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1. Introduction f&j4

SR SE Wool Lam 22 &) ROGHEMIRAX (SE) &G, BAIHEATFMHAIEE
5 B By R R A S TAR (£ B CompleteEAS BRAFIEAT 2504 4347

1.1. Manual Overview F &8

FMHBH LR T 21 57

Chapter 1: Introduction

Chapter 1 55 1 — &N AR . B & R RIS, Z2EUiiH, — AP
5, CLREBEANFMAERE “Ze” o o, SCHE-MHE PR E TS B
FHT. W8 & M CompleteEASE F-HARR AT K, 1B R Woollam 2 7] LA

IRHL “New Features of Interest” ({EHAFIVEMIHIIIRE) IHRF 7 N H 48RS

Chapter 2: Data Collection

Chapter 2 55 2 B2t 7 Bl RE T EiE . T4 5 BRI B A FT AN,
ABNRMERMSE, TR E SR T LE W R — R A& I BT

Chapter 3: BiEa#H 1 -

Chapter 3 58 3 ZHIHH) R Y EFBIRNE B A0 S0 T508
YEseWlKiE . 3 3EAN T CompleteFASE BAt-Ad FH AL AC SE Hds A 002,
FH ] DL T Al A ORI 8 ) R B T v e AR EE 9B 45

e Oxides on Silicon % _F %8 4L )2

e Transparent Thin Films i% B i i

e Glass substrate considerations 3 743 J&

e Surface Roughness and Index Grading 2 [ ¥ Rl 37 5 566 &

e Logging and Reporting Results from a Series of Films H & & i 14 4%

Chapter 4: #2347 2 -

Chapter 4 55 4 =S IEER M N E 5, FEERS R 286110 H 102 2
7~ CompleteEASE B A2 it DhRE . ANZ 5] 7B 45
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e Metal Substrates 4> J&F£ i

e Organic monolayers on Gold 4= ./ 5#.7> 145 HLIE

e Absorbing Thin Films (B-SPLINE approach) "/ (B-SPINE)
e Absorbing Thin Films (GENOSC approach) "t fii (GENOSC)
e Combining SE and Transmission data SE F13% 5 #4864 20 #r

Chapter 5: $iE#r 3 -
Chapter 5 55 5 T2 3da 7 B M S o AR 3 1 A0 45«
e Working with Uniformity Maps #4%] 1 Mapping
e Multi-Sample Analysis Z £f i 23 #r
e Model Non-ldealities 17 i 2% F& 4R H AR 45
e Creating Alloy or Temperature Files &R & & &4k}
e Anisotropic Thin Films &[] 5 11 5

Chapter 6: 32 4 — In Situ &z

Chapter 6 %5 6 & /43 AL S TAR B pdied 7 - 81 AR IR B0 AH G SE $odfs
BT o XA F O T AR A AT A & AT B, XS0 5 ) () SE i K
R AR

e Working with In Situ Data 7£ £& ¥4
e Growth Rate and Optical Constants model 4= 38 Z& Fl1 ¥ 27 1 Ko 7Y

Chapters 7 3] 13: Feature References Tige 5%

X E T E M T R A E B RSB R

Chapter 7: Basic Screen Layout and Graph Panel
A %5 oA b BT TR

Chapter 8: Measurement Tab il & 3 5% ¥

Chapter 9: Analysis Tab 7 #7 3= % 5.

Chapter 10: Gen-Osc Functions Gen-Osc g

Chapter 11:  In-Situ Tab 7F£; F:3% %

Chapter 12: Hardware Tab fififf 3 32 5.
Chapter 13:  Options Tab %15 33 .

Appendices: Additional Information Fff3%: HAhEE
PSR H S %15 S
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e Appendix 14.1 Trouble-Shooting Guide. 4 ] 5
e Appendix 14.2 Importing/Exporting WVASE32 data files 4 H %
e Appendix 14.3 Comparing WVASE32 and CompleteEASE results.

Hu i WVASE32 FI CompleteEASE [ %54 43 #r 45
e Appendix 14.4 Contacting the J.A. Woollam Company
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1.2, W23 RE#H

FEMAX L AT ES
GRS Ao BT
#EZ N, FERFE
14.1 #as# FE#

TN
PRSI OUR G610 U SHLT T 23 1L 0k o SR XP 2
HEZ HRAF R 5

#1-1. iZ17 CompleteEASE £C1EHTRIT i B &

COMPUTER REQUIREMENTS
SPECIFICATIONS
Operating System Microsoft Windows 98, ME, 2000, XP, Vista.
32- and 64-bit Windows 7*
*fully tested for analysis, but some incompatibility with
hardware, so please consult JAWCo for updated details.
Memory (RAM) 256 MB
Hard Disk Space 120 MB
USB Ports 1 required, version 1.1 or higher
Processor Intel Pentium I11, AMD Athlon, or higher
1 GHz clock speed or faster
**Many operations in CompleteEASE benefit from multi-
core processing power.
Display Color display
at least 800x600 pixel resolution

4% BHIRAZ] 4.45 (alpha-SE)

CompleteEASE # M filA 4.47 JFha, o -SE (6 RIBAFIRSIRE 7 CRE e
XA B AT DL SE A M S RE Windows BERRATET S DR, 34h, X AR 64
£z Windows A, FTULERBEITE SR . C.42 %% | CompleteEASE IH Al A
(IHL,  — MBS 2D SR ZORE IH B S A% Py SR 28 M s fE . 45 Ra -
SE A IR AR USB fi H1, M2 HSRs S, Mo BiRrpb R 2
i B o SEREM S 2 T ST SRS ) SO AT BATE] Woollam 2 7] 2R 22

BT REREF
M 224 FIE4T“CompleteEASE_Setup_4.xx.EXE” %38 7. 2384 I
B T IXAS 2 BERE P ANE — A “CNF SO, IR AN S T TG %o A i
ACHIREAFFIC B ST 225645 5211 CompleteEASE [R5 S+,
CompleteEASE 1217 FT #5 B 1) Java FEAUNL ST KA SO (MR e
Hoofh, JCEBRSE . JERIEIRESE .
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& : CompleteEASE_Setup F2/F A2 HE%%E “CNF” H 3 N ERIREEX
PRI UEANEC B SO, XSSO AE I E R, fn SRR A e S A A A
N, PR T H 223 CD B CNF H 36 R T SC1ERIM N I 2235 B 5
C:\CompleteEASE\CNR\T o IX L83 R AL ARk (R 2 &, BT AT iRl
TR . IR T XA, 1EBCR JAWCo DLES Bt — B .

11 CompleteEASE_Setup 3 F2 7 I R fitn . LR MIBRINEH 72 C: \
CompleteEASE\. A T fix KPR B ik /b e 281 1) /i, A U e 2 PRI AN H %
To M 1-2, IS HAT T —MEEM R RERIACE . R 2L
CompleteEASE F A4 1 v FEAT LR ZL 3 AF sl Hil i, 152+ “Full Installation
SEAZEE” WK 1-3 iR, X BRI TR E ISR . e
CNF SCFid 72 75 EF-sh B i1

CompleteEASE # {1 7] LA 2225 3| % & HHL BT HE 08 (R REiE
TSNV o RIS B BT LA 2 R sl A R A, AR
FHRy M S M Im s, A8AiEEEE “Data Analysis Only”  (IXEFE )
WK 1-3 iR .

R CompleteEASE 41X f84T F i CompleteEASE # {1 45 1T B 4eds . Rk, f& ]
LL¥s CompleteEASE %3615 2 & il ML, (AIXAEF] I CompleteEASE SRAE HIZHE o

i3 Setup - CompleteEASE il =

License Agreement
Fleaze read the following impartant infarmation before cantinuing.

Fleasze read the following License Agreement. You must accept the terms of this
agreement befare continuing with the inztallation. Ll

Thiz program iz Copyright [2] 1999-2000 by the .4, Waallam Co., Inc., and iz intended
for uze anly by itz custorers. Unauthorized uze, modification, reproduction, or
diztribution of this prograrn, or any portion of it may result in gevere civil and criminal
penalties; violators will be prozecuted to the maximum extent possible under law.

@ | accept the agreement

7 | do not accept the agreement

[ < Back ][ MHext » ][ Cahcel

e

[ 1-1. CompleteEAS Z{/F i i .
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ﬁ Setup - CompleteEASE == I

Select Destination Location
‘Where thould CompleteEASE be installed?

Setup will ingtall CompleteEASE into the following folder.

To continue, click Next. If you would ke to select a different folder, click Browse.

Browsze...

Al least 129.4 MB of free disk space is required.

[ < Back ][ Mext > ][ Cancel ]

L —

[ 1-2. CompleteEASE /&5 2 45 1

ﬁ%’ Setup - CompleteEASE =

Select Components
‘Which companents should be installed?

Select the components you want to inztall; clear the components you do nat want ta
inztall. Click Mext when pou are ready to continue.

[Data Analyzis Only [no hardware configuration o drivers are installed] v]

Full Installatin

[rata &nalysiz Oy [Ro hardware confiquration ar drivers are installed)

[ < Back ” Mext » ][ Cancel l

A1 1-3. CompleteEASE 4z Rt H 1 T TEELHE (FEHIMMIK R REH 37
BRI TE 3T

TN R R B R, TG EAR . JCHk CompleteEASE
AR, XTI R R AR 1-4 R i R R (B 1-6)
CompleteEASE T2 /7 1) PRuf Bk 4t ik B 7E Windows S£1H . e ARE)E 2027,
FRAR A 2R 45 (3% B4 7 5 5 CompleteEASE #i:. 7E R ZHGTHEML L, %
A2 FRAN R I P 4
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ﬂ Setup - CompleteEASE =

Select Additional Tasks
‘Which additional tasks should be perfarmed?

Select the additional tazks you would ke Setup to perfarm while installing
CompleteEASE, then click Mext.

Create a CompleteE ASE icon on the desktopé

Create a CompleteEASE icon on the Start Menu

[ Create a CompleteEASE icon in the YWindows StartUp folder
Aszzociate CompleteEASE filez with Motepad

[] Repair File Pamissions

[ < Back ” Mext > ]I Cancel

e

A 1-4. CompleteEASE &S00 2 I T 254 T

ﬁ?;! Setup - CompleteEASE =

Ready to Install
Setup iz now ready to beagin installing CompleteEASE on your computer.

Click. Inztall to continue with the inztallation, or click Back if pou want to review or
change any settings.

Drestination location:
C:A\CompleteEASE

Setup type:
Data Snalysis Only (o hardware configuration or drivers are installed)

m

Selected components:
tain Files

Additional tasks:
Create a CompleteEASE icon on the desktop
Create a CompleteEASE icon on the Start Menu
Azzociate CompleteEASE files with Matepad -

Fl

< Back “ Instal |I Cancel

[ 1-5. ZLHERTHTIEG R
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Hih, AFEEH
CompleteFASE #2
5

ZompleteEASE

/% 1-6. CompleteEASE &7

BAEREA

WG K3 CompleteEASE # R MERR A, HM 75 B HUAC AR ML B 0o x2S
fRELSI A, M TAFEES, X2 AR R FAH CompleteEASE 27
A, e E SO B 2ede, AT EMUE RN SRS S RS TE — G 2
%% CompleteEASE #ff, F&ii EHAEfF, B8 BEE — MR RCA, f8mT DL )
%% CD I CNF B3 F BT A SO B AL SR ) & L R AH B SO e
C:/CompleteEASE/CNF/.

EE: Wk CompleteEASE CARIZIT MRS, RAERM CD LEHIMEE /3]
ZHRAR, BARSE GG RESCH:, JRREIBI B . XA RERR EERRE
. BT, IR Woollam AH]
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1.3. AFMAEHKLAE

CompleteEASE %l Java 45, Tab-B: 1A LU A1 21 0 g, & 1-7 2
CompleteEASE W4k 5% Bom

PoompieteERSE o i X

Measurement | In situ | Analysis r Hardware ’/ Options |
System Status Fit Results
Whaiting to Acquire Data MSE = 0811
MeasUrement Cortrols Thickness # 1=579.63 0113 &

A =1.464 * 0.00065056
o B = 0.00460 % 0.00031353

n of Cauchy Film @ 1.960 eV = 1.47452
Save Data after Measurement

Graph Type ‘ Show Data

Spectroscopic Ellipsometric (SE) Data

45 99

40— “E,E&ael / Jog
35 /
AN P
. \,</ ;
. AN "
S~

1.0 15 2.0 25 3.0 35
Energy (eV)

Delta

/&I 1-7. CompleteEASE %74
NT B BEATN, A8 T 512058 Sk Hiid CompleteEASE #ft gk

Tabs E3EH

LIRS R — 6 alpha-SE™ M mAN, EHEA VU TR, BoRFER IR T,
s50%: Measurement s . Analysis (s . Hardware Gafe)

Options (&5 . %I M-2000 & RC2 &%, I Tsembill&i In Situ () 13
Bl BoR. EARFMT, FRESWE BHERRHE,

Screen Panels RETHE R

FERARET, FEXIERN panels () . B 1-7 goriy Measurement (&)
FHHPT, MREHE System Status(R4eRk%), Measurement Controls(ii &4z i) f
Fit Results(#&4558). fEATFM panels mtoks AR, B XAPRE.

Buttons 41

1-8 &k T CompleteEASE 111 Hardware (@) 33z, ik, A/54 panel (i
#): Hardware (i), Controls (#%# , Alignment i#> , Other (HAh) |

CompleteEASE #{4-Ffit

Introduction f&ift e 1-9



Routine Test Measurement (H#3lit) A1 System Information (RGizE) . #
42 panel (HitR) 45 %-Fh buttons (34l . #4Ilk g e B —1hfg, Un“Align Sample’
CrHERERL ) FDisplay Signal' (E7RE5) .

£ CompleteEASE ¥ i i i e i i e i i i i i i |
Measurement | In situ | Analysis ’/Harnware rOptmns ‘
Hardware Status System Information

[HaithgcaacauinelData System: SimSE On ESM Base
Controls Wavelength Range: 4.960 eV to 1.240 eV
Angle Status: 60.00

Z-Stage Status: 0.000mm
Alignment Other Translater Status: X Axis = 0.00000 cm, ¥ Axis = 0.00000 cm
‘ Focus Probes: Installed

‘ Align Sample | ‘ Systen Check

‘ Display Signal H Mave To Load Pos. ‘

Raoutine Test Measurement

\ Measure || snowResws |

Edlit Harware Canfig, ‘ View Hardware Loy

&1-8. Hardware 7354947 Screen Panels  (SFEEE7#R) #Buttons (7447 .

Model Commands Bl 474

K 1-9 w7 Analysis (b 3. 7 Analysis b Bsismny, B4
Model A . R, ZHAERE T VF 2 ML Hoh — 2 AR BN, T P RIZ,
a7 iE. EAFM, A RR v, FTRERa TR fla, Add GRID |,
Delete (MHBR) 1 Save (fRFF) o LR — BRI el § @iy, l— A
A FF5ER. R XRERELTHERS (1) BRRITPRE ) o XLy
B f 4 e A S R+455: +MODEL Options (#8350 , +FIT Options (#l&
#31) , +OTHER Options (AL .

.- @@ @ -l
fMeasuremenl WAna\ysis ’/Hardware ’/Oplwons ‘

Data: 60nm Oxide on Si Model: Si with Thermal Oxide

e s (o] oommn] | o oo ] v | e |
Fit: o

Layer Commands: [l Delete Save =
‘ Generate \| Fit Dynamic H Reset \ Include Surface Roughness = OFF

MSE = 0.687 Layer #2 = 8102_JAW Thickness #2 = 57.54 nm (fif)

_ Layer # 1= INTR_JAW Thickness #1 =1.00 nm

Angle Offset = 0.037+£0.0014 ——

Tofal Thickness = 58.5420,006 nm | | (Subsirate = SI_JAW

Angle Offset = 0.037 (fif)
+ MODEL Options [
+ FIT Options
+ OTHER Options =

Graph Type ‘ Show Data ‘

Spectroscopic Ellipsometric (SE) Data
45

B:S,IM; \ //
40 Model N
\ = Jos
35 e

Pl
/ oo
- | /}/ 1”
. o Ii—
N

15
300 400 500 600 700 800 800
Wavelength (nm)

A1-9. Analysis (7#47) 24 /1 Model  (FEZED Z55+

Delta
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Mouse-selected Menus BRATEREIER
CompleteEASE # HHEFRAIFA , 1 BARHALK I BSOS ge. AT,

RGBSR BUOA RAR RN, BB E B TS

BR) =% BL) . &

1-10 4Bk (BR) 7E Fit (W4 ¢ results box (45548 s FH I

Lo

fMeasurement In situ | Analysis ’/Hamware ’/Oplmns ‘

Data: 60nm Oxide on Si

Model: Si with Thermal Oxide:

@

‘ Open H Save H Info. || SetRanges ‘ ‘ Open H Save H Clear ‘ Open Snapshot H Save Snapshot
A Layer Commands: [Xif] Delete Save =]
\ Generate \| Fit Dynamic H Reset \ Include Surface Roughness = OFF

MSE = 0.687 Layer #2 = SI02_JAW Thickness # 2 = 57.54 nm (fit)

Angle Offset = 0.037+0.0014 Layer #1=INTR_JAW Thickness #1 = 1.00 nm =
ge r Subsirale = SI_JAW

Total Thickness = 58.542+0.006 nm

Auto Fit

et = 0.037 ()

View Fit Stats.

P

Copyto Clipboard - Formatted
Copyto Clipboard - Table

15

)ptions

Graph Type

Copy Analysis Reportto Clipboard Ctl-R

Add to Fit Lag calL
View Fit Log cul-atL  psometric (SE) Data
45 Agvanced Graph Options 99
Psi \ Graph OCs Vs. Time //
Delte
40 Model N
\ v Jos
35 /“’X
\ / es
g 30 \ 2
a 5]
\ a
\/ 1"
25 k
/ \ 1=
20 \\./
15 84
300 400 500 600 700 800 900

‘Wavelength (nm)

AJ1-10. ZFit (#A) Fitresults section (ZZHEH 7)) (HEXR) Ftrtidr (CR) , #
TSI E T I FFEAAE L

Pipelining Descriptions #/EF 53R

T 2 e A P T LR R AN ERAE S, P SR A A R AN T R B B R i
FEIXFEOL R, ViR R Fm 77 3
Tab (z#8) >Panel gk :>‘Button’ (#41)

i, 7 Analysis (41 E32#E Model (BRD TR b Open' (FTH) HekldsJr

B R

Analysis>Model:>‘Open’

S, R RERAE R A BLE R R R, Analysis (rb kg, Fit: ()
B) WD R AR5 Add to Fit Log” GRINEMA HE) 3.
Analysis>Fit:>(“6R)>“Add to Fit Log”

CompleteEASE #{4-Ffit
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1.4. File Structure CHE£H#)

CompleteEASE -4 2 B TE S I IE M IR ZN B — MR — H & N T#% CompleteEASE )
T B34 B T4 CompleteEASE #iff. & 1-11 875 T CompleteEASE F ({1301
¥,

& Recently Cha.. . Final Eamples
I8 searches . HTMLclipboard
! jar
| MAT
| MOD

| recipe
T alpha-SE Manual.pdf
OCommTest‘exe

€ CornpleteEASE exe
1] CormpleteEASE jar

T CompleteEASE Manusl.pdf
LI CompleteEASE Debug zip
& ease.bat

T EASE Manual pdf

| ERRORLOG.TXT
Folders ~
17 items
)

[ 1-11. CompleteEASE /R FHI X1 H K X
TRIGLET CompleteEASE Nix Lt H &40 K IkEE.

#1-2. CompleteEASE #7749 H 715 5

DIRECTORY H 3

FUNCTION Iffg

cnf

ol P B S A

DAT

Common (A3 [HdEscft, A1 3CFk,
Hi#A CompleteEASE - ity il v #edis . P
PRI EE MIT AR XA B R TR EA s, HR
o SAFAEEFA AT

HTML Clipboard

CompleteEASE ISkt g HTML B IR 15 () SCA A
K

jar

Java fI R SCAT

MAT

Common (A3t FHMEEEEMEE . 0k
#—54 8. Advanced (=) , Basic (34D ,
Dielectric (LA , Metal (&8> A
Semiconductor CESk) bk, FrEMAP AT AE
AT FFAZ RAE IR B 3 T B EE, H A,

MOD

FA KAt i — AN b e HAR S BT sk eg i) Common (A
) MRS, Xk Advanced (54%) , Basic
(34 i Calibration Wafers CRsifERERD

Recipe

Common (A3t Recipe (&5 0, #hid—45%
BRI VE AR S TR R SR o XA S W AR AT
A E S AL RGiASE, alpha - SE RGiAME XL
.
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R4 CompleteEASE A af LL— B {# ] default 2Rk H 3%, a2 G H ) H SR
Data (¥ CfF) , Models (#7%) , Materials (k) , il Recipes (4b75) . N T#
P default (BRI SCPF, EHFE (U 1-2) FhEIEMEM 7 H AN SHER « 7 . 4
i, £ MOD FHI=AFH= (Advanced &%, Basic ZAF! Calibration Wafer & #E#E )

e R

Recent 51 Ml Recent B3

CompleteEASE ) models (#i%) , material files (kfklsc#F) A1 data files CHedl b
opening (FTHF) /saving (f#17) SHEHER &S "recent” (RiEvii) Fi'recent
folders" (BiTiinl SCF3) Sk H AR LR P RS TG 1R 30 fb A 1 A5 30 £ R o S 1A
e, Recent Folders 513 sF 8 10 il Vil CRAREHN BRSSO Bscrde. 45
‘Browse For File> (Y SCHF) FAHERE IS, XANFIRICHA . A%E
ZENEPEENA.

COMMON AFLfr g

ST DA B AR AFAE Mod H 3T XM B Models (24) Fi Snapshots (48D
K COMMON (A3t) Hi. [[EE, COMMON (A3t) Ht DAT & MAT T 2 SIFE R
BRI R SO AT HBIX— s, ] 1-12 B8 T\MOD H 454, LU AR
Analysis>Model:>*Open’x iffiE, i7EE, Fi SO AITERHTHES, I BLAsMEm T
—/™Recent” (FIEfE) SUfEHst. KEHBCURER AR, FoRiTe R,
Common f&ME— B 303, FEATRFFE SV, I BRI B E\MOD H %

GL-ie

File Edit ‘View Tools Help

Favorite Links

[E| Documents
(5 Recently Changed

B searches

Folders

7 items

Harne Date modified  Type 5 Onen Hodel L
Advance d Folder Links Flles
Basi CiRecent N | _pate | s
I (3 common ITO- Glabal Fit mad BI13/10 2114 FM 12 KB
Calibration Wafers Caadvanced TiOZ on Glass, Gradedmod 813110 2:14 PW 22 KB
- @ Basic MO on Simod 81310 2:13FM 12 KB
I ) = el e (3 Calibration Wafe Folysiicon on Glass.mod 81310 2113 FM 63 KB
E Mg0 on Sinod o= (3 Recent Fold
|H Palysilican on Glass.mod
[H Ti02 on Glass, Graded.mod
A Folder Link Refresh Folers
File Wame: |
Commen t:

AJ1-12. MOD H-RZZ5#7LL % Open Model (77 7FHEZ) [9%f iZHE.

Folder “Links” 3O

CompleteEASE # Data (#(#%) , Models (#£7%!) , Materials (F4%L) , Snapshots (i)
Fl Recipes (b77) S AT SN SEBREERE . SEBRIV SOOI mT BLRL T3 ST B (AT

J7o CompleteEASE Hify —A> “HER:” FIZRAE BLKLERER (K SR AR 7] . EAF AT
JefsehrfiE,  (BR) (i) SCPREIE, fETHEL B AR S SRR T, A

1-16 i

R RSN B S R B, MIRE 4%, CompleteEASE i) “HiE”
BRI . HiHE N Refresh Folders 44l vl LA BE 37 BT & 45

CompleteEASE #{4-Ffit
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Adding Folder /%% “Links” (within CompleteEASE)

W CBEER” $RMATHENL BRI SO I RAR TR, IRINSE “HEEE” RSO HIE
CompleteEASE Sk FIZR P 2—AM1F, AT IN—A “HEHE” 48 M 2II0A 1 HdE S
e, 78 Analysis (4 B3R, Data: (i) 4% Open' (FTH)Hl: 1RF
B 1-13 BRI xHEHE, “Add Folder Link” (V0 S0 e b He) b H4% 70 VRIS b B AE 1 11
TR ISRk “BEHR”

213 Add Folder Link' (M8 SR Il dz) s gy, &ML i H ok B

CompleteEASE SCfJeibagsd, i 1-14 fron. WRE T ECZE— A B scrEde, wLs
%' Create New Folder' (i1l 7 04 3%2) #4240

VER: fEridi‘Create New Folder’ (GBI Z 0l /R T H Bbs & A 2161 5 S
ML E. mdiid)E, MANSCHERR, Bl NE_ L5 i SCpE e B A B IE M 5 1 i OK
BN o

Open Dat
Falder Links: i Eiles

S Recent Marne ] Date | Size |

[ Common | [120nm Oxide on Si5E SM00411:11 AM B KE [~

A Examples 1ED0nm Oxide on 8i.8E SM004 1116 AM B KE

o [ Recent Folders 28nm Cxide on Si.5E SM0604 11:08 AM B KE
300nm Oxide on 8i.5E SM00411:14 AM B KE
flnm Cxide on Si.5E SM00411:13 AM B KE
a-5i Grow Sim iSE GBS 312 FPM 1878 KB L
| [a-5i Muttilayer SE 4HEN3 341 PM KB I
a-5i on Glass #2 with Backside Refl SE 4MEBI08 458 FM B KE
a-5i on Glass #2.5E AMEBI08 457 FM B KE
a-5i on Glass 5E AMEBI08 337 PM B KE
Aniso-Organic on 5i.5E RIZ4MN310:53 PM 4 KB i |
AL_Substrate SE AMEBI08 313PM B KE
cronglass_SE.SE 4MBI08 348 PM B KB
cronglass_T.5E AMEBI08 348 FPM 2 KE
Cron Si02 MAR.SE AMEBI08 317 PM 1930 KB
Flowe-on Glass on 51 8E AA0/M04 1117 AW F KB
glass substrate_rough SE 4MBI08 251 PM B KB
glass substrate_smooth.5E 4MBI08 252 PM T KB
glass substrate_taped SE 4MBI08 251 PM B KB
ITO an Glass with Backside Refl. SE 4MEBI08 456 FM B KE =
Add Folder Link | ‘ Refresh Folders :
File Hame: |
Cormrnent:

[ 1-13. Open Data (#7/F##7) X/ iFHE 2 Folder Links: (XAEHEERE) AR HIEL
AT

#—AMplF, 1& C:/Measurements/ F g —ANFiscfhde. B, BAENRRERME, W
1-14 s, #F 3k, i Create New Folder (GU@gscffs) Hedl, #bE 2l E
From NG . IEEEN B F B LB IEM. MR EIEM, MARPN UKL RE
OK' (Hi5E)

VER: CompleteEASE A4 B #)“link” CBeHe) Fn b irid 622 (5 so k3 b

BIEEH %5, sl Add Folder Link’, #RJ57E CompleteEASE Folder Browser % 111713k 5]
I XA SRS, SR ST % I Add Folder Link #¢4H, SCAF447E Open Data (3773
) mE R ER, Wi 1-15 fow.
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CompleteEASE Folder Browser -

¢ B computer |~ |
o =2 AN
PN
o _I FRecycle.Bin (T
o= | Boot

o= ] CompleteEASE E Specify the name far the new folder to be created under the CiMeasurements Data falder

1. Select o LIDELL
| ti ) Documents and S (Torm-2010 Data !
ocation o ] Drivars
for new o= ] Intel ——
o[ JJamss 2. Verifylocation,name
f0|der o= [ Jianing Eudara Y !
) Measurements Datd new folder, and press
. o= I MS0Cache
SRR / = ) Pertons ‘0K’
ﬁ(ﬁ’fﬁﬁ *4Pr0gram F?Ies o N .
3 22 Promam s ) SAiF £ B JES 2t OK
1 Systemn Yalume Infarmation -

|

Selected Folder: |C:1Measurements Data ’ |

\|| Refresh | [ add Folder Link || Cancel |
AN

S

&/ 1-14. CompleteEASE Folder Browser Z /1 T2 #i1 FH LI IFF. ZELI#E—1
1EF, SEAFFIEHIHIE, #a#% Create New Folder ## X 1E# # 4. SIGHARX1EHF
HIE T o TERHNFT AT CI T, Tl AT & IE AR .2 255

| Create Mew Faolder

Open Data

Folder Links: i| Elles:

3 Recent Mame | Date [ Size
23 Common i
23 Examples

o= L Recent Folders
(] Tom-2010 Data

Add Folder Link || Refresh Folders lisE &.5€ [ »]

File Mame: |

Comment:

[/ 1-15. Open Data Z/#, JZ7#7 “link” C(i£#%) Tom-2010.

Creating New Sub-Folders SIlz# 73435

I BRSO T QU /730 RAE, ATUMEATE RO s ik i: - “Create
New Sub Folder” (BIH 73 Je) o ZMENX— i, £ CompleteEASE i i bx#s 21
ELONE TSI SR Bt A A, W 1-16 s, &4 “Create New Sub Folde”
CRIEF 73X .« RE, MATER R4, B 1-16.

[ Wi T B, A FLE i linked” (BEBE) . K AVRHE FEIE Fopobae. |
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Open Data #EEGEEEEIEEI GRS EEY R R SR SR e
Folder Links | Eiles
(I Recent : Mame | Date | Sie
(£ Common :
(3 Examples
o (O Recent Folders
Torm-2
b CMeasurements DatalTom-2010 Data CompleteEASE Input ==~ b
Remave From List Enter a folder narme:
Default Save Directory ‘Prujeclﬁ] |
Craate Mew Sub Folder >
Add Folder Link || Reiresh Folders |SE & 5E :
File Mame |
Carmment

Browse For File Cancel

K116, 7 XF LA (BR) BlFr, 17/ Remove from List” (MIYZHELE)

“Default Save Directory ” (#2777 H7)

AT o

Adding Folder “Links” (Drag-and-Drop) #aiss: inssE
1 CompleteEASE ', {#F Windows & I P FIFECNfE, 1T LAJ7 (8 HZ s i S & 2|

“links”

CHERE) AI3Rrh. i, FRATARZDRHE SO RSB a8 RARAEAE — A S SO

Jerdr, NTER, —NERSCE C:\Measurements\James Data-2010\c. 7 Windows %t

TR PR A .
FER A S Fer “link”

(BE#2) % CompleteEASE #1% 1, &+, Analysis (4

#r) >Data: (FdE) >Open’ (FTHF) KUTRXIEHE, 40

Opan Data

Go | Bes |

Drag-and-Drop with
Left Mouse Button

=B [

< 1®A

o File  Edit

Folders

L

Favorite Links

IE/ Documents
/
-

C:\Measurermnents Data IR RSN B
B e

Wiew  Tools  Help

~ [H Open [ Share (@ Bumn

| James-2010 Data I
| Tom-2010 Dats

~ B . 3

James-2010 Data
File Folder
Date modified: 8/13/2010 2:49 PM

B 1-17 fiiom, BAAE, U3 SR FE 28 o A L I T 1 IR R B R B R R
CompleteEASE Hsdia SfE . fEX AT b, %3015 A James Data-2010".
(BL) e Je ERbRA . 3tk BUbRE4 0 R # 35 #) CompleteEASE Folder Links: i
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R4 (A

Open Data

Fojger Links: Elles:

Drag-and-Drop with
Left Mouse Button

Filo Hamo

Commant

BromseForfle |

ws 17 .‘].
Favorite Links
E Dam— 1 James-2010 Data |
/ | Torn-2010 Dats

-
Folders ~l ™ D
Y James-2010 Data
File Folder
Date medified: 8/13/2010 2:49 PM

L-A7)Fiw, ARFATE BUbRHALIN 1230 IR tHBLTE CompleteEASE . X AN SEbxR
SO, TR — AR RS —A “link ™ ChERR) .

Open Data

Fojger Links: Elles:

Drag-and-Drop with
Left Mouse Button

&) [) CETEEE - | 4 | seorcn

< File Edit ‘iew Tools Help

Filo Hamo

Commant

BromseForfle |

Wy Organize ~ i Views ~ (B Open | Share (@ Bumn

Favorite Links ame ize

| James-2010 Data I
[E Documents
. Tom-2010 Dats

Folders Al m

File Folder
Date medified: 8/13/2010 2:49 PM

’ James-2010 Data

B 1-17. (EH AR ) X1 e %) CompleteEASE #7,

Viewing SubFolders #& T B3

7t CompleteEASE [HR A, R Aauifiiin i “links” (842> . £ CompleteEASE4.0 J5
KA, AP R T “links” (i) , §AM“links” B3 TH 2 E T HRW L.
WHE K 1-18 iyl . fEXE, *PRT H3t Measurements 11)“links” (g4 .
CompleteEASE H 2 B/RTE IR I 2 EFH*.
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Open Data (5]

Folder Links: Eiles:

J Recent Name | Date | Size
(3 common
[ Examples
¢ Recent Folders
¢ (] James-2010 Data
9 [ Company X
CARun1
fARunz
(I3 companyY
¢~ (2 Tom-2010 Data
(I3 Project A
(I3 ProjectB
(I3 ProjectC

Add Folder Link || Refresh Folders =

File Name: \

Comment

Browse For File Cancel

/&/1-18. # Open Data & [774#9/1 1 AR 197 H7# /T, CompleteEASE a7 LY 4 #il
I “EERET AR TG 2 S5 T H R

CompleteEASE AJ LA“link™ CEEH:) FITHEML AT RSO e, BRI DUSCE A RN B 1
e DS B B 2 R (B R RREEREE IR T 2 B30k, AT UK —
A, B 1-19 BoR T EANRFESCH JesER;: “James Data-20107, “Measurements Data”,
“CompanyX”. Sbr XLk BRI SO, RIFIEA 7T DU 2 [F 1+
AR, SR, X T “Measurements” 84, BT “CompanyX” 428 —W=E T HX,
YER“CompanyX” 4 =27 H% “Run 17, “Run 2”¥ Joik iR o

Faolder Links:
Open Data 3 Recent
o 3 Common
Folder Links: 3 Examples
| Recent o= _J Recent Faolders
21 Common ¢ [ Company ¥

| Examples 3 Run1
o-_—IRECEHTFDIdE/ [ORunz
o= [ Company ¥ o [ James-2010 Data

o ([ James-2010 Data 1 %[O CompanyX

o= ] Measurements Data I Run1
\ CARun2
N 3 company ¥

¢ [ Measurements Data
o[ James-2010 Data
[ Company ¥
O Company ¥
FI1-19. # T =168 557509 “James Data-20107, “Measurements Data” 7
“CompanyX”, JREZLEXLFILL T [7—EEEHIA IR L, HEEER GERTFRZ T H 7~

Default Save Directory BRI\ SCHRIEAL B

PUEARTT LMEYBR (A5 325 F 1o default save directory B (& SC i 52 ¥ B N BA R
AL, il 1-20 fros. %0 B SR AR R SOAR, SR BIX BT R AR A7 B0 SO 2R
WL . EER, WA BRASCHICGR B T 2 A8, Frd B (X AN SO e o R
AR .
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Open Data

Folder Links | Elles Folder Links:
O Recent gl Mame
(23 Common d dRecent
(3 Examples 2 21 comman
o Recent Folders 1
¢ (1 Compan) : 1 Examples
E Run{ CMeasurements Datallames-2010 DatalCompany X o= _J Recent Folders
D Run} Ramoya From List
b @ e ¢ [ Company X
T [ Com Defaull Save Dirsctory CARun1
(R Create New Sub Folder
AR - A Runz
22 Company ¥ : o [Z3 James-2010 Data
¢ [ Measurements Dala : Company X
¢ [(3 James-2010 Data : ? D pany
(3 Company X : D Fun 1
(3 Campany Y | D Fun 2
o= ] Tom-2010 Data 1 D o
i ompany

¢ [ Measurements Data
¢ [ James-2010 Data

(23 Company ¥
Add Folder Link H Refresh Folders 5F 3 Company Y
o (] Tom-2010 Data
File Marme ‘
Comment

Browse Far File Cancel

£I1-20. (BR) it XfFH 55, 27 w5 Default Save Directory’s 1% 1 4552 HH]
ST K B RAF AT TR AN B o VTR, AT AR X T A St an
HtE.

'Browse for File'yil¥% e

peig 2oy Windows SCIFXTEHE, Al DLYF R &+ SEALRE R AL R, DHMERL R 2RI ST
IARATIFIG B & B S e 4 3 2] Recent (i vy il U 41k

[ Browse v ﬁ

Laak in: . Measurements Data - G ? g '
T Mame Date modified Type Size
el File Folder (2)

RECEt ) Jarnes-2010 Data

! ) Torn-2010 Data

Desktop

871372010 3:03 PM File Folder
8132010 3:03 P File Folder

L]
James Hilfiker

A

Computer
[ W
- 4 1 | 3
Metwrark
File narne: hd
Filesof tyos:  [&l Files 7] +| [ cance |

A 1-21. FrAEWindows T AENE

1.5. Setting Up Multiple Users &BE L
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—HOEMmMOCEE A 2N XML, NS B SRS R
CHERRT REUIE. AT, XHFEFGMM S EESR. ZN CompleteEASE EEZ M,
PATEL R

A Options (L5 F:3g, %4 Edit Configuration® (%ifERLE) . ALEZH
W AR K. BT “General” CHHD #84y, W&l 1-22, kAT FHE K.

1. #£# “User Log-in Mode” ¥ Must Log In
2. JE ik R HES N ON, (2% “Users Have Own Folders List” 24 True (H) .
3. A3k AT LB E “Always Add CE Folder” SN True 5¥, False KifisE /& 15 B H

A] LA F CompleteEASE HATA (IS0, Wik ish True, B P AT LR HHE
Bl L. CompleteEASE H () firfg S04 .

TR el BB IR)E, CompleteEASE A AN G R EA <M. 28R, (Rt r DAFEEHT
RN E IR CRNPED S

CompleteEASE Configuration

Configuration Parms Edit: User Log-In Mode

@ General
Font Mame = SansSerif
FontSize=18 Login Mot Reguired
Graph Font Size =18 fust Log In
Look & Feel = Metal Technician Logged In
User Log-In Mode = Lagin Mot Reguired Descriptian
Always Add CE Folders = True Specifies how users will log into and
Users Have Own Folders List=true access software functions.
Clear Data On Lagout = true
Alweaws Show In situ Tab = False
Use Unicode = True

o= Mermory Management

o= Display Units

& Hardware Simulation Mode

o= In Situ Tab Parameters

Login Not Required |+

[] Show Advanced Canfig. Options

Cloge

[ 1-22. CompleteEASE configuration (A2 X/iFHE General 24X EFH, 2T
WEZHFHIEFFEZE User Log-In Mode” “Always Add CE Folders” i “Users Have Own
Folders List” .

¥ CompleteEASE LB HE A G, MRFEREIAE &AMk mm . A& Options

(%3 > Miscellaneous (Z:3)> ‘Manage Users’ (& FLH /), HI P& HE D4, 0
1-23, sh5di°Add New User’ GAINHTA P ARG NEATFERIMMH PN EH
PR,

| R MAREE AT, BERNEATERH.
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User Management

Current Users

User Mame Fassword Access Level
Default SysOp
James 1 SysOp
Tom T1 SysOp
Add Mew Lser || Edit User

| Define Engineer Privileges

|| Delete User

Cloze

[I1-23. EZ IS

A BN, TEKNW CompleteEASE FFEHTEBN. XFEZ Al 191 B A2
LIEHHE 30 CompleteEASE Y, F 2 A 7 2 RIS A REBEAN B AF . H P A AT AFE TR

LB R,

User Log In

Lzser Mame

Paszsword

nkE 1-24 Fiso

Default
James

[Tnm
O TIT

K 1-24. ZH B BT 505 2Rk, 175 i L F a2 ik .

