs the instrument to take
a series of scans rather than taking them all manually, one by one. A sequence is like a
script that links specific locations on a sample (or on a number of samples) with specific
scan recipes to be performed at each location.

Trace

The plotted data that results from a scan. The word profile or scan is sometimes used
interchangeably with trace.

Trackball

The trackball is a pointing device used to provide input to the computer. By rolling the
ball with the palm of your hand, you control the position of a trackball cursor on the
computer screen. Two trackball buttons (left and right) are used to select available actions.

Window

Small to large rectangular boxes that open on the screen to display information and allow
you to take actions and make selections. Specific main windows (such as the Recipe
window) contain information and the control interface for a specific task or set of tasks
and occupy most of the area of the screen. Smaller secondary windows are also often used
to display information and allow operator actions. These secondary windows appear on
top of the main window and disappear as needed.
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2.2

Chapter 2 describes the Tencor P-20 Long Scan Profiler controls and general operations
such as

 Starting, resetting, and shutting down the instrument
» Navigating through the instrument software
+ Important cautions and safety information

» Getting help

INSTRUMENT COMPONENTS

Figure 1-1 through 1-3 show the major hardware components of the Tencor P-20, includ-
ing the optional wafer handler.

Figure 1-1 shows the locations of controls and extermnal components. Figure 1-2 shows the
main features of the measurement area. Figure 1-3 shows the Tencor P-20h wafer handler
and its major components.

INSTRUMENT CONTROLS

To operate the instrument use the keyboard and trackball. The system communicates with
the user on the instrument video monitor. Data files can be imported and exported, and
software options added or the system software upgraded, using the 3.5-in. diskette drive.
The system can be powered on or off, or reset without powering down, from buttons on
the auxiliary panel. In addition, there are several other controls located in and near the
measurement area. These controls are described in the following sections.

2.21 KEYBOARD

You can operate the instrument primarily with a special keyboard that includes an
integrated trackball pointing device, built in to the front of the instrument. Figure 2-1
illustrates the keyboard and shows the locations of the keys.
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Figure 21 Tencor P-20 Operator Keyboard

Spacebar

The actions of the keys are described below.

Table 2-1 Keyhoard Actions

Key Function key/ Action
Hot key
ESC CANCEL If a dialog box is displayed, closes the dialog box.
If a drop-down menu is displayed, collapses the menu.
TAB « In dialog boxes, puts text cursor in previous field.
TAB — In dialog boxes, puts text cursor in next field.
HELP Fl Provides help with the Profiler software.
F2,F3,F4 Function keys.
THETA F3 Enters the View module in THETA mode.
XY F6 Enters the View module in XY mode.
LOAD F7 Loads or unloads the sample.
START F8 Starts a scan.
STOP F9 Stops a scan.
LEVEL CTRL+L Not implemented in this release,
ZOOM F11 Not implemented in this release.
ID F12 Not implemented in this release.
PRINT CTRL+P Prints data from the current page.
DELETE Deletes any characters in a data field.
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Table 21  Keyboard Actions (Continued)
Key Function key/ Action
Hot key
[A][v] Activates Delta Average mode cursor operation.
Selects previous or next menu in a menu bar.
Moves cursor left or right in text-entry fields.

<1} Moves measurement and leveling cursors in Data Analysis
window,

Selects previous or next item in a drop-down menu.
Moves cursor left or right in text-entry fields.

UNDO Used in data entry to backspace from the end of a character
string erasing one character at a time.

ENTER Launches currently selected icon.

Selects menu item from drop-down menu.
Completes the entry of any dialog box.
Same as OK.

Spacebar In Data Analysis window, toggles between left and right
cursors. If pressed twice in quick succession, spacebar
activates both cursors that move in tandem.

AUTOZ ¢ ALT+CTRL+Y Not implemented in this release.

AUTOZ y CTRL+Y Not implemented in this release.

FASTZ A CTRL+U Raises the head by 500 microns.

FASTZ ¥ CTRL+D Lowers the head ali the way down.

SLOWZ v ALT+CTRL+D Lowers the head by 500 microns.

VAC CTRL+A Tums the vacuum to on or off.

OPTIC MAG A ALT+CTRL+M Increases the magnification.

OPTIC MAG v CTrRL+M Decreases the magnification,

Trackball L See Section 3.5 (2), “Trackball.”

Trackball R See Section 3.5 (1), “Trackball.”
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2.2.2 TRACKBALL
The trackball is a pointing device that allows you to start software tasks, select commands
from menus, enter data into the computer, and so on. It consists of a motion-sensing
mechanism (the ball itself) and two buttons mounted in the keyboard.

To use the trackball, you place the palm of your hand over the ball and apply a gentle
rolling motion. The ball responds by turning at the pressure from your hand and this motion
causes a small pointer (called the trackball cursor) to move on the video monitor. When
the cursor is located above certain regions on the screen, you can perform functions by
manipulating the trackball in one of several general ways listed below.

Trackball Using the trackball The action is used to

Action

Click Press and release the Select an item or cancels a pending oper-
left button. ation.

Double-click  Press and release the Select an item and begins the action asso-

left button twice inrap-  ciated with the item.
1d succession.

Drag and Press and hold the left ~ Select an item from a drop-down menu;

drop button; roll the ball select a section of text for editing; control
with the button de- scroll bars; move windows and dialog
pressed; finally, re- boxes around on the screen.

lease the button.

Actions performed by clicking, double-clicking, or dragging and dropping can be different
when using the left or right button. Except where noted otherwise, you can use the
keyboard, the trackball, or a combination of both to issue commands or enter data.
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2.2.3 AUXILIARY PANEL

The appearance of the auxiliary panel differs slightly depending on whether you have a
standard instrument or one equipped with the Emergency Off Option.

Standard Auxiliary Panel

The auxiliary panel is located on the front of the instrument to the lefi of the video monitor.
Located on the panel are the Power button, the Reset button, the Keylock, and the opening
to the floppy diskette drive.

Diskette LED

ek [==r —= |
iskette | i )
Drive Door ———— 1 L T Floppy Diskette

Ejection Button

*2 m—
Reset N
Button | .3 —Power
; Fe— Switch

Keylock

[

Figure 2-2  Auxiliary Panel

The functions of the controls on the auxiliary panel are described below.

Control Action
Power Button Turns system power on or off.
Reset Button Restarts the instrument computer without turning the instru-

ment power off.
Keylock Not used in this release.

Diskette Eject Button  Ejects a floppy diskette from the drive if one is present.

Emergency Off Auxiliary Panel (Optional)

The auxiliary panel is located on the front of the instrument to the left of the video monitor.
Located on the panel are the Emergency Off switch (with keylock), the Power On switch,
the Power Off switch, the Reset button, the keylock, and the opening to the floppy diskette
drive (see Fig. 2-3).
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Diskette

Drive Door \

Diskette LED ————

Reset Button 7
Keylock ]

+—Floppy Diskette
Ejection Button

— Power On
RESET ol POWER Switch

2
/‘E @ .3 O—~+—Power Off
Switch

J

\Juuuuuuuuju

— Emergency Off
Switch

— Emergency Off
Lock

Figure 2-3  Auxiliary Panel-Emergency Off Qption

The functions of the controls on the auxiliary panel are described below.

Control
Emergency Off Lock

Emergency Off
Switch

Power On Switch
Power Off Switch

Reset Button

Kevlock

#271632 Rev. E 8/95

Action
Enables and disables Emergency Off switch

If enabled, shuts system power off

Turns system power on
Turns system power off

Restarts the instrument computer without turning the instru-
ment power off

Not used in this version
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Control Action

Diskette Eject Button  Ejects a floppy diskette from the drive if one is present

2.2.4 MISCELLANEOUS CONTROLS

Video Monitor Controls
The video monitor controls are Jocated underneath the left side of the video monitor (see

Fig. 1-1).
Control Action
On/Off Turns the video monitor on or off.
Brightness Adjusts the level of screen brightness.
Intensity Adjusts the level of screen intensity.
ESD Jacks

The ESD ground jack is located underneath the computer. to the left of the video monitor
controls (see Fig. 1-1).

2.3 USING THE INSTRUMENT

The sections that follow describe the basic techniques needed to operate the Tencor P-20.

To power up the instrument:

Press the Power button on the auxiliary panel.

To reset the instrument without powering down:

1. From the Top Level menu, hold down the Shift key and double-click on the Log Off
icon to close down the Profiler software.

2. Press ALT+F4. A message box appears with the prompt
This will end your Windows session.

Press ENTER, or click on OK to close down Windows.

tud

Press the Reset button on the auxiliary panel, or tvpe ALT+CTRL+DELETE.

NOTE: Do not press ALT+CTRL+DELETE until after exiting from Windows;
otherwise, file and disk corruption can occur.

When the instrument is powered up or reset, it displays a series of start-up messages. then
displays the Microsoft Windows start-up screen and initializes the Windows environment.
The Tencor P-20 software appears in the Tencor program group (Fig 2-4):
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=] Tencor RME

T8 4w

Cenfigwiation  Upgrade  Upgrade

Figure 2-4 Tencor Program Group

To start the Tencor P-20 software:

Using the trackball, move the small arrow-shaped cursor until its tip is on the Profiler
icon in the Tencor program group. Double-click the left button (or click once and
press ENTER).

The arrow-shaped cursor changes into an hourglass. A series of messages appear as the

various components of the software are loaded into memory. At the end of this process,
the Top Level menu appears and the cursor becomes a Tencor logo.

-~
-

=|Tencor Instruments | Profiler P-20 [~}

Top Level Menu

Scan - Calibration Configuration Database ...

-

GEM+SECS Help

[ FPieane select the function you dezire to perform

| NSubstr,

Figure 2-5 Top Level Menu
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The Top Level menu is the starting point for operating the instrument. Each picture in the
menu represents a group of related operations.

Before describing the operation of the instrument, it is necessary to understand a little
about the Windows environment. The following sections describe the Windows environ-
ment as seen from within the Tencor P-20 software.

2.4 WORKING WITH WINDOWS

The Tencor P-20 software operates in the Microsoft Windows environment. In this
environment, windows display information, menus provide lists of commands (in the form
of text lists or as a set of graphic images called icons), and forms and dialog boxes request
additional information or display error messages.

Most windows share some common features. Not all windows, however, have every
element. As a typical example, refer to the Recipe Editor window in Figure 2-6:

Title Bar
Contro! Menu /—Tool Bar
BoXx —— .
==|Tencor Instruments | Recipe Editor - **"UNTITLED™ - [2D Scan Parametersf | Online/Local
Menu Bar - Recipe  Options Substrate  Vacuum Window Help
Scan Parameter LQ l = i g:l LQJ ‘_E—i P [SIWJ @ /
Secondary Definition
Tool Bar . [120 Soan
Featuro Scan Length [wm] : (2] Total Time feec): [ 5]
s ind Time frecl: 5]
Filt .
Cm::x Scan Speed [um/z] : Data Point Int. I'""l
General || | Sampling Rate M1 : Data Points :
Patameters y
re— | Muti-Scan Average: [1 ]3]
Roughnest
Waviness Scan Direction; —
Bearmng Rabo - Stplus
Cutting Depth
lus F :
e e TR E—
Peak Count Contact Speed : E:E
" Vestical Ranging
/ Profile Type : E
Form —~ Range/Resclution  [130um/t0A I}
[ I Il
Figure 2-6 Recipe Editor Window
Title Bar

Inthe center, the window’s title bar displays a title for the current window (in this example,
the title contains the name of the recipe that is being edited).
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Control Menu Box

The control menu box appears in the upper-left corner of a window. By clicking on the
box, the control menu appears, which allows you to close, move and resize windows, and
switch to other applications. In the Recipe Editor window, the Move, Resize, Minimize,
and Maximize commands are all unavailable because this window is not moveable or
resizeable. Unavailable commands appear as dimmed text. See Section 2.6.9, “Moveable
and Resizeable Windows.”

Menu Bar

The menu bar contains a list of menu titles. When you point at one of these titles with the
trackball and click, a menu drops down below the title, listing a series of possible actions.
See Section 2.5, “Working with Menus.”

Tool Bar

The tool bar contains a series of icons that look like buttons. Clicking on one of these icons
provides another way to select some of the items that can also be selected from the menu
bar. Some windows have secondary tool bars, like the vertical set of buttons on the left
side of the Recipe Editor window. See Section 2.5, “Working with Menus.”

Forms

The main area of a window can contain many things depending on the purpose of that
particular window a data display—a video image of a sample, or, as in the Recipe Editor
window, a form, which displays information that usually can be edited and waits for you
to make any desired changes or otherwise respond.

Dialog boxes are similar to forms. They are secondary windows that appear on top of
another window when the software requires the operator to make some decisions or supply
some additional information before proceeding with a command. See Section 2.6, “Work-
ing with Dialog Boxes and Forms.”

2.5 WORKING WITH MENUS

A menu contains a list of actions from which you can choose. There are two types of menus:

* Icon-based menus
* Drop-down menus

The Top Level menu (Figure 2-5) is an icon-based menu. Each of the icons in the menu
corresponds to a group of related operations that you can perform. For example, the Scan
icon corresponds to all the activities related to using the instrument to scan samples—
setting the parameters for the scan, performing the scan, analyzing the data taken, and so
on.

To start an operation with the trackball:

Move the cursor over the desired icon and double-click.

#271632 Rev. E 8/95



Basic Skills 2-11

To start an operation with the keyboard:

Press TAB<— or TAB-»> or the arrow keys until the desired icon is selected, then press
ENTER.

The tool bars that appear in some windows are other examples of icon-based menus.

A drop-down menu is a box that appears in a window when it is opened by clicking on the
menu title. The menu typically contains several items. Depending on the state of the
program at the time, some menu items may not be available; these unavailable choices
appear as dimmed text. In the following sample menu, the third, seventh, tenth, and
eleventh items in the list are dimmed and cannot be selected while the system is in its
current state.
Recipe
New CtrisN
Open... Ctrl+0

Save Ctrl+5
Save As...

XY-View
Start Scan
Lnalysis

Diagnastic...
Infa... i+

Print... Ctri+P
Exit

Figure 2-7 Drop-Down Menu

Some menu items have Aot keys assigned to them. Hot keys are special key combinations
that perform a specific menu function directly without having to first pull down the menu
and then select the menu item. For example, pressing CTRL+0 has the same effect as pulling
down the Recipe menu in Figure 2-7 and clicking on Open. Hot keys offer some of the
advantages of command-based user interfaces to the Windows graphical user interface.

2.6 WORKING WITH DIALOG BOXES AND FORMS

A dialog box is a secondary window that appears on top of the window that is currently
on the screen. The instrument software uses dialog boxes to obtain additional information
about an action you have selected.

A message box is a special type of dialog box that displays an error or wamning message,
and usually has only one or two responses, typically OK or Cancel.

Sometimes part of the main window has an appearance that is much like a typical dialog
box. These are referred to as forms.

Dialog boxes and forms can differ widely in appearance depending on their function. A
dialog box can contain any of the elements described in this section (see Fig. 2-8).
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Handler Setup

~—1— Comimand

[ General Information | 0K J Button
Handler Type: |Tencor ]
Cancel
Waler 1D Type: ulone E L——I
R Selection
MNumber of Slots: Eﬁ ]E] Box

" Cazselte Infoimation

Place Casselte Name

X Cassette #1 |RECEIVER |

%ﬁastelte #2 |SENDER ]

N
N— Check Box

Figure 2-8 Typical Dialog Box

2.6.1 SELECTING ITEMS

In most dialog boxes, several items are available for selecting settings or entering desired
values. Each item can be selected by clicking on it with the trackball.

Alternatively, you can press the TAB key on the keyboard to select an item in the dialog
box. Items that are selected are made to stand out in the dialog box. If an item contains a
field that has 2 menu of possible choices or accepts keyboard entry of information, the
field appears highlighted. If the item is a check box, a radio button. or a control button. a
small box appears, outlining the item’s label.

To select an item with the trackball;

Click on the item.

To select an item with the keyboard:
Press TAB<— or TAB—» repeatedly until the item is highlighted.
2.6.2 USING COMMAND BUTTONS

A command button performs the action described by the button’s title. For example,
clicking on the Cancel command button closes the dialog box without changing any
settings.

Command buttons with an ellipsis (...) open another dialog box. Command buttons with
two greater-than symbols (>>) after the title expand the current dialog box. Command
buttons that are not available are dimmed.
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In most dialog boxes, one button is the default button and can be chosen by pressing ENTER
as well as by selecting 1t with the trackball or TAB keys. The default button is indicated
by a dark border.

In most dialog boxes with a Cancel option, pressing the ESC key has the same effect as
clicking on the Cancel command button.

To activate a command button with the trackball:

Click on the button.

To activate a command button with the keyboard:

Press TAB<— or TAB—> until the button is selected, then press ENTER.

To activate the default command butten at any time:
Press ENTER.

To cancel a dialog box at any time:

Press ESC.
2.6.3 USING CHECK BOXES

Check boxes are used to indicate options that can either be on or off. When an option is
off, the check box is empty; when it is on, the check box has an x in it. A check box is
dimmed if the option is unavailable.

" Roughness Parameters ™ | [ Waviness Parameters
Selected BiRa’  Average Clwa Average
Check Box F MaxRa Maximum Ra O wq RHMS
Unselected Ra  Rus Cwp  Peak
Check Box LRp  Peak Clwy  Valley
LIRv  Valley Odwt  Peak/Valley
(0Bt  Peak/Valley [ wh Waviness Height

LRz 10pt Height

O R3z 6pt Height

[JAh  Roughness Height
[J Rpm Mean Peak Height
(D og . RMS Slope

O Lg RMS Wavelength

[JsD  Std Dev Heights
|-

| = — —
Figure 2-8 Check Boxes

To turn a check box on or off with the trackball:

Click on the box to toggle its state.
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To turn a check box on or off with the trackball:

Press TAB<«— or TAB— until the desired box is selected. then press the spacebar to
toggle its state.

2.6.4 USING RADIO BUTTONS
Radio buttons are used to display a group of options where only one item in the group can
be on at a time. The radio button that is on contains a black dot in the circle; all the others
are empty circles. Choosing to activate another radio button automatically deactivates the
current activated one. Radio buttons that are not available are dimmed.

=| Scan Offset Calibration Option
Radio Options
Button ——_ |
® 150 pm > 300 pm Zr 500 pm
oK I l Cancel l

Figure 2-10 Radio Buttons

To turn a radio button on or off with the trackball:

Click on the radio button.

To turn a radio button on or off with the kevboard:

Press TAB« or TAB— to select the radio buttons, then press [<], [>], [a], or [v].

2.6.5 USING LIST BOXES

List boxes display lists of options. When a list is longer than the list box can display. use
scroll bars to see the remaining part of the list.

At the top of the list box is a selection box that displays the current selection from the list.

To choose a:list itern with the trackball:
1. Click on the desired item.
2. Click on the OK command button.

To choose a list item with the keyboard:
1. Press [A] or [v] to move the selection bar up or down.

2. Press ENTER to perform the action associated with the list.
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Rather than selecting the list item from the list, you can also type the name of the list item
desired directly in the selection box. The selection box is one example of a data entry field.
See Section 2.6.6, “Using Data Entry Fields,” for a discussion of the various ways that
you can use to edit text.

If the data that you enter is invalid, the system does not accept the data.

To choose a list item by typing the list item name:

1. Click inside the selection box to place the text cursor in it, or double-click or drag
the trackball cursor to select some or all of the current text.

2

Tvpe the appropriate text.

LS

Click on the OK command button or press ENTER to perform the action associated
with the list.

2.6.6 USING DATA ENTRY FIELDS

A data entry field is a selection box into which you can type data—recipe names, a value
for scan length, and so on.

To edit text in a data entry field box:

» Click on the trackball cursor once inside the box to place the text cursor (a blinking
vertical bar) inside the box at the tip of the mouse cursor.

* Double-click the trackball cursor to select the entire word nearest the cursor,
highlighting it.

* Drag the trackball cursor to select part or all of the text in the box. You do this by
clicking the left button and holding it down while you move the cursor across some
or all of the text in the selection box. As you drag, the text is highlighted. Release
the button when the desired text is highlighted.

If you insert the text cursor by clicking in the box, characters typed from the keyboard are
inserted to the right of the text cursor, moving existing characters to the right to accom-
modate the new ones. Press DELETE to erase the character to the right of the text cursor,
or press UNDO to erase the character to the left of the text cursor.

If you select all or part of the text by double-clicking or dragging, you can press DELETE
or UNDO to delete the selection, or start typing to overwrite the selection.

When finished, press ENTER or click on the OK command button. If the data that you enter
is invalid, the system does not accept the data and beeps a warning.

To enter data in a selection box;

1. Click inside the selection box to place the text cursor in it, or double-click or drag
the trackball cursor to select some or all of the current text.

2. Type the desired data from the keyboard and edit as necessary.
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2.6.7 USING DROP-DOWN LISTS

Drop-down lists are similar to list boxes. Instead of the list appearing beneath the selection
box, there is a small drop-down button to the right of the selection box. The drop-down
list appears when you click on the drop-down button. If the list contains more choices than
can be displayed in the drop-down list, scroll bars are provided.

Filters

Moise Filter [Short Wavelength)-

Waviness {lLong Wavelength]): 14um/0.56mil

25um/1mil
45um/1.8mil
80um/3mil
140um/%5_Emil

Figure 2-11 Drop-Down List

Note that if you use the TAB key to access a drop-down list, the list does not pull down,

but you can see the list items appear one-by-one in the selection box by pressing the arrow
keys or PAGE UP and PAGE DOWN.

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

2. Click on the desired item or use the arrow keys to choose the desired item and press

TAB to close the drop-down list. You can also click anywhere outside the drop-down
list to close it.

2.6.8 USING SCROLL BARS

A window, dialog box, or list box uses scroll bars to allow display of more information
than can fit in the existing screen space of the box. For example, if a file list box can only
display the names for eight files, but there are twelve or more files present, the box appears
with scroll bars along its right side. Scroll bars can also appear on the bottom of a box if
the information displayed in the box does not have enough horizontzl space.

There are different ways to control scrolling. Some methods are good for browsing slowly

through the list; others can bring you rapidly to the beginning or end of a list or anywhere
in between.
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To scroll using the trackball

To scroll Do this

One line Click once on a scroll arrow.

One window Click in the scroll bar, above or below the scroll box.

Continuously Press and hold down the left trackball button while pointing to one
of the scroll arrows. When the desired information appears, release
the button.

To any position  Drag the scroll box along the scroll bar to the desired position. Since
the length of the scroll bar is scaled to the amount of information
that appears in the box, dragging to the middie of the scroll bar
positions the center area of the information in the box, dragging to
the end of the scroll bar positions the end of the information in the
box, and so on.

Using indexing  Click on the first item in the list. Then type the first letter of the
(only works for  desired item name. The list jumps to the first entry beginning with
lists) that letter.

You can also use keyboard commands to control scrolling.
To scroll using the keyboard

To scroll Do this
One line Press [A] or [v] once.
One window Press PAGE UP or PAGE DN.

Continuously Press and hold [A] or [v]. When the desired information appears,
release the key.

Tothetopofthe Press HOME.
list

Tothebottomof Press END.
the list

Using indexing  Then type the first letter of the desired item name. The list jumps to
(only works for  the first entry beginning with that letter.
lists)
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2.6.9 MOVEABLE AND RESIZEABLE WINDOWS
Windows are sometimes moveable and resizeable. Moveable windows can be moved
around the screen. Resizeable windows can be made larger or smaller. They can also be
reduced to an icon, or minimized, or made to evenly fill the entire screen area available 1o
them, or maximized.

In the Tencor P-20 software, these kind of windows are not used as often as in many other
applications. The Data Analysis windows, however, use this approach to allow fiexibility
in viewing data plots and parameter calculations.

Y-Title Bar Minimize Button-——\ [—— Maximize Button

== Tencor instruments | \ Data Analysis i Online/Local
File Trace Operations, Window ﬂelp
Menu
Trace Wndnw | = ISequenae [_]—‘
lalana3 M1 Box
length 200 um Height
Speed 10 umisec Lewel L pZrrrrrrrrg RZ7ZZZZ3 T
Direction -» Meaw: LI Rl ==
Repeots: 1 300a
Force. 10 mg o
208
L R leﬂ.l'\. 203
Meas 00 441 0
Deta 00  44.1 .
ev R 1671 1004 : 3
Dets 570 2000 .
Ret 00 QA fMK\M,_, T
eght 203 A )
dh 44 m :
TIR |2 A 1004 :
Eeq et
aan98 . :
catiary. 14 -2004 T —r ' t
r’q 50m 160pm 150pm 200p
— Morma.
ARy
| [GetSeguence Staticsl il Subst.

Figure 2-12 Moveable and Resizeable Windows

In the example shown in Figure 2-12, two subwindows (the Trace window and the
Sequence Parameter Data window) appear inside the main Data Analysis window. These
windows can be moved and resized as follows.

To move a window using the trackball:

Drag and drop the window using the title bar.

To move a window using the keyboard:
1. Press CTRL+F6 or CTRL+TAB to select the window or icon that you want to move,
2. Press ALT+- (hyphen) to display the Control menu for the selected window.

3. Usethearrow keys to select Move and press ENTER, or press the M key. The trackball
cursor changes to a four-headed arrow.
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4.

3.

Use the arrow keys to move the window to the new location. An outline of the
window moves as you press the arrow keys.

Press ENTER to complete the move, or press ESC to cancel.

To change the size of 2a window using the trackball:

1.
2.

(PR

4.

Select the window you want to resize.

Point to a border or corner of the window. The trackball cursor changes to a two-
headed arrow.

Drag the border or corner until the window is the desired size. If you drag a border,
the window size changes only in the direction perpendicular to the border. If you
drag a corner, both adjoining sides change at the same time. An outline indicates the
size and shape of the new size.

Release the trackball button. To cancel, press ESC before releasing the button.

To change the size of a window using the keyboard:

1.

L2

6.

Press CTRL+F6 or CTRL+TAB to select the window or icon that you want to resize.
Press ALT+- (hyphen) to display the Control menu for the selected window.

Use the arrow keys to select Size and press ENTER, or press the S key. The trackball
cursor changes to a four-headed arrow.

Use an arrow key to move the trackball cursor to the border you want. If you want
to change the size both horizontally and vertically, press either [A] or [v] + either
[<] or [>] simultaneously to move the cursor to the corresponding corner of the-
window.

Use an arrow key to move the border. If you are changing the size both horizontally
and vertically, press [>] to stretch the window to the right, {<] to stretch it to the left,
[A] to stretch it upward, and [v] to stretch it downward. Move the border or borders
until the window is the size that you want. An outline indicates the size and shape
of the new size.

Press ENTER to complete the resizing, or press ESC to cancel.

To minimize a window using the trackball:

1.
2.

Select the window you want to minimize.

Click on the Minimize button (the box with the downward-pointing arrowhead).

To minimize a window using the keyboard:

1.
2.

-
3.

Press CTRL+F6 or CTRL+TAB to select the window or icon that vou want to minimize.
Press ALT+- (hyphen) to display the Control menu for the selected window.

Use the arrow keys to select Minimize and press ENTER, or press the N key.

To maximize a2 window using the trackball:

1.

Select the window you want to maximize.
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2. Click on the Maximize button (the box with the upward-pointing arrowhead).

To maximize a window using the keyboard:
1. Press CTRL+F6 or CTRL+TAB to select the window or icon that you want to minimize.
2. Press ALT+- (hyphen) to display the Control menu for the selected window.
3. Use the arrow keys to select Maximize and press ENTER, or press the X key.

When a window is maximized, the Maximize and Minimize buttons are replaced by the
Restore button. If you want to minimize a maximized window, you must first restore it to
its original size.
To restore a window using the trackball:
Click on the Restore button (the box with both upward- and downward-pointing
arrowheads).
To restore a window using the keyboard:

1. Press ALT+- (hyphen) to display the Control menu for the maximized window.

2. Use the arrow keys to select Restore and press ENTER, or press the R key.
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2.7 USING THE WAFER HANDLER

The wafer handler automatically transports wafers in and out of the instrument. The
handler consists of a robotic mechanism with a vacuum puck mounted on a turntable, one
or two cassette locators (one is standard, the second is optional), and an aligner.

instrument

Aligner
Wafer Size
Configuration Dial

Receiver Cassette

Vacuum Locator (Optional)

Puck

Sender Cassette
Locator {Standard)

Figure 2-13 Watfer Handler

The vacuum puck picks up and transports the wafers, the cassette locators hold the cassettes
of wafers in the proper position, and the aligner orients the wafers in X, Y, and 0 as desired.
See Section 5.2.2, “Loading a Sample with the Wafer Handler,” and Section 7.11,
“Sequencing with the Wafer Handler,” for details on the operation of the wafer handler
with the Tencor P-20h.

2.7.1 PROTECTING THE WAFER HANDLER
The following design features protect the wafer handler and its components from damage:

« If the handler does not initialize, the manual vacuum switch could be turned off.
Check the switch to make sure that it is on (in the up position). The switch is located
inside the instrument below the lower left of the measurement door.

» If the wafer loading or unloading process is interrupted while the handler puck is
inside the instrument, the X and Y stages will not move. You need to home the puck
by initializing the handler.

« [f a wafer that has been loaded using the handler is unloaded manually, the handler
will maintain that there is a wafer in the location until you run the unloading
procedure from that location twice. This is a safety mechanism to prevent damage
to wafers.
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» If you attempt to use the wafer handler to unload a wafer to the cassette after
removing the wafer’s cassette and replacing it with the same or another cassette, the
following prompt is displayed:

Make sure the cassette slot to which you are unloading the wafer is empty;
otherwise, the wafer might be damaged.

The following cases illustrate ways in which you could damage the wafer handler, the
wafers, or the data:

 The handler is stopped at the exact moment of wafer handoff between the puck and
a location.

* Changing a cassette during a scan could result in the loss of scan data.

» The handler is stopped while the handler puck is inside the profiler and the puck is
not homed before manually operating the instrument. You must home the puck
before using the instrument.

2.7.2 RESETTING THE WAFER HANDLER
You can reset the wafer handler by itself or you can reset both the Tencor P-20h and the
wafer handler simultaneously. Resetting the handler alone is much faster than resetting
both the instrument and the wafer handler.

NOTE: Before resetting or stopping the wafer handler, see Section 2.7.1,
“Protecting the Wafer Handler,” for information on protecting the
wafer handler, wafers, and data from damage.

To reset the instrument and the wafer handler:
Press the Reset button if the instrument is locked up. If the instrument is not locked
up, exit to DOS before pressing RESET.

To reset the wafer handler only:

1. Press the button on the rear panel of the wafer handler.

2. Initialize the handler before using. To initialize, pull down the Handler menu from
the Sequence Editor or Recipe Editor window and select Initialize.

2.7.3 HANDLER VACUUM CHUCK

The vacuum chuck (Figure 2-14) is specifically designed to accept the handler vacuum
puck and to allow a quick vacuum release. The instrument is equipped with the vacuum
chuck if your instrument comes with the wafer handier.

#271632 Rev. E 8/85



Basic Skills 2.23

The lowest elevator position is set at the factory to allow the stylus to be nulled on the
stage surface for both the standard stage and the wafer handler locator. If a wafer locator
is installed, a new lowest position must be determined, and that position entered into the
stage configuration file. The handler has a separate configuration table that is effective
only when the handler is enabled.

CAUTION: Itis very important to determine the correct lowest position for the
elevator when a precision locator is installed. The stylus can be
damaged if you leave the stage configuration with the factory
settings and place a large substrate on the stage. See Section 5.8.4,
“Lowest Elevator Position,” for details.

The vacuum chuck is equipped with a rotary valve so that 100-, 125-, 150-, or 200-mm
wafers can be vacuum-clamped on the wafer locator.

Vacuum Valve

Chuck is enabled for 200-mm
wafer when the hole in the valve
is nearest to the center.

Figure 2-14 Vacuum Chuck

To set the vacuum valve for 100-, 125-, or 150-mm wafers:

* Rotate the valve so that the hole in the value is farthest away from the center of the
chuck. The slot is perpendicular to a radial line.

Figure 2-15 Valve Position for 100-, 125-, or 150-mm Wafers
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To set the vacuum valve for 200-mm wafers:

» Rotate the valve 180° so that the hole in the value is closest to the center of the chuck.
The slot is perpendicular to the radial line.

Figure 2-16 Valve Position for 200-mm Wafers

In some older chucks, the valve design is different. The valve has no hole in the top.

To set the vacuum valve on older chucks:

» To enable a 200-mm wafer, the slot should point toward the center.
v

Figure 2-17 Valve Position for Older Chucks with 200-mm Wafers

+ For 125- or 150-mm wafers, the slot is rotated 90° so that the slot is perpendicular
to a radial line. The older chuck does not accommodate 100-mm wafers.

v

Figure 2-18 Valve Position for Older Chucks with 125- or 150-mm Wafers

2.8 PROTECTING THE STYLUS ARM ASSEMBLY

NOTE: The Tencor instruments Warranty Policy does not cover damage to
the stylus arm assembly or the pivot caused by operator error or
carelessness.

The Tencor P-20 incorporates several design features to protect the stylus from damage:

+ Whenever the stylus is down (that is, near its lowest position) and you move the
stage, the stylus automatically lifts to reduce the risk of hitting the edge of an artifact
or a sample fixture. When the stylus is in the near null position (that is, resting on a
substrate), it rises only when vou select high speed XY movement.

+ Whenever the stylus is down for longer than 60 s and a scan is not taking place. the
stylus lifts automatically.
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+ When the stylus reaches its upper limit of travel, that is, the stylus cannot rise any
higher while traveling up an incline, the stylus automatically retracts and the scan
is terminated. (Note: When the stylus reaches its upper limit, the trace in the Scan
window ascends and becomes level.)

+ Asasafety factor, you can program the elevator to lower only to a preset limit, Refer
to Section 5.8.4, “Lowest Elevator Position.”

« If the measurement head is lowered into contact with a surface, the stylus assembly
retracts and thus is protected from damage.

