T
'l | e

A Mew Light On E.'uuum-,-*""';-

SCHMITT
MEASUREMENT
SYSTEMS, INC.

uScan™ SCATTEROMETER

User’s Manual

085-923-101
Revision 3
Software Version E






Limited Use License Agreement

YOU SHOULD CAREFULLY READ THE FOLLOWING TERMS
AND CONDITIONS BEFORE OPENING THE PACKAGE CON-
TAINING THE COMPUTER SOFTWARE AND HARDWARE LI-
CENSED HEREUNDER. CONNECTING POWER TO THE MI-
CROPROCESSOR CONTROL UNIT INDICATES YOUR AC-
CEPTANCE OF THESE TERMS AND CONDITIONS. IF YOU DO
NOT AGREE WITH THEM, YOU SHOULD PROMPTLY RETURN
THE UNIT WITH POWER SEAL INTACT TO THE PERSON
FROM WHOM IT WAS PURCHASED WITHIN FIFTEEN DAYS
FROM DATE OF PURCHASE AND YOUR MONEY WILL BE
REFUNDED BY THAT PERSON. IF THE PERSON FROM
WHOM YOU PURCHASED THIS PRODUCT FAILS TO REFUND
YOUR MONEY, CONTACT SCHMITT MEASUREMENT SYS-
TEMS, INC. IMMEDIATELY AT THE ADDRESS SET OUT BE-
LOW.

Schmitt Measurement Systems, Inc. provides the hardware and
computer software program contained in the microprocessor con-
trol unit, and licenses the use of the product to you. You assume
responsibility for the selection of the product suited to achieve
your intended results, and for the installation, use and results
obtained. Upon initial usage of the product your purchase price
shall be considered a nonrefundable license fee unless prior writ-
ten waivers are obtained from Schmitt Measurement Systems, Inc.

LICENSE

a. You are granted a personal, nontransferable and non-
exclusive license to use the hardware and software in
this Agreement. Title and ownership of the hardware
and software and documentation remain in Schmitt
Measurement Systems, Inc.;

b. the hardware and software may be used by you only on
a single installation;

c. you and your employees and agents are required to pro-
tect the confidentiality of the hardware and software.
You may not distribute, disclose, or otherwise make the
hardware and software or documentation available to
any third party;

d. you may not copy or reproduce the hardware and soft-
ware or documentation for any purpose;

e. you may not assign or transfer the hardware and soft-
ware or this license to any other person without the ex-
press prior written consent of Schmitt Measurement
Systems, Inc.;

f.  you acknowledge that you are receiving only a LIMITED
LICENSE TO USE the hardware and software and re-
lated documentation and that Schmitt Measurement
Systems, Inc. retains title to the hardware and software
and documentation. You acknowledge that Schmitt
Measurement Systems, Inc. has a valuable proprietary
interest in the hardware and software and documenta-
tion.

YOU MAY NOT USE, COPY, MODIFY, OR TRANSFER THE
HARDWARE AND SOFTWARE, IN WHOLE OR IN ANY PART,
WITHOUT THE PRIOR WRITTEN CONSENT OF SCHMITT
MEASUREMENT SYSTEMS, INC.

IF YOU TRANSFER POSSESSION OF ANY PORTION OF THE
HARDWARE OR SOFTWARE TO ANOTHER PARTY, YOUR
LICENSE IS AUTOMATICALLY TERMINATED.

TERM

The license is effective until terminated. You may terminate it at
any other time by returning all hardware and software together
with all copies of associated documentation. It will also terminate
upon conditions set forth elsewhere in this Agreement or if you fail
to comply with any term or condition of this Agreement. You agree
upon such termination to return the hardware and software to-
gether with all copies of associated documentation. In the event of
termination the obligation of confidentiality shall survive.

24 MONTH LIMITED WARRANTY

EXCEPT AS STATED BELOW IN THIS SECTION THIS PROD-
UCT IS PROVIDED “AS IS” WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT
NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Schmitt Measurement Systems, Inc. does not warrant that the
functions contained in the product will meet your requirements or
that the operation of the product will be uninterrupted or error free.

Schmitt Measurement Systems, Inc. does warrant as the only
warranty provided to you, that the product which is furnished to
you, will be free from defects in materials and workmanship under
normal use for a period of twenty-four (24) months from the date
of delivery to you as evidenced by a copy of your warrant receipt.

LIMITATIONS OF REMEDIES

Schmitt Measurement Systems, Inc.’s entire liability and your
exclusive remedy shall be:

1. the replacement of any hardware and software not
meeting Schmitt Measurement Systems, Inc.’s “Limited
Warranty” and which is returned to Schmitt Measure-
ment Systems, Inc. or an authorized Schmitt Measure-
ment Systems, Inc. dealer with a copy of your purchase
receipt, or

2. if Schmitt Measurement Systems, Inc. or the dealer is
unable within ninety (90) days to deliver a replacement
product which is free of defects in material or workman-
ship, you may terminate this Agreement by returning the
product and your money will be refunded you by the
dealer from whom you purchased the product.

IN NO EVENT WILL SCHMITT MEASUREMENT SYSTEMS, INC.
BE LIABLE TO YOU FOR ANY DAMAGES, INCLUDING ANY
LOST PROFITS,LOST SAVINGS OR OTHER INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR
INABILITY TO USE SUCH PRODUCTS EVEN IF SCHMITT
MEASUREMENT SYSTEMS, INC. OR AN AUTHORIZED
DEALER HAD BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES, OR FOR ANY CLAIM BY ANY OTHER PARTY.

SOME AREAS DO NOT ALLOW THE LIMITATIONS OR EXCLU-
SION OF LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES SO THE ABOVE LIMITATION OR EXCLUSION MAY
NOT APPLY TO YOU.

GENERAL

You may not sublicense, assign or transfer the license or the
hardware, software, and documentation except as expressly pro-
vided in this Agreement. Any attempt otherwise to sublicense,
assign or transfer any of the rights, duties or obligations hereunder
is void.

This Agreement will be governed by the laws of the United States
and the State of Oregon, United States of America.

Should you have any questions concerning this Agreement, you
may contact Schmitt Measurement Systems, Inc. by writing to:

Schmitt Measurement Systems, Inc.
2765 NW Nicolai St.
Portland, Oregon 97210 USA

YOU ACKNOWLEDGE THAT YOU HAVE READ THIS AGREE-
MENT, UNDERSTAND IT AND AGREE TO BE BOUND BY ITS
TERMS AND CONDITIONS. YOU FURTHER AGREE THAT IT IS
THE COMPLETE AND EXCLUSIVE STATEMENT OF THE
AGREEMENT BETWEEN YOU AND SCHMITT MEASUREMENT
SYSTEMS, INC.



SMS Publication: 085-923-101

September 25, 2000

Copyright 2000
By Schmitt Measurement Systems, Inc.

All rights reserved. The reproduction or utilization of this work in any form or by any electronic, me-
chanical, or other means, now known or hereafter invented, including xerography, photocopying, and
recording, and in any information storage and retrieval system is forbidden, unless otherwise noted,
without the written permission of Schmitt Measurement Systems, Inc.

CASIO, TASCO and pSanl are trademarks of Schmitt Measurement Systems, Inc.



Contents

WHAT IS LIGHT SCATTER? ..ottt ettt ekttt e e st b et e e ea bttt e s bb et e e sanee sanneeeeanneeeas 1-1
WHY MEASURE SCATTERED LIGHT? ...ttt sttt e e s 1-2
MEASUREMENT TECHNIQUES AND .....oiiiiiiiiiiie ittt ettt ettt sts e ate e s be e sbee e sabeessbeeesnneesaenn 1-2
TOTAL INTEGRATED SCATTER ...ttt sttt ettt bt s e e nbe e e ebe e e sare e beeennneas 1-2
BIDIRECTIONAL SCATTER DISTRIBUTION ...ttt sttt ettt st sine e e e snnee e e 1-3
SURFACE ROUGHNESS ... oottt stttk sn e sm e e e s sn e e sane e e nne e e sareesnee e e nnneeanneens 1-4
INSTRUMENTATION AND MEASUREMENTS ...ttt 1-7
INSTRUMENTATION ...ttt ettt sttt s e skt e s et e sa e e st et e se b e e s an e e e ate e e nnn e re e e nnneennneennneas 1-7
L7 ] T PO P TP 1-7
LIS T O PP PPPPRPPPPPRN 1-8
pScan™. A third type of SMS Scatterometer iS the ...........cooiiiiiiiiiiie e e 1-8
MEASUREMENTS ..ottt ettt etttk e ekttt e 4 e skt e 4k bt e e ek et o4 e a b bt e e e n b e e e e eanbe sambbeeeanbeeeeennres 1-9
RASTER MEASUREMENTS ...ttt ettt st e e et e e abb e e e e n b et e e annbe saanreeeeannes 1-9
NOISE AND ENVIRONMENT ..ottt ettt sttt sttt be et e e e sab e e s be e e be e e nbeeesabeeebe sebeeennneas 1-10
COORDINATES ...ttt b ettt b et bt e e ek et e sh bt e e b et e ke e e ab b e e 4R b et e b et e ehb e e eabeeambe e e s 2 enbeeebeeennneennneas 1-12
TERMINOLOGY ...ttt ittt ettt ettt ettt ettt te ettt e sttt e ket e ket e b bt e aa bt e e ke e e ke e e ke e e aa b e e e ke e e ebeeeabe 2 embeeebneenabeesnneas 1-12
SAMPLE COORDINATE SYSTEM ...ttt ittt e s e sne e nnne snnees 1-13
SCATTER COORDINATES ..ottt ettt ettt s e s s et e nne e e snr e s re e e amne e s £ennneennreas 1-13
BEAM COORDINATES ...ttt ettt sb e e s e e sar e s R e e sm s e e ssne e snne e sne e reesnreeeneeens 1-15
RELATIONSHIPS BETWEEN BEAM AND SCATTER COORDINATES........cooiiiiiiiiiee e 1-15
LTI @ 35T 2 o OO PUTOPPRPTPPRRN 1-16
BIBLIOGRAPHY ..ttt ettt ettt e+ttt e e ekttt e e et bt e e e e a bt e e e ek bt e e e aabb e e e ent £eeanbbeeesanbeeeeennnes 1-18
FIGURES ...ttt ettt e okt e oot et e e ook b et e e ok bt e oo ea b et e e o bbbt e e aabee £anbbe e e e anbeeeeaanbeeeeannns 1-20
INTRODUGCTION ....ceteteeiittte ettt ettt s ettt skttt e ekt e ookt e e e e oa bttt e okt et e e 4a ke et e e am ke e e a4 kb et e e ambee £ aabbeeesanbneeesnnneens 2-1
PRECAUTIONS AND SAFETY .ottt ittt ettt ettt s sttt ettt s e bt e e s s bt e e e b b e e e s anbbe e e enbee sanreeeeannes 2-1
SAFETY MAINTENANCE ... .ottt ettt ettt ettt e he e sbe e e sa bt e e abe e e shbeesabeeasbeeeabeeesabee hbeesnbeeanneeans 2-2
EYE PROTECTION ...ttt ettt ettt ettt ettt ettt et hb e sk bt e st e e e e ke e e shb e e eab e e eab e e e eb bt e shbe e ambeeembe e e seessbeesnbeeennreenens 2-2
SPECIFIC HAZARDS ... .ottt ettt sttt bt h e e bt e e bt e e e be e e sa ke e e ket e sbs e e sbbeesabe e beeesbbeesnbeeanbeeans 2-2
GENERAL DESCRIPTION .....ciitiiiititeititeite sttt sttt res e ssseessne s me e nmeeesmne s sne s e smesessneesnneeaneee nreesaneeanneeans 2-3
INSTALLATION .ot iitteitte ettt ettt st e st ss e e s s s e e s s et e 4R et e aR et e eh et e emn e e e R e e e am R e e nmn e shneennneeanreeennneennneas 2-4
CHARGING STAND ...ttt ettt et e e e rt bt e e e b bt e e e aabee e e e ek be e e e aabb e e e e abbe e e e anbbe sanbbeeesanbeeeeennres 2-4
CONTROL UNIT 1ttt ettt et e e ek bt e e e st bt e oo ek b et e e ekt e e e e ambe e e e et beeees beeeeanbbeeeeanbeeeeannnes 2-4
L@ =y N [ ] PO T PP TP 2-4
CONTROL UNIT FUNCTION KEY'S .ottt ittt ettt ettt e e sttt e e sbe e e e s ssbe e e e s abneeeean seeeeaaes 2-4
POWER KEYS.. .ottt ettt ekttt e s ettt o4 bttt 442k et e 4 skt e e 4 kb et e e e b et e e a b b e e e hbeeeeanbreeeanbeeeeannnes 2-4
DIAGNOSTICS ..ottt ettt sttt e skt a4 sk bt e e 4R b et e o4k b et e e e s bbb e e e s b et e e aasbe e e e bbb e e eanbeeeeensbeeeeannnes 2-5
MESSAGE DESCRIPTIONS, NORMAL SEQUENCE ..........cciiiiiitiieiiie ettt s 2-5
DIAGNOSTIC MESSAGES, ABNORMAL OPERATION .....coiiiiiiiiiiiteiitesiiee ettt 2-6
ARROW KEYS ...ttt ettt sttt b et s h bt e e bt e ekt e e ek et e sh bt e o2 ke e 2 ke e ek e e e sabe e e be e e be e eeesabeeanbneesaneennneas 2-6
CONTROL KEYS...o ittt itee ettt sttt s et e bt e s a e e o R e e e be e e e R et e saRe e e R e e e s Re e e e sneeaan £ anneeennneennreeanneeans 2-7
S PO PR R UP PRSP 2-7
LCD DISPLAY ILLUMINATION ...ttt ittt ittt ettt ettt sttt sms e s e s s s nme e e snseesnn e e snne s e nnee saneeennneennns 2-7
MEASURE KEY ...ttt ittt ettt ettt ettt e ettt e 4kttt e okttt e 4 e a b et e 4 st bt e e aab b e e e e anbbe e e en beeesanbaeeeesbeeesnnnnes 2-7
T N OSSPSR 2-7
HUSCAN MENU FUNCTIONS ...ttt ettt sttt e et e s bt e e e s st e e s anb e e e s anbe e e e eeeeanbaeeeenres 2-7
IMAIN IMEINU ...ttt ekttt e okt e 4Rkt e 4 s bt e e ek bt e e a b bt e e e s b e e e Sabbe e e e nb e e e e anb e e e e ennns 2-7
MEASURE MENU <.ttt e ekt e 4 a bt e e ek et e e e a b bt e e e st e e e e ent £ e anbbe e e e nbeeeeannnes 2-7
LI L =TT TP PP PR PPPPPPRPPPPPN 2-8
RMS ROUGHNESS.......cceieteiie ettt h et st e e b e e b e e e ket e aabe e e b et e be e e abeeean £ e snbeeenbeeennneenens 2-8
REFLECTANCE ...ttt ettt etttk ekt sk bt e o ket e e b et e b bt e sab e e e be e e shb e e shbeeambee sbeeesbneesnbeeanbeeans 2-12
SAVE et R e R e R e e e e o R e e e aR e e aaRe £ Re e e Re e e aEn e e nn e e neeennnean 2-12



SETUPR IMENU ...ttt e e ettt e e e e et e e bt e e eeeeee st e e e aeeeastaan e eeee st seeeeeesnstanaaaeaaes 2-12
1 RSSO 2-12
Y= 1= Tox B (PP 2-12
o o 1 OSSPSR 2-12
RENAIME FlE ...ttt e e e oottt et e e e e o e e aa bbb e e e e e e e e e e s nae e e e s nnbbnneeeaeaeesaannnnns 2-14
(D] [T (o [ PP PP PO PPPUPPPRPTN 2-15
BAUD RATE ... ttiii ittt ettt ettt e e ettt e e e sttt e e e sttt e e e ek be e e e e sste e e e e an b beee e e s beeeeeanbbeeeeansbee st e e e snbeeaeeannbeeeeansres 2-15
HEAD CONFIGURATION ...ciiiittite ettt ettt sttt sttt e e sttt e e s st e e e s st e e e e s ans e e e e ensbaeeeaanbbeeessesnnbeeeeennees 2-15
SUMMARY ettt ettt e bt e e st et e e e st be et e e aa bttt e e ettt e e e e aRbe e e e e aA b b e e e e e R be e e e e eR b et e e e et bebee e e e e bbeeeeeanreeeeeane 2-15
Y L@ O PSPPSR 2-15
LN 2-15
SYSTEM INFORMATION ...ttt e e ettt e e e e e e e e aa bt e e e e e e aetta e eeeeeeas b eeeaeeessennreessnnnnneens 2-16
S Y X O @1 1 T PR RPN 2-16
SERIAL PORT CONNECTION ....iiiiiiiiiie ittt ciiie e sttt e s sttt e e stae e e e s stba e e e s sstaaeeesntaeaaesastaeeessntaeeeesssaraeaeesanes 2-16
pScan SERIAL PORT COMMANDS . ... ..ottt ittt ettt st e s e e st e e st e e e antbe e e s nstaeaesnbeeeeansaeeeeans senees 2-16
FIGURES .....ieiie ittt ettt ettt e sttt e ekttt e ea ettt e e as bt e e a4 sbe e e e ante e e e e s be e e e ansbee e e anbeea e seeeeeanseeeesssaenennneeeas 2-19
PRECAUTIONS AND SAFETY . ittttteiitit ettt ettt ettt s sttt e e sttee e e ssta e e e ssteeeesntteeeasntseeessaaeeesnsbeee s seeesnneeeens 3-1
SAFELY MAINTENANCE ...coiiiiiiiiiiei ettt oottt e e e e e ekt ettt e e e e e o e bbbe et e e e e e e s abbb bt eeaas £eesanbbebeeaaeesaannnrees 3-1
Y= (] (=T ox 1 o] o SRR 3-2
S =T ool o o V- T o £ SRR 3-2
Part 4: PC OPERATION AND SOFTWARE ...ttt sttt aee e s eesnn s 4-1
LN I @ 101 O I 0 SRR 4-1
ERROR MESSAGES ... .ottt e e e e e et e et s e e e e e et eee e e s e e eeeeeaestan s aaeeeaeeeeenrnnaanss 4-1
1IN B3I AN 1 PPN 4-1
L@y N I PRSPPI 4-2
USING ISCAN....ceiiiiiitiiit ittt e e oottt e e e s e e e et e e e e e s e b e et et e e e s e aan b e seeb b r e et e e e e e saernreeeee s 4-2
IMOUSE OPTION L..oiiiiiitiiie e ittt ettt et e e et e e e st e e e e et teeeestaeeeeasbaeeeatbeeeesntaeeeessbaaeeantaeees seaeeesassneeesnsaeaenns 4-3
F Y 2O 1O T o 1 o PSPPSR 4-3
L@ I 10 VS S RSP RR 4-3
SETUP SERIAL PORT L..etiiiiiiiiti ittt ettt sttt e sttt e e s stteeaessteeeeaasbaeee s taeeaeassseeeasbseeesasseeeeansseeean seeeesnsbeeesnnsees 4-3
SET USCAN TIME & DATE ..ottt ettt sttt ettt ettt e sttt e e sa et e e sttt e e s bt e e e e anbe e e e sbbe e e e teeesnsaeeesnnneeas 4-3
SELECT USCaN CONFIGURATION ... .ottt ittt sttt sttt e sttt e e s antbe e e st e e s ssbe e e s snbbeeesanbeeeeasbeee e eeeesnnnes 4-3
DISPLAY SYSTEM INFORMATION ....uuiii it e e e e ettt e e e e e e e e e e et s e e e e e e e e e atataa e e eeeeeee sernnanss 4-3
UPDATE CONFIGURATION FILE ... ittt e ettt e s e e e e e e e et e s e e e e e e e aa b s s e e e aeee sensrnnnnns 4-4
YN U S 4-4
2 T PSPPSR 4-4
S N PSSP 4-4
MEASURE FILE NAME .....coiitiiii ittt ettt ettt e sttt e e et e e e st e e s st b e e e staeeeesstaeaesasbeaeeaataeeeeasbaeeeantee sessteeeesnsseeanss 4-4
1 PP PPPTRRR 4-5
HUSCAN FILE HANDLING ....cceiititi ettt ettt e st e e e se e e e s bt e e e aabe e e e e st beeeeanbbeeeeanbeeae s eeeessbaaasanseeeenns 4-5
READ FROM DISK ...ciiiiiiiiieitiite sttt st te e s sttt e e s tte e e e ssteeeeaatbeeeeantaeeeassbeeeeabseeeessbaeeesasbeees aeeessssneessnssenenns 4-6
SELECT CONVERSION TYPE... .o ittt sttt e sttt e e e s st e e e et e e e snbbe e nbbeeeeanneas 4-6
L1 NN Y PR PP 4-6
5] PR OTPPRTRRR 4-7
BANDWIDTH LIMITS ..ottt ettt s e e e e e et e e e e e et e e e te b e e s eeaeeeeasstaan s eeeaaeeenssnen sanseeeeeeeeessnnnnnss 4-7
THRESHOLD VALUES ...ttt e e s e et e e ee s e e e e et e e e ee b e e s eeeeeeeaataaa e eeeeeeeee seeernnnnnaeeeees 4-7
D P 4-7
DISPLAY TABLE ..ottt ettt e et e e ettt e e st et e e e et ba e e e s taeeeeastaeeeetbaeeesntaee sasbaeeeentaeeeearreeeans 4-7
DISPLAY STATISTICS .oiii i ititi ettt ettt e ettt e st e e e st e e e s ta e e e e st ba e e e e tbeeeesntaeeeaasbaaeesntaeeeeass seesssteneesnsaeeanns 4-9
L@ 11 1 I N PSP 4-11
L o SRS 4-11
) SRR 4-11
APPENDIX A ERROR MESSAGES ...ttt sttt sttt et e e s e e eeees 4-11
APPENDIX B DATA FORMATS ...ttt ettt ettt ettt ettt e sttt e e sab e e s sste e e e snbbe e e e snbbeeesnaee s annnneeas 4-14



INTRODUCTION

Introduction

Congratulations on your purchase of the Schmitt
Measurement Systems, Inc. (SMS) pScan™ Sys-
tem. SMS, the leader in light scatter measure-
ment technology, has developed this portable sur-
face measurement instrument that allows the op-
erator to rapidly take measurements at the sam-
ple—where you need them—in seconds.