P, AN AR HREREZHA P BRI 28R, (Ha, mRaNEr e Jehn
T CompleteEASE HxH, rAEHPHSERRXANEFR. ETFXANER, TR AV
5 [ S 8% B 3 AE CompleteEASE H g UIAMOALE . X TRIEIFrh, GlE T et
C:\Measurements, e TF, SANHATTUAIEECKHTFHS, JFAHPTLIRE

CompleteEASE 1 [15EH:, W R/RH P H R ERISF I,

CompleteEASE #{4-Ffit

Introduction A4 e 1-21



1.6. Short-cut Guide g H S

fE CompleteEASE B ih A AP S R B R s . 35—, IRFTA IS —FE, HE—FfER
AL, WA ZSREBMRSER LT ALT G 1% 8. UM RIRER R A S
CTRL, SHIFT J& ALT et ixsbst iyt 51 F 2% 1-3 .

#1-3. it

SHORT CUT FUNCTION
CTRL-M Go to Measurement Tab %] Measurement 3z
CTRL-A Go to Analysis Tab #) Analysis F:32 #
CTRL-I Go to In situ Tab F) In situ 3K
CTRL-H Go to Hardware Tab # Hardware 329
CTRL-O Go to Options Tab #) Options 3¢5
CTRL-P Graph the Psi data curves  xt Psi mi&
CTRL-D Graph the Delta data curves x+ data i
CTRL-N Graph the “N” data curves (N,C,S format)  mi& N
CTRL-C Graph the “C” data curves (N,C,S format) mpE C
CTRL-S Graph the “S” data curves (N,C,S format) &S
CTRL-1 Graph the <e1> data curves H & el
CTRL-2 Graph the <e2> data curves i 5] e2
CTRL-T Graph the Intensity data o i P A 1
CTRL-Z Graph the Depolarization data  xJiB frdfE % mi K
CTRL-SPACE BAR Switch view from single-point to Map/Dynamic
CTRL-L Add to Fit Log #n#l& H &
CTRL-ALT-L View Fit Log &/l & H&
CTRL-R Add Report to HTML Clipboard #in# 5 %] HTML 87145
CTRL-V View HTML Clipboard B4R 75 2] HTML IR
CTRL-ALT-O Toggle Default Optical Constant units between “el &
e2” and “n & k” EEnel & e2” #l “n & k7 )ik
CTRL-ALT-W Toggle Default wavelength units between “nm” and
“eV” Pk nm” A eV gl
CTRL-ALT-S Show graph statistics  &/REK %t
CTRL-ALT-SHIFT-I Add the In Situ Tab  #Jn In Situ %
SHIFT-Mouse roller BN AN S L, BRI RAR, 7T LN
R RN XA SEIE
CTRL-SHIFT-Mouse roller | 5 SHIFT-Mouse roller AH 7], {E7R 5 I (1) 25 L 1 B/ s
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WA EE 2 Uniformity Mapping data G35 58> , T aHbist ey LU BhAk

AL

7 1-4. mapping data  (HUZHEHT) HIHRIERE.

SHORT CUT

FUNCTION

CTRL-Click on Point (&%)

Select/De-Select Point 4k ik i% 5

CTRL-ALT-Click on Point

Delete Point ik i%

CTRL-ALT-SHIFT Click on Point

Show camera image from point

(when available) &RizgmpEE God)

CTRL-SPACE Bar =i

37 AL S A Map B0 1)

BJa, 24%fin-situ (FE£%) HE Al multi-sample(Z RS BB ST 0, B4R HesEgd ]

LA B AN 7] s AN IR A rh RS 146t

# 1-5 mapping data (HFHHHE) HIPIERSF

SHORT CUT FUNCTION
CTRL-(F1, F2,F3..) Switch between models 1, 2, 3...
FE S P
ALT-(1,2,3...) Switch between data sets 1, 2, 3...
FE & Bk h D)
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1.7. What is Spectroscopic Ellipsometry #4 gZ#mAR?
A A — AR ARG MR, SRAEAE i I P ROC RIS, ] 1-25 P
Mol A B 2R St (BOES) RSB R mIRS R . RS A AL I8 R
% (1-1) & LIRS a Psi (W) A Delta:

t \P in __ _ rp
an(¥)-e" =p=— (1-1)
rS
EXANAA, L rho (0) A p -TR3EHE(r) B ST ER L s R (rs) i s 8 2R 14E
pR—MNEH, FEARALKR T RS 5 0B AT A TSR AR tan(\W) 2 B R RN G,
ARARNL . SR RIS T RO BUE S50 E AR L, BRI E 3L LR =N FFEA N
1. Precision (&) BT IR AR — AN Bk e X, it T
N2 ' T ) 46 %o 7 B A A AN BBURE CHIDRE (A B 2 DM B 1) “refference’ 3% )
R, ToismiiEesm «gont” (e B0y $RA5-E R A &
2. Sensitivity (RE0O #ilwSEARMMEE, T4 T B E BB
RESE, FEAIEF)HE sub-nm CEGK) TEERIZKT.
3. Information  ({52) WifwAREGEA P FNE 2 AME (Psi f1 Delta) ,
5 )0 P BGE B R A AR B, (R BRI
raER e, mEEYE, WARRE, SR EIERE A IR ZIE =N .

1. linearly polarized light ...
E  p-plane

s-plane 3. elliptically polarized light !

p-plane

plane of incidence

2. reflect off sample ...
BI1-25. fhifiIt-5 s 193 4 1T

TES MM A(SE)H s i K sk 51 Psi 1 Delta #R 4 . 3% R KHIIN T 8l S b 015
SN, AR VERE R RN T2 BOATTRE. SR, ZEAINE S SE Hodl 42 Uk
A S IR A R, AU S — AN R ORI A e
CompleteEASE # I Htit 1 EIFALKO A = Ftiin,  wT AT (8 AR, FfAE B Frh
AR AR & 85 R 55 . AE 3.1 5P E PR A 1 B o A SRR AN 2
CompleteEASE it it fit 7 — M HL [ 5 SE BEAFERER 4L 1, a] DUBRIE 75 f1 R AR HE T
ff1 SE ¥ .

BRI, 7HS 5 LAT STk

1. H. Tompkins and E. Irene, eds. Handbook of Ellipsometry,
William Andrew Publishing, New York, 2005.

2. H. Fujiwara, Spectroscopic Ellipsometry Principles and
Applications John Wiley & Sons, West Sussex, England 2007.
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J.N. Hilfiker and J.A. Woollam, Ellipsometry, in Encyclopedia of
Modern Optics, edited by Robert D. Guenther, Duncan G. Steel
and Leopold Bayvel, Elsevier, Oxford, 2004.

J. A. Woollam et al., “Overview of Variable Angle Spectroscopic
Ellipsometry (VASE), Part I: Basic Theory and Typical
Applications”, SPIE Proc. CR72 (1999) 3.

B. Johs et al., “Overview of Variable Angle Spectroscopic
Ellipsometry (VASE), Part II: Advanced Applications”, SPIE
Proc. CR72 (1999) 29.

H.G. Tompkins and W.A. McGahan, Spectroscopic Ellipsometry
and Reflectometry, John Wiley & Sons, 1999.

R.M.A. Azzam, and N.M. Bashara, Ellipsometry and Polarized
Light, North Holland Press, Amsterdam 1977, Second edition 1987.
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2. Data Collection %

RS

Ak

A oA v 00 2 5 AR 5 — 2D R P M DR R B o IS A 7 i AR SR IO BT

hA HIFHIHEE. CompleteEASE - T Woollam A &)

Kn Ffifmix: alpha-SE. M-2000.

RC2 Al AccuMap-SE o Ui Sk 4 45 HU b (3 19 8L 5 K2 4 0 Ml O AR [ BE A IR B

AZAE T H ] CompleteEASE 3347 $¥E K& IR«

FEVEAH I BRI 2 B IR R AL

FM: %8 &k, Measurement CGlE) F3EHM &R HE A .

R AEMARREHSFARFE RGN . Sl
JS7 B R i o

RGRHEENTEA U, S

2.1.

alpha-SE Systems

b #45 mapping £:3&5, CompleteEASE 7 alpha-SE S8 ¥df i 57 %% b faf .
alpha-SE 17 Measurement (Jll&) FE3HanE 2-1 Bros.

Waiting to Acquire Data
Measurement Controls

No Results Available

Mode: |Fast v | sample Alignment |Standard v

Angles: 65° [v] 70" 75° (L) 90%(S-T)

Model: |None v

] Save Data after Measurement

Measure

| View Prev. Results

& CompleteEASE o g X
| Analysis | Options Current User js jhiffiker  Log Out
System Status Fit Results

/& 2-1. alpha-SE #9Measurement (Jij&) F-5#

TERHEHAR 2 A T B 5 Tk #E. 4 3£ i)measurement “Mode” (R , i)
“Sample Alignment” (FEFhxiE) 7=, Mi)MREAE, V)oHEdEr“Model” (A
LLK v) “Save Data after Measurement” Gl & J5 & 5 ZRAFEER) o BEATH I =AML

FE TR RSER, Nk 2-2 PR
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Mode: |Fast -

Sample Alignment |Standard -
Model: |Nane |v‘

Fast
Standard [ ]
L Standard e

- Robust ‘ Choose Fram File Dialog |
Transmission i i
WM Fixed Height

L Frarpt Height
hl.W. Long 2 g

/& 2-2. measurement Mode, Sample Alignment #7 Model #5226 57

T RZ RN, “Standard” Chie) J&J7i:A1“Standard” ChrifE) 5O HERAE
3 8w A AL RN T A 4

Measuring a Sample JiE—AM 5

— B AR e s, St nl Bl ‘Measure” GIUIBYD #H PR IR, R 2-3 i,
1T alpha-SE & B ZhBEATHE SR E,  RGE S I TREIIAE i SR B S X HERE i (BT I%
FERAR R HETTR) ARG RS (REALE RN 20 o &a, REE T4
Model (B2Y), B st s, LA s IR A R 1k

&7 CompleteEASE

Measurement [

System Status
Acquiring Data ...
Measurement Controls

Mode: \ Sample Alignment: |~

Angles: [v]65° [¥]70° [¥]75 [1s

Model: | [

[¥] Save Data after Measurement

Cancel Measurement

[2-3. it ‘Measure’ J5TF 4 BATRACLEE, System Status FTATHS 7~ 24 fiHGTEIHR1E
tnf“Save Data After Measurement” (&5 {REEEE) MR MRF R, WK 2-4
FiRsiE G2 . 7 Folder Links: Crffstss) @R EEEBIRIALE,
NS FERE . BRSO I “link”™ (BERE) ANTREAE, WRA DAGIEE s n—AN3rmy link Cig
B o AIRBEEMNVEAIRE ks B E T 1.4,

TER: CompleteEASE U# SO RN, SCAFT & 4 9 SE” BE “iSE” . iX %6
XA R4 CompleteEASE #4 AT LT IF
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Save Data

Folder Links:
23 Common

Elles:
Name

9 (] Measurement Data
©- (] Andrea
o (3 Andrew
o () Greg
2 GUEST
o- (] James
o (] Jianing
o~ () Neha
S Ron
-3 Tom

Add Folder Link ; Refresh Folders

File Name: [
Comment |

Cen] o)

A]2-4. Save Data (H#5RE) X/ IZHE # A File Name (X /44D Flcomment (JZFE)

A7 i Save’ (1RIF) -

SE (W) FdmREsehn, Bk ik e model (A #7000, ESHUEEE
HI45 R EoRAE Fit Results TR . 345 I B0 A s $is 2 BoRE R & D W
FS R A ST B LA 1307, B R 2k (BB 0l Hh 2R) 45 I & 72 £ Psi A Delta szl
Bl R B o IR R FELL, ATREERE T AR A model (BEAYD o —ANEALEER
WA HT 4 SR BRI 25,00 IZMR R A S B o e Measurement >Fit

Results itk 41,
1£ CompleteEASE %4 K 5 ISR E D .

MK b Psi Al Delta A ) i 285400 5 5 AR 7R 7 A= PO AR S JS00R i 2 S o

7 - s

Current User is jhilfiker  Log Out

Measurement Controls | Angle Offset = 0.034 £ 0.0019
| i = *
Mode: |Fast Sample Alignment: |Standard Total Thickness = 26.72 £ 0.006. nm

Angles: 65° 70° 75" [£190%(s-T)

Model: 'Si with Thermal Oxide

=]

Save Data after Measurement

7 e
( Measurement | Analysis | Hardware | Options
System Status Fit Results
iti i |
Waiting to Acquire Data [——

Graph Type ‘ Show Data
Variable Angle Spectroscopic Ellipsometric (VASE) Data Zoom All
35 T T 160
Psi (64.98, 69.97, 74.98°) B
30 k Delta (64.98, 69.97, 74.98°) [
25 — :
—
[ e {0
i T m
& 20 e —— e
i 1Y)
2 \
omaelan. \
o T — [T T8
5 60
300 400 500 600 700 800 900
Wavelength (nm)

& 2-5. H alpha-SE F 45/ 21 & 953 th 1) 78 I
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2.2.  M-2000, RC2, fl AccuMap-SE Systems

X M-2000, RC2 #1 AccuMap-SE £#4t, H-RENEFRIISTE LU, XA 57 Bl is it
HAGIFEARIET . HTAFRRAREZFEKR, RAMLEFIEHEREUSHEN PN RS
HIE TN, 1] 2-6 BoR TR E A mapping (Hh3R- FE£A) Fl camera (EHL) ¥ M-2000
R Measurement G &) E3RH., XTRFE—MEMZANMEILD, CompleteEASE #ix
L ESH TR, MESAE (% E R Recipe &b . X recipe &b J7 SXAEAT LA
Bl TRAF. dmdE, DS & 2B FFE &

&7 CompleteEASE o g X
[Tl nsitu | Analysis | Hardware | Options Log Out

System Status Fit Results Scan Map

Waiting to Acquire Data No Results Available

Measurement Contrals

Recipe: |=8elect a Recipes |V‘

Sawe Data after Measurement

Wiew Prey. Results‘ ‘Graph Parms.
|
Al 2-6. BIEHEZZEA, HEFEmXTHE (WIETD . HafEdm FE R, RREEFEIT

FHPLHT M-2000 F 249 Measurement (/&) 455,

Measurement Recipe &4

X R G 4 A B — 4 Recipe (4bJ5) o, f—A> Recipe (ibJ7) A& %dER
LM =AKZK: 1) Data Acquisition CEEREET7VE) |, 2) Mapping Scan settings G U7 1%
) , A13) Modeling (Hdis 4 Hra i)

Measurement>Measurement Controls>Recipe: T3¢ 44 bL %35 1) Prompt
for Acquisition Parameters CREEZE#E7R) , 2) Prompt for Recipe Components (&b 77 B0
7~) , 3) list of all Common recipes (¥ F4k77%1%) | 4) Choose From File Dialog ( M SCAHX 1
HE%#E4LT7) | 5) Create/Edit Recipe (BIE/SmiEALTT) o XELELINE 2-7 FiiR.

CompleteEASE #4F it Data Collection FIERKLE o 2-29



£7 CompleteEASE

Insitu | Analysis | Hard

Systemn Status
Waiting to Acquire Data

Measurement Controls

Fecipe: |=5elect a Recipe= |v|

=5elect a Recipe=
=Prompt for Acguisition Parameters=
=FPrompt for Recipe Components=
94, B4 and 74" 3sec, 3mm thick guick

| Choose Fram File Dialog |

Ace.
Scan:
hfadel:

| Create/Edit Recipe |

[/ 2-7. Recipe (47 #Ti - .

<Prompt for Acquisition Parameters £ 7 #J; #27~>

i% £ <Prompt for Acquisition Parameters>i, #{# f — MR se 84Ty, X ki

W% Scan Pattern  (F34#fisifin) Al Model  CEAL) o SXARMEGRC AR R AR — A58 U 8dte AR A
JEAECLE T o ARATAZEZRBL T &1 2-8 B H b UARTE RIS 8. B RAESHR
BT ES 8 S k.

Acquisition Parameters Setup

Data Acguisition Parameters

Data Type:|8tandard
Acg. Time: |2.00

Scan Options
Angle Scan:|55.DD

|v|

High Accuracy Mode

| To [ro.00 | By [15.00

[l Measure In Transmission Mode

Alignment Cptions

Sample Tilt Alignment: |Aut0matic |v|

|v|

Sample Height Alignment: |Aut0matic-@uick

Sample Thickness: |1.19 mm | Set To Current Position

[] Align At First Angle Alignment Angle: [65.00
Cther Options
Do Mot Return Ta Sample Load Pasition
Do Mot Reposition Translatar
| Load || Ok || Cancel |

/& 2-8. Acquisition Parameters Setup (##7-RESH IR E ) W iTHE

<Prompt for Recipe Components £ 7 #c#7r>

U SR ARAE SRR T IR 2 A B HEAT Map Wi, 5 EL/al i £ R AR 2 SR 43 A 0808
<Prompt for Recipe Components>i%&15i fu ¥ F 7 4 b J5 v (il =578 Acquisition
Parameters (#5772 |, Scan Pattern (Fffi fifi i &) |, F1 Model CEE 3 #riisid)
MR E ks, Wi 2-9 s, SRR EILRBEN R EIC A @S, AT LLEE Recipe
Components (&bJ55.70) RHHER AR EA.

2-30 e Data Collection 33z R4
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Choose Recipe Components

Recipe

Acg. Parms: | =Select an Acguisition Parameters Set=

“'H EditrCreate ‘

Scan F'attern:|Nnne

“'H EditiCreate ‘

Model:|Nnne

‘v|

Additional Parameters

Falder for saving acquired data:

[ ] Save Results Only - Mo Raw Data

[ ] Export measurement results

Load Existing Recipe |

| Ok || Zancel ‘

B 2-9. Kg— P T FFA I HIZ 5 -

‘Create/Edit Recipe #/& %47’

AR G SR AL 7T o XK HTTT S AR R P 2-9 B R i) 1. Recipe i3

A i T PR 275 PR VR IR -

SFFARfA—A recipe (677D, BEEE =AEEMRICAHRK, 43108 Acquisition
Parameters (4 R4 J77%) | Scan Pattern CHf 7% &) |, fl Model (B /- #rigEAd) ,

sl 2-10 PFros. X Le RSO A S T VEAE T 18

Choose Recipe Components

Fecipe

Acg. Parms: |=Select an Acguisition Parameters Set=

“'H Edit'Create ‘

Scan F'attern:|Nnne

“'H EditiCreate ‘

Model:|Nnne

‘v|

Additional Parameters

Falder far saving acquired data:

[ ] Bave Results Only- Mo Raw Data

[ ] Export measurement results

Load Existing Recipe |

| Ok || Cancel ‘

/& 2-10. Recipe 47 Components (47;)

CompleteEASE #{4-Ffit
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2.3. Acquisition Parameters RES#

Acquisition Parameters (iRESHD ik TE— NI Recipe (NMERBHERZ
EEED T AR TR B 2-11 R T F A Acquisition Parameters
BB RESHD EFT. X LR ITEA R 4 R A i .

Acquisition Parameters Setup

Data Acguisition Parameters

Data Type:|8tandard |V|

Acg. Time: [2.00 [v] High Accuracy Mode
Scan Options

Angle Scan: [55.00 | To [ro.00 | By [15.00 |

[l Measure In Transmission Mode

Alignment Cptions

Sample Tilt Alignment: |Aut0matic |V|
Sample Height Alignment: |Aut0matic-@uick |V|
Sample Thickness: |1 149 mm | Set To Current Position
[] Align At First Angle AIignmentAngIe:W
Cther Options

Do Mot Return Ta Sample Load Pasition

Do Mot Reposition Translatar

| Load || Ok || Cancel |

A&7 2-11. M-2000 #7RC2 % Z/19 Acquisition Parameters Setup &'/7. aHEFL4H 54
AL FET

Data Type #3581

Data Type (F#laziA) & X REMAEIE, Wk 2-12 Fior. X+ 95% MR H,
“Standard” (brifk) ST HEEE

Acquisition Parameters Setup

Data Acquisition Parameters

Diata Type: | Standard -

Standard

Generalized Ellipsometry
Ahdueller Matrix
[Transmission Intensity
Reflection Intensity

[&2-12. Data Type (ZU#EHEND H1[74 [FE T

Sample Alignment A5 X

FEMRTHELEIS RGN S MBCEG K. B, FEROTHER I A SRR, I #EAl
BEXSHE 5 I FE IR AE T TV

2-32 e Data Collection $#E ¥4
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Tilt Alignment (#FAERT )

AR APRAT A T T A ol BAREAD (AR A, AR NS BIRE & 6P BE LA ERA ) £ B I 5 2
BWge b RISt AEE Skip (Bkid) , Manual (F3h) |, 5k Automated (B 3h), &
2-13 iR,

Sample Tilt Alignment. | Autormatic -
Skip

Manual

JAutomatic

&2-13. #E4 Tilt Alignment  (AFAUST4ED O

WR ARG HAH REME, Tiltalignment  CIFFADXTHE) 55 L8 Skip (Bbid) » KA R
P ARBRARE WR—EMNER PR, A4 Tiltalignment CIFIPXTHE) AT DLk $E
Skip (Bkid) o Flin, RGE—EME 200mm &R, B2 A FRE S AN A &+ B i,
FB2 Tilt alignment CIFFAXS D 3 mT LLEFE Skip (Bkid)

XF Manual (F3h) ¢ Automatic CEHZND Wik, REEH—A 4 RERIFM KW S8
S I R R S ORI PSRRI 2% A D AN G R e SR AR A ), IR S BRAE DY 4 BR R 23 7
e (RS, R IEFRI RS AL E . XA 7 VR0 T AN RE S R T 30 1R i
8. —ANE ARG S Dk 2-14,

Gt T
Cancel Alignment Align Mode  Detector Motor Increments
@ Autornatic | @ Lookdown | Z Gtage
[] Use Data Acquisition Time O Manual O Receiver Titt Stage
H Z Position = 0.500rmm
Sample Tllt Tilt Position = (0.071,0.024)

Intensity = 1.307
Ave. Signal = 0.000

A 2-14. 4 Tilt Alignment( 47 AVX/ ) B 1 o

Sample Height Alignment (#4 & /EX 4D

PoF e e EE K VR A2 TR i S S 3R T PR s A B RO s A B 2 50D, X HE
H AR LR /) JE BB B BSOS e RE BAMER RO AL B (BRIIBS Bkl » XA/
BRI IR CREDEHEMEMAO , XMW HEZ., MEAAREE GER 1t
SR [R— S RAX B, FF4 Sample Height Alignment  CRE & s i) A AT
. # FH Y Sample Height Alignment R it i BEG#ED ST 4n B 2-15 Fio. TR

CompleteEASE #{4-Ffit
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# A Automated Height Alignment (B BIFE i S BEXTED) B RS, TEANR] Z Fli s BE B B4R
M2 _E RS R T Tk, K 2-16 Fis. BA e GIRIN Z Sh B A N
& Z I IERAE GHERMED .

Sample Height Alignment:

Autamatic-Quick

15kip
manual

Autarmatic-Quick
Automatic-Rohust
Llze Sample Thickness

/& 2-15. Sample Height Alignment(A£./3 & /Z X/ #E) 3

i R

& c G
Cancel Alignhment

[[] Use Data Acguisition Time

Max Signal Intensity = 17.72
Current Position = 0.523

Align Mode  Detector Maotor Increments

@ putomatic @ Lookgown  ZStage |05 | w

) Manual ) Receiver  TiltStage [0.02 |w

-3.71 mm

17.00 mm

/& 2-16. Sample Height-Alignment (A3 &5 /2% #) & L1

2.4. Scan Pattern HHiEXR

P B R RS EA R S AL, IXANRTUGE TR EA H oS50 & BRI .
EOE—MEARE S, S5 Scan Pattern 43311 ‘Edit/Create’ (Zw%R/AN%E) 1240,

e 2-17 iR

2-34 e Data Collection $#E ¥4
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Choose Recipe Components

Recipe

Ac. Parms: |55, fA, 78°, 3sec, amim thick, quick parms ‘v| | Edit'Create ‘

Scan F'attern:|NDne “'H Edit'Create ‘

Model:|Nnne ‘v|

Additional Parameters

Falder for saving acquired data:

[ ] Save Results Only - Mo Raw Data

[ ] Export measurement results

Load Existing Recipe | | Ok || Zancel ‘

[/ 2-17. A Recipe Components X/ iZ ##7# ‘Edit/Create’ (4745 6/#) Scan Pattern
(F#EE) .

Scan Patter Editor (FA#iEEmiES) , WK 2-18 fiax, B LIIR R T K TEAE &
HHRZ B S kT, A3 Grid Fill (MAKIEF) |, R-T Grid Fill (FZABARIEF) |
and Line Fill (ZFRUHHTE) o STIXEIRTNZ R ZUG, Al LE R B3E 7S A

I = = = ===z
Substrate Dimensions
= Dia. torny'[20.0 | [] DrawWater Notch
Point List
1. 0.0000, 85000 ST
2 38000, 35500 E L=
3 28500, 85500 R-T Grid Fill
4 19000, 85500 -
5. 0.9500, 8.5500 Line Fill
6 -0.0000, 8.5500 Paint Commands:
7 08500, 85500 "
5 -1.9000, 85500 IR

9. -2.8500, 8.5500

10: -3.8000, 85500
11: -5.7000, 7.6000
12: -4.7500, 7.6000
13:-3.8000, 7.6000
14: -2.8500, 7 6000
15: -1.8000, 7.6000
16: -0.9500, 7.6000 I~

Edit Point

Move Up

Move Dawn

Delete Paint

Delete All

[

Alignment Position

i

Pattern Offset

oo | vloo ‘Ahgn atthis positian only wloo | wvloo | Thetary oo (L] PO
Deskew Points Transmission Intensity Baseline

[ ] Do Deskew  X1:|0.0 ¥1:(0.0 ¥2:[0.0 Yz2:|0.0 [ ] Use Point Far Transmission Baseline X0 ¥:(0.0

[] Record Image At Each Paoint Image Znnm'

/& 2-18. Scan Pattern Editor (777#/&X 474545

Model FE%Y

A SR HIA CompleteEASE Qifif“fit” (&) Kidfs, LASRAFHIIEEE Ko H 8 (2
FHAMIIARAFED o BEARLREAE DUR STV EAIEE, A RIS XA RS, W
FEARZ 1) common models (AFEAEMY) ik FEd AR . X 2 i i il , B
R IZB m EE I

2.5.
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Basic Models Z: AR

T JiEME ], CompleteEASE H(#)“Basic” H st 853 N A — DN IEREAIS L . SIS
AR AR P BB RS L B A R . G 2-19 FToR .

£7 CompleteEASE

LUCWETCR  Hardware rOptwuns | Log Out

Data: Mo Data Loaded odel. Mo Model Loaded
L 10 il L[ 1 LT 10 10
3| Open Model (e (-
Fit:
Folder Links: Files:
E [ Recent Marne \ Date | Size
[ Comman a-5i on Glass (with Backside Reflection). mod B/22/08 1252 PM 3 KB
3 Advanced a-5ion Glass.mod TI2208 10A3 AW 3 KE
1 Basic Glass Substrate (with hackside reflection).m.. B/26/07 415 FM 2 KB
3 Calibration Wafers Glass Substrate-Transmission Data Include... 7122108 1217 FM B KE
o [ James Glass Substrate-Transmission Data Include... 7/22/08 1216 PM 8 KB
Glass Substrate mod FI22i08 1083 AM 1 KB
Glass with Absarbing Film (with Backside re.. B/22/06 1:15PM 7 KB
Glass with Absorbing Film mod T/22i08 10054 AM T KB
Glass with Transparent Film (with Backside ... B/22/08 1257 PM 2 KB
Glass with Transparent Film.mod TI22i08 10054 AWM 2 KB
ITO (thin) on Glass (with backside reflection)... B/22/08 1258 PM 3 KB
— ITO (thin) on Glass mod 22081054 AM 3 KB —
ITO on Glass (with Backside reflection).mod  B/22/08 1258 PM 3 KB
Grapl ITO on Glass.mod TIZ2I08 10E5 AM 3 KE ata
Si with Absorbing Film.mod /22108 10055 AM B KB
Siwith Mative Ouide mod TIZZI08 10E5 AM 1 KE
Siwith Thermal Oxide mod TIZ208 1055 AM 1 KE
Siwith Transparent Filr.mod TI22I08 10055 AM 2 KB
Add Folder Link
File Mame: |Siwith Transparent Film.mod

AJ2-19. EAnaIysis T i Open Model’ FF 4 FE 4301 “Basic” H RHEBEHK 7
] I B A T 2 B35 2
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2.6. Running a Recipe i2474t7 M Viewing Results

BARGER

%3 T Recipe 5i# Recipe H &G, it Measure’$%4H, CompleteEASE #ift 4>

% Sca

n Pattern (¥ & fUBANEALIETE, EF K M Acquisition Parameter Gl EZ%0)

MR BEE. A SRR S 2 M EE N Model ST, Bl 2-20 R T —A~5Lf1.
System Status iR - &R F) TA/EIRZS . Fit Results [HR 2 58 51 % 55 B A 45 R .
Scan Map TIHCK ZoR B R ffn, SFEfRllExnf s, EafeEElgns, a6
B R ERNE N 2. Graph & 1 7R B i 2 45 TR 1) 5 1 2090 -

£P CompleteEASE e E7 M
Measurement r r r Log Out

Systern Status Fit Results Scan Map
Acquiring Data at 70.00° (-0.75,0.38)... MSE = 4.492
Measurement Controls Absolute MSE = 3.485
Oxide Thickness = 26.01 £0.006 hm
Recipe | ‘ Angle Offset=0.043 % 0.0032

Acg. 70° 1 second, Quick
Scan: test
Model: Thermal Oxide an i

Save Data after Measurement

Cancel Measurement |

Time Remaining = 02:07
Graph Type Show Data ‘
Spectroscopic Data At X=-0.75, Y=0.38
70 160
60 Psi |
| Delta 7 {140
50 T — |
N —
40 —120 ©
wn =
g N g
30 \ \ 100 ©
20
T~ | —80
10 —_—
0 60
0 300 600 900 1200 1500 1800

Wavelength (nm)

/& 2-20. CompleteEASE &7/ — 12 sl 17 Recipe

WF LA, EoREEAT LA, &0 F T LRI s S S S BERIRIX
BB, fids Fit Results [EHR T J5 1 Graph Parms’#%4H . R 7] LLLE Graph & H 42 B iy
TR PERERNSE, K 2-21,

CompleteEASE #{4-Ffit
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&7 CompleteEASE
Loy [ I
System Status Fit Results Scan Map
Acquiring Data at 70.00° (0.38,-0.75)... MSE= 4611
Measuremnent Controls Absolute MSE =3.458
Oxide Thickness = 26.01 £0.006 nm
Recipe: Angle Offset = 0.049 £0.0034
Acg: 70°, 1 second, Quick
Scan: test
Madel: Thermal Oxide on i
Bave Data after Measurement
Cancel Measurement
Oicie Thickness [+|
Oxide Thickness (nm) vs. Position Zoom All
2.0 26.234
26.163
1.0
26.093
> 0.0 . 26.022
25.951
-1.0
I 25.880
-2.0 25.809
-2.0 -1.0 0.0 1.0 0
X

I 2-21. 7L S M S AR

MMRATE UG, MHAZE SRR FIAE Fit Results TR HL A9 FA% b, Wnf&l 2-22. 1247 recipe
) % B S AR A B RO — A R AF, < JS/RATLAA] Fit Results TR H 9 View

Previous Results’ #Z41RIT e, XH 5 H

W 2-23 E .

& CompleteEASE 7 = 7 = 7
[Tl Insitu | Analysis | Hardware | Optians Log Out
System Status Fit Results Scan Map
Waiting to Acquire Data e hiihid el | PN
Sigint 19.590 3.709
Measurement Controls
Tilt X 0063 | 0.000
Tilt Y 0.026 0.000 |||
Aco. <PromptAt Measurement Time=
Sean: <PromptAtMeasurerment Time= Hardware OK 1.000 0.000
Model: <Prompt At Measuement Time= MSE 4812|1701
Bave Data afler Measrement Absolute MSE | 3.423 1309 =
Oxide 043
Measure Thickness | Z802MM | oy
Angle Offset | 0048 | 0.039 ||
Oride Thickness =
Oxide Thickness (nm) vs. Position Zoom All
2.0 l 26.234
26.163
26.093
. 26.022
25.951
I 25.880
25.809
0

[ 2-22. 777 7 I HI 4

2-38 o Data Collection 33z R4

CompleteEASE #/4-F/t



View Data
Location File Information
Current: James Chooge test
Files Recipe: CUSTOM
Ao, Parameters: 7071 second, Guick PARMS
| Mame | Date Soan Pettern: test.zoan
[test.SE |4r22108 [17:13] Model: Thermal Crxide on S1MOD
Z Alli Sigint Tilt X Tty | Ha
Average 0.7082 | 195896  0.0683 00263 |~
hlin 07082 175025 00628  0.0262
Mz 07082 | 21.2114 00688 00263
Std. Dev, 0.0000 | 07022 00000 0.0000
% Range 0.0000 | 9.4664 | 0.0000  0.0000
(-0.000,1.500) 0.708 20.266 0.0649 0.026 =
(-0.750,1.125) 0.708 19.950 0.0649 0.026
(-0.375,1.125) 0.708 20.485 0.069 0.026
(0.000,1.125) 0.708 20.446 0.0649 0.026
(0.375,1.128) 0.708 17.763 0.0649 0.026
(0.750,1.1248) 0.708 17.989 0.0649 0.026
(1.125,0.740) 0.708 21.211 0.0649 0.026
(0.750,0.740) 0.708 18.757 0.0649 0.026
(0.375,0.750) 0.708 18.289 0.0649 0.026
(-0.000,0.760) 0.708 20.084 0.069 0.026
(-0.375,0.750) 0.708 20.430 0.0649 0.026
(-0.750,0.750) 0.708 19.866 0.0649 0.026
-1.125,0.750) 0.708 20.024 0.0649 0.026
-1.125,0.375) 0.708 19.953 0.0649 0.026
(-0.750,0.375) 0.708 19.964 0.0649 0.026
(-0.375,0.378) 0.708 18.724 0.069 0.026
(0.000,0.3745) 0.708 19.937 0.0649 0.026
(0.375,0.374) 0.708 19.500 0.0649 0.026 E
Calc Multi-Sample Stats || Graph Data ‘ J | ll | Dl
| Copy Text To Cliphoard || Copy Table To Cliphoard

A 2-23. M5 S Jer B 45 RA2

CompleteEASE #x44+F it Data Collection ZHE X4 o 2-39



3. BT 1 - EES

FATVRIL, 22 A DI RE R IR TR S R, il R B SEB ) 25 S Kde i 2 BT
NI, BATEAEZ G 2 AT o0 WL CompleteEASE 4 43 b i REEAT S0 8 2
ZIRHHERE, RMBIEE LT KA. 5 3 EARRPKEIE O Hrp]. ERXE, X
BYFREWIHEER M. 5 4 TR PR T ERE, WSRO R 20 BT R RURE
FEX AT UM . e, B 5 mAH T s B EE T, B0 R S bR
SEEMEL 6 BmAMT insitu (ZEZD BRI T I

ARERB TR, WXL T 1dEE, B — R CompleteEASE 2 IIEE

Section 3.1 General Data Analysis 238 /37 BB R Theory

Section 3.2 B4 N,K BI¥ES: SiO2 on Si

FEIXAMG T Fp 3 F B B Zh e
o Opening model and data files o Fitting data
o Parameter error bars ¢ Hiding or renaming fit parameters
¢ Visualizing model changes o Thickness “Pre-Fitting”

e Reporting “derived” parameters

o Defining fit parameters (i.e. turning on and off)

Section 3.3 Transparent Thin Films ZEHEE - 1

XM TR R
o Cauchy dispersion equation ¢ Displaying optical constants
o Global fits e Expanding layers

e Renaming Layers

Section 3.4 Transparent Substrates G&IA%E)E)

AT o B BT D e
o Graphing multiple data sets e Using the Graph Scratch Pad
o Including backside reflections ¢ Depolarization data

Section 3.5 Transparent Films ZEBHJE - 2

3-40 o HIEAHT 1 - EAHE
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AT KITh e

o Surface roughness o Grade Layer
e Try Alternate Models

Section 3.6 Log and Report a Series of Films (&#E i H EFHHRE)

AT EITh AR
e Copying to clipboard o Comparing optical constants in fit log
(Formatted or Table) e Copy Analysis Report to Clipboard
o Fitlog o Re-analyzing data from log

e Open/Save Snapshot

CompleteEASE #&{4F it BiEOHT 1 - ERLRE o 3-41



3.1. General Data Analysis #iE4#HEi8HR Theory

£ spectroscopic ellipsometry (SE) (F3tififmA) w8 44 & A 2 S — A1
&ﬁi&%ﬁ M, A4 SEAUINEAR B B Psi & Deltafti. AT HEBRE, J2EHH
SERPTOCTE MBI, — A, T ROR RO (R 2508 o 2 BN . A — A4t

%B%ﬁ%ﬁ%ﬁﬁ‘]i‘c#ﬁ% XANGTE T A 2H . B TR A HE 7 A b B mT LU I 3-1

MR E kR R . HEADER R :

1. EFERIRE SE Ot %ok .

2. @ —AEIREIFEEAE T SRR RFE S 12 R . XA A SRk “generate” (7=
) SE CGrifithifm) ZdE.

3. EXEAFESE, AE Ik E SR A SR, S EHE S5
RUF= AR (1) SE BRIk B AR VLA . Xl A RAT AT A A URE “fitting” (L&)

4. TS RTEVEE . WRGRATEZ, FEBECEEEA K (8D EE S
28, NG ERIEEIRE.

Exp. Data
Measuremen ‘ ‘\,,~

g
Gen. Dat
—>  Model nk ‘\ o
E N
Compare 4,
Fit &

\_Fit Parameters
nk

Thickness

Roughness

Uniformity
KI3-1. SE A Vi Fe

P25 B A8 DU O S5 v PETI IR . TR SE BRI A BB IR, 4R
T 1R 22 SZBREE S 0 2 M AR AL R LU HE Y . CompleteEASE i 13Kk Rk 22 5% i
FH SE $dB it #2, AN T — S B AR S, AT ELERA . R ARTE
AT BRI AE, JRFRER BN, EBECRRM J.A. Woollam Co., Inc. {8,

Results

3-42 o HHEAHT 1 - EAHE
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“Pseudo” Optical Constants “f§” %%

IR SE Bl 2 A — AN LIS, JF HIXAMRE AR, BRI, &H
HAbBR A ), AR 62 B i DO SE #fii b Bk . 5550 2-1
DA oR e e SE 4l (1 Psi Al Delta iyt 2 B “n A<k (BRE ST, RAHH
Hffi“e1” F “2”)

(&)= (&) +ilg,) = (M) = (n) +i(k)) =sin(g)? ~{1+tan(¢)2 _[iﬁﬂ (2-1)

PRRNGA, pHEN 1-1% .

SR A 2 AR EE (FEICEAL, RIS & HAWEEE D) RN SOL RS, %
R 2-1 BB SE 285 N B IEMM R G2 B 55 A BN T RE . BESR AT A R E [F]
I RS AT e K (Bl 2 /D AR MESGE UL _EBGE RN ar) , Bk A =0 e
W R 44 - pseudo”(Ph) e 5. “<>VHE 5 F SR8 B “pseudo” (B) 62324 4.

7£ CompleteEASE A, #%4%“Graph Type:”HF FIAHRN%IN, AT LB R 2457 SE $di i1
pseudo optical constants ({280 <n> & <k> (3K pseudo dielectric function £/ B
Hr<el> & <e2>) . KT HAF, EIR pseudo optical constants &4 1.

t, || nk (film 2)

ki |

n,k (substrate)

KI3-2. HEHERITEZ R, ZEOVRZL, 2 IS ERIEH#n flk

Layered Optical Model 432X 3R

T REBWFESTT S, SE BIE S HTIIEE — DR — A BRDGR A, XM
R TR AR, W 3-2 FiR. BANERSEREE (1, 4, %) e
65 O R G AR T3 I 2 R n ] 5 15 2 A8 AR o A O 2 AR R b ) v T
FREEM ( Snell’s law, Fresnel (FEVEED A, &) , WA HE AT Ll “generated” ( /=
A Bi“simulated” (5400 SE ¥ . AR ARG (HER AL S, B A G R A4
(1 SE $di s 5 Sehrkt i LB SE BAEAYI4 . WK 3-34GE R .