Although we have taken these design precautions, there are still cases where damage can
occur. Damage occurs whenever the stylus is down and a vertical wall fixed to the stage
moves against the stylus shaft.

Specifically, the stylus can be damaged whenever it encounters an obstacle higher than
the bevel height of the stylus tip, that is, higher than 440 pm (17 mils) for the MicroHead
L-stylus (see Figure 2-19). In addition, the stylus can be damaged by a shorter object if it
has sharp corners or burrs that bite into the stylus tip.

Bevel Height is Scan Direction ——p»

440 pm (17 mil) for
MicroHead L-styli

] -— Damage can

_

steps higher
The following cases illustrate ways in which you could damage the stylus arm assembly:

+
|

Bevel than this limit

Figure 2-19 Protecting the Stylus

« If you lower the stylus or start a scan when the sample is not directly under the stylus,
you can damage the stylus. This is most likely to happen when you lower the
measurement head such that the stylus drops into the center hole of a disk. Then if
you move the stage, you will damage the stylus.

CAUTION: Do not start a scan or move the stage unless you know that the
stylus is directly over the sample or you could damage the stylus.
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* [f youchange the substrate or precision locator without resetting the lowest elevator
position, the head can lower onto the locator if the stylus misses the locator. Damage
could occur if you click on Manual Load or Handler Load and cause the substrate
or locator to hit the stylus. The measurement head must be at least 6.4 mm (0.25 in.)
above the top of the precision locator. Note: The stylus drops about 4 mm (165 mils)
below the measurement head.

CAUTION: Ifyouchange the substrate or precision locator to a different height,
reset the lowest elevator position (see Section 5.8.4, “Lowest Ele-
vator Position”). Otherwise, you can damage the styius and the
measurement head.

When designing custom jigs or fixtures, consider the precautions noted in this section. For
instance, when designing a custom disk locator, its center section must be flushed with
the top of the disk surface. Damage also can occur when there is a hole in a jig, a vacuum
hole, or a groove in a surface.

2.9 STYLUS ARCAL ERROR CORRECTION

When the stylus scans over a feature, it travels in an arc instead of a straight line. As a
result of the stylus pivoting around a central point, the radius measured values are distorted
due to this stylus arcal error.

Arc contribution to geometric distortion can occur on either flat or curved surfaces, as
shown in the following figures.

Actual Surface A=B Scanned Shape A<>B

Figure 2-20 Effect of Arcal Error on Fiat Surfaces

N D

Actual Surface Scanned Shape

Figure 2-21 Effect of Arcai Error on Curved Surfaces

This arcal error is automatically corrected by calculating the displacement of a distorted
curved or flat feature from its actual shape.

#271632 Rev. E 8/95



Basic Skills 2-27

210 TENCOR P-20 HELP SYSTEM

The Help system is currently not implemented.

2.11 TURNING OFF OR RESETTING THE INSTRUMENT

Before powering down the instrument. we recommend that vou

« Exit the Tencor P-20 software into the Windows desktop.

« Exit Windows,

CAUTION: When the instrument is powered up or reset, the stage moves to
the Z coordinate of the Manual Load Position. If the Z coordinate is
not high enough above the stage, the measurement head might
contact any sampie or other hardware that might be present. See
Section 5.8.2, “Manual Load Position.” for procedures.

Whenever powering down the instrument, use the following procedure to ensure against
loss of data and recipes. Note the following caution.

CAUTION: Never press the Reset button or the On/Off switch (Fig. 2-2) when
the disk drive is in operation, otherwise, data, recipe, or program
corruption can occur.

To exit to Windows:

While holding down the Shift key. click on the Log Off button in the Top Level
menu (Fig. 2-5). The Tencor P-20 software closes and the screen reverts to the
Windows desktop.To quit Windows:

1. Double-click on the Program Manager control button, or press ALT+F4.

2. The following message box appears:

=) Exit Windows

@ This will end your Windows session.

I 6k 1 l Cancel I

Figure 2-22 Exit Windows Message Box

Click on OK to exit, or Cancel to remain in Windows.
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To reset the system without powering down:

Press the Reset button on the auxiliary panel (Fig. 2-2 or Fig. 2-3).

To power down the Tencor P-20:
Turn off the On/Off switch on the auxiliary panel (Fig. 2-2 or Fig. 2-3).
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3 GETTING STARTED

This chapter is a brief tutorial to guide you through a simple sample measurement. [t
assumes that you have a basic knowledge of the instrument as described in Chapter 2,
“Basic Skilis.” If you have not done so already, read Chapter 2 before proceeding.

The example used throughout this tutorial follows a continuous sequence of steps. By
carefully following the instructions, the windows that appear on your monitor should be
very similar to the example windows reproduced in this chapter.

This tutorial is intended to quickly familiarize you with the operation of the Tencor P-20,
and, therefore. defers many important details to later chapters. Throughout, vou wiil be
referred to the appropriate chapters for more complete information.

This chapter covers

+ Starting the system

* Selecting a scan recipe

+ Loading a sample

* Viewing and positioning the sample
» Taking a scan

* Examining and saving the scan data
« Unloading the sample

To work through this chapter, you will need a sample to profile. We recommend a step-
height standard for this purpose.

3.1 STARTING THE SYSTEM

To power up the instrument:

Press the Power button on the auxiliary panel.
To reset the instrument without powering down:
Press the Reset button on the auxiliary panel.

When the instrument is powered up or reset, it displays a series of start-up messages. then
displays the Microsoft Windows start-up window and initializes the Windows environ-
ment. The Tencor P-20 software appears in the Tencor program group (Fig. 3-1).
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= | Tencor [=]a

58 i W

mﬁ Configuiation  Upgrade Upgrade -

Figure 3-1 Tencor Program Group

To start the Tencor P-20 software;:

Using the trackball, move the small arrow-shaped cursor until its tip is on the Profiler
icon in the Tencor program group. Double-click the left button (or click once and
press ENTER).

The arrow-shaped cursor changes into an hourglass. A series of messages appear as the
various components of the software are loaded into memory. At the end of this process.
the Top Level menu appears and the cursor becomes a Tencor logo.

=|Tencor Instruments | Profiler P-20 E

Top Level Menu

Scan Calibration Database ...

B

GEM+SECS Help

‘ Flease select the tunction you detire Yo pedorm

[ — |[Subst
Figure 3-2 Top Level Menu
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The Top Level menu is the starting point for operating the instrument. Each picture in the
menu represents a group of related operations.

Move the trackball cursor over the Scan icon and double-click. The Database Catalog
window appears with the Sequence Recipe catalog active. Click on the Scan Recipe button
on the left side of the window to display the Scan Recipe catalog.

= Tencor Instruments | Cataiag - [SCAN RECIPE] | OnlineflLocal
File Edit Substrate  Yacuum Host Window Help

B8]
S5can Recipe Name: W—I

i i Creati Length Speed Four
Soasence ocpe | | Recpenans T Ceweany T U U M

Scan Recipe

130-10K4 2 06-29-394 130000 10000 +
2000~-180 20 09-29-94 2000 100 4 o
Scan Data 2000-90 2D 49,259,594 2000 100 4 o
30MH-180 2D 09-29-94 30000 2000 10
30MM-270 2D 09,2894 30000 2000 10
30MM-90 2D 09-29-94 30000 2000 10
Sequence Data S00-180 2D 09-29-94 500 5 2
C18-40¢ 2D 09-30-94 1£00 400 2
CALIB-130UM 2D 08-30-94 1600 100 5
CALIB-130UM1 2D 062194 1600 20 10
CALIB-26UM 2D 09-30-34 1600 180 5
CALTB6S 2D 08-13-594 200 23 2 3

[P ] [iewModity] [ START | (XY View |

[SCANRECIPE CATALOG i [Empty

Figure 3-3 Scan Recipe Catalog Window

3.2 CHOOSING A SCAN RECIPE

Each scan that you take with the Tencor P-20 requires a Scan recipe. The Scan recipe
specifies how the stage is to move during the scan. The Scan recipe contains the current
settings of such parameters as scan length, scan speed, stylus force, and so on. It also
contains instructions for post-processing of the scan data.

Chapter 4, “Recipes,” describes how to edit these parameters. For this tutorial, we assume
that they are already set to appropriate values. We will use the standard default recipe.

To choose the default recipe:

1. Click on the View/Modify button below the list of recipes, or double-click on any
of the recipes in the list. The Recipe Editor appears (Fig. 3-4):
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[=[Tencor instruments [ Recipe Editor - UNTITLED** - [2D Scan Parameters] | OnlinefLocal
Recipe Optians Substrate Vacuum Window Help
Sean Paraseler pey
Definition
2D Scan
Featxe Scan Length [um] : @ Total Time [zec] : :E
Detection
| RN —
Filters i
Curzorns Scan Speed [um/1) : Data Point int. l"‘"]
General Sampiing Rate [Hz] - Data Points :
Parameters
—— Mulli-Scan Average :
Roughness
\sm Scan Direction: —
. e
Bearing Ratio — Siglus
Cutting Depth
High Spot Stylus Force [mgl - l_—_E
Peok Cout | | ContsctSpeet: 1]
[~ Yertical Ranging
Profile Tppe : E
Range/Resolution  [130um/10A I}
{ [ 1

Figure 3-4 Recipe Editor Window
2. Select New from the Recipe menu. The Recipe Editor fields are reset with their

default vaiues. We will use the default values to take our first scan.

3.3 LOADING THE SAMPLE

You load samples into the Tencor P-20 either manually or by use of the optional wafer
handler. For this tutorial we only consider manual loading.

You load and view samples in the XY View window.

To change to the XY View window:
Click on the XY View button or select XY View from the menu bar.

The XY View window appears (Fig. 3-5).
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=[Tencor instruments | Teach Scan Length | OnlinefLocal
View Move Direction Actions Help

o] o [ ] 1] 1 = [ =[OV [ ] (] o] [0
| el | ___”______"____j__,,________———————————-———*"~-"——‘————P‘—“
|

1 B
!

I 0 pnm
¥ 0 pm
_{ Z: 30626 pm
& 0.00 deg

- Cancel

[Scan Length: 500 um I i
Figure 3-5 XY View Window

To load the sample:
1. Click on the Manual Load button in the XY Stage View tool bar.

b

Open the measurement area door and place the sample on the stage table, disk holder,
or precision locator.

LR

Turn on the vacuum valve (if desired to hold down the sample) by pressing the VAC
key.

4. Click approximately in the center of the Stage Position control on the right side of
the window. The stage moves until its center is beneath the measurement head.

3.3.1 VIEWING AND POSITIONING THE SAMPLE

Once you have loaded the sample and the stage has moved beneath the measurement head,
you view the sample in the XY View window and position it to a desired location to start
a scan.

You need to do two things to view the sample and prepare for a scan:

» Lower the measurement head until the sample comes into focus.

* Move the sample beneath the head until you have located a feature you want to scan.
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3.3.2 LOWERING THE MEASUREMENT HEAD

To lower the measurement head using the trackball:

Click on the Focus button in the tool bar.
Note that the stylus lowers into position before the head actually begins to descend.
As the head approaches the stage, the image of the sample surface should begin to

come into focus.

To lower the measurement head using the keyboard:

This method is currently not implemented.

To stop lowering the measurement head using the trackball:
Click again on the Focus button in the tool bar.

Note that the stylus (nof the measurement head) automatically lifts after 60 s unless a scan
1s in progress.

3.3.3 POSITIONING IN XAND Y
Now that the sample surface is clearly visible, you can position the stage and sample
beneath the measurement head until you have located where the scan should begin.

The following figure shows the coordinate system used in the Tencor P-20. The coordinate
system follows the SEMI Standard M20-92. The X and Y displayed in the Scan window
represent the lateral position of the stage relative to the right rear corner of the measurement
area. The possible travel area of the stage is limited to a2 210-mm (8.2-in.) circle.

105,000

{-105,000

Figure 3-6 Coordinate System of the Tencor P-20
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There are several ways to move in X and Y to allow quick gross positioning as well as
very fine adjustment. Note that the directions indicated by the controls are consistent with
the direction of motion of the stage; in the XY View window, the video image will appear
to be moving in the opposite direction.

CAUTION: Ifthereis any hardware fixed to the stage and itis above the sample
surface, raise the stylus or the measurement head before moving
the stage; otherwise, stylus or head damage can occur,

To move quickly from one area to another using the trackball:

» To move quickly to a position currently visible in the video image, click on the
desired location. The stage moves so‘that the cross hairs are centered on the chosen
location.

* To move quickly to an area not currently visible in the video image, click on the
approximate desired location on the Stage Position control on the upper right of the
window (Fig. 3-5). The stage moves and the small blue dot moves to indicate the
new position.

Finer control is available by clicking on the control buttons in the XY View tool bar or
using the motion keys on the keyboard.
To move in X and Y using the trackball:

1. Click on the Fast, Medium, or Slow control buttons in the XY View tool bar
(Fig. 3-5).

2. Click and hold the left button down over the desired direction control button; release
the trackball button to stop.

NOTE: When Slow speed is active, notice that when motion ceases, the
image appears to do a momentary wiggle. This is normal and
desirable. It is this motion that eliminates the slight mechanical
backlash in the stage movement that would otherwise make precise
positioning to very small features difficult.
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3.4 TAKING A SCAN

Once you have selected a recipe, lowered the head. and at Jeast approximately positioned
the sample, you are almost ready to take your first scan. First, you need to set up by
adjusting the sample position so that the stylus will lower and begin taking data at the right
place.

To set up for a scan:

1. Choose a simple feature to scan. A step is ideal. The width of the step should be
small enough that the scan length of 500 pm in the default recipe allows the surface
on either side of the step to be sampled, as in the following figure:

Beginning and end of scan
should clearly straddle the step

[
— ! 300 um et
Start scan | feature width End scan here
here \ | /
f i .
Y f Y
| |
JH 500 um scan length -;_r
i \

Figure 3-7  Setting Up to Scan a Step

!\J

Click on the Focus button in the tool bar to lower and null the stylus.

Move in X and Y until you are at a desired start-of-scan position.

L

4. Click on the Start Scan button in the tool bar.

The stylus lowers until the stvlus makes contact with the sample at the start-of-scan
position. Then the scan begins. Note that it first travels opposite to the scan direction for
a short distance, then stops and moves in the scan direction. This allows the scanner to
reach the programmed scan speed before the instrument begins to collect data. The Scan
window is displayed during the scan, with an image of the trace overlaid on top of the
video image.
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Real-time Trace
of Scan Data

(=|Tencor instruments | [/ Scan: ®UNTITLED** [ _Orline/Local
File Help /
/»—— Recipe

Recipe:  “"UNTITLED™* Information
Scan Type: 2D
Scan Length: 1460 pm
Scan Speed: 10 pm/sec
Sampling Rate: 50 H2
Scan -»

e /,_ Curreqt Stage
x: 3038 Coordinates
Y- 224
T: 0.00

—Stop Scan Button
[ 4354 data pomts Ol ! ‘/_Status Bar

Figure 3-8 Scan Window

When the scan is completed, the stylus lifts, the scanner returns to its original position
above the start-of-scan location, and the Data Analysis window displays with the profile
plotted in dimensioned coordinates (see Fig. 3-9). Note: If the trace runs off scale or is not
horizontal, refer to Section 5.7.2, “Leveling the Stage,” and Section 6.2, “Data Leveling

and Measurement,”

To abort a scan:

Click on the Stop Scan button at any time.
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3.5 READING, PRINTING, AND SAVING DATA

When the scan is completed, the raw data is processed and displayed in the Data Analysis
window with a summary of the data displayed to the left of it in the Summary box
(Fig. 3-9):

Trace Information E Measurement

Cursors
= Tencor instryments | Data Analysig | | _Online/Local
File Trace /Parameters Qperations Window 7\ Help
R
Yrace Windoy \ L=l —Trace Window

Irtitle ]
Length 00 um Level [N res) é‘ \ REZ3
Speed 100 um/fsec Maze L R
Crection > 50008 . —
Repegis 1 3 | .
Force: 10 m <G00k ' : (’“L‘;’—
jLoree 19mg y — Mo
. i

L R | : sl
htess 1238 2291 30008 " T 1
Defta 1542 2695 |
lev 818 448B 20004 :
Deta 1213 9825 j ; Lo
et 00 10004 - ] —
Hegmt 4251 A N { . l : [ln'
midth 105 um 0 + 0 -
e 430 A l : [ ! [ 4]

10Gum 200urm 300pm 400pm 500um
—— homa
rap
= Surface Parameter Summary i-{-
_}—Surface Parameter

Height 4250 B8 A Normal Summary Window
— T -

Figure 3-9  Data Analysis Window

On the left side of the plotted data is the Trace Information area. The Height field displays
the vertical distance between the trace intersections of the left and right measurement
cursors. The Width field displays the horizontal distance between the cursors. Each cursor
position and the stage position is displayed.

The Surface Parameter Summary window shows the calculated values of whatever surface
analysis parameters were selected in the recipe. (Refer to Chapter 4, “Recipes,” for
definitions of these parameters.)

When the scan data is plotted. the leveling and measurement cursors (L and R) appear at
their preset positions with the right measurement cursor activated. By positioning the
leveling cursors, vou define the level reference points for the scan. By positioning the
measurement cursors, vou define the endpoints of the portion of the scan that is used for
parameter calculations (called the sampling length).

Note: If the trace in Fig. 3-9 does not appear level, see Section 6.2, “Data Leveling and
Measurement.”

If you want to check the step height of the scan. for example, mave the cursors so that one
is on the top of the step, and the other on the bottom.
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To read the data:

I. Move R to the desired position with [<] and [>]. or drag and drop R using the
trackball.

2. Press the spacebar to activate L and adjust its position, or drag and drop L using the
trackball.

You can also press the spacebar twice quickly to simultaneously activate both L and R.
The cursors will move in tandem.

= Trace Window via
Length 150 um L-euel:r LpZir” . RE =3
Speed 100 um/fsec Meze: LE 1 RE J
Direction -» <aan 7 T { ‘
Repeats: 1 DR e s T A A R T
Farce: 15 mg T . . Il F
€ R I ERT TET RN RN ‘U T R NS (R APV
RodusOmg FURN s o ﬁ A 1{ T
LR T N S I I I LR : j
beas 135 668 R 0 A e e "."'!"t:""".’" TTTTTTT
Deta 449 825 R 3 ; T : b
_ev oc 1000 "'“: '_"";"_ ':'J::f"""t"'r_ """'E’""':‘" -
Dets 500 1500 Sk ; T - T i '
e L i N S ;
R&.f 0o D «Opm e Him Cm 12Z3m alpm
bieight 43218 arenal
23

Figure 3-10 Trace Window after Positioning Cursors to Measure Step Height

Note: If you are using a calibration standard for this tutorial and there is an unacceptable
discrepancy between your reading and the value for the standard, refer to Section 3.2,
“Calibration,” in the P-20 Reference Manual.

Note also that the vertical and horizontal scales are typically not scaled the same way.
They are automatically scaled to fit the scan length to a fixed-length horizontal axis, and
the largest vertical variation of the scan data to the fixed-length vertical axis. For example,
a scan that has a vertical variation of 400A and a 100-mm scan length will be displayed
with a vertical scale that is magnified by about 107 times compared to the horizontal scale.
The result 1s a sometimes very dramatic distortion in the shape of features as plotted when
compared to the actual shape.

3.6 UNLOADING THE SAMPLE

When you are finished scanning the sample, remove it from the instrument.

To unload the sample manually:

1. In the XY-View window, click on ManuLoad in the tool bar to move the stage
forward.

2. Open the measurement area door.

Turn off the stage vacuum (if it is on) to release the sample and lift it carefully from
the measurement stage.

LW )
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4 RECIPES

A recipe is a list of all the information that the instrument needs to perform a scan and to
process and display the data. A recipe can be saved in the instrument computer’s database
to be recalled at any later time.

The Recipe Editor allows you to examine and modify any recipe that exists in the database.
There is also a default generic recipe that you can use as a template for new recipes, but
any existing recipe can serve as such a template.

This chapter discusses the three main windows of the Recipe Editor:

+ The Recipe Information window, where you include information such as the recipe’s
title, author, and date of creation, and a brief text description, if desired.

« The Scan Parameters window, where you set the physical parameters of the scan,
such as speed, scan length, sampling rate, and so on.

« The Surface Analysis window, where you enable calculation and/or display of
surface analysis parameters, such as average roughness, total indicator readout, and
S0 O1.

This chapter also discusses saving and maintaining recipes.

4.1 SCAN RECIPE CATALOG
The Recipe Editor is started from the Scan Recipe Catalog window (Fig. 3-3).

To start the Scan Recipe Catalog window from the Top Level menu:

1. Double-click on the Scan icon (Fig. 3-2). The Database Catalog window appears
with the Sequence Recipe catalog active.

2. Click on the Scan Recipe button on the left side of the window to display the Scan
Recipe catalog (Fig. 4-1).
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=|Tencor Instruments | Catalog - [SCAN RECIPE} | OnlinelLocal
File Edit Substrate VNacuum Host Window Help

Scan Recipe
Scan Recips Name: T30-10MM

Creation Length Speed Foice

Seguence Recipe Recipe Name  Type Created By Date um) (umis} [mg)

§-10 D 1T 0 0ooo 0 +

2000-180 2D 09-29-94 2000 100 4

Scan Data 2000-90 2D 09-2%-94 2000 100 4

30MH-180 2D 09-29,94 30000 2000 10

| 130KM-270 2D §9-29-94 30000 2000 14

30MM-90 2D 09-29-94 30000 2000 10

Sequence Data 500-180 2D 09-2%-94 500 g 2

C18-400 rae] 09-30,34 1600 400 2

| |CALIB~130UM 2D Dgs30-94 1600 100 5

CALIB-130UM1 2D 06-21-94 1600 20 10

CALIB-26UH 2D 09-30-94 1500 100 5
CALIBSS 2D 09-/13-94 200 20 2 ¥

|

[ Pint | [ViewModily] [ START | [ %Y view |

TSCAN FELIFE CalALOG I —Empty

Figure 4-1 Scan Recipe Catalog Window

411 SCAN RECIPE CATALOG MENU BAR
The Scan Recipe Catalog menu bar provides the following menus. You can view menus
by clicking on the titles in the menu bar, or by pressing ALT + /, where / is the letter that
appears with an underscore in the desired title in the menu bar. You can choose menu
items by clicking on a menu entry or by typing the letter that appears with an underscore
in the desired menu item.

XY View
Print

Exit

Figure 4-2 File Menu

Edit
View/Modify

Figure 4-3 Edit Menu
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Substrate
Manual Load

Load}Unioad
Init Handler

Figure 4-4 Substrate Menu

Yacuum
i Off

Figure 4-5 Vacuum Menu

Hast
Go Offline

Atempt Online

v Local
Bemote

Figure 4-6 Host Menu

v 2 SEQUENCE RECIPE
3 SCAN DATA
4 SEQUENCE DATA

Figure 4-7 Window Menu

41.2 SCAN RECIPE CATALOG TOOL BAR
The Scan Recipe Catalog tool bar contains a row of icons that resemble buttons. Clicking
on these icons provides an alternative way to access commonly used functions.

Each icon suggests the function of the button. For example, the Print button resembles a
printer. Buttons that appear dimmed are unavailable.

The Scan Recipe Catalog tool bar contains the following buttons:

Button Action

& Displays the Print dialog box
START Stiarts a scan using the current recipe
& Switches to the XY View window
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4.2 RECIPE EDITOR WINDOW

You can start the Recipe Editor from the Scan Recipe Catalog window (Fig. 4-1). You
can also open the Recipe Editor directly from the Data Analysis and Sequence Editor
windows.

To start the Recipe Editor from the Scan Recipe Catalog window:

Select a recipe from the list and click on the View/Modify button at the bottom of
the list, or double-click on the desired recipe. The Recipe Editor window appears
with the selected recipe.

To start the Recipe Editor from the Data Analysis window (Fig. 6-1):

Select Edit Recipe from the File menu. The Recipe Editor window appears with
whatever recipe had last been edited or run.

Tao start the Recipe Editor from the Sequence Editor window (Fig. 7-2):

Click on the Edit Recipe button in the main window. The Recipe Editor window
appears with the selected recipe.

The Recipe Editor window (Fig. 4-8) consists of the following elements:

* A menu bar
« A tool bar

* A secondary tool bar with a set of command buttons to select which group of recipe
parameters to display and ednt

« The main area of the window. with the selected group of parameters currently
displayed

The main part of the window consists of a large form where you can view and modify the
available fields. You can use any recipe as the starting point for a new one, or you can
start with a new recipe with default values.

To start with a new recipe with default values:

Select New from the Recipe menu. The recipe name in the title bar is replaced with
the word Untitled, and all fields are reset with default values.
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Menu Title Bar . Tool Bar
Bar \

==|Tencor Instruments | Recipe Editor - *UNTITLED™ - [2D Scan Parameters]/ | Online/Local
. Recipe  Options Substrate  Vacuum Window Help

Secondary | sconpaameter | [ D] E B[ S|[@ [ ]lw] @ | ’
Tool Bar \4 Definition

2D Scan

Featute Scan Length [um} : E Total Time [sec] ; [_:’
Detection i

Filters .

Cursors Scan Speed [um/s]: [100 3] Data Point Int. [zm)]__—___ 0.5]

General Sampling Rate [Hz] : IEI Data Points :
Parameters

Multi-Scan Average : l:l

Roughness X
Waviness Scan Direction: —

Bearing Ratio ||  giytus

Cutting Depth

= Stylus Force [mg] : E
High Spot Count
Main Feak Count Contact Speed : E:E

Window

|

i

[ Vertical Ranging

.| Profile Type : E

Range/Resolution [130um/10A i ]

|/

Figure 4-8 Recipe Editor Window

4.21 RECIPE EDITOR MENU BAR

The Recipe Editor menu bar provides access to commands and allows easy navigating
through the three subwindows.

The Recipe Editor menu bar provides the following menus. You can view menus by
clicking on the titles in the menu bar, or by pressing ALT + /, where / is the letter that
appears with an underscore in the desired title in the menu bar. You can choose menu
items by clicking on a menu entry or by typing the letter that appears with an underscore
in the desired menu item. Some menu items have hot keys assigned to them.
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Open... Ctr{+0
Save Crl+S
Save As...

XY-View
Start Scan
Anakysis

Diagnostic...
info... Cirl+]

Print... Ctri+P
Exit

Figure 4-9 Recipe Menu

Options
v 2D Scan Type
3D Scan Type

Figure 4-10 Options Menu

Load...
Unload...
Init Handler

Figure 4-11 Substrate Menu

Figure 4-12 Vacuum Menu

v 1 2D Scan Parameters
2 Feature Detection
3 Filters+Cursors
4 Gencral Parameters
5 Roughness+Waviness
B TP+Cutbp
7 HSC+PC

Figure 4-13 Window Menu
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4.2.2 RECIPE EDITOR TOOL BAR
The Recipe Editor tool bar contains a row of icons that resembie buttons. Clicking on these
icons provides an alternative way to access commonly used functions.

Each icon suggests the function of the button. For example, the Print button resembles a
printer. Buttons that appear dimmed are unavailable.

The Recipe Editor tool bar contains the following buttons:

Button  Action

Loads a new default recipe

Displays the Open Recipe dialog box

Saves the current recipe; if the current recipe has never been saved,
displays the Save Recipe As dialog box first

Displays the Print dialog box

Switches the Scan Recipe type to 2-D

Switches the Scan Recipe type to 3-D (not currently implemented)

Starts a scan using the current recipe

|| |8 || | 3| |@] =) =] |2

Switches to the XY View window
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4.2.3 RECIPE INFORMATION DIALOG BOX

The Recipe Information dialog box displays the title, author, date and time of creation (or
modification) of the recipe, and a section for annotating the recipe with comments.

To display the Recipe Information dialog box:

Choose Info from the Recipe menu or press CTRL + 1. The Recipe Info dialog box
also appears when you are saving a recipe.

= Recipe Info
Name:
User:
Modified- 02701794 03:15:54
Comments:
| ka
¥

[ ox ] r Cancel |

Figure 4-14 Recipe Information Window

The Name, User, and Modified fields are supplied automatically by the system. These
fields cannot be edited.

To enter Comments:

1. Click in the Comments text box or press TAB« or TAB— until the Comments text

box is highlighted.
2. Type the desired text.
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4.2.4 RECIPE EDITOR COMMAND BUTTONS

You choose which set of parameters to view and edit by selecting one of the seven
command buttons on the left side of the window. These buttons are visible at all times in
the Recipe Editor window and allow you to quickly change parameter groups.

The following command buttons appear:

Button Action
Scan Patameter Switches the main window to the Scan Parameter Definition form
o sature Switches the main window to the Feature Detection form
s Switches the main window to the Filters/Cursors form

poeneral Switches the main window to the General Parameters form

Agughness Switches the main window to the Roughness/Waviness form

G e Switches the main window to the Bearing Ratio/Cutting Depth form
High Spot Count Switches the main window to the High Spot Count/Peak Count form

To select a group of parameters to view and edit:

Click on the appropriate command button, or select the appropriate view from the
Window menu. The right side of the window displays the selected view with its
parameter fields.

4.3 SCAN PARAMETER DEFINITIONS

You set the operational parameters of the scan with the set of fields in this form (see
Fig. 4-8).

The Scan Parameter Definitions view is a large form divided into three labeled sections:
+ 2-D Scan
+ Stylus
* Vertical Ranging

The following sections discuss the possible settings for each of the fields.
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431 2-D SCAN
The 2-D Scan section contains the following fields.

Scan Length

The Scan Length can be any value up to 210 mm (8.2 in.). Enter a value by clicking in the
text box and typing the desired length, or click on the drop-down button to select a value
from a drop-down list.

You can also teach the scan length. Clicking on the Teach command button activates the
XY View window and allows you to interactively teach the scan length using the trackball.
See Section 5.4.1, “Teaching the Scan Length.” for details.

Scan Speed

Only preselected values can be entered for Scan Speed. Click on the drop-down button to
select a value from the drop-down list. You can click in the text box and type a value. but
only one of the preselected values will be accepted.

Note that the Scan Length and Scan Speed parameters are limited by the requirement that
the total time of a scan not exceed 100 s. For example, if you attempt to set a scan length
of 100 mm with a scan speed of 10 um/s (which would require a scan time of 10000 s).
the svstem displays a message that this would involve a scan time of greater than 100 s.
and. therefore. s not allowed.

Scan speeds of less than 400 um/s cannot have a scan length greater than 9.999 mm
(0.39 in.). Available settings for scan speed in pm/s are as follows:

] 50 5000
2 100 10000
5 400 25000
10 1000

20 2000

Sampling Rate

Sampling Rate is the nominal rate at which data is collected (number of data points per
second). Only preselected values can be entered for Sampling Rate. Click on the drop-
down button to select a value from this list. You can click in the text box and type a value,
but only one of the preselected values will be accepted.

Available settings for Sampling Rate are

+ 50 or 100 Hz for scan speeds of I or 2 um/s

+ 50, 100, or 200 Hz for all other scan speeds

#271632 Rev. E 8/95



Recipes

4-11

Multi-Scan Average
This field is not currently implemented.

Scan Direction

A scan can be made left-to-right or right-to-left. Choose the Scan Direction by clicking
on the arrow to change its direction.

Total Time

Total Time is the time taken during the data collection phase of all scans in the recipe. The
value for Total Time is calculated from the chosen values for Multi-scan Average and the
time required for a single scan (Ind. Time).

ind. Time

Ind. Time is the time taken during the data collection phase of an individual scan. The
value for Ind Time is calculated from the chosen values for Scan Length and Scan Speed.
Ind. Time cannot exceed 100 s.

Data Point Interval

The Data Point Interval is the distance between successive data points in a scan. The value
for Data Point Interval is calculated from the chosen values for Scan Speed and Sampling
Rate.

Data Points
Data Points is the number of points in the scan.

4.3.2 STYLUS

The Stylus section contains the following fields.

Stylus Force

The stylus force is the nominal value of the downward force applied to the stylus when in
contact with a sample surface during a scan. Enter a value by clicking in the text box and
typing the desired value in mg. Allowed values depend on which measurement head is
installed in the instrument.

Higher speeds tend to require higher stylus forces to ensure constant contact between the
stylus and the sample surface. A stylus with a small radius might require a low stylus force
on soft materials. Generally, a higher force minimizes the effects of environmental noise.

The stylus force varies slightly as the stylus moves away from the center position. The
force decreases approximately 1 mg for every 8 um below the null position (14 pm for
the optional Extended Range MicroHead). Therefore, use at least 10 mg when operating
in the =63-um range with the MicroHead (25 mg for the optional Extended Range
MicroHead).
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Contact Speed

This parameter defines the relative stylus drop speed at contact with the substrate. Allowed
values are integers between 1 and 10, with ] being the slowest and 10 the fastest. Click
on the drop-down button to select a value from the drop-down list. You can click in the
text box and type a value, but only one of the preselected values will be accepted.

Very soft substrates such as pure aluminum or photoresist can require a setting of 1 or 2.
We recommend slower contact speeds of 1 to 3 for styli with radii smaller than 5 pm.

4.3.3 VERTICAL RANGING
The Vertical Ranging section contains the following fields.

Profile Type
Click on the drop-down button to select the appropriate Profile Type as described below:

Center: use this type when profiling most features unless you are measuring
™ large peaks or valleys that are near or beyond the normal vertical range.

e Peak bias: select this type when measuring 2 high peak (near or higher than
J | 65um for the standard MicroHead, 325 um for the Extended Range Micro-
Head).

7 ~ Valley bias: select this type when measuring a deep valley (near or deeper
" than 65 um for the standard MicroHead, 325 pm for the Extended Range
MicroHead).

Range/Resolution

CAUTION: Use special care when profiling samples in the Valley bias mode.
The stylus can only move freely upward from null by a smallamount
in this mode. If the stylfus climbs too high from null, the stylus force
begins to increase. The sample surface could be damaged.