The pScan System offers several features that
provide for easier operation and require minimal
operator training.

Features

» Microprocessor controlled
Interchangeable measurement heads
RS 232 serial port

« Rechargeable battery or external power
¢ PC compatible software

Liability Limit Notice

0 The procedures outlined in this manual
are based on the best industrial informa-
tion available at the time of publication,
and if followed, will permit safe operation.

O Schmitt Measurement Systems, Inc. will
not be liable for any damage or injury aris-
ing out of failure to follow the instructions
and cautions contained in this manual.

O SMS will not be liable for failure to exer-
cise due care and caution during the op-
eration of this equipment.

O SMS will not honor our warranty on any
device that has been disassembled by
anyone other than SMS authorized per-
sonnel.

Inspection and Packing Notice

This instrument has been thoroughly inspected
and carefully packed prior to shipment. If the
packing container is damaged upon receipt,
please notify Schmitt Measurement Systems, Inc.
immediately.

Upon receipt and prior to removing the instrument
from its shipping container, please verify that the
shipping invoice compares with the original pur-
chase order. When removing the instrument from

the ship-ping container, compare the items re-
ceived with

the shipping invoice to ensure that no error was
made. If there is any discrepancy in either the
order or the shipment, please contact the Schmitt
Measurement Systems, Inc. Shipping and Receiv-
ing Department immediately.

Comments and Suggestions

Schmitt Measurement Systems, Inc. would be
pleased if you would provide us with your com-
ments, corrections, or suggestions relating to this
manual or the uScan System. Please send to:

pScan System Manual Editor
Schmitt Measurement Systems, Inc.
2765 NW Nicolai St.

Portland, OR 97210

Phone: 503/227-5178
FAX: 503/227-5040

Additional Copies

To order additional copies of this manual, contact
Schmitt Measurement Systems, Inc. and request
the uScan System User’s Manual, Part Number
085-923-101.

About This Manual

The purpose of the SMS puScan Manual is to pro-
vide information for installing and operating the
instrument and managing data resulting from
measurements you make.

The Tutorial contains general information about
light scatter, its measurement, analysis, data
curves, noise, samples, coordinate systems and
other topics important to the understanding of the
operation and use of SMS Scatterometers. Ex-
perienced users may need only to review this
chapter for reference purposes. Others may find
this information important as they begin to work
with light measurement equipment.

Other sections contain information specific to the
pScan instrument. Information is presented with
the point of view that you are going to unpack, set
up, install software, make measurements and ana-
lyze data.

It is important that you thoroughly understand the
information presented in order to obtain the maxi-
mum utilization of this instrument.
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Other References

Technical references on light scatter and meas-
urements are listed in the Tutorial bibliography. It
is suggested that you review the Microsoft 0 MS-
DOS User's Guide and User's Reference if you
are not experienced with the computer operating
system.

This manual is designed to enable you to proceed
step-by-step through system setup and operation

of the SMS pScan System. To help you find spe-

cific information, the manual has been divided into
five parts:

Introduction
0 Partl Tutorial
0 Part2 Control Unit
O Part3 Measurement Head
0 Part4 PC Operation and Software

Carefully following the procedures outlined in this
manual should answer most questions on how to
set up and operate the system. If there are any
guestions regarding operation, do not hesitate to
contact your sales representative or SMS directly.

Hardware Safety Precautions

Before operating any portion of this instrument, it
is important to become familiar with the proce-
dures outlined below.

It is important to understand the dangers of using
the Surface Roughness and Scatter Measurement
Instrumentation improperly. Every effort has been
made to ensure user safety and the safety of by-
standers. The procedures presented here must be
followed to obtain the safest possible environment
for both the operators and the instrument itself.

Electrical Shock Hazards

WARNING

The voltages and currents used in this equipment
are potentially dangerous and normal precautions
should be exercised when operating this equip-
ment.

Vi

Before using any portion of this equipment, com-
plete these tasks:

O Make sure that none of the components
are placed in standing water.

O Ensure that the power supply cord is con-
nected to an AC source of the correct
voltage and frequency. Equipment is
supplied with a three-wire, grounding-type
power cord. Connect only to a properly
grounded three-wire receptacle.

O To prevent damage, ensure that any ex-
tension cord is sized properly for its load
and length.

O Locate power cords and bus cables where
they will not become damaged.

O Turn the system power off at the Power
Supply to prevent damage to system
components before connecting or discon-
necting any individual items.

O When operating, do not place the Meas-
urement Head, Control Unit, Charging
stand, and cables on or near sources of
heat.

O Always disconnect primary AC power from
the equipment before performing any ser-
vice or maintenance work.

Optical Injury Hazards

WARNING

The laser power source is enclosed in a specially
designed housing to provide protection from inad-
vertent exposure to laser radiation. DO NOT at-
tempt to perform any maintenance or disassembly
of this optical assembly.

To avoid the risk of any possible exposure to
harmful radiation, DO NOT stare or look directly
into the laser beam and exit aperture on the bot-
tom of the Measurement Head.

Use of control or adjustments, or performance of
procedures other than those specified herein may
result in hazardous radiation exposure.
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Activate the laser only when the Measurement
Head is placed on the sample. An audible warn-
ing is given from the Control Unit when the laser is
ON and radiating energy.

O All lasers are classified by the Center for
Devices and Radiological Health, (CDRH)
of the U.S. Food and Drug Administration
and by ANSI Z-136. The classification phi-
losophy is based upon human access and
potential hazards.

O Class | lasers are low-powered and do not
emit hazardous radiation under normal
operating conditions. Equipment, such as
laser printers and bar code scanners, are
examples of this class.

0 Class | laser operation does not require
any special devices for eye protection.

0 Some Measurement Head models contain
a Class Il laser. Class Il lasers do not
have enough output power to accidentally
injure a person, unless the viewer con-
tinuously stares into the laser beam.

O Class Il laser operation does not require
any special devices for eye protection.

O This instrument is specifically designed to
reduce concerns of using a Class Il laser
device. The laser source is enclosed in the
laser optical assembly to reduce the pos-
sibility of stray laser radiation. The exit ap-
erture is clearly marked.

O Maintenance beyond normal operating
procedures should be performed only by
factory authorized personnel.

Safety Considerations: Complies with all appli-
cable laws for the manufacture of laser devices.
This system is classified by the Center for Devices
and Radiological Health (CDRH) as a class Il laser
device. Class Il systems: do not stare directly into
the laser source or point the laser at another’s eye.
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Part 1 TUTORIAL

Part 1. TUTORIAL

INTRODUCTION

This chapter provides the background information
about light scatter, which you may find helpful for
operating the SMS Scatterometer instruments. Us-
ers not acquainted with optical scatter are encour-
aged to study this chapter before using SMS instru-
mentation. Those with a background in this technol-
ogy may prefer to skip this chapter or to refer to it
only occasionally.

For more information on the subject, see the techni-
cal papers listed in the bibliography, or refer to the
book Optical Scattering: Measurement and Analysis
by John C. Stover (McGraw-Hill, 1990) upon which
this chapter is based.

WHAT IS LIGHT SCATTER?

Anyone who has played pool is acquainted with the
basic law of reflection - “the angle of incidence
equals the angle of reflection.” A beam of light re-
flected from a mirror follows this rule - alImost. Actu-
ally, all of the light is absorbed by the reflector and
then radiated as the reflected beam. If the reflector
is perfectly smooth and formed of a perfectly uniform
material, all of the reflected light will be contained in
a “mirror image” of the incident beam (Figure 1).
This beam of light is often referred to as the specular
beam. However, if the surface is rough (even on an
atomic level) some of the light will be reflected (or
scattered) out of the specular beam into the hemi-
sphere in front of the reflector (Figure 2).

Rougher surfaces completely diffuse the incident
light so that the specular reflection completely dis-
appears (Figure 3). The resulting patterns may be
observed by placing a white piece of paper in the
specular direction as shown in Figure 2 by the dot-
ted line.

Different surfaces scatter light differently. For ex-
ample, periodic tool marks on a surface will cause a
periodic structure in the scatter pattern (Figure 4),
while a polished or ground surface will scatter light
more uniformly (Figure 5).

Even small inclusions or bubbles in a transparent
solid will scatter light. Emulsified liquids such as

SURFACE
NORMAL

INCIDENT I

PERFECT REFLECTOR

FIGURE 1
REFLECTION FROM A PERFECTLY
SMOOTH SURFACE

SURFACE
NORMAL

INCIDENT
BEAM

SPECULAR

OBSERVATION
SCREEN

FIGURE 2
REFLECTION FROM A SLIGHTLY
IMPERFECT SURFACE

dairy products and machine coolants scatter light in
a way that depends on droplet concentration and
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size. In short, virtually everything scatters light. You
see this page and the words on it because they scat-
ter light.

INCIDENT
BEAM

FIGURE 3
REFLECTION FROM A VERY
ROUGH SURFACE

WHY MEASURE SCATTERED LIGHT?

Although measurement of scattered light is a fast,
sensitive quality check for a variety of industrial ap-
plications, hundreds of quality and process control
inspections are still done by visually inspecting sur-
faces. We won't argue speed and cost issues here;
however, two other important contributions to quality
control are made by light scatter measurements.

The obvious one is that computerized instrumenta-
tion provides a record keeping process that is be-
coming increasingly important. This information is
needed to apply Statistical Process Control (SPC)
techniques to product quality verification. The sec-
ond, however, is equally important. Not only can the
eye be tricked, or distracted, into missing critical de-
fects, it also does not quantify the result. Pass/fail
decisions are subjective, not objective. On the other
hand, scatter measurements can be quantified, and
collected data can be used to improve manufactur-
ing processes.

The optics industry, for example, has used scatter
measurement techniques for a number of years to
ensure that scatter does not reduce product quality.
However, even greater potential awaits industries

outside of optics. By documenting defects or proc-
ess characteristics, industries as diverse as paint,
paper, machining and automotive manufacturers
have the opportunity to improve their products and
decrease overall manufacturing costs.

MEASUREMENT TECHNIQUES AND
TERMINOLOGY

Several techniques have been developed for meas-
uring scatter, from full capability laboratory Scat-
terometer to application-specific devices designed to
bring speed and repeatability to one measurement
requirement. But to understand how these instru-
ments work, you must also be familiar with light scat-
ter terminology.

TOTAL INTEGRATED SCATTER

One of the first places to start with scattered light
measurement is with the collection of as much scat-
tered light as possible. This measurement, Total
Integrated Scatter (TIS), is especially useful for fast
measurement of non-uniform scatter patterns, such
as for machined parts (see Figure 4). The reason is
that TIS measurement is independent of sample
(and pattern) rotations.

FiELUEL 4
SCATTER FROM FERDOIC TODL MaRKS

Several techniques are available. The one shown in
Figure 6 traps the scattered light in a diffuse, white
integrating sphere. Typically, a beam of light is re-
flected off the surface and back into a sphere where
as much of the scattered light as possible is meas-
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ured. A single detector then samples the resulting
uniform illumination of the interior, which is propor-
tional to the total scatter.

FGURE 3
SCATTER FROM A POUSHED SURFACE

TIS equals the ratio formed by the scattered power
divided by the specular reflection (which is also
measured). When TIS measurements from different
instruments are compared, care must be taken to
ensure that the same band of collection angles is
used. If the sample is relatively smooth, then the
surface Root Mean Square (RMS) Roughness, may
be found from the TIS as indicated in Figure 6.

One limitation of this type of measurement needs to
be pointed out. TIS measurements are not really
“total” because some light is lost at the entrance/exit

aperture and at the waist of the hemispherical mirror.

In addition, the instrument is less sensitive to high
angle scatter than near specular scatter because
detector response is lower for light incident at higher
angles. Sometimes instrumentation is designed to
specifically block angular segments of scatter from
being collected (or integrated).

With these caveats in mind, many industrial surfaces
could value from this type of measurement. For ex-
ample, the roughness of aluminum soft drink can
stock could be measured in this way, as could high
gloss painted surfaces and smooth machined sur-
faces. TIS measurements have historically been
made with table top instruments for inspection; how-
ever, SMS is now producing hand-held (or robot-

held) heads for process control as part of our uScan
line of instrumentation.

SAMPLE |

FIGURE 6

AN INTEGRATING SPHERE
USED TO MEASURE TIS

BIDIRECTIONAL SCATTER DISTRIBUTION
FUNCTION (BSDF)

Although extremely useful in some applications, TIS
instrumentation is not always appropriate for scatter
measurements, particularly when a more complete
measurement of the scatter pattern is required. For
this reason, researchers began measuring scattered
light as a function of angle from the specular. This
work resulted in Scatterometer instrumentation
which measures the Bi-directional Scatter Distribu-
tion Function (BSDF), which is now the generic term
commonly used to quantify scattered light patterns.

BSDF is defined in terms of the incident power, scat-
tered power, and geometry of reflected scatter. It is
equal to the scattered power per unit solid angle
normalized by the incident power and cos (6g).
BSDF =
Pj COS6g

Where: Pg = measured scattered power

Q= A/R? solid angle given by receiver ap-
erture (A) and sample to receiver radius (R)
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65 = measurement position from surface
P; = power incident on the sample

This equation works for all angles of incidence and
all angles of scatter. The cos(8g) factor adjusts the

area illuminated to its apparent size when viewed
from the direction of scatter.

NOTE

The generic term BSDF is used throughout the re-
maining chapters and on SMS Scatterometer soft-
ware screens unless it is necessary to refer specifi-
cally to a reflective (BRDF), transmissive (BTDF), or
volume scatter pattern (BVDF).

Figure 7 shows a log-log plot of the BRDF of a mo-
lybdenum mirror. The vertical axis has units of in-
verse steradians (one over the solid angle). Notice
that it drops over several orders of magnitude from
its peak. The lower curve in this plot is the instru-
ment signature - or noise level of the instrument. In

this figure the BRDIfrialplotted against log degrees
from specular (85 - ;). Other common choices in-

clude the difference of the scatter and incident an-
gles (6g - 6j) and the difference of the sines of these

angles (sin 6g - sin 6 ;).
SURFACE ROUGHNESS

Surface roughness is one of the most common
causes of scatter in optical systems. Conversely,
scatter measurement is an extremely sensitive
measure of surface roughness. To see how this
comes about, it helps to first understand the pa-
rameters commonly used to quantify surface rough-
ness.

In the optical community surface height fluctuations
from average are generally called out as root mean
square (RMS) Roughness (denoted by 1) where the
name describes the mathematical calculation used.
In more general manufacturing applications, height

§MS - Light Scatter
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[ Scatter data from
i é Ho lybdenun Hirror
1.8 +00 \
— \\""\._ ‘-\_‘
B Moy s ™
1.88E-A3 ;
- -\A‘ Hh‘ﬂnwhv
sy !l 3
1.B0E-B6 5 o
— Instrument Signature a
1S e ke O W 1 O G 5 1 O O O i 1 O e A
DEGREES .AAA1 .AA1 A1 1 18 168
LOG B.6788pn 01 = 18.8° R =HB.B61 = B.Bnmm Y= 0B.8an  2Hs = B.8Bnn

Figure 7
BRDF from a molybdenum mirror with instrument signature
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roughness is given as an arithmetic average known
as “a.a.” and denoted by R4 or [15. For most sur-

faces these two numbers differ by only about 10%.
The RMS descriptor has been used in optics be-
cause it arises naturally in theoretical calculations of
scatter from rough surfaces. Conversely, electrical
averaging of stylus profilometer signals produces a
result proportional to the arithmetic average rough-
ness, which has led to its use in most other indus-
tries. Either RMS Roughness or Arithmetic Average
Roughness is generally given when the surface
roughness is requested. However, surface structure
is far more complicated than can be represented by
just one number.

Another useful descriptor is a surface length pa-
rameter, such as the Average Surface Wavelength
or the Correlation Length. Imagine two surfaces
with textures that appear much like waves on the
ocean. All the waves on both surfaces are the same
height (they have the same RMS and the same
a.a.), but on one surface the waves are spaced
much farther apart. This surface will appear (and
probably feel) smoother and the two will behave

-1 ORDER

-2 ORDER

+1 ORDER

+2 ORDER

asln[2ny

FIGURE 8

LIGHT DIFFRACTING FROM A
SINUSOIDAL GRATING

quite differently in many applications.

If a laser beam is reflected off a surface that has
smooth sinusoidal corrugations, the beam will be
split into several segments, or diffraction orders, as
shown in Figure 8. For optical surfaces (where sur-
face heights are much smaller than a wavelength),
only the plus and minus first orders are of any con-
sequence. Diffraction theory allows the surface

wavelength, d, to be found from the position of the
first order diffraction (relative to the zero order) and
the surface wave height, a, to be found from the first
order power (relative to the first to zero order). Val-
ues of o and/or o, are easily found from the peak

value a as noted in Figure 8. Thus measurement of
this simple scatter pattern allows characterization of
the corresponding surface. More complex surfaces
may be treated in a similar fashion through Fourier
analysis. The surface is approximated by the sum-
mation of many sinusoidal components having dif-
ferent amplitudes, wavelengths and directions. In
effect, each scatter measurement is treated as the
first order diffraction from one sinusoidal component
as outlined in Figure 9. Resulting data can be used

SURFACE
NORMAL

SPECULAR

INCIDENT !
| REFLECTION

0

FIGURE 9

SCATTER FROM SURFACE ROUGHNESS MAY BE
ANALYZED AS FIRST ORDER DIFFRACTION FROM
MANY SINUSOIDAL COMPONENTS OF THE SURFACE

to find the corresponding surface statistics.

There are some distinct relationships between the
surface and the resulting scatter pattern. Periodic
surfaces (like the sinusoidal corrugations) have dis-
crete scatter patterns. A surface composed of non-
sinusoidal tool marks (and several parallel Fourier
components) will have many discrete diffraction
points. These “one dimensional” surfaces have an-
other interesting property. The entire scatter is
found in a single band across the reflective hemi-
sphere in front of the sample. Surfaces made by
extrusion and some types of grinding also exhibit a
surface “lay,” or one-dimensional character. They
scatter a virtually continuous streak of light indicating
that many spatial wavelengths are present in the
surface. Two-dimensional surfaces scatter into the
full hemisphere. Thus a polished surface illuminated
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at near normal incidence will have a scatter pattern
much like that of Figure 5. Most nearly one-
dimensional surfaces will also have a dim two-
dimensional pattern in the background.

There is still a lot more surface information in the
scatter pattern than just averages of roughness and
wavelength. The surface power spectral density
function (PSD) is both useful and easy to calculate
from the measured scatter. It is defined in terms of
spatial frequency, f, which is just the inverse of spa-

is generally plotted as a function of spatial fre-
guency. Although this is not the place to develop
the mathematics behind PSD calculations, a little
thought about the sinusoidal surface examples
should convince you that such a calculation is feasi-
ble.

Less obvious is the fact that the integral of (or the
area under) the PSD is just the mean square rough-
ness. Taking the square root yields the RMS. The
average surface wavelength may be found by taking
the second moment of the PSD - which is just the

8MS - Light Scatter
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FIGURE 10
PSD PLOT OF MOLYBDENUM MIRROR
WITH RMS TOUGHNESS CURVE

tial wavelength. The PSD may be thought of as
roughness power (height squared) per unit spatial
frequency (inverse length). For one-dimensional
surfaces it has units of length cubed. For two-
dimensional surfaces, it has units of length to the
fourth power because frequencies running both in
and out of the incident plane must be considered. It

integral of frequency squared times the PSD. The
example shown in Figure 10 is a log-log plot calcu-
lated from the BRDF values of Figure 7. The RMS
Roughness is also found in this figure. Notice that
both the PSD and the RMS are bandwidth limited

guantities, that is they are not found from frequen-
cies of zero to infinity. As implied by Figure 9, the
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low frequency limit is determined by the point at
which the Scatterometer was able to separate near
specular scatter from the specular reflection, and the
high frequency value, which corresponds to the
largest scatter angle measured, is eventually limited
by scatter grazing the surface.

The PSD is nearly equal to the BRDF - off by a mul-
tiplier consisting of a constant times cos (8g). This is

one of those properties that makes scatter meas-
urement such a powerful surface analysis tool. A
second function that is often suggested as an alter-
native to the PSD for surface characterization is the
auto-correlation function. Its use in practical applica-
tions is severely limited and generally results in in-
creased error.

The PSD looks a lot like the BRDF (compare Figures
7 and 10). This means that measurements sufficient
to characterize the BRDF are enough to character-
ize the PSD. Another factor comes into play here.
Many surfaces in nature are fractal like. Roughly
stated, a defect with high peaks tends to have wide
bases and vice versa. In terms of the math, it
means the PSD is proportional to a constant divided
by a power of the spatial frequency. “Power law”
relationships of this sort plot as straight lines on log-
log scales. As such they can be characterized by
two points, or by one point and a slope. Slopes
generally vary between -1 and -3. The PSD of Fig-
ure 10 is a good example of fractal behavior.

Fractal behavior has been exploited by SMS in
some of its instrumentation. Typically only two scat-
ter locations are measured. The PSD for a given
sample set is assumed (or known) to be fractal, and
the RMS is found over operator set limits from data
provided by just two points.

INSTRUMENTATION AND MEASUREMENTS
INSTRUMENTATION

Instruments designed to obtain BSDF measure-
ments must have either a single moving receiver or
multiple receivers arrayed around the sample at
scatter angles necessary for the desired measure-
ment. Receivers have an aperture and a detector to
measure the scattered power. Sometimes a lens,
field stop, bandpass filter and polarizing elements
are added.

A common laboratory practice is to first look at the
sample and determine the measurements required.
For example, the pattern in Figure 5 from a lightly
polished surface could be characterized by one
measurement sweep through the center at any an-
gular orientation. Additional center sweeps will pro-
duce similar data with no gain in information. Match-
ing the sample with the receiver in a fixed position
can identify samples like this, which are termed “iso-
tropic,”.