CompleteEASE #A:F 0t BIESHT 1 - EARE o 3-43



&) CompleteEASE o' F X
| easurement RPN Hardware | options |
Data: B0nm Oxide on Si Modgl: Siwith Thermal Oide
oo s [ ][ s | o ][ s ][ e |
Fit Layer Commands: Add Delete Grade Save Parameterize =
Include Surface Raughness = OFF
Generate Fit Fit Dynarmic Reset SEE
| = “ el ” — | [Cayer # 2 = S102_JAW Thickness # 2 = 600.00 & (iit)
|Cayer # 1 = NTR_JAW Thickness# 1 = 10.00& |
[Substrate = SI_JAW |
Angle Offset = 6,000 (fity
+ MODEL Options
+ FIT Options [
MOTHER Options =
Graph Tye Show Data
Spectroscopic Data (SE) Data
50 99
Psi
45— Delta Y 96
40| [ Model S e
93
.35 ]
2 I I W Jo0 %
& 30 ol TR - a
3 o -|87
sl | T e T e |84
15 81
300 400 500 600 700 800 900
nm (a)
& CompleteEASE o X
| easurement ERPIVEA Hardware | Options |
Data: B0nm Oxide on Si Modgl: Si with Thermal Cxide
e e [ ][ | (o ][ o ] ot |
Fit Layer Commands: Add Delete Grade Save Parameterize =
Include Surface Roughness = OFF
Generats it Fit D Reset
| Lenerale “ e ” Heee | |Lay5r# 2=5l02_JAW Thickness # 2 = 575.38 A (fit)
MSE = 0,687 |Cayer # 1 = NTR_JAW Thickness# 1 = 10.00 & |
Angle Offset = 0.037+0.0014 [Substrate = SI_IAW |
Total Thickness = 585,380,055 A Angle Offset = 0.037 (fit)
+ MODEL Options
+ FIT Options [
MOTHER Options =
Graph Type Show Data
Spectroscopic Data (SE) Data
45 —99
Psi |\
40— Delta {96
Model
35
B 193 4
£ 30 o
\4/ {900
25 ",
20 E— -{87
15 84
300 400 500 600 700 800 900
nm (b)

/3-3. CompleteEASE 77/ 7} =L F AL, (EHIFRA 8 H (@) A ERISH (F
BUEZE) T SE £itff (L) M aAF (0) & 519 B TS HI 7/, 2
JE YR 26 2 5 2 T2 26 L o

B, —ANBEAR 4 R H AN RE 78 73 10 S BRRE K6 224 1 . CompleteEASE %k 4
AT USRI AN & L 1K) “non-idealities”JE 3 AEIR A, surface roughness CGGRTETHRE) 1

index gradients (IT5FERE /24D . Surface roughness CRIIHLAE) WK 3-4 fis, N
TR AN E SRR T RE AT (AR SAR 1) “rough” CHLKEE) KRR, — MNERAHRE 2 AT
DA B o IXANSERRRLRE 2 D 2 BT 5208 IRE TR R 2 “void” (2%)
OEZEHEHCR n=1, k=0) BG4, tHE I Bruggeman Effective Medium
Approximation (EMA) (Z:3/r B4 Hig, FHEE void content (525 [ILLEIA
50%. JRESERCHNEE S SePRRE ITABE E E,  IX RO R AR AR AR, SE Bl AT S 2
RIHRE /N TSR . ST K24 SE RS, KEWE, R LIVN
T 40 9K

3-44 o FHESHT 1 - EAF CompleteEASE #/4-F/t



/& 3-4. surface roughness (Z/@##kE) b7 H2: (a) ZER#¥ /7 non-abrupt (FEXRA)
“rough” (#ifg) Z/E], (0) ILFHILHT “effective” (FXC) HHE/E.

BN AR G2 B R WA . X RS A R T2 S . B
3-5 158 7 CompleteEASE A LIFEH— A “graded” (BEEIFHIR) HE: BEEMHK S EE
BEEBNUANTFEREN, ST ERCSMERIEE 25 . (£ CompleteEASE H1, 18
5B T T 58 2 R 4T 6 2 n ™ S LR AR AL I o X 7 PR fBAE. CompleteEASE AT LA H 3))
SEf, I HL AT ARG IR0 2 FhRE i

BI3-5. (a) “graded” (FB/E) JHEHIbFIFIEARTFLLAELE N, (b) CompleteEASE #74/r Ll
HENRATELE NI LR o

“Goodness” of Fit: I &LAE, MSE E.X

AL AR 56 AR B ) “ILRC” B W RREE, & SE R il
PR —ANE . ANTATLURE S A “IREE” & A7 3-3 iy (b) vy B
LA () 452, R, ST —NAESIK IR, BdE VTR e & R R 2 H 5
K(2-2) & LK “MSE” {HREALH

MSE = JLZ[(NE ~Ng F+(Ce —C4 F+(s. -, J]x1000

3n—-m i=1 ' ' ' ' ' ' (2_2)
Horp «n” 2 & wavelengths GEK) Hi¥E, “m” 2UL&SH0EE, 5 N=Cos(2¥),
C=Sin(2¥)Cos(A), S=Sin(2¥)Sin(A)

“MSE” #& Mean Squared Error (3777%) W& FE4EE. b E&L (2-2) gtiieE X
MZHR N “Root Mean Squared Error” (7R ZE)  GRZERF G AN E S S5 E
ZHHEMNZE, IR o R, BT HRRER, RAIAMEHMSE” k&1L
“goodness of fit” (FUEITECRE)

HA b, MSE X BTA R R (L “E” FRRSED SEAVERIEHE (1 “G”
(I FARZHO (2207 RAT. #E CompleteEASE Ht, Il 4 S5 1R A KL )5k 2 540
TGN, <C, Rl “S7, XS BHOE i 2 5 Psi A Delta S H). DL RS RifE S

BN, «C7, ST BUE & ADRIE L MSE (SRS 30y M ALLED -

CompleteEASE #&44:F-fiit

BFEOH 1 - HlEE e 3-45



1. N,C, & S/KizEAT-1.0 #) 1.0 Z[d].

2. P EA e A A A O O S AR fTRE S I e, X TSN, C, &
S BA KEBUMIR 1 2 LA HERE .

7t CompleteEASE HHFT I 24T #dE, "TLLE R N, C, & S ZEMZE K], #:4F
J5 i AE“Graph Type:” FRIEHFERHEN,C, &S

MSE fEi )N, W& SE #¥E SRR gL AL (&) #TELF. N, C, & S T
78 A PEATERA P & 0.001,7E MSE 52 X (4-2) & T “1000” frIaRI% A
Fo XEIRE — N MSE ERIZZ8 1o 88T, X A0EH T2k
AR (BlGn Si s LR 23, TR AR JEIBE R Z 2R
M, RAERBERRG T RS A R AR MSE H(>10), {HIXh8R ] LLEEAZ,
MSE A AT BE/NT 1, X EME LA MIVCHEC B i T = I RENLIR 2, 5 2,
SE R AT T AN HHE £ B 17 >R (1 “noise” (MEFED .

“Fitting” the Data & %##

T A IR SR P A R R AL (R E 2, R RN

MSE) , JeSE R S Hb A2 AR . P AR R A AR 2 L
SeSHnT I, XL DU SO G S, BT N S 1R
Jo5E SO 2 8. CompleteEASE #fH4d AR MEAOIEAR, AR P a4
% CXH Levenberg- Marquardt i) H 31L& S5 L3RS /M MSE.
HELLN B E %M T, Levenberg- Marquardt 32 7J DL I S8 — AN edF (k)
) MSE . 1) W2 R e HUARGIR T SERRFE 4514, 2) 1A S EUVILGE 1
HIEME (BEWE) MSEa. A7 e R R G RE 57,
CompleteEASE & 7 JUL/ANE J1IMThfE. fEZ RS, X fek E 5]
H 3B A

o “Try Alternate Models” (SIRXANFIRALD iy -4 H sh AT B ARSI A&
Kt BETIAE P AT RS 2 . P et B AR R E AR Y AT IS
15 FAAS R RS 2RY ()40 65 TR S B AE s SRR, P AT RAA 8 Wik A
B B 3 5 S BRAE i

o  “Thickness Pre-Fit” (JEJEHi#LE) F “Global Fit” (/G LI
PATE R E IR ESEGERE N, URSEPSK TR RTEREE RS
s AR LA B Y B I w0k FH e di i o o

Evaluating the Fit Results PHEHIA SR

PGSR, TLLUR SE Bl h i E R (MHAERZ, &BSHE)
Jitile X F—AATDRSZ RS 25 R, R B 5 A 23[R I i 2 -

1 R R LS W B SR ILEE E.
R, SRR LA LLRACHY, AR ARy RIS I, T
S P I BERE M SE SC T MOER M4, 1907 % [ RIAE 0.5-

3-46 o HAESHT 1 - ERIE CompleteEASE #4-FH



2.

3.

20 X T BB R A 2 SR TR &, 2975 R E = F 10-
20 R AT LB B 1. 5 —Fh “RT LA 1 S, BRI
Hn iAW) & s fh2k, FELT T SSMARHE (BR 7 .
A A SRR IL B 5E R ILES, SR CLT #2 F1# 3 1Y 5 AF 02 B 2
i

R N i M —
—BIARIENE, RS BARENATR T, R R A A
SO DGE AR I 2 R A (B0 B A S HOR N MSE
H. HERIEMSEE &R CRIE) b, BN E 2 A AT
1. TEORIESS E IR — g R ME— /) (BALE U, ERME—FT B3R
HAHE MSE(HRDGAREY) o X T HEEZRMREG, AT E 2
AR A P S S B AN R AR MR, ORFR 20 B E A 2 i —

HIER & SH DAY

PEA X — 2% 1 B SR AR T X ARk 0 4 43 RO i 5 P R e A ER AR . 4] T,
VO TR —Ak, LA B 65 Hok T AT 1 LR
(4N, k<O B n>10) , Z5HZIEWELN), RALATR. @E, Hib
AHZABAAE it (400 B AR BE At TP G 45 R ) “mIERE” RAHE)
M. Flan, MEK, BATRIE, 200 SR & R 4E B S e
ATO) HIFEN B, HTO 2B R R W 21 (LR 2 TUHRD
R — AR S T B R GEALE G T S E AR R RS, XA AT A
BVEA R, stylus profilometry, AFM (JRT 1 @18 , XTEM GE
SPHEEE) , SIMS (ZIRE () . Auger depth profiling &5 7845
A AT DA SRAUE S B 0L 45 2

IR E RO AT 21, B0 AR (8D & XMMES
B, FEEMAERE, HIWEERTEZ. FR-ATHEZAIFRA AR
ARG A P R, TR B L AN .

CompleteEASE #{4-Ffit
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“Physical” Optical Constants “#¥ K ” 8%

X TARATRER, A ZRAT 5 06 2 W H

AN/
CEs

B N “unphysical” CIE#IEE) AR

FIEZAEN . WREFLE, XA, AL, X
B9 55 — bRl (1) )6 22 BOF AR R e 4 e B9 T2 IR A2 #5 “physical” (£ED .
R FRAT 2 51 2840 N “unphysical” (FE#IEE) RIZE R,

A.

IR RFEI R (k=0), FBAYTEHER ()b FEE B KR

T K.
PHYSICAL
1.70 ’JW 1.0
168 \ n 08
\ i
1.66 06
c
1.64 Joa
162 T~ o2
—_—
1.60 0.0
400 600 800 1000 1200 1400 1600 1800

nm

AI3-6. 2R k=0, Index (H4/7) LHEEWEASHIM A TTHIK s BTN

WY R o EE Y -
UNPHYSICAL
3.020 _____\ 1.0
’Jn-‘ /
3.010 K | / 0.8
3.000 06
c
2.990 o4
2.980 / o2
2970 0.0
300 400 500 600 700 800 900
nm

37, 18 k=0, Index (HrifFE) DEEEIEKHIWE DT A, X1 HFH 5
ENEGEIG, R R RNK=0) g1 T, TT-600nm LA IZE /R ¥4 (KE
TEACIE DTN o

3-48 o HIAHT 1 - EAHE
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B. WMEMETFERW (kM) , FHZER (n) K“turn-over”
(R#) , WK/ .
PHYSICAL
5.0 4.0

4:5 7 /\ [n]

X A\ Lk | 13.0
] 4.0 \ N .

35

\ 1.0
3.0

I

0.0
0 300 600 900 1200 1500 1800
nm

K 3-8. UIRFFITHIGRAC (K BER AP TN » Jr 5 (n) F ¥, 5t
AEBEBEASI DT o 77 IS IR HI I 1 A2 BN o

25

C. R EITIHRE/NE (ki) it (n) BHERNRER K

BN K IEE S .
PHYSICAL
2.4 0.8
22\ N

N
SRUIIN

AN T
VN

14 0.0
200 300 400 500 600 700 800

nm
(& 3-9. FIHE 1) i #A2 “physical” (BPERY) o 7 E 7 400nm (k=0) /9

WA LA FARWE DI, I F A RACA (350nm JYalr) it [ #s, SR Iahe %
WAHINE D (CT3200m ), JT4 754 Fa B I8 A< a6 T KRG I 7 3 A -

CompleteEASE #A:F 0t BIESHT 1 - EARE e 3-49



D.

THIERE (k) PRENSE.

UNPHYSICAL
3.0 20
25
110
20 iy
c15 {00

N I

-1.0
0.0 V -2.0
100 200 300 400 500 600 700
nm

£93-10. 178 5 i F A2 “unphysical ” (FERJEEHT) . [A] % extinction

coefficien (JHEA#) Kk HBIIH .
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3.2. BH NK KFM: SiO,on Si

I 4% A 2 K A
o 1TJF model (Hi%) FI¥CdSCrE e Fitting data (&%)
o ¥ error bars (I%Z4) * Hiding (8> =X renaming
(E@4) fit WE) 35
o 2 “derived” (JEA) B¥ o fHJE “Pre-Fitting” (L&)
o JEX it lESH (HBALZ on FTIFAI off 5% 4)
o W% model (F%Y) A&k

F—EMEPDLE B O MRS, BRI R R X RO T SR
R TR EM G IR . RIS, KR SARR TR e, BN
FEHE “optical constants 7 OG0 AR RAZRR)FHE. PHEHRDGSH3L
o SMBHUTR R AL A A G . TESSTH I E T 9, SE B8 i & [A]
0L S B AN R a2 A AT AR B AAURTO B E ARG 28 e
Fff“classic” () MifmaraT, 1XHHE] 7 hE fh B B R B RvE R ENLE
(Si02 on Si).

NofF A KA 2 SR A L SRR, i A AT SIO2 R I v 2
WSS DA B ST BT SREE S 08T, CompleteEASE H B — ANt
PR, BRI AR .

JF 5l CompleteEASE #1F (Bt ®cft i A = 3h).
%% Analysis>Model >*Open’.
s B s (Gl 45 d7) Folder Links: 7 57 %5 42l 51 3 ) “Basic” H 3t o

{E“Files:” X 3% £ “Si with Thermal Oxide.mod” #X J5 & ifi ‘Open’ #24H
(ERBRXED .

> w b

SRIG, AT TE— A FRAT 1 A O R £ 2 1) Bt SO A 2491«

1%+ Analysis>Data >‘Open’.

Folder Links: %12 715 ik 7n “Examples” H K.
#$“25nm Oxide on Si.SE” 314

sk ‘Open’ #AFT TR # O BEE ST (O AR .

H w0 Do

FITF4E SE R AR SO E 5, CompleteEASE FRaain & 3-11 s, SLEeillfg 1)
SE il (ANFEEK L Psi Al Delta #ifi S 3001MED BTt RS 5 th 25t B 7E P TH AR
SRR A S AR (SLIAW) FIANEE (INTR_JAW A1 S102_JAW) .

CompleteEASE #{4-Ffit
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£P CompleteEASE e E7 M

LUEVCCl  Hardware r Options ‘ Log Out
Data: 26nm Oxide on Si Model: Siwith Thermal Cride
| Open ‘ | Save || Infa. || SetRanges | ‘ Open || Save || Clear ‘
Fit Layer Commands: Add Delete Save =
Ny § . Include Surface Roughness = OFF
Generate Fit Fit Dynamic Reset —
| ‘ ‘ || | Layer# 2 = 3102_JAYW Thickness # 2 = 100.00 nm (fit)
Layer# 1= INTR_JAW Thickness # 1 = 1.00 nm =
Substrate = SI_JAVW

Angle Offset = 0.000 (7it)
+ MODEL Options -
+FIT Options

MOTHER Options =
Graph Type Show Data ‘
Spectroscopic Ellipsometric (SE) Data
35 130

Psi
30— {Deta | 125
25 AN _— 120

— s
" =
o [}
20 >_& 159
15 110
-~ e S
10 105
300 400 500 600 700 800 900

Wavelength (nm)

A1 3-11. 77 7F“Oxide on Si” model (7Y F1°25nm Oxide on Si” # 7#¢#7 /= CompleteEASE
Vil

Fit Results &4 E M Parameter Error Bars 2%
EER

T4 HTAE, Al AnalysissFit > Fic. WAAPET M . (FERZHII AL
TN LRI RO R ORTE Fit (IR (] 3-12). 5%, BAEGE I E 2 S 1
s2 total film thickness CEfE/E)  (27.42nm) . BRAE “£7 JEHELHEENS
MR AL

H CompleteEASE } 75 1R 22 £ {5k & S50 90 % BAS XA, BT
BEXEIREAE T — g ik, Ko — s X ER MR 2
CompleteEASE H i35 iR ZZ R AE A BOZ N 710 LR . 7S, RZEZPE
He—NMEFEIEREAN . KIRZEL XTFIE S RN Rz sig
TREMUEGSHARB CZSEARTTRE AT LA fit Z50h kR . “Total
Thickness” CHJEE) SR —MNMRESH GHAEEZHLR)  BIIREL
SR TR Z AT (LA BRERREL . EEFENAMAEHRE,
“Model” (HLZY) Az Bl HE €4 RE 4 HE AR |- B S0 (Sl B h 261 10 .
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£P CompleteEASE e E7 M

LUEVCCl  Hardware r Options ‘ Log Out
Data: 26nm Oxide on Si Model: Siwith Thermal Cride
| Open ‘ | Save || Infa. || SetRanges | ‘ Open || Save || Clear ‘
Fit Layer Commands: Add Delete Save =
Ny Include Surface Roughness = OFF
Generate Eit Reset -
Layer # 2 = S102_JAYW Thickness # 2 = 26.42 nm (fit)
MSE = 0843 Layer# 1= INTR_JAW Thickness # 1 = 1.00 nm =
Angle Offset = 0.001+0.0023 Substrate = SI_JAVW
Total Thickness = 27 420007 nm Angle Offset = 0.001 (fit)
+ MODEL Options —
+FIT Options
MOTHER Options =

Graph Type
Spectroscopic Ellipsometric (SE) Data
35 130
Psi B
|| Delta |y PO
30 e 125

Model | \| /_,_,»»»"'
25 \ 120

20 \ 115
sy

Psi
Delta

15 110
-~ I
10 105
300 400 500 600 700 800 900

Wavelength (nm)
AI3-12. Si _LELAEFEAHG SE 25Tt (B FIZH.

Ve R—ANE>], [ “Si with Thermal Oxide” #E AV 2 T #kE FEALE R total
film thickness (EARJE) : “60nm Oxide on Si”, *“120nm Oxide on Si”’, “300nm
Oxide on Si”’#l1 “1600nm Oxide on Si”. FT H&EAHHE

(Analysis>Data >‘Open’), #XJg s ii'fit', 45 RN ZVIAE 3-1 FiniifE. ik
X, FINEEERAHEB/EE:

1. BEARFTERA LS b LR (R R i 2 ith 2R A0 B 7E S I % (4 ith 26
b, SRMTREAE ESE B 5N SME {5 =2 M e (& 1 3)>10)

2. i A“Total Thickness” (& &) 1H 5 M4 A HIME AR EEMIA
CXRTT LB, RsefEs R — N EE A THED

A& 31, LI NI E A A H9IR E Z R

Example File MSE |Angle Offset [Total Thickness (nm)

25nm Oxide on Si 0.943 |0.001 +0.0023 | 27.42 £0.007 nm

60nm Oxide on Si 0.687 |0.037 +0.0014 | 58.54 £0.006 nm

120nm Oxide on Si | 2.510 | 0.071 +0.0044 | 124.61 +0.007 nm

300nm Oxide on Si | 3.673 | -0.051 +0.0070 | 273.02 +£0.014 nm

1600nm Oxide on Si | 13.885 | -0.094 £0.0261 | 1640.58 £0.195 nm

CompleteEASE #A:F 0t BIESHT 1 - EAlRE e 3-53



B ESHE LA
WRBEBIESHAIH

B55.

A v 2R JAW Oxide on Si Model, JAW & _E (¥
ey Rt

i1 J.A. Woollam A & #2481, #£ CompleteEASE ¥4 #1{1°Si with Thermal Oxide”

(RERA EIRVEALED) BRI TN ThRE . BT, B s 2 2.
INTR_JAW & — NG HEITHFRIFEZE, SI02_JAW, HAEE T Sio2 kK as
HWH (XAEEFHOE 5H Sio2“fused silica” (A ) I H AN X2
Jo SI_IAW LS9 254 50 B 7E Herzinger et al.h b w2 B (15 2k, (B
MR 8 FEAR 56 AL B JE RS, BRI e T AR LA TR .

TR, R ME— A SR, HiEE (“Thickness #17) [ &4 1nm,
W& S TSI (EE<100nm) , MixTEEREAY, RS HEEE
JEET DARK ek 3 A UL AL . 50, $TJT“1600nm Oxide on Si”#¥s (44, F+H
“Si with Thermal Oxide” & B L & . TAEA “Thickness #17HIE A o7 AR
AL, 7291 nm” L(YBR)), PAME 8] )2 2 R FE i & S 5. Bl
FEJE A S ok, F B (it PR SRR H 5, R B ME Ol UL
G54 (E “off” KE— M UAESH, RERBENE S8E L RAs A &
(“BR)) . siddiFitdgdl, il 3-13. 0+ [E] 2 (“Thickness #17) N &S5,
{8 F “Si with Thermal Oxide” #8405 %4 <1600nm Oxide on Si” &5 H . 1
SESRMEK L. VER, Thickness #1 FIHLA 45 RN 3.48 (EL4 X Inm 1D
7 MSE FIME M 13.885 #g kN2 10.316. FRIEFIEE & LM B, &
%, 5 Thickness #1 7 1nm & 5 1T 1.

UNEERREERNER S s

analysis Optior

Diata: 1600nm Codde an Si

‘ Open H Save || Info. || Set Ranges ‘

Fit

MSE = 10.316

Thickness # 1 = 3.46+40.192 nm
Angle Offset = -0.120x0.0196
Total Thickness = 1640.52+0.315 nm

[ 3-13. /] Thickness #1 ) & 240, (€/H*Si with Thermal Oxide ” & ZZ#
B HH1600nm Oxide on Si” 94545,

Derived Parameters JR4ESH

RG] RS RGN, WANMUE R RS RIEA ERFAE
(1640.58 5 1640.52nm) . “Total Thickness” (& JERE) A& — LRl & S50,
AR E S E M EE SR, R derived” ( JRAD HKM. BIRESEINFILE
RIS, 4 Model >+FIT Options (K 3-14) T, #“Include Derived
Parameters”#4F“ON. [T “Total Thickness”, JRAESHAIEIEEEF S MG ERK
Ef“n” k>, optical thickness (J:#JEFE) , total optical thickness a2/
VR 2 H AT R4 S8 XS ALE UG I F bk .

Doc-To-Help Standard Template

Introduction i/ e liv

lem Herzinger, B. Johs, W.A. McGahan, J.A. Woollam, and W. Paulson, “Ellipsometric determination of optical constants for
silicon and thermally grown silicon dioxide via a multi-sample, multi-wavelength, multi-angle investigation”, J. Appl. Phys. 83 (1998)

3323.
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Measurement | In situ | Analysis rHamware rommns |

Data: 1600nm Oxide on Si Model: Siwith Thermal Oxide
| Open || Save H Info. || SetRanges ‘ ‘ Ogen H Saye H Clear ‘ ‘ Open Snapshot H Save Snapshot
LFLE Layer Commands: Add Delete Save =
it Reset Include Surface Roughness = OFF
MSE = 12.885 Layer # 2 = SI02_JAW Thickness # 2 = 1639.58 nm (fit)

Layer#1=INTR_JAW Thickness # 1= 1.00 nm
Substrate = SI_JAW
Angle Offset = -0.094 (fit)
+ MODEL Options
- FIT Options
+ Perform Thickness Pre-Fit = ON =
Use Global Fit = OFF
Fit Weight = N.C.8
Limit Whl. for Fit = OFF
Limit Angles for Fit = OFF
Max. Acceptable MSE = 100.000
Binclude Derived Parameters = ON
Add Derived Parameter
1: Type = Total Thickness Layer# =1 Name = Total Thickness m
Low Spec. = 0.000 High Spec. = 0.000

A 3-14. A “Include Derived Parameter”

WARARAEMIER — MRESHL AEREENER SRS (Bt b
fig B A ol BUARE AT

Angle Offset = -0.094+0.0261
Total Thickness = 1640.58£0.195 nm

Hiding B2k, Renaming E#y44, 1 Bounding Fit
Parameters [R#[HI &S

1E “Si with Thermal Oxide” %1, “Angle Offset” (fiEMZE) e X —
MUERISE T FRTER, f8“Angle Offset” (fFAREMZ) MNEIZ XN
Sz b T REHSH OUHEWEICEFEI) & U4F [ E “Angle Offset”
(FEMmZE) N 0. A1, HTREMEAY IS E B e AR, (EaA
HAB—A (Thickness #2) &2, & Angle Offset”n] LU i #Mx= /N (O AE
m AT HEIR 22, SRIR RIS SE SIO2 BRI Hr &5 R B . (<100nm) X}
NI A R A 2 R

LE5 M HR“Thickness #2” AL &2 5, HUWSEGRA BREME SR . £k
& SN T Bk 5 “Total Thickness” B, “Thickness #2”#%Fsmk 7o N T L&
SHAEWE P REA LR, BiaAd (BL WESE. Flln, WREE
“1637.05 nm ”_F(VBL), 4P 3-15()Frm Xt AR . “Minimum” (F/]N)
Fl“Maximum” (oK) AH B E ] LUR @& S50 . 1 <“Show Adv.
Parameters” (7 mZiE ) HEMEH, Parameter Name (Z#(4F5) |, Error
Bars (i%ZZk) K Specification XIRAF R v & & . 415K “Hide” (fajs) FiLAE
Bk, A SRR RIREAN A SEUE.

CompleteEASE #{4-Ffit
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CompleteEASE Input CompleteEASE Input
Editthe value for Thickness # 2 in nm Editthe value for Top Si02 in nm
[1630.59 | b1 Fit [1630.59 | bl Fit
Minimum: ’-1007 Magimum ’W Minimum: ’-1007 Magimum: ’W
Show Adv. Parameters Show Adv. Parameters

Parameter Name Parameter Name

[ |Rename  Mame: Thickness #2 [v] Hide |v| Rename  Name: |Top 5i02 | [JHide
Parameter Error Bars Parameter Error Bars

Maximum Error ’W Maximum Error ’W

Parameter Specification Parameter Specification

Low Spec lﬂﬂﬂi High Spec lﬂﬂﬂi Low Spec lﬂﬂﬂi High Spec lﬂﬂﬂi
Derivative Increment Derivative Increment

% of Nominal Derivative Increment: ’W % of Mominal Derivative Increment: W
[oo] [Lceme] [oc] [Lcemes]

[ 3-15. LS HNITHE, SBa AT (a) “Hide” 24(b) “Rename” # 5S4, WESHHT B
T 1 7] LU (D) 7 % B

7 K 3-15(b) XTiFHHE 112254 “Thickness #2”

o  EFFRename” (FE) 1E, ASEHEAN—NAFH “Name:” (ZF)
(140 “Top Si02”)

o U “Hide” (B HERYIEEE
o i A\“Low Spec.” (1200) #1 “High Spec.” (1400) [fI{H.

R COK RPN EHE, FFEHT Fit (LG ZdE (7L “1600nm Oxide on Si” %
P AT IF) . AL R 3-16 Biox, HF<Top Si027{#(1639.58) it
Hi T EHIE BUYIE (1200 — 1400), JUl#r4s S0 J5 4 HBL(Out OF Spec.)IfE ..

Fit:

| Generate || Fit || Fit Dynamic || Reset |

MSE = 13.885
Si02-top = 1639.580.195 nm (Out OF Spec.)
Angle Offset = -0.0940.0261

Total Thickness = 1640.5640.195 nm

B 3-16. WA L5 RAIUE S E W H iy 4 2 Top SiO2” F- A H B “Out-of-Spec”’

Thickness Pre-fitting EEB#&

EiX B, {#H“Si with Thermal Oxide” model (FEEY) Rff— N3 — S 1R
TEIX AN 5 74T FFSi with Thermal Oxide” model (#7%4) % “1600nm
Oxide on Si” data (¥(#%) . 7E Model>+FIT Options =, s/ i 4~ RI2k
Ak, 2 “Perform Thickness Pre-Fit” (JEETHLE) EIUNOFF”. A5 Sk
Fit>‘Generate’, BiHe B Bl 3-17. &, W)4AEE(100nm) i R =
AREEE CREEL SEMSebrEds & A&, eSS Fie A
Y, BAEEE R ZE, WMEK MSEERE (677) . RS SEKIVILA
{Hi B AR EME &R X E, XFE S KA.
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&7 CompleteEASE i

Measurement | In situ | Analysis. ’/Hardware ropl\oms ‘

Data: 1600nm Oxide on Si

Model: Si with Thermal Oxide

Com e ] e oo |

oz | [ome |Coear |

| Open Snapshot H Save Snapshot ‘

Fit

| Generate || Fit Dynamic H Reset |

Layer Commands: Add Delete Save
Include Surface Roughness = OFF

MSE = 677.346 (Out Of Spec.)
Top 102 =-1.004+3.050 nm
Angle Offset = 2.527+1.2948
Total Thickness = 0.00£3.050 nm

Layer #2 = SI02_JAW Top Si02 = 100.00 nm ()
Layer#1=INTR_JAW Thickness# 1= 1.00 nm
Substrate = SI_JAW

Angle Offset = 0.000 (fif)

+ MODEL Options

HFIT Options

+ OTHER Options

Graph Type how Data H
Spectroscopic Ellipsometric (SE) Data
. <
w ] AT
AA / \ / / \ I
60 i N "
_ |
@ V ’ \\_/ / “ \ 13
P A I A VOV O i LT |
" TV T
o 100
300 400 500 600 700 800 900

Wavelength (nm)

& 3-17. £#/°Si with Thermal Oxide " A2 #4518 774 #¢ #7.

BB E Hy “OFF”,

“Perform Thickness Pre-Fit”

PLEE “Thickness #2” 4 “1650” [ “Angle Offset” y <0” GHid i &% H IS
M), SRJGE 5 “Generate”. FEHENGWIR 3-18 Frm. RO AE 04 1)
25 5 SEI0 B 1 I 2638 e V& (W mAS), 28 /B IR SR ACRRAIE B 25 46 2 AH

AT Click the siddi Fit#24H, wTUABIEAEH, mBENMGEIRRG 7.

&7 CompleteEASE i

o &

Measurement | In situ | Analysis. ’/Hardware ropl\oms ‘

Data: 1600nm Oxide on Si

Model: Si with Thermal Oxide

Com e ] e oo |

oz | [ome |Coear |

| Open Snapshot H Save Snapshot ‘

Fit

| Generate || Fit Dynamic H Reset |

Layer Commands: Add Delete Save
Include Surface Roughness = OFF

MSE = 677.346 (Out Of Spec.)
Top 102 =-1.004+3.050 nm
Angle Offset = 2.527+1.2948
Total Thickness = 0.00£3.050 nm

Layer #2 = SI02_JAW Top Si02 = 1650.00 nim ()
Layer#1=INTR_JAW Thickness# 1= 1.00 nm
Substrate = SI_JAW

Angle Offset = 0.000 (fif)

+ MODEL Options

HFIT Options

+ OTHER Options

Graph Type

100

Spectroscopic Ellipsometric (SE) Data

Wavelength (nm)

80
60
3 )
< &
40
20 b \/
0 - 100
300 400 500 600 700 800 900

[ 3-18. (/BT 92 2745 (5(1600nm) 24 A9 H#5-51600nm Oxide on Si”

SEERECH

CompleteEASE #{4-Ffit
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Uiy “Thickness #2” 5 FEWIAR(E L BN IR ARSI G0 . B JRJE PreFit (T
) BB G S 2D, DI MSE{H. #R1M, MSE #liijF A2 A
FE LTS R A A E— IO ME . IR B EVF 2 HAb B ME, XREPTEI R MR ME. X
LR P ME 2k GESR) normal fit ChRdEflE) . XL MSE E#
MR, ] 3-19 iR, BT LMEZ 5 #E X Sl 4ok i« IE8 7 BRSP4 B 9 A
VLRI R H A . (HAZ, S IEEANRE i B R LA AR 2 — PHR Z BRI

Parameter Uniqueness Fit

NN (L
)V \/\/‘/\"'\/\/\/\/\

600 MSE

MSE

400

200

0

0 500 1000 1500 2000
Thickness # 2

A7 3-19. 1#/# Thermal Oxide on Silicon model (7)) #/7 1600nm SiO2 on Silicon #(##
A1 HIMSE FITE.  SiO2 BE/Z 1) — e 7 1640nm AYur. #47—-7 normal ftt 76 2/
PR T REAE G (E TEME A W g TREAS — 8, ZfTHT T ) Thickness
PreFit” (JZETME) & E )18 E —MEREW G HIT 927461 -

CompleteEASE “Thickness PreFit” (JERETHIE) 2 H et — AN B ARV 4
fH25 model (KAL) A JERE, G R R I LR g L. N T 3
RIThAE, fE“Perform Thickness Pre-Fit” i 48 N“ON”, 4 N —“Thickness #2”
ZH I “bad” CRIFRID W41, Hla0 “50” . Aili‘Generate’ SRIGIFVITA S HH A
B A . BUE, AR Fit R, — NSRS B R R, REVIS
JEEEME (50nm) AT R A BRI A (1639.58nm) o Xt REZ 5T, #H
“Perform Thickness Pre-Fit” U & A “ON & B A F 1, JCIL R B8 e i 5
WILEE R

T I EERE Thickness Prefit, w7 DUXFEH &, B SR 30, Bl &1E
AR FP= AR, X SRk A T MR R R S R R T . R R
FERIBE N, AR LS I E S RS . AR RIS SRR AR DC, EERA R
&, —MHE KM “optical thickness” (a4 EE) KHELHHRY . Thickness Prefit
T PO AR R P IR R s Sebr)E R, B 3-20 BN, E, XA
WUZE 2 LA normal fit BRAE— AN T as 1 .
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Spectroscopic Ellipsometric (SE) Data

1.0

AR

A

| S=sin(2Psi)sin(Delta) |

\

L

sl
T
ARILRINIRY

300 400

500
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700 800 800

Wavelength (nm)

K1 3-20. B T4 IR S, Thickness Prefit &/7 HF 19 5729F i b 1] T8I /Z

.

Visualizing Model Changes ] ¥R HAR R g s

T KA IS S 0 S AR R B HdiE (R 7 B SR . B, )R
BN PR U 2 AP DT W2 3. 2 model (REAY) v i) S AR iy

CompleteEASE 1] DA77 {5 (1) B A = A A5 Y H s

o HERUARTAE R model (HEIAD) TRARZLREES A L.

o FZAE “Shift” ##, ) A _LEUR RREN AR . model CHIELD i
SHAEIR MRS/, EE SR, HRTSER AR

Kl 2 B 2

o WIRMEESHIEE GEhED AN, ERD)RARR R FIN % T “Curl-

Shift % .

CompleteEASE #{4-Ffit
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3.3.  Transparent Thin Films &8 - 1

Bl rp A 2 R Zh AR
e Cauchy ) MEk R o {7 optical constants Gtz %0
e Global Fits (4&R/#H&) e Expanding Layers (§EE)
e Renaming Layers (FE#4)2)

T SR8 A T S e R 7 D YRR S R AT R A, XA AR TR
CLADG 2 B R BB . A L5 0 N FRA 1 AN T 5 0 T T2 7533 ]
RSCE R AE S T F T A28, AAD R AT DU e 2 B 1, 4
wr, ZALER OGS S EREAEL (SiO,, TiO,, Ta0s, MgF, %5) , —1&
BN (SigNg, AIND , FZHPLHERE (photoresists, PMMA, spin-on (Jigif:)
polymers) , 54, WAL, Holls i A WIR G HE s 1 2F0d WY R T M 8 S AR
I (i 3-21) B,

[ 3-21. FHEE AT

75 P LA R AL e v B (3 R A A5 2K 4-3 (1) Cauchy (RTPE) (5K
KRERE . SHEA KM BT RE I, M2 EBnM” “Cn %
H 3T 55 25 2 B A AR A TR B o ] 3-22 B 1 = LB WAL KLY
Propf RO 2. X8R WG VE FEIE W] A M RE, I A i L B
NS A BT, Cauchy CRTPE) € Hiy #5 AT AR AF (K Fi R X —RFAE

B C

n(/’l) = A+?+F (4'3)
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25

20, T SigNg--——--.
n e Y0 R

13 Si0p

1.0 PN T S S S BT T R
2000 3000 4000 5000 6000 7000 8000
Wavelength (A)

[83-22. (/7] Cauchy £ A 2CHIE 13 TLF W EIHIITIZ “n” .