The vertical ranges of the MicroHead II are

* 6.5 um (£3.25 pm) at 0.5A resolution
+ 26 um (13 um) at 24 resolution
+ 130 um (65 um) at 10A resolution
The vertical ranges of the optional Extended Range MicroHead are

« 14 um (£6.55 um) at 1 A resolution
+ 130 um (£65.5 um) at 10A resolution
+ 650 pm (325 um) at S0A resolution
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Click on the drop-down button to select the Range/Resolution that is most suitable for the
size of sample artifacts to be profiled.
Table 4-1 shows the minimum stylus force required to cover the full downward range of
the stylus at each of the vertical range settings.
Tabile 4-1  Minimum Stylus Forces to Cover Full Vertical Ranges Below Null
MicroHead 11 Extended MicroHead
Range (um) Minimum Stylus Force Range (um) Minimum Stylus Force
(mg) (mg)
+3.25 04 *6.55 0.6
+13 1.6 +65.5 6
65 8.2 +325 24
4.4 FEATURE DETECTION

Feature Detection is used to enable automatic detection of some common classes of profile
features to facilitate measurement throughput and consistency. Feature Detection is
described in Section 6.3, *“Using Feature Detection.”

Feature:

Feature Humber:

Slope Threshold :

Plateau Threshold :

Min. Plateau Width :

- Teatuie Detection

Figure 4-15 Feature Detection Form

The Feature detection form contains the following fields.

Feature

The Feature field identifies the type of feature to be detected, or turns Feature Detection
off. The selection box has seven possible choices:

« None (no Feature Detection)

» UpEdge (rising edge)
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« UpBase (rising base)
» DownEdge (falling edge}

» DownBase (falling base)

-

Convex (hill-like arc)
» Concave (valley-like arc)

If None is selected, the remaining fields in the section are unavailable and appear dimmed.

Feature Number

If there are multiple edges detected in a scan, Feature Number provides a way to select a
particular edge for detection. Detected edges are numbered sequentially from 1 to n.

Slope Threshold

This factor sets the value at which an upward slope in the trace is considered to be preceding
the edge or arc; that is, when an upward slope appears that rises significantly above the
general roughness of the surface. Valid values range between 0-30.000. The default values
of 3.000 (for a step) and 1.000 (for an apex) are sufficient for most scans above 200A. See
Section 6.3, “Using Feature Detection,” for a detailed description of Slope Threshold.

Plateau Threshold

This factor affects the precise horizontal location calculated for the edge or arc. Since the
edge of a step is rarely a perfectly defined location, this factor allows vou to adjust the
value to the left or right. depending on whether vou consider the edge to be the bottom of
the step, the top of the step. or somewhere in between. Valid values range between 0—
50.000. The default values of 5.000 (for a step) and 0.000 (for an arc) are sufficient for
most scans above 200A. See Section 6.3, “Using Feature Detection,” for a detailed
description of Plateau Threshold.

Minimum Plateau Width

This value specifies the minimum horizontal length between a rising and falling edge, used
in the feature detection calculation to assist in determining the correct edge. Valid values
are in the range 0.005-1000.00 um (0.0002-39.3701 mil). See Section 6.3, *Using Feature
Detection.” for a detailed description of Minimum Plateau Width.
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4.5 FILTERS/CURSORS

The Filters/Cursors form contains two sections: one for setting the software data filters
and one for presetting the cursor positions.

Filters
Noize Filter (Short Wavelength). [Default |
Waviness [Long Wavelength): ID!f I_EI
" Cursors

X1 X2
Left Measurement: | 9.981 ] | 43.905 |
Right Measurement: 450147 | 430.071 |
Left Levek [ 9.981 ] | 49.905 |
Right Level: | 450.147 ) | 490.071 |
Fit and Level: B

Figure 4-16 Filters/Cursors Form

4.5.1 FILTERS

The Filters section contains the following fields.

Noise Filter (Short Wavelength Cutoff)
The Short Wavelength Cutoff is an adjustable software short wave cutoff filter, allowing
you the flexibility to reject short wave components of scan data. In conjunction with the
Long Wave Cutoff, it also allows you to isolate band passes for wavelengths. See Section
6.4, “Using Cutoff Filters,” for a detailed discussion of using the cutoff filters in surface

analysis.

Click on the drop-down box 10 choose a value from the range of cutoff filters provided,
or use the default setting (Table 4-2). Default cutoffs depend on the scan speed and
sampling rate. The full range of default short wave cutoffs are listed in Table 4-3.
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Table 4-2 Default Short Wave Cutoffs

Speed Sampling Short Wave Cutoff Short Wave Cutoff
{um/s) Rate (Hz) Frequency (Hz) Wavelength (um)
2 50 4 0.50
100 7.5 027
200 12 None available
5 50 4 1.25
100 7.5 0.67
200 12 0.42
10 30 4 2.50
100 7.5 1.33
200 12 0.83
20 30 4 3.00
100 7.5 2.67
200 12 1.67
30 30 4 12.50
100 7.3 6.67
200 12 4.17
100 30 4 25.00
100 7.5 13.33
200 [2 833
400 50 4 100.00
100 7.5 33.33
200 12 33.33

Up to nineteen filter choices are provided. The full range of selectable values are listed in
Table 4-3.

Table 4-3 Short Wave Cutoffs

Lm mil um mil mm mil
Default’ - 14 .56 1.4 56

25 01 25 1.0 2.5 100

43 02 45 1.8 45 180
80 03 80 3.0 - -
1.4 06 140 56 - -
2.5 10 250 10.0 - -
4.5 18 450 18.0 - -
30 800 30.0 - -

'Refer to Table 4-2 for default short wave cutoff values.
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The cutoffs available depend on the scan speed. You are prevented from mistakenly
entering a short wave cutoff that is longer than the currently selected long wave cutoff, or
shorter than the value of the analog cutoff. For scan speeds greater than 5 um/s, the shortest
short wave cutoff selection turns the short wave filter off entirely.

If subsequent changes to the scan speed or scan length cause the short wave cutoff setting
to become invalid, the cutoff is automatically changed to the nearest available valid value
{possibly the default).

Waviness Filter (Long Wavelength Cutoff)

The Long Wavelength Cutoff is an adjustable software long wave cutoff filter, allowing
vou the flexibility in rejecting long wave components of scan data. In conjunction with
the Short Wave Cutoft, it also allows you to isolate band passes for wavelengths. See
Section 6.4, “Using Cutoff Filters,” for a detailed discussion of using the cutoff filters in
surface analysis.

Click on the drop-down box to choose a value from the range of cutoff filters provided,
or turn off the filter. Sixteen filter choices are provided. Selectable values are listed in
Table 4-4,

Table 44  Long Wave Cutoffs

Hm mil wm mil mm mil
4.5 18 80! 3.0 1.4 56
8.0 30 140 5.6 2.5 100!
14 56 250! 100" 4.5 180
25 1.0 450 18.0 - -
45 1.8 800/ 30.01 - -

ICutoffs specified in ANSI B46.1-1985

The cutoffs available depend on the scan speed. You are prevented from mistakenly
entering a long wave cutoff that is shorter than the currently selected short wave cutoff or
the value of the analog cutoff.

If subsequent changes to the scan speed or scan length cause the long wave cutoff setting
to become invalid, the cutoff is automatically changed to the nearest available valid value
(possibly the default).

4.5.2 CURSORS

Two pairs of cursors are used in the Data Analysis window. The leveling cursors X1 and
X2 define two points that establish a leveled baseline for the trace. The measurement
cursors X1 and X2 define the endpoints of the sampling length, the region used for
calculation of surface parameters.
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The Cursors section allows initial locations to be set for the cursors. The location of the
cursors can also be freely changed at any time while viewing the scan data. See Section
6.2, “Data Leveling and Measurement,” for information about how to use the cursors when
analyzing data.

The Cursors section contains the following fields.

Left Measurement (X1 and X2)

Enter the desired left measurement cursor position for each cursor by clicking in the X1and
X2 fields and typing the value. You can also wait unti! viewing the data to position the
cursors interactively, and store a selected setting directly into the recipe from the Data
Analysis window.

Right Measurement (X1 and X2)

The right measurement field differs from the left measurement field if delta averaging is
desired. Delta averaging is described in Section 6.2, “Data Leveling and Measurement.”
Enter the desired right measurement cursor position for each cursor by clicking in the
Xland X2 fields and typing the value. You can also wait until viewing the data to position
the cursors interactively, and store a selected setting directly into the recipe from the Data
Analysis window.

Left Level {X1 and X2)

Enter the desired left leveling cursor position for each cursor by clicking in the X1and X2
fields and typing the value. You can also wait until viewing the data to position the cursors-
interactively, and store a selected setting directly into the recipe from the Data Analysis
window.

Right Level (X1 and X2)

The right leveling field differs from the left leveling field if delta averaging is desired.
Delta averaging is described in Section 6.2, “Data Leveling and Measurement.” Enter the
desired right leveling cursor position for each cursor by clicking in the X1and X2 fields
and typing the value. You can also wait until viewing the data to position the cursors
interactively, and store a selected setting directly into the recipe from the Data Analysis
window.

Fit and Level

Fit and Level allows the software to “subtract out” the curvature of a curved surface to
allow step height measurements as if the surface were flat. See Section 6.6, “Fitand Level.”
for more information.

Click on the check box to enable (an “X” in the check box) or disable (clear check box)
Fit and Level.
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4.6 GENERAL PARAMETERS

The General Parameters form contains the first of the surface analysis parameters. These
represent a variety of calculations performed on the data collected in a scan. In the recipe,
you can enable or disable these parameters. When a particular surface analysis parameter
is enabled, the calculation is performed and the results displayed for that parameter.

General Parameters
Narmal Trace

{X] Step Height (StpHt)

(T Total ind. Runcut [TIR)
{0 Average Height {Avg)
[ Siope

[T Radius [(Rad}

[} Area of Peaks {Area+]
] Area of Yalleys [Area-)
] Total Area (Area)

Tl Profite Length [ProfL}
[C] Distance to Edge [Edge)
O Step Width {Stpw)

Figure 4-17 General Parameters Form

Click on the check box to enable (an “X™ in the check box) or disable (clear check box)
any of the parameters. You can enable or disable as few or as many of these parameters
as vou want. before or after the scan.

Parameter definitions are from ANSI B46.1-1985 or I1SO 4287/1-1984 where indicated.
The General Parameters view contains the following fields.

Step Height {StpHt)
The difference in height between the bottom and the top of a step.

Total Indicator Runout (TIR)

The difference in height between the highest and the lowest points within the sampling
Jength. Note the similarity to the roughness parameters Ry, Ry, and R, described later
in this section. (ANSI])

Average Height (Avg)

Average height of all data points between the measurement cursors relative to the leveled
baseline. (ANSI)
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Slope

The ratio of the difference in vertical positions to the difference in horizontal positions of
the measurement cursors. The slope is reported as an angle in degrees. In Delta Average
mode, the position of each cursor is taken to be the horizontal midpoint of each delta cursor

band, and the data value at this location is the average of the vertical values within these
bands. (ANSI)

Radius (Rad)

The distance from the center of curvature of the profile arc (assuming a circular profile
within the sampling length) to the profile. The measurement cursors define two points of
a circular arc. A least-squares fit is performed on the points between the cursors. You
should nor level the normal trace unless definite level reference points exist. In Delia
Average mode, the position of each cursor is taken to be the horizontal midpoint of each
delta cursor band, and the data vaiue at this location is the average of the vertical values
within these bands.

Area of Peaks (Areat)

The total area bounded by the leveled baseline and the profile where it rises above the
baseline within the sampling length. The Delta cursors are not used. (ANSI)

Area of Valleys (Area-)

The total area bounded by the leveled baseline and the profile where it descends below the
baseline within the sampling length. The Delta cursors are not used. (ANSI)

Total Area (Area)

The sum of Area of Peaks and Area of Valleys within the sampling length. The Delta
cursors are not used. (ANSI})

Profile Length (ProflL)

The length that would be obtained from drawing out the profile in a straight line, within
the sampling length. The Delta cursors are not used. (ANSI)

The following two parameters are associated with Feature Detection. To use them
correctly, Feature Detection must be enabled and set up appropriately for the type of
artifact to be measured. See Section 6.3, “Using Feature Detection,” for details.

Distance to Edge (Edge)
Depending on the setting of two threshold parameters, this distance is either

» The distance between the beginning of the scan and the first rising or falling edge
of a profile artifact; or

« The distance between the beginning of the scan and the first concave or convex arc
of a profile artifact.
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Step Width {(StpWt}
The distance between the first rising edge of an upward step and the falling edge that

follows, or the first falling edge of an downward step and the rising edge that follows. This
value 1s meaningless for a convex or concave arc.

4.7 ROUGHNESS/WAVINESS

The Roughness/Waviness form contains two sections, one containing roughness parame-
ters, the other waviness parameters.

Roughness Parameters — 1 [ Waviness Parameters
[ Average [Ra ] Average [Wa)
] Maximum Ra [MaxRa) (3 RMS (wq)
D RMS (Rq) [l Peak [Wp)
) Peak [Rp] U valley [(wv)
[ valley [Rv] O Peak/Valley [wi)
) Peak/Valley (R1) 7] waviness Height [wh)

i Height 10pt {Rz)

{T] Height 6pt (R3z)

) Roughness Height [Rhj
[} Mean Peak Height [Rpm)
T RMS Slope (Dq)

[C) RMS Wavelength (Lq)
{J) std. Dev. Height {SD)

Figure 4-18 Roughness/Waviness Form

Click on the check box to enable (an “X™ in the check box) or disable (clear check box)
any of the parameters. You can enable or disable as few or as many of these parameters
as you want, etther before the scan or after.

4.71 ROUGHNESS

The Roughness Parameters section contains the following fields.

Average (R;)

The arithmetic average deviation of the absolute values of the roughness profile from the
mean line or centerline. (Also known as centerline average roughness.) The centerline
divides profiles such that all areas above it are equal to all areas below it. (ANSI)

Maximum R, (Max R,)

The trace within the cursors is divided into 19 overlapping sections. Each section is one-
tenth of the sampling length. The R, of each section is calculated, and the maximum is
displayed. {ANSI)
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RMS (R,)
The Root-Mean-Square (RMS) or geometric average deviation of the roughness profile
from the mean line measured in the sampling length. (ANSI)

Peak (Ry)
The distance between the mean line and the highest peak within the sampling length.
(ANSID)

Valley (R}

The distance between the mean line and the lowest valley within the sampling length.
(ANSI)

Peak/Valley (R}

The vertical distance between the highest peak and the lowest valley in the sampling length
leveled on the mean line. (Also known as Ry, Ry, Maximum Peak-To-Valley Rough-
ness.} (ANSI)

Height 10pt (R,)
The average height difference between the five highest peaks and the five deepest valleys
within the cursors measured from a line parallel to the mean line. (ANSI)

Height 6pt (R;3,)
The average height difference between the three highest peaks and the three deepest valleys

in the sampling length measured from a line paraliel to the mean line and not crossing the
profile. (ANSI)

Roughness Height (Ry)

The difference in height in the roughness profile between the left and right cursor positions
(analogous to the Height data that always appears in the Summary box of the Data Analysis
window). (ANSI)

Mean Peak Height (Rpm)

The mean value of the local peak heights of the roughness trace within the sampling length.
The Delta cursors are not used.

RMS Slope (Dg)
The root mean square (RMS) value of the roughness trace slope. The Delta cursors are not
used.
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RMS Wavelength (L)

27 times the ratio of the root mean square (RMS) deviation of the proﬁle (Rg) to the root
mean square slope of the profile (D). L, is a measure of the spacing of local peaks and
local valleys. taking into account therr relative amplitudes and individual spatial frequen-
cies. (ISO)

Std. Dev. Height (SD)

The standard deviation of the local peak heights about the mean peak height within the
sampling length.

4.7.2 WAVINESS

The following waviness parameters correspond to the roughness parameters listed previ-
ously after introducing a low pass filter of selectable cutoff length. See Section 4.5.1,
“Filters,” and Section 6.4, “Using Cutoff Filters,” for more information.

Average (W,}

The arithmetic average deviation of the absolute values of the waviness profile from the
mean line or centerline. (Also known as centerline average waviness.) The centerline
divides profiles such that all areas above it are equal to all areas below it. (ANSI)

RMS (W)
The Root-Mean-Square (RMS) or geometric average deviation of the waviness profile
from the mean line measured in the sampling length. (ANSI)

Peak (W)
The distance between the mean line and the highest peak within the sampling length.
(ANSI)

Valley (W,)

The distance between the mean line and the lowest valley within the sampling length.
(ANSI)

Peak/Valley (W)

The vertical distance between the highest peak and the lowest valley inthe sampling length
leveled on the mean line. (Also known as Wp,, W,, Maximum Peak-To-Valley Wavi-
ness.) (ANSI)

Waviness Height (W}

The difference in height in the waviness profile between the left and right cursor positions.
(Analogous to the Height data that always appears in the Summary box of the Data
Analysis window.) (ANSI)
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4.8 BEARING RATIO/CUTTING DEPTH

As shown in Figure 4-19, a reference line is drawn parallel to the mean line and at a
preselected or predetermined distance below the highest peak in the sampling length
(cailed the cutfing depth) to intersect the profile in one or more subtended lengths. The
bearing length is the sum of these subtended lengths. The bearing ratio is the ratio of the
bearing length to the sampling length; it is also called the bearing length ratio. (ANSI)

l 81 e ¥ .
cD [l l/\f
]

)l.

L
(Sampling Length)

Figure 4-19 Determination of Bearing Length and Bearing Length Ratio

The Bearing Ratio/Cutting Depth form contains two sections, one for setting up Bearing
Ratio calculations, the other for setting up Cutting Depth calculations.

|’Bearing Ratio (tp)
Depth Units

(W 1 (&[]
=X —
o T AFED

[ Cutting Depth (CutDp])

Ratio
o
0 I 1.00
|| 1.00

i
Figure 4-20 Bearing Ratio/Cutting Depth
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4.8.1 BEARING RATIO

The Bearing Ratio section allows calculating up to three values of bearing ratio corre-
sponding to three different values of the Cutting Depth parameter. There are three columns:

« Column 1 consists of a check box. Click on a box to enable or disable calculation
of the bearing ratio for the value of cutting depth in the next column to the right.

» Column 2 contains a field that holds the magnitude of the desired value for cutting
depth. Click in the field and type the desired value. Valid values are any integers
from 1-999.

« Column 3 contains a field that holds the units corresponding to the value for cutting
depth in Column 2 of the same row. Click on the drop-down button to select the
desired units. Available settings are 1A or 1 um.

4.8.2 CUTTING DEPTH

The Cutting Depth section allows calculating up to three values of cutting depth corre-
sponding to three different values of the bearing ratio parameter. There are two columns:

» Column 1 consists of a check box. Click on a box to enable or disable calculation
of the cutting depth for the value of cutting depth in the next column to the right.

+ Column 2 contains a field that holds the desired value for bearing ratio in percent.
Click in the field and type the desired value. Valid values are any numbers in the
range 0-99.9.

4.9 HIGH SPOT COUNT/PEAK COUNT

High spot count is defined as the number of profile peaks per unit of length projecting
through a reference line parallel to and at a given height above a line drawn through the
lowest point of the roughness trace, parallel to the mean line (see Fig. 4-21). Projecting
through means that the profile curve climbs above and then falls below the band. Thus. if
the profile rises above the band more than once without falling below the band. multiple
peaks are not identified. Delta cursors are not used.
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1 count 1 count 1 count 1 count
| r | ! N
| i

AN NN

VAVERY:

Lowest point of /
roughness trace

Figure 4-21 Determination of High Spot Count

Peak count 1s defined as the number of peak/valley pairs per unit length projecting through
a band of width 5 centered about the mean line (see Fig. 4-22). Note the similarities (and
the differences) to Peak Count. Compare Fig. 4-21 and Fig. 4-22.(ANSI).

1 count 1 count 1 count

a) AN
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Figure 4-22 Determination of Peak Count

Mean peak spacing is defined as the mean value of the local peak spacing of the profile
within the sampling length. The peaks are defined either by the criteria of the High Spot
Count parameter or the Peak Count parameter.

The High Spot Count/Peak Count view contains two sections, one for setting up High Spot
Count calculations and the associated Mean Peak Spacing, the other for setting up Peak
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Count calculations and the associated Mean Peak Spacing.

[ High Spot Count (HSC) ™1 Mean Spacing Sm[1/HSC)
Height Units Band Uinits

0 CHFEHo COEE
c [ JETL]jo C1ET]
O | RO ] 1 E T

~ Peak Count {PEC} [ Mean Spacing Sm(1/PC) ]
Band Units Band Units

c o 1 ja =10 | 1] A [
o [ TEQD|oc C_1ED
o | ET o [ JET]

Figure 4-23 High Spot Count/Peak Count Form

4.91 HIGH SPOT COUNT AND MEAN PEAK SPACING
The High Spot Count section allows calculating up to three values of high spot count
corresponding to three different values of the height of a reference line drawn parallel to
the leveled baseline at a height /2 above a similar line drawn through the lowest point of
the roughness trace, also parallel to the leveled baseline (Fig. 4-21). There are three
columns:

« Column 1 consists of a check box. Click on a box to enable or disable calculation
of the peak count for the value of Height in the next column to the right.

* Column 2 contains a field that holds the magnitude of the desired value for Height.
Click in the field and type the desired value. Valid values are any integers from
1-999.

+ Column 3 contains a field that holds the units corresponding to the value for Height

in Column 2 of the same row. Click on the drop-down button to select the desired
units. Available settings are 14 or 1 pm.

The corresponding Mean Peak Spacing section contains the same fields.

4.9.2 PEAK COUNT AND MEAN PEAK SPACING
The Peak Count section allows calculating up to three values of peak count corresponding
to three different values of the width & of a band centered about the mean line of the
roughness trace (Fig. 4-22). There are three columns:

» Column 1 consists of a check box. Click on a box to enable or disable calculation
of the peak count for the value of Band in the next column to the right.

* Column 2 contains a field that holds the magnitude of the desired width for the Band.
Click in the field and type the desired value. Valid values are any integers from

1-999.
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* Column 3 contains a field that holds the units corresponding to the value for the
width of the Band in Column 2 of the same row. Click on the drop-down button to
select the desired units. Available settings are 1A or 1 um.

The corresponding Mean Peak Spacing section contains the same fields.

4.10 SAVING AND MAINTAINING RECIPES

Once you have written a recipe that vou want to keep for future use, vou need to save it
on the hard disk.

NOTE: For SEMI compliance, both scan recipes and sequences share the
same directory. This means that a sequence cannot have the same
name as an existing recipe.

To save a new recipe:

1. Choose Save As from the Recipe menu. The following dialog box appears:

=] Save Recipe As

Name: " |

I 1] 4 l ! Cancel l

Figure 4-24 Save Recipe As Dialog Box

2. Type a name for the recipe, then click on OK, or click on Cancel to abort the Save
operation. The recipe name must be a valid DOS filename. The valid DOS filenames

» Can contain a maximum of eight characters. A three-character extension is
supplied by the system.

* Are not case-sensitive. It does not matter whether you use uppercase or lowercase
letters when you type them.

+ Can contain only the letters A~Z, the numbers (-9, and the following special
characters: tilde (~), exclamation point (1), at sign (@), number sign (#). dollar
sign ($), percent sign (%), caret ("), ampersand (&), left parenthesis, right
parenthesis, underscore (), hyphen (-), left brace ({), right brace (}), single
quotation mark (*), and apostrophe (*). No other special characters are acceptable.

» Cannot be identical to the name of another existing recipe.

To save a previously saved recipe:

Choose Save from the Recipe menu.
Or click on the Save button in the tool bar.
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To save a previously saved recipe under a new name:

L.

Choose Save As from the Recipe menu. The Save Recipe As dialog box (Fig. 4-24)

appears.

Type a name for the recipe, then click on OK, or click on Cancel to abort the Save

operation.

To load a recipe into the Recipe Editor:

1.

2. Select the desired recipe from the list of recipes on the left side.

~

3.

In the Recipe Editor window, select Open from the Recipe menu. The following

dialog box appears:

=[

Open Recipe

SCANBAR
Scan0ffset1S0
il
lin
linearitychk
lintest
nolevel
nolin

User:
Modified:
Comments:

5/30/94 1:23:04 pm

] 1=

o |

Cancel I

Figure 4-25 Open Recipe Dialog Box

Click on the OK button.
To delete, import, and export recipes, see Chapter 8, “Using the Database.”
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5 PROFILING

This chapter discusses profiling a sample in detail. Once the Scan recipe has been chosen
or created (Chapter 4), you take scans using the procedures described in this chapter.
Chapter 6, “Analyzing Scan Data,” explains how to interpret the results after a scan is

taken.

This chapter describes

L ]

The parts of the XY View window

Loading samples (with and without the optional wafer handler)

Viewing and positioning the sample for scanning

Scanning the sample

Special considerations when scanning with the MicroHead at low stylus forces
Unloading samples (with and without the optional wafer handler)

Stage adjustments

5.1 XY VIEW WINDOW

The XY View window contains a magnified video image of the sample surface and
provides operator control of the stage motion and the optical system. The XY View
window also appears when using automated configuration and calibration routines. The
title 1n the window’s title bar indicates the current state of operation. The default title is
Teach Scan Length.

To view the XY View window:

Click on the XY View button from any tool bar that displays it, or select XY View
from any menu that displays it. You can get to the XY View from the following
windows and menus:

+ Scan Recipe Catalog window
+ Sequence Recipe Catalog window
+ Recipe menu in the Recipe Editor window

+ File menu in the Data Analysis window
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Scan Length/Direction Indicator

= Tencor Instruments | Teach Scaniength | [ Onlineflocat " Menu Bar
View Move Direction Actions Help
o] wo e ] 1 | 1 [ =] =[] O = ol ome um ]| — Tool Bar
i
Stage
] e
lﬁ ] b Position
-f _"_T_—_' Control
- |
Video
‘{ = Display
—_ li - ; : —— e — Window
"‘ J Current
1 A Stage
L . 0 um Coordinates
: ' 0 pm
_{ Z. 30626 pm
@ 0.00 deg
[V -! Status Bar
[~can Lenogth: 500 pm NN T p

Figure 5-1 XY View Window

The appearance of the video image depends on the position of the stage beneath the
measurement head (it needs to be close enough for the sample to be in focus), and the
magnification ranges available. All measurement heads offer an optic magnification
(zoom) control that allows a range of magnifications without changing lenses.

The XY View window consists of the following elements:

» Menu bar

* Tool bar

* Video display window
» Stage posiion control

+ Current coordinate positions of the stage

#271632 Rev. E 8/95



Profiling 5-3

5.1.1 XY VIEW MENU BAR
The XY View menu bar provides the following menus. You can view menus by clicking
on the titles in the menu bar, or by pressing ALT+/, where / is the letter that appears with
an underscore in the desired title in the menu bar. You can choose menu items by clicking

on amenu entry or by typing the letter that appears with an underscore in the desired menu
itern.

Zeom |n
Zoom Qut

Figure 5-2 View Menu

v Medium

East

Move Speeds

Figure 5-3 Move Menu

Direction
Up
Down
Left
Right

ZUp

Rotate Counterclockwise
Rotate Clockwise

[

Figure 5-4 Direction Menu

Actions
Stant Scan

Go To Manual Load Pos.

Figure 5-5 Actions Menu
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5.1.2 XY VIEW TOOL BAR
The XY View tool bar contains a row of icons that resemble buttons. Clicking on these
buttons provides an alternative way to access commonly used functions. Each icon
suggests the function of the button, For example, the Print button resembles a printer.
Buttons that appear dimmed are unavailable.

The XY View tool bar contains the following buttons:

Button Action

@
Q
-

m
~
m
==

L) [l

=
(=}
|x]
[~
W

[eles

lHll

HAN
LOAD

#271632 Rev. E 8/95

Sets current stage speed to Slow

Sets current stage speed to Medium

Sets current stage speed to Fast

Moves the stage in the +Y direction (away from the measurement area door)
Moves the stage in the -Y direction (toward the measurement area door)
Moves the stage in the -X direction (to the left)

Moves the stage in the +X direction (to the right)

Raises the measurement head away from the stage

Rotates the stage in the counterclockwise direction

Rotates the stage in the clockwise direction

Focuses the video image

Increases the optic magnification

Decreases the optic magnification

Starts the scan

Moves the stage to the Manual Load position
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5.2 LOADING A SAMPLE

The following sections describe how to load samples. Load the sample manually if your
instrument does not have the wafer handler installed, or if vou are loading odd-sized wafers
or other sample types such as compact disks or magnetic storage media.

5.21

LOADING A SAMPLE WITHOUT THE WAFER HANDLER

The Manual Load and Soft Home positions are preprogrammed. You can change these
positions, if desired. For details. see Section 5.8.2, “Manual Load Position,” and Section
5.8.3, "Soft Home Position.”

NOTE: This version of the Tencor P-20 software does not reposition the
stage to the XY Soft Home Position after moving to the Manual Load
Position. You might want to note the original X, Y, Z, and O positions
before clicking on the ManuLoad button in the tool bar.

To load the sample:

1.

L]

(V]

Display the XY View window.

If the stage is not already in the load position, click on the ManuLoad button in the
tool bar to move the stage forward.

Open the door to the measurement area and place the substrate on the stage table,
disk holder, or precision locator.

If you are using a precision locator on a manual stage, note the four detents at 90°
and the two intermediate detents at 43°. (See Appendix D, “Precision Locators”, in
the Tencor P-20 Long Scan Profiler Reference Manual for graphic representations
of the available locators.) When the precision locator is aligned as in Fig. 5-6, it is
in the O theta position (theta = 0°),

Figure 56 Precision Locator

Engage the stage vacuum with the switch found just inside the left side of the
measurement door opening (see Fig. 1-1). Press the switch down to engage the
vacuum.,
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5. Close the door. Click approximately in the center of the Stage Position Control
(Fig. 5-1) on the right side of the window. The stage moves until its center is beneath
the measurement head.

5.2.2 LOADING A SAMPLE WITH THE WAFER HANDLER
The wafer handler can be configured to load wafers of four different sizes:

* 100 mm (4 in.)
* 125 mm (5 1n.)
» 150 mm (6 in.)
+ 200 mm (8 in.)

The standard system configuration includes one cassette locator for 200-mm wafers. A
second locator is available as an option. For 100-, 125-, or 150-mm wafers. an additional
locator plate for each size attaches by thumbscrew on top of the 200-mm locator.

You cannot use this method of loading and unloading for samples other than wafers; use
the procedures described in Section 3.2.1, “Loading a Sample without the Wafer Handler.”
For satisfactory operation the handler chuck must be installed (see Section 2.5, “Installing
a Precision Locator,” in the Tencor P-20 Long Scan Profiler Reference Manual) and the
elevator limit properly set (see Section 5.8.4, “Lowest Elevator Posttion.”).

Before operating the wafer handler for the first time, read Section 2.7.1, *Protecting the
Wafer Handler,” for important information on protecting the wafer handler and wafers
from damage.

NOTE: Cassettes should be the same size and type that Tencor instru-
ments Field Service taught the wafer handler. Cassettes that have
been used in chemical processing, which causes distortion, can
make it difficult for the handler to center the wafers on the vacuum
puck and stage. Dedicated machine casseties are best.

Before using the handler, check the following:

+ Make sure the vacuum chuck is installed on the stage table.
+ Make sure the handler parameters are set up properly.
« Make sure the wafer size is properly set for the aligner.

The instrument is shipped with the vacuum chuck installed if your instrument comes with
the wafer handler. If a vacuum chuck has to be installed, a new lowest elevator position
must be set (see Section 5.8.4, “Lowest Elevator Position.™).

wafers; you could damage the instrument.

CAUTION: Do not use a precision locator when using the handler to load T
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To set handler parameters:

1. From the Top Level menu, double-click on Configuration. From the main Config-
uration window, click on System Configuration. The following dialog box appears:

Machine Configuration

Serial Mumber:  [NONE ] [ ox 1}
Customer: [Generic [}
Modet: (P20 Drca [#]
Machine Type:  [Instrument 1]
Handler Type:  (Tancor [#]
[instument... | [ Handler. | [ trnter. |

Figure 5-7 Machine Configuration Dialog Box

2. Click on the Handler button. The Handler Setup dialog box appears:

Handler Setup

" Genesal Intormation I oK ]
Handler Type: ITencor |
Cancel
Waler ID Type: INnne Lg_l ;'I
Number of Slots: |25 L;I

" Cassette Information

Place Cassetle Mame

(X Cassette #1 [RECEIVER ]

X cassette 12 ESENDEFI |

Figure 5-8 Handler Setup Dialog Box

3. Edit values as needed. When finished, click on OK to keep the changes, or Cancel
to close the dialog box and leave the setup in its original state.
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4. The following message box appears:

e CONFIG Windows Application

@ Piease reboot the machine if you have changed

anything

Figure 5-9  Configuration Reboot Message Box

5. Press ENTER or click on OK.

CAUTION: Be sure to reset the machine if you have made any changes. See
Section 2.11, “Turning Off or Resetting the Instrument.”

Handler parameters are set up in the Configuration window. Values for the handler
parameters are set as follows.

Handler Type
Handler Tvpe can be either Tencor or None.

Wafer ID Type
Wafer ID Tvype can either be None or OCR.

Number of Slots

This field identifies the capacity of the wafer cassettes used. The possible choices are 25
or 26.

Cassette Information

These fields specify the number of cassettes used by the handler and how they are used.
An X in the check box for a cassette indicates that the particular cassette is present on the
instrument. The Cassette Name fields identify the particular cassette is either the Sender,
Receiver, or Both. (If only one cassette is available, it must serve as both the receiver and
the handier.)
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To set the wafer size on the aligner:

Turn the wafer size selector dial on the aligner (Fig. 5-10) until it displays the
appropriate wafer diameter.

Aligner

Wafer Size
Selector Dial

Cassette #1
{Receiver)
Locator
(Optional)

Cassette #2
(Sender)
Locator

| (Standard)

Figure 5-10 Setting the Wafer Size Seiector

To load a single wafer using the handler:

1. Place the wafer in a slot of a cassette of the appropriate size. Note the number of the
cassette slot. Load the wafer right side up. The bottom slot of the cassette is number 1.