On the other hand, the pattern of Figure 4 from a
machined surface requires both a horizontal and a
vertical scan for characterization. An extruded sur-
face scatters light much like the machined surface,
except the line of discrete points is replaced by a
streak of light. Accurate measurement of discrete
scatter points in Figure 4 requires an almost con-

LOW-SCATIER
MIRROR

LASER

RECEIVER

FIGURE 11
PLAN VIEW OF A COMPLETE
ANGLE SCAN INSTRUMENT
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tinuous measurement scan in that initial scatter
plane. Often surfaces that exhibit this type of scatter
pattern also have an isotropic background and can
be characterized by two scans.

Most cases can be characterized by measurements
at a few discrete locations. This is because, for the
vast majority of surfaces, scattered light tends to fall
off in a simple power law form.

SMS engineers have designed both moving detector
and multiple-fixed detector instruments which meas-
ure scatter both in and out of the plane of incidence
(defined by the incident beam and the sample nor-
mal).

CASITM. The moving receiver instrument, SMS'’s
CASI (Complete Angle Scan Instrument), has a re-

ceiver that moves 3600 around the sample as
shown in Figure 11. This instrument can measure
all angles in the scatter plane with good resolution
and has a variety of apertures (solid angles).

The single receiver in the CASI instrument can be
moved in very small steps and measurements can
be made very close to the specular reflection. Be-
cause many data points can be obtained, measure-

o
SMS| |

FIGURE 12
SMS TASC™ SCATTEROMETER

ments with this type of instrument are thorough but
time consuming (typically 1-5 minutes per scan)
This instrument is best suited for research and de-
velopment applications.

TASCTM. Figure 12 is a drawing of the SMS TASC
Full Hemispherical Polarimetric Scatterometer in-
strument. The source table (which is in a vertical
plane) can be rotated about a horizontal axis
through the sample to adjust the angle of incidence.
Samples as large as six inches can be rotated or XY
raster scanned in the horizontal plane. The receiver
rides on a 186-degree arc centered on the sample.
The TASC system is provided with programmable
motorized sample X-Y translation stages. The use
of this instrument facilitates analyzing scatter data in
a variety of applications. Unique features include
the ability to measure liquid samples, a small optical
table devoted to customizing either laser or broad-

MEASUREMENT HEAD

FIGURE 13
SMS pScan PORTABLE SCATTEROMETER
WITH INTERCHANGEABLE HEAD
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band sources, software that allows complete auto-
mation, and the option for complete polarization con-
trol and analysis (Stokes Vectors and Mueller matri-
ces, etc.) of laser sources and received signal.

nScan TM. A third type of SMS Scatterometer is the
portable, pScan instrument line. These units are
controlled by a hand held Control Unit that is capa-
ble of data storage, some analysis and numerical
display. Various interchangeable Measurement
Heads can be used to make in plane and out-of-
plane scatter measurements. The hand held head
(shown in Figure 13) is intended for measurements
where sample contact is permitted. A bench-top
head is also available that does not require contact.
A third head, which measures TIS, can be used for
optics or to detect changes in finish of a variety of
manufactured surfaces. Data from all three units
can be

used to calculate RMS surface roughness. The
Control Unit stores data in files, which can be,
downloaded to a computer for further analysis, with
the aid of plots, spreadsheets, or other software
tools. Custom versions of pScan may be used to
provide on line process control information to either
an operator or a process computer.

MEASUREMENTS

BSDF data may be obtained from both reflective and
transmissive optics that are either flat or curved. The
type of sample and the scatter specification deter-
mine the measurement technique and the kind of
analysis that can be performed with these data. For
example, the BRDF of the front surface mirror of
Figure 7 was plotted against log ( 65-6; ) to reveal

the near specular scatter. Data this close to specu-
lar is important for optics that are to be used in imag-
ing or surveillance applications where resolution is
the dominant requirement. Figure 14 presents
BRDF data from three reflective samples plotted as
a function of linear degrees from specular. The
scatter issues will be seen to be quite different for
each of these samples.

Data from the Ring Laser Gyro (RLG) mirror (Figure
14) were taken starting at specular. Scatter from a
precision-machined surface, also shown in Figure
14, consists of well defined, discrete peaks imposed
on a low level background. The peaks are caused
by diffraction from periodic tool marks left on the sur-
face. The BRDF of clean front surface mirrors, such
as this one, can be analyzed further to reveal sur-
face statistics through a process that relies on the
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puScan User's Manual

mathematical relationship between the BRDF and
the surface Power Spectral Density function (PSD).
The PSD, which can be thought of as a measure of
roughness power per unit roughness frequency, can
be used to study the machining process and even
reveal machine tool characteristics. Surface statis-
tics, such as RMS Roughness, RMS slope and av-
erage surface wavelength, may be obtained from the
PSD. This type of analysis is not appropriate for
dielectric mirrors, like those in RLG’s, because they
are not front surface reflectors. Although machined
optics have a reputation for high scatter, it is clear
from Figure 14 that they can be very low scatter in
most directions and high scatter in just a few direc-
tions. Notice that the background scatter from this
sample is actually lower than the scatter from the
mirror of the ring laser gyro.

The scattered power density (watts/steradian) for the
special case of a diffuse Lambertian sample is pro-
portional to cos 6g. If the sample has a total hemi-

spherical reflectance of unity, then conservation of
energy gives a constant BRDF value of 1/t The
white diffuse sample of Figure 14, which approaches

this special case is typical of the type of sample
used as a system check or calibration standard.
The measurement of scatter from black diffusers is
another important area in the field of scatter meas-
urements. Optical blacks are often used on baffles
to limit background scatter due to stray radiation.
The resulting reduction in stray light can be as im-
portant to modern imaging systems as is reducing
scatter from transmissive and reflective optics.

Scatter measured from transmissive optics, plotted
as BTDF, is more complicated because both reflec-
tive and transmissive scatter components are pre-
sent. If a non-zero angle of incidence is used, then
multiple reflection components will be present.
These can drastically affect near specular meas-
urements, even for very small angles of incidence.
Small wedges, inherent in most windows, will also
create complications.

Transmissive scatter is due, in general, to both vol-
ume and surface defects. Using special techniques,
these two components can be separated. Volume
scatter can be plotted in BSDF format by defining
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ANALYSIS OF RASTER SCANNED SAMPLE
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the BVDF in terms of volume elements instead of
area elements. This type of measurement is useful
in material development programs where bulk af-
fects, rather than surface affects, are of interest.
Conversely, for optics whose eventual performance
does not depend on volume scatter, such as trans-
parent mirror substrates, surface scatter alone can
be measured.

RASTER MEASUREMENTS

The TIS and BSDF measurements described above
assume that the illuminated area of the sample is
typical of the entire sample. This is often not the
case. In fact, the most important issue may be locat-
ing, counting, or sizing isolated defects over an ex
tended surface area. For these situations, a raster
scan is used.

SMS'’s Raster Scan (available on CASI) moves the
sample in its own plane while the source and re-
ceiver remain fixed. Each new sample position re-
sults in a measurement. When defects are moved
into the source beam, the measured scatter signal
increases. Results are plotted as three-dimensional
(3D) BSDF prdfiles, or as color-coded maps of the
sample, where each square (or pixel) represents a
measurement. These different scatter levels are
shown on the scale at the right in Figure 15.

Moving the sample at a rate of approximately one
pixel per second is a time consuming process.
Raster data can be taken very rapidly if the illumi-
nated sample is imaged onto a Charged Coupled
Device (CCD) array. Because the imaged pixels are
not uniformly illuminated the value of incident power
(Pj) for each pixel must be found. This process is

shown in Figure 16 for the case of an incident beam
with a Gaussian cross-section by means of color
mapping to show light intensity. (Actual screen dis-
play of Figures 15 - 18 are in color, however, black
and white are shown here.) Figure 16 is an intensity
map of the incident beam. The spot is elliptical be-
cause the angle of incidence was not zero. In Fig-
ure 17 the image of the illuminated sample is shown.
The computer divides Figure 16 into Figure 17 data,
and computes the BRDF map of the sample shown
in Figure 18. Notice that the prominent scratch
across the width of the sample appears relatively
uniform

in the BRDF plot even though its illumination in Fig-
ure 17 is uneven. Resolution on the sample is about

10 microns. The 150,000 pixels making up this im-
age were obtained and displayed in just a few min-
utes. Changes in polarization, incident angle, and
observation angle can be used to optimize defect
signals over background scatter. Instrumentation to
take raster scans at various wavelengths is finding
its way into industries other than optics.

FIGURE 16
INTENSITY MAP OF A REFERENCE SAMPLE

NOISE AND ENVIRONMENT

It is difficult to measure light scatter at scatter angles
very close to specular. The problem comes from
scatter generated by the instrument optics, called
instrument Noise Signature (or noise floor). The
light scattered from the instrument (noise) mixes with
near specular scatter thus making the measurement
less accurate. In order to determine the amount of
noise, the instrument signature may be measured
without a sample in place and compared to (or sub-
tracted from) scatter data taken with the sample in
place. Signature scatter can usually be limited to a
cone extending only a few degrees from specular.
The boundary between near specular and large an-
gle measurements is determined by whether or not
the contribution from instrument signature is signifi-
cant. Depending on the instrument, this usually oc-
curs between 0.1° and 2° from specular. In general,
measurements may be taken closer to specular, if
the beam is focused onto the detector path and a
small detector aperture is used.
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FIGURE 17
INTENSITY MAP OF AN ILLUMINATED SAMPLE

The second plot in Figure 7, labeled “Instrument
Signature” is a BSDF measurement taken without
the sample in place. The signature plot indicates the
scatter produced by the instrument optics and repre-
sents the instrument noise floor as a function of an-
gle. Signatures are a function of aperture size, dif-
fraction limited spot size, system aberrations and
system geometry as well as scatter. Signature plots
help define measurement accuracy.

b Lo e~ 5

FIGURE 18
BRDF OF A SAMPLE AS A FUNCTION OF POSITION

The environment in which the instrument is located
can also effect the accuracy of measurements. Dust,

in particular, can have a detrimental effect on accu-
racy.

COORDINATES

Measurement of light requires an understanding of
reference coordinates which make it possible to lo-
cate the sample, the beam and scattered light in a
consistent way relative to each other. There are 4
sets of coordinates that are used in light measure-
ments. These are SAMPLE, SCATTER, BEAM and
INSTRUMENT coordinates. The first three systems
are described below. Instrument coordinates are
machine dependent and are described in documen-
tation for that instrument.

TERMINOLOGY

It will be helpful to visualize the measurement of
scattered light in terms of a sphere (or more specifi-
cally a hemisphere) as shown in Figure 19. Assume
that the hemisphere is centered over the spot where
the incident light beam strikes the horizontal surface
of a sample. The specular reflected beam and scat-
tered light can exit the hemisphere at any point. The
need then, is to use consistent coordinates to de-
scribe the location of the sample, the position of the
receiver (detector) to measure scatter, and the posi-
tion of the source beam. We must deal with Sample,
Scatter and Beam coordinates to do this. (Instru-
ment coordinates are used to tell the instrument
where to position machine axes.)

Coordinates are defined by cartesian (X,Y, Z) and
polar (Radius and Angle) systems. The angles used
are the azimuth and polar angles. Refer to Figure
19 to see how angles locate a point on the hemi-
sphere. A shaded plane is drawn to include the ver-
tical line through the center of the sphere and the
point. This vertical plane intersects (projects) a line
on the horizontal plane at the waist (equator) of the
hemisphere. (Geographers call the intersection of
the vertical plane on the surface of the sphere lines
of longitude.) The AZIMUTH angle (phi) is meas-
ured from the positive X-axis (reference) and posi-
tive angles result from CCW rotation as viewed from
the positive Z-axis. The azimuth angle is measured
in the X-Y plane from the projection of the point on
to the X-Y (horizontal) plane.
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SURFACE OF SCATTER
HEMISPHERE; RADIUS r

INCIDENT BEAM

POINT X'Ytz
T,

(SIGNAL
RECEVER)

ORIGIN

HORIZONTAL
SAMPLE

FIGURE 19
SCATTER HEMISPHERE SHOWING
SCATTER ANGLES

The POLAR angle (theta) is measured from the ver-
tical line to the point in question. If the point were
located at the very top of the sphere, the polar angle
would be zero degrees. At the horizontal, (equator),
the point would have a polar angle of 90°, and con-
tinuing around to the bottom pole of a full sphere,
the polar angle would be 180°.

Each coordinate system has an ORIGIN. The origin
for cartesian (X, Y, Z) coordinates is at the intersec-
tion of each axis with each other as shown in Figure
20. The origin for polar coordinates is at the inter-
section of the vertical line through the sphere and
the horizontal plane (equator).

The SAMPLE ORIGIN can be anywhere on a sam-
ple and is selected by the user. It is often chosen by
orienting the X and Y axes with the fiducial marks on
the sample. (Fiducial MARKS are identifications
that may be placed on the sample surface to main-
tain measurement orientation of the sample.)

FIGURE 20
SAMPLE COORDINATES

The SCATTER ORIGIN is defined by the intersec-
tion of the central ray of the source beam and the
sample surface. The scatter origin becomes the
center of the sphere where scatter measure-
ments are made.

SAMPLE COORDINATE SYSTEM

The Sample Coordinate System is arbitrarily placed
on the sample as shown in Figure 20. (Fiducial
marks are used to orient and position these coordi-
nates with respect to the sample.) Since the X and
Y axes are on the plane of the sample surface, the
Z-axis is then collinear with the sample normal that
exists at the origin of this flat sample. This coordi-
nate system is only used to locate and orient points
of interest on the sample. (It is not used for scatter
location as measurement of scatter takes place on
the surface of the hemisphere.)

The following axes are defined in the sample coordi-
nate system. The positions of these axes are not
critical, but must be repeatable from the fiducial
marks on the same sample.
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s

INCIDENT BEAM

FIGURE 21
SCATTER COORDINATES

The Sample X, Y and Z-axes form a right hand co-
ordinate system.

X: X-axis of the Sample Coordinate System.
Aligned using a fiducial mark on the sample. For a
flat sample, this axis would normally lie in the sur-
face of interest.

Y: Y-axis of the Sample Coordinate System.
Aligned using a fiducial mark on the sample and
perpendicular to X. For a flat sample, this axis
would normally lie in the surface of interest.

Z: Z-axis of the Sample Coordinate System. Z is
perpendicular to the X-Y plane.

NOTE

Samples discussed here are assumed to be flat sur-
faces. Samples, however, can be curved (convex,
concave or some other contour). Normals to a
curved surface will not be collinear with the Z-axis.
Thus, for curved sample surfaces, it is more difficult
to relate a common point in all coordinate systems.

SCATTER COORDINATES

SURFACE OF SCATTER
HEMISPHERE; RADIUS r

INCIDENT BEAM
(IN X-Y PLANE)

Yo
HORIZONTAL
SCATIER
COORDINATES
FIGURE 22
BEAM COORDINATES

The origin of the scatter coordinates is located at the
illuminated spot where the incident beam strikes the
sample surface as shown in Figure 21. The sample
normal to the scatter origin on the sample surface
becomes the vertical line through the top of the
measurement sphere and is the reference for polar
angles. The right hand (XS-YS-ZS) coordinates at
the scatter origin are located at a position (X,Y, Z)
measured with respect to the Sample Coordinate
System. For a flat sample the Scatter axes are nor-
mally all parallel to the Sample axes, displaced only
in the X-Y plane. (Additional rotation angles are re-
quired to define the Scatter Coordinate System ori-
entation relative to the Sample Coordinate System if
the sample is curved. See note above.)

The scatter coordinate system axes labels are de-

noted by upper case alphabetic characters with an
‘S’ extension. Azimuth and polar angles are identi-
fied with upper case Greek characters (¢ and 6, re-
spectively). These angles are subscripted by s (for
scatter) or i (for incident) as well.

These labels are:
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Xg: X-axis of the Scatter Coordinate System.
Yg: Y-axis of the Scatter Coordinate System.
Zg: Z-axis of the Scatter Coordinate System.

@s: The azimuthal angle (projection) of the scatter
receiver onto the Xg-Yg scatter plane. This angle is

measured from the positive XS axis (0°) and positive
rotation is CCW as viewed from the positive Zg axis.

@s has the internal limits -180° < ¢g < 180°.

B5: Polar angle of the receiver as measured from the
sample Zg axis (sample normal). 85 of 0° lies in the
Xg-Zg scatter plane along the positive Zg axis and
6g of 180° lies in the Xg-Zg scatter plane along the
negative Zg axis. 6 of 90° lies in the Xg-Yg scatter
plane. Limits on 85 are 0° < 65 < 180°.

@: The azimuthal angle (projection) of the incident
beam onto the Xg-Yg scatter plane. This angle is
measured from the positive Xg axis (0°) and positive

rotation is CCW as viewed from the positive ZS axis.
@ has the limits -180° < ¢ < 180°.

6;: Polar angle of the incident beam as measured
from the sample Zg axis (sample normal). 6; of 0°
lies in the Xg-Zg scatter plane along the positive Zg
axis and 6; of 180° lies in the Xg-Zg scatter plane
along the negative Zg axis. 8; of 90° lies in the Xg-
Yg scatter plane. Limits on 6j are 0° < 6; < 180°.

BEAM COORDINATES

The Beam Coordinate System, designated
(Xp»Yp:Zp). is defined to have the same origin and Z

axis orientation as the Scatter Coordinate System as
shown in Figure 22. The Beam Origin is at the illu-
minated spot on the sample and the Zy, axis is col-

linear with sample normal. However, the beam co-
ordinates are rotated about the Zj, axis until the

plane of incidence lies in the Xp-Zp, plane and
the incident light comes from the negative X
direction.

The beam coordinate system is valuable, as it is a
commonly used system in optical literature. Equa-
tions found in literature, such as the grating equa-
tions, most often assume that beam coordinates are
used.

The beam coordinate system coordinate labels are
denoted by upper case alphabetic characters with a
‘B’ extension and lower case greek characters for
azimuthal angles (¢'s) and may be subscripted by s
(for scatter) or i (for incident). These are:

Xp: X-axis of the Beam Coordinate System.
Yp: Y-axis of the Beam Coordinate System.
Zyy. Z-axis of the Beam Coordinate System.

¢s: The azimuthal angle (projection of the scatter
receiver location onto the Xp-Yp beam coordinate
plane). This angle is measured from the positive X,

axis (0°) and positive rotation is CCW as viewed
from the positive Z|, axis. ¢g has the limits -180° < ¢g

< 180°.

B5: Polar angle of the receiver as measured from the
sample Zp, axis (sample normal). 85 of 0° lies in the
Xp-Zp beam coordinate plane along the positive Zp,
axis and 6g of 180° lies in the Xp-Z, beam coordi-
nate plane along the negative Z, axis. 85 of 90° lies
in the Xy, -Y|, beam coordinate plane. Limits on 6g
are 0° < 0g < 180°.

@: The azimuthal angle (projection) of the incident
beam onto the Xi-Y|, beam coordinate plane. This
angle is measured from the positive X}, axis (0°) and

positive rotation is CCW as viewed from the positive
Zy, axis. By definition, ¢ is always = 180 degrees.

6;: Polar angle of the incident beam as measured
from the Z|, axis (sample normal). 8; of 0° lies in the
Xp-Zp beam coordinate plane along the positive Zp,
axis and 6; of 180° lies in the X-Zp, beam coordi-
nate plane along the negative Zb axis. ; of 90° lies
in the X,-Y, beam coordinate plane. Limits on 6;
are 0° < 6 <180°.
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a: Rotation about the Z, axis which measures the

relative orientation between the Beam and Scatter
Coordinate Systems. As viewed from the positive
Zy, axis, a is the angle measured from the positive
Xp Beam Coordinate axis and ending at the positive
Xg Scatter Coordinate axis.

RELATIONSHIPS BETWEEN BEAM AND SCAT-
TER COORDINATES

The following relationships can be shown between
beam coordinates and scatter coordinates:

a) The incident theta angles (8;) are the same be-
tween the Beam Coordinates and the Scatter Coor-
dinates and have the same nomenclature.

b) The receiver theta angles (65) are the same be-

tween the Beam Coordinates and the Scatter Coor-
dinates and have the same nomenclature.

c) The relationship between incident azimuthal an-
gles in the beam coordinates and the scatter coordi-
nates is:

@ = @j+a=180°.

d) The relationship between the scatter (receiver)
azimuthal angles in the beam coordinates and the
scatter coordinates is:

05 = dg + 0.

GLOSSARY

amplifier
An electronic circuit, which amplifies (increases)
voltages or currents.

analog
A function or signal having a continuous set of val-
ues, such as analog currents or voltages.

A/D
Analog to Digital. A circuit which converts analog
voltages or currents to digital values.

angle scan

Measurement of scatter patterns by obtaining values
at various angles (i.e. “scanning”).

anisotropic
Exhibiting properties with different values when
measured along axes in different directions.

azimuth angle

The angle in the horizontal plane defined by the X
axis and the projection of the vertical plane passing
through the vertex (origin) and the point.

beam
A collection of parallel rays of light.

beam coordinates

The coordinate system defined by the incident plane
and the sample face. The origin is at the point where
the beam strikes the sample.

BRDF

Bi-directional Reflective Distribution Function is the
term used to describe reflective scatter light pat-
terns.

BSDF

Bi-directional Scatter Distribution Function is the ge-
neric term used to describe scattered light patterns.
The scatter pattern is dependent upon both incident
and scatter directions and hence is “bi-directional.”

BTDF

Bi-directional Transmissive Distribution Function is
the term used to describe transmissive scatter light
patterns.

BVDF

Bi-directional Volume Distribution Function is the
term

used to describe volume scatter light patterns.

bulk

Refers to sample volume as opposed to sample sur-
face and plays a role in subsurface or volume scat-
ter.

CAS|I™
Acronym for Complete Angle Scatter Instrument.

CCD
Charge Coupled Device. A type of array detector
used in digital cameras.
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clean

Implies that sample scatter is from the sample sur-
face itself and not from contamination, or from sub-
surface defects (bulk).

collinear
The same line. Collinear axes are identical.

cosine corrected BSDF
The BRDF multiplied times cos 6.

diffraction

Failure of light to travel in exactly straight lines.
diffuse sample

A sample whose surface is rough enough that virtu-
ally all incident light is scattered. There is no specu-
lar reflection or specular reflection is very weak.

detector

A component which measures light power and con-
verts it to an electrical value.

flux density

Light power per unit area.

fiducial
A standard or reference mark often used to orient
samples.