Si with Transparent Film Si &R

XAMEF- FR {3 B “Flow-on Glass on Si”7s e ScF. &6, MHHEL—TiR
1L f)Si with Thermal Oxide” model (FRFY) KA & IR . 45 RN IZHLTH
3-23, HIEM G REHN, HiE, 7EIHEsiE X seibsys ih 2k 580 5 ih 28
Z A ZE el IO EE/8 2], i H MSE 22 E (~28) ok, H— Y
KH Angle Offset (fEEmF%) (-0.6989. IXXFT7H 0.01 S JEE vHefff 1k iy 2 il
RV R AR RGN o X HAESE T X TR AN S, AT AR AT .
BELEIXAMFE S B “Flow-on Glass”M R 5 SiO2 AL, (HH7 5 R A A .
R, 1XBEFE—AATDLEAYT R A AR,

PComplelebASE 200000 a K
fMeasuremenl In situ | Analysis rHamware rOplwonsl
Data: Flow-on Glass on Si Model: Si with Thermal Oxide
‘ QOpen H Save H Info. || SetRanges | ‘ Open H Saye H Clear ‘ ‘ Open Snapshot H Save Snapshat |
IAe Layer Commands: Add Delete Save =
| generzte || mt || Fionemc || meset | | Include Surface Roughriess = OFF
MSE = 27941 Layer # 2 = SI02_JAW Thickness # 2 = 351.14 nm (fit)

Layer#1 =INTR_JAW Thickness#1 = 1.00 nm =

Angle Offset = -0.698+0.0551
Total Thickness = 352.1410.137 nm

Substrate = SI_JAW
Angle Offset = -0.698 (fit)
+ MODEL Options [

+ FIT Options
EOTHER Options =
Graph Type
Spectroscopic Ellipsometric (SE) Data
100 300

Psi Mts.,

Delta

Model S
80 S e

& k—.‘-—»ﬂ’) A §

0
300 400 500 600 700 800 901
Wavelength (nm)

A&73-23. 1/ “Si with Thermal Oxide” mode (FEZ) #l &

CompleteEASE #{4-Ffit
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9T i€ 1% Flow-on Glass film JE (#4751 2 M1 JEE,  $7FFSi with Transparent
Film”#% (£ Open Model Xfi&HEHT, W DAE“Basic” 3 A FHRED , ARG
e Fit sl . B3 — MBI EEERLA 258 CBEIRILA I TR 4 A “Si with
Thermal Oxide” B BRI S , K 3-24 TR THEEEHE. IEHMESH
& Thickness #1 (IX &M E ) AT Cauchy Z%(: A, BFIC. fEfiE
K (632.8nm)  ERIFTH A NIRAE SRS A

PComplelebASE 200000 a K
fMeasuremenl WAna\ysls rHamware rOplwons |

Data: Flow-on Glass on Si Model: Si with Transparent Film

[ s ] [ ] | o] e [ (Lo ] [sgmsra |
i Layer Commands: Add Delete Save =
| generzte || &t || Fiowemc || messt | | Include Surface Roughness = OFF

MSE = 2692

Thickness #1 = 371.25£0.096 nm
A = 1.408+0.00032907

B = 0.00504+0.00011589

C =-9.9567E-05+1.2691E-05

+ \Layer # 1 = Cauchy Film Thickness # 1 = 371.25 nm (fit)
[Substrate = SI_JAW
Angle Offset = 0.000

~| |+ MODEL Options

+ FIT Options

n of Cauchy Film @ 632.8 nm = 1.4]<| WOTHER Options
4] il I v | Configure Options =

Graph Type

Spectroscopic Ellipsometric (SE) Data
100 300

Psi

Delta

Model
80

\
A WV
k-—"”// {100 §

V4 N
20 / 1
k/

0 100
300 400 500 600 700 800 800
Wavelength (nm)

/& 3-24. 1#/#7°Si with Transparent Film” #2274/ & “Flow-on Glass on Si” $ #7174 .,

Psi

ENRE ) E L b A 7 B TR EON B A K TS R, FERPRHTR) 44 “Cauchy Film” B4 (“BR) I
(BR) A BN 1% $%“Graph Layer Optical Constants” (/& 3-25). Y22 0l BonE K& O,
# (n,K) Wik 3-26 AT

BLE RN GaiE I Z ) Cauchy (FIPE) S48, 755 (“BL) “Layer #17 /£ i 21
frger, iz (R <28, Badinffaz) , MESH8IE
PIE B Hw4E, WA 3-26 fiac. “k Amplitude” (K¥RME) , “Exponent” (F§
¥ |, F“Band Edge” Gyl 5t) Z4n] AR — AR 201 “Urbach™ J2 M Hi--
EAF AT ER S,

|V %: Cauchy ¥ 7E /5 T 1 %70 0.6 L4 A
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&CommeteEASEZZZZZZZ e e e ()
Measurement | Insitu | Analysis rHardware rOpl\Dns |

Data: Flow-on Glass on Si Model: Si with Transparent Film

[ open |[ save |[ i |[ setRanges | [ open ][ sae ][ ciear | [ open snapsnot || save snapshot |
e Layer Commands: Add Delete Save =
| genere || en || riomeme |[ Beset || Include Surface Roughness = OFF

MSE = 2.692 * I_Sayberl#: i@gi@ Thickness # 1 = 371.25 nm (fit)
Thickness # 1 = 371.25£0.096 nm ubslrate =fespiloeOpiloasmy i

A = 1.40840.00032907 Angle Offse| Rename Layer and Fit Parameters 1

B = 0.00504£0.00011589 + MODEL Opj Save Laver Optical Constants T

: Parameterize Layer
€ =-9.9567E-05+1 269 1E-05 + T IONY e LaerCommen
n of Cauchy Film @ 632.8 nm = 1.419 Confi urel Convert To EMA

Convert To Anisotropic
Turn Off Al
Grade Layer

Start

4] I [ T»

KR13-25. 4 T AR R —EERI L F i 4 R 5 7L (BR) AL # “Graph Layer
Optical Constants”

B e e |
fMeasuremem In situ Analysis rHardware ’/ Options ‘
Data: Flow-on Glass on Si Model: Si with Transparent Film
‘ Open H Save H Info. || SetRanges ‘ ‘ Open H Saye || Clear | | Open Snapshot H Save Snapshot ‘
[l Layer Commands: Add Delete Save =
[ generae || e || cineme |[ Beser | | Include Surface Roughness = OFF
MSE = 2.692 HLayer # 1 = Cauchy Film Thickness # 1 = 371.25 nm (fif)

Thickness # 1 = 371 250,096 nm A=1.408 (fity B = 0.00504 (fit) C = -9.9567E-05 (i) L
_ k Amplitude = 0.00000 Exponent = 1.500

A = 1.408£0.00032907 Band Edge = 400.0 nm

B = 0.00504+0.00011589 Subsirale =gSI JA\I\I-i

C =-9.9567E-05+1.2691E-05 —

) Angle Offset = 0.000
= q
n of Cauchy Film @ 632.8 nm = 1.414 + MODEL Options

+ FIT Options L
[l Il [l |+ OTHER Ontinns hd
Graph Type Show Data
Opt. Const. of Cauchy Film vs. nm
2.08 10
el
a2
2.06 0.8
2.04 0.6
= o
o @
2% \ -
2.00 0.2
1.88 0.0
300 400 500 600 700 800 9800
nm

KI3-26. EHI SRR LIEFEFHHZG » 575} Cauchy & CIRERETF, 2o T o] i #a 19 4

Global Fits &F#&

¥R “Si with Thermal Oxide” #%—#f, “Si with Transparent Film” %% H {5 ]
T “Thickness Pre-Fit” (JEEETLE) &I, LSRG EVISGE. AT
RALEEFIPTH RAIIG1E, “Global”fit (&RILE) #i#AT. FEERUET,
MR E M SEIIR A 2R E, &K MSE BN SEEAE A “final” (&2
A MWILGME . 7E Model>+FIT Options T A LA$% £“Use Global Fit" 5. ¥
IEIETAL B OA“ON”,  Bbs s+ I, mT DUR R F R e il 4 R A it 72
(&l 3-27) & E

CompleteEASE #{4-Ffit
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£ “Si with Transparent Film” #8471, Cauchy FIZ5<“A” (RS FR P EEAR
EAME) e CA— N2 RUENSE. &2 3 NMERUESH T LAY E L.
ZHA“Min” (/) i “Max.” (oK) H 40709 1.3 #13.0, Fi4h# of
Guesses” JFM%E) & 30. AdiFivt#4dlm, FHSHA 1.3 3] 3.0 21
FIAEAT (30 487)) HIGHMEVE N A R BWIIRE#EAT 30 (R “trial fits” (Z2iRAhE)
K& RilG. T2 s RIXF—<AE-fH2S5 TR %
thickness pre-fit (JEEEFHLE) SSPEHAT, IXFE 765 (10 15 J2 R RN 97 5 5 1 5
IR BE, FERAIE T BA S/ MSE RIS HE AVIMGE, ik
A7 final fit (RZ&HE)

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
-|Layer # 1 = Cauchy Film Thickness # 1 = 371.25 nm (fit)
A =1.408 (fit) B = 0.00504 (fit) C = -9.9567E-05 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm
Substrate = SI_JAW
Angle Offset = 0.000
+ MODEL Options
- FIT Options
+ Perform Thickness Pre-Fit = ON
- Use Global Fit = ON
# of Data Points = 20 # of Iterations = 5
Parm#1=A
Min. = 1.300 Max. =3.000 # Guesses = 30
Parm #2 = (none)
Parm #3 = (none)
Include Wvl. Range Expansion Fits = OFF
Fit Weight = N.C.S
Limit Whwl. for Fit = OFF
Limit Angles for Fit = OFF
Max. Acceptable MSE = 100.000
Binclude Derived Parameters = ON
Add Derived Parameter
1: Type = n Layer # = 1 Wavelength = 632.8 nm Name = n of Cauchy Film @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

/9 3-27. “Si with Transparent Film” model (#ZH) [y &, /#/& Use Global Fit” F/
“Include Derived Parameters” #57o

i Global fit it f2dh 7 K&, 7€ Global fit (&R#A) EREF, —MF
‘Stop’ (fF 1) 2 PR H SR AE b (18 3-28). Jy 1 itk Global fit,
AT 2 WA I, {XAE“# of Data Points to Use” 351 H & XA S2 b4 o5 74
Z54A . ESRAIE B A AECRT LLod i #of iterations PR . X L5518 15 (1
ERME (20 F15) LU R K ZERE Y, (R, WAL, A mTLIEm:
TR HME AT BEFE = global fit [ARE ST, (HER SRS HTI R S38 . FIFE, AT &b
PRAS SE R AIIRE S, S50 Min., Max., Fl# Guesses 1] HE 75 S iH 4

3-64 o HIEAHT 1 - EAHE
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MBIEDRRIRERSEE: =2 e s s o’'@ X
| weasuremerr (RPN Haraware | optons |
Data: Flow-on Glass on Si Model: Siwith Transparent Film
[apen | [awe ] [ | [aetmenses ] || [oomen ] [ome | [oeer ]
Fit: Delta Offset Mone =
" - FIT Options
Generat Fit Fit I Reset
‘ generate ‘| Lo H =ee ‘ + Perform Thickness Pre-Fit = N
- Use Global Fit = ON |
# of Data Points = 500 # of terations = 5 L
Parm #1 = A r
Min. = 1.300 Max. = 3.000 # Guesses = EEl] ml
Parm #2 = [none;
Parm #3 = [none >
Fitting Data
Graph Type Show Data
Global Fit: 54% complete
h
1.440 1.0
n
1.435 k \ 0.8
1.430
0.6
c 1425 >
{04
1.420
1415 = [0
1410 0.0
300 400 500 600 700 800 900
nm

/& 3-28. 7E#, 17 Global Fit i/ LK EHER ‘Stop’ 14 H1H5Z

Rename Layer & Fit Parameters E&ENESH
HERXAM T, £ FitEiRk b oI 7 Cauchy I EE5 R, W 3-29 fios.

Fit:

| Generate || Fit || Fit Dynamic || Reset |

MSE = 2.692

Thickness # 1 = 371.25+0.096 nm

A =1.408+0.00032907

B = 0.00504+0.00011589

C =-9.9567E-05+1.2691E-05

n of Cauchy Film @ 632.8 nm = 1.419§

/& 3-29.Flow-on Glass /77 &4

LOREXAMERRAE, UG TRX AN RE, B i 44 05 S HOR Al i 15 s
IR AN . 1E Cauchy JZ4 7 b5 i IF 1% £ “Rename Layer & Fit
Parameters” (Fay & ZANIEZH0 , WA 3-30 iR,

CompleteEASE #{4-Ffit
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Layer Commands: Add Delete Save
Include Surface Roughness = OFF

-lLayer#1 = @mz@ Thickness # 1 = 371.25 nm (fit)
A = 1.40| Graph Layer Optical Constants = -9.9567E-05 (ﬁl)

k Amplity Rename Layer and Fit Parameters | 1.500
Band Ed Save Layer Optical Constants
Substrate = Parameterize Layer
Angle Offse View Layer Comment
+ MODEL op Convert To EMA
- FIT Options Convert To Anisotropic

Grade Layer
+ Perform
Il 2lak

[ 3-30. % —INENTEF L B AR A T 1 “Rename Layer and Fit Parameters” (Hiiy 5 /5
FIMEGZE)

ORI N XHEAE, A 3-31 . WMBSUR AT LIRS E A T
Cauchy, EAlZ A, BMC) , LIRS Rl EES ] DiZel. XHi%
BB M =T Al (R A Fio 48R 18 3-32 .

Start Superlattice

Rename Layer Options

Mame: |Flnw—un Glass

Rename Layer
[ | Rename Layer Parameters

Rename Thickness

Ok Cancel

A73-31. “Rename Layer Options” (HE iy £ /ZHE) X iHHE.

3-66 o HIEAIT 1 - EAHE
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T e '@ X
[ Measurement | Insitu | Analysis | Haraware | Options |

Data: Flow-on Glass on Si Model: Si with Transparent Film

‘ Open ‘ ‘ Save | | Info. ‘ ‘ SetRanges ‘ ‘ Open ‘ ‘ Save | | Clear | Opgn Snapshot | | Save Snapshot |
i Layer Commands: Add Delete Save =
| senerzte || et || fionene || meset || Include Surface Roughness = OFF

-Layer # 1 = Flow-on Glass Flow-on Glass Thickness = 371.25 nm (fit)
A=1.408 (fity B =0.00504 (fit) C = -9.9573E-05 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm

Substrate = SI_JAW

Angle Offset = 0.000

+ MODEL Options

+ FIT Options

BIOTHER Options !

4] i D Configure Options =

MSE = 2.692

Flow-on Glass Thickness = 371.25+0
A =1.408+0.00032907

B = 0.00504+0.00011589

C =-9.9573E-05+1.2691E-05

n of Flow-on Glass @ 632.8 nm = 1.4|

Graph Type Show Data

Opt. Const. of Flow-on Glass vs. nm Zoom All

2.08 1.0
el
e2
2.06 0.8
2.04 0.6
= o
o o
202 \ N
2.00 0.2
1.98 0.0
300 400 500 600 700 800 900
nm

K1 3-32. ZE (BT FIZEE (it Fit: Z2R IR T EHEZUTHIRGM G5
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3.4. Transparent Substrates FEHEE

AT B BT R
o ZHEFE o ZHREFE
o WENRA o WENRS

FERGT A, FRATA4E T H Cauchy CRIPE) (ko £ 207 B v JE 4 5
R, IbAh, Cauchy (FITE) o m] N T BHIER . X% T BB el kL2 5
HEI %, BiA1“Glass Substrate” #2148 ] Cauchy (R #) SKAffi & B HE AT
SPPEE) o IXAME) TN T R B I I AR

X IE RS, AT FE T RE I & 2% R R -6 A 1T R I (1785 Th S 53 [
RIFIEBNRMLE o T SR RN R S, (HAR IR X AL R A2
incoherent CANAHTF) . LR TE R EER R, P OCE “AEAL”
SROER, EXMENT, B R ERE SRR, mMASr 4K
LT FRATI/E T B B “oscillations” (PR35 - WA IERMAEE, ST
SR SN RIE offset” (ImF2) 4 SEGERITH RS 4RI IR FB12E,
BT LB E (AT

Backside Substrate Reflections &5 HE k4t

XFEWIEIE, WS RBRAIAEER . eflafimililE, JfHSBERN
Pty , A IE AL E E i EAR I AR . A 2 R R A BB WL,
Synowicki® X IXANE A B8 . — M IR T ERAL I W B R . S ik
G PRI BT T S S o TR S RN 8 T B S ) i A

o TS EERHICHK 1)FRIE, 2) MINEIHER S, 8 3) BIpHE
Jo

o HIUH AN/ BRI S SE I 1) 4T BT T LU G 2 Bl 2) 48 T T i
FHAT S SR VG HCAL R (D Bt AR UE W52 AT BAE T E9) o

USRS T SO AT RE VR Y, IS ATE AR R A k. LR
TR, EBME, KEZE Woollam (1) SE &4 ] AR 4 depolarization iE
PdREHE, T OB T R R T B R AR B HEIESE . Wik depolarization 1B
MIRIEA L RZE, IAEAE RS BIERM A, X eI RN, R
T S BATR M ES, 0] LAZE CompleteEASE Hof d I 5 A A T3 ok
BIEEFORES o ARFRAT1E RS — A IR B M S AF R R 2, DABE o b 3 X
FRIETE o

Graphing Multiple Data Sets Z¥#E/E

M Examples H 3% 47 FF“glass substrate _rough”Z#i 1. X ARSI a7 2 AL
WOTER I 4T 8, CUEBRITA WS TR RSt Rk, A

Doc-To-Help Standard Template Introduction f&iift e Ixviii

2R.A. Synowicki, “Suppression of Backside Reflections from Transparent Substrates”, Phys. Stat. Sol. (c) 5, No. 5 (2008) 1085-1088.

3-68 o RS 1 - ERIE CompleteEASE #4-FH



Data > ‘Open’¥jj [7]“Append Data” (& IF40#5) 4. @l 3-33 #%4H. M
Examples H ik “glass substrate _taped”# 51 F. EE LI LB, BIN“glass
substrate_smooth” £ #E S 1F.

VER: ] Open (L AEFT IR AN ST, Append (FIF) 4 Al LRI 2 A
XA

£ completeEASE

Diata: glass substrate_rough

L Append Data Iﬂl
Fit:

/3-33. ‘Open’_l: (VBR) K1/ “Append Data” (57 H#H) .

M AMHHREPEEI (&3F) , CompleteEASE o ¥F#E Graph & [+ s i i A5
AN (BT R RN o 7 graph THIAR 72 5 “Graph Type”H 4%
Psi. EXMHIERIAE, 5 Double Y Axis (XY #l) . )&, 1+ graph
TR A7 _E 75 i1“Graph All Data Sets”. MAS[FAE fh 008 2 [0 BT =AM 5 i
Psi ¥ th 26 mT LATE X AT LA, wnlEl 3-34 Fios.

ot e
[ Measurement | In'situ | Analysis | Hardware | Options |

Data: Data Not Saved Model: No Model Loaded

Lo J[son ] e | oome | [com [ son ][ o= |
Fit:

S I e T

Graph Type Data Set ‘ #3. glass substrate_smooth "‘ Graph All Data Sets
Spectroscopic Ellipsometric (SE) Data

Pl #1
225 Psi, #2

" e
300 400 500 600 700 800 900
Wavelength (nm)

[ 3-34. G HAFERCLY, BHTEFETG H B Graph [AIRAT L7, 0 i vy 1 544
#o HEFEGraph All Data Sets” ZIENE, T2 iFATH HIZHH 1T 2 E

Using the Graph ScratchPad & ERE 174

H/R“Graph All Data Sets” 1] AR {Ht = N P L, (HE AN AT 2 il .
Blan, WATARESCEGE, NEEIA ML iEE—Ar%E. ik, RAIGIA

CompleteEASE #{4-Ffit
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Graph Scratch Pad (I /74%) - 1£ graph X5 B bs 4 i (BR) KL FE“Copy
Data to Graph ScratchPad” (& il ¥4 2| EIAE %) W& 3-35 fran. 1XH 2124
A graph H IR I BT A B i 26 30— AN B “pad” CETAESR) g fit e kg
fEo SRIG, [EREETH BUAR A o (BR)SEHKILHE “View Graph ScratchPad” ({2
RETEE RS o XKFTIF CompleteEASE #4111 Graph ScratchPad, #r1[]
3-36 Jfizn. f£ ScratchPad HE AT # A Rk FAR ZE LB th 4L, 8 e A1)
P S RAKE o B, BERCE T4 T DA % B B 5 KR . B 3-37 A T
T T e 325 B e vy BORURE BB RE R B, 9 L —RER . IXREH, i
Wi 7 B R s AT A AR BB E R R S T SO, HACR 54T BHHAHY .. BdE
Xof He A S 7 REDRE T T U R R A R S el T TR S BRI BOR ZE S X
AN REMRAS & HEE I RSO R . T2, JATR & Hk @i,
JE NS S AT S BT R ZE =, G, A R eE T T R

Graph Type Data Set: [#3. glass subsirate_smooth [v | ] Graph All Data Sets ‘ Snow Data ‘
Spectroscopic Ellipsometric (SE) Data
230
Psi, #1 Zoom All
E225 Psi, #2 Statistics —
Copy Graph to Clipboard
220 Copy Data to Clipboard [R—
Copy Data lo Graph Scratchpad
7215 View Graph Scratchpad [
¥ Show Legend
1 Show Symbals
210
205 S
200 L~
300 400 500 600 700 900
Wavelength (nm)

/3-35. graph X777 (“BR) i/ “Copy Data to Graph Scratchpad”.

. g
Graph 2nd Y Color Style Curve Name
c1 v] : 0 Psi, #1
c2 v] : 0 Psi, #2
Cc3 [v] : 0 Psi, #3
‘ Edit || Delete H Delete All H Create Curve || Add Trend H Graph Settings | ‘ Open || Save ‘
Spectroscopic Ellipsometric (SE) Data
23.0
Psi, #1
Psi, #2
225 -
220
E 215
21.0
20.5
20.0 Lo
300 400 500 600 700 800 900
Wavelength (nm)

/& 3-36. CompleteEASE #FJE Z 77 # i iF it — 6 & /42 A
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¢? Graph Scratchpad

Graph 2nd Y Color Style Curve Name
Cc1 ] L 1 Glass - Backside Rough
c2 v] [] 0 Glass - Backside Taped
[oxc] ] ] 3 Glass - Backside Smooth
pectroscopic Elilpsometrlc (SE) Data
20.50
e r
Glass - Backside Rough v
Glass - Backside Taped et
20.40 it
20.30
m
o
2020
2010
20.00
300 400 500 600 700 800 9200
Wavelength (nm)

K 3-31. JIETE BT as K L BEH i BT R A R 7 BT I JE R 7 A 7 T R4 1
H

| #9425, i ScratchPad % 11, JEHUT ‘Delete All' BLEBRFIA % (W7D . |

&7 CompleteEASE Lol |
[ nent | Insitu | Analysis | Hardware | Options |
Data glass substrate_rough Model: Glass Substrate (Cauchy model for Glass Substrate, with Surface Roughness)
| Open H Save H Info. ‘ Set Ranges | | Open H Save H Clear | ‘ Open Snapshot H Save Snapshot ‘
[ Layer Commands: Add Delete Save
| generate \| fiomeme || meset || Include Surface Roughness = ON Roughness = 0.68 nm (fit)

= = Lauchy substraie
MSE = 0.454 + [Substrate = Cauchy Substrate

Roughness = 0.68+0.015 nm + a’g’:E(Efge;in?ﬂ
A =1.510+0.00039204 +EITO tiorrs
B = 0.00170+0.00022506 p

C = 0.00022346+2.6277E-05 * OTHER Options
n of Cauchy Subsirale @ 632.6 nm =| | Senfigure Options
Turn Off All Fit Parameters

4] [T} D

=

Graph Type

Spectroscopic Ellipsometric (SE) Data

2050
Psi
Model

2040 ‘r}/\y

2030 s

oo J/L/

2010

Psi

20.00
300 400 500 600 700 800 900

Wavelength (nm)

A3-38. 74 “Glass Substrate” #7777

CompleteEASE #x44+F it BIEHT 1 - EREE e 3-71



it

J# CTRL-Z ¥
Depolarization £/

TE S B, FRATHS 2 2 anfo] R B 36 2 AN 4l . SR, 7EIX M,
A DG BA G . 58, T “glass substrate_rough” (45 U1 % T
K, FTFH“Glass Substrate’model (FERY) . 57 Fit AR Z S 2 a0 3-38 145
Fo BIE FEEREOR, (HIXFEE /N ETEAR R S8,

Opt. Const. of Cauchy Substrate vs. nm
1.535 1.0

1.530

1.525

=

1.520

1515

1.510 - L L 0.0
300 400 500 600 700 800 900

nm

/&3-39. Cauchy model (A777HZE) & F7EIHT 5 F1 AR IE VT 5

BT 5 R 45 BT LU /E Cauchy Substrate (RIPEIE)E) FArdy, JfFik#t
“Graph Layer Optical Constants”>K 2.7~ . & Graph & [ 4 45 88 i 7 (VBR), ik
#£ “Copy Graph to Clipboard” (S il L 2 BYINEAROD K i ] 3-39 s i) T %
%] Word H.

R fEGRSEZ AT, K optical constants (Ot # %0 EIE Z ] “Graph
ScratchPad” ™!, FEIX M (1) J5 A h AT LB A 45 5

Graphing Depolarization Bm#RZHE

06 s A B A P iR O o T SR DA o % o) (] 4 9 LA AR, 3Pl & m] bA
RIS EAE: WA A, BE, WERFESAHMRWIR, HMWASECkHR
IR RA TS o 3 F e A48 FIBAR 1) alpha-SE. M-2000 Al
RC2 ARG ALVFAT LA N =ANS &l AT E: P, A, Al %depolarization GEAf F 4
Eb) o T RRARR A R (AL i Y%depolarization GE A 7 70 bL) MiZANE .

PR O BGRAER B MBS, A Lbi A 75 ZE0 & DC(EIR) & . NI il &
depolarization, HEZHEMEEFM (SRECR JAWCO)

TEdk 82 |, 7E Graph 7 KR L & d5“Graph Type”. HE7~ “Psi &
Delta” 7% Fl| “Depolarization”. 157VER, WK 3-40 7~ 1 Depolarization 7
SRR . XKW, JUTEE 6 TS BRI EE

3-72 o HHEAHT 1 - EAHE

CompleteEASE #/4-F/t




JH CTRL-P £,
Psi

Graph Type
Spectroscopic Ellipsometric (SE) Data
1.2
% Depolarization
0.8 Model |
c 06
]
“‘ I
=
% 0a Ul /
o
o
a M AM/\’V“WMN\AM[J
=2 0.0 Anfe
U VY
-0.3 I
-0.6
300 400 500 600 700 800 900
Wavelength (nm)

&I3-40. L HEE9#¢H% /L /19 Depolarization (£ & #/<47) «

PR K, FTFF“glass substrate_smooth” {45 3. BIAE Depolarization GE1R
T WL EZRDR 2% XERW, TAGHER, AWERIAMET,
SRR T MBS . OB EAE B “Psi”. M7 Fit>‘Generate’ . B EIE NI
] () A 3 38 R U (AT 75 1T B A ], 2 TR 7 A ) B 15 s B
BEIEAUCHL . AU SN depolarization GEfmR) , = [FR S
BT WimZS =R RS . {EH F— model BERIHLA) , RN 20 3-41
iR

PCompeteEASE 0 7 o B
fMeasuremenl r In situ rAnalysws rHardware rOpI\ons |
Data: glass subsirate_smooth Model: Glass Substrate (Cauchy model for Glass Substrate, with Surface Roughness)
| Open H Save H Info. H SetRanges | | Open H Save H Clear | ‘ Open Snapshot H Save Snapshot ‘
[FE Layer Commands: Add Delete Save
| Generate \| Fit Dynamic || Reset | Include Surface Roughness = ON Roughness = -1.36 nm (fit)

= = Lauchy subsiraie
MSE = 0.284 + [Substrate = Cauchy Substrate

Roughness = -1.36+0.012 nm . :IrgéeEEfg:;i;r?J
A= 1.4210.00022944 + FIT Options

B = 0.00510+0.00013185 g

C = -8.7066E-05+1.6576E-05 @OTHER Options

n of Cauchy Subsirate @ 632.6 nm =| | Sonfigure Options
Turn Off All Fit Parameters

4] ] I [

=

Graph Type Show Data

Spectroscopic Ellipsometric (SE) Data

Psi
Model =

2286

224

B 222 [/JJJ
M

220 ;4'.

218
300 400 500 600 700 800 900

Wavelength (nm)

B3-41. PNEHERIHEIE, #75 glass substrate_smooth A7 245 BN 2% i 5o

TEYREE 2 i, % optical constants G2 H D, FFASIIX L5 45 2R 2 Graph
ScratchPad 1, -LA{§7E Graph ScratchPad H ELAT I 45 5, W& 3-42 Fiios. 4
—AMUE A R ROZ R R, RO A LS B T S . 58 AN

CompleteEASE #{4-Ffit
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ERIMRBZ IR, BREAILEHN, FOVEEEhEE THE R, HIFH
£ model (FERY) rpBrERt % . MU HAHTEARK MSEfH, RXHH ST

BIRIVE S XD, A UR I ER ORI AL 1 IR 1 Xj‘?i%%%fﬁ%,
Bﬁﬁ%{mag/\)\ﬁfﬁ%ﬁ’]ﬁﬁ AP 2 W e R EOE AN IER L,
NAW AR, 2T LM EREEA S R A B AR, JX/\%HE
&M alpha-SE W 15— M M . SEIi)E, A — M5k, AL R E
B S BN BIS B IEM R 45 . NI TR R R E &K,
DNAEZE WL I P T T S A2 B

ﬁ Graph Scratchpa
Graph 2n

c1 v L] 0 n, Backside Rough
cz2 O [v] 0 k
c3 v| [ ] 0 n, Backside Smooth
] O v] 0 3
| Edit H Delete || Delete All || Create Curve || Add Trend || Graph Setftings | | DOpen || Save |
.............................................. optc[mst ofc;;uchysl;bstmtevsnm

1.54

|
1.52 —
[ ——

1.50
c 1.48 n, Backside Rough

. n, Backside Smooth

1.48

-
1.44
_-_-___‘_‘—~—__
—_—
1.42
300 400 500 600 700 800 800
nm

[&3-42. 7 CompleteEASE 49 Graph ScratchPad 47 /L £ #7491 F I & 452

Including Backside reflections &4 k4t

T I S B B N IE IR o FE IR R LEAR T A B e KR )
B, B, BRODEBAMTE, SRMPBEESN FERAALL, RN
hfEEEEk.

HRALR TR T 1 SO R BATABE R . XTI, X/
Rt N TBIETR RS, T BT I CME GG, WK 3-43, X TEE
LIS, T ISR G T A3 ) B R 73 15, DRI T AN S — A 1) A

e

K 3-43. MBI A LRI HL TR TG AT LA 1T BRI, B2
W RHTHR

3-74 o BT 1 - EAHE
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R R ToiEEE S, “incoherent” CRAHT) YeRRE R DL B 7 7E R AL,
TR A 515 TSI, T Model & 11 ff1+MODEL Options. ¥
“Include Substrate Backside Corrections”¥%5 ON, K& 3-44 fizn. BIEMK#S
KRN A&, XT?TI_JE’]ﬁFDEETHE’J T Model Options (f& %!
BRI #F5r, EFE“# Back Reflections”/F N— L&

&CompieieEASE'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z'Z' Shrsiicoiiiiiiiiiiiiiiioinn o s e
Measurement rmrma\ysws | Haraware | options |
Data: glass substrate_smooth Model: Glass Substrate (Cauchy model for Glass ., with Surface Roughness)
[opn [ sme || i || smromes | [ Loumn ][ 5o | oo | comnsgens s nepnt |
Lt Layer Commands: Add Delete Save =
\ Generate \| Fit Dynam H Reset | Include Surface Roughness = ON Roughness = -1.36 nm (fit)

+ [Bubstrate = Cauchy Substrate Substrate Thickness = 1.0000 mm]
Angle Offset = 0.000
- MODEL Options
Include Substrate Backside Correction = ON
Transmission SE Data = OFF Reverse Direction = OFF
# Back Reflections = JI (fit) % 1st Reflection = 100.00 L
Model Calculation = Ideal
+ FIT Options |

<1 I I [ P

K 3-44. j7 7] Model Options K & 645 7 [ hf. I RATHIZCAE AL fit” (MED » M
L HIVE AL i F2 2 -

MSE = 0.284

Roughness =-1.364+0.012 nm

A =1421+000022944

B = 0.00510+0.00013185

C =-8.7066E-05+1.6576E-05

n of Cauchy Substrate @ 632.8 nm =

Fitting Depolarization &8/ mi%

EME M MEGER, MR AE =N AEE, BARRe WS R A
FIEAFIEAI IS, SR1M, depolarization ##if 2 7  & (ERIZSWCEE R 2.
BRIN B A& 2% depolarization GE#R) it i R4 Psi f Delta. L5z, 78
WY h ik B2 T L4 depolarization & — NG IhEE. N T BoRXAINEE, 1
Model: Ttk (IS, Aidi Configure Options. X443 & 3-45 FrR X ilHE .
# Fit Options B f#)“Include Depolarization Data”5% {1 £ iEMEL F, I a5 Ok,
W T IXANED S, /£ Model:>+Fit Options H¥“Include Depolarization Data”
¥ ON, & 3-46 s,

Show Model Options

Available Opt\DﬂS Descript\on
[T SCATETTTg et = - —
[] Patterning = Tells the model to include depolarization data in the fit.
[] Multi-Model Patterning

Fit Options

Include Depolarization Data

[[]Include Reflection Intensity Data

[[] Transmission Data Weighting [

[] Use GenE/MM Data

[] More Fit Options
Other Oplions

[] simulate Data

[]#ofCores

[] Color Calculation

Include All H Clear All

(!

/& 3-45. #7i7 Configure Options 2~ #T4F47 Model  (FEZY) ST, KM, 41w,
N7 Include Depolarization Data” .

CompleteEASE #{4-Ffit
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+ MODEL Options
- FIT Options
Perform Thickness Pre-Fit = OFF
Use Global Fit = OFF
Fit Weight = N.C.S
Include Depolarization Data = % Weight = 100.00
Limit Wvl. for Fit = OFF
Limit Angles for Fit = OFF
Max. Acceptable MSE = 100.000
+ Include Derived Parameters = ON
+ OTHER Options
Configure Options
Turn Off All Fit Parameters

/A/3-46. 71 model /77 Fit Options #5%/#7“Include Depolariztion Data ” Z 2.

A5 RS (J&# Back Reflections %) Jf H. Depolarization Z 5 &% )5,
B ST Fit Xt “Glass Substrate smooth” #3515 .

R ONSRARMIREIEIRIE, /RA]HE 7 B4 of Backside Reflections HI{E
P2l 1 CABRINI 5D

IEHERE G, S RNAZ N 3-47 FioR . XF 15 1 SO BE R 88 16 &
depolarization [l & AT DAFR (L R BUE . 7RI FH, Bl RILA &2
1.5, 1l 3-48 fiyn (H T SO A2 7R A, AT DU H s TR &2 75N
ME—IISE T o IXEIRE AR, AT TR — R G 4 BA BRI 2R U,
T2 R I T 25 (B R AL T 20— L 2A R A . 45K, BEE T4
AN, BUERNEE MR L EMES T, Fik, RBUZ TR Frel, Xt
THREENS3, 45N, ABLTFEEER.

FEREEZ R, iEFRATE B X IKHLA 1 optical constants 62450 , H HEE
S %] Graph ScratchPad H, DUME 5 2 i i 45 il — 0 th . e
optical constants (G243 80 LLEc U B 3-49 iz . KIS 1 AR T BE LA i
{1 depolarization GEm#R) EIES 2T as R, SRR ML R
B (AR « WRAFKEGT N, TERNEGERSZRREY
Wi o B I P 5 28 425 SR ] REAE PR 5 THIAEAE 22 572

o Depolarization (i A~ Ge i ZRAE
o BT ERIBIEVIAE T I AFELE.

3-76 o HAESHT 1 - EEFE
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T e o @ M

fMeasuremenl Insitu | Analysis rHardware ’/Oplmns ‘

Data: glass substrate_smooth Model: Glass Substrate (Cauchy model for Glass , with Surface Roughness)
‘ Open H Save H Info H SetRanges ‘ | Open H Save H Clear ‘ | Open Snapshot || Save Snapshot |
A Layer Commands: Add Delete Save =

|| Reset | Include Surface Roughness = ON Roughness = -2.52 nm (fit)
Substrate = Cauchy Substrate Substrate Thickness = 1.0000 mm
A =1.509 (fity B = 0.00529 (fit) C = -41.8833E-05 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm
Angle Offset = 0.000
- MODEL Options
Include Substrate Backside Correction = ON
Transmission SE Data = OFF Reverse Direction = OFF
# Back Reflections = 1.546 (fity % 1st Reflection = 100.00

[seneme | [Len ][ rirame

MSE =0.919

Roughness = -2.5240.069 nm

A =1.509+0.00083793

B = 0.00529+0.00047648

C =-4.8833E-05+5.9841E-05

# Back Reflections = 1.546+0.0062
n of Cauchy Substrate @ 632.8 nm =

4

4] 1l | D

Graph Type Show
Spectroscopic Ellipsometric (SE) Data
26
% Depolarization
24 | Model
<
i)
g22
S
Q
S 00 f\/\
8 2
*
1.8
1.6
300 400 500 600 700 800 900

Wavelength (nm)

I3-47. (55 RH A depolarization  (iB#7) HAFH HIW 458

Parameter Uniqueness Fit

21
18 [WSE]
15
12

MSE

| RN

N ———

3 \//
0
0.0 1.0 2.0 30 40

# Back Reflections

[ 3-48. # of Backside Reflections #7/—1EMi(, 25 it 1.5 HIE IR A B RIFHIUE -
depolarization /& #7 )& hix 145

CompleteEASE #{4-Ffit
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Opt. Const. of Cauchy Substrate vs. nm

1.56

1.54

1.52 e 2P R

1.50

n
>

, backside rough
, backside smooth
n, backside smooth (corrected)

1.48

=

1.46

1.44

1.42
300 400 500 600 700 800 900

nm

K 3-49. BIGHTH F LA RITIRA LI . FRNEIEE T THEITH F LR (G HkE 72 1
HIHTHIZ RN (HHAE LY G H R AEIERIEH, R Z .

3-78 o FIEHT 1 - EAF CompleteEASE #/4-F/t



3.5. Transparent Films #HIR - 2

BT B IS RE

e Surface Roughness (RIS o Grade Layer (BfEE)

e Try Alternate Models
CERAR D

Glass with Transparent Film 33 EE R =R

EXAMFH, 1% “Glass with Transparent Film” model (#:%) J%“ZrO2 on
Glass”$#lE CF. midhi‘Fit#%4: Global (4)5) #EKIAT, AL RERAE
3-50 1, ZrO, [ #T iF Z Al LAE “Cauchy Film” I 47 i (“BR) & “Graph
Layer Optical Constants”>K 7~ . &5 R a1l 3-51 Fis.

PComplelebASE 7200 0 7 g K
fMeasuremenl WAna\ysws rHardware ’/Oplmns ‘

Data: ZrOz on Glass Model: Glass with Transparent Film

[open |[see | [ime | (oo | [opm |[5ae | om | [oomsnna |[swmsresma |
1A Layer Commands: Add Delete Save

\ Generate |\ Fit Dynam || Reset | Include Surface Roughness = ON Roughness = 11.17 nm (fit)

+ \Layer # 1= Cauchy Film Thickness # 1 = 88.81 nm (fif)
+ Substrate = 7059_Cauchy
Angle Offset = 0.000
+ MODEL Options
+ FIT Options
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

MSE =1.175

Roughness = 11.17+0.040 nm
Thickness # 1 = 88.81+0.025 nm

A =1.873+0.00082480

B =0.00934+0.00048968

C = 0.00104+6.5930E-05

n of Cauchy Film @ 632.8 nm = 1.9|

k of Cauchy Film @ 632.8 nm = 0.0i5]
4] I [ [

Graph Type
Spectroscopic Ellipsometric (SE) Data
18 60
16 \-’ Psi
N Delta 140

y \ Model

=
x L
o
Delta

8 \\ B“\/Mf -20
\_.__.....—-»/

6
300 400 500 600 700 800 900
Wavelength (nm)

A73-50. 1&/H“Glass with Transparent Film” model (#27/) , #74“ZrO2 on Glass” #7
HI B 25
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Opt. Const. of Cauchy Film vs. nm

2.00 1.0
\ i
1.98 B 08
1.96
los
c 1.94 -
04
192 AN
1.90 T~ 192
—
1.88 0.0
300 400 500 600 700 800 900
nm

/& 3-51. 1#/f Cauchy &7/ & 7717 ZrO2 optical constants  (FE£#40) »

“Glass with Transparent Film” %% 15 2 Fii{ {145 84 “Si with Transparent Film”
AHEG, 32 EE B DXAAE T8 B B R AP RN ], X B “7059_Cauchy” EAR 5
K “ST_IAW?. 7059 I 2 HnT MRFRIR Z M RS, X TR Z 3%
B ERE R, AR DU E IR IS . EERAS AER 4 R, TT LA
fEFTERZ ABES RS (L 3.475) BB I3 Hok B4R 7059_Cauchy #4
BHZ. 1Ak, BT HIERFEWRN, TREEAAE. N T IR RIS H e
MHTHEE T, A Ctrl- Z PaEs B R ] 3-52 FrR (1) Depolarization £45 .
depolarization B A/E T, KA SO BABRINES, 75 1 R Ak
il o 1K G 7] R VEAH 18 WL 3.4 715

Spectroscopic Ellipsometric (SE) Data

04 I

% Depolarization
Model -

K

% Depolarization

8

300 400 500 600 700 800 900
Wavelength (nm)

[&/3-52. Depolarization H# VIS, ZH/REFRICEFNN], FHi2H B IRGHBEIR

M

3-80 o RS 1 - ERIE CompleteEASE #4-FH



Surface Roughness Rk

YRR, —AVE BT RS & fL 3 surface roughness (3R [ FH A
(“Include Surface Roughness” LI B A “ON”) o HL b, X TRXAFEM,
B tE surface roughness A& EAH 2 K: 11.17 nm. N TR IEIX — AR A
roughness CHLfE) MIEEM:, SR8 surface roughness(FR LRSI &: 4
i (¥BL) “Include Surface Roughness = J& [ [ 5 (5 T KIZR1E, K5 H U1 H“OFF”
BESRIRANT CL 8 1 T8 5 B2 AT S 28 1 1 44 SUAE,  # “Use Global Fit” & “Thickness
Prefit” # 8 OFF J2 AR 2 26, #:4, s ‘Fivded, PLEHPEEA roughness —
LA MIVCRCEE R 2, [ MSE i, Wk 3-53 k.