2. Place the cassette on the sender cassette locator (Fig. 5-11) as follows:

» Tilt the cassette back slightly and place the botiom rear corners of the cassette
in the grooves on the locator. The grooves are marked with wafer sizes (100 mm,
125 mm, 150 mm, and 200 mm).

» Tilt the cassette forward until it fits securely in the grooves of the cassette locator.
The H-bar across the bottom of the cassette must trip the limit switch in the slot
on the locator.
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Figure 5-11 Placing a Cassette on a Locator

NOTE:

Cassettes placed on hoth locators must be the same size, otherwise
wafers could be damaged and handler performance could be affect-
ed. Reinitialize the handler each time the cassette size is changed.

In the Recipe Editor window, select Handler Load from the Substrate menu. The
Load Substrate dialog box appears:

Load Substrate

Align Mode: [None T3]
Align Angle: |0 |
Src. Cass.: |RECEIVER 5]
Slot: 11 |

r 0K I I Cancel l

Figure 5-12 | cad Substrate Dialog Box

The following options are available in the Align Mode field:

Flat
Notch

None

Orients the wafer by its major flat.
Orients the wafer by its alignment notch.

Turns wafer orientation off. The handler bypasses the aligner

when itloads wafers. Bypassing the aligner reduces the accuracy
of centering the wafer on the stage by the location error of the
wafer in the cassette, typically about 3000 pum.

If vou choose Flat or Notch in Step 4, select the Angle field. Type the degrees of arc
to orient the wafer. You can type any number from 0 to 360.

Figure 5-13 shows the angular orientation scheme. The top of the drawing represents
the back of the instrument and the top of the computer screen. Entering 0 or 360
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orients the flat or the notch to the front of the Tencor P-20 console and the bottom
of the computer screen. When a wafer is unloaded into a cassette, the flat or notch
is rotated 90 ° and in this example, the flat will be at the 9 o’clock position.

..

Figure 5-13 Wafer Orientation

Select a cassette to load the wafer from. The choices are Sender or Receiver.

Select a slot to load the wafer from. Enter any whole number in the range 1-25 (for
25-slot cassettes) or 1-26 (for 26-slot cassettes).

Click on OK to load the wafer.

Note: If the wafer loading or unloading process is interrupted while the handler puck
is inside the instrument, the X, Y stages will not move. You can home the puck by
reinitializing the handier. Select Init Handler from the Substrate menu in the Recipe
Editor window.

NOTE: If the handler does not initialize, the manual vacuum switch could
be turned off. Check the switch to make sure that itis On (in the up
. position). The switch is located inside the instrument below the

lower left of the measurement door,
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5.3 VIEWING AND POSITIONING THE SAMPLE

This section discusses controlling the head motion, controlling the stage motion, viewing
the sample, zooming the image, and teaching the scan length.

Once you have loaded the sample and the stage has moved beneath the measurement head,
you view the sample in the XY View window (Fig. 5-1) and position it to a desired location
to start a scan.

You need to do two things to view the sample and prepare for a scan:

* Lower the measurement head until the sample comes into focus.
* Move the sample beneath the head until you have located a feature you want to scan.

5.3.1 LOWERING THE MEASUREMENT HEAD
To take a scan, the measurement head must be lowered so that the stylus is in contact with
the sample surface. You can lower the head and null the stylus using the trackball in the
XY View window.

CAUTION: Before lowering the head, be sure that the sample is under the
stylus, the stage is not significantly out of level, and be sure that
there are no physical obstacles in the way, such as hardware affixed
to the stage. See Section 2.8, “Protecting the Stylus Arm Assem-
bly,” for a complete discussion of potential damage to the stylus,
measurement head, or sample.

To lower the measurement head using the trackball:

Click on the Focus button in the XY View window tool bar. Notice that the stylus
lowers into position before the head begins to descend. As the head approaches the
stage, the image of the sample surface begins to come into focus. When the stylus
touches down, the head stops descending, and the stylus retracts. The image should
now be fully in focus.

5.3.2 POSITIONING IN X AND Y
Once the sample surface is clearly visible, you can position the stage and sample beneath
the measurement head until you have located the area where you want the scan to begin.

The following figure (Fig. 5-14) shows the coordinate system used in the Tencor P-20.
The coordinate system follows the SEMI Standard M20-92. The X and Y displayed in the
Scan window represent the lateral position of the stage relative to the center of the
measurement area. The possible travel area of the stage is limited to a 210-mm (8.2-in.)
circle.
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105,000

Y um)

Figure 5-14 Coordinate System of the Tencor P-20

There are several ways to move in X and Y to allow quick gross positioning as well as
very fine adjustment. Note that the directions indicated by the controls are consistent with
the direction of motion of the stage; in the XY View window, the video image appears to
be moving in the opposite direction.

CAUTION: Ifthere is any hardware fixed to the stage and it is above the sample
surface, raise the stylus or raise the measurement head before
moving the stage; otherwise, stylus or head damage can occur,

To move quickly from one area to another using the trackball:

* To move quickly to a position currently visible in the video image, click on the
desired location. The stage moves so that the cross hairs are centered on the chosen
location.

* To move quickly to an area not currently visible in the video image, click on the
approximate desired location on the Stage Position control on the upper right of the
window (Fig. 5-1). The stage moves and the small blue dot moves to indicate the
new position. '

Finer control is available by clicking on the control buttons in the tool bar or using the
motion keys on the keyboard.

To move in X and Y using the trackball:

1. Click on the Fast, Medium. or Slow control buttons in the XY View tool bar
(Fig. 5-1).
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2. Click and hold the left button down over the desired direction control bution; release
the trackball button to stop.

NOTE: When Slow speed is active, notice that when motion ceases, the
image appears to do a momentary wiggle. This is normal and
desirable. It is this motion that eliminates the slight mechanical
backiash in the stage movement that would otherwise make precise
positioning to very small features difficult.

5.3.3 ADJUSTING THE OPTICAL MAGNIFICATION
You might need to adjust the optical magnification of the sample image.

NOTE: For instruments equipped with the Pattern Recognition Option, we
recommend that the lowest optical maghnification be used exclu-
sively.

To magnify (zoom) the image:
* Click on the Zoom Out control button, or choose Zoom Qut from the View menu.

» Click on the Zoom In control button, or choose Zoom In from the View menu.

NOTE: Whenever you change the optical magnification, you need to re-
teach the video calibration so that the screen pixe! to stage coordi-
nate ratio is determined correctly. See Section 5.4.1, “Teaching the
Scan Length.”

5.4 TAKING A SCAN

Once you have lowered the head and at least approximately positioned the sample. vou
are almost ready to take a scan. First, you need to set up by adjusting the sample position
so that the stylus will lower and begin taking data at the right place. The right place to start
depends on the feature or features that you want to scan.

As an example, consider a simple step feature (Fig. 5-15). You might wish to determine
the step’s height and width. In this case, you want 1o make sure that you begin vour scan
far enough before the step to clearly see it rise from the surrounding surface. and you want
to have set a long enough scan length in the recipe so that you get a complete view of the
step. That is, you want to keep taking data until the stylus has clearly come down the other
side of the step.
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Beginning and end of scan
should clearly straddle the step

' Feature Width P—
Start scan [ . End scan here
here \ l ; /

| |

Y ¥

| N

r Scan Length o

Figure 5-15 Setting Up fo Scan a Step

Typically you want the beginning and end of such a scan to be long enough to be able to
use them to establish a level baseline.

The general rule of thumb is to take a scan long enough to clearly discern the geometry
of interest and (except in the case of a radius measurement) to clearly establish a level
reference.

To set up for a scan:

1. ldentifv the feature(s) of interest.
2. Null the stylus and move in X and Y until satistied with the start-of-scan position.
3. Click on the Start icon in the tool bar or choose Start Scan from the Actions menu.

If vou wait more than 60 s between nulling the stylus and starting the scan, the stylus will
retract into the measurement head. This is a safety feature. In this case, the stylus will
descend and re-null on the surface automatically.

At the moment vou begin a scan, the position of the cross hairs superimposed on the video
image represents where the stylus tip will contact the sample surface and begin collecting
data.

When the scan begins. note that the stage first travels opposite to the scan direction for a
short distance, then stops and moves in the scan direction. This allows the scanner to reach
the programmed scan speed before the instrument begins to collect data.

While the scan progresses. the Scan window displays an image of the trace overlaid on
top of the video image, while the status bar displays a running count of data points taken
as the scan progresses.

When the scan is completed. the stylus lifts, the scanner returns to its original position
above the start-of-scan location, and the Data Analysis window is displayed with the
profile plotted in dimensioned coordinates.
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To abort a scan:
Click on the Stop Scan button at any time.
5.41 TEACHING THE SCAN LENGTH

Sometimes the best scan length for a particular scan is not known in advance. Although
you can determine from the XY View window’s scale and then return to the Recipe Editor
to input an appropriate value, there is an easier way: teaching the scan length.

NOTE: For the Teach Scan Length feature to function properly, the correct
ratio between the line drawn on the video image and the actual
distance that the stage needs to move must be established. This is
done by performing the Video Calibration. The Video Calibration
needs to be done again if you change the zoom settings.

To perform the Video Calibration:

I. From the Scan Calibrations window, click on the Video Calibration button. The

Video Calibration window appears:

| Tencor Instruments | Video Calibration | Onlineftocal
Yiew Move Direction Actions Help
stow | wep [FasT|| T [ ] |4-|—> OIO o F%’s Imuﬂmlzc?l?fu start | P
} B — 2
i
i
|
‘| ——+t———
I
|
- |
- : T l T . T + T "'L*——r" L T —— T
X =29192 pm
¥ -7182 pm
<{ Z: 535669 pn
o .00 des
|, Cancel
[Teach afeature on the upper [2R corner of the overlay I

Figure 5-16 Video Calibration Window

The prompt area displays

Focusing-please wait
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The stvlus nulls on the sample surface and the image comes into focus. The prompt
changes to

Teach a feature in the upper left corner of the overlay

Choose something on the sample to use to teach the calibration. The comer of a
rectangle is ideal. Note: Avoid choosing something that is identical or very similar
in appearance to other features nearby.

Move the trackball cursor over the chosen corner and click.

The stage moves slightly in X and Y, and the prompt changes to
Teach the same feature again

Move the cursor over the chosen corner in its new position and click.

The following message box appears:

== XY Video Display

® 1 Pixel[X) = 2.941176um.
1 Pixel[¥] = 2.500000m.

0K Cancel

Figure 5-17 XY Video Display Message Box
The values in the message box are the calculated ratios of vertical and horizontal
screen units (called pixels) 1o X and Y stage coordinates in pm.
Click on OK. The message box disappears, and the prompt area displays
Teach a feature in the upper left corner of the overlay

Redo the calibration, or click on OK to accept the new values or Cancel to keep the
original values and return to the Scan Calibrations window.

To teach the scan length:
1.
2

Click once on the video image at the place that you want your scan to start.

Click again at the place that you want your scan to end.

The length of the line between the two points is then determined using the information in
the video calibration file, then inserted automatically into the current recipe. In addition,
the stage moves so that the origin of the line coincides with the cross hairs and the line

extends along the X-axis.
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5.5 SCANNING AT LOW STYLUS FORCES

There are some special considerations when using very low forces with the MicroHead I1
or Extended Range MicroHead. These issues are discussed below.

5.6.1 LIMITATIONS ON DOWNWARD TRAVEL
Because the stylus force varies as the stylus moves away from the center position, the
depth of valleys that can be effectively profiled with low stylus force settings is limited
(the full range is available for upward travel). The downward travel available at various

stylus force settings is shown in Table 5-1.

Table 5-1 Maximum Downward Travel for Particular Values of Stylus Force

Stylus Force Approximate Maximum Downward Travel (um)
(me) MicroHead 11 | Extended Range MicroHead
0.05 0.4 N/A
0.1 0.8 N/A
0.2 1.6 N/A
0.5 4.0 6.0
1.0 8.0 iz
2.0 16 25
5.0 40 63
10 full range 130
i35 full range 195
20 N/A 260
25 N/A full range
30 N/A full range
33 N;"A full range
40 N/A full range
45 N/A full range

If you exceed these values during the scan of a step or ramp, the stylus becomes suspended
in air (see Fig. 5-18). The resulting trace displays a random wander (see Fig. 5-19).
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maximum downward
travel for stylus force...
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AN

... SO stylus
cannot reach
bottom of step
and remains
suspended

Figure 5-18 Maximum Downward Trave! Not Large Enough to Scan Valley

Tencor Instryments |

Data Analysis - {Trace Window]

| OnlinejLocal

File Trace

Parameters Operations Window

Help | &

hcostep

Length 174 um
Speed 100 um/sec
Direction -»
Repests: 1

Force: 0.5 mg

Cursors

L R
vess 100 118.0
Detts 153 1226
Lev 00 200
Deta 100 379

Ret 00

Height -282172 A
nidth 108 pm
MR~ 284712 A

Level:
Meae:

cA
50,0008
-100,0008
-150,000A
-200,000A
-250,000A

-300,000A

LE!IELI STATS l i NORM | WAY I UGHI -

Lzl RZZZZ3

LEd

4

[FRS S ——

+

20pm

40pm

50um

80pm  100um

120pm  140pm  160pm

Nomna
¥

I

Figure 5-19 Example Trace—Stylus Force Too Low for Valley Depth

To reach the bottom of the step, increase the stylus force in the recipe (see Section 4.3.2,

*Stylus.”).
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5.5.2 MECHANICAL LEVELING AND LOW STYLUS FORCES
The limit on downward travel discussed above also means that mechanical leveling
becomes particularly important at low stylus forces. A small amount of tilt in the
onentation of the sample surface can result in a situation where the maximum travel limit
of the stylus is exceeded. Figure 5-20 shows what can happen if you set the stvlus force
as low as possible for a given artifact size, but the sample surface is not level.

1
Samplesurface not :
level relative to |
MicroHead i

Figure 5-20 Scanning an Unleveled Surface at Low Stylus Force

The stylus 1s nulled at position A. As the stylus comes near the edge of the step (position
B). it has already used up some of its range of vertical motion because of the tilt of the
surface relative to the scan motion. At the bottom of the step (position C), the stylus begins
to trace the surface, but it has come close to its limit of downward travel. As the stylus
continues to move to the right while the sample surface slants away beneath it. it leaves
the sample surface and hangs suspended in the air (position D).

Figure 5-21 shows a sample trace taken with low stylus force with a sample that is not
level. The stage was purposefully tilted by about half a degree of arc.
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==|Tencar Insiruments | Data Analysis - [Trace Window] i Onlineflocal
w! File Trace Parameters Operations Windoaw Help 13

e [ ][ o o] [ 5 |

p?
Length 150 um
Speed 50 umnssec Levef: L RE
Direction -» NMeas: LG RO
Repeats: 1
Farce: 75mg

6l

tursors \
L R L :.
|

pMeas 95 574
Loena 114 534 -20,060A

ev 15 225 ‘
Deta 30 230 ' i

ket 0O -40,000A .J

Height -82642 A
cth 48 um

IR 82770 A 60,0004 : Jk
80,0004 - ot

L - —l , —_—t
20pm 40pm Bapm 80pm 100pm  120pm  140pm
———== Horha
A

[ I i
Figure 5-21 Example Trace—Sample Surface Not Level at Low Stylus Force
{(Data Leveled Correctly)

Good results are possible in such a situation if the stylus traces enough of a flat section of
the sample surface so that the data can be leveled. In Figure 5-21, the height recorded in
the Summary window is accurate because the data was leveled on the top of the step on

the left side of the window.

It is not advisable, however, to take scans when the sample is not mechanically leveled.
Figure 5-22 shows the same data as in Figure 5-21 but leveled on the portion of the trace
where the stylus was not in contact with the surface. It might not be obvious on examining
the Data Analysis window that the stylus was suspended above the sample surface.
Ordinarily, there would be no reason to avoid setting the leveling cursors on the bottom
of the valley. In fact, you might think it was preferable because you can more widely
separate the L and R leveling cursors.

Note that while it is not immediately obvious that the leveling cursors were set on the
wrong section of the trace, the measured valley depth is inaccurate.
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=] Tencor Instruments 1 Data Analysis - [Trace Window] | OnlinefLocal
| =| File Trace Parameters Operations Window Help [2
l.Elﬂlsstl RORM | WAY JROUGH
p2
Length 150 um
Speed 50 umisec Leve!: tn R
Direction -» Moo Lo RO
Repeats: 1 100,0002 ;
Note Force: 75mg
difference "™ 30,0002 )

between Mess 95 574 ] : \ .
3 Delta 114 594 ' ;
this value | . .5 155 60,000A : \ FL

and the Deka 404 1430
heightin L., .,

Figure 5.2 Heigtt -83447 A
1 Pidth 48  um 3
riR 83497 A

49,0004

20,0004

_,.,
1

oA

20pm 40ptn 60pm B0pm  100um  120pm  140pm
Noma
P27y

! I i

Figure 5-22 Example Trace—Sample Surface Not Level at Low Stylus Force
{Data Leveied Incorrectly)

To avoid such effects, there are two things you can do:

* Make certain that the sample surface is mechanically level.
+ Use a larger stylus force.

5.5.3 ELECTROSTATIC EFFECTS AND LOW STYLUS FORCES
It is possible for a large electrostatic force to develop between a highly charged sample
surface and the MicroHead stylus. This can make calibration and operation at low stylus
forces impossible. If you need to profile a non-conductive substrate such as a glass flat.
remove any electrostatic charge prior to taking a measurement.
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5.6 UNLOADING A SAMPLE
5.6.1 UNLOADING A SAMPLE WITHOUT THE WAFER HANDLER

Unload the sample manually if your instrument does not have a wafer handler, or if you
are unloading a sample that is not a wafer.

To unload a sample manually:
1. Click on the Manual Load button in the XY View tool bar to move the stage forward.
2. Open the measurement area door.

Turn off the stage vacuum (if it is on) to release the sample and lift it carefully from
the measurement stage.

5.6.2 UNLOADING A WAFER WITH THE WAFER HANDLER

This procedure applies to unloading wafers only from instruments that have the wafer
handler installed. See Section 5.6.1, “Unloading a Sample without the Wafer Handler,” if
your instrument does not have a wafer handler, or if you are measuring samples other than
wafers.

|8

To unload wafers with the wafer handler:
1. Choose an empty slot in the receiving cassette and note the slot number.

2. Chdse Handler Unload from the Substrate menu in the Recipe Editor. The Unload
Substrate dialog box appears:

Unfoad Substrate

Source Loc: Ilmtrument i
Target |RECEIVEFI LiJ
Slat: [1 “I

I 0K I ’ Cancel l

Figure 5-23 Unload Substrate Dialog Box

Enter an empty slot number and set the target to the appropriate cassette. Click on
OK to continue, or Cancel to close this dialog box and abort unloading.

[ O3]

4. The stage moves to the handler load position, the shutter opens, and the puck
removes the wafer from the stage and returns it to the target cassette.
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5.7 STAGE ADJUSTMENTS

The stage has two leveling adjustments that might need to be made from time to time
depending on whether you have a precision locator installed. or samples with surfaces that
are not parallel to the stage table top.

Adjusting the stage alignment relative to the Y-axis of the instrument is called #i/ring the
stage. Tilting the stage raises the front edge of the table while the back edge lowers. and
vice-versa.

Adjusting the stage alignment relative to the X-axis of the instrument is called leveling
the stage. Leveling the stage raises the left edge of the table while the right edge lowers,
and vice-versa.

The stage can also be rotated about its central spindle to facilitate alignment of the scanning
mechanism to the geometry of a given sample.

5.7.1 TILTING THE STAGE
The tilt knob is located at the lower left side of the stage. Note: make sure that there is
sufficient clearance between the level motor and the X home switch if you turn the tilt
knob more than one full revolution.

Tilt Knob

Figure 5-24 Tilting the Stage

5.7.2 LEVELING THE STAGE
If the measured surface is not parallel to the axis of scanning motion, the resulting trace
in the Data Analysis window will not be level, causing inaccuracies in the data analysis.
This 1s a particular problem for long scans, where the stylus nulls at the beginning of the
scan but soon reaches the limit of its range as the sample surface angles away relative to
the scan motion. Similar problems can arise in sequence measurements if the surface is
not physically parallel to the scan motion.

If the relative angle between the sample surface and the scanning motion is small, and the
scan length Is short, it is not necessary to adjust the stage leveling. Software leveling of
the data will give good results. Software leveling is discussed in Section 6.2, “Data
Leveling and Measurement.”
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To level the stage:

1. Take a scan. For leveling purposes, it is best to take a long scan at least several
millimeters in length.

2. In the Data Analysis window, activate the leveling cursors and set them appropri-
ately.

L2

Select Mechanical Leveling from the Operations menu. The following message box
appears:

=| Data Analysis

The stage will be mechanically leveled base on
® the new leveling offset. Do you want to proceed?

Figure 5-25 Mechanical Leveling Message Box

4. Click OK. The measurement head rises, and the stage level is adjusted. The leveling
offset can be viewed in the main Configuration window (Fig. 5-26).

5.7.3 ROTATING THE STAGE
You can rotate the sample stage to adjust the alignment of a sample relative to the scan
motion.

To rotate the stage with the trackball;
Click on the (9] button for counterclockwise rotation.

Click on the [Q] button for clockwise rotation.
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5.8 STAGE CONFIGURATION
The stage configuration settings are modified from the Configuration window.
To view or edit stage settings and configurations:

Double-click on the Configuration icon in the Top Level menu. The following
window appears:

<[Tencor Instruments{ Configuration | Onlinellocal
1 File 2 Help
D $ystem Lonfiguration Handler Load Pos. 7| [ Manual Load Pos.

o x: [ lum|(x: [B__ lum
D Substrate Configuration Y- @_-— um Y wm

D Data Expost Paths Theta: |0-94 deg Theta: |88-22 deg
Elevator: 44200 nm Elevator: 38460 pm
Teach Handler Load
Position
Teach Manual Load Soft Home Theta deg
Position
L owest Elevator Position: pm
D Teach Soft Home
Position Leveling Offset: 177 arc sec
Teach Lowest Elevator
D Position Elevator focus speed:
D Deskew Options
[ Al _JEmpty

Figure 5-26 Configuration Main Window

The left side of the window contains a series of control buttons; the right side of the window
shows the current settings.

The stage configuration routines are discussed in the following sections. For System and
Substrate configurations, and Data Export Paths, see Section 2.4, “Configuration.” in the
Tencor P-20 Reference Manual.
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5.8.1 HANDLER LOAD POSITION

The Handler Load Position is set by teaching the position. Once it is set it should not be
changed.

CAUTION: The Handler Load Position should be changed by Tencor-autho-

rized personnel only. Incorrect teaching can damage the instru-
ment.

To teach the Handler Load Position:

1. Click on the Teach Handler Load Position button. The Teach Handler Load Position
window appears:

—[Tencor instruments | Teach Handler Load Position | OnlinefLocal
View Move Direction Actions Help _
ELEY JFocus
stow | mep | FasT || T I i Ii—l—}l ) OI Al [“}:}“Fg&" !“m.m%l
T o
L I
|
- —__+—__
|
]
§
T 1 T - T T —f'_—!__[—""T_'
X: ~101976 pm
v ~-323 pn
‘| z: 47627 pm
@: 1 17 dag
F Cancel
L 1 Il

Figure 5-27 Teach Handler Load Position Window

The stage moves to the current Handler Load Position. You can then move to the
desired new position and click on the video image to record its coordinates.

2. Click on OK to save the new position, or click on Cancel to keep the original value
and return to the Stage Configurations window.
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5.8.2 MANUAL LOAD POSITION
The Manual Load Position can be changed by teaching the new position.

CAUTION: When the instrument is powered up or reset, the stage moves to
the Z coordinate of the Manual Load Position. Be sure to set the
Z coordinate high enough above the stage so that the measurement
head will not contact any sample or other hardware that might be
present. ncorrect teaching can damage the instrument.

To teach the Manual Load Position:

1. Click on the Teach Manua! Load Position button. The Teach Manual Load Position
window appears:

==|Tencor Instruments | Teach Manual Load Position [ Onlinefiocal
View Move Direction Actions Help

son] o [ ][ 1 ] 4 [ =] =) [ O] O 2L [0 0| o] 158
| 1 Lale [ o )or]

_—l
|
|
[
.__m+“h_.
I
J
i

2521 pm
34957 um

30626 pm
30 00 deq

Cancel
[ 1 i
Figure 5-28 Teach Manual Load Position Window

8 N <R

The stage moves to the current Manual Load Position. You can then move to the
desired new position and click on the video image to record its coordinates.

2

If desired, adjust the Z coordinate by raising the head with the Z7T button in the tool
bar.

L

Click on OK to save the new position, or click on Cancel to keep the original value
and return to the Stage Configurations window.
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5.8.3 SOFT HOME POSITION
The Soft Home Position can be changed by teaching the new position.

To teach the Soft Home Position:
1. Click on the Teach Soft Home Position button. The following message box appears:

=| Teach Soft Home Confirmation

Are you suie you want to perform thiz operation?

l Enter Values I I Teach Valu;l ' Cancel ]

Figure 5-29 Machine Configuration Dialog Box
You can select to Enter Values, Teach Values, or Cancel.

2. If'you select Teach Values, The Teach Soft Home Position window appears:

=] Tencor Instruments | Teach Soft Home Position | Onlineftocal
View Move Direction Actions Help
Isww veo [Fast}| T | ] |e—]|— OIO a |'$" “‘.H“I‘&‘.‘T“ """“ HJ’I‘!%I
I
L. I
|
1 TP
I
[
B I
1 —-:—+ N
X 2521 gn
» ' 94957 pm
Z: 30626 pm
@ 0.00 deg
1.. Cancel
[ i I

Figure 5-30 Teach Soft Home Position Window

The stage rotates to the current Soft Home theta position. You can then move to the
desired new position and click on the video image to record its coordinates.

3. Ifnecessary, rotate the stage to the desired theta position.
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4. Click on OK to save the new position, or click on Cancel to keep the original value
and return to the Stage Configurations window.

5.8.4 LOWEST ELEVATOR POSITION
The Lowest Elevator Position allow you to restrict the range of vertical motion of the stage.
You might wish to set a limit for the elevator so that the measurement head cannot descend
past the level of the sample surface, to avoid driving the head onto the sample surface in
a case where the stylus drops into a hole or groove, or beyond the edge of a sample.

CAUTION: Itis very importantto determine the correctlowest elevator position
when a precision locator is installed. The stylus can be damaged if
you leave the stage configured with the original setting.

To teach the Lowest Elevator Position:

1. Click onthe Teach Lowest Elevator Position button. The following window appears:

== Tencor Instruments | Teach Lowest Elevator Position |_Online/Local

View Move Direction Actions Help
Zoam znn.:l —e ] mAaNU
IN | ouT i LoaD

ﬁaw MED |FAST “‘ l l ;:J_i_&ﬁ =
j YT

- |

[P

X 2521 pm
k'S 94957 pm

A 30626 um
@ 0.00 deg

Cancel
, I |
Figure 5-31 Teach Lowest Elevator Position Window

The stage moves to the current lowest elevator position. You can then move to a
new position and click on the video image to set the new limit value.

2. Click on OK 10 accept the new value, or Cancel to retain the original value and return
to the Stage Configurations window.
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6 ANALYZING SCAN DATA

Once a scan has been completed, the computer processes the measurement data and
displays 1t in the Data Analysis window. This chapter discusses how information is
presented in the Data Analysis window and how to analyze and manipulate the data.

This chapter describes

*+ Parts of the Data Analysis window

* Leveling the data

» Using the measurement cursors

* Using Feature Detection

+ Using cutoff filters on the data

» Radius measurements on curved surfaces

» Saving and maintaining data

6.1 DATA ANALYSIS WINDOW

When a scan is completed, the Data Analysis window appears:

=[Tencor Instruments | Data Analysis | OnlinefLocal
- - nu Bar
File Jrace Parameters Qperations Window ﬂelpﬂfme
eved | stars | [ morw | war Jrouck] : L —— Tool Bar
a Trace Window -]~
Length $00 um Level LTz Rz /"'-Trace
Speed 100 um/sec Mean. L=z REZZZ Window
Direction -» 5,0008 . .
Repeats: 1 J .
For¢e: 10 mg £000R : I ~
] N
L R 30004 1

Meas 1238 2231 : .

Detts 164.2 2695 ] . : |
Lev 8185 4486 20004
Detta 121.8 4886

Ret 00 e 5 !
Height 4251 A i : : IL
Width 105 © pm oA . .
TR 4320 A

100pm 200pm 300pm 400pm 500um

T e Surface
Parameter
el Surface Parameter Summary [~] Summary
Window
Height : 4250 .8 A Hormal
[ 1l {Ermpty

Figure 6-1 Data Analysis Window
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The Data Analysis window has two moveable and resizeable subwindows. A plot of the
normal data, along with a summary of parameter calculations, is displaved in the Trace
window. The complete set of parameter calculations appear in the Surface Parameter

Summary window.

You can also review previously saved data in the Data Analysis window.

To review previously saved data:

1. From the Database Catalog window, select Scan Data. The Scan Data Catalog is

displayed:
w-ETcncur instruments | Catalog - [SCAN DATA] | OnlinefLocal
File Edit Substrate Vacuum Host Window Help
8 |[puw) @ |
Scan Reci
pe Scan Data Name: JJUK —l
Scan Dala Recipe ID Number of Creation
Sequence Recipe Puoinis Date
JUK testl 72 05-10-94 12:54:.28
JUHK testl 72 08-10-94 10:08:32
KICRON1 nicron 5344 07,2794 17:54:02
Sean Data SEQ3 micren 5344 07,2794 17 54 04
STP-HT ncalddd 2014 07-26-94 12:20:24
VACOFF nicron 6049 08-01-94 15:40:14
Sequence Data VACON nicron 6049 08-01-94 15:36:28

SCAN DATA CATALGG Il

~ |[Empty

Figure 6-2 Scan Data Catalog Window

2. Click on the name of the desired data set in the list, and then click on the Review
button below the list, or double-click on the name of the desired data set. The Data
Analysis window appears with the selected data set displayed.

6.1.1 DATA ANALYSIS MENU BAR

The Data Analysis menu bar provides the following menus. You can view menus by
clicking on the titles in the menu bar. or by pressing ALT + /, where / is the letter that
appears with an underscore in the desired title in the menu bar. You can choose menu
items by clicking on a menu entry or by typing the letter that appears with an underscore

in the desired menu item.
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3 Trave Dats
Sequence List

Save Data
Print

Load Workspace
Save Workspace

Exit

Figure 6-3 File Menu

+ Normal Trace
Waviness Trace
Roughness Trace

Figure 6-4 Trace Menu

Parameters
v General Parameters
v Roughness Parameters

Waviness Parameters
Hybrid parameters

All Parameters

Figure 6-5 Parameters Menu

Operations
fevel Trage

Cancel Leveling
fiecale

Canvel Prnting

Summary Display Options

Figure 6-6 Operations Menu

Window
Cascade
Tile Vertical

Tile Horizontal
Arrange lcons

1 Surface Parameter Summary
v 2 Trace Window

Figure 6-7 Window Menu
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6.1.2 DATA ANALYSIS TOOL BAR
The Data Analysis tool bar contains a row of icons that resemble buttons. Clicking on
these buttons provides an alternative way to access commonly used functions. Each icon
suggests the function of the button. Buttons that appear dimmed are unavailable.

The Data Analysis tool bar contains the following buttons.

Button Action

‘ Toggles between the leveling and measurement cursors.

Switches focus to the Surface Parameter Summary window. If the Surface
Parameter Summary window is currently minimized, it appears maximized
upon clicking this button.

1

HORM Toggles display of normal trace.

WAY Toggles display of waviness trace.

ROUGH Toggles display of roughness trace.

S

Displays the Print dialog box.

6.2 DATA LEVELING AND MEASUREMENT

This section discusses leveling of the scan data, not the mechanical leveling of the stage
relative to the measurement head. See Section 3.7.2, “Leveling the Stage,” for a discussion
of mechanical leveling.

To accurately measure anything, you need to have a sensible frame of reference. For 2-D
scan data, this amounts to indicating two points along the scan that are at equal heights.
These two points define a reference axis for plotting the data and calculating surface
parameters.

In the Tencor P-20 Data Analysis window, the two points are indicated by using a pair of
vertical lines called the leveling cursors. The initial position of the leveling cursors 1s set
in the recipe, but you are free to reset their positions at any time after the scan 1s taken.
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Often you can determine acceptable leveling cursor p051t10ns in advance by viewing a
sample in the XY View window prior to finalizing the recipe and scanning. However it
is not always obvious, or you might accidentally set them at inappropriate locations. In an
extreme case, the left leveling cursor might be at the bottom of a large step, and the right
leveling cursor on the top. Using these two points to define a reference axis, the plotted
data looks something like the followmg figure.

<= Tencor Instruments[ Data Analysis - [Trace Window] i Onlinefl.oca!l
File Trace Parameters OQOperalions Window Help [+
LEvEL | sTars |  moras | way [roveH L_l
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L R .
Mess 00 4750 -3.000A :
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| ev 770 4750 -4 0004, ' —t=]
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Meight 0.4 1! Tt
-6,0004 ,l.-J
‘_/__,,./ i
-7,000A :
]
30004 ' } ! ' ' '
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#ER

[Cone with postprocessing calculation! [ i

Figure 6-8 Data Before Leveling
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Fortunately, you have complete control of the leveling cursors, so vou can readjust them
until they indicate two points that are at the same height. Then you have the computer
replot the data with these new positions, and the result is something like the following

Meas 00 4750
Dettz 100.0 S000
ey 53 4148 -5,0004,
Defta 1051 4734

figure.
==| Tencor Instruments | Data Analysis - [Trace Window] | Onlineflocal
=| File Trace Parameters Operations Window Help %
LEvEL | sTaTs | [ norm | wav [Rrousk @J
Length 500 um
Speed 100 umisec Le“":'—t' L2777 R mRZ
Direction -» Mesa: L ZZIEITTD s
Repests: 1 0
Force: 15 my E [
Redius: 0 mg 3,000 ;
i
1
0 i
L R 4,000 E
]
|

w'ﬁjf 0.2 6,008,
Height 28031

-7 0008t e R e e

: +
100m 200um 3000 400um SA0pm

Nommd
A

1Done with postpracessing calculationd i i

Figure 6-9 Data After Leveling

This Data Analysis window can now provide you with some meaningful measurements.
Again, youneed a way to indicate to the computer what you want to measure, For example,
if you want to know the difference in height between two points, you need to be able to
indicate those two points to the computer.