Fourier analysis

The setting of terms of a Fourier serves to periodic
data. Itis used in the analysis of periodic functions
such as found on some surfaces.

Gaussian

A mathematical expression that describes form or
distribution. Laser beams have Gaussian intensity
cross-sections.

goniometer
A device for controlling angles (positioning) of sam-
ples, sources and receivers.

incident angle

The angle at which the source beam of light strikes
the sample plane as measured with respect to the
normal line to the plane at that point.

Instrument signature

The BSDF measurement in which only the instru-
ment itself causes the scatter (i.e. no sample is
present).

irradiance
Radiant flux density on a given surface, in
watts/area.

incident Beam
The light (laser beam) which strikes a surface.

inverse steradians
Reciprocal of steradians (sr'l).

isotropic

Implies sameness in a statistical sense. An isotropic
surface has the same roughness statistics regard-
less of the direction of a profile trace across the
face. Polished surfaces tend to be isotropic; grat-
ings and most mechanical surfaces are not.

lambertian sample

A diffuse sample from which the light density scat-

tered per unit of observable illuminated spot is con-
stant.

multiplexer

A component to send different signals on the same
circuit.

noise floor
(See Instrument signature.)

normal

A line perpendicular to a surface ( surface normal )
or

another line.

pixel

Any of the small elements that together constitute an
image as on a display screen or on an array detec-
tor.

polar angle
The angle measured from the surface normal to the
surface itself.

polarization

The process of affecting light radiation so that the
vibrations of the wave assume a definite form (linear,
circular, elliptical).

profilometer
An instrument which measures surface roughness

by
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moving a stylus across the surface while recording
stylus vertical motion.

PSD
Power Spectral Density function.

RASI™
Raster Angle Scatter Instrument.

raster scan

A pattern of sequentially and closely laid out parallel
scanning rows used to measure sample area uni-
formity.

receiver

An assembly which is used to measure light scatter.
It contains the detector as well as other parts (aper-
tures, lens, filters, etc.).

RMS Roughness

Root Mean Square roughness. It can be found from
either the surface profile or the PSD.

sample
The item for which light scatter characteristics are to
be measured.

sample coordinates

Coordinates based on the sample itself and related
to fiducial marks. The sample origin is an arbitrary
point and can be set by orthogonal fiducial marks if
present.

scatter

Light rays which are reflected (scattered) by the
sample out of the specularly reflected and transmit-
ted beams.

scatterometer
Instrument for measuring scattered light.

scatter coordinates

Coordinate system based on scattered light. The
scatter origin is at the spot illuminated on the sample
surface by the incident beam.

scatter sphere

The sphere whose center is on the scatter origin
with

radius equal to the distance to measurement receiv-
ers. Measurements may be limited to smaller vol-
umes such as the reflective hemisphere.

source beam

The beam of light from the source (laser) before it
strikes the sample.

spatial filter
A lens pinhole combination used to eliminate stray
light.

specular beam
Well defined incident, transmitted and reflected
beams are referred to as specular.

specular zero

The position of the specular beam which defines the
zero degree position for scatter measurements in
the plane of incidence.

stage
The term given to physical axes of a goniometer (
e.g. X-stage, Y-stage).

wedge
The result of two surfaces not being parallel.

BIBLIOGRAPHY

Bjork, D.R., K.A. Klicker, F.M. Cady. “Predicting
Laser Port Scatter.” Proc. SPIE, 967-07, August
(1988).

Cady, F.M., D.R. Cheever, K.A. Klicker, J.C.
Stover. “Comparison of Scatter Data From Various
Beam Dumps.” Proc. SPIE, V818 p. 21, (1987).

Cady, F.M., J.C. Stover, T.F. Schiff, K.A. Klicker,
D.R. Bjork. “Measurement of Very Near Specular
Scatter.” Proc. SPIE, V967 (1988).

Cady F.M., D. R. Bjork, J. Rifkin, J. C. Stover.
“BRDF Error Analysis.” Proc. SPIE 1165-13
(1989a).

Cady F.M., D.R. Bjork, J. Rifkin, J.C. Stover.
“Linearity in BSDF Measurement.” Proc. SPIE
1165-44 (1989b).

Cheever, D.R., F.M. Cady, K.A. Klicker, J.C.
Stover. “Design Review of a Unique Complete
Angle Scatter Instrument (CASI).” Proc. SPIE,
818, Current Developments in Optical Engineering

1-18



Part 1 TUTORIAL

Il, p. 13, (1987).

Hill, D.P., R.L. Shoemaker, D.P. De Witt, D.R.
Gaskell, T.F. Schiff, J.C. Stover, D. White, K.M.
Gaskey. “Relating Surface Scattering
Characteristics to Emissivity Changes During the
Galvanneal Process.” Proc. SPIE 1165-7, (1989).

Klicker, K.A., D.R. Bjork. “Model of Port Scatter

From Lasers.” Final Report to U.S. Army White

Sands Missile Range, Contract No. DAADO7-87-
0083, (1988).

Klicker, K.A., J.C. Stover, D.R. Cheever, F.M.
Cady. “Practical Reduction of Instrument
Signature in Near Specular Light Scatter
Measurements.” Proc. SPIE, V818, p. 26, (1987).

Klicker, K.A., J.C. Stover, D.J. Wilson. “Near
Specular Measurement Techniques for Curved
Samples.” Proc. SPIE, V967, (1988).

McGary, D.E., J. Rifkin, J.C. Stover. “Separation
and Measurement of Surface Scatter and Volume
Scatter From Transparent Optics.” SMS
Application Note BULKSUR1.AN, (1988).
McGary, D.E., J.C. Stover, J. Rifkin, F.M. Cady,
D.R. Cheever. “Separation of Bulk and Surface
Scatter From Transmissive Optics.” Proc. SPIE,
V967, (1988).

McNeil, J.R., W. C. Herrman, J. C. Stover, “Light
Scattering Characteristics of Some Metal Surfaces -
A Smoothing Effect?”. Proc. Laser Damage
Symposium, Boulder, CO (1983).

Rifkin, J., D.E. McGary, K.H. Kirchner, D.J.
Wilson. “Raster Area Scatter Measurements and
Sample Uniformity.” Proc. SPIE, V967, (1988).

Rifkin, J. “Design Review of a Complete Angle
Scatter Instrument.” Proc. SPIE, V1036-15, (1988).

Schiff, T.F., J.C. Stover, D.R. Cheever, D.R.
Bjork. “Maximum and Minimum Limitations
Imposed on BSDF Measurements.” Proc. SPIE,
V967 (1988).

Schiff, T.F., J.C. Stover. “Surface Statistics
Determined From IR Scatter.” Proc. SPIE 1165-06
(1989).

Stover, J.C. “Roughness Measurement by Light
Scattering.” Laser Induced Damage in Optical

Materials, eds. A. J. Glass, A. H. Guenther, U.S.
Gov't Printing Office, Washington, p. 163, (1974).

Stover. J.C. “Roughness Characterization of
Smooth Machined Surfaces by Light Scattering.”
Appl. Opt. V14, N8 p1796, (1975).

Stover, J.C. “Spectral Density Function Gives
Surface Roughness.” Laser Focus, p. 83, February
(1976a).

Stover, J.C. “Surface Characteristics of
Machined Optics.” Proc. SPIE, V93, Advances in
Precision Machining of Optics, (1976b).

Stover, J.C. “Surface Roughness Measurements
of Curved Surfaces by Light Scatter.” Opt. Eng.,
V21, No. 6, p. 987, (1982).

Stover, J.C., C.H. Gillespie. “Design Review of
Three Reflectance Scatterometers.” Proc. SPIE,
V362, Scattering in Optical Materials, p. 172,
(1982).

Stover, J.C., S.A. Serati, C.H. Gillespie.
“Calculation of Surface Statistics from Light
Scatter.” Opt. Eng., V23, No. 4, p. 406, (1984a).

Stover. J.C., B. Hourmand. “Comparison of
Roughness Measurements by Differential Scatter
and TIS.” Proc. SPIE, V511, Stray Radiation 1V, p.
2, (1984b).

Stover, J.C., B. Hourmand. “Some Deviations
Associated with the Vector Perturbation Theory.”
Proc. SPIE, V511, Stray Radiation 1V, p. 12,
(1984c).

Stover. J.C., F.M. Cady, E.Sklar. “Measurement
of Low Angle Scatter.” Opt. Eng., V24, No. 3, p.
404, (1985).

Stover, J.C. “Overview of Current Scatterometer
Measurements and the Impact on Optical Systems.”
Proc. SPIE, V776, (1987a).

Stover, J.C., K.A. Klicker, D.R. Cheever, F.M.
Cady. “Reduction of Instrument Signature in Near
Angle Scatter Measurements.” Proc. SPIE, V749,
Metrology: Figure and Finish, p. 46, (1987b).

1-19



puScan User's Manual

Stover, J.C., C.H. Gillespie, F.M. Cady, D.R.
Cheever, K.A. Klicker. “Wavelength Scaling of
BRDF Scatter Data.” Proc. SPIE, V818, Current
Developments in Optical Engineering Il, p. 62,
(1987c).

Stover, J.C., C.H. Gillespie, F.M. Cady, D.R.
Cheever, K.A. Klicker. “Comparison of BRDF Data
From Two Scatterometers.” Proc. SPIE, V818,
Current Developments in Optical Engineering Il, p.
68, (1987d).

Stover, J.C. “Near Specular Light Scatter
Measurements.” Proc. Lasers 87, (1987¢).

Stover, J.C., J. Rifkin. “Analysis of Process
Induced Damage by Subsurface Scatter
Measurement.” Final Report to RADC/ESM,
Hanscom AFB, Contract No. F19628-C-0151.

Stover, J.C., J. Rifkin, D.R. Cheever, K.H.
Kirchner, T.F. Schiff. “Comparisons of Wavelength
Scaling Predictions to Experiment.” Proc. SPIE
967-05, (1988a).

Stover, J.C. “Optical Scatter Measurements and
Specifications.” Lasers and Optronics,V7, N8,
August (1988b).

Stover, J.C. “Scatter From Optical Components:
An Overview.” SPIE Proc. 1165-01 (1989a).

Stover, J.C., M.L. Bernt, D.E. McGary, J. Rifkin.
“Investigation of Anomalous Scatter from
Beryllium Mirrors.” Proc. SPIE 1165-43 (1989b).

Stover, J.C. Optical Scattering: Measurement
and Analysis; McGraw-Hill, NY (1990).

FIGURES

FIGURE 1 REFLECTION FROM A PERFECTLY SMOOTH SURFACE............ 11
FIGURE 2 REFLECTION FROM A SLIGHTLY IMPERFECT SURFACE............. 1-1
FIGURE 3 REFLECTION FROM A VERY ROUGH SURFACE.............cccoe e, 1-2
FIGURE 4 SCATTER FROM PERIODIC TOOL MARKS........coiiiiiiieee e 1-2
FIGURE 5 SCATTER FROM A POLISHED SURFACE........cccccoiiiiiiiiiieeee e 1-3
FIGURE 6 AN INTEGRATING SPHERE USED TO MEASURE TIS..........c.ccon.e. 1-3
FIGURE 7 BRDF FROM A MOLYBDENUM MIRROR WITH AN INSTRUMENT

SIGNATURE . ...t e e e e e e e e e e 1-4
FIGURE 8 LIGHT DIFFRACTING FROM A SINUSOIDAL GRATING.................. 1-5
FIGURE 9 SCATTER FROM SURFACE ROUGHNESS MAY BE ANALYZED

AS FIRST ORDER DIFFRACTION FROM MANY SINUSOIDAL

COMPONENTS OF THE SURFACE..... ..o 1-5
FIGURE 10 PSD PLOT OF MOLYBDENUM MIRROR WITH RMS ROUGHNESS

CURVE . . e e e et e e e 1-6
FIGURE 11 PLAN VIEW OF A COMPLETE ANGLE SCAN INSTRUMENT........... 1-7

1-20



Part 1 TUTORIAL

FIGURE 12

FIGURE 13

FIGURE 14

FIGURE 15

FIGURE 16

FIGURE 17

FIGURE 18

FIGURE 19

FIGURE 20

FIGURE 21

FIGURE 22

SCATTEROMETER WITH MULTIPLE RECEIVERS (DETECTORS)

ARRANGED AROUND THE SAMPLE........ccoooiiic e 1-8
SMS pSCAN PORTABLE SCATTEROMETER WITH
INTERCHANGEABLE HEAD........iiiiiii e e 1-8
BRDF DATA FROM THREE RELECTORS.........cocciiiiiiec e 1-9
ANALYSIS OF RASTER SCANNED SAMPLE.........ccocciiiveiiiieineeeenn 1-10
INTENSITY MAP OF A REFERENCE SAMPLE.........cccoociiieeee 1-11
INTENSITY MAP OF AN ILLUMINATED SAMPLE........cccooeveenevenne 1-12
BRDF OF A SAMPLE AS A FUNCTION OF POSITION.................... 1-12
SCATTER HEMISPHERE SHOWING SCATTER ANGLES.............. 1-13
SAMPLE COORDINATES. ... ittt 1-13
SCATTER COORDINATES. ...ttt e e e e 1-14
BEAM COORDINATES. ..ot e e e e 1-14

1-21



puScan User's Manual

Page intentionally left blank

1-22



Part 2 CONTROL UNIT

Part 2: uScan™ CONTROL UNIT
INTRODUCTION

The SMS uScan Scatterometer is a lightweight,
portable instrument, which provides quantitative
light scatter measurements of a variety of samples
and other applications. This instrument is de-
signed for portable use and can make rapid and
accurate readings in both indoor and outdoor ap-
plications. These readings can be expressed in
three different data formats: BSDF, RMS Rough-
ness and/or Reflectance. Several interchangeable
Measurement Heads are available, thus allowing
measurement of light scatter for a wide range of
applications and environmental conditions.

The SMS pScan™ consists of a hand held Control
Unit, a cable connected interchangeable Meas-
urement Head and a separate Charger Stand.
This instrument is capable of recording and storing
700 measurements in 255 files for later analysis.
A PC compatible software package is available for
display and analysis of the measurement results
on a standard IBM™ compatible computer. The
software package allows current measurements to
be compared to previous readings.

The portable, battery operated Control Unit con-
trols all aspects of the system operation. When
turned on, it automatically performs an internal test
of the electronics and initializes the entire system
for the particular Measurement Head that is at-
tached. After power up, the operator selects the
desired mode of operation. The operator is able to
recall preprogrammed files or directly enter new
file information into the Control Unit's memory.
Upon taking a measurement, the results are pre-
sented on the Liquid Crystal Display (LCD) and
can be stored in the system memory. A built-in
real time clock tracks the date and time of each
measurement taken.

An interchangeable Measurement Head contains
a laser source and up to eight individual detectors.
To perform a measurement, the operator simply
places the head on the objective area and presses
the key located either on the head or the Control
Unit. The measurement operation and analysis
takes approximately one second per detector.
The Measurement Head is designed to allow
measurements on either flat or curved surfaces.
After a number of measurements are recorded
and stored, the operator is able to download the
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measurement data into an optional PC software
program for permanent storage and more detailed
analysis.

This module of the pScan Scatterometer manual
describes the installations and use of the Control
Unit and Charging Stand. Examples of diagnos-
tics and screen displays are typical of those found
when the Model H-670-01, H-900-01 or H-1300-01
Measurement Head is connected.

WARNING

All laser equipment is labeled for operator
and individual safety protection. Four levels
or classifications have been established.
Each classification has its own set of recom-
mended safety precautions which should be
followed for the protection of the operator as
well as others near the laser system.

LASER SAFETY CLASSIFICATIONS

Lasers are classified by the Bureau of Radiological
Health (BRH) of the US Food and Drug Admini-
stration and by ANSI Z-136. The classification
philosophy is based upon human access and po-
tential hazard. Class | levels of radiation are not
considered to be hazards. Class Il lasers are
those visible lasers which do not have enough
output power to accidentally injure a person but
which may cause eye damage from chronic expo-
sure. Class Il lasers are often termed low-power
or low-risk laser systems. They are hazardous
only if the viewer overcomes his or her natural
aversion response to bright light and continuously
stares into the source. A Class Il laser has an
output power below 1 mW.

Class Il laser products emit at levels at which bio-
logical damage to human tissue is possible from
acute direct exposure. Class lll, moderate risk or
medium power lasers, are those that can cause
injury within the natural aversion response time,
i.e., faster than the blink reflex (0.25 s). Class I
has been subdivided into llla and Illb. Class llla
are not hazardous when viewed with the unaided
eye but may be hazardous when the energy is
collected and directed into the eye, as with binocu-
lars. These lasers are visible wavelength lasers in
the 1 - 5 mW regime. Class lllb lasers can pro-
duce a chance of accidental injury if viewed di-
rectly. The primary danger is exposure to the di-
rect or specular reflected beam. Continuous wave
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lasers with an output between 1 mW and 0.5 W
are classified as Class Il

Laser systems which are “High Power,” present a
“High Risk” of injury and can cause combustion of
flammable materials and are designated as Class
IV lasers. They may also cause diffuse reflections
that are eye hazards and may also cause serious
skin injury upon direct exposure. A more restric-
tive warning label is required and even more re-
strictive control measures are necessary.

CAUTION

Users are responsible for adhering to
safety precautions for any lasers used
with SMS Scatterometer Instruments.
Lasers delivered with SMS Scatter-
ometers are clearly labeled according to
Title 21, CFR 1040.10 and 1040.11
specifications. It is the user’s responsi-
bility to follow the appropriate safety
procedures. Contact the Center for De-
vices and Radiological Health, Food
and Drug Administration, 2094 Gither
Road, Rockville, MD 20850, (800) 532-
4440 if you have specific safety con-
cerns or questions. The following pre-
cautions are suggested for your safety.

SAFETY MAINTENANCE

It is important that this instrument be maintained
such that it continues to meet all laser safety re-
quirements. Periodically (at least monthly) exam-
ine the Measurement Head to see that the compli-
ance labels are securely attached.

EYE PROTECTION

Operation of this instrument does not require spe-
cial devices for eye protection. However, users of
any SMS Scatterometer system are cautioned not
to stare directly into the beam or into its reflections
from shiny or diffuse surfaces.

SPECIFIC HAZARDS

The models H-900-01 and H-1300-01 Measure-
ment Heads are Class | lasers of low power and
do not emit hazardous radiation under normal op-
erating conditions. The model H-670-01 instru-
ment is designed to reduce concerns of using a

Class Il laser device. The laser source is en-
closed in the optics assembly as are the other two
Measurement Heads to reduce the possibility of
stray laser radiation and the only exit aperture is
clearly marked. Looking into the aperture should
be avoided when the laser is turned on.

Figure 1
SMS pScan System

UNPACKING

The instrument is carefully packed before ship-
ping. Any special unpacking instructions will be
included with shipping documents. Upon unpack-
ing the instrument, compare components received
with shipping documents to see that your shipment
is complete. It is recommended that this manual
be read carefully prior to operating the pScan in-
strument.

GENERAL DESCRIPTION
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There are 3 major components for the basic
puScan Scatterometer. These are the hand held
Control Unit, a Charging Stand, and an inter-
changeable Measurement Head. In addition,
there is an optional PC Computer software pro-
gram for use in storing and analyzing data (see
Figure 1).

The Control Unit is a self-contained, handheld in-
strument designed to control the system (see Fig-
ure 2). At the top of the front panel is the Liquid
Crystal Display (LCD). The LCD provides 4 lines
of alphanumeric information such as commands,
error diagnostics, and measurement data. Ten
function keys are pressed (activated) to control the
operation of the instrument. These keys are ar-
ranged in three groups. Commands to the unit are
entered using four CONTROL keys. Functions are
selected from the menu displayed on the LCD by
use of four ARROW keys grouped in the center of
the instrument. The unit is turned ON and OFF by
the remaining two POWER keys.

————————— LCD DISPLAY

CONTROL KEYS

ARROW KEYS

POWER KEYS

Y
N R
N J
FIGURE 2

pScan Control Unit

The Charging Stand makes it possible to charge
the Control Unit battery while operating on exter-
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nal power. It is also designed to hold the Control
Unit so that the keyboard is accessible and the
LCD easily read. The charging stand is connected
to a standard 120 VAC, 50 Hz power source (240
VAC, 50/60 Hz also available). The Charging
Stand is also used to transfer information to the
optional PC computer via the connection port on
the rear of the stand.

Light scatter measurements are taken with an in-
terchangeable Measurement Head as shown in
Figure 1. All heads include a light source and as-
sociated optics for producing the light beam that
will be reflected from the sample surface. The
head contains one or more detectors as shown in
Figure 3. These detectors are installed at the fac-
tory at predetermined angles depending upon
measurements to be made. Other heads can be
substituted that contain different light sources and
detectors. A cable is used to connect the Meas-
urement Head to the Control Unit. Information
specific to the Measurement Head you have se-
lected is stored in that head.

An optional PC computer with the uScan Software
Package provides the means to save and analyze
data obtained by the basic pScan unit. The com-
puter system consists of an IBM PC/AT™ or com-
patible. SMS pScan Scatterometer software pro-
vides menu/screen operator interface for ease of
use. Refer to the software module of this manual
for information about this option.

FIGURE 3
TYPICAL MEASUREMENT HEAD
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Caution

Use of controls or adjustments or
procedures other than those
specified herein may result in
hazardous radiation exposure.

INSTALLATION

Installation of the basic pScan unit is straightfor-
ward.

CHARGING STAND

Connect the Charging Stand to the AC outlet by
inserting the power cord into the connector at the
back of the stand. Turn on the Charging Stand
using the ON/OFF power switch located above the
power cord connection. The power indicator light
(green) on the front panel of the Charging Stand
will illuminate when the charger is turned on.
Place the Control Unit in the charging stand.
Make sure the connector at the bottom of the Con-
trol Unit mates properly with the plug in the stand.
The trickle charge indicator (yellow) on the front
panel will illuminate indicating proper seating of
the Control Unit.