17 : Surface Roughness CGRIHIFIRE) H2)ZEE O JEEERHUETE. XN T 22
FEE S5 R () 22 4 5 R IR A 7 EEAE A .

.- @@ @ ol
fMeasuremenl Insitu | Analysis. rHardware ’/Oplions ‘
Data: ZrOz on Glass Model: Glass with Transparent Film
‘ Open H Save H Info. H SetRanges ‘ | Open H Save H Clear ‘ | Open Snapshot || Save Snapshot |
IAE Layer Commands; Add Delete Save
| senerzte || et || fiopamc || Reset | | Include Surface Roughness = OFF
MSE = 33.796 + \Layer #1 iCauchy Film Thickness # 1 = 91.40 nm (fif)
. _ + Substrate = 7059_Cauchy
Thickness # 1 = 91.40+0.473 nm =
_ Angle Offset = 0.000
A= 1744200251 + MODEL Options
B = 0.09228+0.015681 +FITO tinnps
C =-0.00769+0.002173 HDTHE'; Options
n of Cauchy Film @ 632.8 nm = 1.92¢ P ;
k of Cauchy Film @ 632.8 nm = 0.00¢ | <Sonfigure Options
Turn Off All Fit Parameters
4] il IIRD
Graph Type
Spectroscopic Ellipsometric (SE) Data
18 60
AN AP Psi 40
Delta n
14 - '«\\\ \\\ Model
20
12 \ ©
0 ", , =
o [
10 R Ry 0 °
I o ——o0( 20
ol e e T,
4 40
300 400 500 600 700 800 900
Wavelength (nm)

[&/3-53. #surface roughness (FKA#ikE) &% OFF Hf#l & “ZrO2 on Glass” ##iH745
g

Graded Index 5L

Surface roughness(F k), J&/EZ AT 3.1 751 183 1 “non-idealities” (JEFE
O B —, XX TIRMEFFMIERIEFEEE. 5—AE 3.1 T RRm
“non-idealities” (FEFAE) SIRWLZ index grading (FTitFELE 24D o ¥
Surface roughness(Z T ) % B off, i FAEREE Al &

CompleteEASE #A:F 0t BIESHT 1 - EAlR o 3-81



e {E Layer #1 [ “Cauchy Film” 47 A& (BR), RATLAE B—AN T
FH, W 3-54 ffrn, & “Grade Layer”

e} “% Inhomogeneity” l Thickness B & A fit (35D SHL.
o siai‘Fit’ 45 K W&l 3-55 Fow

Model: Glass with Transparent Film

| Cpen H Save || Clear | Cpen Snapsh

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
+Layer#1 = [ Thickness # 1 = 91.40 nm (fit)
+ Substrate =| craph Layer Optical Constants
Angle Offse Rename Layer and Fit Parameters
+ MODEL OQpj Save Layer Optical Constants
+ FIT thiﬂl‘l! Parameterize Layer
+ OTHER op Yiew Layer Comment

Convert To EMA
Configure Convert To Anisotropic
Turn Off Al :

Grade Layer

Start Superlattice

[/ 3-54. 7 Cauchy Film L7 di i T A5, 227 Grade Layer .

VER: Surface roughness(Z i kLkE) Al index grading (3755 FAB6E) 1EAEAERISL
it BRI BER, Ov e AT ] LLAAE R0 177 7] EI MR 2 B . iR
BRI MSE {8, T4 T B RABOE T H SRR SRR B 44

ESR RS B LA 24 FA A HE,  (H2 MSE {E#S & T8 H surface
roughness CRTFLRE) IR, (2.1 Xk 1.175) ot A] DAAE R RS b ] s 41
4 surface roughness (GRTHIFAKE) 1 index Grading (Hr4FZ#6E) ¥ surface
roughness 1 & [7] “ON” I i 7 ‘Fit” (f& ¥ “% Inhomogeneity” NIUH S « 45
FEA RN MSE{E (0.78) , 4k 3-56 Fin.
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T e o @ M

fMeasuremenl Insitu | Analysis rHardware ’/Oplmns ‘

Data: ZrO2 on Glass

Model: Glass with Transparent Film

(e [sme | [t ] [omtmmems ] | [Lomen] [oome ] [Loer

| Open Snapshot || Save Snapshot |
A Layer Commands: Add Delete Save =
‘ Generate | Fit Dynamic || Reset | Include Surface Roughness = OFF
MSE = 2.100 4| | -|Graded Layer Thickness # 1 = 83.07 nm (fif)
A=1 84610 0014 Grade Type = Simple # of Slices =5 L
B= 0'02420'*0 00086051 % Inhomogeneity = -17.30 (fit)
c= _6 0028516 00011423 + Material = Cauchy Film
% Inhomogenelty = -17.30+0.161 g UEEIED = i) Chvely | H
Thickness # 1 = 83.07+0.075 nm Angle Offset =0.000
n of Cauchy Film @ 632.8 nm = 1.83] |* MODEL Options
41 I [ [+ | [*FITOp =
Graph Type
Spectroscopic Ellipsometric (SE) Data
18 60
16 k" Psi
\ Delta -40

'\ \ Model
14

d
i3
i Delta

8 \\\ \%’\yﬁ- =20
\\-...........«-/

6
300 400 500 600 700 800 900
Wavelength (nm)

/& 3-55. 77/ index Grading #/ 4 “ZrO2 on Glass” #(#.

w
o

& o i 7 o @ X
Measurement Harchwiare r Options ‘ Log Out
Data: ZrO2 on Glass Wodel: Glass with Transparent Filrn
Open H Save H Info. H Set Ranges ‘ | Cpen H Saye H Clear ‘
Fit Layer Commands: Add Delete Save =
Include Surface Roughness = Roughness = 8.64 nm (fit)
Generate Ei Fit Dynamic Reset
| “ H ‘ - Thickness # 1 (fit)
MSE = 0.780 = Grade Type = Simple # of Slices
Roughness = 8.64+0.173 nm % Inhomogeneity = -4.41 (fit)
A =1.866+0.0007 + Material = Cauchy Film =|
B = 0.013880.000430 +|substrate = 7058_Cauch
< =-0.00002+0.000081 T Angle Offset = 0.000
% Inhomageneity = -4.41£0.292 +MODEL Options
Thickness # 1 = 66 8940118 nm +FIT Options
n@ B32.8 nm = 1.901 + OTHER Options 1
k@ 632 6 nm = 0.000 (=] | Configure Options =
Graph Type Show Data
Spectroscopic Ellipsometric (SE) Data
18 ‘ 60
\-‘ Psi
16 \ Delta

\ -120
12

\ Model 140
14 \

L
o
Delta

10

8 \\ \/<""'-/---__: gL

6
300 400 500 600 700 800 900
Wavelength (nm)

[&3-56. AR/ 7 % surface roughness #7 index Grading 7ZZ22)//17“ZrO2 on Glass” ¢
TG LR

CompleteEASE #{4-Ffit
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Try Alternate Models ZiAAFAY

W QBRI R CE R, Hir A S TR, BRI AT BEL
ek grading, TERRFE)ZE LB AsA &5 (BR), Ik “Remove Grading”, #1l& 3-57
Fizm. NOTE: This command will not work if the film is already graded.

Layer Commands. Add Delete Save
Include Surface Rnughness =0FF
- [Ele=DEREREWE  Thickness # 1 = 81.26 nm (fit)
Graph Laver Optical Constants  BIiCES = 8

Remnave Grading )
AT T = Tt Ty T

Substrate = 7059_Cauchy
Angle Offset = 0.000

+ MODEL Options

+ FIT Options

[&/3-57. 7 Graded layer 4947 L F b5t it HA FE “Remove Grading " KBS ITHT 47
SELPT -

+

16 SE #¥i #4008 2240 8K surface roughness GRS KA
8 7C index grading (379 6 FE /341D 1 optical models (OG2##5ERD , Sk
CompleteEASE #1547 — M 4ok H 3 58 X e B 3R . G 56 & & v 4h
WS, iy Model>+OTHER Options>Try Alternate Models, 15 3-58 fit
o B E BT PR ARRE R K 545 surface roughness. index grading.  roughness +
grading FJ & PRI G FE 45 R B0 S50 DRI K BTEAS U R 7R, WK
3-59. T HABMEH 25% 1) MSE &, RHEIRI “S6” FI R E0E
B el AL

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
Layer # 1 = Cauchy Film Thickness # 1 = 83.07 nm (fit)
A = 1.840 (fit) B = 0.02420 (fit) C = -0.00285 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm
+ Substrate = 7059 Cauchy
Angle Offset = 0.000
+ MODEL Options
+ FIT Options
BOTHER Options
Whvl. Range Expansion Fit Increment (eV) = 0.50
Try Alternate Models
Fit Parameter Uniqueness
Fit Parameter Error Estimation

Add Opt. Const. to HTML Report = OFF

Configure Options
Turn Off All Fit Parameters

/&/3-58. Model Z7#k 14 +OTHER Options /7KK 27 Try Alternate Models #£77

3-84 o HIEAMT 1 - EAHE
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Analysis Results

Parameter | Ideal | Roughness | Grading
MSE | 33508 | 1175 | 2.100
Roughness | 7 | 11167 + 0,396 & | A
A | 1752+ 0.0248 | 1.873  0.0008 | 1540 + 0.0014 |_
B | 0.08503i0.015422| U.UDQ35:§:D.DUD490| 0.02420 + 0000860 |_
c | 000633 + u.unz130| 0.00104 & n.uunuaa| 000285 £ u.nun114|_

% Inhomogeneity

WA |

A |

Thickness #1 || 012.62+47344 | 88815202474 | 830.60+0.7524 |_
n@6328mum 1975 | 1.903 | 1882 ]
K @6328 um 0.000 | 0.000 | 0.000
Psi Fit Zoom All
18 :
Exp. Data
16— deal
v 14| W!th Roug_hness
= With Grading
:15’! 12—
2 10 \\\ ::,,./--
g s \\\\ /
4
300 400 500 600 700 800 900
Wavelength =
‘ Copy Table to Cliphoard H Copy All To HTML Cliphoard || Close |

AJ3-59. Try Alternate Models #5495, 7745

CompleteEASE #&44:F-fiit
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3.6. Log and Report a Series of Films HER#R %

B E B Th Rk
o S BN ETNEHR o HEF LB E
(Formatted or Table) o ST 53 b 2 R B BT AR
o HIAHE o HEFESH IR
 Open/Save Snapshot(Jt/i&)

{8 P O ASCRI B — R BT, SRS AT LR B 5y, X 2 tMfiim A 1)
WRFHZ —. CompleteEASE #fFREM i1k logging (H&id3%) , comparing
(LL#D 5 reporting of results (455D o XAMEFHHAEH 3.3 T4
BB, SR Si BRI SiN . Aid, = A2 CompleteEASE id
SRATA MG SR, WERSMEBOL SR, IR g ROE—Mdxk (5
)

T IRIX L5 2], CompleteEASE H14TH“SiNx on Si-174#& 34 & Analysis 3=

fMeasuremenl rln situ rAna\ysws rHardware rOpnons ‘

Data: sinx on si-1 Model: Si with Transparent Film

‘ Open H Save H Info H Set Ranges | ‘ Open || Save H Clear | | Open Snapshot H Save Snapshot ‘
(i Layer Commands: Add Delete Save =
| generate \| “iomeme || Beset || Include Surface Roughness = OFF

_ +|Layer # 1 = Cauchy Film Thickness # 1 = $2.00 nm (fit)
MSE = 3.736 Substrate = SI_JAW
Thickness # 1 = 92.0040.022 nm =

A= 1.802+0.0012 Angle Offset = 0.000 =

B = -0.00907:£0 00062938 : ﬂg%i't'i:""stm"s

C =0.00280+8.3010E-05 + OTHER Options

n of Cauchy Film @ 632.8 nm = 1.79¢ A

Configure Options

il 0 [ I» Turn Off All Fit Parameters

ax

AT

Graph Type

Spectroscopic Ellipsometric (SE) Data
60 60

55 e {40

\ Psi 20
50

Delta
/ \ Model
-10
B 45

Delta

o
z/// //f/// \\‘\ --20
40 ™.

/ \\ I

35 e SN
4-60
30 -80

300 400 500 600 700 800 900

Wavelength (nm)

A73-60. 1Z/# “Si with Transparent Film” P75 5 #5 X 1 SiNx on Si-1”
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Copy to Clipboard #3387tk

CompleteEASE %+, Analysis £ 325N PIEEANHIR (2 X3 L] DLk
17 Wb A 5 (BR) RV il S 5, X A S 5 A 3-61. BB AR,
Graph % LA A, il 3-62 Fian. S T #BAIEHRE, model (15
), fitresults (AL , DU EFEIZRAT DAY SR 8T H, S8 )5 RE I
R &Fh N FHFEFH, 0 Word, Excel B PowerPoint. Fit results (84455
Al DLk Formatted (#%30) Bk Table (F8A%) 7R HIBIBYMEA . HrbaT#
TE ARG B — N SC A, S E R R TR A TR R i BT DL
B e B ) layers () o

| £ completeEas

Measurement | Insitu | Analysis | Hardware (

Data: sinx on si-1

‘ Open H Save H Info || Set Ranges |

Fit:

‘ Generate || Eit || Fit Dynamic || Reset |
MSE = 3.736

Thickness # 1 = 92.004+£0.022 nm
A =1.802+0.0012

B =-0.00907+0.00062998

C =0.00280+£8.3010E-05

n ofCauchyF“m @6328 nm = 179E i a0 A
Jptions
= Model: Siwith Transparent Fim
Auto Fit
| Opgn Snapshot ‘ ‘ Save Snapshot
View Fit Stats

Layer Commands: Add Delete Save
Include Surface Roughness = OFF

Layer # 1 = Cauchy Film Thickness # 1 = 92.00 nm (fit)
Substrate = S|_JAW

Copy to Clipboard - Formatted
Copy to Clipboard - Table

Copy Analysis Report to Clipboard cul-7

Add 1o Fit Log Cil-L Angle Offset = 0.000
. . e + MODEL Options
View Fit Log Cil+AltL +FIT Optionps Draw Model Optical Constants Profile
ad Graph Options + OTHER Options Copy Model To Clipboard
Graph OCs Vs. Time Configqure Options Copy Model (Layers Only) To Clipboard
Graph OCs Vs. Time g p

Turn Off All Fit Parameters

A73-61. Fit: A7 Model: Z7 57 7 5 #rt i BR) HIE FEHEH

Graph Type Show Data
Spectroscopic Ellipsometric (SE) Data

60 T 60
Zoom All

55 Statistics - _,,.."--w--"""": 40
Copy Graph to Clipboard
Copy Data to Clipboard \ —

Psi 120
50 Copy Data to Graph Scratchpad Delta

View Graph Scratchpad MQdEEI
¥ Show Legend 1T &
& 45— = show symbols ®
® Auto Y-Scale \ {207
© Manual Y-Scale / \'\
40— ® Auto X-Scale
O Manual X-Scale \\\' 1

35 [ Use Clipboard aspedi ratio o 1e0
Cancel Menu
/‘ N
30 80
300 400 500 600 700 800 900

Wavelength (nm)

/&3-62. Graph 4/ #7547 (*BR) H9 menu choices ()

CompleteEASE #{4-Ffit
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Fit Log #l&HZ%

BTE, /AT Examples H 3% R TS SiNx on Si #idi. N 7 id AR
RAMELSER, EREER)E, Fit Ik RisA T (BR) % “Add to Fit
Log”. XWGMRAZUATIIMAE LR, NEMIEE BN —NE UK.

| ¥ HMAR] Fit F B R CTRL-L

i LA A 5 3R N2 Fit Log (A HE) J5, Fitt R4 g s rh
P View Fit Log”. X wA LA KHMEGHE, WK 3-63. &nPLA
T A HELAHREEZAEMNIIASE R,

| View the Fit Log (i=fhér H) HIb#t & CTRL-ALT-L.

FitLog

Log Entries

Selected Entry

i - 1

Exp. Data File:

SiMx -
SiMx -
Sihx -
SiMx -

[ I SV ]

Current Model:

sinx on si-1

Siwith Transparent Film

Fit Parameters:

M3E=3.736

Thick

Rename || Delete
| Compare || Reanalyze |
| Generate Repors || View Reports | #Fit=5 #Times=1
| Load Log Entry || Clear Log || Open Log || Save Log || Close |

&/3-63. FitLog (#A HE) #0541 SiNx on Si X 1F 5 45 R

Comparing Results g5

WAE, HRPREEE —A%H, RE1%RE Shift @ FEN Sf 7 &RE - HE%
H, DtaEm A A MNHERE. 2 MHEXHED)E, fidi‘Compare’
(LLBD ol XH AT —FE RIS R A @R, WK 3-64. @it Sdi—ANH
BRI, FIAT AT CAE e, BeAh, i R nT AR I g v EdE

3-88 o HIAHT 1 - EAHE
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Entry Comparison Table

MSE Thickness ... A B [ n of Cauchy Film (@ 632.8 nm
SiNx-1 3736 92.00 1.802 -0.00907 0.00280 1.79656
SiNx-2 2.651 101.28 1.735 -0.00044199 |0.00149 1.74272
SiNx-3 2.837 96.71 1.858 -0.00426 0.00280 1.86470
SiNx-4 3.210 87.61 1.916 -0.00298 0.00281 1.92565
SiNx-5 2.516 105.48 1.804 -0.00032067 |0.00203 1.81552

[] Reverse Columns/Rows [ ] Add Statistics Copy To Clipboard

| Close || Compare Optical Constants |

[&13-64. JIrf 711 SINX I 45 R L 564

Compare Optical Constants ELE&H2EH$

{£ Comparison # H % H /1, il ‘Compare Optical Constants’ 2 #1144 ¥ 7~ K] 3-65
XTEE H o RIS, SR RmEIRREA, SRR DI %
SINX ZHIHTH 2 1, Ik 3-66. AIRARAEIESEITA [ SiNX J2,  siifi‘Select
Layers by Number’ JFE#E 1o 750, 38k 6 A& F AT Y (1) 25 B 451 L 1) /20 S AT (1) 2
I ARBEAT % B B R . S B AT LLAR T {5 1 52 1) 28] B I AR I 32 17 o 3804
.

Optical Constant Compare Dialog

Display Cptions

[ Cauchy Film [ £auchy Film [ £auchy Film [ £auchy Film [ £auchy Film
s
O s_saw O s_saw O s O s O s
Dinuble ¥ Ads - - - - - - - - -
sinxon si-1 sinxon si-2 sinxon i3 sinxon si-d sinxon si-5

[ | Hame curves by Laver Mame

Layer Selection Options

| Clear Selections |

| Select Layers By Number |

/&3-65. Compare Optical Constants (450244 X 1FHE.

CompleteEASE #R4EFt BIESHT 1 - EAlRE e 3-89



Optical Constant Compare Dialog (i)

Display Options

[ Cauchy Fim [ Cauchy Fim [ Cauchy Fim [ Cauchy Fim [ Cauchy Fim

O si_sawn O si_sawn O si_sawn O si_sawn O si_sawn
[] Double ¥ Axis

simx on si-1 sinx on si-2 sinx on si-3 sinx on si-4 sinx on si-4
[ ] Name curves by Layer Mame

Layer Selection Options

Clear Selections
Select Lavers By Mumber

Optical Constants

L
n, sinx on si-1
2.00 n, sinx on si-2 |

1.95 n, sinx on si-4

1.70
300 400 500 600 700 800 900

nm

|
K 3-66. HEFEILENTEREIE BN NEL,

Re-analyzing Multiple Data Sets £¥#g E#H ¥

PATRIRTE 1) F 51 SINX BE AT R EAK, (AR ES . F—DERE
TR T 2 A BAR I — A WG Bk, 1ERR Fit Log 2 BTIZE R .
BERR Fit Log, 1% Ctrl - Alt- L R F Fit Log, #RJ51% Clear Log’#%4ll. HL1E,
T C A e I AR 7 A TN T .

DUEFFAR, & RBAITIF FitLog & H, #% Ctrl - Alt- L k& F Fit Log (14 H
) o BIONEATRINGERR 7 HE, BFrl4uisk Hovas. 1% Renalyze’#24l, K
TN 3-67 Fronsd il Mo SR, JATERIN—A “477 Kb i iz
MRS B AT BUE=ATE: SR RS SD R,
A—ANTT i ) H B4R

¥ fEIHRMAS, CompleteEASE FH 8 — RISk — 2050 . IEE, 24 “457 7T
ARG FIRB 0 ORI B SR A/ )

Adi‘Add Row” GRINAT) » B HEEF TSR A — . XAEdE
AT DAL CVATE Fit Log H IS H (TEXFHEHL T, FHEEBFEEAD , sidd
Add’ (AN FZAIL VU e SO 3% B T HE 3 W8 Rk B 2 AN B, & 3-68 FlTa .
e, BBRATNIRIAHTE) 5 SINX B In 24 5 — SO . R 9l R i
AN FR-FREFE T SiNx. QI SRARAELE ] — i 1) o F A Bl e, X AR
AL BRI e 2 4 .

BRK, midi“Choose a Model” GEFERIAL) , FRIEFEIRATZ AT /0 Hrix L E 4k
Wy E A “Silicon with Transparent Film”#5 7Y, 41 3-69. 7. I8 A LLZ N
“Log Name” (HEAF , HEoMEe¥EnmeEE M1 EXEE. fd
‘Reanalyze’ (FE5MH) , FTH 5 AN SXHREHEIE— 7B 355 % B 1 45 RARAE 2

Fit Log (05 HE) . @l 3-70. X— P IESER T A B~ 1 T E LAE.

3-90 o FIEAHT 1 - EAHE

CompleteEASE #/4-F/t




i: “Re-save Data” CHUBrORAFEHE) AT F VIR O & 45 R 5 4% A e St —
EIRTF. {E CompleteEASE ', HuE IR LS g , UEEEE.

Batch Reanalysis Setup

File Group | Model Log Name

| || Delete Row |

[] Re-save Data | Reanalyze || Cancel

[&3-67. # FitLog ##7/F ReAnalyze Data (H#EH #4#7) &

Choose File Group Files in Selected Group
Selected Log Entries CACompleteEASE\dat\Examplesising on 5i-1.5E
SiMx CiACompleteEASE\datiExamplesising on si-2.3E

CACompleteEASE\dat\Examplesising on 5i-3.5E
CiCompleteEASE\datiExamples\sing on si-4.SE
CACompleteEASE\dat\Examplesising on 5i-5.5E

‘@H Edit|

| Ok ” Cancel |

KI3-68. GI@EHH LA -

Batch Reanalysis Setup
File Group | Model | Log Name
SiNx | C\CompleteEASEWOD\BasiciSi with Transparent Film.mod | 1
| Add Row | | Delete Row |
[] Re-save Data | Reanalyze | | Cancel

&/3-69. Zs/iModel (A7) Fi7Log Name (/7.4 %5 %)

CompleteEASE #4F it BWEHHT 1 - EAE o 3-01



Log Entries Selected Entry
inx on si-1-1 Exp. Data File: |sinx on si-1

sinxon Sf'2'1 Current Model: |Si with Transparent Film

sinx on si-3-1 ) _

sinx on si-4-1 Fit Parameters: |1,

sinx on si-5-1

Rename || Delete

| Compare || Reanalyze |

| Generate Repors || View Reports | #Fit=5 #Times=1
| Load Log Entry || Clegar Log || Open Log || Save Log || Close |

K310, B ELEH )G, HETHE AR HEHH. & LogName (H&EE) “17

WNE] 4 H 955 /E

‘Generate Report 4= iR &’

WAE, AR —A—8 R BT A 4Rk . 27~ FitLog(CTRL-ALT-L)
FEEBET A LN % H. SR)5, Aili‘Generate Reports’ %4, 1 3-71 firn. X
aE— log 2% H 145 AR 2 — A RTF SR, 3% NSO AT AR S
WORD #T7F. RTF {1 & & 3-72 fios .

Laog Entries Selected Entry
sinx on si-1 Exp. Data File: |sinx on si-1
anx on Sf'z Current Model: Siwith Transparent Film
sinx on si-3 .
siny on si-4 Fit Farameters: mSE=3 736
Sif on si-5 Thickness #1=92.00 nm
A=1.802
B=-0.00907
C=0.00280
noof Cauchy Film @ 632.8 nm=1.7487
Eename || Delete
| Compare || Reanalyze |
| Generate Reports || Wiews Reports | #Fit=5#Times=1
| Load Log Entry || Clear Log || Open Log || Save Log || Cloze |

(&I 3-T1. I FEHH 5¢ H H 45 7 Generate Reports’ 154, 177G 45 R (RIZFRFT XAFH,

3-92 o HAEHT 1 - EHFE

CompleteEASE #/4-F/t



[sample: sinx on si-1

Fit Results Optical Model
MSE=3.736 +|Layer # 1 = Caychy Film_Thickness 2 1 = 92,00 nm {f)|
Thicdkmnass #1 =02.00 = 0.022nm Substrate = SI_JAW

A=1.802 =0.0012
B = -0.00007 =0.00062008

C = 0.00280 = 3.3010E-05

1 of Cauchy Film @ 632.8 zsm =
1.70656

Experimental and Model Generated Data Fits

Spectroscopic Elprcmatnc |SE) Data

[I3-72. 7EFitLog #4510 H 7 H A iR & 7 HI#5 26

“Add Opt. Const. to Report”7E3i & i in 2 5 ¥

WERARARNIN SINX JZ B A H 2 2R, BB W : Model:>+OTHER
Options> “Add Optical Constants to Report” ( 7R &5 @IS w 40 , WK
3-73 . WRARIIBAY 2 Z 20, IRA] e i 2R = 5 DAL ECA AR 45 24 1)
2, WA RREE RS RHEEE R IR MR (ST a3 8m
HEF IS, I ERE R A B . AT BN X — 2, (HET—
T 20 AN SO BUR IX AN D RE

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
+|Layer # 1 = Cauchy Film Thickness # 1 = 105.48 nm (fit)
Substrate = SI_JAW
Angle Offset = 0.000
+ MODEL Options
+ FIT Options
- OTHER Options
Wvl. Range Expansion Fit Increment (eV) = 0.50
Try Alternate Models
Fit Parameter Uniqueness
Fit Parameter Error Estimation
Add Opt. Const. to HTML Report = 0IN] Layer # = 1
Configure Options
Turn Off All Fit Parameters

[I3-73. 1#/#]“Add Opt. Const. to Report” (SIS F#H R Z#) 11 CompleteEASE
UG LTRATIR BT 0 5 F i B iEVERE, A BE L LUXT W N B R E 1955

CompleteEASE #{4-Ffit

BOmoHr 1 - EREE o 3-93



Copy Analysis Report to Clipboard &E#|4H73#% 4 I8y
77

N, BATE BRI E E R A AR RS . BRI A RS, fE Fit:
AR B b A 7, FFiIE$E“Copy Analysis Report to Clipboard” (& il 4 B4 15 £
BRSO, il 3-74 Fios . XK S S G0 8 4R AR R R, (B4 B S Y
WEAR o RTIXAMIN T, Dt B g bl S BB, i 3-75 B,
Model:>+OTHER Options> “Add Optical Constants to Report” ( ZEFR 15 FH i1
HEBD Dige IR .

&7 CompleteEASE . . . . . . . . e e e e el |
Measurement | Insitu | Analysis | Haraware | Options |

Data: sinx on si-5 Model: Si with Transparent Film
Fit T 2]
+ FIT Options u
[genee |[ e [ 7o |[ g2t | | OTHER options
MSE = 2.516 Wvl. Range Expansion Fit Increment (eV) = 0.50
Thickness # 1 = 105.48£0.017 hm Try Alternate Models M
A = 1.804+0.00060232 Fit Parameter Uniqueness
B = -0.00032050+0.00034638 Fit Parameter Error Estimation
C = 0.00203+4 444 1E-05 Add Opt. Const. to HTML Report = @ Layer#=1 r
nof Cauchy Film @~ == “ptions
Fit Parameters L
Al T View Fit Stats =

Copy o Clipboard - Formatied

Copy to Clipboard - Table
Gopy Analysis Report to Clipboard Gir-R

Graph Type

ometric (SE) Data

AddtoFitLog coL
60 View Fit Log CHieaitL 300
Psi Advan h Options
Delta
Model
50 200
\ .
& 40 100 §
[s]
IR
30 0
A /,/‘
20 100
300 400 500 600 700 800 900

Wavelength (nm)

[ 3-T4. 7 Fit: [ 7 Bl kA 7 vl 1] ““Copy Analysis Report to Clipboard” B #)Hrik &2
BlH)

3-94 o FESHT 1 - S CompleteEASE #/4-F/t



Sample: sinx on si-5

]
Fit Results Optic:
MSE =2:516 .

Thickness # 1 =105.48£0.017 nm

Optical Constants

1.89] o
S0 a0 50 &0 700 00 e

Experimental and Model Generated Data Fits

K 3-T5. 5 LF BB IEH) 2 Hrik 7

Save Log File & B &304

H—IUH B, PR REAR R4 REUR AL [F . Fit Log s — MREFI 77
FORAAAGR O 2 58 G T A B R . 80T DAL I R J5 ¥R A7 Fit Log (LA
HED , 7E Fit: Itk A, &P “View Fit Log”, #RJ5, 1L+ ‘Save Log’
i, W 3-63 Frn. HEKHRAE, X RA Ny, HEKOREA %
Ho o LA R A (R SO 2 AR L R . BT ITFH &, Bl e gy
“fit° HESHEAF P H T B, iSRRI BRI H ERIEG RS, il
AT 55 A BB SO A RT AT I H &S0

Snapshot &

B —WEERREE TN, BRI R AR, — AW 50T
ISR 45 RARAE K Snapshot CERIE) . Snapshot CHRIED K s 46 4k %L
PSR AR LA BB — AN SESnap™ ¥ B A S0 . IXRE, PRIE ST
DA ORAF B IR, TEFT TR ARIG SRAFORAF IS I JERE A R . BEARAE— > SiNX 2K
PN E 25 50 Snapshot (PRI , A #41¢) sidi Model:> ‘Save Snapshot’
Fiekll. N 3-76 s . 3T Snapshot, W 5 i 1) i <Open Snapshot’$2¢4H .
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€7 CompleteEASE 7
fMeasuremenl r In situ rAna\ysws rHardware r Options ‘
Data: sinx on si-5 Model: Siwith Transparent Film
‘ Open H Save H Info H Set Ranges | ‘ Open || Save H Clear | | Open Snapshot H Save Snapshot ‘
LFLE Layer Commands: Add Delete Save =
[ generate || gx || Fiovac |[ meset | | Include Surface Roughness = OFF
_ +|Layer # 1 = Cauchy Film Thickness # 1 = 105.48 nm (fit)
MSE = 2.516 L
. _ Substrate = SI_JAW r
Thickness #1 = 105.48+0.017 nm Angle Offsel = 0,000
A = 1.804+0.00060232 . MC?DEL o tions.
B =-0.00032050+0.00034638 +FIT O tionps H
C =0.00203+4 444 1E-05 P .
n of Cauchy Film @ 632.8 nm = 1,51 | - CTHER Options
: : Wvl. Range Expansion Fit Increment (eV) = 0.50
<] 1 [ I» Try Alternate Models =
Graph Type ‘ Show Data
Spectroscopic Ellipsometric (SE) Data Zoom A
60
Psi
Delta
Model
50 200
©
B 40 ™ 100 5
o / \_‘.\ 3
ES—
M
30 / / 0
//
20 -100
300 400 500 600 700 800 900
Wavelength (nm)

/&1 3-76. 7 Model: 7% 7 /1 ‘Save Snapshot’ 75 £l RAFIN 5225 R 19 1/
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Section 4.1 Metal

Substrates (4:)@3L)E)

BF I g

o 737 Model
o WvlbyWvl £} 2

o {%7% Optical Constants

R4 Model
B-Spline #4 £} /2 (FE4il)
e Graphing <Pseudo> Transforms

Section 4.2 Self Assembled Monolayer on Au (4 F ) 4135 85y 72D

BlF PRI Zh AR

(ZEME—1E)

o Parameter Uniqueness

o Fixing B-Spline Optical Constants
([E 5 B-Spline Y22 ¥

Section 4.3 Absorbing Thin Films Yt #&(B-SPLINE)

BT T AR

e B-SPLINE 2

o {R1F Model

e Starting Mat = (¥JZaH+ED

e Wvl. Range Expansion Fit
o &F% Graph/Fit Ja
o Zoom AlI(JEK)

Section 4.4 Absorbing Thin Films Wt & (Gen-Osc)

RN 08

o Gen-Osc Layer
e Tauc-Lorentz

o Parameterize Layer
o Cody-Lorentz

CompleteEASE #{4-Ffit
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Section 4.5 Multiple Layer Film Stacks (£ 2 EH#EF)

7 BT T e
e Modifying a Model o Global Fit/Pre-Fit with multiple layers
(B HUEALD (Z R 2 = RS 6D

Section 4.6 Multiple Data Types % ##EA (SE + T & 1T %)

7 T g
e Appending Data o [FIN4UG SE Flig it R A
(&I
e Parameter Unigueness e Graph ScratchPad
(ZEME—H) (ETEAEZD
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4.1. Metal Substrates £E&)E

Bl e K1 Zh g
o {#7F Optical Constants (%% o {#7F Model (f%L)
0O
o 3 —A> Model (%) e B-Spline Z (F:Ait)
o WvlbyWvl Z e Graphing <Pseudo> Transforms

MR, FER(R) e H G2 D EE W HER R BT R
iR, HOLAHE B R K BAR HEARRIFAAR N, R, HAWBIE. &
JRIE ARG W B WA AEIXMIEOLT, S I — DRI R
B OGS . PORILIRAE 3.4 WA UHE . EXADHIT AT A & Jm 3t

JK. BARMHONEIREEIR, b R AN B R L EAE e
JRERRRZ . WEICRAZFEERAE, PrULEATA LOANIRXZE — R, X
TRZHEE)E, 100nm B2 ERBOCH, KA LIE KR &R E

IR I ) 2 BRI

<Pseudo> Transforms fy 2% ot #

FIFF “Au_Substrate” i30T RS B —MRIRIGOL, WE R P KR —
S ORI o SRE0IE 73201 Psi 1 Delta 7T LA H pseudo-substrate
CPRFEJES) LT E 38 nk. “Graph Type” i <Pseudo>
Transforms (PA26252 5 B FHEITE, BinT MA e w2l T, wE
4-1 Fizs. AT L2 EME<n>, <k>, <el>, fll <e2>. i EHFHIE Z M2 T A121E
I B 0L K “Pseudo”optical constants (fAYGAAH D) , X BARB T x4
se N — Rk . REFEFMBEAAE (RMEJLA nm RTZ) , XL
TERANGE T L BRI 4

& <Pseudo> optical constants (P0G 2 HHD M“<>"455, FRENAZ
FERDGSE A, 6 5 EUR B B 00E F T3 BRI B

Graph Type
[| esi B Spectroscopic Ellipsometric (SE) Data

140

'/’r—

{130

120

/ 110

100

/ .

80

Delta

24 70
300 400 500 600 700 800 900

Wavelength (nm)

[I4-1. i Graph Type” % ##<Pseudo> Transforms %/ 7 Pseudo” optical constant
(T4 HIET .
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Au i f1<Pseudo> Transforms 41l 4-2 firn. BUAEEAEH (DRDE¥E
FE) . RAMRETRA R — S, IOy e 5 B i e v U2 i . 3471
WA TEENS AR, BRSO E . AT WA ETZ
KR, XANER WyibyWvl GE—JK) JZF1 B-Spline EAERER) J2

Spectroscopic Ellipsometric (SE) Data
1.8 6.0

<n=>

T L N

-{5.0
- . /////////

0.9

0.6 ><
03 -{2.0

-\"—-‘..__.__,_._.,,.__.—-s..-—-—»v—-\.——-

<k>

<n>

0.0 1.0
300 400 500 600 700 800 900
Wavelength (nm)

[ 4-2. Au 2B 40 #7#9<Pseudo> optical constants (£7#5% %4t

WvIBYyWvVI Layer Z&F—# K

M Basic 3 HFT A “Blank” (%) #A, &Sd“Substrate = none” KN INFE R
FIAEHZE . 7E Advanced H R F“WVIBYyWVI” 2, 1A 4-3 fiis, siiE AL
W+RBEFE, BIERMRTNZ S E 4-4 —FF,

Open Material =
Folder Links: Files:

O Recent Name | Date | Size
(X2 common Additive. mat 713101024 AWM 0 KB
' Advanced Biaxial MAT 1/7109 3:37 PM 0KB
&3 Basic Cauchy_Extended mat 707 11:58 AM 0 KB
33 Dielectric Cauchy_Wvl MAT 4/22/101 158 P 0 KB
3 Examples Coupled mat 5/24/102121PM  0KB
33 Metal EMA-coupled mat 11/4108 9:43 AM 0 KB
33 New Mats Sellmeier mat 8/24/99 430 PM  0KB
33 Semiconductor Uniaxial-Diff MAT 214103136 PM 0 KB

o= (3 Recent Folders Uniaxial MAT 2M303535PM  0KB

o (1] Final Examples User Defined.mat 21110 421 PM 0KB

o (17 James-2010 Data Virtual Substrate. mat 81110 11:29 AM 0 KB

o ([ Tom-2010 Data ByWvi. mat 324108 3:07 PM 0KB

Add Folder Link || Refresh Folders

Fils Name: [WiByw mat
Comment. Wavelength-by-Wavelength fitting of optical constants

Browse For File Cancel

A7 4-3. A Advanced Folder Link 77 #% WvIByWvl.mat X 7%
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@CommeteEASE e S s R e e e e e e ()
Measurement r In situ rAna\ysws rHardware r Options |

Data: Au_Substrate Model: Blank (Blank Starting Model)

| Open H Save H Info. H Set Ranges ‘ | Open H Save H Clear ‘ Open Snapshot H Save Snapshot ‘
[Fie Layer Commands: Add Delete Save =
| cenerwe |[ e || Fioweoc |[ Reset | | Include Surface Roughness = OFF

Substrate = WvIByWWvl =
Init. values: n=1.500 k=0.000 Starting Mat = none 188 Pis.
Fit Opt. Const. = ON
Force E2 Positive = OFF
Show Parms = OFF
Angle Offset = 0.000
+ MODEL Options

- FIT Options =
.GyrannType Show Data
Spectroscopic Ellipsometric (SE) Data Zoom A
1.8 6.0
<n> o
<k>
15 \ -15.0
1.2
4.0
-{3.0
0.6
0.3 —t >< 2.0
0.0 1.0
300 400 500 600 700 800 900
Wavelength (nm)
[ A-8. T /5 7 \WYIBYWVIL A7 7Y,
WvIBYyWvVI JZ LA n= 1.5 Ml K = 0 A¥I4R E. AT, ZXEEAEN TR Bl

A I AR B A ST I 25 R IS SEEGE HE S AR VTR I e 4, B —
MFVIRE RN EER) . X )2, MHABEAK A RBER, Bl dl&n]
R Fa N Rl s IME T RECE L H U “lost” (E5 , Wi A IERT)
N E T B WyIByWvI EHRE IR ZE 3, felf“seed” (GEN) 552
B 2 BT I URAE . A PR v mT DUEIX — 55 ;% A\ “Initial Values”
(WIUR1E ) BY “Starting Material” ¢ FI4EF KD o XX A7, F-ATTAT LAfE
FHi<Pseudo> Transform &3k 45 F“Initial Values” (HJZA1EH) o “<n>[1)75 A

0.2 %) 1.6, Ti<k>JGHEM 1.7 ] 5.8. — NS VIEAEEF R E XA RN
AL BT . T Au B SEEEUEE & TR TEE, BEArr ke
{4 FH “Starting Material” (FJ464 KL o £ WvIBYWVI JZ [1)“Starting Material” |
i, M Metal Folder Link Hik F<“Au MR SC/E . 7 WyIByWvI Z R0
=, Palik’s Handbook (/) B MG W B E Ml ania . IRaTBessinl, N
HHABRMAEZAFMRHIE. AZE, SR FEEARNSE LS
AHHER), FL2 Palik 25| HAEAER . 78 Au b RbrAG R U5 10 B 1
FEE R, B IMENZ W 4-5 Fis.
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Opt. Const. of Au vs. nm
1.8 6.0

ol 1] T
1.2 \\ / 140

e
130
06 )Q
03 — 120
0.0 10
300 400 500 600 700 800 900

nm

& 4-5. Au H9F F Palik’s FHHIE 4

R s ‘Generate’, R2F 3| Palik Au {H 55206 845 1O VLEC S, W& 4-6. 0178,
PRATLAE 2, Palik’s Au Y625 BUANIE BT S 30 7 BB AR s AN IE B . It
Ab, SSZISERE ULE AN 23S, RN Palik Y45 MaRE il A 3 R —
2, H R hmER.