This is accomplished using another pair of vertical lines, the measurement cursors. The
Data Analysis window appears with the measuring cursors set at the locations specified
in the scan recipe.

Like the leveling cursors, the measurement cursors can be freely moved to any position.
The displayed parameter values are recalculated whenever the measurement cursors are
moved to new locations.
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To set leveling or measurement cursors:
1. IHfyou are going to set the leveling cursors:

* Select Level Trace from the Operations menu, or click on the Level Trace button
in the tool bar. This activates the leveling cursors. They are at the locations
currently specified in the recipe. with the left cursor currently selected.

If you are going to set the measurement cursors, they will normally be active, unless
the leveling cursors have been activated

2. Press [<] or [>] or use the trackball to move the left cursor to the desired position.

(P

Press the spacebar to select the right cursor and adjust its position with the arrow
keys or the trackball. The cursors can also be set to move in tandem:

* Press the spacebar twice quickly to select both the left and right cursors. Use the
arrow keys or trackball to position them.

4. If'you are leveling:

* Once the cursors are positioned as desired, select Level Trace from the Opera-
tions menu, or click on the Level Trace button in the tool bar. The data is leveled
and replotted. The leveling cursors become inactive and the measurement
cursors become active.

If you are setting the measurement cursors, the values of the displayed parameters
are automatically updated each time you move the cursors.

You can also use the leveling cursors in Delta Average mode, where each cursor can be
expanded to define a region. The average value of the height within the region is then used
for leveling the data. On rough or noisy scans, you should use Delta Averaging for best
results.

i

To set leveling or measurement cursors in Delta Average mode:

Press [A] to activate Delta Averaging of the currently active cursor. A second vertical
line appears to the right of the active cursor, defining a range. Adjust this range as
follows:

» Hold down {A] to expand the cursor range and release when the width is
satisfactory.

* Press and hold down [v] to reduce or eliminate the width and release when the
width is satisfactory.

* Press the spacebar twice quickly to select both the left and right cursors and
adjust their ranges in tandem if desired.

If desired. you can set the cursor positions stored in the recipe with the new positions of
the cursors.

To save the current cursor positions in the Scan recipe:

Choose Recalc from the Operations menu.
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6.3 USING FEATURE DETECTION

Consider a situation where you wish to compare the step heights from ten different
nstances of an artifact on a sample. It is difficult without taking extra care to start each of
the ten scans at precisely the same location relative to the artifacts. Typically, the
measurement cursor settings from the first scan will not precisely compare to the same
locations relative to the feature on the subsequent scans. Therefore, vou need to manually
adjust the measurement cursors for each scan. This can be tedious and introduces some
imprecision into the comparison, since it is difficult to locate the cursors manually in

exactly the same way for all the scans.

Feature Detection makes it possible to automatically and reliably set the position of the
measurement cursors relative to the rising or falling edge of a steplike feature, or the apex
of an arclike feature. For each instance, then, you need not worry that vou are starting the
scan at precisely the same distance in front of each of the artifacts. This eliminates the
need to manually adjust the cursors for each scan, facilitating comparison between two or
more instances of an artifact.

Both the location of the edge (or the apex of an arc) and the step width can be calculated
and dispiayed in the Data Analysis window.

For steplike features, Feature Detection distinguishes between rising or falling edges.
Since steps are rarely perfectly vertical. Feature Detection also distinguishes between two
types of edges. The following convention is used: the location at the rop of the slope is
called the edge, and the location at the bottom of the slope is called the base. The following
figure shows this convention for a plateau and a valley.

R :
iy B SRR R —
‘f j \ \E ‘F

§f | i '
! ‘;l /

’ |
UpBase | ‘ :\ DownBase
\/ \ e .’/

.......

Figure 6-10 Edges of a Step

Feature Detection also distinguishes between convex (hill-like) and concave (valley-like)
arcs (Fig 6-11).
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- Convex Arc

Apex

Concave Arc

Figure 6-11 Convex and Concave Arcs

Feature Detection parameters are configured in the Recipe Editor window:

|' Feature Detection

Feature:

Feature Number:
Slope Threshold -

Plateau Threshold :

Min. Plateau Width : 0

I

Figure 6-12 Feature Detection Dialog Box

You must set several values to specify the type of the step edge or apex feature that vou
are measuring. A description of these values follow.

Feature

The Feature field identifies the type of feature to be detected, or turns Feature Detection
off. The selection box has seven possible choices:

None (no Feature Detection)
UpEdge (rising edge)
DownEdge (falling edge)
UpBase (rising base)
DownBase (falling base)
Convex (hill-like arc)

Concave (valley-like arc)

If None is selected, the remaining fields in the dialog box are unavailable and appear
dimmed.
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Click anywhere in the selection box and click on the desired item in the list or double-
click in the selection box and type the first letter or letter of the desired item in the list,

Feature Number

[f there are multiple edges detected in a scan, Feature Number provides a way to select a
particular edge for detection. Detected edges are numbered sequentially from 1 to n.

Slope Threshold

This factor sets the value at which an upward slope in the trace is considered to be preceding
the step height edge or apex; that is, when an upward slope appears that rises significantly
above the general roughness of the surface.

Valid values range between 0-50.000. When the artifact is much larger in comparison to
the surrounding roughness of the surface, set the value higher. [f the artifact is only a little
larger than the surrounding roughness, set this value lower. Note that in this case. you
might also need to set the Minimum Plateau Width (description follows) to avoid any
ambiguity.

The concept of the Slope Threshold is very similar to a a signal-to-noise ratio. The best
values for a given sample will depend on the relative scales of the artifact that you are
examining and the surrounding surface roughness, as well as parameters such as scan
speed, sampling rate, and so on. You might need to experiment to find appropriate values
for Slope Threshold. The default values of 5.000 (for a step) and 1.000 (for an apex) are
sufficient for most scans above 200A.

Click in the Slope Threshold field and type the desired value.

Plateau/Apex Threshold

This factor affects the precise horizontal location calculated for the edge or arc. Since the
edge of a step is rarely a perfectly defined location, this factor allows vou to adjust the
value to the left or right, depending on whether vou consider the edge to be the bottom of
the step, the top of the step. or somewhere in between.

For an edge, set this value to about the same value as the Slope Threshold. Valid values
range between 0—50.000. Setting this threshold slightly greater than the Slope Threshold
will move the precise location of the edge slightly to the left for an UpEdge or to the right
for a DownEdge. Setting this threshold slightly smaller than the Slope Threshold will move
the precise location of the edge slightly to the right for an UpEdge or to the left for a
DownEdge. For UpBase and DownBase, the adjustment is the reverse. For a Concave or
Convex arc, set this value to a very small number, between 0—1.000. You might need to
experiment to find appropriate values for Plateau/Apex Threshold depending upon the
relative scales of the artifact that vou are examining and the surrounding surface roughness.
The default values of 5.000 (for a step) and 0.000 (for an arc) are sufficient for most scans
above 200A.
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NOTE: The Slope Threshold determines whether or not an edge is detect-
ed; the Plateau/Apex Threshold determines only the precise report-
ed location of a detected edge.

Click in the Plateaw/Apex Threshold field and type the desired value.

Minimum Plateau Width

This value specifies the minimum horizontal length between a rising and falling edge, used
in the feature detection calculation to determine the correct edge. This is useful in cases
when the roughness of a surface might be large enough that it becomes difficult to adjust
the Slope Threshold to find the correct feature without ambiguity. In such cases. narrow
roughness peaks can extend above the height determined by the Slope threshold without
causing the algorithm to identify them as the edge.

For steplike features, the Minimum Plateau Width specifies a plateau as follows:

* For ascending features (UpEdge, UpBase), the plateau is the one following the
detected edge.

» For descending features (DownEdge, DownBase), the plateau is the one preceding
the detected edge.

Slope Threshold

determines minimum }<—>‘ mm-
height for an edge to

be identified...

Slope Threshold

... butifsurrounding noise is large enough, a stray
noise peak might be mistakenly identified as the
edge unless Minimum Plateau Width is setto a
value wide enough to reject stray noise peaks, but
narrow enough to avoid rejecting the feature.

Figure 6-13 Feature Detection and Minimum Plateau Width
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The Minimum Plateau Width can be used to reject such peaks that may otherwise cause
failure to detect the correct edge. For UpEdge, DownEdge, UpBase, or DownBase
features, set this value to be greater than the width of stray peaks, but always slightly less
than the width of the step 1o be detected. Set this value to slightly less than the step width.
Setting it too high will result in no edge being found. Valid values are in the range 0.005-
1000.00 pum (0.0002-539.3701 mil).

NOTE: Minimum Plateau Width is not intended for use with Concave or
Convex features. In cases of rough sample surfaces, though, it
might be useful. For a Convex arc, the Minimum Plateau Width
specifies a minimum width for the feature, and so can be used to
reject narrow roughness peaks in the vicinity of the arc. For a
Concave arc, the Minimum Plateau Width is used to specify a
minimum size for a level section following a detected arc,

Click in the Minimum Plateau Width field and type the desired value.

When Feature Detection is enabled, the following General Parameters are interpreted as
follows.

Edge (Distance to Edge)

Depending on the setting of the Slope Threshold and the Plateau/Apex Threshold. this
distance is either

+ The distance between the beginning of the scan and the first rising or falling edge
or base of a step: or

+ The distance between the beginning of the scan and the apex of the first convex or
concave arc.

StpWt (Width of Step)

The width of a step plateau: that is, the distance between the leading and trailing edges of
the plateau. The StpWd value does not apply in the case of an arc.

NOTE: It is important that you can use the Feature Detection calculation
reliably if you have set the thresholds appropriately for the partic-
ulartype of feature you are scanning. Also note that the profile scan
length must be long enough that the artifact is completely included,
and that there is enough scan data on either side for the ieveling
cursors to be set reliably.

The following figures (Figs. 6-14 through 6-16) demonstrate the usefulness of Feature
Detection. The three scans were taken across the same section of the artifact, but the scans
began and ended at different points along the profile. Delta Average cursors are used.
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Figure 6-14 Scan 1 with Feature Detection Enabled
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Figure 6-15 'Scan 2 with Feature Detection Enabled
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Figure 6-16 Scan 3 with Feature Detection Enabled

6.4 USING CUTOFF FILTERS

The Tencor P-20 scan data does not come directly from the sensor, but instead is filtered
through three stages:

* an analog hardware filter
+ adigital decimation filter
+ digital software filtering

The sensor output is filtered by the analog hardware filter so that it can be digitized with
minimal distortion. The filter also reduces noise by attenuating higher frequencies. It has
a fixed cutoff frequency of 18 Hz.

The signal then passes through an analog-to-digital (A/D) converter. The A/D converter
has a nominal sampling frequency 0£200 Hz (100 Hz at the 1 um/s and 2 um/s scan speeds).

Next, the signal passes into the digital decimation filter. This step is necessary to reduce
the signal sampling rate from the original 200 Hz (or 100 Hz) down to the sampling rate
selected in the recipe by the user. If you select the maximum sampling rate in the recipe,
no decimation is done.

Along with reducing the sampling rate. the decimation filter also affects the cutoff
frequency of the scan data. At 100 Hz, the cutoff frequency is not significantly reduced,
but at 50 Hz. the cutoff frequency is reduced to 14 Hz.
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The cutoff wavelength depends on the scan speed by the following equation:

Scan Speed
Cutoff frequency of combined filters

Cutoff Wavelength =

For example. with a scan speed of 100 pum/s, and a sampling rate of 200 Hz or 100 Hz,
the cutoff wavelength is 5.6 pum. With this same scan speed, however, at a sampling rate
of 50 Hz, the cutoff wavelength is 7.1 pm.

The action of a cutoff filter can be illustrated by plotting the percentage of signal
transmisston as a function of wavelength (usually plotted as the logarithm of wavelength).
Note that there is always some slope in the transmission curve of a cutoff filter; that is.
the transmission percentage is not exactly zero for all values on one side of the cutoff value
and exactly 100 for all values on the other side of the cutoff value. The cutoff wavelength
of a filter is defined by that wavelength at which 50% of the signal is passed.

The following figure shows the transmission curve of the combined analog and decimation
filters. For every factor of ten in scan speed, the curve moves to the right by a factor of
ten in wavelength.

1007

50%

Signal Transmission
(%)

AAFCO Log Wavelength (A)
Figure 6-17 Effect of the Analog Fiiter and Decimation Filter on Signal Transmission

Two adjustable software cutoff filters allow you to control the range of wavelengths
collected in your scan data. You might wish to filter data to

» reduce the effect of small surface irregularities or environmental noise

+ remove large-scale waviness and form error so that roughness can be evaluated
unambiguously

+ isolate specific frequency bands, allowing determination of intermediate compo-
nents of roughness or waviness
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The short wave cutoff (or long wave pass) filter, as the name implies, cuts off the short
wavelengths in the data (those below the filter’s cutoff value), passing the longer wave-
lengths.

Signa! Tronsmission
(%)

AMFCO ASWCO  Log Wavelength (A)

Figure 6-18 Effect of the Short Wave Cutoff Filter

Conversely, the long wave cutoff (or short wave pass) filter cuts off the higher wavelengths
in the data (those above the filter's cutoff value), passing the shorter wavelengths.
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Figure 6-19 Effect of the Long Wave Cutoff Filter

You can use the two filters separately, or together to form a band pass filter that cuts off
all short wavelengths below the short wave cutoff value and all long wavelengths above
the long wave cutoff value. Note that the software will not allow setting a short wave cutoff
that is larger than the long wave cutoff, which of course would resuli in a zero-width band
of wavelengths, attenuating ali of the data.
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Figure 6-20 Defining a Pass Band with the Short Wave and Long Wave Cutoff Filters
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To set the short wave filter cutoff values:

Click on the drop-down box to choose a value from the range of short wave cutoff
filters provided, or use the default setting. The full range of selectable values are

listed in Table 6-1.

Table 6-1 Short Wave Cutoffs

Hm mil um mil mm mil
Default! - 14 56 1.4 56
0.25 01 25 1.0 2.5 100
0.45 02 43 1.8 4.5 180
0.80 .03 80 3.0 - -

1.4 .06 140 5.6 - -

25 .10 250 10.0 - -

4.5 .18 450 18.0 - -

8.0 30 800 30.0 - -

IRefer to Table for default short wave cutoff values.

Up to nineteen possible settings (including the default) are available depending on the scan
speed. You are prevented from mistakenly entering a short wave cutoff that is longer than
the currently selected long wave cutoff, or shorter than the value of the analog cutoff. For
scan speeds greater than 5 pm/s, the shortest short wave cutoff selection turns off the short

wave cutoff filter.

If subsequent changes to the scan speed or scan length cause the short wave cutoff setting
to become invalid, the cutoff is automatically changed to the nearest available valid value

(possibly the default).
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The default cutoff depends on the scan speed and sampling rate. The full range of default
short wave cutoffs are listed in Table 6-2.

Table 6-2 Default Short Wave Cutoffs

Speed Sampling Short Wave Cutoff Short Wave Cutoff
(um/s) Rate (Hz) Frequency (Hz} Wavelength {um)
2 50 4 0.50
100 7.5 0.27
200 12 None available
3 50 4 125
100 7.5 0.67
200 12 0.42
10 50 4 250
100 7.3 1.33
200 12 0.83
20 50 4 5.00
100 7.5 2.67
200 12 1.67
50 50 4 12.50
100 7.5 6.67
200 12 4.17
100 50 4 25.00
100 7.5 13.33
200 12 833
400 50 4 100.00
100 7.5 53.33
200 12 33.33
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To set the long wave filter cutoff values:

Click on the drop-down box to choose a value from the range of cutoff filters
provided, or turn off the filter. Selectable values are listed in Table 6-3.

Table 6-3 Long Wave Cutoffs

tm mil Hm mil mm mil
4.3 0.18 80! 3.0/ 1.4 56
8.0 0.30 140 5.6 2.5 100!
14 0.56 250! 10.0! 45 180
25 1.0 450 18.0 - -
45 1.8 800! 30.0! - -

ICutoffs specified in ANSI B46,1-1985

Up to sixteen filter choices are available depending on the scan speed. You are prevented
from mistakenly entering a long wave cutoff that is shorter than the currently selected
short wave cutoff or the value of the analog cutoff.

If subsequent changes to the scan speed or scan length cause the long wave cutoff setting
to become invalid, the cutoff is automatically changed to the nearest available valid value.

The following figures show the effect of different cutoff filter settings on the same set of
scan data.
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Figure 6-21 Signa! Transmission Curves and Their Effects on Scan Data
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In Figure 6-21(a), only the analog filter acts on the data. Three wavelengths. labeled Al
A,, and A, are identified.

In Figure 6-21(b), the long wave cutoff filter is applied with a cutoff value just higher than
%y- The resulting data trace shows only features of the scale of 2,; higher wavelengths,
including A, and 4, are suppressed.

In Figure 6-21(c). a different long wave cutoff value is applied, this time just higher than
#y. The resulting data trace shows features of the scale of A(to A,; higher wavelengths,
including 7., are suppressed.

In Figure 6-21(d), a short wave cutoff filter with a cutoff just higher than 2 is applied in
addition to the long wave cutoff from Figure 6-21(c). The resulting data trace shows only
features of the scale of A,; higher wavelengths, including A5, and lower wavelengths,
including 7, are suppressed.

In Figure 6-21(e). the short wave cutoff filter is applied with a cutoff value just lower than
23. The resulting data trace shows only features of the scale of A5; lower wavelengths,
including 7| and 7.,, are suppressed.

Finally. in Figure 6-21(f), the short wave cutoff filter is applied with a cutoff value just -
lower than A,. The resulting data trace shows features of the scale of i, and i5; lower
wavelengths, including X, are suppressed.

6.5 RADIUS MEASUREMENT ON CURVED SURFACES

The average radius of a circular segment defined by the measurement cursors is calculated
from a data set using the least squares fit method. This method is capable of high precision.
Itis useful over arange from 0.5 um (20 pin.) to 200 mm (7.9 in.), provided that the sample
will fit into the instrument.

You should keep in mind that the radius of the measurement stylus is added to the sample
radius in the measurement. While the radius of a 2-um stylus added to a 20-mm radius
sample might be considered negligible (0.01%), that of a 5-um stylus added to a 1-mm
radius 1s a 0.5% error, which is probably not acceptable.

This consideration disappears if the instrument is calibrated with a high precision cylin-
drical standard whose radius is within a factor of 5 of the sample to be measured. For the
highest accuracy, we recommend that you perform this calibration.

Note that this calibration is only effective when radius measurement is enabled by setting
the Radius parameter to Display or Yes in the Scan recipe. This means also that the radius
measurement should be disabled by setting the Radius parameter to No in the Scan recipe
when the instrument is used for other types of measurements.

For maximum precision, the height of the measured arc and the size of the included angle
must be within certain limits. These limits depend on the type of measurement head you
are using. The height of the measured arc should be limited to 77% of the vertical range
of the measurement head. and the included angle to 90°. Measurements can be made up
to 90% of the vertical range of the measurement head in arc height and 110° in included
angle with a small loss of precision. '
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Included angle up to 90°

Figure 8-22 Arc Segment Dimensions

Precise measurement is also restricted to arc segments that are svmmetric to the radial axis
of the measured artifact. To measure another portion of the radius, the sample must be
physically rotated about the radial axis.

Scan length and scan speed are dependent on the radius of the sample and the arc height
allowed by the measurement head and its vertical range. For a given radius R and optimum
arc height / (Fig. 6-22) the optimum scan length L can be determined by the following
formula:

L = 2J2RH- H?

Scans taken at the lowest possible horizontal resolution for the optimal scan length
generally yield the most repeatable and precise radius measurements. To achieve the
lowest horizontal resolution, you might have to try various combinations of scan speed
and sampling rate. Start with a 200 Hz sampling rate, then set the scan speed 1o get a scan
time that is as close as possible to 25 s without exceeding it. If the longest scan time possible
under these restrictions is 12 s or less, set the sampling rate to 100 Hz, and then set the
scan speed so that the scan time is as close as possible to 50 s without exceeding it.

Use the center bias profile type if the arc height # is less than about 40-45% of the range
available with your measurement head. Otherwise, use either the peak bias (for convex or
hill-like radii) or the valley bas (for concave or valley-like radii), as appropriate.

The stylus force needed depends on the arc height A and on the profile type (peak, valley.
or center bias). You must set the stylus force high enough for the stylus to reach the lowest
points of the scan. If, while measuring a radius, the trace flattens out and no “data out of
range” message is displayed, try a higher stylus force setting.
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A 1-o repeatability (precision) of 0.002% of the radius is routinely obtained when you
follow a few simple rules:

* Do not use software leveling on the scan data (that is, set both leveling cursors to
ZEero).

* Preset the position of the measurement cursors.

These rules are followed when the Scan recipe is set up as follows:

Recipe Field Setting

Scan Length See formula earlier in this section.

Scan Speed See discussion earlier in this section.

Sample Rate 200 Hz if possible (see discussion earlier in this

section).

Surface Parameters Enable display of Radius and Distance

Stylus Force See discussion earlier in this section.

Profile Type See discussion earlier in this section.

Vertical Range To range necessary to accommodate sample.

Cursors (relative) Left Right
Measurement L =2J2RH-H? L =2J2RH-H?
Leveling 0 0
Delta Meas 0 0
Delia Lev 0 0

For convex radii, the cursors automatically adjust whenever the Edge and Radius param-
eters are selected in the Scan recipe, and Feature Detection (set for Apex) is enabled.

For 0.002% repeatability, adjust the measurement cursors in the Data Analysis window
so that the height values for the cursors are equal within 0.5 um (20 pin.) for radii larger
than 2.5 mm (0.1 in.).
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6.6 FIT AND LEVEL

The Tencor P-20 software is capable of accurately measuring step heights on curved
surfaces (such as lenses or glass optical fibers), or in the case of a bow in a profile that has
been leveled in the normal manner. This capability is enabled or disabled in the Scan recipe.

NOTE: The software can remove a simple convex or concave curve from
the data, but not more complex curves like waves.

To activate Fit and Level:

Enable the Fit and Level check box in the Feature Detection dialog box of the Recipe
Editor.

6.7 SAVING AND MAINTAINING SCAN DATA

Scan data can be saved for reviewing at a later time.

To save scan data:

1. Choose Save Data from the File menu. The following dialog box appears:

== Sawve Data Set

F |
[T ok ] [ cancet |}

Figure 6-23 Save Data Set Dialog Box

2. Type a name for the data set, then click on OK, or click on Cancel to abort the Save
operation. The data set name must be a valid DOS filename. Valid DOS filenames

+ Can contain a maximum of eight characters
» Have a three-character extension supplied by the system
* Are not case-sensitive

+ Can contain only the letters A-Z. the numbers 0-9, and the following special
characters: tilde (~). exclamation point (!). at sign (@), number sign (#), dollar
sign ($). percent sign (%), caret ("), ampersand (&), left parenthesis. right
parenthesis, underscore (), hyphen (-), left brace ({), right brace (}), single
quotation mark (). and apostrophe ('). No other special characters are acceptable

« Cannot be identical to the name of another existing data set

Once a data set has been saved, itis added to the Scan Data catalog. The Scan Data catalog
window allows you to select individual data sets for reviewing. You can also delete
unwanted data sets.
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To view the Data catalog:

From the Catalog window, click on the Scan Data button on the left side of the

screen. The Scan Data Catalog window appears:

={Tencor Instruments |Bbmain Windows Application - [SCAN DATA CATALOG]

File Edit Window Help

a¢
Scan Recipe —
Scan Data Name: |JUI(
Sequence Recipe Scan Data Aecipe ID Number of
Points
JUK testl 72
JUNK testl 72
t
Scan Data HICRON1 micron 5344
SEQ3 micron 5344
STP-HT ncal 440 2014
Sequence Data VACOFF micrcn 5049
ViCON micron 6049

Creation
Date

08.-10-94 12:54:28
08-10-94 10:08:32
07/27-94 17:54:02
G7-27-94 17:54:04
07,2694 12:20:24
08-01-94 15:40:14
08-01-94 15:36.28

Delete I Review I Export I Import I

SCAN DATA CATALOG

| Empty

Figure 6-24 Scan Data Catalog Window

To review a data set:

Select the desired data set from the list in the catalog, and click on the Review button,

or double-click on the desired data set.

To delete, import, and export data, see Chapter 8, “Using the Database.”
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7 SEQUENCING

The Tencor P-20 allows you to write a sequence, which instructs the instrument to take a
series of scans rather than you taking them all manually one by one. A sequence is like a
script that links specific scan sites on a sample (or on a number of samples) with specific
scan recipes to be performed at each site. The capability of automating repetitive measure-
ments greatly enhances the productivity of the instrument.

This chapter covers

L

Sequencing capabilities of the P-20

The Sequence Editor window

Sequence Editor fields

A simple sequence example

Sequencing with Manual Deskew and Pattern Recognition Deskew
Sequencing with the wafer handler

Saving and maintaining sequences

7.1 SEQUENCING CAPABILITES

The Sequencing provides the following measurement capabilities:

Combine as many artifact sites and recipes as desired

Set reference points for correcting for translational and rotational variation between
wafers (deskew)

Deskew can be set manually or automatically using Pattern Recognition

Set Pattern Recognition options to search locally for a match when a match is not
found in the camera’s field of view at deskew sites

Set the wafer handler to load, scan, and unload up to 26 wafers without operator
intervention

In Multi Analysis mode, apply different recipes to a single scan
Automatically display, print, and save statistics or raw data for all sites

Teach scan sites and alignment reference points interactively
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7.2 SEQUENCE EDITOR WINDOW

The Sequence Editor window contains the controls for writing and editing sequence
programs, setting various sequence options, and running the sequence program. The
Sequence Editor is started from the Sequence Recipe Catalog. (See Section 4.1.1. “Scan
Recipe Catalog Menu Bar,” and Section 4.1.2, “Scan Recipe Catalog Tool Bar.” for a
description of the menus and tool bar buttons that appear in the Sequence Recipe Catalog
window.)

To view the Sequence Editor window:

1. From the Top-Level menu, double-click on the Scan icon. The Sequence Recipe
Catalog window appears:

={Tencor Instruments | Catalog - [SEQUENCE RECIPE} | Onlinef{Local
Eile Edit Substrate VYacuum Host Window Heip
Scan Recipe
Sequence Recipe Name: [TRLETIT
Sequence Recipe Sequence Created By c;)e:::)n
N S 09-30-94 ;
8INCHBUR 10,0394 1630
| Scan Data 94004 06-2%-94 1210
] GEM-TEST 10,0794 15-17
x. JP 09,3094 14:55
LYLSTAGE 06-28-94 15 %0
Sequence Data MDNOISE 06-28-94 17:01
HDNOISEL 06-28-94 17 01
HHDXY-25 05-13-%4 14 28
HHDXY?2 09-28-54 15 49
HHDAYZ2S 06s29-94 1057
ROT-TEST 09-29-94 15-14
Print | NiewModity] [ 5TART ]
ISEQUENCE RECIPE CATALOG [ - - EEmpny

Figure 7-1  Sequence Recipe Catalog Window

#271632 Rev. E 8/95



Sequencing

7-3

2. Click on the View/Modify button below the list of sequence recipes, or double-click
on any of the sequence recipes in the list. The Sequence Editor window appears

Menu ___
Bar

Tool
Bar

Recipe

Nar

(Figure 7-2).

Title Bar

— Sequence List

=|Tencor Instruments |

Sequence Editer - *UNTITLED*®

| Online/Lacal

[ Sequence  Edit Substrate Yacuem Help

W]&] s

Recipe Catalo

Catalog

Options
Section

SCANBAR Add>>
ScanDilset150

lin

linearitychk
lintest Edit Recipe...
nolevel

nolin

pl

p2

peterl

t1

[ Options

Figure 7-2

[ semi-Automatic Mode
Mode: INo Deskew

13

! Dat&..j | Handler... I

Loc Recipe
Video Calibration
Base Angle

X
2.99
NOT USED

Y Theta
2.47

|_Teach . ] [Etx¥.Thota | [ suiti dnatysis | [ tent ]

i

I

Sequence Editor Window

The Sequence Editor window consists of the following elements:

-

Menu bar
Tool bar

Recipe catalog for selecting from available recipes

Options section for setting sequence options

Control buttons for sequence programming

Sequence list, linking sites with recipes
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7.214 SEQUENCE EDITOR MENU BAR

The Sequence Editor menu bar provides access to commands through its menus. You can
view menus by clicking on the titles in the menu bar, or by pressing ALT-+/, where / is the
letter that appears with an underscore in the desired title in the menu bar. You can choose
menu Items by clicking on a menu entry or by typing the letter that appears with an
underscore in the desired menu item.
Sequence
New CteleN
Open...  Cirf+0

Save 143
Save As...

Start
Repeat

Info...
Print... Ctri+P
Exit

Figure 7-3 Sequence Menu

Copy Cul+C
Paste  Cirlsy
Delete  Del

Deskew

Figure 7-4 Edit Menu

Load{Unload
Init Handler

Figure 7-5 Substrate Menu

Yacuum
0 oft

Figure 7-6 Vacuum Menu
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7.2.2 SEQUENCE EDITOR TOOL BAR
The Sequence Editor tool bar contains a row of icons that resemble buttons. Clicking on
these icons provides an alternative way to access commonly used functions.

Each icon suggests the function of the button. For example, the Print button resembles a
printer. Buttons that appear dimmed are unavailable.

The Sequence Editor tool bar contains the following buttons:

Button Action

Loads a new default sequence

Displays the File Open dialog box

Saves the current sequence

Displays the Print dialog box

I@ﬁm:&

START Starts a scan using the current Sequence

7.2.3 SEQUENCE INFORMATION DIALOG BOX
The Sequence Information dialog box displays the title, author, the date and time of
creation (or modification) of the sequence, and a section for annotating the sequence with
comments.

To display the Sequence Information dialog box:

Choose Info from the Sequence menu.

The Sequence Info dialog box also appears when you are saving a sequence.

=] Sequence Info

Mame:

User:

Modilied: 03704794 15:53:35

Comments:
ki
+

I 0K l | Cancel I

Figure 7-7  Sequence Information Dialog Box
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The Name, User., and Modified fields are supplied automatically by the system. These
fields cannot be edited.

To enter Comments:

1. Click in the Comments text box or press TAB« or TAB— until the Comments text
box is highlighted.

2. Type the desired text.

7.2.4 SEQUENCE EDITOR RECIPE CATALOG
The Sequence Editor Recipe catalog is a list box that allows selecting from the available
recipes. It has a vertical scroll bar to allow display of all currently available stored recipes.

To select a recipe:

Locate the desired recipe name. If the name is not visible in the window. use the
scrol] bar to find 11, or click on any of the recipe names and then press {A] or [v] to
move the selection bar up or down.

7.2.5 OPTIONS
The Options section allows selecting the sequence mode and setting the Data, Handler.
and Sort options for the sequence. You can also select to run the sequence in Semi-
Automatic mode.

SEMI-AUTOMATIC MODE

The Semi-Automatic mode causes a sequence to display the trace data after each scan and
pause before proceeding to the next step. Each step can be verified and, if needed. the scan
sites can be adjusted and the scan retaken before proceeding to the next step. In Pattern
Rec Deskew mode, vou can manually adjust the position of the stage in case the deskew
site does not appear in the field of view when the sequence begins.

Enable the Semi-Automatic mode by clicking on the check box. An X in the check box
indicates that the Semi-Automatic mode is enabled: a clear check box indicates it is

disabled.

Mode

Select the Sequence mode from the drop-down list. The available modes are
No Deskew The sequence contains no deskew points for alignment.
Manual Deskew Sequence deskew points are set much like scan sites.

Pattern Rec. Deskew Sequence deskew points are set using the Pattern Recognition
option.
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DATA OPTIONS DIALOG BOX

Set the Data options by clicking on the Data Options button in the bottom of the Options
dialog box. The Data Options dialog box appears:

=] Data Options
™ Print Options Save Optionz ™
Mone @ None
O Statistics O Statistics

O Point Data { Point Data
C Trace Dak: O Tiace Data

" Expost Options

@ Mone @® ASCH File
O siatistics O Binary File
O Point Data

 Trace Dak:

[ ok ] [ cancel ]

Figure 7-8  Data Options Dialog Box

Make a selection from Print, Save, and Export options, click on the appropriate radio
button. When finished, click on OK to set the options and close the dialog box, or Cancel
to close the dialog box without changing the previous settings.

Each group has the following possible settings:

None Prints, saves, or exports no data.

Statistics Prints, saves, or exports only the statistics for the specified parame-
ters, the recipe ID, part ID, and sequence ID. The results for each
parameter at each measurement site are not printed, saved, or export-
ed. Statistics are calculated for scans taken with the same recipe and
are saved only if two or more scans are taken with that recipe.

Point Data Prints, saves, or exports the results for each parameter, the recipe ID,
part ID, sequence ID, and X, Y, and 0 coordinates at each site. This
option also saves statistics automatically.

Trace Data Prints, saves, or exports everything, including the recipes used, the
raw data points for each scan, parameter results, and the statistics.

The Export Options also contain a choice of export file type:

ASCII File Data 1s exported in ASCII representation.

Binary File Data is exported in binary representation.
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HANDLER OPTIONS DIALOG BOX

Set the Handler options by clicking on the Handler Options button at the bottom of the
Options dialog box. This displays the Handler Options dialog box (Fig. 7-18).

The settings under the Handler Options dialog box are described in Section 7.8.
“Sequencing with the Wafer Handler.”

SORT OPTIONS DIALOG BOX
The Sort Option dialog box is not implemented in this version.