There are two charging modes available. The
normal mode trickle charges the Control Unit bat-
tery. It requires about 14 hours to fully charge a
completely discharged battery. Pressing the but-
ton in the lower right corner of the Charging Stand
activates the TURBO Charge mode. The switch
will light when this mode is activated and will re-
quire about 2-3 hours to fully charge the battery.
The charger will automatically switch to the trickle
charge mode when the battery has been fully
charged.

Caution

TO PREVENT DAMAGE TO THE
pScan SYSTEM ALWAYS TURN THE
POWER OFF TO THE CONTRROL
UNIT BEFORE CONNECTING OR
REMOVING THE MEASUREMENT
HEAD.

CONTROL UNIT

The Control Unit should be off. This can be de-
termined by checking the LCD display as no char-
acters are shown when the unit is off.

The next step is to connect the Measurement
Head to the Control Unit with the cable provided.
Do this by placing either end of the Measurement
Head cable into the head and the other end into
the connector at the top of the Control Unit. Make
sure the red dots on the connector and the plug
are aligned prior to inserting.

NOTE

At this time you may choose to install the optional
PC Software program into the computer and con-
nect the computer to the basic pScan instrument.
However, it is not necessary to have the PC con-
nected at this point in the installation. If you
choose to install the computer software, follow
installation instructions in the software documenta-
tion (supplied with the software).

OPERATION
CONTROL UNIT FUNCTION KEYS

Observe the keys on the Control Unit (or see Fig-
ure 2). Keys are grouped in 3 functional locations.
These are (from the bottom up) POWER, AR-
ROWS (untitled), and at the top, CONTROL.
These keys have multiple functions and are en-
abled only as needed for the operation being per-
formed.

NOTE

There will be references in the following sections
to keystroke operations on the Control Unit and
the optional computer. These instructions will be
presented in a format with the keystroke as a
header, and the resulting operation as text that
follows. The word “Activate” will be used to ask
you to perform a keyboard operation.

POWER KEYS

There are two power keys. One is labeled ON, the
other OFF. The ON key turns the Control Unit on:

Press (Activate) ON
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The LCD display will show the SMS banner fol-
lowed by system diagnostics. After system diag-
nostics, the MAIN MENU will be displayed.

Press (Activate) OFF

The Control Unit turns off and the LCD display
goes blank. A tone is sounded.

DIAGNOSTICS

There are several diagnostic displays that appear
when the Control Unit is turned on. Messages
which contain current information, such as battery
voltage, appear each time power is turned on.
Other messages appear only if a diagnostic test
fails.

These messages automatically scroll quickly to
minimize power up time. To display an individual
message:

Press and hold ANY ARROW KEY

Press and hold any of the four arrow keys to stop
diagnostics’ scrolling. To resume scrolling simply
release the arrow key.

MESSAGE DESCRIPTIONS, NORMAL SE-
QUENCE

The first message to appear is SMS followed by
the company address and telephone number. The
serial number of the Control Unit is also shown so
that you can identify your unit should factory assis-
tance be required:

SMS, Inc.
PORTLAND, OREGON
(503) 227-5178
S/N XXXXXX

The current time and date is the next normal dis-
play:

__SYSTEM CHECK ___ _

TIME 09:11:40
DATE 01/22/97

NOTE

The time and date is set at the factory. It can be
changed with the use of the optional SMS pScan
Software as described in the software documenta-
tion.

The next message provides the current battery
voltage:

__SYSTEMCHECK _ _ _ _
Battery Voltage

8 9 10

(NOTE: A fully charged unit should have a voltage
between 9 and 10 volts DC.)

The last message in the normal power up se-
quence provides information on the Measurement
Head. It provides the serial number of the head,
and the wavelength of the light source (hm). The
Measurement Head must have been attached dur-
ing the previous power up for this message to be
displayed:

__SYSTEM CHECK _
Head Calibrated
S/IN  XXXX-XX
A XXX nm

Any time a different head is connected to the Con-
trol Unit, the first power up sequence following
installation will read information from the head into
the Control Unit. The message during that infor-
mation transfer is:

__ SYSTEM CHECK _
PLEASE WAIT !
Reading HEAD

information.

It is possible to operate the Control Unit without a
Measurement Head connected. New measure-
ments, of course, can not be taken. When the
Control Unit is powered up without a Measurement
Head attached, this message appears:

____SYSTEM CHECK _
HEAD NOT INSTALLED
Measurements will

not be allowed!

NOTE

Be sure to turn the power off before connecting or
disconnecting a Measurement Head.
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The pScan Control Unit has a built-in power off
feature that will automatically turn the power off if
no activity has been detected for approximately 10
minutes. When that occurs, or if power is turned
off for other reasons, this message will appear:

__POWER SHUTDOWN _
Power shutdown
in progress...

No special operator requirements are needed in
the event of an automatic shutdown. Simply turn
the instrument back on to use it.

DIAGNOSTIC MESSAGES, ABNORMAL OP-
ERATION

Messages that appear when the Control Unit has
a problem or if the Measurement Head is not con-
nected are described next. Each time the unit is
powered up, the RAM memory used by the inter-
nal microprocessor is checked. If there is a prob-
lem, this message appears, and the unit will turn
off: (Contact SMS for further assistance.)

____ SYSTEM CHECK
CPU MEMORY ERROR
Call SMS at

(503) 227-5178

The system will not allow you to operate it if the
battery voltage is too low. When that happens,
this message appears, and after a few seconds,
the unit turns off (previously stored measure-
ments are not lost):

_ SYSTEM CHECK _
LOW BATTERY !!
recharge unit
before using.

If an incompatible head is attached to the Control
Unit, this message will appear:

__INVALID HEAD TYPE _
The present head
will not work
this Control Unit!

The Control Unit maintains serial number informa-
tion for a total of eight heads. Whenever a new
head is connected whose serial number cannot be
stored because the internal serial number file is
full, this message will appear:

__HEAD AREAFULL
DELETE or CLEAR all
Measurements before

Using this head ! ! !

DELETE File is a Control Unit command to delete
data files from the pScan Control Unit. It is de-
scribed in DELETE File. CLEAR is a command in
the optional PC computer software. It is described
in the software documentation.

NOTE

When either DELETE or CLEAR is activated in
response to this message, be sure to turn the
Control Unit off and then on again. This initializes
the instrument for proper operation.

ARROW KEYS

There are four keys in the center of the Control
Unit, each with an arrow showing the direction of
movement of the cursor. These keys have several
functions. During the power up sequence, holding
down any of these keys will stop diagnostic mes-
sages from scrolling.

The two vertical movement keys (up arrow, down
arrow) are used to move the menu cursor (shown
on the LCD as p) to the desired menu entry. In
some menus they also function as alphanumeric
keys. Successive pressing of these keys will allow
you to enter <SPACE>, all alphabet characters, -,
$, @ and numbers 0-9. The down arrow key
scrolls in the opposite direction of the up arrow
key. Continuous holding of these keys cause
these characters to scroll rapidly. The alphanu-
meric function of these keys is enabled whenever
information is entered into the Control Unit such as
creating or editing file names.

The two horizontal arrow keys (left arrow, right
arrow) are used to scroll between the various op-
tions within the selected menu entry.
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CONTROL KEYS

Four control keys are located at the top of the
keypad. They are described from left to right.

ESC

The escape <ESC> key makes it possible to re-
turn to the previous menu level. It can be selected
at any time. Successive selections will return the
cursor to the MAIN MENU.

The <ESC> key in conjunction with vertical arrow
keys provides the means to change the contrast of
the LCD. (The instruction for this is printed just
below the <ESC> key as shown in Figure 2.) To
change LCD contrast:

Select and hold <ESC> and press either UP or
DOWN ARROW

Observe the contrast on the LCD display and set it
to a comfortable level.

LCD DISPLAY ILLUMINATION

The second key from the left has a *“light bulb”
graphic. It is used to turn on the light, which illu-
minates the LCD display. Use this light only when
necessary as it consumes more power. This light
is automatically turned off during power down.

MEASURE KEY

The measure key has a graphic of a micrometer to
illustrate measurement. This key is used to initiate
a scan measurement. This key also serves as the
down arrow key to select individual measurement
scans stored in files as the main down arrow key
is used to scroll through data within that meas-
urement. (See menu selection SUMMARY below
for an expanded discussion.)

ENTER KEY

The rightmost key with the bent arrow graphic is
the <ENTER> key. This key is used whenever
information is to be “entered” (read) by the Control
Unit. This also serves as the up arrow key in con-
junction with the special function of the measure
key. (See menu selection SUMMARY below for an
expanded discussion.)

pScan MENU FUNCTIONS
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When the pScan instrument is powered up and
completes its diagnostics, the Main Menu ap-
pears.

This menu contains four possible selections (only
three of which can appear at any one time). To
make menu selections simply move the cursor to
the menu item desired (using either the up or
down arrow key) and press <ENTER> (bent arrow
key). You can easily determine which item is se-
lected, since the cursor () points to the item
which is also displayed in capital letters.

Figures 4 - 7 show the menu tree structure. Be-
side each menu screen are listed keyboard com-
mands needed for selections. Refer to these fig-
ures and try each of these selections. Comments
about these menu entries are given below.

MAIN MENU

The Main Menu has four entries: Measure, Setup,
Summary and RS232 Access.

MEASURE MENU

Measurements are made using the Measure
commands. Move the cursor (p») to MEASURE
using the up and down Arrow keys. Press <EN-
TER> to activate the MEASURE menu. See Fig-
ure 4 (A) for the keystroke commands and to fol-
low the menu selection process.

The Measure Menu has three selections. These
are measurement TYPE, SAVE and FILE as
shown in Figure 4 (B). If menu function TYPE is
selected, then three measurement formats can be
chosen. These are BSDF, RMS Roughness and
Reflectance. Use the left or right arrow keys to
scroll through these three measurement format
choices. (BSDF, RMS Roughness and Reflec-
tance are described in the Light Scatter Measure-
ment Tutorial.) The Control Unit will display data
for whichever measurement format is selected.
The Control Unit will remember the last display
format that was selected, even if the unit is shut
off.

Selection and activation of the SAVE menu has
the three options: ALWAYS, NEVER and VERIFY.
You use the left/right arrow keys to make the
choices. See Figure 4 (B).
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Selection of FILE allows you entry into the FILE
SETUP screen.

Caution

Review safety precautions (above) before
making measurements. Be sure hand held
scanning head is properly placed on the
sample surface before initiating a scan. To
prevent unintentional exposure from the
laser beam use of the cover is recom-
mended when head is moved away from a
sample surface. Use of controls or ad-
justments or performance of procedures
other than those specified herein may re-
sult in hazardous radiation exposure.

A measurement is first initiated by selecting one
of the measurement choices. Ordinarily pressing
either the measurement key on the Control Unit or
the button on the Measurement Head will make
the measurement. An LCD display as shown in
Figure 4 (C) will appear and an audible tone will
sound to indicate the laser source has been turned
on. If the cursor is pointing to TYPE, pressing
<ENTER> will also initiate a measurement scan.
The display of data will depend on the format se-
lected (either BSDF, RMS Roughness or Reflec-
tance).

Once the measurement is initiated, the Control
Unit LCD display shows a caution message and,
when the measurement is complete, measured
data will be displayed on the screen. All values
can be examined using the up/down arrow keys.

Example values for each data format are pre-
sented below.

NOTE

These numerical values will be different than these
obtained from your sample. YOU MUST MAKE A
MEASEREMTN IN ORDER TO HAVE DATA TO
DISPLAY!

TYPE

There can be as many as 10 lines of data when
the BSDF display is shown depending upon how
many detectors are installed in the Measurement
Head that you are using for the number of detec-
tors and their placement. As many as eight detec-
tors can be installed in a given head, so up to

eight detector entries may appear in the following
format:

(15,0)°: 2.21E-01

In the above example, a detector located at (15,0)°
has a BSDF of 2.21E-01 sr Detectors in the
Measurement Head are located using Beam Co-
ordinates (see Light Scatter Measurement Tutorial
documentation). Thus, 6s s 15° and ¢ is 0° (indi-
cating the detector is in the incident plane). The
incident angle of the source is reported in the firs
line of the BSDF display as 6,, followed by the
wavelength of the source(A) in nm. Since these
data are listed for each detector, you can deter-
mine the number of detectors located in the
Measurement Head from this information.

If a threshold (limit) value has been set using the
optional PC software, BSDF data will be presented
with a plus (+) or a minus (-) sign before the angle
coordinates [e.g. — (15,0)°]. The + or — indicates
that the reading is higher (+) or lower (-) than a
preset threshold value you establish using the PC
software. (The software documentation provides
more information about threshold values.)

Two other lines of data included in the BSDF dis-
play are the RMS Roughness shown in Angstroms
and Reflectance displayed as a percentage:

0(Ang) 695.3
REFL: 33.0%

RMS ROUGHNESS

The RMS Roughness value is calculated from
BSDF and Reflectance data. It is important that
the user realizes that the algorithm used for the
RMS Roughness calculation assumes certain
properties of the surface being measured. The
algorithm assumes that the surface is a front sur-
face reflector and is smooth relative to the wave-
length of the laser. The Control Unit will always
calculate and display an RMS Roughness result
and it is the responsibility of the user to determine
if the result is meaningful.

The Control Unit also calculates a maximum al-
lowable RMS Roughness based on the laser
wavelength and incident angle. This is the level at
which the algorithm can no longer provide reason-
able estimates of RMS Roughness. If the RMS
Roughness result is larger than this maximum
value, the Control Unit will display a message in
the form
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where <max RMS> is the calcu-
lated maximum allowable RMS
Roughness.

RMS Roughness and Reflectance values may
also be reported with a + or — sign, if predeter-
mined threshold values have been set using the
PC Software.

This display screen also reports the bandwidth:
BW(p™)=[0.010,1.00]

The Bandwidth (inverse umeters) is a function of
the spatial frequency and is described in the Opti-
cal Scatter Measurement Tutorial. The default lim-
its of the bandwidth for this calculation are 0.010
and 1.00 p-1. (Bandwidth limits can be changed if
PC Software is used.)

REFLECTANCE

Reflectance is reported with a percentage value
and a bar graph gives a visual indication.

SAVE

There are three options for handling data when
making measurements. These are Always,
Never, and Verify. When selected, Always saves
data to the selected file. Never means these
measurements are not saved. Verify forces you to
either accept or reject data before storing. This
message is presented when <ENTER> is selected
with the Verify option in use.

Save? Y/N

NOTE

In order to save data, a file must have been cre-
ated. If no files have been established only the
NEVER option will appear.

FILE

When the File option is selected the display will
change to the FILE SETUP menu (see Figure 4

(D).

SETUP MENU

The Setup menu is the second choice of the Main
Menu. Its selection makes it possible for you to
create Files, select Baud Rate, and examine
Head Configuration. Figure 5 is a tree diagram
for these operations. Activate the Setup menu by
moving the cursor to SETUP using the up or down
arrow keys and then press <ENTER> (bent arrow
key). The first option is File.

FILE

Selection of FILE makes it possible to Select,
Add, Rename, Edit, or Delete options using the
up or down arrow keys. It is also possible to reach
this menu directly from the Measure Menu.

Select File

The choice of SELECT FILE makes it possible to
scroll through the list of file names stored in the
Control Unit with the use of the vertical arrow
keys. As each file name is displayed, the number
of measurements stored in that file is also given,
as illustrated in Figure 5. If no files are stored in
the Control Unit, an error message will be dis-
played. Press <ENTER> to select the file name
of choice.
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The Add File selection makes it possible to create
and name new files in which to store measured
data. File names can be 8 characters in length.
Any leading or trailing blanks will be deleted. Any
intermediate blanks will be replaced with under-
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score (_ ). File names can be made up of any of
the characters in the alphanumeric character set
(described in Arrow Keys section above). Dupli-
cate and blank file names are not allowed. While
in this menu selection, the vertical arrow keys
scroll through the alphanumeric character set, as
the horizontal arrow keys move the cursor charac-
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ter along the line. Press <ENTER> to place the
new file name into memory.

Rename File

The Rename File menu selection makes it possi-
ble to rename an existing file. All data in the exist-
ing file will be identified with the new file name.
The procedure for changing the name is the same
as for Add File. An error message will be dis-
played if no files are stored in the Control Unit.

Edit File

This menu entry makes it possible to change the
name of an existing file without having to enter the
entire name again. It is useful when a series of
measurements are made that are similar, and only
one or two file name characters need to be
changed to keep track of these tests. Files added
under this command will be blank until measure-
ments are made and stored. For example, a file
named “TESTO001” can be quickly edited to create
“TEST002,” “TEST003,” etc. Use the horizontal
arrow keys to edit the file. Move the cursor to the
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character to be changed and use the up and down
arrow keys to select the desired character. Once
again, an error message will be displayed if no
files are stored in the Control Unit.

Delete File

The Delete File selection makes it possible to de-
lete the file and all data contained therein. You
will be asked:

__DELETEFILE
File [filename]
will lose all data!
Delete y/N

Again, if no files are stored in the Control Unit, an
error message will be displayed.

BAUD RATE

Selecting the menu entry for Baud Rate makes it
possible to choose parameters for the serial port.
There are 5 possible baud rates as shown in Fig-
ure 5. These are 9600, 4800, 2400, 1200, and
300. (Baud rate is a measure of how fast data can
be transmitted over the cable connected to the
serial port.) The remaining parameters are the
same for all baud rates. They are 8 bits, no parity
and 1 stop bit. Press <ENTER> to select the
baud rate indicated by the cursor.

NOTE

Selecting too high a Baud Rate may result in some
data being lost. The correct Baud Rate is a func-
tion of the cable length from the RS232 port and
the PC computer and the size of the buffer on the
receiver (PC). The recommended Baud Rate for
the provided cable is 9600.

HEAD CONFIGURATION

Measurement Heads containing several different
combinations of sources and detectors can be
connected to the pScan instrument. Each head is
factory configured with sources and detectors
mounted at various angles. As configured, up to 3
variations may be stored per head. (Information on
head configuration is sent to the Control Unit from
the head upon initial connection and power up.)
Selecting Head Configuration makes it possible to
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choose one of the 3 options. If there is only 1
possible configuration, the display will so indicate.
A blinking cursor will indicate which head configu-
ration is selected. The cursor can be moved to
select other configurations using the horizontal
arrow key. Press <ENTER> to activate your con-
figuration choice. See the Measurement Head
documentation about specific Measurement Head
models.

SUMMARY

The 3rd Main Menu entry is Summary as shown
in Figure 6. There are 3 options within Summary.
They are Memory, File and System Information.
This feature makes it possible to see how much
Memory has been used and allows you to exam-
ine data stored in files in the File selection.

MEMORY

Selection of Memory provides a summary of the
number of files stored, and the numbers of meas-
urements both complete, and left to be made.
There can be as many as 255 files. The total
number of measurements that can be stored in the
Control Unit memory is 700. A maximum of 255
measurements can be stored in a single file. The
combined number of stored measurements from
all files cannot exceed 700.

FILE

Selection of File makes it possible to examine the
data contents of each named file. The LCD display
shows the currently selected file name as well as
the measurement number. For example, meas#
1:8 indicates that data to be displayed (if this file is
selected) is the 1st of 8 measurements. The verti-
cal arrow keys scroll file names, while horizontal
arrow keys scroll the present measurement num-
ber for the selected file. Press <ENTER> to select
the chosen file and measurement within the file.

Data for each of three data formats (BSDF, RMS
Roughness, Reflectance) are displayed. Each can
be accessed using horizontal arrows. Vertical ar-
rows are used to scroll through displayed data.
The <ENTER> and <MEASURE> keys become
scroll keys to increment or decrement the dis-
played measurement number within the selected
file.
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SYSTEM INFORMATION

Selection of system information provides the Con-
trol Unit's calibration date and firmware version.

RS232 ACCESS

The final option on the main menu is RS232 AC-
CESS. This will only appear on the LCD screen
when the display is scrolled down. The RS232
Access Main Menu selection allows the transfer-
ring of data from the Control Unit to the PC com-
puter (also see PC Software Documentation).
This places the Control Unit in the Serial Port
Mode. The charging stand provides the internal
connections to the computer from the Control Unit
via pins on the Control Unit/Charging Stand con-
nector. A user supplied IBM PC Compatible
Computer can be used to control data transmis-
sion. Figure 7 provides the menu structure for this
feature.
NOTE

Caution

The External Power connection (Pin 8)
supplies power to the pScan Control Unit
and the Measurement Head without the
Charger Stand. The external power source
must have a voltage in the range of 9 to 11
VDC and should be capable of supplying
200mADC. To prevent damage do not ex-
ceed these voltage limits.

When the RS232 Access (serial port mode) is ac-
tivated and the Control Unit is not in the charger
stand, or the Control Unit is in a charging stand
that is not turned on, the power drain on the Con-
trol Unit battery is increased. In addition, when the
Control Unit’s serial port is active, the battery volt-
age is not continually sampled, nor is the auto-
matic power-off feature active. Therefore, when-
ever the serial port is to be used for extended pe-
riod of time. It is important to either place the Con-
trol Unit in the Charging Stand, with the charger
turned on so that the Control Unit's battery re-
mains charged, or to apply external power to the
Control Unit (see PC/CONTROL UNIT INTER-
FACE section).

PC/CONTROL UNIT INTERFACE

There may be a need to connect the Control Unit
directly to a PC computer without using the
charger stand. Since using the RS232 Access
feature requires more power (see RS232 AC-
CESS), it may also be necessary to provide exter-
nal power to the Control Unit without placing the
Control Unit in the Charging Stand. This section
describes the Serial Port connectors and com-
mands needed for remote operation.

SERIAL PORT CONNECTION

The puScan Control Unit uses a 9-pin female D-
Sub Connector located at the bottom of the unit for
Serial communications and external power. Of the
9 pins, only 4 of them are needed. The remaining
pins are used for special control purposes so ex-
ternal connection to these pins is not allowed.