Graph Type Show Data
Spectroscopic Ellipsometric (SE) Data Zoom Al
45 140

e

Psi
Delta
40— Model

_ g
i =
....... 11002

e g0

30 =
180
25 70
300 400 500 600 700 800 900

Wavelength (nm)

K 8-6. /] Palik’s Au {E7™: B FRZE A 265 2 ZIHT Au SEI B HT HE B -

BUE, AdFit GUE) o« WIByWVI 2 R VFREAN K n, K (B2 AR40 R 3R
1555 S0 R 1) B AR DTG . 6 T B — A B OB 1 8 — MR TR R LA
W 4-7 Fiom. BUEE, A7 4 St WIBYWVI 2Rk Somot 22 H 5 i, sl 4-8 Fr
Re BUTE T LMRAFIZABAT L Au Y6228 B R So . fEdkek 2/, Sl
627 % & 2 Graph ScratchPad (TR & /7 8%) .
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@CommeteEASE_:::__:::__:" R R e e e e e e M

Measurement r In situ rAna\ysws rHardware r Options |

Data: Au_Substrate Model: Blank (Blank Starting Model)

| Open H Save H Info. H Set Ranges ‘ | Open H Save H Clear ‘ Open Snapshot H Save Snapshot ‘
[Fie Layer Commands: Add Delete Save =
| cenerwe |[ e || Ao |[ Reset | | Include Surface Roughness = OFF

- Substrate = WvIByWWvl =
Init. values: n=1.500 k=0.000 Starting Mat = m 188 Pts.
Fit Opt. Const. = ON 4 |
Force E2 Positive = OFF
Show Parms = OFF

Angle Offset = 0.000

+ MODEL Options

- FIT Options =

MSE = 1.8508E-11

F%.2

Graph Type Show Data
Spectroscopic Ellipsometric (SE) Data Zoon
45 140

130

42— Psi

Delta /
39l | Model / 120
36 110

"33 100 a
30 - / 90
24 70
300 400 500 600 700 800 900
Wavelength (nm)
B 4-7. /7 \WIBYWVI E7 2 Au 2051945 52
Opt. Const. of WvIByWvl vs. nm
1.8 6.0
15[ TN
k \ -5.0
12
4.0
c 09 =

-{3.0

X
0.3 20

-\—*.___,___.ﬁ._-—-——-——a\d—\p—-
0.0 1.0
300 400 500 600 700 800 900
nm

FI4-8. B AU ZUHE 7721 WYIBYWVI 799852 5 44

B-Spline E#kEs

JE WVIBYW VI JZ 5 T 1 AN ] B I8 SR AT 2 A 80 (E B AN AR AR K 1 e Bk
R B e a2 B, TERE E WA OB S AT AR e 75 A 2 0 51N B 2w 4
i, B 4-8 HIRA AT LAE BILEL) 800nm AL K/NIESR . N TS H B
W, —> B-Spline 2 AT LLIME BRI, Sk B AR WvIBYWVI J2 . AT (747 B-
Spline EI40TY, FEH B FIAE Trh. EARZGI Y, BAVEEL T UE
AT 4 JB JE IR AR, AR5 PRATAZASE T DR SR H o
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7E Basic H 3 F 4T T “Blank A= 8 SR H AR T B W) 45K 4 . 7F Substrate =
“none” AR ZE i 72 (VBL), W1l 4-9 Frox. X5t “Open Material” (4T #1ED
SHEHE. 7F Basic H 3tk $ B-SPLINE AR 4 3F i <Open’ (3THF) . J&
FF B-SPLINE 5, IXFEe ] PAgmi 1.

e ¥ E resolution (4r##%) H0.1eV.

o W H Starting Mat (WJEaHEL Ny Au CRI{E & A B F))

resolution (ZHE%R) & L ACVFL2AH BRI “nodes” 5 £2 )% . nodes 15 4 23 I/C
B0 BT UE R DA AL & BT B S 6 . #TEa M B Sl f kR E, H 2

A AL FE O IR IR 4R rOR 3R s kAR IR AL 2
@CommeteEASE e S s R e e e e e e ()
Measurement r In situ rAna\ysws rHardware r Options |
Data: Au_Substrate Model: Blank (Blank Starting Model)
| Open H Save H Info. H Set Ranges ‘ | Open H Saye H Clear ‘ ‘ Open Snapshot H Save Snapshot ‘
Fit:

Layer Commands: Add Delete Save
| Generale |‘ Fit Dynamic H Reset ‘ Include Surface Roughness = OFF
[Substrate = fEITY
Angle Offset = 0.000
+ MODEL Options
+ FIT Options
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

F%.2

Graph Type Show Data
Spectroscopic Ellipsometric (SE) Data Zoom A
45 140
42 Psi 130
Delta /
39 / 120
36 110
— =
& 3

33 100

30 — / 90
27 y 80

24 70
300 400 500 600 700 800 900
Wavelength (nm)

A1 4-9. JH“Blank” #EZH 745X/ Au_substrate 7 50457 9r.

PR, AR E . A RSSO RIE S, WA 4-10,
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T oo EEESE

Measurement | In situ | Analysis | Hardware | Options |

Data: Au_Subsirate

Model: Blank (Blank Starting Model)

[Coven ][ sae |[ i |[ setRanges |

[_osen ][ saw |[ ciear ] Open Snapshot || Save Snapshot |

Fit:

‘ Generate “ Fit Dynamic H Reset ‘

Layer Commands: Add Delete Save |
Include Surface Roughness = OFF

MSE = 1.040

- Substrate = B-Spline
Init. values: n=1.500 k =0.000 Starting Mat = @
Resolution (eV) = 0.100 19 Pis. (1.388-3.250 V) Draw Node Gra
Fit Opt. Const. = ON I
Use KK Mode = OFF

Query remote system for Opt. Const. = OFF
Show Advanced Options = OFF o

< Il [ v

Graph Type ShowData_|
Spectroscopic Ellipsometric (SE) Data
45 140
42— Psi 130
Delta /
3gf [Model / 120
36 110
o £
i =
o [
33 / 100
30 _«,>< 90
27 80
24 70
300 400 500 600 700 800 900

Wavelength (nm)

A74-10. 1#/1 B-Spline E# & “Au_Substrate” (7

£ Substrate = “B-SPLINE” I [ 147 7 716 $%:“Graph Layer Optical Constants”>k

W E R, W 4-

11 fn. EE R 4-12 Frosit spline (FE2%) A1,

7£ B-Spline Z 9 st ‘Draw Node Graph®. £I (4RI Z% 2 i1 2 2 B-Spline #l& 5 IR

AR AL (el

Ale2) , ANELEN% spline (FEZE) [ i [FIN B o

£7 CompleteEASE

Measurement | Insitu [ Analysis | Hardware

Options

Data: Au_Subsirate

Model: Blank (Blank Starting Model)

Lo |oem ] | omrmn |

‘ Open H Save H Clear ‘ Open Snapshot H Save Snapshot

Fit:

‘ Generate “ Fit Dynamic H Reset ‘

Layer Commands: Add Delete Save |
Include Surface Roughness = OFF

MSE = 1.040

-[Bubstrate = EEIa0S
Init. values: n=1.500 k =0.000 Starting Mat = Au
Resolution (eV) =0.100 19 Pis. (1.388-3.250 V) Draw Node Gra
Fit Opt. Const. = ON —
Use KK Mode = OFF

Query remote system for Opt. Const. = OFF
Show Advanced Options = OFF o

gl 0 Dl |

Graph Type Show Data
Opt. Const. of B-Spline vs. nm
1.8 6.0
n
1.5 —i i \ 5.0
1.2
-14.0
c 09 ~
-13.0
i >
0.3 — 2.0
—
0.0 1.0
300 400 500 600 700 800 900
nm

B 4-11. “Au_Substrate” [#] B-Spline 7 & 414+

CompleteEASE #{4-Ffit
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Spline Opt. Const. vs. eV

0 o8 e--0--0-l0 00 o 7.0
7
Spline e1 o s e P
Spline e2 o -4
-10 P e ‘ -
. ‘." -15.0
s ;
3 20 i 409
™
' 130
-30 ~
g v 120
. by
40 : T 1.0
1.0 15 20 25 3.0 3.5
eV

AF4-12. 0.1eV resolution (##F) f7Spline (#4¢) 4474 Au_Substrate 777

RS2 T, KOG $UK 2 4 2 Graph ScratchPad (EIFEE fE4%) d1. 5
WVIBYWVI L& K 145 FAH LG, FRATS BB Eg fe 22w 2, Wk 4-13 Ais.

1.8

Opt. Const. of WvIByWvl vs. nm

1.5

~—

A\

n, WvIByWvl

1.2

= 09

n, B-Spline (0.1eV Nodes)

0.6

\

A

0.3

T~

\

0.0
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nm

700
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& 4-13. EH WVIBYWVI 77 B-Spline S/ & 73 ZIHI T4 H 4R H 13,

900

ERN—A %21, %% Spline resolution (FEZ5#E%) B RKEUE/NFIME, JHE
HilA. PIARFEG 2?2 ] U{EH Graph ScratchPad (B8 47 4%)

K ELEL

Save

Hoh 45 B R, A model (BEAY) A5 L5 ) Save SRARATF 46w 5. X
VAT TR 6 BOIEHE, W& 4-14 Fios . 3484514 1) “Tabulated” (£ F1)
dl. N5, EREE LRSS . AR, 80K A EE
H1) nk R PR AR AR A A
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Save Layer Optical Constants
Save Type

|Substrate = B-Spline
Dizpersion Parms.

Tahulated

Cancel

/& 4-14. Save Layer Optical Constants (R7ZZHm40) X iFHE

Save Layer Optical Constants fREFENRFEE

sesh, AT E (AT 2 “B-Spline™)  Filbs A o th A] DL EL 4 (R A7 2
PG 2SR 4-15 Fos . sl LIS, FH P K iy i) & 75 22
R ZEARDEER S (AT EEFEEIOMENED » sek IR R
AR ERDESAHBER S

€5 CompleleERSE 7 i o o) B
Measurement | Insitu | Analysis rHamware ’/Oplmns‘
Data: Au_Substrate Model: Blank (Blank Starting Model)

\ Qpen H Save || SetRanges \ \ Open H Saye H Clear \ Open Snapshot H Save Snapshot \
At Layer Commands: Add Delete Save =
| generste || Bt || finenc || Reset | | Include Surface Roughness = OFF

_ -Substrate = E- @
MSE = 0.685 Init. valug crapn Layer optical constams tarting Mat = Au r
Resoluti¢ Rename Layer and Fit Parameters |,388-3.250 eV) Draw Node Graph
Fit Opt. { Save Layer Optical Constants
Use KK [ Faramsterize Layer H
QUi View Layer Comment nst. = OFF
Show Ad Convert To EMA
Convert To |
Angle Offse Grade Layer =
Graph Type Show Data ||
Opt. Const. of B-Spline vs. nm Zoom Al
1.8 6.0
n
1.5 —i " \ 5.0
1.2
\ 4.0
= 0.9 ~
-3.0
) ><
0.3 — 2.0
0.0 1.0
300 400 500 600 700 800 900
nm

A A-15. 7E/ZHIE F L B A i A T F 5 1 FE“Save Layer Optical Constants” (17
TFHF D
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Sawve Layer Optical Constants

Choose the format for saving the layer's optical constants:

| Farameterized H Tahulated H Cancel ‘

K 4-16. EFERIIES I FHH TR AEXT W5 H KNI RTNIF H

Au Substrate Model &3ER
XF—ANE RE S B A AT AT AL 5 AL AT DUORAE I S A A o AR FRATTA X
M EFEAEA AT WERESME &3 AL USRI &E, — AN e hl A
KA BT o it () o TN, ARSI AN I E .

o XM FHILRAERIEEE . CZATHIPERD KB AL B-SPLINE 111

SEME AT (£ .

o HEIRESHE n Ak (FHfRHE N layer # “0” ) .
il Model: CHIBR) 77 Save’ (fRAF) #2HL, Ke i & B8 LR 17 9 “metal
substrate example”. W1 4-17 iz,

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
-|Substrate = B-Spline
Init. values: n=1.500 k =0.000 Starting Mat = au_test
Resolution (V) = 0.100 19 Pts. (1.388-3.250 eV) Draw Node Graph
Fit Opt. Const. = ON
Use KK Mode = OFF
Show Advanced Options = OFF
Angle Offset = 0.000
+ MODEL Options
- FIT Options
Perform Thickness Pre-Fit = QFF
Use Global Fit = QFF
Fit Weight = N.C.S
Limit Wwl. for Fit = OFF
- Include Derived Parameters = QN
Add Derived Parameter
1. Type =n Layer# = @ Wavelength = 632.8 nm Name = n of B-Spline @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000
2. Type =k Layer #=0 Wavelength = 632.8 nm Name = k of B-Spline @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000
+ OTHER Options
Configur ion

Turn Off All Fit Parameters

K411, (717 Au B LU (87
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4.2. Self Assembled Monolayer on Au ¢ kis 437

A4 I Zh e
e Parameter Uniqueness o Fixing B-Spline Optical Constants
(ZHE—1) ([ 52 B-Spline J&:2% 5 %0

XA A T A1 Au SRR . Rk, A2 S XA T RTR T e
W ALRIP . AT WIS IR AR TR ), T F“Au_substrate” 54
I 5 fite TS fit Tyksek, MAEE 41 TP ER.

Self-Assembled Monolayers B 43847

HARRIS T (SAMs) W, R0 T RAMINANEZR. Bk, fb
M—MEEEH/N T 10nm, T 1-2nm. JGTE A A Hill i 311 Delta 2
e GRAZAE RO X 5 EEARH R ARTT, O3 A e R B2 3 A 5 e
RIEFRE GUE) M. ATMERIEE, 2 RTGEEE. DR
JEREHE S 10-20nm i, SETEA R AR ER 1B S BURSE, I R gk, —
ANE TR N BRI SRR, RO R BRI S . X TR
(PR, o T AT B, AR AR A2 R 7 S R [ 5 TR ok X T e
R, XA AL AT BE AN SR FLSEHY), SAMs B AT AT e PRI, PR e fd H
Z AN A I LU B S Y o

FTFF“Organic on Au % X, SRJ5 s diGenerate’ s H LK 4-18 FosETE .
RER A i R 2R R BRI, BRI RE Au 2RISR, 3 & 3 Delta
WARETT A — M8 (FEFTE K D) o REH-ADRIMEZEWFE. —D
BRI (Delta) #3h3 BIFE 4K M A 55 1) .

Spectroscopic Data (SE) Data
45— 140

42 Model /./,4-1-"“'""—_ ......... 130
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& 4-18. “Organic on Au” #1758 AU FRZE = 4E HIEHE2 JEIHTH B 7 B 2B 3R Z HIR
i B HH Delta 721 7 1 B — TS, BRI /51

i Model:>Add KA IN—ANHr 22 b, KR 2 Au R TR
s, BPRESIN)Z. £ Basic B3k Fik#f Cauchy (F[FE) Jz=, #AJ5 fiidi‘Open’s.
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Cauchy (FIPH) = HIERIME 5 — MWL Z P i G2 BB L . B,
PATEEE Cauchy (RITH) R HEL M ARKBEMEA fit (UE) 4.

FEREERT, [E5E Au Db W o AR W B MRS Au 627 # 4L
N Fit 35, B4 Au DA BT EL BA T A SR

R T ik Au B E E NS, 5L To prevent the Au substrate optical
constants from fitting, make sure to do the following:

e 1 B-Spline layer (/2) HUK“Fit Opt. Const.” & A OFF , #11&d 4-19 fiiis.
e i\ Global Fit & & 4 off.

?‘ Log Out

Model: metal substrate example

| Open | | Save ‘ | Clear |

Layer Commands: Add Delete Save —
Include Surface Roughness = OFF
Layer # 1 = Cauchy Thickness # 1 = 0.00 nm C
-[Substrate = B-Spline

Init. walues: n=1.500 k=0.000 Starting Mat = au_test

Resolution (e%) = 0.100 12 Pts. (1.380-3.250 V) Draw Node Graph
Fit Opt. Const. =

Use KK Mode = OFF

Show Advanced Options = OFF

£4-19. “Fit Opt. Const.” B X OFF, (R Au #9785 B[ = g e b 5 i B A3

+

¥ Cauchy (179D ZHEREE N Fit 24 Gl S BARHEE) o i eFit,
RRNE LR 7.48nm (RS . MRIRB R —DARKEE, St
H5 2 AT & 15 IR e 22 W B A 223 .

Parameter Uniqueness S¥m:—i:

WATE R X — 455, o~ CompleteEASE Ha] 35 B W Ul & e — ML Th B .
7£ Model: HHFERS, &I OTHER Options. 7EATi 4, i Parameter
Uniqueness 4. 5 Zl LA S EOEFERHEHE L. fEABIH, FRATRMU
A TR, ArLlisF Thickness #1, WK 4-20 Fizs,

CompleteEASE Parameter Unigqueness Fit 4

Select a parametar:

|Thickness #1 |V|

K] 8-20. L FF mm ZEM i E— 1 22

BE, WREEHA“Minimum value” (/ME) , “Maximum value” (& K{H)
Fl# of fit points” (FNA SHD o XL T UMY . e/ IME R KA
Z [ IS HX B F N s S 0 o AR S R g . SRS, (I S50k
%17 9 Thickness #1) AN A [ @ (B R AT EE L& . 3R 5A> MSE {E¥ H
KAEHE.
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EXABFr, B X Minimum Value (F/MED A 2.5nm, Maximum Value
(BRAED 4 15nm, & s %0k 1000 G 4-21 Fios . IRES1F 2 — AN EEE R

There are no other fit parameters defined (&5 HAh#l &S %05 0O 40 Figure

4-22 Fi7R o IXANEA M, WK kS T, 7E Cauchy (Rfit) 2 & REHAR

WHITE L™ MSE B35 H %3RS, anid 4-23.

Parm. Uniqueness Fit Settings ;

Minimurm Value: |2,

# of fit points:

Currentvalue for Thickness #1 =

25
Magimum Yalue: (15
100j

746

A74-21.

(ZHHE—1) WiH) i B

CompleteEASE

® There are no fit parameters defined

Figure 4-22. 1R ZHGEME— MG 28, B F7 (7 BB . X1 2RA G
BN EEFE, XWX — AL ZH T MSE 7T/ 7T L7

€7 CompleteEASE -

Measurement | In situ | Analysis | Hardware | Options.

Data: Organic on Au

Lo |[gen ] e | o |

Fit:

[ generate ][ Et_|[ FiDmanic |[ Rest |

MSE = 2.658
Thickness # 1 = 7.46+0.019 nm

Model: Au Subsirate (Blank Starting Model)

Comm [ oen ][ ous |

Open Snapshet Save Snapshat

Limit W, for Fit = OFF

Limit Angles for Fit = OFF

Max. Acceptable MSE = 100.000

Include Derived Parameters = OFF
- OTHER Options

Wvl. Range Expansion Fit Increment (eV) = 0.50 [

Try Alternate Models

AN LT ( 2nd Parm to Graph: NONE ) T

Fit Parameter Error Estimation
Add Opt. Const. to HTML Report = OFF

Graph Type

Parameter Uniqueness Fit

80
MSE
60
@ 40
20
0
0 3 6 9 12 15

Thickness # 1

K 8-23. 20 B ERS, AU _L B RN S — i T MSE. 2 18T

7t graph X3 sS4, K MSE 3 T £ &2 17 2] Graph ScratchPad #. PA&#
AU EE T — S LA MSE 2k .

PR R, F Cauchy(FI78)Z1 A. B Fl C SHE NIASH. EMHRENKE
R Thickness #1 [¥) Parameter Uniqueness (S¥MeE—) . iX—&, 45585

CompleteEASE #{4-Ffit
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WE 4-24 FioR. $ix 45 R IN3] Graph ScratchPad 1, X5 view (BE)
ScratchPad K ECELP AR, & 4-25.

€7 CompleteEASE ' : e e

Measurement | In situ | Analysis | Hardware | Options

Data: Organic on Au

Model: Au Substrate (Blank Starting Model)

Open Snapshet Save Snapshot

Fit:

P e

MSE = 2.658
Thickness # 1 = 7.46+0.019 nm

Include Derived Parameters = OFF
- OTHER Options

Wvl. Range Expansion Fit Increment (eV) = 0.50
Try Alternate Models
(2nd Parm to Graph: NONE )
Fit Parameter Error Estimation
Add Opt. Const. to HTML Report = OFF

Configure Options

Turn Off All Fit Parameters

Graph Type

Show Data

25

Parameter Uniqueness Fit

Zoom Al

MSE
20

Thickness # 1

K 4-24. 2378119 Cauchy ZEUERE L LTI EAEIT, JR/ZHE— £ 109 MSE 2 IET

&2 completeEASE Graph Scratchpa

Graph | zndY

Curve Name

MSE - thickness anly

Color | style
vl ] n
[v] W] 1

MSE - thickness and Cauchy parameters

Zoom All

| Edit Selected Curve(s) | | Delete Selected Curve(s) | | Delete All Curves
T Parameter UnlquenessFlt
80 | | |
MSE - thickness only
60| MSE - thickness and Cauchy parameters e
N /
» 40 ™ -

Thickness # 1

& 4-25. # Graph ScratchPad 77 1L £ 51 i — 1009 MSE 21T
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4.3. Absorbing Thin Films IR (B-SPLINE)

B HThRR
e B-SPLINE Z e Wvl. Range Expansion Fit
BKEEYT BUE
e Starting Mat = #J4a#1 KR} e Selecting a Graph/Fit Range
R B AT E
o {#£77 Model (%) e Zoom All (LK)

L AR LR, SO SE W& BHE i . X R FONEN R, X
K I R (nk) FEREREHI . T IR R 4
i@, CompleteEASE 5|\ T — R IR ZRAL: “B-Spline” /= 7] LLR I I
A FE R nk, “Gen-Osc™ Rl LAZ IArE 3R Hi 2L 24K . B-Spline JZ24¢
XA TR, T Gen-Osc ¥4 48 R 9] 7 i B

B-Spline Jz 32 FILEF 73 M & KB L 57 I 2 A R WAL A R ot B BB e 56—
T A5 RT LA AER T B o 3 5 18 JLAM1 7 SR R 4 -

e a-Si, a-Ge, a-SiGe e SiC
e 7ZnS, ZnSe o TiO,

e K4y organics CHHLY) , w1 polyimide,
PEDOT, P2VP, Alg3, P3HT, photoresists %5

e Diamond-like carbon (DLC)

Identifying an Absorbing Film B 5]—A g i &

M EXAMPLES S 324147 J7SiC on Si”¥#fs . i B4 & Psi Al Delta 147 % (&

4-26) /2 15 5 TAVIEIE PG 7 B B —FF o X Le4R 5 2 I T2 1] S 25 1)
5 A 2 e MBS (1 JER 08 S TR S IR SR RO AE B0 2 8 . R R, R
ZIRGH H I
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Spectroscopic Ellipsometric (SE) Data
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/1 4-26. SIiC J7E Silicon FIE(# . #0H 7 HIR 57 W8 IRTE (R K LLaZ W], TTAERTHEIC
HIIRZ Wafs T EEZE BT OV IR 77 1

ARV T IATEE I E B IR, IR M Bl A A P AR T el )
e — MM GIE R A Ve . RGHOHER, KU RENS 7% MRk [0 3R 1
G, TS 2R SAGFb . XAESE 4-27. 9 1 R
R SIC HBEEL, FRATTHE ZE AR ST BE A KA R I X8 SO A e K
WAL X 2k

\/

\/
N

R 4-27. 278 7] LU S A MG B TR RAT I (206D AR HIH = 1B -
LIRIEHERANG, (K T (D HIEA ST

Si with Absorbing Film Si kWil

PILE, 7E BASIC S J2 44T JFSi with Absorbing Film™ #5843 S 7 Fit. 4555
WK 4-28 Frr. EEEMERDGFHE, EARE R “B-Spline” 2 F A8 rid
(“BR)H £ F¥“Graph Layer Optical Constants”. Y224 (IX & SiC 2
WHD ME R 4-29 Fron. TEK K (A>600nm) I AR 1252 B 11

(k~0) , TEFLPE K EIRBOE BN, MNP R (n-a i) hpERK
PNTTAE K
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& CompleteEASE i
Measurement In situ | Analysis rHardware ’/ODUOHS‘

Data: SiC on Si Model: Si with Absorbing Film

‘ Open H Save || SetRanges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot
[ Layer Commands: Add Delete Save =
‘ Generale |‘ Fit Dynamic H Reset | Include Surface Roughness = ON Roughness = 7.76 nm (fit)

+|Layer# 1 = B-Spline Thickness #1 = 511.71 nm (fit)
Substrate = SI_JAW

Angle Offset = 0.000

+ MODEL Options

+ FIT Options

+ OTHER Options

Configure Options =
Turn Off All Fit Parameters =]

MSE = 4.454

Roughness = 7.76+0.044 nm
Thickness # 1 = 511.71£0.350 nm

n of B-Spline @ 632.8 nm = 2.63302
k of B-Spline @ 632.8 nm = 0.00424

Graph Type Show Data ||

Spectroscopic Ellipsometric (SE) Data Zoom Al
18 300

13— Eiina ™ ’//\ /A
e N N
9 ) f/ / /& .;j % v—-”"/ 100
LA /

Delta

4 |

0 100
300 400 500 600 700 800 900
Wavelength (nm)

/& 4-28. {#/# Si with Absorbing Film #4297/ 4 SiC on Si £(#7.

Opt. Const. of B-Spline vs. nm
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The “B-Spline” &

“Si with Absorbing Film”#8! [1) 1% B 4 & 4-30 5 miii“Layer #17 5314 <+ 0] LA
JEFF<B-Spline”/Z. B-Spline ifiid 15 & %5 photon energy (eV) Ot TREE) [HFE
S AL SRR AN R B EE R FE S A DE) R E Ix
“Resolution (eV) =" B LI, MFTGi e Bl E i sepryzhl S G . i@
X HEAE spline (FEZ%) IR Gl SFIALETIEE 0. 5 1 fEE 2 sl i
HAE) Ml A 2R A

Layer Commands: Add Delete Save
Include Surface Roughness = ON Roughness = 7.76 nm (fit)
Layer # 1 = B-Spline Thickness # 1 = 511.71 nm (fit)
Init. values: n=2.503 k = 0.083 Starting Mat = none
Resolution (eV) = 0.300 7 Pts. (1.388-3.250 eV) Draw Node Graph
Fit Opt. Const. = ON
Use KK Mode = OFF
Query remote system for Opt. Const. = OFF
Show Advanced Options = OFF
Substrate = SI_JAW
Angle Offset = 0.000
+ MODEL Options
- FIT Options
+ Perform Thickness Pre-Fit = ON
BUse Global Fit = ON
# of Data Points = 20 # of Iterations = 5
Parm #1 = Spline Layer n
Min. =1.300 Max. =5.000 # Guesses = 20
Parm #2 = Spline Layer k
Min. =0.000 Max. = 0.500 # Guesses =3
Parm #3 = (none)
Include Wvl. Range Expansion Fits = ON
Limit Wvl. for Fit= ON Range = 600.0 nm - 5000.0 nm
Fit Weight = N,C.S
Limit Wl. for Fit = OFF
Limit Angles for Fit = OFF
Max. Acceptable MSE = 100.000
- Include Derived Parameters = ON
Add Derived Parameter
1: Type = n Layer# =1 Wavelength = 632.8 nm Name = n of B-Spline @ 632.8 nm
Low Spec. =0.000 High Spec. = 0.000
2: Type =k Layer #=1 Wavelength = 632.8 nm Name = k of B-Spline @ 632.8 nm
Low Spec. =0.000 High Spec. = 0.000
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

/& 4-30. “Si with Absorbing Film " %7 i & .

fii“Draw Node Graph”, E/nin& 4-31 fis K. XAKIEER T spline £
WA AL E . B-Spline B2XT N I i e = g1 +ig, = (n + iK)? B TAE, #
WEVEel & e2”. Firp—dH4H) A CRIAIEH spline fiZk) FFHRE M <el”,
G ) S R R <e2” . /NI “Resolution” (333D {EK 48 inds
i, AT CATE R M B VR R A R SO AN AE . SR, BB RS
HER 2 5] N[ e BT 1 (1A fL BB AR A O AR B RRAE
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Spline Opt. Const. vs. eV
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Spline e1 .
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/& 4-31. B-Spline M FH “el & e2”, ST eN [HHENT “control points” (FE#)5)
(A ERIRE S (7E.

AW TT 2018654 B-Spline J2 B4z | ffH -
1 midicn ="R/elk =" DI, R ARSI Bl P9 P A A4 ) i L

RAHE
2. miili“Starting Mat =" R4 E IIRBLSCHE, TR0k SR FE IR
R GRb e (NI

“Si with Absorbing Film™ 54 i ffi F 55 —rh 777 FF 455 “Global Fit” (&R &)
PRSI Z I n A KAEKIEE .  “Use Global Fit”#54> & 4-30 fiix, €. n
7E 1.3 -5JEFEMNM 20 ME, k7E0-0.5 WK 3 /ME.

*: Global Fit & — B IEAR, WRIRE —DNEF DGR BTSN, R0Z % H
B fEXM T, LI % automated” (H3) recipe (AbJ7) M52 K&K
[ - HRp ) A2 AL B 22 FEE AR BT

£ B-Spline 1, “Fit Opt. Const.” ({UE 6 EHO LT VEFH P 4T B BA
SEH spline MALG 55 Fik, — AWK £HE H B-Spline #1528 J5“Fit
Opt. Const.” 7] LLYJH Ny OFF K[l 58 1% )2 1115/t 2 5 $ LU SR 20 Wi

R BEESEHHE, Global Fit #7538 A off |

7t B-Spline )=, “Use KK mode”s& — AN giit Hik, wLMEL R el Fl
e2spline Hh£E {#+F Kramers-Kronig —#it. 24bIhat ON (JFJE) . HEHE
Yol & physical shape (WJEEFLIR) -IXAR T AT ORI 25 SUE I
LRt — I ORIIE . LD RE WA G S B8, BFEA R e2 il B
spline A HEAR, MYHE LA el £t Kramers-Kronig < R it H 5K . B-
Spline JZ H1 & 41 1] “Advanced Options™ 4 7E 5 10 17 HRUA .
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Wavelength Range Expansion (WVL-EXPAND) Fit
B RS

“Si with Absorbing Film”7E %% Global Fit i f# Ff} Wavelength Range Expansion
(WVL-EXPAND) fit (K RBAE) . XEEREEM—TT 0. \, i3]k
13577 WVL-EXPAND ) TAFFEE . WVL-EXPAND fit () JE 2, AHxF T84
MR, — MR DR RCE B K1 TAE . A LR — MR
T, FREATEE R MK FIEHmAELIMTE R, ik, XTHRK
WK, fE4E Cauchy (RPE) 2%, {H Cauchy HASE AT T AW IS H Rk
B-SPLINE Jz ] LA A T AF 7237 B AN X 35, R 7E 3 BH DX SR B E ] 4
SEKG . BWHXIRE LA S MM, RO RGP R T E e .

Range-Selecting Wavelengths J K8 FHEFE

FEPAT > WVL-EXPAND fit R KY JRINGD , BATHE Ja i Z 2 >y anf
W — MR E B TE [ 88 74 . IX7E CompleteEASE " aEH i #. 5%,
e —ME B Bt 7 s I, RN B 7 (BL) FFHZ AL AR %

B ) T B 0 B 21 5 — S i n A e AR BRI E B IR Y graph — M)
AL, AR ARERERARK (EEY RIRAERE HRREERK) .

VER—ANERST, AT R SO IR 2l 51

1. RPREFP TG 600-700nm (1] 4-32)..

- o
[ easurement RPN Harmwars | Optons |
Data: SiC on Si Model: Siwith Absorbing Film
Laren | ee ] oo | oetmomes ] | [omen oo ] [Loen ]
Fit Incluce Surface Roughness = ON Roughness = 7.76 hm (fif) B
-lLayer # 1 = B-Spline  Thickness # 1 = 511.71 nm (fit) —
Generate Init. values: n=3.056 k=0083 Starting Mat = none L
WSE = 4 454 Resolution (e¥) =0.300 7 Pts. (1.388-3.250 &V) |
_ Fit Opt. Canst. = Ok
Roughness = 7.7620.044 nm Use KK Mode = OFF
s f'_' 7’—‘ A 6 ?V* Thickness # 1= 5117120 350 nm e
éE%j Flgj f}@ﬂ/‘/ (24 n of B-Spline @ 622.6 nm = 2633 Show Advanced Options = OFF
Substrate = SI_JAW
> V.74 A vy A k of B-Spline @ 632.8 nm = 0.004 =
f_,[, /ﬁ-ff:@ﬁjﬂé}‘ 7 Angle Offset = 0 000
P o o L +MODEL Options |
2 : ~
O X T e
Vit [ S
19 KT .
Spectroscopic Data (SE) Data
18 j 300
Psi
15 Delta 200
12 Model ]
| P i
&9 et 1100 F
| s o
~
® |
-0
3 LA
0 - | 100
300 400 500 600 700 800 900
nm

[ 4-32. FEFENE A 600 £/700nm Z /H] .

2. EFE 600nm K LI EPEAKTERE . MEDX— A, BAsE S E YT R AL E O
(3fx 600nm KD AR5 HE ) bR I R B AL 1 ok & 9 P KR (B
e 4-33).
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&8 completeEASE

Measurement (T Hardware | Options

Model: Siwith Absorbing Film

Cown | Come JLowa |

Data: SiC on Si

T ] Lo ] | o |
Fit:

Lo Lo =
MSE = 4.454

Roughness = 7.76:0 044 nm
Thickness # 1 = 511,710 350 nm
n of B-Spline @ 632.8 nm = 2.633
k of B-Spline @ 632.6 nm = 0.004

Includle Surface Rolighness = ON Reughness = 7.76 hm (fit)

Fit Opt. Const. = QN
Use KK Made = OFF
Show Advanced Optians = OFF.

-[Cayer # 1 = B-Spine Thickness # 1 = 511,71 nm (it)
Init. values: n=3.058 k = 0.083 Starting Mat = none
Resolution (8V) = 0.300 7 Pts. (1.388-3.250 ev) DE X NeTery

| D

Subsirate = SL_JAW

Angle Offset = 0.000
+MODEL Options

Graph Type

Spectroscopic Data (SE) Data

640 660
nm

K e 4-33. 7824 i e K91 [ B K 0 K X 4 Expanding the current wavelength range to

longer region.

3. e, EEEAMKIEE . 5E RO AN B R AT UGS R bR graph ()75 45
A4 Gtk sy graph iR B Zoom AlVH4H . (K 4-34).

Generate Fit Reset

&R CompleteEASE . . e o' X
Measurement Hardware | Options
Data: SiC on Si Model: Si with Absorbing Film
] e e o] | o e o]
Fit Wiclde Surface Roughness = ON Roughness = 7.76 Am (i)

MSE = 4 454

Roughness = 7.76+0.044 nm
Thickness # 1 = §11.71£0.350 nm
N of B-Spline @ 632.8 nm = 2.633
k of B-Spline @ 632.8 nm = 0.004

Fit Opt. Const. = ON.
Use KK Matie = OFF
Show Advanced Options = OFF

-Layer # 1 = B-Spline Thickness # 1 = 811.71 nm (fit)
Init. values: n=3.058 k= 0083 Starting Mat = none

Resolution (e¥) = 0.300 7 Pts. (1.388-3.290 V) IENNINPTEREI STl

ol °

Substrate = SI_JAW

Angle Offset = 0.000
+MODEL Options
EIT Aints

[l

Graph Type

Spectroscopic Data (SE) Data

nm

16 . e |
Model AN i o
_ B \,\ - \\‘\ = i o 2
n - < i =
7 . 1> i 0
12 e > j/ =
10 > / o
8 " 1100
550 600 750 800 850 900

A 4-34. 7 Zoom All” FEkFFEA K,

BAE, 1EFRATTEE) WVL EXPAND fit JEa Al o XA fit TAEAERRE B BR ik
Kya b CHAP®EE , FIAMEEE, REZD KK B KB
B, EEBMBIEEWIEG. AN KEE EAEBEIIT.

)

FHMAT > WYL EXPAND fit CHKHTRILA) , 10 Lk 5 F e
WK KB, 4R # Model TR 2 19+OTHER Options>WVL. Range

Expansion Fit

CompleteEASE #{4-Ffit
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7t B-SPLINE E#fEH WVL-EXPAND Fit (KK EBHE)

7f B-SPLINE 2 WVL-EXPAND fit TAEMIIREF. M3 KIEEY K, spline (1
P SR A E B AN, DAVCECHT sk Kva . A A AL (A 4 b 4]
Watk, B RIS LIRS M EEE . WY R A 5 Global Fitting CRE7E
TR, R E R WVL-EXPAND fit 2 IE A58 K ThRE .