7.3 WRITING A SEQUENCE

This section covers the basic outline of a sequence. The sections that follow discuss in
more detail some of the operations outlined in this section.

The steps that follow are in no specific order, except for the following:

* The Sequence Editor needs to be opened first.
» The sequence sites must be taught before the sequence can be saved.

Not all steps might be necessary. For example, you might not need to edit the sequence.

To write a sequence:

1. Open the Sequence Editor by choosing View/Modify from the main Scan window.
You can start a new sequence by choosing New from the Sequence menu, or edit an
existing sequence by choosing Open from the Sequence menu and selecting the’
desired sequence from the dialog box.

2. Add the desired recipes to the sequence list on the right side of the window by
selecting a desired recipe and clicking on the Add>> button.

Set the desired options. Enable or disable Semi-Automatic mode, select the Se-
quence mode, set the Data Options for saving, printing, and exporting data. and set
the Handler Options if needed.

(8]

4. Load a wafer or sample.

W

Teach the Base Angle if used.

6. Teach the sequence sites. If Deskew is used, teach the two Deskew Sites first. then
the steps.

7. Edit the sites if needed. Select the desired site and click on the Edit X,Y, Theta
button. Or, manually enter or modify the coordinates.

8. Save the sequence by selecting Save As from the Sequence menu.

To run a sequence:

* Start the sequence by clicking on the Start button in the tool bar, or choosing Start
from the Sequence menu. .
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To stop a sequence:

+ Stop the sequence by clicking on the Stop Scan button in the Scan window (handler-
equipped instruments will also automatically unload the wafer).

7.4 A SIMPLE SEQUENCE EXAMPLE

This section provides a brief tutorial example describing the process of writing, setting
up, and running a simple sequence on a single sample without deskew and without the
handler.

The example used throughout this tutorial follows a continuous sequence of steps. By
carefully following the instructions, the windows that appear on your screen should be
very similar to the example windows reproduced in this chapter.

To work through this section, you will need

+ A sample to profile
* One or more recipes

We recommend a step-height standard for this purpose. You can use any recipe and modify
it as you proceed.

To write the sequence:

1. Bring up the Sequence Editor window (Fig. 7-1) by choosing View/Modify from
the Sequence menu of the Scan Application window.

o

To make sure vou begin with a blank sequence, choose New from the Sequence
menu. Two entries, Video Calibration and Base Angle, appear in the sequence list
on the right side of the window. The mode is set as No Deskew and the Data, Handler,
and Sort options are set to their defaults. A Video Calibration step appears at the
beginning of every sequence to assure accurate results for scan length teaching and
for pattern recognition. It is only necessary if the optical magnification (zoom) has
been changed. Base Angle is an offset angle relative to the wafer’s flat or notch.

Select one of the designated recipes in the Recipe Catalog list box.

L3

4. Click on the Add button, or press ENTER. The name of the selected recipe appears
as site 1 in the sequence list.

5. Select another one of the designated recipes in the Recipe Catalog list box, or use
the same one again, and add it to the sequence list in the same way.

6. Add one more recipe to the sequence list in the same way. You now have three sites
in the sequence list, each of which uses the chosen recipe(s) to control the scan and
calculate the results for that site. Next, yvou need to specify X and Y coordinates to
each site (6 coordinates are only necessary if a stage rotation is incorporated into a
sequence; this capability is not implemented in the current version).

7. Select the first site by clicking anywhere on the site 1 line in the sequence list, or
use [A] and [v] to move the selection bar to site 1.
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8. Click on the Teach control button, or double-click on the selected sequence step.
The Teach Location window appears:

= Tencor Instruments | Teach Location | OnlinefLocal
Yiew Move Direction Actions Help
ELEY |FOCUS :
SLOW | MED | FasT | 114 <—|—->| I léli m[,'}"lzé’gr“ sTarT | | MAN
!
]
- !
I
-y —_“+_h-__
!
I
B I
S S S
0 pm
0 opm
<l 25287 pm
: 0. 0D deg
}— Cancel
fLocation Taught > = Oum. ¥ = Opm, i I

Figure 7-9 Teach Location Window

9. In the Teach Location window, the blue arrow superimposed on the cross hairs
indicates the scan length and direction as defined in the recipe. The center of the
cross hairs indicates the start-of-scan position. Locate an appropriate position to start
a scan as follows:

* Move the stage using the arrow buttons in the tool bar, or clicking in the round
stage position control on the right of the video window.

»  When the desired feature is in the field of view, indicate the position to start the
scan by clicking there on the video image.

10. Click on OK, or press ENTER, to return to the Sequence Editor window. Note that
the X and Y coordinates of the cross hair now appear to the right of the recipe name
in the sequence step for site 1.

I'1. Repeat the teach process for each of the other sites in the sequence list, moving to
a different place on the sample for each. When you are finished, you should have a
sequence list with the following lines: the optional Video Calibration step, the Base
Angle step (not used here), and three scan sites with specific recipes and X and Y
coordinates.

12. Save the sequence by selecting Save As from the Sequence menu.
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To run the sequence:

Start the sequence by selecting Start Sequence from the Sequence menu, or by
clicking on the Start button in the tool bar.

The Run application window appears, and the stage moves to the first site. The stylus
descends to the sample surface and the first scan begins. When the scan completes, the
stylus lifts, the stage moves to site 2, and the second scan begins. When this scan completes,
the stage moves to site 3 and the third and final scan begins.

Atthe end of the final scan, the stage returns to its initial position. On the display, the Data
Analysis window appears (Figure 7-10), displaying the Trace window and the Sequence
Parameter window for the first step in the sequence. Both windows can be resized, moved,
minimized or maximized, as well as tiled in any of the standard ways. See Section 2.6.9,
*Moveable and Resizeable Windows.”

=|Tencor Instruments | Data Analysis ! OnlinefLocal
File Trace QOperations Window Help

RCP

Trace Window

7]}l »iSequence | ~]~

akrba_01
Length 200 um Height
Speed 10 umisec Level L pZrzrrorrma R Zzza -
pees Meas: L | RI Units A
Direction -» ’ Lo, Kean -203
Repests: 1 Jooa 5D )
Force: 10 mg —

Min 203
Max -203
Range a

Loc
k| -203

IFﬁ R 2004 -
eas D0 441 :

Deta D0 441 .
Llev 00 1871 1004 :
Deta 570 2000 :

Ret 0.0 0A i N

e et

Beght -203 A : T YT
Wihh 44 pm
TR 3’2 A 1004
[Seq Id:
alan9g . '
Locstion: 1 -200A o T *
50pm  100pm  150pm  200pn
— Nornma
774
P | Iz,l
[GetSequence Staticsl Il [[Substr |

Figure 7-10 Sequence Data Analysis Window
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7.5 VIEWING WAFER SUMMARY DATA

The Sequence Parameter Data window dispiays the resuits of a sequence based on an
individual wafer within a cassette, as well as across a sequence of wafers for the entire
cassette. This information includes detailed data about one or more sites scanned on a
single wafer.

To display the wafer summary data:

Select Sequence Parameter Data from the Window menu of the Data Analysis window,
as shown in Figure 7-11.

==| Tencor Instruments | Data Analysis - [Sequence Parameter Data)
=i File Jrace Operations Window Help | ¢
[ALLPARAM | 2] [Levec [ sravs] [soru ] sune [eousy
Lot: MAXSTEPS Sequence: MAXSTEPS
Recipe:  ALLPARAM
Deskew | Sample Stat Analyze | Height TIR Avg Slope Rad Areas Area- L2
A A A deg A pre? o
Cassette Mean 0 3348 116 -0 44417057
s.D. a 2229 170 0| 6971111
Min il 541 103 0| 33520781 1
Max 0 6822 548 g1157 24 24
Range 0 $180 651 0| 377 23 23
None | Slet0Q tean |inc -0 3345 1i6 0] 44417057
S. D 0 2229 170 0} 69711171 6
Min 0 641 -103 0 33820783 1
Max Q 6822 542 0157 24 24
Range 0 5180 851 Q{377 23 23
Site 1 Inc 0 6753 136 0] 64234536 10
Site 2 Inc 0 6822 125 0| 09981400 3
Inc 4 3920 V] -0 | 33520781
Site 4 Ine 0 5186 26 -0} 49084238 8 +
« | >
; —_— e e

Figure 7-11 Sequence Parameter Data Window

To view the entire Sequence Parameter Data screen from the Trace window, you need to
maximize the Sequence Parameter Data window.

Using the Sequence Parameter Data window, you can select recipes from the pull-down
list on the left of the tool bar. This pull-down list displays all recipes that are included in
the sequence.
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To specify data on the Sequence Parameter Data window:

Select Sequence Summary Options from the Operations menu of the Data Analysis
windqw, as shown in Figure 7-12 below.

=i Sequence Summary Optiens

" Display Selections

] cassette Summary £< Deskew Field
& siot Summary B2 Analyze Field
& site List

[ Display Order

O Cass. summary; Siot summary for all slots; Site list for all slots.

@ Cass. summary; Slot summaty followed by Site list for each slot,

Figure 7-12 Sequence Summary Options Window

The Sequence Summary Options window lets you specify the information on the Sequence
Parameter Data window, including data for each site scanned on a slot (wafer) for the
entire cassette or for an individual wafer within a cassette.

You can view the Trace window for any of the sequence steps by clicking on the
appropriate site number in the Sequence Parameter Data window.

7.6 TEACHING THE BASE ANGLE

The Base Angle is an offset angle relative to a wafer’s flat or notch. It is used to align
scans with the wafer geometry. The Base Angie is fixed for all scans in the sequence. You
can program this offset in the Teach Location window.

To teach the Base Angle:
1. Double-click on the Base Angle step in the sequence hist. The Teach Location
window appears (Figure 7-9).
2. Locate a line or die grid pattern to use for a reference.

Click on the clockwise or counterclockwise rotation buttons in the tool bar until the
cross hairs are aligned with the reference feature. You might have to move the stage
keep the reference feature in the field of view as you rotate.

Ll

4. Click on OK, or press ENTER, to return to the Sequence Editor window. Note that
the Base Angle now has a value instead of the phrase “not used.”

When you run a sequence with a non-zero Base Angle, the stage will rotate to that position
immediately after the Video Calibration step (if used) and before taking scans.
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7.7 SEQUENCING WITH MANUAL DESKEW

The reason for programming a sequence is to speed up a repetitive series of measurements
on one or more samples. The example in Section 7.4, “A Simple Sequence Example,”
contains all of the essential features of a sequence.

However, its usefuiness is limited by the fact that no specific reference points were
established. This might not be a problem if a precision locator is being used to position
each sample on the stage and if the features being measured are relatively large.

Without a locator or some sort of fixture, or without using the wafer handler, you would
run into problems reusing this first sequence to measure another of these samples. Without
fixturing, you cannot reliably put the second and subsequent samples on the stage in the
same position and with the same alignment as the first. You can still use the sequence you
have written, but you would have to manually find each of the scan sites and reteach them
before running the sequence.

Deskew enables you to identify two points on a sample to use as reference points prior to
the start of a sequence. These points are then used to correct mathematically for transla-
tional (X, Y) and rotational (theta) error in sample positioning.

Note, however, that though a coordinate transformation is made, there is no stage rotation
to compensate for the small rotational error in sample placement unless you set the deskew
options to perform a second deskew. See Section 7.8, “Deskewing Twice to Align Theta,”
for more information.

Note also that any rotational error will be magnified when you traverse a long distance
across a large wafer. This might cause the deskew site to be outside the field of view when
a wafer is loaded.

NOTE: To minimize positioning error, space the deskew points approxi-
mately one-haif the diameter of the sample. Do not set the deskew
points parallel to the X- or Y-axis, but instead use two points on a
diagonal line. If the deskew points are identical, the sequence
aborts.
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When programming sites. choose a logical progression to reduce the total distance traveled
and save time, as in the following figure.

11

12

13

4 7 14 17

5 6 15 16

Figure 7-13 Logical Order of Sequence Sites

To set up a sequence with Manual Deskew:

1.

!\J

LF3]

Bring up the Sequence Editor window by choosing View/Modify from the Sequence
menu of the Scan Application window.

To make sure you begin with a blank sequence, choose New from the Sequence
menu. Two entries, Video Calibration and Base Angle, appear in the sequence list
on the right side of the window. The mode is set as No Deskew and the Data and
Handler options are set to their defaults. (A Video Calibration step appears at the
beginning of every sequence to assure accurate results for scan length teaching and
for Pattern Rec. Base Angle is an offset angle relative to the wafer’s flat or notch.)

Set the Deskew mode to Manual Deskew. Note that two deskew steps now appear
in the sequence list on the right side of the window.

Select the first deskew site by clicking anywhere on the Deskew Site 1 line in the
sequence list, or use [A] and [v] to move the selection bar to Deskew Site 1.

Click on the Teach control button, or double-click on the selected sequence step.
The Manual Deskew Teach window appears (Figure 7-14).
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10.

=|Tencor Instruments | Manual Deskew Teach | Online/Local
View Move Direction Actions Help

eloles] (114 fel] (200 7] o o] (]

4 T
- i
1

T_J_T L I_"_l_l_t'_T l 1__;__1___!_,_[_

-
1

X ~96 um
|— ¥ =101 pm
z 29359 pm
-‘ @ 0.00 ded
L Cancel
[Deskew Faint. ¥ =-8bpm. ¥ =-1010m BN '

Figure 7-14 Manual Deskew Teach Window

Choose a site for the first deskew point. Choose an obvious point, such as the comner
of an easily identifiable rectangle. Click on the chosen position. The stage will move
so that the cross hairs are centered on the selected site.

Click on OK. The Sequence Editor window reappears, with the X and Y coordinates
of the selected site entered in the Deskew Site 1 step.

Select Deskew Site 2 and repeat steps 5—7 for the second deskew site.

Once the deskew sites have been successfully established, proceed to programming
the rest of the sequence steps.

Run the sequence. After each deskew operation, the instrument pauses and waits for
vou to accept the deskew sites by clicking on OK.

7.8 DESKEWING TWICE TO ALIGN THETA

With a single deskew operation, there is no stage rotation to compensate for the small
rotational error in sample placement. You can choose to perform a second deskew to
compensate for this error by enabling this option in the Deskew Options dialog box. This
allows accurate sample rotations within a sequence.
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To set deskew options to perform a second deskew to align theta:

1. From the main Configuration window, click on the Deskew Options button. The
Deskew Options dialog box appears:

= Deskew Options

Perfoim Detkew Twice to Align Theta? d

Pattern Rec. Options
No. of Groping Retry Layers: [:E

Lowest Match Scote (20--100%): z
Max. Score to Stop Groping {20--100%): :\ F4

Figure 7-15 Deskew Options Dialog Box

2. Click on the check box to enable or disable the second deskew.

When finished, click on OK to set the options and close the dialog box, or Cancel
to close the dialog box without changing the previous settings.

[W8]

7.9 SEQUENCING WITH PATTERN RECOGNITION DESKEW
(PATTERN RECOGNITION OPTION ONLY)

The Pattern Recognmon option allows greater throughput in sequence operation by
automating the precise setting of deskew points at the beginning of a sequence.

A pattern rec. deskew site Is a unique pattern of wafer features visible within the
instrument’s field of view. The size and shape of the pattern must be uniquely different
from other wafer features visible in the field of view to ensure that the instrument can
locate the sttes without ambiguity.

Some examples of good patterns are

* Alphanumeric characters

» Circular or rectangular pads that appear singly
* Crosses

» Alignment marks

» Other polygon shapes

Some examples of bad patterns are

+ Sections of a repetitive grid

« Circular pads or rectangular pads that repeat in or near the field of view
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When choosing patterns, keep the following points in mind:

Search time depends on pattern size. The larger the pattern, the faster the instrument
computer can recognize the pattern. Note: Larger patterns require more accurate
initial positioning within the camera’s field of view because the search area 1s
reduced. Note: You can set the Pattern Recognition options so that the system will
perform a pattern search if the pattern is not found within the field of view. See
Section 7.10, “Pattern Recognition Deskew Options,” for information.

When using rectangular pads, use the entire rectangle. If only two corners are used,
other rectangles in the field of view could confuse the pattern recognition system.

The pattern should be unique and as simple as possible. However, uniqueness cannot
be sacrificed for simplicity.

Choose symmetric patterns. They are less sensitive to image rotation. Circular
patterns are rotattonally symmetric and therefore are good patterns. Similarly, the
best polygon patterns have the most sides.

High contrast features make pattern recognition matches easier. When available,
choose high contrast features. Noise will not have as much effect on the pattern
recognition match. The pattern colors are important because the pattern recognition
system reads the black and white image, not the color image. A pattern with good
color contrast might not have good black and white contrast. For example, avoid
vellow-on-white or white-on-yellow patterns, since these color combinations have
almost zero black and white contrast.

Avoid paiterns with rough surfaces. By using edge enhancement, the instrument
computer emphasizes the fine features present on a rough surface. Because rough-
ness is random, these features add noise to the system and make the pattern
recognition system less reliable.

It is generally a good idea to avoid fixed dust particles in the field of view as well. Avoid
selecting wafer-specific defects or features as patierns, or you might confuse the instru-
ment computer. This includes dust particles, partially etched areas near the edge of the
wafer, and so on.

Semi-Automatic mode allows you to manually adjust the position of the stage in case the
deskew site does not appear in the field of view when the sequence begins.

To set up a sequence with Pattern Rec. Deskew:
1.

b
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In the Sequence Editor window, select Pattern Rec. Deskew from the Mode drop-
down box.

Double-click on the DESKEW1 entry near the top of the sequence list or highlight
the DESKEW]1 entry and click on Teach. The Pattern Rec. Deskew Teach window
appears and the stylus automatically nulls on the sample surface.
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Figure 7-16 Pattern Rec. Deskew Teach Window

3. Choose a pattern to use for pattern recognition. As a rule of thumb, select something

that is simple and easily recognizable, like an alphanumeric character or an align-
ment mark. Something that looks much like another feature that is also within the
field of view does not work reliably because the wrong site might be identified.

Define a rectangular area that encloses the chosen pattern as follows:
* Press the left trackball button at one corner of the desired rectangle.

* Move the trackball toward the opposite corner of the desired rectangle. A blue
box appears that follows the trackball cursor as it moves.

+ When satisfied with the desired rectangular area, release the trackball button.

The instrument computer processes the image information defined by the rectangle.
If the rectangle was too small, a message box appears. Click on the OK button and
reteach the pattern.

The blue box remains on the window with a darker blue dot in the center. The stage
moves until the selected feature is centered in the cross hairs (Fig. 7-17).
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=i Tencor Instruments | Pattern Rec. Deskew Teach: Site 1 | OnlinefLocal
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Figure 7-17 Pattern Rec. Deskew Teach Window After Teach

6. Move the stage a small distance, then click Verify to test whether the system can
accurately find the feature you have taught. A box is drawn around the feature when
it is found. If recognition fails, repeat Step 3 and retry.

7. Click on OK to accept the taught pattern, or click on Cancel to quit the Teach Pattern
Rec. Deskew window without saving the taught pattern.

8. Repeat for the DESKEW2 step to establish the second deskew point.

9. Once the deskew sites have been successfully established, proceed to programming
the rest of the sequence steps.

10. Run the sequence.

7.10 PATTERN RECOGNITION DESKEW OPTIONS

You can set Pattern Recognition options so that the system performs a pattern search if the
pattern 1s not found within the field of view when the sample is positioned at the deskew
site. This search is called groping.

The three groping parameters are described below.
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NUMBER OF GROPING RETRY LAYERS

This parameter controls how much of the area around the deskew site is searched for the
pattern. Each layer consists of a square area constructed by evenly surrounding the deskew
site with squares the size of the camera field of view (Figure 7-15):

__ Groping disabled — 1 Retry Layer 2 Retry Layers
searches only searches 8 more searches 24 more
camera field of view Square areas square areas

Similarly for 3 and 4 Retry Layers (48 and 80 square areas)

Figure 7-18 Groping Retry Layers

Available choices are

» Disabled (the default)
+ 1 (8 Sites)

2 (24 Sites)

3 (48 Sites)

* 4 (80 Sites)

First, the deskew site field of view is searched. If the pattern is not found, the stage moves
to one corner of the next layer and searches the field of view there. This continues until
the pattern is found or until all search sites have been examined. If the pattern is still not
found, the stage moves to one comer of the next layer and continues.

Note that if 1t takes 10 s to move the stage, null the stylus, and search one such area, 8
search sites (1 layer of retry) takes as long as 90 s, 24 sites (2 layers) takes as long as 250
s, and so on.

LOWEST MATCH SCORE

This parameter allow you to adjust the threshold at which the pattern recognition system
will conclude that it has found a candidate for the desired deskew site. If the pattern does
not show up in the original field of view, the search begins, and if any matches score greater
than the Lowest Match Score, the pattern recognition system concludes that the best of
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these is the correct site for the deskew site (unless it finds a match equal to or greater than
the Maximum Score to Stop Groping). Allowed values range between 20-100%.

MAXIMUM SCORE TO STOP GROPING

If the pattern recognition system 1s groping to find the desired pattern, sometimes the
matching pattern is found with littie ambiguity. Usually a large number such as 90% means
that the pattern has been found. In this case, there is no reason to continue searching the
retry layer. If a score equal to or better than the Maximum Score to Stop Groping occurs,
the searching process stops and the deskew site is placed.

Allowed values range between 20-100%. If no matches are found that are as good as this
setting, the search continues until the retry layer areas are all searched, and the best score
above the Lowest Match Score setting determines the placement of the deskew site.

To set Pattern Recognition deskew options:

1. From the main Configuration window (Figure 5-26), click on the Deskew Options
button. The Deskew Options dialog box appears (Figure 7-15).

2. Edit the fields.

When finished, click on OK to set the options and close the dialog box, or Cancel
to close the dialog box without changing the previous settings.

7.11 SEQUENCING WITH THE WAFER HANDLER

L)

This section discusses sequences using the wafer handler with sequences. The wafer
handler makes it possible to measure a sequence on as many as 26 individual wafers
without operator intervention.

The wafer handler can be configured to load wafers of four different sizes:

* 100 mm (4 in.)
« 125 mm (5 in.)
* 150 mm (6 in.)
* 200 mm (8 in.)

The standard system configuration includes one cassette locator for 200-mm wafers. A
second locator is available as an option. For 100-, 125-, or 150-mm wafers, an additional
locator plate for each size attaches by thumbscrew on top of the 200-mm locator.

For satisfactory operation the handler chuck must be installed (see Section 2.5, “Installing
a Precision Locator,” in the Tencor P-20 Long Scan Profiler Reference Manual) and the
elevator limit properly set (see Section 5.8.4, “Lowest Elevator Position™).
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Before operating the wafer handler for the first time, read Section 2.7.1, “Protecting the
Wafer Handler,” for important information on protecting the wafer handler and wafer from
damage.

NOTE: Cassettes should be the same size and type that Tencor Instru-
ments Field Service taught the wafer handler. Cassettes that have
been used in chemical processing, which causes distortion, can
make it difficult for the handler to center the wafers on the vacuum
puck and stage. Dedicated machine cassettes are best.

Before using the handler, check the following:

» The vacuum chuck is installed on the stage table.
* The handler parameters are set up properly.
» The wafer size is properly set for the aligner.

The instrument is shipped with the vacuum chuck installed if your instrument comes with
the wafer handler. If a vacuum chuck has to be installed. a new lowest elevator position
must be set (see Section 5.8.4, “Lowest Elevator Position™).

CAUTION: Do not use a precision locator when using the handler to load
wafers; you could damage the instrument.

To set handler parameters:

l. From the Top Level menu, double-click on Configuration. From the main Config-
uration window, click on System Configuration. The Machine Configuration dialog
box appears:

Machine Configuration

Sesial Number:  [NONE T
Customer: { Beneric 2
Modet, [P20 Drca 13
Machine Type:  [Jnstrument B
Handler Type:  [Tencor 1#]

[tnsuument... | | Handler.. | [ prnter. |

Figure 7-19 Machine Configuration Dialog Box
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2. Click on the Handler button. The Handler Setup dialog box appears.

Handler Setup
General Information oK I
Handler Type: lTencm _I
Wafer iD Type: lﬂme l_ﬁl
Humber of Slots: |25 IEI
Cassette Information
Place Cassetle Name
X Cassette #1 [RECEIVER l
(] Cassette #2 [SENDER ]

Figure 7-20 Handler Setup Dialog Box

~

3. Edit values as needed. When finished, click on OK to keep the changes, or Cancel
to close the dialog box and leave the setup in its original state. ‘

Handler parameters are set up in the Configuration window. Values for the handler
parameters are set as follows:

Handler Type
Handler Type can be either Tencor or None.

Wafer |ID Type
Wafer ID Type can either be None or OCR.

Number of Wafers

This field identifies the capacity of the wafer cassettes used. The possible choices are 25
or 26.

Cassette information

These fields specify the number of cassettes used by the handler and how they are used.
An X in the check box for a cassette indicates that the particular cassette is present on the
instrument. The Cassette Name fields identify the particular cassette is either the Sender,
Receiver, or Both. (If only one cassette is available, it must serve as both the receiver and
the handler.)

To set the wafer size on the aligner:

Turn the wafer size selector dial on the aligner (Figure 7-21) until it displays the
appropriate wafer diameter.
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Receiver

Cassette

Locator
Wafer Size !
Selector Dial (Optional)

Sender
Cassette
Locator

‘ {Standard)

Figure 7-21 Setting the Wafer Size Selector

To prepare for loading wafers using the handler:

1. Place the wafers in the slots of a cassette of the appropriate size. Load the wafer
right stde up. The bottom slot of the cassette is number 1.

2. Place the cassette on the sender cassette locator (Figure 7-21) as follows:

» Tilt the cassette back slightly and place the bottom rear corners of the cassette
in the grooves on the locator. The grooves are marked with wafer sizes (100 mm,
125 mm, 150 mm, and 200 mm).

» Tiltthe cassette forward until it fits securely in the grooves of the cassette locator.
The H-bar across the bottom of the cassette must trip the limit switch in the slot
on the locator.

Figure 7-22 Placing a Cassefte on a Locator
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3. If you have two cassette locators, vou can use the second one to receive wafers.

NOTE: Cassettes placed on both locators must be the same size. Other-
wise, wafers could be damaged and handier performance could be
affected. Reinitialize the handler each time the cassette size is

changed.

4. Inthe Sequence Editor, click on Handler Options. The following dialog box appears:

== Handler Options
@& No Automatic Load/Unload O Selected Slats:
' Random Selection: C Dperator:

Seject 58

Eaveshtes
( [RECEIVER T+]
|RECEIVER B3
Wafur i"":i:li(;n!-:l
INol Aligned l_"
I |

Figure 7-23 Handler Options Dialog Box

The Handler Options include wafer selection settings. cassette selection, and wafer
prealignment settings. When finished choosing options in this window, click on OK
to set the options and close the dialog box, or Cancel to close the dialog box without

changing the previous settings.

The Handler options are described as follows.
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Wafer Selection Settings
To select a setting for wafer selection, click on the appropriate radio button. The available

choices are

No Automatic
L.oad/Unload

Random Selection

Selected Slots

Operator

The sequence does not automatically load and unload wafers;
loading and unloading are performed manuatly.

A specified number of wafers are randomly selected from the
cassette. The desired number (1-25 or 1-26) is typed into the text
box just below the Random Selection radio button. Wafers are
loaded and unloaded without operator intervention. This can only
be selected with a full cassette of wafers.

A specified number of wafers, in specific cassette slots, are loaded
and unloaded.

To select or unselect specific wafers. click on the numbers in the

tall list box to the right of the Selected Slots radio button. You can
also click on the Select All button to select all 25 wafers, or click
on the Reset button to clear all selections.

Similar to Selected except that at the start of the sequence, the
Handler Options dialog box appears to allow the operator to modify
the original slot selection before the sequence commences.

Additionally, the Operator mode allows vou to enter Slot ID, Lot
ID, and Operator ID. Figure 7-24 shows a 10-slot cassette.

Select Stage and Slots

=-|7
10 Slot 10
9 Slot 9
8 Slot 8
7 Slot 7
6 Siot 6
5 Siot 5
4 Siot 4
3 Slot 3
2 Slot 2
Slot 1

Src. Cass.: I—SENDEFI lﬂ
Lot 1D: |— ]
Dperator ID; r ]

Figure 7-24 Select Stage and Slots Screen

Slot # is the slot identification that the user enters, Lot ID is the cassette name, and the
Operator ID is any valid user name. This information appears on the Analysis report and

printouts.
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If Random Selection, Selected Slots, or Operator is chosen, the Handler Options window
takes on a slightly different appearance.

= Handler Options

C No Automatic Load/Unioad @ Selected Slots: (25

{ Random $election:  Operator: gg
C 1 o
20

(o ] |1

Cassettes 13
Load: [RECEIVER 13] 1
Unload{RECEIVER [3] s
7
&
5
‘Waler Prealigner A
Mode: [chhAﬁmd m 3
Angle: ll]_ } 1

Figure 7-25 Handler Options Dialog Box with Slot Selection Enabled

When finished, click on OK to set the options and close the dialog box, or Cancel to close
the dialog box without changing the previous settings.

Cassettes

The Cassettes section allows you to select which cassettes to use for loading and unleading
wafers. The Load and Unload fields have the following possible settings:

Sender Designates the Sender cassette as the wafer source or destination.

Receiver Designates the Receiver cassette as the wafer source or destination.
Note: The Recelver cassette locator is optional. Instruments without a
Receiver cassette locator use the Sender cassette locator for both source
and destination.

Wafer Prealigner

The Wafer Prealigner section contains configuration settings for the handler to prealign
the wafers before placing them on the handler chuck.

The Mode field has the following possible settings:

Flat Orients the wafer by its major flat.

Notch Orients the wafer by its alignment notch.
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None Turns Wafer Prealignment off. The handler bypasses the aligner when it
loads wafers. Bypassing the aligner increases throughput but it can also
reduce the accuracy of centering the wafer on the stage.

If the Wafer Prealigner Mode is set to Flat or Notch, the Angle field is active and can
accept any angle from 0°-360°. The Angle field specifies the position, in degrees, of the
flat or notch when it is placed on the puck. A value of 0 causes the wafer to be placed on
the handler chuck with the flat or notch to the front of the instrument, that is, the 6 o’clock
position. When a wafer is loaded into a cassette, the flat or notch is rotated 90° and is at
the 9 o’clock position.

?

Figure 7-26 Wafer Orientation

7.12 SAVING AND MAINTAINING SEQUENCES

Once you have written a sequence that you want to keep for future use, you need to save
1t on the hard disk.

To save a previously saved sequence:

Choose Save from the Sequence menu.

Or click on the Save button in the tool bar.
To save a new sequence:

1. Choose Save As from the Sequence menu. The following dialog box appears:

=| Save Sequence As

Name: | ]

l 0K j I Cancel I

Figure 7-27 Save Sequence Dialog Box

2. Type a name for the sequence, then click on OK. or click on Cancel to abort the
Save operation.

#271632 Rev. E 8/385



7-30

Tencor P-20 Operations

Sometimes you might want to edit an existing sequence, make a few minor changes. and
save the result with a new name.

To save a sequence under a new name:

1.

-
J.

#271632 Rev. E 845

Choose Save As... from the Sequence menu. The Save Sequence As dialog box
(Figure 7-27) appears.

Type a name for the sequence. The sequence filename must be a valid DOS filename.
Valid DOS filenames

Can contain a maximum of eight characters
Have a three-character extension supplied by the system
Are not case-sensitive

Can contain only the letters A—Z, the numbers 0-9, and the following special
characters: tilde (~), exclamation point (), at sign (@), number sign (#), dollar
sign (%), percent sign (%), caret ("), ampersand (&), left parenthesis. right
parenthesis, underscore (), hyphen (-). left brace ({), right brace (}), single
quotation mark (*), and apostrophe (')

Cannot be identical to the name of another existing sequence or scan recipe

Click on OK, or click on Cancel to abort the Save operation.
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To load a sequence into the Sequence Editor:

1. Inthe Sequence Editor window, select Open from the Sequence menu. The following
dialog box appears (Figure 7-28):

=| Open Sequence
L INTBUMP User:
?‘;CANB&HS Modified: 05730794 13:16;21
=2 Comments:
13 L]
lintest
pl -
peterl

¥
l oK I [ Cancel 1

Figure 7-28 Open Sequence Dialog Box

[N

Select the desired sequence from the list of sequences on the left side.
Click on the OK button.

[ ]

7.13 SAVING AND MAINTAINING SEQUENCE SCAN DATA

Sequence scan data can be saved for reviewing at a later time.

To save sequence scan data:

1. Choose Save Data from the File menu. The following dialog box appears:

=] Save Data Set

I 0K ’ i Cancel ’

Figure 7-29 Save Data Set Dialog Box
2. Type a name for the data set, then click on OK, or click on Cancel to abort the Save
operation. The data set filename must be a valid DOS filename. Valid DOS filenames
= Can contain a maximum of eight characters
* Have a three-character extension supplied by the system

« Are not case-sensitive
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» Can contain only the letters A—Z, the numbers 0-9, and the following special
characters: tilde (~), exclamation point (!), at sign ({@), number sign (#), dollar
sign ($), percent sign (%), caret ("), ampersand (&), left parenthesis, right
parenthesis, underscore (), hyphen (-), left brace ({), right brace (}), single
quotation mark (), and apostrophe (')

+ Cannot be identical to the name of another existing data set

Once a data set has been saved, it is added to the Sequence Data catalog. The Sequence
Data catalog window allows you to select individual data sets for reviewing. You can also
delete unwanted data sets.