54 3 2 1

(ONONONONG)
ONONONG,

9 87 6

9-pin D-Sub Connector

PIN# Description
2 RxD (Receive Data)
3 TxD (Transmit Data)
5 Ground (Signal and Power)
8 External Power (9.0 to 11.0 VDC)

1,4,6,7,9 Do not connect

pScan SERIAL PORT COMMANDS

The pScan Control Unit can be used as a remote
measuring device by using the serial port. The
Control Unit uses a three-wire interface and sup-
ports the Software Handshaking protocol
(XON/XOFF). The commands necessary to do this
are described below. Note that all commands must
be terminated with a carriage return character
<cr>. The serial commands can be either upper or
lower case, since the Control Unit is case insensi-
tive.

INITIALIZE CONTROL UNIT

SERIAL COMMAND  <CNTRL>+B<cr>

DESCRIPTION This command is part of the
requirement for setting the uScan
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Control Unit into serial port mode.
The following steps must be per
formed before the Control Unit is
properly initialized:

1) Connect pScan Control
Unit to host (PC or other
serial host).

2) Turn puScan Control Unit
ON.

3) Select ‘RS232 ACCESS’
from uScan Control Unit
main menu.

4) Send<CNTRL>+B<cr>
from host computer to
pScan Control Unit.

RETURN MESSAGES ** RS232 PORT READY
TO COMMUNICATE<cr>

MEASURE

SERIAL COMMAND M<cr>

DESCRIPTION This command is used to
start a measurement. A
head must be attached to
the uScan Control Unit for a
measurement to be made. If
a head is not attached, an
error message will be returned.

RETURN MESSAGES
*** MEASUREMENT COMPLETE<cr>
*** HEAD ERROR ... MEASURE-
MENT NOT ALLOWED!<cr>

RETRIEVE MEASUREMENT RESULTS

SERIAL COMMAND  RX<cr>

DESCRIPTION This command is used to retrieve
the data following a measurement. This com-
mand should immediately follow the MEAS-
URE command. Datais returned as a
puScan MEASUREMENT RECORD (see sec-
tion uScan MEAU- REMENT RECORD FOR-
MAT for information about the format), fol-
lowed by a transfer complete message. Note
that this command will always return the last
VALID measurement record. This is important
to know because a MEASURE command can
fail because of an unconnected head, yet this

command would still return data.
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RETURN MESSAGES

<pScan MEASUREMENT RECORD>
*** TRANSFER COMPLETE<cr>

RETRIEVE DATE AND TIME

SERIAL COMMAND  T<cr>

DESCRIPTION This command is used to retrieve
the date and time from the uScan
Control Unit. The time is returned
in 24 hour format.

RETURN MESSAGES
YY:MM:DD:HH:MM:SS<cr>

SET DATE AND TIME

SERIAL COMMAND
YY:MM:DD:HH:MM:SS<cr>

DESCRIPTION This command is used to set the
date and time in the pScan Con-
trol Unit. The time must be in 24
hour format. It is important that the
form of the date and time string be
EXACTLY as shown, with leading
zeros for years, months, days,
hours, minutes, or seconds having
a value less than 10.

RETURN MESSAGES
YY:MM:DD:HH:MM:SS<cr>

puScan MEASUREMENT RECORD FORMAT:

One MEASUREMENT RECORD consists of one
SOURCE INFORMATION RECORD followed by
several DETECTOR INFORMATION RECORDS.
Every measurement requires one measurement
record. A large number of measurements can be
stored in a single uScan file by appending meas-
urement records to the end of the file. This format
uses spaces as delimiters, thus allowing decoding
to be very simple.

SOURCE INFORMATION RECORD:
The first line of each MEASUREMENT RECORD

is the SOURCE INFORMATION RECORD. This
line has the form
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# <DATE> <TIME> <A > < einc>

where:
# start of SOURCE INFORMATION

RECORD indicator

<DATE> date of measurement <MM-DD-
YYYY>

<TIME> time of measurement
<HH:MM:SS>

<A> laser wavelength in nanometers
< Bipc> laser incident angle in degrees

if ( 0 Bjc < 90) then

Reflective Measurements
if (90 6jhc 180 ) then
Transmissive Measurements

DETECTOR INFORMATION RECORDS:

The lines that follow the SOURCE INFORMATION
RECORD define the detector locations and meas-
urement results. DETECTOR INFORMATION
RECORDS have the form

& <Bg> < @g> <BSDF/REFL/TRANS>

where:
& start of DETECTOR INFORMA-
TION RECORD indicator
< 6g > detector angle from sample nor-
mal in degrees
<@g> detector angle from the specular

reflection in degrees
<BSDF/REFL/TRANS>
measurement result
if (B85 = Bjc) and (¢g = 0) then
result is REFLECTANCE in the
range
0.001 < REFLECTANCE <
0.999
if (85 = 180 - Bj,c) and (gg = 0)
then result is TRANSMISSION
otherwise result is BSDF

The number of DETECTOR INFORMATION RE-

CORDS per MEASUREMENT RECORD is deter-

mined by the number of detectors in the meas-
urement head including the reflectance detector (if
one is installed). A<BSDF/REFL/TRANS> value
greater than or equal to 5.0 indicates an overload

on the detector.

EXAMPLE: SERIAL TRANSFER

The following example should help to understand
the serial transfer format. Underlined commands
are originated from the PC or terminal. The car-
riage return character is denoted here by <cr>.

<CNTRL> + B<cr>

*** RS232 PORT READY TO COMMUNI-

CATE<cr>

M<cr>

*»** MEASUREMENT COMPLETE<cr>

RX<cr>

# 11-30-1990 11:40:10 670.0 25.0<cr>

& 0.0 0.0 1.082E-03<cr>

& 50.0 180.0 5.857E-04<cr>

& 25.0 0.0 4.100E-O1<cr>

*** TRANSFER COMPLETE<cr>

M<cr>

*** MEASUREMENT COMPLETE<cr>

RX<cr>

# 11-30-1990 11:40:15 670.0 25.0<cr>

& 0.0 0.0 1.064E-03<cr>

& 50.0 180.0 5.955E-04<cr>

& 25.0 0.0 4.300E-O1<cr>

*** TRANSFER COMPLETE<cr>

Notes:

-The laser wavelength is 670, 900 or 1300nm.
-The incident angle is 25 degrees.

-The measurement head has a total of three de-
tectors, two BSDF and one REFLECTANCE. For
this example, the REFLECTANCE detector is the
third detector of each MEASUREMENT RECORD
since Bg = Bj,c = 25 degrees and ¢g = 0 degrees.

2-18



Part 2 CONTROL UNIT

FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4

FIGURE 5

FIGURE 6

FIGURE 7

FIGURE 8

FIGURE 9

FIGURES

SMS pScan SYSTEM ~ 2-2

pScan CONTROL UNIT 2-3

TYPICAL

MEASUREMENT HEAD 2-3
MEASURE 2-9
SETUP 2-10
SUMMARY 2-11
RS232 ACCESS 2-12
Statistics Summary 2-13
Statistics Summary 2-14

2-19



uScan User's Manual

Page intentionally left blank

2-20



Part 3 MEASUREMENT HEAD

Part 3: Measurement Head

INTRODUCTION

The SMS pScan Scatterometer System can utilize various
interchangeable SMS Measurement Heads. This provides a
wide range of measurement capabilities for various samples
including both reflective and transmissive applications. Use of
one of the hand held Measurement Heads makes accurate
readings possible with portable operation, both indoors and
outside.

PRECAUTIONS AND SAFETY

WARNING

All laser equipment is labeled for operator
and individual safety protection. Four levels
or classifications have been established.
Each classification has its own set of recom-
mended safety precautions which should be
followed for the protection of the operator as
well as others near the laser system.

Laser Safety Classifications

Lasers are classified by the Bureau of Radiological
Health (BRH) of the US Food and Drug Admini-
stration and by ANSI Z-136. The classification
philosophy is based upon human access and po-
tential hazard. Class | levels of radiation are not
considered to be hazards. Class Il lasers are
those visible lasers which do not have enough
output power to accidentally injure a person but
which may cause eye damage from chronic expo-
sure. Class Il lasers are often termed low-power
or low-risk laser systems. They are hazardous
only if the viewer overcomes his or her natural
aversion response to bright light and continuously
stares into the source. A Class Il laser has an
output power below 1 mW.

Class Il laser products emit at levels at which bio-
logical damage to human tissue is possible from
acute direct exposure. Class Ill, moderate risk or
medium power lasers, are those that can cause
injury within the natural aversion response time,
i.e., faster than the blink reflex (0.25 s). Class llI
has been subdivided into Illa and lllb. Class llla
lasers are not hazardous when viewed with the
unaided eye but may be hazardous when the en-
ergy is collected and directed into the eye, as with
binoculars. These lasers are visible wavelength
lasers in the 1 -5 mW regime. Class lllb lasers
can produce a chance of accidental injury if

viewed directly. The primary danger is exposure
to the direct or specular reflected beam. Continu-
ous wave lasers with an output between 1 mW
and 0.5 W are classified as Class Ill.

Laser systems which are “High Power,” present a
“High Risk” of injury and can cause combustion of
flammable materials are designated Class IV.
They may also cause diffuse reflections that are
eye hazards and may also cause serious skin in-
jury upon direct exposure. A more restrictive
warning label is required and even more restrictive
control measures are necessary.

NOTE

The SMS pScan instrument using the Model H-
900 or Model H-1300-01 Measurement Head is
a Class | Instrument. The Model H-670-01
Measurement Head is a Class Il Instrument.

Class Il levels of laser radiation are considered to
be a chronic viewing hazard.

Caution

Users are responsible for adhering to safety
precautions for any lasers used with SMS
Scatterometer Instruments. Lasers delivered
with SMS Scatterometers are clearly labeled
according to Title 21, CFR 1040.10 and
1040.11 specifications. It is the user’s re-
sponsibility to follow the appropriate safety
procedures. Contact the Center for Devices
and Radiological Health, Food and Drug Ad-
ministration, 2094 Gither Road, Rockville, MD
20850, (800) 532-4440 if you have specific
safety concerns or questions. The following
precautions are suggested for your safety.

Safety Maintenance

It is important that this instrument be maintained
such that it continues to meet all laser safety re-
quirements. Periodically (at least weekly) examine
the Measurement Head to see that the compliance
labels are securely attached. Inspect the beam
attenuation cover to see that it fits securely and is
not damaged.
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Eye Protection

Operation of this instrument does not require spe-
cial devices for eye protection. However, users of
any SMS Scatterometer system are cautioned not
to stare directly into the beam or into its reflections
from shiny or diffuse surfaces.

Specific Hazards

The models H-900-01 and H-1300-01 Measure-
ment Heads are Class | lasers of low power and
do not emit hazardous radiation under normal op-
erating conditions. The model H-670-01 instru-
ment is designed to reduce concerns of using a
Class Il laser device. The laser source is en-
closed in the optics assembly as are the other two
Measurement Heads to reduce the possibility of
stray laser radiation and the only exit aperture is
clearly marked. Looking into the aperture should
be avoided when the laser is turned on.

Model H- 670-01, H-900-01 and H-1300-01
MEASUREMENT HEAD DESCRIPTION

The Model H-670-01, H-900-01 or H-1300-01
hand held Measurement Head consists of a single
laser diode source, two scatter detectors and a
reflectance detector. Figure 1 shows the place-
ment of these components within the head’s hous-

ing.

This head is designed to make in-plane measure-
ments on either flat or convex surfaces with a
minimum radius of curvature of 4.5". The source is
a laser diode, located at 25° from surface normal.

Two scatter detectors are located at 0° and 50°
from surface normal. These detectors are both
located on the same side of the reflected beam,
thus making it possible to calculate RMS Rough-
ness. (See the Optical Scatter Measurement Tuto-
rial of this manual for more information on RMS
Roughness and other data formats such as BSDF
and Reflectance.)

As indicated in Figure 1, the specular reflection
exits through the beam dump into the reflectance
detector. Thus the only source of scatter is from
the sample itself.

OPERATION

The Model H-670-01, H-900-01 or H-1300-01
Measurement Head is used with the uScan Con-
trol Unit (described in the Control Unit Section of
this manual).

MEASUREMENT

=
6

5
SCATTER

DETECTOR
(0,0)

REFLECTANCE
DETECTOR

\N

LASER
SOURCE
(25,180)

SCATTER
DETECTOR
(50,180)

FIGURE 1
MODEL H-670-01, H-900-01 or MODEL H-1300-01
MEASUREMENT HEAD

NOTE

ALWAYS TURN THE CONTROL UNIT POWER
OFF BEFORE CONNECTING OR DISCONNECT-
ING THE MODEL H-670-01, H-900-01 or H-1300-
01 MEASUREMENT HEAD.

With the Control Unit turned off, connect the
Measurement Head to the Control Unit with the
cable provided with the head. Do this by placing
either end of the cable into the cable socket near
the top of the Model H-670-01, H-900-01 or H-
1300-01 housing. Make sure the red dots on the
connector and plug are aligned prior to inserting.
Connect the other end of the cable to the socket at
the top of the uScan Control Unit.

When the Control Unit is turned on, specific infor-
mation about the Model H-670-01, H-900-01 or H-
1300-01 Measurement Head is transferred to the
Control Unit memory. This information and Con-
trol Unit operating instructions are presented in the
CONTROL UNIT section of this manual.
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HANDLING AND USE

The Model H-670-01, H-900-01 or H-1300-01
Measurement Head is easy to handle and use.
Once the Control Unit has been set up for meas-
urements, the actual measurement can be taken
by pressing (activating) the red button near the top
of the Measurement Head housing. An audible
warning is given from the Control Unit when the
laser is operating. Activate the laser only when
the Measurement Head is placed on the sample.

There are a few comments, which can help to get
the maximum accuracy and flexibility from this
product.

Press the head against the sample with sufficient
pressure to ensure a good contact. Be sure the
sample surface touches the head at the aperture
opening as the distance from the source and de-
tectors to the sample is important. If the sample is
curved be sure that the aperture in placed firmly in
contact with the surface. If the aperture is placed
over a valley, the distance from sample to detector
may be too large for accurate measurements.

Always set the head on the sample, and lift it to
remove. Dragging the head across the sample
may result in damage to very smooth surfaces.
Be sure the sample is completely covering the ap-
erture. Measurements on a sample, which does
not fully cover the aperture, may be in error.

Readings from samples having low scatter (BSDF
<1E-4) may be affected by dust particles. Using
an air “puffer” to blow dust particles away from the
sample may improve measurement accuracy.
Always keep the aperture cover on the head when
measurements are not being made. This is not

only a good safety procedure, but it also helps
keep the head optics clean.

The head is not designed to operate on wet sam-
ples. Avoid measuring moist or wet surfaces.
When larger temperature variations are encoun-
tered, it is also a good idea to let the head reach
temperature stability after moving the unit. Place
the head on a flat surface with the aperture at the
bottom and the aperture cover removed. Any
moisture caused by condensation will be forced
toward the aperture by doing this.

Some samples may be small enough to be cov-
ered by the Measurement Head. If so, it will be
difficult to accurately locate the head on the sam-
ple. One solution to this is to place the head on a
flat surface with the aperture facing upward. The
sample can then be accurately placed.

Consistent measurements will result if the head is
not moved from the sample between measure-
ments. It is difficult to precisely relocate the head
to the exact position once it has been moved and
returned. Accuracy is maintained if the head is no
more than 1mm above the sample.

MAINTENANCE

There is very little maintenance required with the
SMS Model H-670-01, H-900-01 or H-1300-01
Measurement Head. It is suggested that you rou-
tinely use a “puffer” to blow dust out of the head
aperture area. If the measurement environment is
dusty, then use the puffer more frequently.

It is important that laser safety precautions be fol-
lowed. At least once per week check the head to
see that all labels are securely fastened.
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Part 4: PC OPERATION AND SOFT-
WARE

INTRODUCTION

The SMS pScan™ hand held Scatterometer can
be connected to an optional Personal Computer
(PC) system. The purpose of this option is to pro-
vide significantly more data storage as well as
greater data analysis, comparison and presenta-
tion capabilities. The operator can make meas-
urements, and delete, edit and save data files
while using the PC. The PC can be used to re-
trieve data files from the uScan Control Unit.
These files can be displayed and/or printed. The
PC option also makes it possible to initiate remote
measuring and to have threshold (pass/fail) data
analysis.

This documentation describes the PC hardware
requirements and installation of the optional SMS
PC Software. The Operation section tells you
how to use the menus in order to operate this in-
strument using the PC. A listing of error mes-
sages is presented in Appendix A and a descrip-
tion of data formats is in Appendix B.

PC SYSTEM
MINIMUM PC REQUIREMENTS

The minimum requirements for the PC system in-
clude:

* 100% PC/AT IBM™ Compatibility

* 512K available memory

* 1 serial data port (to connect the
Control Unit)

* DOS version 3.3 (or greater)

* Two flexible disk drives or one

flexible and one hard drive

SMS pScan software is supplied on 3v2”
(1.44 MB) diskettes.

RECOMMENDED PC CONFIGURATION

The SMS Software designed for this appli-
cation has many features that make op-
eration of the PC more useful and effi-
cient. It is recommended that the follow-

ing hardware be added to obtain full ca-
pability of the instrument and software:
+Hard disk drive

+Parallel port

+Parallel printer

+Mouse (Microsoft™ compatible)
+Additional serial port (if Mouse is added)
+CGA/EGA/VGA video card and monitor

USER INTERFACE WITH PC

Basic operation of the PC is with the keyboard and
all PC functions can be accessed with it. Once the
software is installed you will be able to choose
functions using pull down (window) menus. Infor-
mation supplied with the PC will describe how to
use the keyboard. The Mouse option, if used, pro-
vides a fast way of moving the cursor to access
and operate the instrument. Special key usage is
described in the Operation section (below).

ERROR MESSAGES

Software for the PC contains several messages to
help you determine what may be wrong when op-
erational errors happen. These messages have a
unique number and are displayed on the screen
as they occur. These messages are also listed in
numerical order in Appendix A. Each message
provides a description of the problem as well as
the necessary command syntax and an example if
pertinent. Appendix A may contain additional in-
formation concerning the problem.

INSTALLATION

SMS uScan Software is supplied on 3%2" (1.44
MB) diskettes. This software will be saved in the
directory you specify. It is assumed that the PC
and selected peripherals have been connected
and their operation verified. Connect the uScan
Charging Stand to a PC serial port using the con-
nection cable supplied. (Note this serial port num-
ber, as you will have to use this number when con-
figuration changes are entered into the software.)
Place SMS Software Disk into the flexible disk
drive. Now perform these steps (you must follow
each with command with <ENTER>)

Type A:
This command places you at drive A. Use B: if the
disk was placed in that drive.
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Type DIR
The contents of the directory should be:
SAMPLE.USN
INSTALL.EXE
USCAN.CFG
USCAN.EXE
If these titles are not displayed, either you have
the wrong disk or there is an error. Contact SMS if
these files are not found.

Type INSTALL

This will cause an error message to be displayed.
We chose this method of forcing you to enter your
directory path name at this step. Our example
(shown in the error message) suggests a path di-
rectory of C:\USCAN. (This assumes use of a hard
disk drive. Use B: if your second drive is a flexible
disk.)

NOTE: The letter “ U “ is often substituted for
“p“ as akeyboard entry convenience. The
meaning should remain clear to the user.

Type INSTALL C:\USCAN

This assumes our example path name. Use the
path name you have chosen. The software on the
install disk should now be transferred to your di-
rectory. A horizontal Activity Bar indicates that
the copying is in progress and estimates the per-
centage of completion.

Type C:

Type CD C:\USCAN

Change to the directory you have just specified.
Again, we assume our example path name.

Type DIR

List the directory contents. Three of the four pre-
viously listed file names should appear. The only
file not transferred is INSTALL.EXE since it is no
longer needed.

Remove the install disk and store it in the event a
future installation is required. This concludes the
installation.

Type USCAN

The USCAN Main Menu will appear and you are
now ready to use the software.

OPERATION

Operation of the PC is based on selection of func-
tions from menu screens displayed on the monitor.

The MAIN MENU is displayed at the top of the
screen and it has these functions:

Eile Data Qutput Edit Measure oPtions eXit
Help

Each menu entry has one capital letter. The capi-
tal letter in conjunction with the <ALT> key is used
in the keyboard selection of the menu entry. For
example, let us activate Help:

Hold <ALT > and type H

Note that the Help option in the Main Menu be-
comes highlighted, and a Pull Down Menu (sub-
menu) appears. The Help menu has two options:

Using pScan
About pScan

The cursor now highlights “Using uScan.” Use the
up and down arrow keys to move this cursor.
Place the cursor on Using puScan:

Press <ENTER> (i.e. Return)

An explanation of keystrokes needed for keyboard
operation of the instrument is now displayed.

USING pScan

The Using pScan screen lists various key func-
tions for accessing functions through menus.
Starting at the top of the list, <ALT> + <CAP LET-
TER> and <ENTER> have been described in the
example commands above. In many menu win-
dows, pressing <ENTER> will automatically move
the cursor to the EXIT selection as well.

Sub-menu selections can also be activated by just
typing the highlighted letter of the menu entry. This
is a fast and convenient way to choose a function
in a long menu list.

The <ESC> key will terminate the current opera-
tion and return you to the next higher menu. The
only time <ESC> does not function in this way is
when you must answer either YES or NO to a
menu selection. In many menu windows you may
also activate CANCEL. As with <ESC>, CANCEL
will cause you to leave that menu without parame-
ter modification.

The <TAB> and <SHIFT-TAB > keys move the
cursor to either the next or the previous window
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selection box. The cursor keys (arrow keys)
move the cursor within the selection boxes.
Function <F1> - <F10> keys become active

(HOT) at various levels in the menu structure. The
menu displayed will indicate what function is active
for the particular key at that point. A few minutes
of exploration of menus using these keys will
teach you how to use them.

MOUSE OPTION

This system supports the use of a Microsoft™
compatible mouse. Only the left mouse button is
active. Controlling the cursor with the mouse op-
tion can be very fast.

ABOUT pScan

The About pScan screen provides a brief func-
tional description of the instrument software. It
includes the address of SMS should you need it.
Follow those steps described above to access this
screen.

OPTIONS

The oPtions feature makes it possible to set up
communications with the pScan Control Unit. The
Control Unit must be placed in the Charging Stand
and the cable from the PC to the stand must be
connected. Turn on the Control Unit and activate
RS232 ACCESS from the Control Unit Main Menu.
(See Control Unit documentation, for information
about the Control Unit operation and Charging
Stand.) Each sub-menu function is accessed as
described above. We begin by setting serial port
communications.