#4 Global Fits £2F#l4 ¥ WVL-EXPAND Fitting ##
¥ RME

WVL-EXPAND fit 7] LAt Global Fit BEAAH A . 4iXNMETE N“ON”, WVL-
EXPAND fit %} & —> global fit 22 iA@HATI & . KL, BANESepiie
E—EMVEEN, REHY REFTAREKERE. e MEGEREYT BUE T
MSE #E47 ELEBOR i 2 WS 45 RV S 18 Bl o BT 2 SR 0 I o () e A 0L 6 e 4
e

- FIT Options
+ Perform Thickness Pre-Fit = ON
- Use Global Fit = ON
# of Data Points = 20 # of lterations = 5

Parm #1 = Spline Layer n
Min. =1.300 Max. = 5.000 # Guesses =20

Parm #2 = Spline Layer k
Min. =0.000 Max. = 0.500 # Guesses =3
Parm #3 = (none)
Include Wvl. Range Expansion Fits = ON
Limit Whvl. for Fit= ON Range = 600.0 nm - 5000.0 nm
Fit Weight = N.C.S
Limit Wvl. for Fit = OFF
Binclude Derived Parameters = ON

/& 4-35. 1# /7 B-Spline /& #9449 Global Fit #7Wavelength Range Expansion Fit
regions (EKY MG X))

2 WVL-EXPAND fit & B N“ON”Ff, & 4-35 f 7R T 440 a] & I,

Limit Wvl Range for Fit JR#IEKHEHE

R P B KV, X ANEIUN 1% B N (OFF), G Sl Ak A it it Ky [

M2 B o E N (ON) . EHEAGIL T, 1E H BNEA X AN 1% TN 1% B 4 (ON),
RN EANESR PR e WG E . AR, MR — AN DA e 0 B A BRI 4G
ARG, TR e BN OFF,
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CompleteEASE #/4-F/t



Wvl. Expansion Wvl. Range

*“Limit Wvl. Range for Fit” & A“ONHf, XA EFSEH T WVL-EXPAND
fit IV aR IR K TE . IR TG B A F

A WVL-EXPAND fit ] Global fit /& — AN JEH 5@ KR EEE 2 HrE2:, 7 “H
)7 SATIEETZ IR . M ERE BT R, DU e R
HIF TG .

o I#&<Spline Layer n”f1*Spline Layer k7t [l 118 LAIZIE 44 SOG4 # .

o XNTREMME (AP EFLZIRY) , TREH L EEIH
Guesses”; 5 i vl DL B0 (4 Guesses”, OB 20 BU4E 43 A i
8],

o X TR (<100 nm) , WVL-EXPAND Fit N i% & A L E,

o XMTAREEMMEE (G1-250K) , EWREHERE M EARNL
TV PRI P g e 1 PR 1 V8 ] 10 ' 1 9 Bl D

o KBAEZNEEEHENMME GFEWRBEEEIY) , “Perform Thickness
Pre-Fit”i% i . 1% & N ON.

o fEJT4f global fit /i, HHRATA AR SEEB AR = (Flkn,
REMMEEZ O S MG, YR ENIZEIEE) .
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4.4, Absorbing Thin Films Bt#EE (Gen-Osc) @A
?

A5 B Th B
e Gen-Osc 2 e Parameterize (Z¥0) 2
e Tauc-Lorentz o Cody-Lorentz

TERTTHIIBFop, RATA4H T M B-Spline J2 70 M W i LR 2 . 53— 1T 1A
MS7eC L B-Spline Jy 4G AR I T WS A /2 Gen-Osc (il IR
T - Gen-Osc i X WS I AR A IR EAT AL . XMl 73878 1 Gen-Osc
JZ B S o

Parameterize Layer ZE{LE

XTFARZ R, 8 A <Si with Absorbing Film #E#4D & 75 2 /) B-Spline Y54
e a 2. B-Spline iT DURIELEX MK Foasa 8 “okis” , (e
AR RIEENTZY ) (B Kramers-Kronig —%0) . B4k, B-Spline /2 7%
WZMMAESH (CAEMERSEE) , X SEEERE . — B
i/ B-Spline JZ2Hi & 165 W8 — AR, W B e O BA ) g £k
X SHAOEHEE . “Parameterize Layer”fiy 2 7] LA 77 EHIPAT I HE

VER: Parameterization 2 H Fx 2 fd F — AN BB A K UG AL B-SPLINE Efl &
BH K nk AR,

i 17 h SIC IR B-Spline S22 H iz &4k, 7& B-Spline )= b s A di JFAE
N4 SR R B “Parameterize Layer”, 11 4-36 fi7n. XK 4T JF“Parameterize
Layer”xi&#E, Wil 4-37 §7x, B-Spline Byt & Skl Rd . W4E — W1
&7 (A Cody-Lorentz) [IER AR (Gen-Osc) ¥ B Sh7EIX AN T FF o
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& CompleteEASE A R o | X
Measurement In situ | Analysis rHardware ’/ Options ‘
Data: SiC on Si Model: Si with Absorbing Film
‘ Open H Save || SetRanges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot
it Layer Commands: Add Delete Save
‘ Generale |‘ Fit Dynamic ‘ Reset | Include Surface Roughness = ON Roughness = 7.76 nm (fit)
MSE =4.454 R e
- . raph Layer Optical Constants =
Ru.ughness - 7_'7&0'044 nm Resoluti{ Rename Layer and Fit Parameters  388-3.250 eV) Draw Node Graph
Thickness # 1 = 511.710.350 nm N
g - Fit Opt. { Save Layer Optical Constants
nof B-Splllne @ 632.8 nm = 2.63302 Use KK |Parameterzs Lajer
k of B-Spline @ 632.8 nm = 0.00424 Qe View Layer Comment nst. = OFF
Show Ad Convert To EllA
Convert To
41 Grade Layer I Iv]
Start
Graph Type Show Data ||
Spline Opt. Const. vs. eV Zoom Al
9.5 3.0
.
9.0 Spline e1 . 25
Spline e2
o
8.5 . 20
'_g‘-"' -
8.0 T — 1.5
- o
) ]
75 o 1.0
7.0 - 0.5
6.5 el — — 0.0
o
.
6.0 0.5
1.0 1.5 2.0 25 3.0 S5 4.0
eV

B 4-36. 7F—1E L BRG] T A, G “Parameterize Layer” .

Mewy Layer QC YiewlFit Type Wil Units Fit
Layer Parameters
Gen-0st - GENOSC
Add Oscillator  Fast Gaussian Cale = O
Einf = 1.000
W Pole Amp. = 0.0000 U Pole En. = 11.000
IR Pole Amp. = 0.0000
1. Type = Cody-Lorentz Amp1 = 20.000
Br1=6.000 Eol=6.000 Egl=1.000
Ep1=1.000 Et1 =0.000 Eul=0.500 Common Eg = OFF
Graph
9.0 25
g0l ¢! 2.0
e2 /
7.0 el et 1.5
e? — adeeet -
60— - 1.0 9
50— 0.5
4.0 t::"" wemmssannes - s bossasrarnnnannnmecredinnueans 0.0
3.0 0.5
1.0 15 2.0 25 3.0 35
eV Zoom All
‘ Replace Layer ‘ ‘ Cancel |

/& 4-37. Parameterize Layer X/i7#E, 2o 7 /ZRE A Cody-Lorentz 78 F-HI #7455 i 44

“Gen-Osc” M B ST (483 General Oscillator 3@ FHHE ) R4S A F IHRT
FIZRTEAR . AT — MR T RUTHD SiC e Bt iR . mTLAA IR 2 1ik
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P, KA 10 WA . fEIX M, fE“Cody-Lorentz” 44 7 b bR /2
o5 I M ANHE H 1% 3% “Tauc-Lorentz”, U1K 4-38 TR

CompleteEASE Input

Zhoose the oscillator type:

Larentz -
Larentz Im{Amm
Harmanic
Harmanic lmiAmp)
Gaussian
DrudeiRT)
auc-Lorentz
Cody-Larentz

K1 4-38. AT IEZLE FENTIAME .

FA— AN (R 7 A B DT ' 2 B B AP BN R

1. B AR A oscillator (PRT) S HCRILEE e2,
2. I A AL A eloffset X Pole fERITHE el
3. wJa I ZHCR R L& el A1 e2.

X =B ESAE SIC BTN, i Tauc-Lorentz #2301 1 % DAL D
| SiC B-Spline (45 % 1.

l

Step 1: Match Imaginary Part Only JLAZ @25,

RZHIRYG =2 PR¥F Kramers-Kronig — £, X EEHE 7B M0 real (SZE
(e1, n)Al imaginary CEE#0) (€2, K)Z [HI TN EBAE A . SIRATAREIR Y TS50 %
ULFC B-Spline 45 5 (1) e2 FLIRI, @it KK AL, el FARM A ahifi%k. 525
W VP ERATIA R KR el [ HAR S, Rk, JeUTRC e2 2 HEE 1),

BARHIR TS HUE, A8 sl Tauc-Lorentz #R7 57 14 %07, W& 4-39 Fis.
X, PR AT i A A L g

VERG: () BRI 22 SR R AR B IR 1, TR B el b SR IR AR 5
To WURARESNIMIER T IRY, R &K s Add Oscillator k.

B—MRG THEY, 2 AL, BATR LA center energy (HO g
&) , amplitude (#RME) , broadening (HI%E) , BLVFELA bandgap bR
WURIR G WL 2 RV AAh, 25 SRR T2 e 7 i B I BASE, IR
ARG T Yo . EEF A R A, W& 4-40 Fios, TEEXIEHE
JE& i 45 15 ‘Expand X-Axis” (¥ X 5D 4241
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Parameterize Layel = = 3
New Layer OC View/Fit Type Wwl. Units Fit
Onak ®e1862 | |Onm -
Layer Parameters
Gen-Osc - GENOSC =
Add Oscillator Fast Gaussian Calc = ON
Einf = 1.000
UV Pole Amp. = 0.0000 UV Pole En. = 11.000 L
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
Type = Tauc-Lorentz Amp1 = 5.0000
Br1=1.000 Eo1=4.000 Eg1=2.500 Common Eg=0QFF —
Graph
10 25
el
8 e2 — 2.0
el
e2 L — 1.5
. —
< 1.0 ¢
4
0.5
& Jo.0
0 0.5
1.0 1.5 20 25 3.0 3.5
eV Zoom Al

K 4-39. BUERZ i R 72 HIECF IR HTE M ] ) R R AR o

Parameterize Layer ::
New Layer . Uni Fit
Mat: Gen-Osc ViewiFit ®ev
Layer Parameters
Gen-0sc - GENOSC =
Add Oscillator Fast Gaussian Calc = ON
Einf = 1.000
UV Pole Amp. = 0.0000 UV Pole En. = 11.000 L
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
Type = Tauc-Lorentz Amp1 = 5.0000
Br1=1.000 Eo1=4.000 Eg1=2.500 Common Eg =0FF —
Graph
10 25
el
8 e2 — 20
el
e2 L 1.5
6
® 410 %
4 £
0.5
2 £ 0.0
0 0.5
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5
. eV Zoom A

K] 4-80. k17 Expand X-Axis® FZHIRAL PTG PRIETHIIR 71 HIFE#IRT X 0

TE LUSF YO8 186 [ 0 1 o

CompleteEASE #{4-Ffit
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TERAT R H) S 280, R OC View/Fit Type Hi%#“Imaginary Part Only”
CARIRERD , BRASERS . ZXH LR B-Spline AT K1) e2 (2 k)
SRt M2 B ERA TR B IR T K LR 2k . FRATTIN H AR & DU ACIX 5 25 Hh 28 .

WRIRF B RAR BT R — N EHE L, RARTRE N AN —A XY #ik, BEHIR
A AT LI B 42 ) i W 4-41 FoR,  Herp Tl s v . amplitude

F1 center energy #5 1] LA HX AT d] i 3. 2R IR 4] A, BARE
I HLUUHC 2 28 3 B-Spline 4% (08095 .

s Lo B GG
New Layer OC View/Fit Type Wl Units

Open Material File D&k @ a1 &e2 < nm
Mat: Gen-Osc viewrit [Imaginan partony | | @ ¢V

Layer Parameters

Gen-Osc - GENOSC
Add Oscillator Fast Gaussian Calc = ON
Einf = 1.000
UV Pole Amp. = 0.0000 UV Pole En. = 11.000
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
@ Type = Tauc-Lorentz Amp1 = 5.0000
Br1=1.000 Eo1=4.000 Eg1=2.500 Common Eg = OFF

1l

Graph
25
2.0
1.5
N 1.0
jin}
0.5 [(x=4.0131,v=07473)]
0.0 SRS onf S 0
-0.5
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
eV
| Replace Layer ‘ ‘ Cancel ‘
I A-41. B L HTHTFEHIRT BRI — T XY Bk, R ZFEHI i i LUR T8, P
PR T HIIEI

LR T ZEOR I B ILEC ) 1 e2 2 TIR)E, fE“Amp.”, “Br”, “Eo”

M “EgnZ ¥ BRI AT (BR). XML ENTE ON NMESH. i Fit %4,
R, BADEARUGLRESE, MRERS T GELESH0 MEHEREZ

L H ARG .

WA BB IR Y 1 3 $ 2 ULEC M B-Spline S RE AT B2k ok . & 4-42 TR
THELE, E R R 2R 2 i ] Tauc-Lorentz il =042 1
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Parameterize Layer f_f_ f_f_ _f_f %

Layer OC View/Fit Type

New Wyl Units.
Open Material File n&k @ 1862 O nm Fit
Mat: Gen-Osc ViewsFit [iImaginary Part Only : ® ev MSE = 0.009

Layer Parameters

Amp1 =24.9922 + 1.09612
Br1=2204+00739

Add Oscillator Fast Gaussian Calc = ON

Einf = 1.000

UV Pole Amp. = 0.0000 UV Pole En. = 11.000

IR Pole Amp. = 0.0000

Fit All Clear All Add Amp. Add Br. Add En.
@ Type = Tauc-Lorentz Amp1 = 24.9922 (fit)

Eo1=3.354+00173
Eg1=1.891+0.0085

Br = 2.204 (fily Eo1 = 3.354 (fit) Eg1 = 1.891 (fity Common

[0

I Dl

Graph
3.0
25
]
2.0 _—
15 > 7
o ol
® 10 <
d - . -
05 -
- -
’j,,»-w"
0.0 SO0 SRS
05 | L1
1.0 1.5 2.0 2.5 3.0 3.5
eV
| Replace Layer H Cancel ‘

BT 4-42. {#/H 5— Tauc-Lorentz 7872 SIC HIKE 51 »

Step 2: Match Real Part Only JLEZSEHS.

SENIRT FIERILECS , 2038 OC View/ Fit Type 4“Real Part Only” (¥ S .
PR T A 2K A, B NXT“Real Part Only”i#E4748h &Y Einf 14> Poles 4y
AjAF SR, WK 4-43 s, Poles /& unbroadened (ANINSE) HIHRT-, ‘& 4bT )
EGIEVEE DAL, X A S A s, AR AR R T o i B L
SRR AR . BRI, UV (C540) pole S84 Ko7 I THr S &, 1
NIR GEZ4M) pole & RAK K 77 M AT 4 2. Einf B X BT WA 3T 4 %
BN —ANEBUwm AL &, MU el D0 K e i 1) S 3 R

CompleteEASE #{4-Ffit
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Parameterize Layer |/ /7 2
New Layer OC View/Fit Type Wyl Units

Mat: Gen-Osc ViewsFit ® ev MSE = 0.009
Amp1 =24 9922 + 1.09612
Layer Parameters Bri=2204+00739
Eotl=3354+00173
Gen-Osc - GENOSC Eq1=1891+0.0085
Showing Real Part Fitting Parameters Only
Einf = 1.000

UV Pole Amp. = 0.0000 UV Pole En. = 11.000
IR Pole Amp. = 0.0000

Graph
10
el
el o
8 /
- ©
4
L
1.0 1.5 2.0 2.5 3.0 3.5
eV
| Replace Layer H Cancel ‘

B 4-43. #l 5 “Real Part Only” i1, (X7 Z#H 5 Einf FI41 Poles .

XA T, IR EIA AR SEE. 24 Layer Parameters (2550
A SRR, Je2Em B E S s EH . UV Pole Amplitude (JRiR) A4\ 100,
AT LLE B2k m) L3R T . XS E AT Dhedialed in” (FHVR) , Jridsefs s
AESH L, 4% E<Shift 5 R NR s BAs R . K 4-44 BoR T4 UV
Pole Amplitude (JRIE) $EFH/G IR LG E L 555 k. SR, MR
“tilt” (MRME) AULHC. XSEKA UV Pole Position (A28 A REH 75 B 4T
W, — R, UV Pole energy (RE&E) ML EVEH, 2 1 “tlting”
(g &r=4.
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Open Material File Ondk ®eide2 O nm
ViewrFit [Real Part Only ®ev

Mat: Gen-Osc

Layer Parameters

e
New Layer OC View/Fit Type Wvl. Units

Gen-Osc - GENOSC
Showing Real Part Fitting Parameters Only
Einf = 1.000
UV Pole Amp. = 550.0000 UV Pole En. = 11.000
IR Pole Amp. = 0.0000

Fit

MSE = 0.009

Amp1 = 249922 + 1 09612
Br1=2204+00739
Eo1=3354+00173
Eg1=1891+00085

Graph
9.0
el _——
8.5 el
8.0

75 /

———

70— e ”
65 —
6.0
1.0 15 2.0 25 3.0 35
eVv

& 4-44. JF 70V Pole Amplitude  (#EH7) 2427 Gen-Osc #9“el " H, (HEH E 26T
“tilt” (MIRE) _EHFAVEHHK E B-Spline AI20 24126, X1 ZZik 75 UV Pole

Energ (F5&) .

W% UV Pole Position (fiz#) #1 Energy (f

tf) J5, 5 B-Spline Z% iz

VCHC T, N TR RAEILED, XX MEEATfit” GUA) - M, N TS
WHIULES, EinfEWRICAIIES S, WwiE 4-45 Fios.

Parameterize Layer =i 000

Wat: Gen-Osc ViewFit |Real Part Only ®ev

Layer Parameters.

Gen-Osc - GENOSC
Showing Real Part Fitting Parameters Only
Einf = 2.933 (fity
UV Pole Amp. = 40.7030 (fit)y UV Pols En. = 4.447 (fit)
IR Pole Amp. = 0.0000

New Layer OC View/Fit Type Wvl. Units

Fit
MSE=0018
Einf=2933+ 0.0682

UV Pole Amp. = 407030 = 177971
UV Pole En. = 4.447 + 0.0311

Graph
9.0

el
85 el

S 75 //

——

7.0
6.5 e
6.0
1.0 1.5 20 25 3.0 35
ev

& 4-45. i (RI#A) UV Pole #9 Amplitude, Energy #7Einf , VA2 B-Spline

el [EHAIER C 77

CompleteEASE #{4-Ffit
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Step 3: Match All ZLEHrA.

WG # 1R # 2 & I, Gen-Osc ¥4 A 75 Z2 [F B VT AL real A1 imaginary 1
FIBEAG . Aid, WA —LeH TULHS e2 il 28 AR L ISk UL IC el ph 218 AT B
FEAEME. H, K OC View/Fit Type B N Al AN S HEFAE T . 24
— RGO EN B IS E DN, X el (R TTER AT AEANE GEd KK 4%
), X RAHR AR WSO, X2 N [ER 23 amplitude #1 center
energy fE BETH | —MEM E GG E Fl EARLLA “til” CEHD i,

Replace Layer Z#E

L% Gen-Osc [ real (S2&B) 1 imaginary (RE#5) 5% B-Spline E KL
Boimi S, i ‘Replace Layer’ (B#)2) DAL FHTHR B84k 46 B-SPLINE
2, i 4-46 BERI . B HIRG FAERBLE R DU SRILA BdE. % FitE R

Tauc-Lorentz $& /& 75 1T DUR U fO IR LI AE . W B R A R0 58 50
FEMBNE, 7 ABkIS B-SPLINE |20 R E 8 FiZAE . RS Hb A i
I, midhi‘Cancel TR & 2L 206228 4

E: AEIRAIE Parameterize (S3k) EXHEEF NG EARK . E/iH, 7R
ARG T S E0R B DUA B 5528 SE Bl s AEVLEC R H i, e E R 535
22 B TR VL S ASREIR 5 T T 46 2 0 fE

€2 CompleteEASE {4 e e ' g [
Measurement rmAna\ysls rHardware ’/Ophons‘
Data: SIC on Si Model: Si with Apsorbing Film
‘ Qpen H Save || SetRanges ‘ ‘ Qpen H Save H Clear ‘ ‘ Open Snapshet H Save Snapshot ‘
- [ Layer Commands. Add Delete save -
rlgenerale |‘ o H e | Incsl’ude Surface Rougﬁess=%ﬁghness=?.?3 nm (fit) M

-Layer#1 = Gen-Osc Thickness # 1 = 511.75 nm (fit)

Add Oscillator Show Dialog Fast Gaussian Calc = ON

Einf = 3.765 (fit)

UV Pole Amp. = 26.7834 (fity UV Pole En. = 4.029 (fit)

IR Pole Amp. = 0.0000

Fit All Clear All Add Amp. Add Br. Add En. —
UV Pole En. = 4.029+0.0320 1. Type = Tauc-Lorentz Amp1 = 14.0856 (fit)
Amp1 = 14.0856+0.67278 Br1 = 1.362 (fity Eo1 = 3.122 (fity Eg1 = 1.810 (fity Common Eg = OFF |
Br1 = 1.362+0.0459 Substrate = SI_JAW

< 1 ] Angle Offset = 0.000 -

MSE = 5.409

Roughness = 7.7320.051 nm
Thickness # 1 = 511.75+£0.341 nm |_
Einf = 3.76540.0553

UV Pole Amp. = 26.7834+1.21675

Graph Type | Show Data ”
Spectroscopic Ellipsometric (SE) Data

15 Psi J//.\\ /’4
kjlgél;l / /\ / / \ / {200
12 \ "‘ "4_. /
. AL AY A S s
\ / a
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o
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L
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Wavelength (nm)

[ 4-46. Gen-Osc = % # B-Spline S £/ 77,
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Glass with Absorbing Film 33 _E KRR E

BRI, BATR AR — MU BB I IR B R OE R b . —
fickt, B MR, DO B W HOA A .. Z YRR 25 I8 5
TR TAFAE T XA T, O T RN R R, BORIER
HIHBEAIT B 48, RN, HHE 3.4 W h A 47 idekat

BB W .

FTFF“a-Si on Glass ¥4l U4 F1“Glass with Absorbing Film #5751, 4R Ji5 2515 ‘Fit”
Yo S5 R N ANP 4-47 Fi7n.  “Absorbing Film on Glass™ & A FH S A i A Y
“Si with Absorbing Film” B AR [F & ERE 7. —WwiblfE, 6w iR
F 0.3 eV 5 [H] a4z 2K spline. X To A HOM R, X ANMAIFE AT DL . W46
18 n ATk 34525858 1A WVL-EXPAND fitting (3 K4 JE 4814 # global fit
(BRWE) . EEFEHEDCEEL, AR A% S E“B-Spline” 2 JF ik
##“Graph Layer Optical Constants”. #1575 K )“B-Spline Y27 % $ 45 A4

4-48 FIT7R

T e e e e e I |
Measurement In situ Analysis rHamware ’/Opl\DHS ‘
Data: a-Si on Glass Model: Glass with Absorbing Film
\ Qpen H Save || SetRanges \ \ Open H Save H Clear \ \ Open Snapshot H Save Snapshot \
At Layer Commands: Add Delete Save
\ Generate |\ Fit Dynamic H Reset | Include Surface Roughness = ON Roughness = 2.01 nm (fit)
MSE = 0679 +\Layer# 1=B-Spline Thickness # 1 = 50.54 nm (fit)
z +[Substrate = 7059_Cauchy
Roughness = 2.01+0.042 nm =
) _ Angle Offset = 0.000
Thickness # 1 = 50.54+0.066 nm + MODEL Options
n of B-Spline @ 632.8 nm = 4.61832 +FIT Optiorrs
k of B-Spline @ 632.8 nm = 0.25020 + OTHER Options
Configure Options
Turn Off All Fit Parameters
Graph Type ata ”
Spectroscopic Ellipsometric (SE) Data
30 200
SRR E———
Psi
Delta {180
25— Model
160
i}
3 20 ©
o
\ / 140
15
)L/ -120
10 100
300 400 500 600 700 800 900
Wavelength (nm)

[T 4-47. (/1P Glass with Absorbing Film” #l4 “a-Si on Glass” Z #1945 4.

CompleteEASE #{4-Ffit
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&7 CompleteEASE

Measurement | In situ | Analysis rHardware ’/Opuons‘

Data: a-Si on Glass Model: Glass with Absorbing Film

‘ Open H Save || SetRanges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot
e Layer Commands: Add Delete Save
‘ Generale |‘ Fit Dynam H Reset | Include Surface Roughness = ON Roughness = 2.01 nm (fit)
MSE = 0679 +Layer#1= Thickness # 1 = 50.54 nm (fity
Roughness = 2.01£0.042 nm +\Subslrale — D009 Couphy;

Angle Offset = 0.000
+ MODEL Options
+ FIT Options
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

Thickness # 1 = 50.54+0.066 nm
n of B-Spline @ 632.8 nm = 4.61832
k of B-Spline @ 632.8 nm = 0.25020

Graph Type Show Dala |
Opt. Const. of B-Spline vs. nm
5.4 3.0
T
n ]
5.1 4‘ K a8
2.0
4.8
c 1.5 =
4.5
-11.0
4.2 \7 05
3.9 0.0
300 400 500 600 700 800 900
nm

[ 4-48. a-Si fEHT B-SPLINE ¢  #t 25 .

Starting Mat #745 Mat

TEIX AN 1~ H R W AT R P P A A R R R RTE Y, AT 2 AR R

XFEERZHT nk ) Global Fit (&RIlA) o (Hi2&, Fdssr e it 37K
F, KA Global Fit (& RflE) FEZHTA nk VIGEHEK AT REAE . N T Ik
/Do ATIEE],  global fit (Y FE P AT3E M9 b . (HAE, IX 7 EAH SRR 1%
PR Ve . A SRR R TN, AT DU — AN U A BHE XA B-

SPLINE JZ[f)“Starting Mat” (FJEEMED

NT LB M TR () 22 2L, 4 ] “Glass with Absorbing Film™ %4 & 43 #1a-Si on
Glass”#t4l5 . 7E—F5l5 D (HN B b 752 20 &2 25 #b. HEFHT T
“Absorbing Film on Glass” 8%, FHiEAT LA F&K:

e J&JF B-SPLINE JZ /£ “Starting Mat = none” I i br /2 i . 7E
Semiconductor (}-34K) HxHFIFF“a-si.mat”.

e 7E Model:>+FIT Options.#f4 global fit & 5 OFF.
e Aili Fit>‘Fit’.

ANUARTAH R 80 70 W 45 A 3RAT, (HARR AR — e, Rk, B
WSS IR ST RS, XA a-Si 10T AT AR AN 3T IR B AR
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Parameterizing Optical Constants with Cody-Lorentz #
A Cody-Lorentz FIBEHHFEHK

a- SiGEEHT U S HL, s [F e ] TR SIC . A PR A
oscillators (¥R #H T I Whk: Tauc-Lorentz 1 Cody-Lorentz. T A {3l
H a-Si i B-Spline E 6% B Z44k, 1 B-spline 2 FH Rbrfidi, 285 M
T 7 B A ¥ “Parameterize Layer” .

“Parameterize Layer” X i5HEHH B, I H. B-Spline /2 /1% 2 5 4x HiI7E graph
(BB e XbFAf], #1486 H“Cody-Lorentz” B —4k 1

FIUART—HE, 5EHK Gen-Osc ZEib i) =/ MPER, Bl 1) i RS 50ULi
e2(W B View/Fit 2| Imaginary Part Only), 2) {# ] poles 1 Einf ILAL el(K &
View/Fit #| Real Part Only), 3) VLECHT A IFE#HZE. X158 12, EGHE
WM AR T THEBIRG T34 ER%S], TahlEds4.

1. EBMREGSHECE, #&AE Shift 8 FEEEH BARRRRE) (08 R
TZH. AL Ctrl- Shift 8K > 4 DR B R &

2. TEIRG FHRIAMET LR T RE R AR . B ETEH BoRT]
DU BRUbRHE A il . J@E R OLT, X s e 2 g a
PASR, Gl 4-49. EEBERYG THEEH] S, il ‘Expand X-Axis’ %4 .
XK B photon energ Yo T REE VL A H B ANRY T, 1Kl 4-50. @
IR E R R g, SR EE IR T 10 broadening (JI%E)
amplitude (#EfE) 1 center energy(H LRERE). 1X K ARG T TR

Parameterize layer il il niocn b e e
New Layer OC View/Fit Type Wvl. Units Fit
Mat: Gen-Osc ViewrFit ®ev
Layer Parameters
Gen-Osc - GENOSC =
Add Oscillator Fast Gaussian Calc = ON
Einf=1.000
UV Pole Amp. = 0.0000 UV Pole En. = 11.000 =
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
@ Type = Cody-Lorentz Amp1 = 60.000 (fit) [
Br1 =1.800 {fity Eo1 = 4.000 (fit) Eg1=1.800 (fi) =
Graph
27 30
el ”___\
24 e2 25
el
e2
21 20
< 18 & 153
SR
7 -
15 : 10
12l e 5
1.0 1.5 2.0 25 3.0 3.5
eV

B 8-89. 5T iR TN B F AR TR E TR (KD o EIRZIGH FE MR
THAAEE DL, K E 3 A e 48 T P

CompleteEASE #{4-Ffit
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Parameterize Layer :.:. :.:. .:.: :.:. :.:. .:.: :.:.: :.:. .:.: :.:.: :.:. .:.: .:.: :.:. .:.: .:.: :.:. .:.:. .:.: :.:. .:.:. .:.: :.:. .:.:. .:.: :.:. :.:. .:.: :.:. :.:. .:.: :.:.: :.:. .:.: :.:.: :.:. .:.: .:.: :.:. .:.: .:.: :.:. .:.: .:.: :.:. .:.:. .:.: :.:. (|
New Layer OC View/Fit Type Wyl Units Fit

Open Material File n&k @ e18&e2 O nm
womose e [o] |

Layer Parameters

Gen-Osc - GENOSC =
Add Oscillator Fast Gaussian Calc = ON
Einf = 1.000
UV Pole Amp. = 0.0000 UV Pole En. = 11.000 =
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
@ Type = Cody-Loreniz Amp1 = 40.898 (fit) H

Br1 = 1.800 (fity Eo1 = 3.773 (fit) Eg1 = 1.800 (fit) o
Graph
27 30
el ,-———m\
24 e2 25
; X
21 e2 .
-20
18 I
P 1 J15 5
15 PREPTTPECE P "
/ e 110
12 E=
R prers - 15
8 _)/If/ peearer T U 0
1.0 1.5 2.0 2.5 3.0 3.5 4.0
eV
[t s B
| Replace Layer ‘ ‘ Cancel ‘

& 4-50. #5it7 Expand X-Axis® LIELFHIBRIRT (KED , A LU BT RER TR T
17 amplitude, center energy, broadening 477 i #.

Kl 4-51 BoR THA AR, BBt 220 IR e IRG i HAA RN .
¥4, fdiH ‘Replace Layer Z4HME X /N8 58 MR35 T B4 RE SO 8 e B A op
A SE #idE, HeERM MSE {H#T 1.2

BTk, RIS IR TR, SRRINLL FIA S HE: “Epn. OB
RN T £ R, MSE (Kb $ 0.8, I 4-52 Fir.

I INEAb A S S H(Einf, Et, A EU)B B h CoRAS R AP eg . [0
ARRKCT IR MSE (UIS A , @R fR g 2 AR R R MER. 1FN
—fB“rule-of-thumb™ (ZIIEN]) , ERXDSHCNI LR, XM UES
IRk MSE {8 20 % (LA E.

4-134 o FIESHT 2 - FER CompleteEASE #/4-F/t



e L i
New Layer OC View/Fit Type Wyl Units

Open Material File Crn&k @ el &e2 O nm

Layer Parameters

MSE =0.146
UV Pole Amp. = 6.3335 £ 6.35675
UV Pole En. = 3.854 + 0.2610

Add Oscillator Fast Gaussian Calc = ON
Einf = 1.000
UV Pole Amp. = 6.3335 (fit)y UV Pole En. = 3.854 (fit)
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
@ Type = Cody-Loreniz Amp1 = 85.246 (fit)
Br1 = 2.232 (fil) Eo1 = 3.704 (fit) Eg1 = 1.409 (fit)

Amp1 = 85.246 + 5.9263
Br1=2232+00811
Eo1=3704+0.0282
Eg1=1.409+0.0159
Ep1=1.195+0.0820

4 i

Graph
26 40
el
242,
z; n| 30
22
> 120
20
10
18
16 - - 0
1.0 1.5 2.0 2.5 3.0 3.5 4.0
eVv
| Replace Layer ‘ ‘ Cancel ‘

[/ 4-51. SPLINE # & 722) a-Si K7 404542, /H Cody-Lorentz #é 752 #VLEL.

E: BTRG TSR ERMRYE, ATRIRIIEE RA B &R & LIRER . MG
T, EENBIER, SRR EUESE ERAN G SHEIRRB Rt RIFHE
BT, HIRIEBENS RS,
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& CompleteEASE i
Measurement In situ | Analysis rHardware ’/ODUOHS‘

Data: a-Si on Glass Model: Glass with Absorbing Film
‘ Open ‘ ‘ Save || SetRanges ‘ ‘ Open ‘ ‘ Save H Clear ‘ ‘ Open Snapshot H Save Snapshot
e Layer Commands: Add Delete Save =

\ Generate |\ Fit Dynamic \ Reset | Include Surface Roughness = ON Roughness = 1.92 nm (fit)
_ [+] | -lLayer#1 = Gen-Osc Thickness # 1 = 51.06 nm (fit)

MSE = 0.800 Add Oscillator Show Dialog Fast Gaussian Calc = ON

Roughness = 1.92+0.007 nm mngg =

Thickness # 1 = 51.06£0.007 nm UY Pole Amp. = 0.0000 UY Pole En, = 3.393
Einf = 046240.0623
Amp] = 91.518+0 8813 £ IR Pole Amp. = 0.0000
D o ot Fit All Clear All Add Amp. Add Br. Add En.
Bri = 2.200£0.0155 , Z L
Eol = 3.75740.0040 1: Type = Cody-Lorentz Amp1 = 91.518 (fif) L
g Brl = 2.300 (i) Eol = 3.757 (it) Eg1= 1413 (i)

Eg1 = 14130.0025 H Ep1 = 1.237 (ft) EM = 0.000 Eu1 = 0.500 Common Eg = OFF
Ep1 =123740.0139 Substrate = 7059_Cauch

_ o = 7059_Cauchy
n of Gen-Osc @ 632.8 nm = 4.55977]

+

<] i [ » | | Angle Offset = 0.000 =
Graph Type
Spectroscopic Ellipsometric (SE) Data
30 200
I
Psi
Delta
Model -{180
25
-1160
. i}
& 20 g
140
15
{120
10 100
300 400 500 600 700 800 900

Wavelength (nm)

/& 4-52. {#/#] Cody-Lorentz #e 7 & a-Si 2 HIRAM G 45

Saving a Model ZRAEH#EA

XIF a-Si B, &M Cody-Lorentz A S8 E 5, ZAET AT MRAZHE H 516
o XA RRE . S AnalysisSModel:>Save’, % FARAE AR FEAR AL [ S
P, I e BRI A FR . “Common” U432 — AN T Fl - J5 (8 1] 1) o
i E . 4-53 R IR AR

‘Save Model Bd
Folder Links: Files:
Ccommon Narme. Date | sze |

o [0 James Data-2008 ja-sion Float, Gody-Lorentzmod 1027108959 AN 4 KB

o JAMES H plankmod 5509 216PM  2KB

5509231 PM_ 10KE

Juc-5i on Float, KK B-Spline mod 1012908 58 AN 12KB

|ZnOxGlobal Fitmod 1029108 337 PM 4 KB

™S, Add Delete Save
Include Surface Roughness = ON Roughness = 1.82 nm (fit)

-[aver # 1= Gen-Osc Thickness # 1 = 51,06 nm ()
A0 Oscilator - Show Dialog Fast Gaussian Cale = ON.
Einf = 0.462 (ft)
1 Type = Coth-Lorentz Ampi = 91.518 (fit)

Bri =2.300 (fit) Eol = 3.757 (fit) Eg1 = 1.413 (fit)

Ep1 = [EER (fit) Et1 = 0.000 Eut = 0.500 Common Eg = OFF |
e E

At Folder Link

File Name: [3.51 on Glase

V Comment amaphous Skcan fiman las, modlodwih Godv LorenEaseltr

sae || cancel

] 4-53. 7 Model: [ &g Save” ((RFE) Fii/i “Save Model” (FEZHIRIE) X iZHE.
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4.5. Multiple Layer Film Stacks £ E/E#E

XAFH BB Th e
o £ Model (F571) e Global Fit/Pre-Fit with multiple layers
Z FEEA 4 B R E &

FIFF R SCfF<a-Si Multilayer”. X MilF5 4.4 RSl FTEHIZRLL. LR
Jelk, 1Fa-Si FHEA—/Z SiO2 . £FaXFhERRE BRI, A
Wk B, B N R Nk, RN 4.4 5 RAZ IR IFIG,
FAf i Cody-Lorentz #iz 7 H A K AE TSR 1) a-Si A . A “Common™fiL
BATFXAR . W R E SRR, XA TR EE 5 4.4 SR
T2, FEMNRAE T i ) B AT

VEE: B RS ek silicon ()

1£47059_Cauchy” )z AR ili, FEAEST M RIAHEHER) Semiconductor fi7 & §T
FEAEL Si_Jaw”,
/£ Model TIHR ATRERE R Add AN 4. X3 H N 4-54 SHEHE. 7

BRI EALLTRACEHEZE CnEFR) « XEEFRNERAE .
TEFT TR H SHEHE K] Semiconductor H 5% FiEHE“Si02 Jaw”.

Add Layer To Model :
Layer Type

[Layar#1= Gen-Osc
[Subsirate = T gI_JAW |

Standard

Interrmix

B 4-54. Add 77 S FTHFHINT ITHE. BE 265 AT LI T B 20015 & Hr S ATkt nfl & »

TE“Thickness #1= 0.00nm” [ /E§E.45, $8E Si0, JEHIEE N4 EK 100nm.
IF B e & ENINE S . Generate () HdlE, HIEFNANE 4-55 Fix.
AR FEAS LR S B0 8 b . iR 2 A, AL AT, 7E Model Hok
Global Fit % &4 off #8J5 miihi Fit (JUA)D o H:E ] ‘Reset” (FEE) &4 = E 1)
& (WESEWHBER R REIPRES) , HERIRZICHK Global Fit & N off,
‘B RE2 K B Global Fit f# H 1E iR H1uE . ARSI, fitid Reset®
(EE) f4l kit “Show Reset List” (B nE M4 o AR5, Gaf ks E E 5
A Fit Z A IEWAL & .

| ESH A REALFS, i CTRL-R EMASY, FHEBA R
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KRB Fit 2 i T E AR SS . AW IR ES— ER R4 E
FERIIGME . H e Cody-Lorentz HH IS HUE OFF, XFF 7 iLEBEIR IF T4E .

e JBJF General Osc /2, #RJGiZ—H BbsA 8 55t On (FFJR) FIHL
G, BelEl off.

= EIIRESH YRR Fit (WA RES (Si02, a-Si, roughness).