To view previously saved sequence data:

From the Catalog window, click on the Sequence Data button on the left side of the
screen. The Sequence Data Catalog window appears:

=| Tencor instruments jmain Windows Application - [SEQUENCE DATA CATALOG]
File Edit Window Help
Scan Recipe ‘
Sequence Data: [F J
Sequence Recipe
Sequence Sequence ID Number of Creation
Scan Data Data Sets Steps Date
JP test] 9 08,0534 14:06:56
JUNK test] 0 08-,10-94 15:25:3%6
LYNN testl 1 08-10-%34 11:39:04
Sequence Data LYNN2 testl 2 18-22-94 14:14.04
MULTI test2 9 03-08-94 16:05:20
SHORT testl 4 08-10-94 0%9:54. 48
TT1 testl 3 08-10-94 12:41:58
T2 testl 3 18-10-94 13:07:5%
TT3 testl 9 08-10-94 15:23:24
[_ Delete ] [ Review _I f Export _l | jmport I
SEGUENCE QATA CATALOG tEmpty

Figure 7-30 Sequence Data Catalog Window

To review a data set:

Select the desired data set from the list in the catalog, and click on the Review button.
or double-click on the destred data set.

To delete. import, and export sequences, see Chapter 8, “Using the Database.”
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8 USING THE DATABASE

The Tencor P-20 database allows management of recipes and data. From the Database
window, you can

+ View the catalogs

« Delete files

» Print listings of files (recipe files only)

» Review recipes or data

+ Export and import files (data files only)

8.1 DATABASE WINDOW

To open the Database window, use the Database menu accessed by clicking on Database
icon on the Top Level menu (Fig. 3-2).

=[Tencor Instruments | Profiler P-20 - 2.2 Release | OnlinefLocal [~]2

Database Menu

Help Exit

I Plzase selkect the function you desire to perform

[Application Messanes |Empty

Figure 8-1 Database Menu

To access the main Database window:

Click on the Import/Export icon in the Database menu.
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The

main Database window appears with the Scan Recipe Catalog active. The Database

window consists of the following elements:

* Menu bar

» Tool bar

» Secondary tool bar with a set of command buttons used to select which of the four

database catalogs to display

Main area of the window, displaying currently selected catalog and a series of
command buttons

=[Tencor Instruments | Catalog - [SCAN RECIPE] { OnlinejLocal

File

Edit PPTransfer Window Help

[ Scan Recipe

EX RSN
Scan Recipe Name: m J

. Creation Length Speed Foice
!’ Sequence Recipe Recupe Name Type Created By Date [ur?l] [lfl:a':] [mg]
13G-10MM 2D 062994 130000 10000 10 +
2000-180 2D 49,2994 2000 100 4
Scan Data 2000-50 2D 09-29-94 2000 100 4 [
30MM-180 2D 09-29-94 30000 2000 i0
30MH-270 2D 09-29-94 30000 2000 10
30MH-%0 2D 0S9-29-93 30000 2000 10
Sequence Data 500-180 2D 09-29-94 500 5 2
C18-400 2D 09-30-94 1600 400 2
CALIB-130UM 2D 0873094 1600 180 5
ATIB-1300M1 2D 0621794 1600 20 10
CALIB-26UH 2D 09-30-94 1600 100 5
CALIBES 2D 09-13-94 240 20 2 +

]

I Delete | f— ElinlJ [View/Modity] | £xpon ] {nmpost I

[SCAN PECIFE CATALOG I _JEmpty

Figure 8-2 Database Window with Scan Recipe Catalog

8.1.1

DATABASE WINDOW MENU BAR

The Database window menu bar provides access to commands and allows easy navigating
through the four subwindows.

The

Database window menu bar provides the following menus. You can view menus by

clicking on the titles in the menu bar, or by pressing ALT + [, where [ Is the letter that
appears with an underscore in the desired title in the menu bar. You can choose menu
items by clicking on a menu entry or by typing the letter that appears with an underscore
in the desired menu item. Some menu items have hot keys assigned to them.
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Export
fniport
Print
Exit

Figure 8-3

Edit

Delete

File Menu

Figure 8-4 Edit Menu

PPTranster

Upload

Figure 8-5

Windoe I

PPTransfer Menu

v 1 SCAN RECIPE CATALOG

2 SEQUENCE RECIPE CATALOG
3 SCAN DATA CATALOG
4 SEQUENCE DATA CATALOG

Figure 8-6

Window Menu

8.1.2 DATABASE WINDOW TOOL BAR
The Database window tool bar contains a row of icons that resemble buttons. Clicking on
these icons provides an alternative way to access commonly used functions.

Each icon suggests the function of the button. For example, the Print button resembles a
printer. Buttons that appear dimmed are unavailable.

The Database window tool bar contains the following buttons:

Button

5

8=

Be

Action

Deletes the indicated recipe or data set
Sends the indicated Scan or Sequence recipe to the printer
Displays the Export dialog box

Displays the Import dialog box
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8.1.3 DATABASE WINDOW COMMAND BUTTONS

You choose which database catalog to maintain by selecting one of the four command
buttons on the left side of the window. These buttons are visible at all times in the Database
window and allow you to quickly change catalogs.

The following command buttons appear:

Button Action

Scan Recipe Switches the main window to the Scan Recipe catalog

Sequence Recipd Switches the main window to the Sequence Recipe catalog

Scan Data Switches the main window to the Scan Data catalog

Sequence Data Switches the main window to the Sequence Data catalog

To select a group of parameters to view and edit:

Click on the appropriate command button, or select the appropriate catalog from the
Window menu. The right side of the window displays the selected catalog.

8.2 DELETING DATABASE ITEMS

You can delete Scan and Sequence recipes and data from the appropriate catalog.

To delete a database item:

1. Display the desired catalog by clicking on the appropriate command button on the
left side of the window.

2

Select the item you wish to delete by clicking or scrolling with the arrow keys.

(W3

Click on the Delete button below the catalog, or the Delete icon in the tool bar. The
following dialog box appears.

=[ Delete Recipe

Delete Scan Data: STP-HT2?

[ ox } | canca |

Figure 8-7 Delete Recipe Dialog Box
4. Click on OK to delete, or Cancel to leave the selected item in the catalog.
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8.3 PRINTING DATABASE ITEMS

You can print a listing of Scan or Sequence recipes from the appropriate catalog.

To print a Scan or Sequence recipe to the currently active printer:

1. Display the Scan Recipe or Sequence Recipe catalog by clicking on the appropriate
command button on the left side of the window.

!\J

Select the recipe you wish to print by clicking or scrolling with the arrow keys.

3. Click on the Print button below the catalog, or the Print button in the tool bar.

To print a Scan or Sequence recipe to a selected printer:

1. Display the Scan Recipe or Sequence Recipe catalog by clicking on the appropriate
command button on the left side of the window.

2. Select the recipe you wish to print by clicking or scrolling with the arrow keys.

3. Select Print from the File menu. The Print dialog box appears.

4. Select the desired printer from the list box and click on OK.

For more information on printing, see Section 2.3.2, “Setting Up Printers,” in the Tencor
P-20 Reference Manual,

8.4 REVIEWING DATABASE ITEMS
Youcan selectan item in any of the available catalogs to review. This opens the appropriate
window with the selected item displayed.
To review a database item:

1. Display the desired catalog by clicking on the appropriate command button on the
left side of the window.

3

Select the item you wish to delete by clicking or scrolling with the arrow keys.

Click on the Review button below the catalog. The appropriate window appears with
the selected item displayed:

(8]

+ From the Scan Recipe catalog: the Recipe Editor

+ From the Sequence Recipe catalog: the Sequence Editor

» From the Scan Data catalog: the Data Analysis window

+ From the Sequence Data catalog: the Sequence Data window

From the Editor windows, you can edit recipes and save the changes before returning to
the Database window. See Chapter 4, “Recipes.” and Chapter 7, “Sequencing,” for
information on using the Recipe and Sequence editors.
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8.6 EXPORTING DATA

You can export Scan or Sequence data to floppy diskettes, or to another directory on the
instrument computer’s hard disk.

Recipe export is not supported in this release. However, if you have the GEM/SECS
Option, both data and recipes can be exported by uploading to a host computer. See Section
9.5, “Downloading Data and Recipes,” for more information.

You can export data in two formats:

* ASCII format for transferring data to other applications such as spreadsheets, word

processors, desktop publishing or presentation software

* Binary format for use on another Tencor P-20, or for backing up and archiving data

in its original format

To export Scan or Sequence Data:

1.

I~

LS

~ o w

8.
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Display the Scan or Sequence Data catalog by clicking on the appropriate command
button on the left side of the window.

Select the recipe you wish to print by clicking or scrolling with the arrow keys.

Click on the Export button below the catalog, or the Export button in the tool bar.
The following dialog box appears (Fig. 8-8).

T Export Data
E xport File
Drive: [A ]
Path: I 7
Export Type
O ascit @ Binary’
[ ok | r Cancel l

Figure 8-8 Export Data Dialog Box

In the Drive field. type a if exporting to a floppy diskette, or ¢ if exporting to another
directory on the hard disk.

In the Path field, type the desired path name, if any.
If a different filename is desired, type it in the Filename field.

Choose whether to export the file in ASCII or Binary form by clicking on the
corresponding radio button.

Click on OK to export the file. or Cancel to close the dialog box without exporting.
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8.6 IMPORTING DATA

You can import Scan or Sequence data from floppy diskettes, or from another directory
on the instrument computer’s hard disk. Data can only be imported in Tencor P-20 binary
format.

Recipe import is not supported in this release. However, if you have the GEM/SECS
Option, recipes can be imported by downloading from a host computer. See Section 9.4,
“Uploading Recipes,” for more information.

To import Scan or Sequence Data:

1. Display the Scan or Sequence Data catalog by clicking on the appropriate command
button on the left side of the window.

o

Click on the Import button below the catalog, or the Import button in the too! bar.
The following dialog box appears (Fig. 8-9).

=] Open
Fife Name: Directories:
i = dat —; a\data
microni. dat + = a:\ +
ren & dae
[ Read Only
£
&
List Files of Type: Diives:
LData Files [*.dat) Iﬁ LIE a: —EI

Figure 8-9 Open Dialog Box

On the right side of the dialog box, select the drive from the Drives pull-down list,
and the directory from the Directories list box.

tad

4. Alist of available files with the extension .DAT appears in the list box beneath the
File field on the left side of the dialog box. If you want to see a list of files with other
extensions, select All Files (*.*) from the List Files of Type pull-down list.

5. Select the desired file, then click on Open. The following dialog box appears:

=—[ Import Data

Import to File

Filename: l

l oK I [ Cancel l

Figure 8-10 Import Data Dialog Box
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6. If you want to rename the file. type the desired name; otherwise, leave the defauit
name,

7. Click OK. The file is imported into the default Scan or Sequence data subdirectory.
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9 GEM/SECS OPTION

The GEM/SECS Option allows the uploading of scan measurement data from the Tencor
P-20 to a host computer. The capability also supports alarms, data collection, equipment
states, error messages, initialization, clock, and process program upload and download.

This chapter describes

* The GEM/SECS window

» Enabling SECS communications
» Checking communication status
+ Configuring GEM parameters

* Uploading data and recipes

* Downloading recipes

For detailed information about the GEM/SECS Option, see the Tencor P-20 SECS
Interface Manual.

9.1 GEM/SECS WINDOW
To open the GEM/SECS window, use the Top Level menu (Fig. 3-2).

To access the GEM/SECS window:

Click on the GEM+SECS icon in the Top Level menu. The GEM User Interface
window appears;

f=[Tencor instruments | GEM User interface - GEM U | Onlineflocal
GEM  Help

iappication Messanes I ] Emary
=L

Figure 9-1 GEM User Interface Window
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9.1.1 GEM/SECS WINDOW MENU BAR
The GEM User Interface menu bar provides the following menus. You can view menus
by clicking on the titles in the menu bar. or by pressing ALT + [, where / is the letter that
appears with an underscore in the desired title in the menu bar. You can choose menu
items by clicking on a menu entry or by typing the letter that appears with an underscore
in the desired menu item. Some menu items have hot keys assigned to them.

GEM
v Enabled
Config...

Trace Cfg...
Exit

Figure 9-2 GEM File Menu

9.2 ENABLING SECS COMMUNICATION

To enable/disable SECS communication:

Select Enabled from the GEM menu to toggle between states. When communica-
tions is enabled, a check appears next to the menu selection.

To check the GEM status:

From any window, the current control state is displayed in the upper right corner of
the window in the menu bar. For more compiete information, double-click on the
on the displayed control state. and the following message box appears:

— GEM Status
Link Stale: @\municating 4]
Control State: ImnefLocal l
Online Substate: {Local Control _‘
Spool State: Elactive _i
Prev. Proc. State:  |YN1Y _}
|

Process State: llDLE

Figure 9-3 GEM Status Message Box

9.3 GEM CONFIGURATION

GEM parameters can be configured by the operator or host. The GEM Configuration dialog
box enables configuration of the GEM-related parameters (configuration, initial states.
S1F2 message items, optional W-bit use, and host connect retry delay).
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To change the default GEM parameters:

1. From the Top Level menu, double-click on the GEM+SECS button. Select Config...
from the GEM menu. The GEM Configuration dialog box appears:

=] GEM Configuration

" Communication Control States
Init. Control State: IDnline El

Init. Comm. State:

Poll Delay DOnline Failed State:lEquipment Offlinelil

Estab. Comm. Delay:

| :

FSpooling Event Reports
[ Spooting Enabled [ Annotated Repoits [S6F13)
[J 0verwrite Spool B3 w-Bit for S6

Max. Spool Transmit:

Max Spool File Size: | 10000 BJ w-Bit for 55 X w-Bit for 510

(Aialm: 7 ”Tetminal

il

™ E quipment ldentification

Modet (MDLN}:

Rev.

Device Name: P-20 PROFILE |

i

(118 l I Cancel I

Figure 9-4 GEM Defaults Window

[

Change the parameters as appropriate. When finished, click on the OK button. These
values are saved to the hard disk so that when the instrument is reset or powered on
again, these new values are displayed.

You can also click on Cancel to close the GEM Configuration window without
changing the parameters.

9.4 UPLOADING RECIPES
With the GEM/SECS Option, you can upload (export) data and recipes to a host computer.

To upload data and recipes to a host computer:

1. From the appropriate catalog window, select the recipe or data set you wish to
upload.

2. Select Upload from the PPTransfer menu. The following dialog box appears
(Fig. 9-5).
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== Dbmain Windows Application

@ Uploading recipe {4

| ok | [Cancell

Figure 8-5 Upioad Dialog Box

Click on OK to proceed with the upload, or Cancel to abort the operation.

9.5 DOWNLOADING DATA AND RECIPES

With the GEM/SECS Option, you can download (import) recipes (but not data) from a
host computer.

NOTE: You can import Tencor P-20 data files {in binary format) from floppy
diskettes. See Section 8.6, “Importing Data,” for more information.

To downleoad recipes from a host computer:

1. From the Recipe or Sequence catalog, select Download from the PPTransfer menu.
The following dialog box appears:

= PPId
PPId: L ]

I UL _I I Cancel I

Figure 9-6 PPID Dialog Box

2

Type the PPID of'the recipe that you wish to download, then click on OK to proceed.
After a few moments, the recipe appears in the list.
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10 WAFER STRESS APPLICATION OPTION

10.1  OVERVIEW

It is important to monitor thin film stress so that thin film stress data can be used to reduce
process variations. Stress is generated in the film and substrate during thin film deposition.
The deformation of the thin film can be accommodated by the bending and compressing
or expanding (depending on the curvature) of the substrate.

The Tencor P-20 Wafer Stress application Option enables you to calculate the stress in a
deposited film by measuring the wafer deflection or curvature that stress induces on the
substrate.

The program determines the curvature of the sample by calculating the least square fit of
the trace data. The equation for stress is as follows:

where
E
(1-v) = substrate elastic constant
£ = substrate thickness
I = film thickness
R = radius of curvature

The program calculates the radius of curvature by using a least square fitting method. This
equation assumes that the chord length is much larger than the bow (that is, the wafer
deflections are smaller compared to its radius of curvature).

Note: The program results can be verified by using the following equation for the radius of
curvature (R):

L2
R== ifL>B
8B

where

B =bow (maximum between trace and its chord)
L = chord length (scan length)

Note: Geometric dimensions are in the same units,
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The Tencor P-20 program calculates the following stress values:

* Average Stress derived from the least square fit of the entire profile across the entire
chord

» Maximum Stress based on the maximum of n overlapping sections of one-third of
the length and offset across the wafer, where # is a number selected by the user

* Center Stress computed at the center third of the profile

10.2 USING THE WAFER STRESS

Use the Wafer Stress application to compare pre- and postprocessing traces. This compar-
1son calculates the curvature caused solely by the processing-induced stress. For details
see Section 10.6.1, “Measuring a Difference Stress.”

You also can take a single stress measurement without comparing it to an earlier
measurement. You may want to take this measurement when vou have no prestress data
for a wafer. For details see Section 10.6.2, “Measuring a Single Trace Stress.”

Only the pre- and poststress traces and summaries are saved. Stress values are not saved
but recalculated each time from the raw traces. To recalculate the stress values, both the
pre- and poststress traces must be present in the Scan Data catalog.

10.2.1 ENTERING SCAN IDS
You enter a name for each scan that you take. You can use any given scan for either the
pre- or the postscan.

For example, if you have a two-process step and take three scans, the middle scan is the
postscan for the first scan, but it is the prescan for the second scan.

10.2.2 SAVING DATA
To recompute and display difference measurements, both pre- and poststress raw data
must be saved. Also, saving the raw and summary data allows you to recalculate the stress
value with different parameters.
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10.3 THE STRESS WINDOWS APPLICATIONS

To access Tencor’s Wafer Stress application, click on the Stress icon on the Top Level
Menu of the P-20 Profiler. The Stress Windows Applications screen displays, as shown

below.
==|Tencor instruments | Stress Windows Application - Stress
File Substrate ¥Yacuum View Stress Help
suees || L2e]
Recipe
Catalog Strezs Recipe Name: ll_ |
Scan Stress Recipe Name D ate Time
Dats JOHN 07/23/1995 06:09:10 PM
C;ialog JOHNZ 07/23/1995 06:09:26 PM
r Erint I @ewiﬂodiny I Start ]
- [[Substr.

Figure 10-1 Stress Windows Application Screen

The Stress Windows Application screen provides you with two catalogs of stress recipes
and scan data. The Stress Recipe Catalog lists the currently available stress recipes saved
on the hard disk by name and date. The Scan Data Catalog lists the existing scans saved
on the hard disk by scan ID, stress recipe used, X-, Y-coordinates of the scan, and the date

and time the scan was taken.
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10.3.1 STRESS WINDOWS APPLICATION MENU BAR
The Stress Windows Applications menu bar provides the following menus:

| Bave Stess Reeipe Culr§

Print... Ctrl1+P
Print Preview
Print Setup...

Exit
Figure 10-2 File Menu

Load!Unload
Init Handler

SKIF Loadflialead
init SMEY

Figure 10-3 Substrate Menu

Yacuum
G Off

Figure 10-4 Vacuum Menu

v Toolbar
| Status Bar

Figure 10-5 View Menu
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© XY Niew
. Theta View

Stress Recipe Catalog
Scan Data Catalog

Figure 10-6 Stress Menu

Help
Index
- Using Help
About Stress...

Figure 10-7 Help Menu

10.3.2 STRESS WINDOWS APPLICATIONS TOLL BAR

The Stress Windows Application tool bar contains a row of icons that resemble buttons.
Clicking on these icons provides an alternative way to access commonly used functions.

Button Action

MW Invokes the Stress Recipe Editor to add a new stress recipe.
& Displays the Print dialog box to print data for the current page.
ST, Starts a scan using the current recipe.

ART
l @ Switches to the XY view window.

Switches to the Theta view window.
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10.4 SELECTING, MODIFYING, AND ADDING A SCAN RECIPE

To select a recipe:

Click on the Stress Recipe Catalog of the Stress Windows Application screen. A
list of available recipes displays in a list box, as shown in Figure 10-8. Select an
existing receipt from this list.

==| Tencor Instruments | Stress Windows Application -~ Stress
File Substrate  Vacuum VYiew Stress Help
Stess [NEW | [ & ] [sTand] & | & ]
Recipe
Catalelg Stresz Recipe Name: ll |
Scan Stress Recipe Mame D ate Time
Data JOHN 07/23/1995% 0609210 PM
Catalog JOHN2Z 67/23/199%5 06:09:26 PM
1 Print —I I View /M odify I [ Start I
[ [ISubstr

Figure 10-8 Stress Recipe Catalog

To modify a recipe:

Once you have selected a recipe from the Stress Recipe Catalog, you can edit that
recipe by selecting the View/Modify button to invoke the Stress Recipe Editor
screen (Fig. 10-9).

==]| Tencor lostruments | Stress Windows Application - Stress
Eile Substrate ¥acwum Yiew Stress Help

Stresz Recipe

Stress Recipe Name: JOHN Substiate Specitication:

2 Stress Points: D Name: [1.238 Gallium Aszenide 100 2]

Origin Thicknezs: I 1000 | i

x: (o | um ¥: [0 ] um Modulus: [1.23s | xm10~1z Pa

Scan Parameters

Scan Length: E um Sampling Rate: [200 &) Hz
Scan Speed: um/s Stylus Force: rS.D I ma
i j J|Substr

Figure 10-9 Stress Recipe Editor
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To add a new stress recipe:

From the Stress Windows Application screen choose the View/Modify button. At
the Stress Recipe Editor screen click on the New button to start writing the new
recipe.

To print a stress recipe:

Click on the Print button to print the currently selected stress recipe.

To save a stress recipe:

To save the currently selected stress recipes, select the Save Stress Recipe menu
item from the File menu. Use the ESC key to return to the Stress Windows
Applications screen. The XY button switches to the learning mode.

10.4.1 ENTERING STRESS RECIPE VALUES AND PARAMETERS

There are several fields in the Stress Recipe Editor window that you need to enter to complete
writing a new recipe. Among these values, you need to enter the film thickness and specify
the substrate for the sample.

To enter stress parameters:
1. Inthe Thickness field, type the thickness (in microns) of the substrate.

2. In the Substrate Specification field, select a desired substrate with its elastic
constant. Table 10-1 lists the available substrates and their elastic constants.
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Table 10-1  Elastic Constants for Commonly Used Thin Film Substrates

Material Orienta- Elastic Constants
tion (1032 pa)

Aluminum * 1.030
Aluminum Oxide (Al,O5) + 3.835
Aluminum Oxide (Al,05) + 4.895
Aluminum Nitride (AIN) + 4.367
Beryllium Oxide (BeO) + 4.367
Borophosphosilicate (BPSG) glass + 1.500
Galiium Arsenide {(GaAs) 111 1.741
Gallium Arsenide (GaAs) 100 1.239
Germanium (Ge) 111 1.837
Germanium (Ge) 100 1.420
Phosphosilicate (PSG) glass + 0.988
Silicon 11 2.260
Silicon 100 1.805
Sodalime glass (Coming microsheet 0211)

+ 0.973

* polycrystalline
+ amorphous

<Other> Allows the user to enter a substrate that does not exist on the list.
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10.5 LOADING AND POSITIONING THE SAMPLE

For information on loading and positioning the sample, refer to Section 6.3, “Loading the
Sample,” and Section 6.4, “Viewing and Positioning the Sample.” Before loading a
sample, check that it meets the following requirements:

» The sample has been processed.
« It was scanned before the processing.

» The scan is in the database.

To position the sample to measure stress by comparing pre- and postprocessing traces:

NOTE: Position the sample exactly as it was positioned for measuring
stress on a single trace scan,

1. Use the wafer stress precision locator, which is the locator with the three support
points. Be sure that you position the sample the same way it was positioned for the
prestress scan.

NOTE: If you are using the wafer handler to load wafers, make sure the
wafer stress chuck is installed on the stage before starting stress
measurements. See below for details. See Section 10.5.1 “Tencor
P-20 Handler Wafer Stress Chuck.”

The precision locator has fittings that locate wafers of various sizes in X, Y, and 8
positions. It supports the wafers in a way that minimizes gravitational distortions
but also ensures that the residual gravitational distortion is the same for both pre-
and poststress scans.

2. Youcan program the instrument so that the load position moves the stage to exactly
the right scan position. See Section 6.3, “Loading the Sample.”

10.5.1 TENCOR P-2 HANDLER WAFER STRESS CHUCK
The wafer stress chuck (Fig. 10-10) is designed to support the wafer during wafer stress
measurements. The instrument is shipped with the vacuum chuck installed if your
instrument comes with the wafer handier. To replace the vacuum chuck with the wafer
stress chuck, use the instructions provided in Section 2.5, “Installing a Precision Locator,”
in the Tencor P-20 Long Scan Profiler Reference Manual.
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-le oooo{

6 5 4 3

%

C

Figure 10-10 Wafer Stress Chuck

The handler controls the placement of the wafer by centering it on the locator. The three
wafer support pins can be located for wafers of nominal sizes 3 to 8 in. See Appendix D,
“Precision Locators,” in the Tencor P-20 Long Scan Profiler Reference Manual.

« If the wafer is loaded using the wafer handler, make sure the wafer is loaded using
the aligner. Also the angle used for alignment must be the same for the prestress and
poststress loading.

* If the sample is loaded manually, note the position of the sample when you load it
on the stage table. To compare pre- and poststress measurements, you must duplicate
this scan position for the poststress measurement.
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10.5.2 TAKING A SCAN

A single, poststress measurement measures the current curvature of the sample. In its
calculations, the program assumes that the sample was flat before being stressed.

To take a single, poststress measurement:
1. Load the sample.
2. Choose a recipe from the list box (or create a new recipe).

3. Position the sample for the scan.

4. Display either the Stress Windows Applications screen or the Stress Recipe Editor
screen if you are modifying an already existing recipe or creating a new recipe.

5. Enter film and substrate information for the sample.

6. Press the START key either from the Stress Windows Applications screen or from
the Stress Recipe Editor screen.

10.5.3 DISPLAYING A LIST OF SCANS
Selecting the Scan Data Catalog button of the Stress Windows Application screen displays
a list of currently existing data scans on the hard disk by scan ID, scan recipe used, X-,
Y-coordinates of the scan, and the date and time the scan was generated. The Scan Data
Catalog is shown in Figure 10-11.

:_!Tencor Insttuments Stress Windows Application - Stress
File Substrate Vacuum View Stress Help
Stress
Recipe _ )
Catal';g Scan Data Name: I ] Scan Select
Scan Scan ID Strezs Recipe X b D ate Time —m
Data <NDNE>
C_l ¥ DAWN JOHNZ a a 07424795 12:41 PM
|_-21ate8 ) |kAaTHY JOHN 0 0 07/24/95 01-13 PM
KWAN1 JOHN 1] 1] 07723795 06:12 PM
KWAN2 JOHN -14285 -5882 07/23/95 06:13 PM <NONE>
rAnalyzix
Strez: Recipe:
JOHN
P [Subst.

Figure 10-11 Scan Data Catalog Screen

You can remove a scan from this list simply by selecting the scan, then processing the
DELETE key. Using the ESC key in this screen takes you back to the Stress Windows
Application screen.
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10.5.4 VIEWING SCAN RESULTS
The Stress application provides you with two ways that you can use to access the Scan
Results window (Fig. 10-12) to view a particular scan without performing analysis on the

scan.
jTencor Instruments | Stress Windows Application - Stress
File Substrate Vacuum Yiew Stress Help
Scan lD: PROF2 Stress Recipe Used: JOHN
25000A
205004 & ‘i |
16000A [ ¢ lllnLi IY L]J qy{ T
115004 I{J w ’J 4
7000A T l —
25004 _,J
20004
E500A
110004 U
— At
A S5004A o
RO000A
150 300 450 6500 750 500 1080 1200 1350 1490
Scan Length [um]
! _[Empt

Figure 10-12 Scan Results Window

To view a scan results from the Stress Recipe Catalog:

1.

If you have the Stress Recipe Catalog displayed and choose the START key to
perform a scan, you see the display of the scan.

Use the ESC key to return to the Stress Recipe Catalog screen where you can start
another scan.

To view a scan results from the Scan Data Catalog:

1.

2.
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If you are in the Scan Data Catalog and have selected a particular scan, simply enter
the REVIEW key to display the scan (Fig. 10-10).

Use the ESC key to return to the Scan Data Catalog screen.
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10.6 ANALYZING THE STRESS RESULTS

You can calculate both a difference measurement that compares the poststress data in the
current trace with prestress data from an earlier scan, as well as a poststress measurement
on a single trace.

10.6.1 MEASURING A DIFFERENCE STRESS
The Stress application enables you to perform analysis on pre- and postprocessing traces.
To accomplish this, you need to assign a particular scan of your choice that you select
from the list box as a prestress scan and then select another scan from this list and assign
that scan as the poststress scan.

To measure a difference stress:

1. Toassign scans as prescan and postscan, use the Stress Windows Application screen
(Fig. 10-13).

==|Tencor Instruments | —__Stress Windows Application - Stress
File Substrate Vacuum View Stress Help
“Swess | el & ] |
Recipe ——
Cataloyg Scan Data Name: i J rScan Select
Scan Secan ID Stress Recipe X Y Date Time —a I
Data <NONE> = ------ - - ==t —lms PROF1
Calal DAWN JOHNZ2 a a 07724735 12:41 PM
[ #ielog || |kaTHY JOHN 7] 0 07/24/95 D1:13 PM Set Post
KWwAN1 JOHN 1] 1] Q7/23/95 06:12 PM
KWAN2 JOHM -14285 -5882 07/23/95 06:13 PM PROF2
PROF1 JOHN [t} 1] 07724795 01:23 PM
| PROF2 JOHN 0 1] D7/24795 01:23 PM

rAnuly;i:

Stuexzs Recipe:
JOHN

! |[Substr

Figure 10-13 Stress Results Display

2. Select the Scan Data Catalog button.

3. Selected a scan from the list box or enter a scan name in the Scan Data Name field.
4.  Choose the Set Pre button to assign that scan as a presiress scan.

5. Similarly, select another scan of your choice from the list box.

6. Reselect the Set Post button to assign that scan as the poststress scan.

Note: As you make these assignments, notice that the scan ID of the scan you have
selected appears below the Set Pre and Set Post buttons.

7. If you wish to assign another scan as a prestress scan or a poststress scan, simply
select another scan from the list box and then hit the Set Pre or the Set Post button.
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8.  After selecting the two scans, choose the Calculate button to calculate and view the
results (Fig. 10-14).
==|TFencor instruments | Stress Windows Application - Stress

File Substrate Yacuum Yiew Stress Help

2ZT000A

Ave: -1.136 e7 MPa 20500A j—i4
Max: -7.703 o7 MPa J! g q ‘
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Figure 10-14 Stress Results Display

10.6.2 MEASURING A SINGLE TRACE STRESS
In addition to comparing pre- and poststress processing traces, you also can take a single
stress measurement without comparing it to an earlier measurement. You may want to
take this measurement if you do not have or choose not to use any prestress data for a wafer.

To measure a single trace stress:

1.
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Select the NONE scan ID from the Scan Data Catalog list box (the first choice in
the box).

Choose the Calculate button on the Scan Data Catalog screen to calculate and view
the results. This brings up the Stress Recipe Display screen.
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10.6.3 ANALYZING THE RESULTS
The Stress Results Display (Fig. 10-14) lets you display the Prestress, Postsiress, and the
Difference deflections. Each of these traces has a corresponding check box labeled as
Display Pre-Stress, Display Post-Stress, and Display Difference.

The Stress Results Display shows the three traces in three different colors. If you have not
specified any prestress trace, that line appears as a flat line.

This screen also displays the results of the calculation (Fig. 10-14) as well as the IDs of
the prestress and poststress scans and the stress recipe name used.

NOTE: If you specify two scans by using different scan recipes, the Stress |
application calculates the stress by giving the best estimate over
the region where data is available for both scans. For regions with
conflicting sets of data, the program displays a zero stress.
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11 SIGNAL LIGHT TOWER OPTION

111 OVERVIEW

A Signal Light Tower is a highly visible indicator of a tool’s status. The multi-light device
can be used to signal that an instrument is in production or to indicate the reason that it is
not in production.

The implementation of the Signal Light Tower Option available in the current release of
the Tencor P-20 allows you to specifv custom defimtion corresponding to specific
instrument states. This approach involves some relatively simple hardware and new
Profiler software that translates instrument statues into commands to the new hardware.

11.2 ACCESSING SIGNAL LIGHT TOWER

To invoke the Signal Light Tower window, click on the Configuration icon of the top level
menu of the P-20 Profiler software. The Configuration window display appears (Fig. 11-1).
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Figure 11-1 Configuration Window
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11.2.1 SYSTEM CONFIGURATION
A check box has been added to the Configuration window, titled as Signal Tower. When
this button is pressed, the Signal Light Tower Configuration Editor Utility window appears
(Fig. 11-2).
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Figure 11-2 Signal Light Tower Configuration Editor Window
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11.2.2 SIGNAL TOWER WINDOWS APPLICATION MENU BAR

The Signal Tower Windows Applications menu bar provides the following menus:

File
Beload from Disk Ctrl+R
Save Ctrl+5S
Defaults Cinl+D
Print... Ctrl+P

Print Preview
Print Setup...

Hecpnt Fiis
Exit

Figure 11-3 File Menu

+ Toolbar
+ Status Bar

Figure 11-4 View Menu

Options
Chaage Pasgward

Figure 11-5 Options Menu

Help
Index
Using Help

About Signal Tower
Test

Figure 11-6 Help Menu
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11.6.1 SIGNAL TOWER WINDOWS APPLICATIONS TOOL BAR

The Signal Tower Windows Application tool bar contains a row of icons that resemble
buttons. Clicking on these icons provides an alternative way to access commonly used

functions.

Button Action

5 Load all states. Equivalent to the Reload from Disk button.
= Save the changes to all states. Equivalent to the Save to Disk button.
2, Return all states to factory default settings. Equivalent to the Defaults for
0: >
All States button.
=5
g Displays the Print dialog box to print current states and definitions.

11.6.2 LIGHTING OPTIONS

The Signal Light Tower allows you to specify any of the five lights: red, vellow, green,
blue, and white. You can set these lights independently of each other. Lights can be turned
off, constantly on, or set to flashing. All lights can be turned off or cleared simultaneously.
The tower displays the proper behavior as appropriate for the settings that are current for
that Profiler state (Fig. 11-2).