SETUP SERIAL PORT

The Setup Serial Port function causes a screen
to appear which allows selection of the baud rate
for the communications port to which you con-
nected pScan. There are 5 possible baud rates.
Choose a baud rate that is supported by your PC.
Note that you may need to choose a slower rate if
the connection to the Control Unit is over a longer
distance or a communications buffer overflow oc-
curs. Using either the <TAB> or <ARROW> keys,
move the cursor to the desired baud rate and acti-
vate your choice by pressing <SPACE> or <EN-
TER>. (The selected choice is noted by a special
symbol.) Now move the cursor to the PORTS sec-
tion and activate the correct PC communications
port (for example com1:) that was selected when

the connection was made between the PC and the
pScan Charging Unit.

Any changes that you made will be ignored if
CANCEL or <ESC> is activated. If you activate
EXIT, any new selections will remain in use as
long as the PC program is not exited. Permanent
changes (changes that will remain whenever the
PC program is executed) are made using the up-
date configuration file function.

SET pScan TIME & DATE

The time and date in the uScan Control Unit can
be synchronized with the clock in the PC using Set
pScan Time & Date menu. The current time and
date of the PC is displayed with this format:

Hour: Minute: Seconds Month-Day-Year

Activating window “EXIT” will set the Control Unit
clock with the PC clock. Activating “CANCEL” or
<ESC> will not change the Control Unit time.

SELECT puScan CONFIGURATION

The Select uScan Configuration menu provides
information about the Measurement Head cur-
rently connected to the Control Unit. (An error
message will result if a head has not been at-
tached.) The laser source mounted in the meas-
urement head is listed in the table with its angle of
incidence (Bjnc), and wavelength (A). In addition,

those detectors that are active with the particular
laser are specified by their angles.

Use the <TAB> to move the cursor to the desired
window box. Select the laser desired for your
measurements and activate EXIT. The chosen
laser will be used for the next measurements. La-
ser choices will frequently depend upon need for
reflective versus transmissive scans.

DISPLAY SYSTEM INFORMATION

Information about your pScan system is available
using the Display System Information menu.
There are three categories of information for your
use. These are pScan HEAD INFORMATION ,
pScan CONTROL UNIT INFORMATION and
STATISTICS. Information for the Measurement
Head (that is currently attached) and the Control
Unit includes serial numbers and date of last cali-
bration. The Control Unit software version number
is also listed. Total time in use, measurements and
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data transfers for the Control Unit are reported in
the Statistics window. This information will be re-
quired should you need to contact SMS concern-
ing your system.

UPDATE CONFIGURATION FILE

This software uses the file USCAN.CFG to store a
variety of system operating parameters. These
parameters include communication port and baud
rate, printer port and type, SAVE type (al-
ways/never/verify) , DOWNLOAD type (ap-
pend/overwrite ), CONVERT type (casi/ascii ),
CONVERT mode (confirm/overwrite ), Bandwidth
limits, and the default subdirectory path and drive.
When the uScan Software program begins, the
program reads USCAN.CFG to obtain the default
values for each of the parameters. Any changes
to the default parameters via Main Menu options
are valid only during the current session unless
the Update Configuration File option is activated.
Activating this option will cause the existing US-
CAN.CFG file to be renamed USCAN.BAK and
the present parameter values to be written to a
new USCAN.CFG file. Therefore, the next time
the program is used, these new default values will
automatically be used.

The default path is useful for specifying the default
drive and subdirectory path in which uScan data
files are stored. When the configuration file is be-
ing updated, the currently active drive and subdi-
rectory path will be stored as the default path.
When the program is first started, it tries to change
to this default subdirectory, but if for some reason
it fails (drive not ready, disk has been removed,
invalid path specified, etc.), the program will use
the presently active drive and subdirectory as the
default.

Activating this option will cause an “updating” mes-
sage to be displayed briefly on the screen.
MEASURE

BEGIN

Making measurements starts by activating Begin
........ <F5>. (Itis assumed that a measurement
head is connected to the Control Unit and that the
Control Unit is properly connected to the PC.) If
the specified measure file already contains data,
the user will be asked if the file should be ap-
pended, overwritten or the operation cancelled.

If Appending is desired, the present file will have
the new measurements added to the end. How-
ever, if “overwrite” is selected the present file will
be renamed with a “.USB” extension and a new
file will be created. This means that even the
comments are cleared. Selecting “CANCEL” will
abort the operation. A screen will then appear
telling you that a measurement is in progress.
Upon completion, the measurement table screen
will be updated.

Examine the Measure screen that is displayed and
note the top line specifies the measurement file
name and the SAVE option (either ALWAYS,
VERIFY or NEVER). The next 3 lines are avail-
able for inserting comments. Use <TAB> to move
the cursor to these lines and enter comments as
desired. (Please refer below to the section de-
scribing Main

Menu option Data\Display Table for an explanation
of parameters presented on the Measurement
screen.)

Command boxes associated with this feature in-
clude measurement (to initiate additional meas-
urements), previous and next to examine meas-
urements stored in this file, and exit.

SAVE

There are three options for saving data using the
Save...... function. These are always, verify, and
never. These choices have the same meanings as
described in the SAVE section of Control Unit
documentation. The choice made via the PC will
supersede the choice made directly at the Control
Unit. The current choice is displayed in the window
menu whenever the Measure function is activated
as, for example, “Save....NEVER.”

MEASURE FILE NAME
File

The sub-menu choice File provides a means of
naming or selecting a file into which measured
data are to be stored. If a file name has not been
assigned, MEASURE FILE NAME window will
appear. You may enter your own file name within
the brackets of the top line. File names can be up
to 12 characters, but must follow DOS format. For
example:

File Name: [ SAMPLE.USN ]
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This screen also lists files that have previously
been used. Use <TAB> to move to the file win-
dow and use the cursor keys to select SAM-
PLE.USN and activate using <ENTER>. (SAM-
PLE.USN is an example file containing data, which
we use in this chapter to help describe software
features.) This will become the selected file and
the name will appear on the top line. Activating
EXIT will cause the PC to store data in the named
file when the next measurement is made. Note
that upon returning to the Measure menu, the last
selected file will appear in the menu as, for exam-
ple, File..SAMPLE.USN. The directory path is
also specified on this screen.

FILE

The Main Menu option File provides file manage-
ment capability for the instrument. There are three
functions in this option. These include pScan file
handling (Add, Delete, Clear and Download), read-
ing files from PC disk storage, and file format con-
version.

pScan FILE HANDLING

One of the main advantages of the PC is the avail-
ability of much more file storage than exists in the
Control Unit. Using the PC, you can name files
and add them to Control Unit storage. You can
also delete, clear and obtain (download) files from
the Control Unit. The Control Unit must be placed
in the Charging Stand, turned on and RS232
ACCESS selected before activating these
functions, otherwise ERROR 2200 - SERIAL
PORT NOT RESPONDING will occur.

Upon selection of one of these uScan File func-
tions, the Control Unit will send to the PC names
of all files currently stored in the Control Unit. See
(Setup/File section of the Control Unit documenta-
tion for more information.) These file names are
alphabetically displayed so that you can see what
files already exist in the Control Unit. There can
be more files (as many as 255) than can be dis-
played at one time on the screen. When there are
more than a screen full of files, the bottom line of
the file listing window box will become an action
line. This tells you to scroll using arrow keys to
view additional file names. (The optional Mouse
cursor can be used with the action line for scrolling
as well.)

NOTE

If for any reason the Control Unit is turned off
while being used with the PC, it will be neces-
sary to re-access any functions starting again
at the PC Main Menu. The reason for this is
that the Control Unit may have been removed
to make other measurements and thus addi-
tional files may have been stored in its mem-
ory. The PC would not be aware of new files
unless a complete re-load was initiated.

A window for File Name: [ ] makes it possi-
ble to select or edit a new file. The last file that
was active in the Control Unit is displayed in the
File Name window when these file handling
screens first appear.

The <*> serves as a wild card character for file
handling. It can be used to identify all files having
similar names to save time. It functions just like it
is used in MS-DOS™ operations. The <?> wild-
card character is not recognized.

Add

The Add feature makes it possible to add new
files to the Control Unit. Just begin typing the new
name, or use the <BACKSPACE> to edit the ex-
isting name. Use <ENTER> or select the window
“add” to transfer the file name. The new name will
appear in the list if transfer is successful. The
software will provide error messages if the file al-
ready exists, or if the Control Unit memory is too
full to accept more files.

Delete

The Delete file option makes it possible to delete
files from the Control Unit. The <*> wild card char-
acter is useful in this function. By itself, <*> will
delete the entire file list. Once again, the <?>
wildcard character is not recognized.

Upon selection of DELETE a sub-window will ap-
pear with this message:

Are you sure you want to Delete file *  “?

This is followed by two boxes for either “YES” or
“NO.” You must select either “YES” or “NO” using
the left/right arrow keys and activate your choice
at this time. The <ESC> key is disabled at this

point, forcing you to make the desired choice. An-
other window appears to tell you that a selected
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file is being deleted and remains while deletion
occurs. The time for deletion depends upon how
full the file is, how many files exist and where it is
located in the file list.

CLEAR

The Clear feature empties the file of its contents.
The wild card <*> is useful when many files of
similar names are being processed.

The Clear function can also be used to alphabet-
ize the file list in the Control Unit where files are
not stored alphabetically. Since the PC stores
files alphabetically, clearing of all files (with use of
the wild card <*>) will cause the cleared files to be
returned (added) to the Control Unit in alphabetical
order. DO NOT DO THIS UNLESS FILE CON-
TENTS HAVE PREVIOUSLY BEEN DOWN-
LOADED.

DOWNLOAD

Files can be sent from the puScan Control Unit
(download) by the use of Download. As with
other file handling options, existing Control Unit
files are presented on the screen, with the last ac-
tive file listed in File Name: [ ]. Use of the
wildcard <*> is permitted with this function. Files
stored in the puScan will be transferred and stored
to a PC file having the same file name except that
the “.USN” (UScaN) extension is added to the disk
file name.

The Download function has two command win-
dows, Overwrite and Append. The currently se-
lected mode is displayed in brackets just above
the overwrite window. Activating overwrite will
cause a PC file with the same name to be over-
written with new data. The original file will be re-
named with a “.USB” (UScan Backup) extension.
Files stored in the uScan Control Unit that have no
measurements will not be downloaded. Activating
Append will cause the downloaded data to be
added to the end of a PC file if the corresponding
PC file exists. As with Overwrite, empty uScan
Control Unit files will not be downloaded.

The destination path for the downloaded files can
be specified in the path-input area. The path can
include the drive designator and subdirectories,
but if subdirectories are specified, the subdirectory
must already exist. Subdirectories cannot be cre-
ated from within the pScan PC software. Invalid

operations will result in an appropriate error mes-
sage. If a directory must be created without leav-
ing the uScan PC software, use the Shell to DOS
... <F9> command (see EXIT section).

READ FROM DISK

The Read From Disk feature places files stored
on a disk drive of the PC into program data mem-
ory so that the software can access these files.
For example, to display the contents of SAM-
PLE.USN, you must first use the Read From Disk
option to obtain the file before you could use the
Main Menu Data option to examine the contents.

Files may be stored in various disk drives. The
drive must be specified from those drives listed in
the window displayed to the left of the files list.

You may type in the file name to be read. If a file
with no extension is specified, the software will
append the “.USN" extension and check to see if
the file exists.

SELECT CONVERSION TYPE

The Select Conversion Type menu provides the
means of changing the data format within the se-
lected file. There are two formats, CASI and AS-
Cll. CASI files have the extension “.XXX" where
XXX is the measurement number in the range
“.001" to “.255". ASCII files have the extension
“.PRN" which is the default for comma delimited
ASCII files in Borland’s Quattro™. These file for-
mats are explained in Appendix B.

CONVERT

Menu selection Convert is used to specify the
file(s) to be converted into the data format that
was activated by Select Conversion Type (above).
This function provides a choice of direct Overwrit-
ing or Confirming and the selected choice is dis-
played on the screen. Use of the wildcard <*> is
permitted for both the filename and the extension
in this function. The default extension is “.USN”".
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EDIT

The Main Menu selection Edit is used to set fre-

guency bandwidth limits and threshold values on
measurements so that calculations can be speci-
fied over a known range, or pass/fail limits set for
certain applications.

BANDWIDTH LIMITS

Activation of Bandwidth Limits allows you to set
the upper and lower frequencies over which RMS
Roughness calculations are made. When the
EDIT BW LIMITS screen appears, use <TAB> to
move the cursor to set the minimum frequency
(Fmin) and enter your value. Repeat for the
maximum frequency (Fmax). Units for these en-
tries are 1/wavelength in imeters (1/i). An error
message will be displayed for values that are in
error.

THRESHOLD VALUES

In some applications the desired information might
be the knowledge that a reading is greater or less
than a selected level. This is the basis for a
Pass/Fail measurement. The Threshold Values
option allows you to set a threshold value for each
datum point. Threshold limits are sent to the Con-
trol Unit. Parameters with thresholds set (BSDF,
Reflectance and RMS Roughness) will be dis-
played in the Control Unit with one of four prefixes.
The characters +, -, =, or blank (no threshold) will
be inserted in front of Control Unit data.

When activated, the EDIT THRESHOLD VALUES
screen appears. This screen presents the angle
of incidence and the wavelength of each laser (in
the connected Measurement Head). This is fol-
lowed by a listing of detectors (by their angle loca-
tions), Reflectance and RMS Roughness. The
threshold for each detector as well as Reflectance
and RMS Roughness is entered between the
bracketed field [ ]. Entering a space (blank)
will mean that no threshold value is require for that
parameter.

PC Software REV C and later

The selection REFLECTANCE was added to the
EDIT menu in the PC Software.

The user may wish to calibrate the reflectance of
the mScan Control Unit from a known standard.
Upon averaging a large number of measurements,
the user will have a reflectance generated for the
sample which may be different from the desired
value. To change the calibration so that the
measured value will match the desired value:

Make sure the Control Unit is in the charging
stand, connected to the PC via the serial cables,
and in RS232 communications mode.

Select EDIT then REFLECTANCE from the PC
program main menu. The EDIT REFLECTANCE
window will be displayed. In the PRESENT field
type the average measured value of the sample.
Select the SAVE button in the window. The new
calibration value will be written to the Control Unit
Configuration. If either the PRESENT or DE-
SIRED values are greater than 100.0%, then di-
vide BOTH entries by 10, enter them again, and
try to SAVE again.

After the SAVE operation is complete, the uScan
will not use the new calibration value until the unit
is turned off and then turned back on. Be sure to
turn the puScan unit off and then back on before
trying to verify the new calibration values.

DATA

The Data menu makes it possible to examine con-
tents of data files and to look at some statistics of
repeated measurements.

DISPLAY TABLE

Display Table...... <F2> displays contents of a
previously selected data file. {If you have not yet
done so, use menu option File and Read From
Disk to put SAMPLE.USN into memory. (See
Read From Disk, above.)} Your screen should
now have the window titled: Data Display Table:
[File Name}.

Please refer to the screen on Figure 1 for the fol-
lowing discussion.

The first 3 lines of the display are for COM-
MENTS. The <TAB> Key will move the cursor to
this window where as many as three lines of
comments can be stored. This useful feature
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Figure 1 Data Display

makes it possible to save information about the
measurement with measured results. If comments
are changed, upon exiting the user will be asked if
the changes should be saved.

The next window is labeled LASER. Information
about the laser and detectors in the attached
measurement head is stored in this table. For this
example, the laser has an angle of incidence
(Bjnc) of 25° with a wavelength (Lambda) of .67

um. Incident angles greater than 90° indicate
transmissive measurements.

Measured BSDF values for each detector are dis-
played in the BSDF window. For this measure-

ment head there are two detectors. One detector
is located at {Bg, ¢s} of 0.0°, 0.0° and the other is

located at 50.0°, 180.0°. (See Beam Coordinates
section of Optical Scatter Measurement Tutorial
for information about these angles.) The associ-
ated measured BSDF values are also listed.

(There can be as many as 7 detectors in a meas-
urement head.)

The TIME & DATE is displayed as
hours:minutes:seconds and day-date-year and
indicates the Time/Date of the actual measure-
ment.

REFLECTANCE is displayed as a percentage and
below it is the RMS ROUGHNESS in angstroms.
The frequency bandwidth limits (inverse wave-
length {1/im}) for which RMS Roughness is calcu-
lated, is presented in brackets as well.

The last information window is MEASUREMENT
#. The example format is 1 : 5 which says the first
measurement (of the 5 stored in this file) is being
displayed. Use the previous and next windows or
<UP> and <DOWN> arrow keys to scroll through
these five measurements. Note that the measure-
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ment numbers, as well as other data values
change as scrolling takes place.

The Display Table option also contains the activa-
tion window DELETE that allows you to delete
undesired or invalid data points from a measure-
ment file. The delete operation is performed on the
current measurement being displayed, and will
cause the total number of measurements to de-
crease by one. An error will result if all of the
measurements in the file are deleted. The user will
be asked to confirm the changes if at least one
point is deleted or the comments have changed. A
backup file ((USB extension) will be created if the
changes are saved.

DISPLAY STATISTICS

The Display Statistics .. <F3> menu provides
statistical information for measurements in a se-
lected file. Please refer to your screen or Figure 2
for the following discussion.

This table of statistics is based on those five
measurements stored in SAMPLE.USN as noted
by # Measurements = 5. Also, to the right of the
screen the bandwidth (BW) for RMS Roughness
calculations is listed.

The left column of the table lists the angle loca-
tions of detectors (as described in the BSDF para-
graph of the Display Table menu description
above). For this example file there are 2 detectors.
Reflectance and RMS Roughness values are the
last two items in the table.

Statistics in this menu include LIMITS (both MAX
and MIN) for all BSDF detectors, Reflectance and
RMS Roughness. The MEAN and standard devia-
tion (STD DEV) for both LINEAR and LOGA-
RITHMIC scales is presented.

(The logarithmic STD DEV is defined as the num-
ber of orders of magnitude for one standard devia-
tion.)
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Part 4 PC OPERATION AND SOFTWARE

OUTPUT

It is possible to obtain a printed output of a se-
lected file. Two sub-menus exist for this option.
These are used for printing as well as to set up the
printer.

PRINT

The Print option is used to select the quantities
you want printed. After activation, the PRINT TO
LPT1: window appears. (This assumes the op-
tional parallel printer was connected to LPT1.)
Use the <TAB> key to select the Display window.
You may select any combination of items to be
printed. Use the <SPACE> bar to select or elimi-
nate choices. An “0” in front of a quantity means it
will not be printed.

Printing can be with page breaks or continuous as
shown under FORMAT. The print software will
handle paging and compression needs according
to the amount of data to be printed. Figure 3is a
complete printout of file SAMPLE.USN with Page
Breaks format. Activate printing with window
PRINT. If “statistics” is selected, the statistical
summary will be printed on the same page as the
measurement summary if there is enough room on
the page. If the entire statistical summary will not
fit, it will appear on the next page.

Data shown in Figure 3 is the same as shown in
Figure 1 and 2 explained above. Note again, that
there are two scatter detectors in the head used
for this example. The BSDF for the (0.0°, 0.0°)
detector location is 1.082E-03 as shown in the
Measurement Summary. The BSDF value for the
(50.0°, 180.0°) detector is 5.857E-04. BSDF val-
ues for additional detectors would be presented in
the same vertical format in the space just before %
REFL.

SETUP PRINTER

The choice of printer type and printer port can be
made using menu choice Setup Printer. The cur-
rently selected printer is displayed with a “ * “
character. Just below is a list of available print-
ers. There are three classes of printers supported
by this software. These are Generic, HP Paintjet,
and Epson Compatible. The software will support
any parallel printer or serial printer assigned as a

parallel printer using the DOS “MODE” Command.
However, only the HP Paintjet and Epson Com-
patible printers will automatically change to com-
pressed mode when more than 80 columns of
data are printed. (This may easily be the case if
all file parameters are selected for printing in the
Print option and the head has a large number of
detectors.) If your printer is “Generic,” you must
manually set your printer to compressed data for-
mat if you print more than 80 columns.

The port choice for your printer is also activated in
this option within the PRINTER PORT window.
The EXIT window is used to activate your choices.

EXIT

There are two possible selections under the eXit
MENU. One of these (Shell to DOS .. <F9>)
makes

it possible to leave and return to the uScan Soft-
ware without reloading the software. The second
exit (Exit to DOS ... <F10>) is a true exit from the
SMS Software. This is useful when the user
wants to rename files or display file contents.

APPENDIX A ERROR MESSAGES

*%k%

ERROR 1000 - DESTINATION
DRIVE/PATH NOT SPECIFIED

The INSTALL program was invoked with-
out a path and drive specified. Both the
drive and the path must be included or an
error will occur.

Syntax: INSTALL <drive:><destination
path> Example: INSTALL C:\USCAN

*%%

ERROR 1010 - DESTINATION DRIVE

NOT SPECIFIED

The DRIVE/PATH parameter did not in-
clude a drive designator. A drive must be
specified.

Syntax: INSTALL <drive:><destination
path> Example: INSTALL C:\USCAN
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*kk

*kk

*kk

*kk

*kk

*kk

ERROR 1020 - COMPLETE PATH NOT
SPECIFIED

The DRIVE/PATH parameter was invoked
without the complete path. The parameter
must include the complete path originating
from the root directory of the specified
drive.

Syntax: INSTALL <drive:><destination
path>Example: INSTALL C:\USCAN

ERROR 1030 - INVALID PATH SPECI-
FIED

The DRIVE/PATH parameter included an
invalid path name.

ERROR 1040 - INVALID DRIVE NAME
SPECIFIED

The specified drive name is not valid.

ERROR 1050 - INVALID DRIVE NAME
OR DRIVE NOT READY

The specified drive name is not valid or is
not ready. Check the system configuration
or close the drive door.

ERROR 2000 - DISK FILE NOT FOUND

The specified file was not found in the cur-
rent subdirectory. Check spelling or
change to the correct directory.