You can edit the tower behavior by using the mouse. If you click on a given light, the light
toggles its state. This means that if the light was off. it goes to flashing next. If the light
was flashing, it goes to on next. If the light was flashing. it turns off any other light since
this control prevents illegal behavior such as two lights being on at the same time.

To reach the state where all lights are set to off, click on a blank space, away from anv
light or just go to the light that is on and toggle its state until the light is off,
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11.6.3 LIGHTING EXAMPLES
The following is a list of examples for lighting corresponding to the instrument states.

Light Description
Red, flashing Indicates failure, abort, immediate assistance 1s required.
Red, steady Indicates the equipment is not fully capable. An alarm has

been acknowledged but not corrected.

Yellow, flashing  Indicates that the alarm is not acknowledged and needs
assistance, for example, during unload cassette, comple-
tion or run, PM, and so on.

Green. flashing Indicates the equipment is capable of performing all func-
tions but no product is running.

Green, steady Indicates that the equipment is fully capable and is running
wafers.

11.6.4 VOICE OPTIONS
The voice custom control is a two-state button (Fig. 11-2). It toggles between on and off.
When voices are permitted and it is in the on state, an appropriate picture shows a speaker
with sound waves.

When the voice option is in the off state, another picture shows a speaker without sound
waves.

If sounds are not permitted by the current tower, the button shows the alarm clock with a
red X across it indicating that there is no sound capability.

The choices for the number of voices are NONE, and 1 through 16. NONE specifies towers
without sound capabilities.

11.6.5 STATUS INFORMATION
Selected portions of the current status of the P-20 profiler are always available to the Signal
Light Tower control software. This part of the software informs the user of any changes
in the status of the instrument at the time the changes occur.

The list box on the Signal Light Tower window contains a descriptive list (Fig. 11-2). You
can edit the behavior of the signal tower for a particular state by selecting that state from
the list box. At that point, the current behavior for that state is shown with two custom
controls, one for the tower voice and one for the tower lights.

You can test a state after editing it by selecting the Test button. This action immediately
places the tower into that state so that you can see and hear what the state appears like.

You can then proceed and edit other states by selecting them from the list box and edit
them as shown above.
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Once you have completed editing the behavior of a state, you can select the Save to Disk
button to save the settings for that state. You can cancel the changes to the states by
selecting the ESC keyv and leaving the application without saving to the disk. After vou
have already saved the changes to the states, vou can undo the changes by selecting the
Defaults for All States button that returns all states to factory defaults.

You are then prompted for a password, if you have set any. If the password that you enter
1s invalid, the changes to the state cannot be saved.

The system initially starts with Welcome as the password the first time it is run.
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GLOSSARY

2-D Data
Two-dimensional data,

3-D Data
Three-dimensional data.

ASCII Data

ASCII (American Standard Code for Information Exchange) codes are used to represent
characters for storage in a computer’s memory.

Application
A software program such as the Tencor P-20 Scan application.

Application icon

Graphic symbol representing a software application. The Tencor P-20 Top Level menu
displays application icons.

Application window
The main window opened by an application.

Area
See Total Area.

Area+
See Area of Peaks.

Area-
See Area of Valleys.

Area of Peaks (Areat}
Total area bounded by the leveled baseline and the profile above the baseline.

Area of Valleys (Area-)
Total area bounded by the leveled baseline and the profile below the baseline.
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Glossary-2 Tencor P-20 Operation

Arrow keys

The arrow keys on the operator keypad. These keys can be used to highlight a menu item
or dialog box option or to move a text or graphics cursor.

Average Height (Avg)

The average height of all data points between the measurement cursors relative to the
leveled baseline.

Avg
See Average Height.

Back up

To save data from the Tencor P-20 hard disk to diskettes or a network drive (if available).
The data can be restored at a later time.

Base

Used (with prefix Up- or Down-) to identify the bottom of the sloping side of a step. to
distinguish it from the top of the slope, called the edge. See UpBase, DownBase.

Bearing Ratio (t;)

A reference line is drawn parallel to the mean line and at a preselected or predetermined
distance (cutting depth) below the highest peak of the roughness trace within the sampling
length. This reference line intersects the roughness trace in one or more subtended lengths.
The bearing length is the sum of these subtended lengths. The bearing ratio is the ratio of
the bearing length to the sampling length. Also called Bearing Length Ratio.

Centerline
The center-line divides the profiles such that all areas above it are equal to all areas below it.

Choose

To pick a menu item or other item that starts an action. You can choose an item using the
mouse or keypad.

Click

Pressing and releasing the left or right mouse button without moving the mouse. Clicking
the left button on a menu title, on an icon, on a dialog box option or command button. or
in a window selects the item. Left and right buttons have different functions when clicking.
Compare to double-click.

Concave
Describes an arc that curves inward from a level reference plane; a valley-like arc,
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Contact Speed
Contact speed defines the stylus drop speed at contact with the substrate.

Convex
Describes an arc that curves outward from a level reference plane; a hill-like arc.

Cursor

An object on the screen that can be moved with the mouse or arrow keys and that allows
the user to locate or edit data. See limit cursor, particle cursor, and text cursor.

CutDp
See Cutting Depth.

Cutoff Length

The cutoff length is the wavelength on the filter transmission curve that corresponds to
75% transmission. According to the ANSI B46.1-1985 standard, 800 pum is the preferred
cutoff for most surfaces.

Cutting Depth (CutDp)

A preselected or predetermined distance below the highest peak of a sample. See Bearing
Ratio.

D
q
See Root-Mean-Square Slope.

Database

A collection of data organized by records. The Tencor P-20 database can contain data
summaries, maps, user IDs, system log records, recipe records, and other data.

Delta Average Mode

The measurement or leveling cursors are expanded into a region, either independently or
in tandem, and the data points within the delta width are averaged.

Deskew

Deskew is a feature of the Tencor P-20 that compensates for any translational or rotational
errors between different substrates by allowing you to select manually two fixed reference
points to be used for calculating stage coordinate values.
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Glossary-4 Tencor P-20 Operation

Dialog box

A rectangular box on the screen that can contain a combination of lists, options, data entry
fields, and command buttons. A dialog box appears when the instrument needs more
information before performing an operation.

Disk space
The total amount of space available on the hard disk. Free disk space is the amount of disk
space unused.

Directory

Computer files are stored on the computer’s hard disk in directories. The directory name
identifies the location where the files are stored. See Path.

Downlioad
Importing a recipe from a remote host through the GEM/SECS Option.

DOS

Disk Operating System, also called MS-DOS. The central program used to control and
manage the computer system.

Double-click

The mouse action performed when you press and release the mouse button twice in rapid.
succession. The first click selects the item and the second click performs the action
associated with the item. When you double-click the left button on an application icon,
the application starts. Left and right buttons have different functions when double-clicking.
Compare to click.

DownBase
The bottom of the sloping side of a trough-like feature, or downward step.

DownEdge
The top of the sloping side of a trough-like feature, or downward step.

Drag

The mouse action performed when you hold down the mouse button and move the mouse.
Dragging can be used to choose a menu item and to move a graphics cursor.

Drive (disk)
The disk drive identifier. A single character followed by a colon. For example, C: refers
to drive C.
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Edge
The distance to the first rising or falling edge of a step (or the apex of a peak) from the
beginning of the profile. Also used (with prefix Up- or Down-) to identify the top of the

sloping side of a step, to distinguish it from the bottom of the slope, called the base. See
UpEdge, DownEdge.

Export

To save selected data, such as recipes, wafer summaries, and wafer maps, to diskette.
Exported data can be imported into another Tencor P-20 system. See import.

Field

A rectangle in a dialog box used for entering data. The text cursor (a vertical bar) generally
appears in the first field in a dialog box.

Finite impulse Response (FIR)

The Tencor P-20 uses the Finite Impulse Response technique to calculate roughness and
waviness from digitized data points.

Form Error

Form error is a deviation from a perfect realization of a nominally specified shape. For
example, for a flat surface the form error would be the deviation from flatness. If the
deviation is periodic (that is, has waves), the error is termed waviness. If there are many
hundreds or thousands of randomly shaped undulations without a discernible pattern, the
error is called roughness. The difference between form error, roughness, and waviness is
not precisely defined; it is more a qualitative distinction. See Waviness and Roughness.

GEM
Acronym for Generic Equipment Aodel.

Graphics cursor

Graphics cursors appear as vertical bars in histogram windows and can be used to change
defect bin splits.

HSC
See High Spot Count.

Height
The difference in height between two points on the sample surface defined by the positions
of the measurement cursors.
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High Spot Count (HSC)

The number of profile peaks per unit length projecting through a reference line parallel to
and at a given height above a line drawn through the lowest point of the roughness trace,
parallel to the mean line. See Peak Count.

import
To load data previously saved in an export file. See export.

Keylock

The keylock limits operator access to Scan recipes and Sequence programs for operational
security.

L
q
See Root-Mean-Square Wavelength.

Locator

The plate upon which a cassette rests when on the handler. The locator must be changed
for different cassette sizes.

Log Off
Sign off from the Tencor P-20 by choosing the Log Off icon from the To Level menu.

Manual/Single Scan Mode

The user programs the parameters for a scan into a recipe using 2 menu. The scan can be
specified to be continuous or segmented into sections of equal length.

Maximum Height (MaxHt)
The maximum height of a trace relative to the zero line within the sampling length.

Max R,
See Maximum Average Roughness.

Maximum Average Roughness (Max R,)

The trace within the cursors is divided into 19 overlapping sections. Each section is one-
tenth of the sampling length. The average roughness (R,) of each section is calculated and
the maximum is displayed.

Maximum Stress

Maximum stress is the maximum of 13 overlapping sections of one-third the length and
offset across the total profile.
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Mean Peak Height (Rpm)
The mean value of the local peak heights of the roughness trace within the sampling length.

Mean Peak Spacing (S,)

The mean value of the local peak spacing of the roughness trace within the sampling length,
where the peaks are defined by the criteria of the Peak Count parameter. See Peak Count.

Menu

A list of commands. Two types of menus are supported — icon-based menus and drop-
down menus. Full-screen menus such as the Top Level Menu display application icons.
You can start an application by double-clicking the left button on 11s icon. A menu in the
menu bar opens when clicked. See menu bar.

Menu Bar

Menu bars are displayed at the top of application windows and list menu titles. You can
open a menu listed in the menu bar by clicking on its title. You can choose from the menu
by clicking on an item.

Microsoft Windows

A graphical user environment developed by Microsoft Corporation that uses windows 10
present information and a pointing device, usually a mouse, for user interaction.

Minimum Height (Min H{)
The minimum height of a trace relative to the zero line within the sampling length.

Multiscan Average Mode
A scan is repeated up to ten times and the average is calculated automatically.

PC
See Peak Count.

Parameters

Measurement attributes such as length, speed, and direction are the parameters used in the
Tencor P-20 software.

Path (to file)

The location of a file or directory. A complete path consists of a drive identifier (A:, for
example) followed by the directory and subdirectory names. The directory and subdirec-
tory names are separated with the backslash character (A). In CADATA\TEMP\TEST.DAT,
the path to the TEST.DAT file is CADATA\TEMP.
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Peak

The distance between the mean line and the highest peak of the roughness trace or waviness
trace within the sampling length.

Peak Count (PC)

The number of peak/valley pairs in the roughness trace per unit length, projecting through
a band of width b, and centered about the mean line. Projecting through means that the
profile curve climbs above and then falls below the band. Thus, if the profile rises above
the band more than once without falling below the band, multiple peaks are not identified.
See High Spot Count.

Peak/Valley

The vertical distance between the highest peak and the lowest valley of the roughness or
waviness trace, leveled on the mean line. Also known as R, or W_ .., Maximum Peak-
to-Valley Roughness or Waviness.

Profile Length (Profl.)

The length that would be obtained from drawing out the profile in a straight line within
the sampling length.

ProflL
See Profile Length.

R3z
See Six-point Height.

Ra
See Roughness Average.

Rp
See Roughness Height.

See Root-Mean-Square Roughness.

Ry (P/V)
See Peak/Valley.
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Ry
See Valley.

R,
See Ten-Point Height.

RMS
See Root-Mean-Square.

Rpm
See Mean Peak Height.

RRWG

Acronym for raw scan, roughness, waviness, and grid. The RRWG colors represent the
mndividual color options for the graph and grid lines.

Radius

The distance from the center of curvature of the profile arc (assuming a circular profile
within the sampling length) to the profile. The measurement cursors define two points of
a circular arc. A least squares fit is performed on the points between the cursors.

Recipe
A recipe is a list of scan parameters.

Recipe ID
The Recipe ID is the name of the generating recipe.

Restore
To return data previously saved by a backup operation.

Root-Mean-Square Roughness (Ry)

The root-mean-square or geometric average deviation of the roughness profile from the
mean line measured in the sampling length.

Root-Mean-Square (RMS)
The square root of the arithmetic mean of the squares of a set of numbers.

Root-Mean-Square Slope (D)
The root-mean-square or geometric average deviation of the slope of the roughness trace.
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Root-Mean-Square Wavelength (Lg)

27 times the ratio of the root-mean-square deviation of the profile (Rg) to the root-mean-
square slope of the profile (Dy)- Lg is a measure of the spacing of local peaks and local
valleys, taking into account their relative amplitudes and individual spatial frequencies.

Root-Mean-Square Waviness (Wq)

The root-mean-square or geometric average deviation of the waviness profile from the
mean line measured in the sampling length.

Roughness

A surface is said to be rough when the surface’s deviation from flatness has many hundreds
or thousands of randomly shaped undulations. See Form Error and Waviness.

Roughness Average (R,)

The arithmetic average deviation of the absolute values of the roughness profile from the
mean line or centerline. Also known as Centerline Average Roughness. See Centerline.

Roughness Height (R)

The difference in height in the roughness profile between the values at the left and right
cursor positions of the profile.

SD
See Std Dev Heights.

SECS Interface

The Semiconductor Equipment Controller Standard (SECS) Interface provided on the
Tencor P-20 defines a computer-to-computer communications interface between the
Tencor P-20 and a host computer.

Sm
See Mean Peak Spacing.

Sampling Length
The length of trace between the cursors.

SECS

Acronym for Semiconductor £quipment Communication Standard.
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Segmented Scan

The scan is divided into segments of equal length and no data is taken between the
segments. Using this method, roughness can be measured over several short lengths spaced
equally along a straight line,

Select
To highlight an item by clicking it with the mouse or by using the keypad.

Selection bar

The highlighted bar or dotted rectangle appearing in a dialog box that indicates the option
or command button that is selected if you press the ENTER key. The selection bar can be
moved by using the keypad.

Sequence
A program of sequential scans to be performed on a single substrate.

Sequence ldentifier
The Sequence ID is the name of the generating sequence program.

Six-Point Height (Rj,)

The average height difference between the three highest peaks and the three deepest valleys
within the cursors measured from a line paralle] to the mean line and not crossing the
profile.

Slope

The ratio of the difference in vertical positions to the difference in horizontal positions of
the measurement cursors. The slope is reported as an angle in degrees.

Spatial resolution

Spatial resolution is a measure of a profiler’s capability to resolve the smallest vertical or
horizontal feature on a surface. Four primary factors determine spatial resolution: stylus
radius, short wave filtering, vertical resolution, and horizontal resolution. In practice,
stylus radius and short wave filtering are the two factors that limit spatial resolution.

Std Dev Heights (SD}
The standard deviation of the local peak heights of the roughness trace about the mean
peak height within the sampling length.

StpWwit
See Width of Step.

#271632 Rev. £E 8795



Glossary-12 Tencor P-20 Operation

Stylus Force
The force of the stylus tip when the stylus is in contact with the substrate.

tp
See Bearing Ratio.

TIR

See Total Indicator Runout.

Ten-Point Height (R,)
The average height difference between the five highest peaks and the five deepest valleys
within the cursors measured from a line parallel to the mean line.

Text cursor

The vertical straight line appearing in fields. The text cursor marks the location where
characters appear when typed.

Title bar

Each application displays a title bar at the top of the application window. The title bar
shows the application name, current recipe in parentheses, communication mode—Local
or Remote—and window control buttons.

Top Level Menu
The Tencor P-20 Top Level menu displays icons of the applications available to the user.

Total Indicator Runout (TIR)

The difference in height between the highest and the lowest points within the surface
bracketed by the cursors.

Type

Type identifies the type of data that can be saved, recalled, restored, or deleted in a
sequence. The following six preset values are available: raw trace data, point data,
sequence results, 3-D data, and any data. Statistics data is supplied within sequence results.

UpBase
The bottom of the sloping side of a step-like feature, or upward step.

UpEdge
The top of the sloping side of a step-like feature, or upward step.
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Upload
Exporting a recipe or data set to a remote host through the GEM/SECS Option.

Valley

The distance between the mean line and the lowest valley of the roughness or waviness
trace within the sampling length.

Wa
See Waviness Average.

Wy
See Waviness Height.

WD
See Peak.

Wq
See Root-Mean-Square Waviness.

Wt
See Peak/Valley.

W,
See Valley.

Waviness

Waviness of a surface is a periodic deviation from flatness, where the wavelengths
generally range from 30 to more than 100 times the average wavelength of the roughness.
See Form Error and Roughness.

Waviness Average (W,)

The arithmetic average deviation of the absolute values of the waviness profile from the
mean line or centerline. Also known as Centerline Average Waviness. See Centerline.

Waviness Height (W,))
The difference in height in the waviness profile between the values at the left and right
cursor positions of the profile.

Width of Step (StpWit)
The distance between the first rising edge and the next falling edge of a step height plateau.
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Window

Rectangular area for displaying and running an application program. The Scan application
displays the Scan window.
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INDEX

A
Adjusting optical magnification 3-14
Alignment options 3-10
Analysis report. information 7-27
Arc correction 2-26
Area- (Area of Valleys), recipe parameter 4-20
Area (Total Area), recipe parameter 4-20
Area+ (Area of Peaks), recipe parameter 4-20
Arrow keys 1-3
Auxiliary panel controls 2-5

Emergency off option 2-3
Available scan speeds 4-10
Average (Ra), recipe parameter 4-21
Average (Wa). recipe parameter 4-23
Average stress 10-2
Avg (Average Height). recipe parameter 4-19

B

Base angle in sequence 7-13
Bearing ratio. recipe parameter 4-25
Boot, definition of i-3

C

Cassettes, wafer

Handler issues 3-6, 7-23

Placing on cassette locator 3-9, 7-25
Caution boxes 1-2
Center stress 10-2
Check boxes 2-13
Checking GEM status, GEM/SECS Option 9-2
Chuck, vacuum 2-22
Command buttons 2-12
Command, definition of 1-3
Configuration window

Signal light tower 11-1
Configuration, GEM/SECS Option 9-2
Contact speed, recipe parameter 4-12
Conventions

Terminology 1-3

Typographic formatting 1-2
Coordinate system 3-6, 3-12
Cursor, definition of 1-3
Cursors

Delta averaging 6-7

Measurement 6-4

Saving current positions in recipe 6-7

Curtting depth, recipe parameter 4-25

D

Data analysis window
Cursors 6-4
Leveling 6-4
Menu bar 6-2
Parts of 6-1
Surface parameter summary window 6-1
Tool bar 6-4
Trace window 6-1
Data entry fields 2-15
Data point interval, recipe parameter 4-11
Data points, rectpe parameter 4-11
Database
Deleting items 8-4
Exporting 8-6
Importing 8-7
Printing 8-5
Reviewing items 8-3
Database menu §-1
Database window
Command buttons 8-4
Menu bar 8-2
Tool bar §-3
Database, definition of 1-4
Deleting items from database 8-4
Delta average mode, cursors 6-7
Dialog boxes 2-11
Directory, definition of 1-4
Distance to Edge (Edge), recipe parameter 4-20
Distance to edge, feature detection 6-12
Double-click, definition of 1-4
Downloading from host, GEM/SECS Option 9-4
Drag, definition of 1-4
Drop-down lists 2-16

E

Edge, feature detection 6-12

Enabling/disabling communication, GEM/SECS Option

9-2
Exporting data from database 8-6

F

Feature
Feature detection 6-9
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Recipe parameter 4-13
Feature detection 4-13, 6-8
Feature number

Feature detection 6-10

Recipe parameter 4-14
Field 1-4
Field, definition of 1-2
Fit and levei 6-24
Fit and level, recipe parameter 4-18
Fitting curved profiles 6-24
Forms 2-11

G
ge 7-27
GEM/SECS Option
Changing parameters 9-3
Checking status 9-2
Configuration 9-2
Downloading from host 9-4
Enabling/disabling communication 9-2
Menu bar 9-2
Uploading to host 9-3
User Interface window 9-1
Getting started tutorial
Aborting a scan 3-9
Lowering the measurement head 3-6
Measurement cursors 3-10
Positioning in X and Y 3-6
Printing data 3-10
Reading data 3-10
Saving data 3-10
Selecting the recipe 3-3
Starting up the system 3-1
Taking a scan 3-8
Unloading the sample 3-11
Viewing and positioning the sample 3-5
XY View window 3-4

H

Handler chuck, vacuum valve sertings 2-23
Handler options, sequencing
Cassettes 7-28
Wafer prealigner 7-28
Wafer selection settings 7-27
Handler parameters
Cassette information 3-8, 7-24
Handler tvpe 5-8, 7-24
Number of wafers 3-8, 7-24
Wafer ID tvpe 3-8, 7-24
Handler vacuum chuck 2-22
Handler, wafer
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Basics 2-21

Loading single wafers 5-9

Loading wafers 7-25

Protecting 2-21

Resetting 2-22

Setting parameters 5-8, 7-24

Vacuum chuck 2-22

Vacuum puck 3-6, 7-23

Wafer sizes 5-6, 7-22
Height 10pt (Rz), recipe parameter 4-22
Height 6pt (R3z), recipe parameter 4-22
Help 2-27
High spot count, recipe parameter 4-27
Highlight. definition of 1-4

Importing data from database 8§-7
Ind. time, recipe parameter 4-11
Instrument components 2-1
Instrument controls 2-1

K

Kevboard
Figure 2-1
Keys, description of action 2-2
Trackball 2-4

Kevboard. definition of 1-4

L

Left ievel, recipe parameter 4-18
Left measurement, recipe parameter 4-18
Leveling
Scan data 6-4
Leveling cursors
In recipe 4-17
Xt and X2 4-17
List boxes
Using 2-14
l.oading
Handler parameters 3-8, 7-24
Single wafer with handler 5-9
Wafers with handler 7-25
Loading samples
With handler 5-6
Without handler 5-5
Long wavelength cutoff
Available settings 4-17
In recipe 4-17
Lot ID 7-27
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Index-3

M
Maintaining
Recipes 4-28
Sequences 7-29
Maximum Ra (Max Ra), recipe parameter 4-21
Maximum stress 10-2
Mean Peak Height (Rpm), recipe parameter 4-22
Mean peak spacing (HSC), recipe parameter 4-27
Mean peak spacing (PC), recipe parameter 4-28
Measurement cursors
In recipe 4-17
Xtand X2 4-17
Menu. definition of 1-5
Menus
Drop-down 2-11
fcon-based 2-11
Message box 2-11
MicroHead
Electrostatic effects 5-22
Importance of mechanical leveling 5-20
Limitations on downward travel 5-18
Limits on downward travel 5-18
Scanning at low stvlus forces 5-18
Minimizing windows 2-19
Minimum plateau width, feature detection 6-11
Minimum plateau width, recipe parameter 4-14
Miscellaneous controls 2-7
Moveable windows 2-18

N

Notse filter. recipe parameter 4-13
Note boxes 1-2

o)
Operator 1D 7-27
Operator mode
Lot ID 7-27
Operator ID 7-27

P

Pattern recognition
Choosing good patterns 7-17
Deskew 7-17
Sequence 7-18
Pattern recognition deskew options
Lowest match score 7-21
Max. score to stop groping 7-22
No. of groping retry layers 7-21
Peak (Rp), recipe parameter 4-22
Peak (Wp), recipe parameter 4-23

Peak count, recipe parameter 4-27
Peak/Valley (Rt), recipe parameter 4-22
Peak/Valley (W), recipe parameter 4-23
Plateau threshold, recipe parameter 4-14
Plateau/apex threshold, feature detection 6-10
Powering down the instrument 2-27
Powering up the instrument 2-7, 3-1

Printing recipes from database 8-3

Profile type, recipe parameter 4-12

Profile. definition of 1-3

ProfL. (Profile Length), recipe parameter 4-20
Prompt, definition of 1-5

R

Rad (Radius), recipe parameter 4-20
Radio buttons 2-14
Reboot, definition of 1-5
Recipe
Definition of 1-5
Selecting current 3-3
Selecting for sequence 7-6
Recipe editor window
Bearing ratio/cutting depth 4-24
Feature detection 4-13
Filters/cursors 4-15
General parameters 4-19
High spot count/peak count 4-23
Menu bar 4-5
Parts of 4-4
Recipe information dialog box 4-8
Roughness/waviness 4-21
Scan parameter definitions 4-9
Tool bar 4-7, 8-3
Recipe parameters
Area of peaks (Area+) 4-20
Area of valleys (Area-) 4-20
Average (Ra) 4-21
Average (Wa) 4-23
Average height (Avg) 4-19
Bearing ratio 4-25
Contact speed 4-12
Cutting depth 4-25
Data point interval 4-11
Data points 4-11
Distance to Edge (Edge) 4-20
Feature 4-13
Feature number 4-14
Fit and level 4-18
Height 10pt (Rz) 4-22
Height 6pt (R3z) 4-22
High spot count 4-27
Ind. time 4-11
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Tencor P-20 Reference

Left level 4-18

Left measurement 4-18
Maximum Ra (Max Ra) 4-21
Mean peak height (Rpm) 4-22
Mean peak spacing (HSC) 4-27
Mean peak spacing (PC) 4-28
Minimum plateau width 4-14
Naoise filter (short wavelength cutoff) 4-13
Peak (Rp) 4-22

Peak (Wp) 4-23

Peak couni 4-27

Peak/valiey (Rt) 4-22
Peak/valley (Wr) 4-23

Plateau threshold 4-14

Profile length (ProfL) 4-20
Profile tvpe 4-12

Radius (Rad) 4-20

Right level 4-18

Right measurement 4-18
RMS (Rq) 4-22

RMS (Wq) 4-23

RMS slope (Dq) 4-22

RMS wavelength (Lq) 4-23
Roughness height (Rh) 4-22
Scan direction 4-11

Scan length 4-10

Scan speed 4-10

Slope 4-20

Slope threshold 4-14

Step height 4-19

Step width (StpW1) 4-21
Stylus force 4-11

Total area (Area) 4-20

Total indicator runout {TiR) 4-19
Total time 4-11

Valley (Rv} 4-22

Valley (Wv) 4-23

Waviness filter (long wavelength cutoff) 4-17

Waviness height (Wh) 4-23
Resetting the instrument 2-7, 2-27, 3-1
Resizeable windows 2-18
Resizing windows 2-19
Reviewing items from database 8-5
Right level, recipe parameter 4-18
Right measurement, recipe parameter 4-18
RMS (Rq), recipe parameter 4-22
RMS (Wq). recipe parameter 4-23
RMS Slope (Dq), recipe parameter 4-22
RMS Wavelength (Lq), recipe parameter 4-23
Roughness Height (Rh), recipe parameter 4-22
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S

Sample surface, possible damage to 4-12, 10-13
Saving 10-2

Recipes 4-28

Sequences 7-29
Scan application window 3-3
Scan direction, recipe parameter 4-11
Scan length, recipe parameter 4-10
Scan speed, recipe parameter 4-10
Scan, definition of 1-5
Screen, definition of 1-5
Scroll bars 2-16
SECS

See GEM/SECS Option 9-1
Select Stage and Slots screen 7-27

SEMI standard M20-92, wafer coord. svstem 3-6, 5-12

Sequence
Base angle 7-13
Capabilities 7-1
Deskewing twice to align theta 7-16
Groping (pattern recognition) 7-20
Manual deskew 7-14
Mode 7-6
Pattern rec. deskew 7-17
Pattern recognition deskew options 7-20
Running 7-8
Saving and maintaining 7-29
Saving scan data 7-31
Searching for pattern (groping) 7-20
Semi-automatic mode 7-6
With handler 7-22
Writing 7-8
Sequence Editor window
Data options 7-7
Handler options 7-8
Options 7-6
Recipe catalog 7-6
Sequence Information dialog box 7-5
Sort options 7-8
Tool bar 7-5
Sequence editor window
Menu bar 7-4
Parts of 7-3
Sequence Parameter Data window 7-12
Sequence, definition of 1-6
Sequencing
, wafer summary 7-12
Setting cursors 6-7
Short wavelength cutoff
 Available settings 4-16
Default values 4-16
Setting in recipe 4-15
Shutting down the instrument 2-27
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Index-5

Signal light tower 11-1
Accessing 11-1
Configuration window 11-2
Lighting examples 11-3
Lighting options 11-4
Menu bar 1]-3
Status 11-5
Voice options 11-3
Signal tower windows application 11-3
Signal tower windows application screen
Menu bar 11-3
Signal rower windows applications
Tool bar 11-4
Slope threshold
Feature detection 6-10
Recipe parameter 4-14
Slope, recipe parameter 4-20
Slot 1D 7-27
Sress scan recipe
Entering parameters 10-7
Stage
Adjustments 3-24
Configuration 5-26
Leveling 5-24
Rotating 5-25
Tilting 3-24
Std. dev. height, recipe parameter 4-23
Step height, recipe parameter 4-19
Step width (StpWt)
Feature detection 6-12
Recipe parameter 4-21
Stress
Adding a scan recipe 10-6
Analyzing the results 10-13
Average 10-2
Center 10-2
Entering an ID 10-2
Entering scan parameters 10-7
Eguation 10-1
List of scan data 10-7
Maximum 10-2
Measuring a difference trace 10-2
Measuring a single trace 10-2, 10-14
Modifying a scan recipe 10-6
Saving data 10-2
Selecting a scan recipe 10-6
Stress Windows Application screen 10-3
Taking a single, post-stress measurement 10-11
Thin film 10-1
Stress chuck 10-9
Stress scan recipe
Adding 10-6
Modifving 10-6

Selecting 10-6

Stress Windows Application 10-3
Menu bar 10-4

Stylus
Possible damage to 2-23, 2-25
Protecting 2-24

Stylus arm assembly
Possible damage to 2-25
Protecting 2-24

Stylus erros
Arc correction 2-26

Stylus force, recipe parameter 4-11

T
Terminology 1-3
Thin film stress 10-1
Total indicator runout (TIR). recipe parameter 4-19
Total time, recipe parameter 4-11]
Trace, definition of 1-6
Trackball 2-4
Trackball actions
Clicking 2-4
Double-clicking 2-4
Dragging and dropping 2-4
Trackball cursor 2-4
Tuming off the instrument 2-27
Tutorial
Getting started 3-1
Simple sequence 7-9
Typographic formatting 1-2

U

Unloading sample
With handler 5-23
Without handler 5-23
Uploading to host, GEM/SECS Option 9-3

\

Vacuum chuck 2-22, 5-6, 7-23
Lowest elevator position and 2-23
Older mode! vaive settings 2-24
Valve seftings 2-23

Vacuum puck, wafer handler 5-6, 7-23

Valley (Rv), recipe parameter 4-22

Valley (Wv), recipe parameter 4-23

W

Wafer handler
Basics 2-21
Loading single wafers 5-9
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Loading wafers 7-23
Protecting 2-21
Resetting 2-22
Setting parameters 3-8, 7-24
Vacuum chuck 2-22
Vacuum puck 3-6, 7-23
Wafer sizes 7-22
Wafer ID 7-27
Wafer Summary 7-12
Wafers
Angular orientation in handler 3-10
Cassettes 3-6, 7-23
Possible damage to 5-10
Sizes for handler 5-6, 7-22
Waviness filter. recipe parameter 4-17
Waviness height {Wh), recipe parameter 4-23
Width of step (StpWt) 6-12
Window. definition of 1-6
Windows elements
Check boxes 2-13
Command buttons 2-10, 2-12
Control menu 2-10
Data entry fields 2-13
Drop-down lists 2-16
Forms 2-10, 2-11
Help system 2-27
List boxes 2-14
Menu bar 2-10
Message box 2-11
Radio burtons 2-14
Scroll bars 2-16
Title Bar 2-9
Tool bar 2-10
Windows, working with 2-9

X

XY view window
Menu bar 3-3
Parts of 3-1
Tool bar 5-4

Y4

Zoom
See optical magnification 3-14
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Sitek

Process Solutions, Inc.

“Supplier of High Quality Semiconductor Manufacturing Equipment”

“Provide our customers with quality products at a fair price, while maintaining our delivery
commitments, service after the sale and honest business practices.”

MTI
Photolithography Tracks

MTI Photolithography Tracks represent a significant portion of the installed Photolithography Track
base. Sitek Process Solutions has several ex-MTlI employees dedicated primarily to our

Photolithography Track rebuilds. We have a substantial inventory of tracks and spare parts for both
MultiFab’s and FlexiFab’'s. Our East and West Coast Service Centers are fully capable of on-site
service and repairs anywhere in the U.S. and Canada.

Semitool
Spin Rinse Dryers & Spray Solvent Tools

Sitek Process Solutions has focused a great deal of energy on Semitool Products. Our most
significant influence in the refurbished market has been on Semitool Spin Rinse Dryers (SRD’s) and
Semitool Spray Solvent Tools (SST, WST, & WSST). Our inventory is continuously stacked with 47,
57, 6" & 8" capable systems in the “S”, “ST” and “F” models. Service and Service Contracts are
handled from both the East and West Coast Offices.

Refurbished Systems
Semiconductor Fab Equipment

Our focus is primarily on “Front End” Fab Equipment. Sitek Process Solutions is in regular contact
with suppliers of Semiconductor Manufacturing Equipment all over the world. This network of
equipment suppliers makes it possible for our company to recognize significant systems. Our
experience allows us to buy quality tools at the lowest price possible.

We have over 100 years of combined experience with Semiconductor Manufacturing
Equipment and are here to serve you...

233 Technology Way, Building A-3, Rocklin, CA 95765 Phone: 916-797-9000 Fax: 916-797-9009
www.sitekprocess.com