ERROR 2010 - INVALID/RESERVED
DOS FILE NAME

The specified file is either an invalid DOS
file name or has a reserved extension.
Please check the spelling, specify a new
file, or change the extension.

reserved extensions DOS: .EXE
.COM
.BAT
.SYS
ASCIl: .PRN
CASI : .0*.1* .2*

*%k%

*%k%

*%k%

*%k%

*%k%

*%k%

ERROR 2020 - INVALID DATA FILE
FORMAT

The selected file is not a uScan Data file.

If the data file has been edited using a text

editor, be aware of extraneous characters

at the end of the file.

ik ERROR 2030 - INVALID SUBDI-
RECTORY NAME

The specified subdirectory was not found.
Please check the spelling or insert the cor-
rect disk.

ERROR 2040 - INVALID DRIVE NAME

The specified drive was not found on this
system. Please select a valid drive.

ERROR 2050 - DRIVE NOT READY

The specified drive is not ready. Please
check that a disk is inserted and that the
drive door is closed.

ERROR 2060 - pScan DISK FILE NOT
OPEN

A file must be read in before the specified
operation can be performed. Use the File -
Read From Disk option to read in a file.

ERROR 2070 - MEASUREMENT FILE
NOT OPEN

With the present ‘SAVE’ type, a file must
be specified before a measurement can
be made. Either specify a file using the
‘MEASURE - FILE’ option or select
‘NEVER'’ as the SAVE type.

ERROR 2080 - MEASUREMENT FILE
TOO LARGE

The specified file has more than 255
measurements stored in it. Only the first
255 will be analyzed. The file can be bro-
ken into smaller separate files using a
standard text editor. If a text editor is
used, be aware of bad characters at the
end of the file.
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*kk

*kk
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ERROR 2090 - MORE THAN ONE CON-
FIGURATION IN FILE

The specified file contains data for more
than one head configuration. The data file
must be separated before this file can be
analyzed.

ERROR 2100 - NO MEASUREMENTS
TO SAVE

The file that you are trying to save does
not contain any measurements. A zero-
length file will not be created and the exist-
ing file will not be overwritten.

ERROR 2110 - OPTION NOT AVAIL-
ABLE ON DEMO SOFTWARE

The selected option has been disabled for
the demo software. All options that utilize
the serial port have been disabled.

ERROR 2200 - SERIAL PORT NOT RE -
SPONDING

The serial port connection to the uScan
Control Unit is not responding. Check
these items before continuing:

- Connect the charger stand to a
PC Serial Port.

- Place the uScan Control Unit in
the charging stand.

- Set the baud rate on both the PC

and pScan Control Unit.- Select the

‘RS232 ACCESS'’ option from the MAIN

MENU of the uScan Control Unit.

ERROR 2210 - PRINTER NOT READY

The specified printer port was not ready.
Verify that:

- the printer is turned on
- the printer is ON-LINE
- paper is properly installed

ERROR 2220 - SERIAL PORT NOT IN-
STALLED

*%k%

*%k%

*%k%

*%k%

*%k%

*%k%

*%%

The PC that is presently being used does
not have a DOS recognized serial port in-
stalled. A serial port must be installed be-
fore communications between pScan and
the PC can occur.

ERROR 2230 - PARALLEL PORT NOT
IN-STALLED

The PC that is presently being used does
not have a DOS recognized parallel port
installed. A parallel port must be installed
before communications between the PC
and the printer can occur.

ERROR 3000 - uScan FILE NOT FOUND
The specified file was not found in the

pScan CPU. Please check spelling or se-
lect a different file.

ERROR 3010 - pScan FILE LIST IS
FULL

The maximum number of files (255) are al-
ready stored in uScan. Old files must be
deleted before new files can be added.

ERROR 3020 - pScan FILE ALREADY
EXISTS

Specified pScan File already exists.

ERROR 3030 - pScan FILE LIST IS
EMPTY

No Files stored in uScan.

ERROR 3100 - BANDWIDTH LIMITS
ARE EQUAL

The min and max bandwidth limits cannot

be the same. Specify non-equal limits in
the range

0.001 < Fmin,Fmax < 2.000 pL

ERROR 3110 - BANDWIDTH LIMITS
OUT OF RANGE

These specified bandwidth limits are not
within the acceptable range
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0.01 < Fmin,Fmax < 2.000 p-1

ERROR 3200 - HEAD NOT INSTALLED

The desired operation cannot be performed
without a head connected! Perform these
steps when installing the head:

- Turn the pScan Control Unit OFF

- Connect the head

- Turn the pScan Control Unit ON

- Select ‘RS232 ACCESS' from the
MAIN MENU on the uScan Con-
trol Unit

ERROR 4005 - ILLEGAL FUNCTION
CALL

ERROR 4006 - FLOATING POINT OVER-
FLOW

ERROR 4007 - OUT OF MEMORY
ERROR 4008 - DIVISION BY 0

ERROR 4009 - OUT OF STRING SPACE
ERROR 4024 - DEVICE TIMEOUT
ERROR 4025 - DEVICE FAULT ERROR
ERROR 4027 - OUT OF PAPER
ERROR 4050 - FIELD OVERFLOW
ERROR 4051 - INTERNAL ERROR
ERROR 4052 - BAD FILE NAME OR
NUMBER

ERROR 4053 - FILE NOT FOUND
ERROR 4054 - BAD FILE MODE
ERROR 4055 - FILE ALREADY OPEN
ERROR 4057 - DEVICE I/0 ERROR
ERROR 4058 - FILE ALREADY EXISTS
ERROR 4059 - BAD RECORD LENGTH
ERROR 4061 - DISK FULL

ERROR 4062 - INPUT PAST END OF
FILE

ERROR 4063 - BAD RECORD NUMBER
ERROR 4064 - BAD FILE NAME
ERROR 4067 - TOO MANY FILES
ERROR 4068 - DEVICE UNAVAILABLE
ERROR 4069 - COMMUNICATIONS-
BUFFER OVERFLOW

ERROR 4070 - PERMISSION DENIED
ERROR 4071 - DISK NOT READY
ERROR 4072 - DISK-MEDIA ERROR
ERROR 4073 - ADVANCED FEATURE
UNAVAILABLE

ok ERROR 4074 - RENAME ACROSS
DISKS

ok ERROR 4075 - PATH/FILE ACCESS
ERROR

b ERROR 4076 - PATH NOT FOUND

ok ERROR 40XX - UNKNOWN ERROR

APPENDIX B DATA FORMATS
pScan FILE FORMAT

The puScan data file format consists of comments
and sets of measurement records.

COMMENTS:

The first three lines of a uScan file are used for
COMMENTS. The first character in the line must
be the “I” character followed by at least one space.

The maximum length of a comment line is 57 char-
acters. Comments longer than this will be
truncated by the uScan PC Software.

It is valid to have comment lines anywhere in the
data file as long as the first character of the line is
“I". However, only the first three lines are recog-
nized, the others are disregarded.

MEASUREMENT RECORD:

One MEASUREMENT RECORD consists of one
SOURCE INFORMATION RECORD followed by
several DETECTOR INFORMATION RECORDS.
Every measurement requires one measurement
record. A large number of measurements can be
stored in a single uScan file by appending meas-
urement records to the end of the file.

SOURCE INFORMATION RECORD:

The first line of each MEASUREMENT RECORD
is the SOURCE INFORMATION RECORD. This
line has the form

# <DATE> <TIME> <I> <6j,c>

where:
#start of SOURCE INFORMATION
RECORD indicator
<DATE> date of measurement
<MM-DD-YYYY>
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<TIME> time of measurement
<HH:MM:SS>
<> laser wavelength in
nanom- eters
<Bipc> laser incident angle in

Relfective Measure-
ments
if (90 Bjc 180)then
Transmissive Meas-
urements

DETECTOR INFORMATION RECORDS:

The lines that follow the SOURCE INFORMATION
RECORD define the detector locations and meas-
urement results. DETECTOR INFORMATION
RECORDS have the form

& <85> <Fg> <BSDF/REFL/TRANS>

where:
& start of DETECTOR INFORMATION
RECORD
indicator
<85> detector angle from sample nor-
mal in degrees
<@s> detector angle from the specular

reflection in degrees
<BSDF/REFL/TRANS> measurement
result
if (85 = Bjc) and (¢ = 0) result is
REFLECTANCE in the range
[ 0.001< REFLECTANCE <
0.999]
if (65 = 180-6j,¢c) and (gs=0) result
is TRANSMITTANCE in the range
[0.001 < TRANSMITTANCE <
0.999] otherwise value is BSDF

The number of DETECTOR INFORMATION RE-
CORDS per MEASUREMENT RECORD is deter-
mined by the number of detectors in the meas-
urement head including the reflectance detector (if
one is installed). A <BSDF/REFL/TRANS> value
greater than or equal to 5.0 indicates an overload
on the detector.

EXAMPLE:

The following example should help to understand
the format.

SAMPLE.USN
| - Data File degrees

|

!

#11-30-1990 11:40:10 670.0
& 0.0 0.0 1.082E-03

& 50.0 180.0 5.857E-04

& 25.0 0.0 4.100E-01
#11-30-1990 11:40:15 670.0
& 0.0 0.0 1.064E-03

& 50.0 180.0 5.955E-04

& 25.0 0.0 4.300E-01
#11-30-1990 11:40:20 670.0
& 0.0 0.0 1.091E-03

& 50.0 180.0 5.957E-04

& 25.0 0.0 4.100E-01
#11-30-1990 11:40:25 670.0
& 0.0 0.0 1.026E-03

& 50.0 180.0 5.957E-04

& 25.0 0.0 4.200E-01
#11-30-1990 11:40:30 670.0
& 0.0 0.0 1.073E-03

& 50.0 180.0 5.957E-04

& 25.0 0.0 4.100E-01
-<EOF

25.0

25.0

25.0

25.0

25.0

Notes:

-The first three lines are used for comments.

-The laser wavelength is 670 nm.

-The incident angle is 25 degrees.

-The measurement head has a total of three de-
tectors, two BSDF and one REFLECTANCE. For
this example, the REFLECTANCE detector is the
third detector of each MEASUREMENT RECORD
since Bg = Bj,c = 25 degrees and ¢g = 0 degrees.

-The file contains five measurements.
ASCII File Format

The ASCII FILE FORMAT is compatible with
spread sheet programs such as Borland’s Quat-
tro(™). The spread sheet can be used to analyze
the data and plot the results. The ASCII FILE
FORMAT consists of a comma delimited ASCI|
Text file with labels and comments stored as
quoted strings. The file format is described below.

Comments:
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The first three lines of the file are always used for
comments. These comments are enclosed in
guotes.

Wavelength:

Line four contains the quoted string “Lambda” fol-
lowed by the numeric value of the laser wave-
length (in um).

Incident Angle:

Line five contains the quoted string “Incident An-
gle” followed by the numeric value of the incident
angle (in degrees).

Bandwidth Limits:

Line six contains the quoted string “BW Limits”
followed by the minimum and maximum spacial
frequency bandwidth limits (in inverse pmeters)
that were used for the RMS Roughness calcula-
tions.

65 Angles:

Line seven contains the quoted string “g->" fol-
lowed by the 65 angles (in degrees) of the BSDF
detectors.

s Angles and Column Labels:

Line eight contains a quoted string “Ug->", the g

angles (in degrees) of the BSDF detectors, fol-
lowed by the quoted strings “REFL”, “RMS(A),
“TIME”, and “DATE". The number of BSDF detec-
tors is dependent upon the type of head used
when the measurements were taken.

Data:

The remaining lines are used for the measurement
number, the BSDF results, the reflectance, the
RMS Roughness (in Angstroms) and the time and
date. These values are all separated by commas,
with the time and date being quoted strings.

CASI DATA FILE FORMAT

This section provides the definition of the CASI
data file format. This format is needed if SMS
Data Software (CASI) is optionally utilized.

The CASI software runs under the MS-DOS oper-
ating system version 2.1 or greater. Legal MS-
DOS file names and conventions are adhered to in
the CASI software. A CASI data file can have any
legal file name. CASI data files are differentiated
from non-CASI files by the use of a catalog file.
The catalog file must have the name CCATA-
LOG.CAT.

Catalog File - CCATALOG.CAT

The catalog file (CCATALOG.CAT) is an index to
all the CASI files that reside in a specific subdirec-
tory. There is a different catalog file in each direc-
tory that contains CASI data files. The file stores
information derived from the data file to differenti-
ate the contents of one data file from another. If
the catalog file is deleted, the scatterometer soft-
ware cannot find its data files in the data directory.
A data file should not be deleted, copied, or re-
named from DOS. If this is done the catalog file
will not be updated. The CASI software (EDIT
module) should be used to perform these func-
tions and will automatically update the catalog file.
DOS may be used to make high speed copies by
copying an entire data directory (all the data files
and the catalog file) to another empty directory.
This may be most useful when performing a data
backup to floppy disk.

Catalog files are written as random access files
and cannot be edited by an ASCII text editor.
Each record in the file is fixed in length and the
records are not separated by carriage returns or
line feeds like an ordinary text file. Each record is
divided into five text fields as follows:

Iltem Length Function

Name 12 Name of the file being
catalogued

Delete 1 Nullifies the record if set to“D”
(deleted)

Date 10 Date of the data scan

Time 8 Time of the data scan

Comment 49 1st 49 characters of comments from the
data file

Data Files
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Data files store data measured during an angle
scan as well as the parameters used to run the
scan. ldentification of the sample and comments
about its condition and the sample measurement
environment are part of this file.

These files are written as sequential ASCII text
files. Information in these data files is position de-
pendent. These files may be read and written by
an ASCII text editor as long as care is taken not to
alter the format or sequence of information. Add-
ing or deleting lines in the file will render the file
unreadable by the CASI software.

CASI data files consist of two parts; a header fol-
lowed by a sequence of blocks of data. Each line
in the header contains one numeric or string item
and is enclosed in double quotes. The last header
item is the number of data blocks to follow. Data
blocks follow the file header without any blank
lines separating headers and blocks. Data blocks
consist of lines with one data item in each line.
Each line in a block contains a numeric string
which is not enclosed in quotes. The block con-
tains a block header followed by an iteration of
data point values in the block. The number of
points in the block is contained in the block
header.

Note: The length column is in number of charac-
ters and does not include the double quotes for
header items or new-line characters. When the
length is listed as a number, the item is a single
precision number and can be up to 13 characters
long. Allfields are terminated by new-line charac-
ters (carriage return - line feed pair). Spare fields
are not currently used by the CASI software and
are reserved for future expansion and enhance-
ment.

The arrangement of items in the data file is as fol-
lows:

Data File Header Length
Date of DATA SCAN (file creation date) 10
Time of DATA SCAN (file creation time) 8

1st comment upto 78
2nd comment upto 78
3rd comment upto 78
4th comment up to 78
5th comment up to 78
Spare field - not used yet 04

Signature file name 12
Incident angle in degrees number
Wavelength in micrometers number
Sample type  [Slignature,

[T]ransmissive,

[R]eflective 1
Specular Transmittance or Reflectance number
Direction of sweep [+], [-] 1
Total signal amplitude in watts number
X position of spot from sample center

in millimeters number
Y position of spot from sample center

in millimeters number
Alpha angle of sample in degrees number
Spare field - not used yet 0
Spare field - not used yet 0
Start angle in degrees number
Stop angle in degrees number

Aperture type [Clircular, [S]lit 1

Index of refraction of sample number
Kappa or n*Kappa of sample number
Number of files averaged in this file number

Beam spot size on sample in millimeters number

Tilt angle of sample in degrees number
Spare field - not used yet 0
Spare field - not used yet 0
Signature Total Signal 0
Number of data blocks to follow number
1st Data Block Header
Aperture size in microns number
Sweep radius (sample to receiver)
in centimeters number
Step angle between data points
in degrees number
Amplifier gain number
Spare field - not used yet number
Gain factor (not presently used) number
Filter neutral density number number
Spare field - not used yet number
Spare field - not used yet number
Number of data points following
in this block number
Data Points
1st data point value number
2nd data point value number
number

(Repeated for the number
of points defined
in block header)
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Nth data point value number
Subsequent data blocks

Consisting of data block header and data
points as described above.

Definitions of Data File Fields
Date:

This is the date the file was generated and is in
the form: mm-dd-yyyy. This is descriptive infor-
mation and is not presently used in calculations by
the CASI software.

Time:

This is the time the file was created and is in the
form: hh: mm: ss. This is descriptive information
and is not presently used in calculations by the
CASI software.

Comment 1to 5:

Five lines of descriptive comments. Not presently
used in calculations by the CASI software.

Signature file name:

This is the name of the signature file with which
the data file is linked. This signature file is used in
the ANALYZE routines to calculate BSDF of the
sample, absolute scatter, and the PSD for sample
data. The information is used for calculations by
the CASI software.

Incident angle in degrees:

The angle at which the incident beam strikes the
sample as measured from sample normal in the
sweep plane of the receiver. The range is from 0°
to 90°. This information is used for calculations by
the CASI software.

Wavelength in micro meters:

This specifies the wavelength of the source used
to illuminate the sample. This value is use for
PSD and CTIS calculations in the CASI software.
This information is used for calculations by the
CASI software.

Sample type [S]ighature, [T]Jransmissive,
[R]eflective:

This field describes the type of sample that was
measured. The letter S, T or R is used here. The
field is case sensitive and must be capitalized.
The information is used for calculations by the
CASI software.

Specular Transmittance or Reflectance:
This field contains the specular reflectance or
transmittance of a sample.

Direction of sweep [+], []:

This field defines the sweep direction in which the
data was taken. Reference is from above the re-
ceiver sweep plane, and positive (+) is counter-
clockwise and negative (-) is clockwise. Typically
+ sweeps are for signature scans and transmissive
samples and - sweeps are for reflective samples.
The sweep direction for reflective samples must
be opposite that for a signature scan, while trans-
missive samples must be swept the same direc-
tion as the signature scan if the signature scan
and sample scan are to be compared. This infor-
mation is used for calculations by the CASI soft-
ware.

Total signal amplitude in watts:

The total specular signal is measured at the re-
ceiver with the sample in place. The signature is
scaled by this value when sample data are com-
pared to signature data. This value is used as the
total incident power for samples if this is a sigha-
ture file. The information is used for calculations
by the CASI software.

X position of spot from sample center in
millimeters:

This is the X position on the sample of the illumi-
nated spot relative to the defined reference center
of sample. A right hand, sample based coordinate
system is used with respect to the incident beam.
This is descriptive information and is not presently
used in calculations by the CASI software.

Y position of spot from sample center in
millimeters:
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This is the Y position on the sample of the illumi-
nated spot relative to the defined reference center
of sample. A right hand, sample based coordinate
system is used with respect to the incident beam.
This is descriptive information and is not presently
used in calculations by the CASI software.

Alpha angle of sample in degrees:

This is the sample rotation angle about the inci-
dent beam. This is descriptive information and is
not presently used in calculations by the CASI
software.

Start angle in degrees:

This is the angle from specular at which the scan
starts. If it is negative and the stop angle is posi-
tive, the sweep will be through the specular beam
regardless of sweep direction. This information is
used for calculations by the CASI software.

Stop angle in degrees:

This is the angle from specular where the scan will
stop. This information is used for calculations by
the CASI software.

Aperture type [Clircular, [S]lit:

This field must be a capital S or C to designate the
receiver aperture type. This information is used
for calculations by the CASI software.

Index of refraction:

The index (n) for transmissive samples. This is
descriptive information and is not presently used in
calculations by the CASI software.

Kappa or n*Kappa:

Used to indicate the imaginary part of the index of
refraction of the sample. This is descriptive infor-
mation and is not presently used in calculations by

the CASI software.

Number of files averaged in this file:

Used if the data represents the average of more
than one data file. This information is used for
calculations by the CASI software.

Beam spot size on sample in millimeters:

The diameter (e‘z) of the incident beam at the
sample. This is descriptive information and is not
presently used in calculations by the CASI soft-
ware.

Tilt angle of sample in degrees:

The angle of the sample normal with respect to the
receiver sweep plane. The angle represents sam-
ple rotation about the Sample X axis. This is de-
scriptive information and is not presently used in
calculations by the CASI software.

Signature Total Signal (watts):

The total signal of the signature file to which the
data file is linked. This is the total incident power.
This is descriptive information and is not presently
used in calculations by the CASI software.

Aperture size in pm:

This is the diameter (circular apertures) or width
(slit apertures) of the aperture in um for all the
data points in the current block. This information
is used for calculations by the CASI software.

Sweep radius (sample to receiver) in centime-
ters:

The sweep radius is the distance from the center
of rotation of the receiver arm (sample surface) to
the receiver aperture for all the data points in a
block. This value is used along with the receiver
aperture size to calculate the solid angle of the
receiver for BSDF calculations. This information is
used for calculations by the CASI software.

Step angle between data points in degrees:

For a given block the angular step between points
must be the same. As a guideline, a step size of
Y4 to ¥ of the angle subtended by the aperture
diameter works well. This information is used for
calculations by the CASI software.
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Amplifier gain:

This value is a multiplying factor of the raw data
values. When BSDF is calculated from the raw
data, the raw data is divided by this number. This
information is used for calculations by the CASI
software.

Filter neutral density number:

This is a dividing factor of the raw data values.
When BSDF is calculated from the raw data, the
raw data is multiplied by 10 raised to this power.
This information is used for calculations by the
CASI software.

Number of data points following in this block:

Number of raw data points that follow in the block.

This information is used for calculations by the
CASI software.

Calculations of BSDF using Data File Parame-
ters

Ps

BSDF=

P;j wy cos(Bg)

Where:

Pg = ((Raw Data) 10"F)/Gain

F = Filter neutral density num-
ber

Gain = Amplifier gain to convert
raw data into watts

Raw data = Data point value

Pj = Total signal amplitude in
watts from the signature
data file.

Wy = ((da/(R*2000))3)*1t

receiver solid angle for
circular apertures

Wy = da/(R*1000)

da=

receiver solid angle for slit
apertures

Aperture size (diameter or
width in um)

Sweep radius (cm)

0 - (Sweep direction) 6;
for Reflective samples

0 + (Sweep direction) 6;
for Transmissive samples

for signatures

Angle from specular,
equal to the start angle
plus all the accumulated
steps.