£P CompleteEASE e E7 M
LUENTCCE  Hardware r Options ‘ Log Out
Data: a-5i Multilayer Model: a-5i on Glass (amorphous Silicon film on Glass, modeled with Cody-Lorent
| Open ‘ | Save || Info. || Set Ranges | ‘ Cpen || Save || Clear ‘
Fit Layer Commands Add Delete Save =

| G “ e — || Resel Include Surface Roughness = ON Roughness = 1.92 nm (fit)

| +|Layer # 2 = Gen-0sc Thickness # 2 = 51.08 nm (fit)
MSE = 44 422 (= Layer# 1= 502 Thickness # 1 = (oKl (fit)
Roughness = -20.0045.545 nm = Suhstrate = si_jaw ]

Thickness # 2 = 129.37+23 570 nm Angle Offset = 0.000

Einf = 217740 4448 + MODEL Optiens
Ampl = 491904685636 | | -FIT Optiens |
Drd —n 1cod hd 4 Darfarm Thickn, Dra Eit = (il hd

Graph Type Show Data ‘

Spectroscopic Ellipsometric (SE) Data

35 —er———— 220
Psi e .
30 |Delia ! -..—200
Model -
1180
25
_ 160 4
@ 20 =
{1400
15
1120
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5 80
300 400 500 600 700 800 900

Wavelength (nm)

/7 4-55. Si02 E/F/E i £ K 100nm, SR B HI55 R
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J79% 1: %F Thickness #1 1 Thickness #2 #5347 Global fit (& /&) o iH#H
NEW Thickness Pre-fit (RTINS BN off (M) o WS T KA G
FEVEREIR K, XA 5] e 7 EAR K I A]

Jitk 2. % Si0, )2 B Global fit 3% Thickness Pre-fit &£ On (JF)8)
FPIRZS . XK/ global fit (TG (4E) TAH BRI 2

FE: WX a - Si Z(Thickness #2){ii [ Global Fit, A& SiO2 JZ(Thickness
#1), JiiE#2 B ATAE. Thickness Prefit £ 4DL-& R0 v i B (152

B 4-56 SR AP FE A RIS . HATHR AU &R 7248, I a-Si il
R (11016 27 8 H RE 5 S TR AR AL

CompleleEASE s ] )
Measurement In situ | Analysis rHardware ’/ Options ‘
Data: a-Si Multilayer Model: Glass with Absorbing Film
‘ Open H Save || SetRanges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot ‘
Fit- [ WILTOUE DUITaLe TWUyiTess — DIV IRUayiiiess = £, 19 O (g =]
-Layer # 2 = Gen-Osc Thickness # 2 = 275.49 nm (fit) ]
[_generge ][ e ][ rrzmame |[ sesat ] Add Oscillator Show Dialog Fast Gaussian Calc = ON
MSE = 2.502 Einf = 0.462
Roughness = 2.19+0.010 nm UV Pole Amp. = 0.0000 UV Pole En. = 3.393
Thickness # 2 = 275.49+0.087 nm IR Pole Amp. = 0.0000
Thickness # 1 = 8.30£0.074 nm Fit All Clear All Add Amp. Add Br. Add En. 5
n of Si02_JAW @ 632.8 nm = 1.4623 1. Type = Cody-Lorentz Amp1 = 91.518
k of SIO2_JAW @ 632.8 nm = 0.0000 Br1=2.300 Eol =3.757 Eg1=1413
Ep1=1.237 Et1=0.000 Eu1 =0.500 Common Eg = OFF|
Layer # 1 = Si02_JAW Thickness # 1 = 8.30 nm (fit) B
Substrate = Si_JAW

Angle Offset = 0.000
+ MODEL Options
- FIT Options
+ Perform Thickness Pre-Fit = ON
- Use Global Fit = ON
# of Data Points = 20 # of lterations =5
Parm #1 = Thickness # 1
Min. = 0.00 nm Max. =500.00 nm # Guesses =25

[l 1 [Tl [« Il | D

Graph Type | Show Data ”
Spectroscopic Ellipsometric (SE) Data
27 200
Psi
2 Delta ‘\ 190
Model \
21 \ / 180
— &
& 18 e 170 3
VA\ =)
15 M 160
12 150
e
9 = 140
300 400 500 600 700 800 900

Wavelength (nm)

K 4-56. R G HBE 2R HI5T R
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- Include Derived Parameters = ON
Add Derived Parameter
1: Type =n Layer # = 2 Wavelength = 632.8 nm Name = n of Gen-Osc @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000
2. Type =k Layer # = B Wavelength = 632.8 nm Name = k of Gen-Osc @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000

& 4-57. Model: E7#% T /7 Fit Options #8770 i #R & FZE 5 (T 1] /58 5 7 44 179 Derived
Parameters (JR4EZ40) « W TEZEM, FLHA LG ayer #.

PLAEH Cody-Lorentz IS EER On (FTF) |, 1X00G fu i a-Si e2# i H 1k,
HrpedcE SR &M a. K 4-56 8 HIRESHER N T HZZS. Model
[ H T ] Fit Options &5, ¥ Derived GJRAZ) n A k ZR4E1A#2 CEH#1 A
#2) , WK 4-57 Fiow.

IAER Cody-Lorentz IS On (FTHF) OB S EEAMIED - %M
Global Fit #1 Thickness Prefit (KONEEME CERE) , )G i Fitts. 45
RN U 4-58 FioR o PRATHTAR IS DA T [RI JSFE 5

P e L
Measurement | Insitu | Analysis rHardware ’/Oplmns‘
Data: a-Si Multilayer Model: Glass with Absorbing Film
‘ Open H Save || SetRapges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot ‘
it Layer Commands: Add Delete Save =
| enerste || Bt || finewc || meset | | Include Surface Roughness = GN Roughness = 2.20 nm (fit)
_ [+] | -|Layer# 2 = Gen-Osc Thickness # 2 = 276.54 nm (fit)
MSE = 1.383 Add Oscillator Show Dialog Fast Gaussian Calc = ON
Roughness = 2.294+0.013 nm @‘ show Dialog — T
Thickness # 2 = 276.54£0.131 nm (i

Einf = 0.97440.0865 UV Pole Amp. = 0.0000 UV Pole En. = 3.393
Amp] = 82,4471 4401 IR Pole Amp. = 0.0000 L]
p_ o . Fit All Clear All Add Amp. Add Br. Add En.
Bri = 2.08940.0239 ! — -
Eol = 3.729+0.0048 1. Type = Cody-Loreniz Amp1 = 82.447 (fif)
Eaf = 1434£0.0043 Br1 = 2.089 (fity Eo1 = 3.729 (fity Eg1 = 1.434 (fit)
gr=1. ) Ep1=1.136 (fit) E11 = 0.000 Eu1=0.500 Common Eg = OFF
Ep1 = 1.1360.0238 Layer # 1= Si02_JAW Thickness #1 = 8.10 nm (fit
Thickness # 1 = 8.10+0.072 nm Y =10 nm(fi)

n of Gen-Osc @ 632.8 nm = 4.5431 SUBSITAI SIS IAW,

_ Angle Offset = 0.000
k of Gen-Osc @ 632.8 nm = 0.2067] + MODEL Options 8
< I [T 4]

[«1

Graph Type | Show Data ”
Spectroscopic Ellipsometric (SE) Data
27 200
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24— Delta \‘\ 190
Model \ /\ /
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Oxide or Roughness?&4tic & HHkE

—ANGEERE NG R, REFKSEZEEERE. 75 LR,

i 7 REHREZ, HELWEE N 2.29 nm, Off (3<H]) roughness CHLKE

JZ) JHTE Layer #2 )2 L5 n<Sio2 Jaw”)Z, JREIHEREEON Fit. Fit 5.
R 2E B 1% R T Si02 2 2.70nm 1fif MSE {ii o 1.25. Bk, *fFix
ANBERL, A FHLRS 2 A 2 2 R ZRIA K. TEE IR /N T 10nm i, X Fh
PO . X TRERITE LT, RICAEAE ROZ RS 2 B &5, (H
R A AT S, #2 T BLU AR
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4.6. Multiple Data Types £##EKA (SE + T Eid %)

A I TR
e Appending (&3F) HE o [FILA SE  (HfifR) A0
Transmission GEiFZR) IR
e Parameter Unigueness e Graph ScratchPad
(SGHmE—M) (EEgHFH)

20 B3 B LI RSO RIS, — AN RN SIS BN A T 2
Intensity Transmission OtsRiZES #) HEth 782 SE o XFES IS BT LA
5 B RAT 5 8 AR AT 2 R ' 2 o 5 o — 25 2R

YEN7RTE, M EXAMPLES H 3T 4 “Cr on glass SE”. X AN 2 I
B Cr SR B R, T T 0F R R . DR, 3R
fITAT LAFT FFGlass with Absorbing Film”#57%Y , 1X A58 71y 11 1) 91 1 ik ik

AR ERBO IS B L& B, T8 2840 IS IR i T o IXAMBE AL XS
T L& EEE, mEAIES, ATRE AT DL TAE, SRR AT — A
WU, NMAZIER G RTPAT LA T P IR

e ¥ Surface Roughness CEIfiFLEE) BN off
e ¥ Fit Options T 1) Global Fit &4 off
e {E B-Spline JZ "4 #5 ff)“starting mat="1% %} metals H 3% ) Cr.mat 3 1F.

Parameter Uniqgueness S¥mE—H:

BULE, ARAT LS Fit . FIARZE RN T Bl 4-59 Fis. BOSA KA,
HERZ OO fit, BARIAFWER, MENRAEEAZR/NMSEHE. N
7 &8 MSE #I1f K&, {4 model $1+OTHER Options #54> T ff) Parameter
Unigueness. P 4-60 f.7x 7 IE)E 10nm £ 50nm ) Parameter Uniqueness (2
HoE—E) WHRLE R . IR aT, X 2 Z %) Graph ScratchPad H
ELUE LR BARTE 45nm JEJE A —A> MSE f/ME, X T K875 )5 B Y
MSE {6 #E/N T 0.4,
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T 1 T e S ‘'@ K
Measurement ﬂ:! IEE Harchware ertIDHS ‘ Log Out

Data: cr on glass_SE Model: Glass with Absorbing Film

Copen |[awe ] Lo | [Comtrames | | [Comn ] [me |[Loeer ]
Fit: Layer Commands: Add Delete Save =
" ; Inclucle Surtace Roughness = OM Roughness = 0.00 nm
General Eit FitD Reset
‘ generae “ e H Hese ‘ -|Layer # 1 = B-Spline  Thickness # 1 = 10.73 nm (fit) L
MSE = 0.347 Init.values: n=1.500 k=0.000 Starting Mat = E

Thickness# 1 = 10.73+4.549 nm
noof B-3pline @ 632.8 nm = 3.224
kof B-Spline @ 632.8 nm = 1.840

Resolution (e'v) = 0.300 7 Pts. (1.388-3.253 eV) Draw Nede Graph
Fit Opt. Const. = QN [
Use KK Made = OFF
Show Advanced Options = OFF
+|Substrate = 7059_Cauck

Angle Offset = 0.000
+ MODNFL Ontians =

Graph Type Show Data

Spectroscopic Ellipsometric (SE) Data
14 270
Psi
12| Delta 240

Model \\
10 210
\ =
8 180 5
[s]

5
6 \ 150
4 120
g \-“\.__ SN
S00 400 500 600 700 800 500
Wavelength (nm)
A4-59. [XE 7 SE #(#7. A B-Spline FEHI#/4EH & -
Parameter Uniqueness Fit
1.0
MSE
0.8
®» 06
0.4 /
0.2
10 20 30 40 50

Thickness # 1

/& 4-60. Parameter Uniqueness (Z#MHE—1#) M9 MSE FIT/&, X7 #E# [ # Cr
BRI BT 6 & SE HH

Append Data & }#¥iE

N T BT e TG SE Bdi SR WA S, ARFRATINA AT AR LA
HME BRI F B G . FATAEZL SE A Transmission Intensity  GE T
SREED [F IR G T N TIEBXAE R, RFEEAE Open’ #id dr 2 R
Prfiii(BR), FHik#E“Append Data”, I 4-61, 7 EXAMPLES H 3% Tik#
“Cr on glass T ¥ SCF K 52 i append (A1) o IXFEANEEE 2 MR —ANFE

CompleteEASE #{4-Ffit
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IR B . RPN B R TR LR, AT RLGE S graph & 104 BT
dataset CEUIE%]) HUk#E, 7F SE A T HIRE P, MK 4-62 Fix.

£7 CompleteEASE

( Measurement Hardware

Diata: cr on glass_SE

2 L | Info.
Append Data

Optit

Set Ranges

Fit:
[ A-61. 71 Open’ iy & B br 4 i £ FE “Append Data” (5 H##;) , #EZEFTIHT
SE H# 1 & H BT FHEH A

£ CompleteEASE ¥ s s e o Y [
measurement  (FNUNTEd Harcware | Options | Log Out
Data: Data Not Saved Model: Glass with Absorhing Film
[Caven |[ase | o, | [etmenses | | [Logen | [_ooue|[_ciear |
Fit FIT WEIGNT = (LS =]
‘ Generate “ Fit Dynamic H Reset ‘ +\;glzlu\2,\g.err’\u\;ﬁztpagin::&tﬁr5:ﬂ
MSE = 0.347 - OTHER Options

Wyl Range Expansion Fit Increment (eV) = 0.50
Try Alternate Medels

( 2nd Parm to Graph: NONE ) B
Add Opt. Const. to HTML Report = OFF

Configure Options
Turh Off All Fit Parameters 1

Thickness # 1 = 107344 549 nm
n of B-Spline @ 632.8 nm = 3.224
kof B-5pline @ 632.8 nm = 1.240

GraphType  Dala Sett [#2. cron glass_T ‘v [] Graph All Data Sets Show Data

#1. or on glass_SE
#2. cron glass_T.
0.48

Spectroscopic Intensity Data
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& 4-62. Xf graph &[T 779 data set  (H#EHY) # HAEFEFRGEL A7 ZE, 1
B LU 2] 57 L 7 Cr R SE RLEL FH A [ 1171 % . B, ENTAEM G HAN
WA B

Transmission Data % Weight Z I EENE T 4 H

4 Transmission Intensity CGEIL5EE) H¥E S S ER, IRBAZAZNT
“Transmission Data % Weight” GZid 58 EHARBE T b)) o X MER 5 50
CompleteEASE i, FEXR AL G -5 50 1AM O E5ths A ELZ 1ok 25080 B o5 AROAN L.
REBIEEE N 100% . B UE 5 B 500 S £l B RS E . B2,
WAL LR e R R LA 100% . B F “Transmission Data % Weight”,
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PR B 55 i Model & 1R #811) Configure Options #%4fl. £ Fit Options #5473,
i ““Transmission Data Weighting”i%£ 01, 416 4-63 FiR.

Show Model Options

Availahle Options Descriptia

[ Multi Sample Analysis
[] Adv. Bandwidth Options
[] Parameter Caoupling
[] Use Previous Results
Fit Options
[ Include Depalarization Data
[] Include Refection Intensity Data
Transmission Data Weighting  |=
[] Use GenE/MM Data
[ Mare Fit Options
Other Options
[ simulate Data

Y

nelude Al | | Clear All

| »

Allowes fitting for & wavelengh shift in the ellipsometer.

411

/£ 4-63. 7% Model 47 Configure Options #5445/ “Transmission Data Weighting” (&
HFRE ) KT

On (JFJA) Transmission Data Weighting Ji5, K75 Z:7E Model # Fit Options
S PR ERIE RN 100% , 41F 4-64 FioR .

+ MODEL Options
- FIT Options
+ Perform Thickness Pre-Fit = Op
Use Global Fit = OFF
Fit Weight=MN.C.5
Transmission Data % weight = [TEHE
Limit W for Fit = OFF
+ Include Derived Parameters = O

& 4-64. # Model #9+Fit Options 254 2¢ 3 Transmission Data % Weight” (B FKE)
#/100%.

PR Fite WHRBIR oy UG B RE B IERRME, LA 45 R EE R R 14nm.,
KA. B2, WE Cr Y EEYIMHEIZE M 14nm, 1625 R AT RERA
A“local” (Jaj#h) ) MSE fx/IMH. #EX Parameter Uniqueness Mk, LKL EE (1)
MSE HIH K, BMNiZ=A K 4-65 Foniihd. REBRIMBRE S ERTEL
45nm A — A REE LA TN “local” (RIER) fe/ME, RS, NG
J5 JE (B A B i) MSE {8

FRE, Kix & ih 22 H)3 Graph ScratchPad. HifE, AT LLUED view (BH)
Graph ScratchPad > Eb BT I #5 > Parameter Uniqueness Wi, 1 4-66 AR
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Parameter Uniqueness Fit

8
6 MSE
B4
= I
2
0
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Thickness # 1

I A-65. XfFHEFE L9 Cr 7B, [l A SE FIT £0#5 7/ T MSE 2 BT/,

¢7 CompleteEASE Graph Scratchpad
Graph 2nd Y Colar Style Curve Name
% 0 MSE - SE Only
v| L] 1 MSE- SE + T
| Edit Belected Curve(s) || Delete Selected Curve(s) || Delete All Curves
..................................................... Parameterumqueness':lt :OomA"
8 I
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Section 5.3 Creating OC Library for Composition or Temperature-dependent

materials Bl Bt %8 BUE
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dependent material files
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5.1. Map Data and Model Non-ldealities #u%i%izfIEE
7]

A TR
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o Map R FE B s A o IR Map 45
e Sellmeier /2 e Model Calculation (#£7 i+
9]
(Non-idealities) (FEFEAE)
o EREEARYE] e Bandwidth (nm)£k %
o WEGLIE I

FESAMILT A, AT IF OB SO A K AT SI02 A silicon water (i
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Measurement In situ Analysis r Hardware r Options ‘
Data: Si02_Map Model: Siwith Transparent Film
‘ Open H Save “ SetRanges | | Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot ‘
Fit Layer Commands: Add Delete Save =
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Cauchy (fuf ) Z%0nT LAR G M348 328 B X 38 (4 3 2%, {2 Cauchy CHif i)
SEBR PR RR R . BB E SRR S GV, I B RRE
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Bt B Cauchy J2, J7iEA, {EMEAIH Cauchy &5 b 7o flbs, RE
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Measurement | Insitu [ Analysis | Hardware | C

Data: Si02_Map

[ || _sue [ im0 || sevaes |
Fit:

| Generate H Fit H Fit Scan Data || Reset |
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Einf = 1.26620.0162
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Spectroscopic Data At X=0.00, Y=0.00
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Spectroscopic Data At X=0.00, Y=0.00

100
% Depolarization
80 Model
"ﬂg 60 [ | :
g ¢ ':
3 s i E g |34
(=] 20 a ﬁ ! ﬂ &
= | i & L\}LJ : WWV AR
0 L ;o o bt g
-20
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0

Energy (eV)
[5-13. TERRTIHEE 2 A% /2 FE2 570 1777 219 Depolarization CEfi#) £i#7

Model Calculation — Bandwidth (nm) &% B HR-2;
% nm

BTk, ZiAdAE “Model Calculation”#]“Include Bandwidth (nm)” (HEL&Z%E) .
P SHIFT 8, &R, HBWMGEILAC depolarization CGRImR) %1
o SRJE, U4 Bandwidt (%) . MSE £5 £ H Z L hickness Non-Uniformity
(RSN WL (/) . depolarization GBI ¥EVCECE 4,
5-14 fli7n. XA HT bandwidth (£5%) Al thickness non-uniformity (/5 4E
BISME) Z I paig 2 R B, R R R . A G A R
T Anm 2R 56 T DAHE— 2B E 2 bandwidth (£8%5) MITELE, AR EEIE 2 M-
2000 L& f9 R, XA bandwidth (£8%8) & HIZAFEH,

Spectroscopic Data At X=0.00, Y=0.00

100

% Depolarization
80 Model

60

i -nn Al‘n
|

% Depolarization

20

L LA AR WA

-20
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0

Energy (eV)
[&5-14. 7604 Bandwidth  (£677) 72249 Depolarization (B fiflk) #HF

CompleteEASE #4F it BE/EHH 3 - FHE e 5-157



Include Depolarization Data &4 B R¥iE

FIHRT AL, AT Model Non-idealities S 5 47 UL depolarization 33, 1H
fETHE MSE i, depolarization (#8 JF %A = 511 5H . Bk, ©24%K%, non-
idealities (JFFEAE) 2 THfHIVLAL Psi Al Delta FIFEAR (KN MSE fEI8/) .
WLAE, A depolarization HidE i1 53] MSE A, B FIX— 4, i Model
JEE#E I Configure Options (FRE ) . ILIhAE &R, 7E Fit Options (34
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Show Model Options

Available Options Description
[ SCaueETnTyg T~ aoroT —
[] Patterning —| || Tells the model to include depolarization data in the fit.
[] Multi-Model Patterning

Fit Options

Include Depolarization Data

[[] Include Reflection Intensity Data

[[] Transmission Data Weighting [

[[] Use GenE/MM Data

[] Mare Fit Options
Other Options

[[] simulate Data

[]#ofCores

[[] Color Calculation =

Include All || Clear All
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Thickness # 1 in nm vs. Position
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n of SiO2 (Sellmeier) @ 1.960 eV vs. Position
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5.2.  Multi-Sample Analysis LR
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o M\ Map #dfi ik 52 ri o HEM: Multi-layer (empty)
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#5-1. A/ F mapping $(#519H1E

Rz e
CTRL-fE 5 b il R R R
CTRL-ALT-7E i [ sk TR A
CTRL-ALT-SHIFT 7£ s I il BRiZ S AHPLEE
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CTRL-SPACE Bar DI i B A1 Map

Blank Model %%
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Translation Data: Psi

64.05

54.35

44.65

34.94

Y (cm)

X (cm)
A]5-20. “Cron SiO2 MAP” H9-F# 7751 /5

5-162 o HIFHHT 3 - BES CompleteEASE 44-Ft



ions |

Model: Blank (Blank Starting Model)

| Open H Save || Clear | Open Snapshot || Save Snapshot ‘

Layer Commands. Add Delete Save
Include Surface Roughness = OFF
[Substrate = none |
Angle Offset = 0.000

+ MODEL Options

+ FIT Options

+ OTHER Options

Configure Options
Turn Off All Fit Parameters

&75-21. M Blank #2744
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Copy Graph to Clipboard
Copy Data to Clipboard 4465

Copy Data to Graph Scratchpad
View Graph Scratchpad
¥ Show Symbols

— 34.94
® Auto Z-Scale

O Manual Z-Scale
Scale Z-range by n-Sigma
[T Graph Points As Line

Y (cm)
=)

— 25.24

[0 Use Clipboard aspect ratio

Cancel Menu

15.54

\_—____’/

0
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Translation Data: Psi

9 64.05
e
6 54.35
3 44.65
G
30 b 34.94
>_
3 25.24
6 a 15.54
\-—-_
9 5.84

A]5-23. FFE AN 37 I 1T T

Zooming on Map &5

BARXERA R RE L, fER—AW LN E FEEE LTSRS 2 A
Mo FEIXFIESLT, XPREE B XSO AT 40802 A I, XA RT DLUSE A 7 25
FEEM A, MR E P, ARPER HEE) FEMPE—X, mEpR.
BOR X dk i ] 5-25. ZERE B FTA R A, R graph Xk AR5 i ik £
“Zoom All”,

Graph Type ‘Show Map Data

Translation Data: Psi
9 64.05

e

44 65

2524

-9 I 5.84
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Translation Data: Psi
67

5 o,, 20.95
>

15.91

10.88

36.06
31.03
25.99

N
-5.04.0-3.0-2.0-1.00.0
X (cm)

[&5-25. Map LK THIIX 5

Selecting Multiple Points on a Map %t Fi%#% &

MIATHER LT T A SIO MRS, F—30, BAsaid Cr BIRAMEE (i,
%, BN E). XS RSSO ESE, WK 5-26 fras. £
ok, i%E#“Show Map Data” LR [E 2] Map E. AT |_,|E|UL SRS 2 5,
POV IEREZ A s n s - Pra X el i L5 Sio2 Wik, BEFEL A, %
E Ctrl 4251 [R] i §Ubs 22t AS R X3 1) A 7R A 0l S5 & K
KA, i 5-27 Fis.

A FT LU A eV VR A B — SRTTHRE] T LA — AR . RO S AR R

nm.
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&2 CompleteEASE =]
Measurement | In situ | Analysis | Hardware | Options.
Data: Cron Si02 MAP WModel Blank (Blank Starting Model)
Fit: Layer Commands: Add Delete Save =
[ cenerate \ | Fiseanpata |[ meset | | Include Surface Roughness = OFF
-Layer# 1= Cauchy Thickness # 1 = 103.30 nm (fit) 3
MSE = 5570 A= 1.466 (fit) B = 0.00445 (fit) C = 6.7404E-06 (fit) T
Thickness # 1 = 103.300.018 nm k Armplitude = 0.00000 Exponent = 1500
A=1466:000018186 Band Edge = 400.0 nm L
B = 0.004453 2906E-05 Sibsrae =S JAW
C = 6.7404E-06+11096E-06 Angla Offsdt = 0.000
+ MODEL Options
-FIT Options
+ Perform Thickness Pre-Fit = ON
Use Global Fit = OFF =
GraphType  []ShowMapData  Position: sl Show Data [’I
Spectroscopic Data At X=-2.33333, Y=2.33333 Zoom All
100 300
[ Psi (55.00, 65.00, 75.00°)
80 ‘ Delta (55.00, 65.00, 75.00%)
/ Model 200
k | emememereemsanan
60
[ mmtmmeamnnsnsamenmnansset
[ e
— I}
A
40 b
/ \__
\\\____“__
\ 1o
20 KJ ===y
0 100
0 300 600 900 1200 1500 1800
Wavelength (nm)

/&]5-26. 1¢/7] Cauchy 7 K 7 SiO, JEHTH £ 5

Translation Data: Psi

64.05

~
o\
D
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e

54.35

44 .65

34.94

Y (cm)

25.24

15.54

5.84
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KI5-21. Z R E R IR R s, AT UEE T IR OIS . (2 LA
B HTVY T A7) o
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Changing the Graph 52 E#

ZY e map” EIFE 214 H 10 506 B 18, /R AT BLUS % “Show Map Data” 3¢
B, BCEAEARAE CTRL B RIN 2 B8 . IX th Al PLYJ A “map™ s . 2L
Ko

TECTEHAR B, BATAAEER T 248, RIA — /N ok ik &4
W SN E, HAME —ANERHE R € RN EoR A i it g R EoRH A
— AN EEEE . XERER 5-28 F. EILZ AT, RATLA AN A BRI

MSE fH#2i% 5. FRR 54 Fit', BIAE MSE N 22. X &R NFTA I 4 A rsifd
[ — ARSI R A AN REVC L AT A B0 & . CRRREAS i 1 R B
NAZAHIED

&7 CompleteEASE Yo | X
Measurement In situ Analys\s rHamware r Opllnns ‘
Data: Cr on SI02 MAP Model: Blank (Blank Starting Model)

‘ Open H Save “ SetRanges | | Open H Saye H Clear ‘ Open Snapshot H Save Snapshot ‘
Fit Layer Commands: Add Delete Save =
[ generste |[ it || Fisconnes |[ Reset | | Include Surace Roughness = OFF

-lLayer # 1 = Cauchy Thickness # 1 =103.30 nm (fit} L

MSE =5570 A = 1466 (fit) B =0.00445 (fit) C = 6.7404E-06 (fit) T

Thickness # 1 =103.30£0.018 nm i Amplitude = 0.00000 Exponent = 1500

A =1468+000018186 Band Edge = 400.0 nm L

B = 0.00445+3 2906E-05 Substate = & JAVY

C =B.7404E-06+1.1096E-06 Angle Offset = 0.000

+ MODEL Options
-FIT Options

+ Perform Thickness Pre-Fit = OMN
Use Global Fit = OFF =

GraphType  []ShowMapData  Data Set|#4. (-4.66667 cm, 233333 :m)lv [] Graph All Data Sets Show Data H
1. (-4.66667 cm, 486667 cm) \ta At X=-4.66667, Y=2.33333

#2. (-2.33333 cm, 4.66667 cm)
#3. (233333 cm, 233333 cm)
#4. (-4.66667 cm, 2.33333 cm)

100

/\{\ Psi (55.00, 65.00, 75.00°)
80 Delta (55.00, 65.00, 75.00

60

I
RAESS ="
S

N ~ |,

/—\j B
0 100

0 300 600 900 1200 1500 1800
Wavelength (nm)

Psi

20

B5-28. G Z AW, R LUE IR RN R, Bk 5 Graph All Data Sets”
TS AL I o

Graph All Data Sets fiA BiE4LE

B3 58 VU S R RERSAE AN R Hdis 2= AR 2 Gyl i R E RO 2. 74k
2 W, N T RGEE, < double-Y axis (WY &) o, IF Hik$E 65 JF
HI%HE (76°Set Ranges” G EJEHD H, WiE 5-29 fron) BifE, Al LAk#
“Graph All Data Sets” &5, fKA] LAE 2 PUAAS A& sSAL Psi 2k, Kl 5-30.

CompleteEASE #{4-Ffit
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Select Data Range

Wavelength Range
Min: (1822 nm Max 16971 nrm

Selected Angles

[ s5.00° [B5.00° | 75.00°
[o] [»]

Select All Angles

Selected Translation Point

Selected Point: [X=-4.67, %= 4.67 =
Graph Angle: |65.00° = Graph Wyl |F56.5 nm

[&]5-29. £ #F Set Ranges’ H- N5 1E 65 S HT I & F#7

Spectroscopic Data At Multiple Positions
80

70 ,\

Psi (65.00°), #1
/ \ Psi (65.00°), #2
60 \
o /l
</

Psi (65.00°), #4

Psi
]

40
30
20 —
10
0 300 600 900 1200 1500 1800

Wavelength (nm)

A75-30. LFEHIITH 4 TSRl Psi #1265

Selecting and Unselecting Data Sets #:#&M R E5HE 51

£ graph b7 [f)“Data Set” 7 A — M #SE R, 7] LUIEAT selecting GEFE)
unselecting (Jzit) #1 clearing data sets (J5 %R %1) 5HlE. 138t &
5-31 e MR SESE B 1) —AMREF 72, EEE MR EHERE. W
AR H R T B LRI MSE Bi%IT 6. BbAh, FERURESI T H3E
g, ARATDLE RS () ol argok . R E 5-32, ARk s

Graph Type [[] Show Map Data Datd Select Data Set aph All Data Sets
Un-Belect Data Set t Multiple Positions
Select Current Data Set OMLY
80 T Select ALL Data Sets
70| ;:: (65.00%), #1 | | pojete pata set

(6500 )! #2 Clear Multi-Data Set Mode

7\

60 [ Psi (65.00°), #4
Model
50

- | 4 N
/& 5-31. 7 graph /- 7717 “Data Set” X 5L Fi#rtiidi, vy AT selecting (A
unselecting (/<) , deleting (#5%) , #clearing data sets (&5 40#771 77 ()
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Graph Type  [] Show Map Data Data Set: | #4. (467, 4.67) |v‘ ki
[ #1. (Mot selected) -2.33, 4.67) Iti

#2. (Not selecter) (467, 2.33)

80 | #3. (Not selectes) £2.33, 2.33)

- - #4467, 46T
Psi (65.00°), #4
70}"Model S
. | /A |

A]5-32. 25 T Hr S 47 Not selected  CRERE) HIHE T

Multi-sample Analysis Z¥ 47

BUF A I, TN XA AL DA AT T 4 B MO SOE L . SR,
ST AR, (U — 44 B B R B . Cauchy (HTTH)

SHZEA W, AR MR R, (U A 0B R T

[FH. CompleteEASE M4, oV ZAMAR RIS, HA A IE
B S B R TR A S MR VR RN SR & R A . A
*F I KA SIO2 B SRS IR RE A B A 25, Xk
i, KA BT T ARRLF T Cr AT MRS — Cr A HTK 225 T 2 R
IHH

FUEH L T7E, #E Model & R HRIfi%4% Configure Options. 7£“Model
Options” (FRIYZEID 43+, 3% <Multi-Sample Analysis” (Z T ©
P 5-33 oK.

]

Show Model Options
Available Options Description

Model Options
[] wavelenath Shift
[] Ambient = 1
[] Return Path Ellipsometer L
[] Delta Offsets
[] Azimuthal Rotations
Multi Sample Analysis =
[] Adv. Bandwidth Options
[] Parameter Coupling
[] Use Previous Results
[] Scattering Factor
[[] Patterning

[»

Adds multiple sample analysis capability to the model
(which requires multiple appended data sets).

4

Include All | | . Clear All

/4/5-33. 71 Model Options #5747 “Multi-Sample Analysis” T

Rk, fE+Model Options #73, 4& 2 3 & 3% 17T FH i +Multi-Sample
Analysis % 171, i Add Fit Parameter (RINS%0 %4 Thickness #1. &4
Bk PR SRR BORAEZ T IFIER T (EA—MUESH0 - B, 1E
“Data Set” I Rbr Ay, ik “Select ALL Data Sets” GEFFIEHIES) . X
BAERATEENSAE Multi-sample analysis #843#% il & 4 ML B RIJEE. Cauchy
WP ZHARFFLG - (X T BTG Bl 2 A 1) . s Fiv. B 5-34 IR
TaS 2R ITIREEER. BIh ] DG AR SR IUAC AT A 4 S ith 4k — [
A VAN RS & — B A ) Cauchy (BT S35 TH#E

CompleteEASE #{4-Ffit
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@3 CompleteBASE |77 A P e R
Measurement | In situ | Analysis rHardware ropllons ‘

Data: Cr on Si02 MAP Model: Blank (Blank Starting Model)

‘ Open H Save “ SetRanges | | Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot ‘
o WIIIUE SUMTALE RULYTESS = UFE =

- -Layer # 1 = Cauchy Thickness# 1 = 104.37 nm (MSA) Bl
[ generate || FtSeanData || Reset | A =1.466 ifity B =0.00428 (fit) C = 1.2880E-05 (fif) M

MSE =5812 k Ampl\ludej 0.00000 Exponent = 1500

A = 1.466£0.00015339 Ean< EdgeSA00T0N]

B'= 00042043 1210E-05 BB = Y

C = 1.26880E-05£1.0672E-06 Angle Offset = 0.000 =

-MODEL Options

Thickness # 1 (1) = 106.20+0.017 nm

Thickness # 1(2) = 1044820017 nm Include Substrate Eiackswde Correction = OFF
Thickness # 1 (3) = 103.32+0.017 nm Model Calculation = Ideal
Thickness # 1 (4) = 104.3740.017 nm - Muiti Sample Analysis

e MEETENEE Delote All Parms I
Data Set Thickness # 1

" 106.20 nm
” 104.48 nm
" 103.32 nm
# 104.37 nm |

GraphType  []ShowMapData  Data Set ‘#4 (-4.66667 cm, 2.33333 cm)l" Graph All Data Sets Show Data H

Spectroscopic Data At Multiple Positions

80
70 A Psi (65.00°), #1
l K Psi (65.00°), #2
60
Psi (65.00°), #4
ﬁ l x\ Model

50

‘B
o
40

30

20

10

0 300 600 900 1200 1500 1800
Wavelength (nm)

A5-34. JIINTafLE Si L SiO2 R ITZ /b T4 R (&M —E 71 Cauchy #4

B4, T d+Multi-Sample Analysis 257 7 72 #F SI02 49/ 1% & ).

Clear Multi-Data Set Mode &£ BEEFIER

T PUANASFEAEE SiO2 BT multi-sample (ZEERD HT)E, AR

f) Cauchy fE S iZ 2R IF B & 45 B . FRATIUAE v] LUK B I #5RE 20 4% Cr X35,
B ATk 4 A 1F SIO, HEREE, graph % 0 L5 “Data Sets” - i
WA, FFikFE“Clear Multi-Data Set Mode” (JERZEIEFIK) o X [HF)
B —Hdfi . i CTRL-SPACE BAR 3K &7 Map #Al.

TEFFURZ T, FRATESCH SiO2 MM IA S5 - 15 BEF Cauchy fH. F8AT
PR Cr 9 IX 3, AHIRATA A B A 24 A2 559K “automatically” (H3))
RIS -FUATRA LA IR0 Cr )= . EOCH “auto” (H3) AR,

TE Fit AR B A e, SOETIEE“Auto Fit” (HZhLA) . w1 5-35
Frse BUAE, ATATDUERE DS, A ESEXA i EdE . 3R,
EEP LIRS (WEl 5-36 i)«
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&7 CompleteEASE

Measurement rln situ rAnalysis Hardware | O

Data: Cr on Si0O2 MAP

| Open || Save || Infa. || Set Ranges |
Fit:

| Generate || Fit || Fit Scan Data || Reset |
MSE = 5812

A = 1466000015339

B =0.00429+3.1210E-05

C = 1.2880E-05+1.0672E-06

Thickness # 1 (1) = 106.20+0.017 nm

T CARRE
Thi

Thid  View Fit Stats

Copyto Clipboard - Formatted
Copyto Clipboard - Table
Copy Analysis Report to Clipboard ctl-R

Addto Fit Log Cirl-L
View Fit Log Cirl+AK-L

Advanced Graph Options

e Graph OCs Vs. Time —
Granh Tvne Fhow WMAn TTafa

AI5-35. 7 Fit [T B i dr it FERH] GEBREFEHE) “Auto Fit”

Translation Data: Psi
64.05

54.35

4465

34.94

Y (cm)

25.24

15.54

5.84

X (cm)
[&]5-36. SEFEEH RO KT RN KB E 5D

K 5-37 B/~ TIXANEEE, N T R EIR Psi Al Delta, FHri%# T double-Y
axis (W Y) , NEIRHO S EHE S $BE SiO2 WA AR = S,
FERY AL T Bl
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NTHEEANEIE, AT EAERAOER FRN—2. md Add, 7E SiO,
HEE D57 N Basic H 3% T B-Spline JZ. fEJT B-Spline )2, #RJ51E Starting
Mat = none b5, 7F Metal (£J8) HFEHIiEH Cr.mat. LA ARTE Palik’s
Handbook I [¥) Cr 5= ¥ 822, @it it5H, B-Spline AUk 5 2 L. 1%
i SHIFT ##J1-7% thickness (JE[%) LRz RARER, BB SHIAHLE. &
TR, EMEBPOLEERS R PEAMEE. XESEPIRE W, A
A AR BRI TR SRR R e . TRBhE R 40 9K, X2
XML E E Cr JZ 14 OB FE . JFREEy 40nm I AR A i 24 5 sl Hois
e e 5-38 i

Spectroscopic Data At Multiple Positions

80 | | 270
70 S Psi (65.00°), #1 240
% Delta (65.00°), #1
60 : Model 210
B A
50 e 180 o
7} i . H LY =
o Vol 3 @
40 150 O
30 120
20 90
10 60
0 300 600 900 1200 1500 1800
Wavelength (nm)
[ 5-37. 10 gL B A5 58 /7 SiO, RIZHH AT IR
Spectroscopic Data At Multiple Positions
40 180
d 150
30
g {120
L ]
& 20 3
// 90
10 Psi (55.00, 65.00, 75.00°), #1 ||
Delta (55.00, 65.00, 75.00°), #1 |-{60
ol Model
0 | | 30
0 300 600 900 1200 1500 1800

Wavelength (nm)

[&/5-38. 40nm Cr SEH9HZHE#E (B-Spline F #4512 Palik’s 115 Cr ) G50 i S0
FIFHIH 5

RS RA R IR, AT LY B-Spline 244 global fit 8L & SG [l e B E .
THEREE, FAFRATCH Cr 4 EE . K EEFE 2/ 40nm L, BT
ki Five BARBLAH A (LK 5-39) , MSE MMEZ1N 4. R, 1E
R[] 3.5eV &b —AMBkER, VLECANEF. XK T Sio2 i —A4>
“interference enhancement” (T E5E) . R IEMAI Cr B FE A4 BE UL AL IF- X
Xk, AR Cr EEHE NS . a4 RERTE K 5-40 1, A #AT
IRAFUCEL, MSE{HZ1N 2.
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Spectroscopic Data At Multiple Positions
35 180

T

S N = L
-"—-‘-‘-"._---_-—___,.'---""|

Psi (55.00, 65.00, 75.00°), #1

_ Delta (55.00, 65.00, 75.00°), #1

B 20 /-/

\ Model
" \ \MM”M 90
/ \ . {60
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\/

30
0 300 600 900 1200 1500 1800
Wavelength (nm)

/&/5-39. B-Spline /Z/Z /3 & 40nm AF #9005 5o /1 THE P SiO2 AT

interference enhancement (/#1557 ) FE#UT 3.5eV L/ HVLH. IEHHI Cr JZ/E
G AN X L 1 LA

30
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25 X

120
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I
Delta
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&7 CompleteEASE o5 X

Measurement In situ Analysis r Hardware r Options ‘
Data: Cr on SI02 MAP Model: Blank (Blank Starting Modei)

‘ Open ‘ ‘ Save ‘ ‘ SetRanges | | Open H Saye H Clear ‘ Open Snapshot ‘ ‘ Save Snapshot ‘
Fit: Layer Commands: Add Delete Save =
[ generate || FiscanDam || Resst | | Include Surface Roughness = OFF

-[Laver # 2 = B-Spline Thickness # 2 = "XAKIas (11t)
MSE =2163 Init. values n=1.500 k= 0.000 Starting Mat = Cr

Thickness #2 =47.110.123 nm Resolution (eV) = 0300 20 Pts. (0.731-6 451 eV} Draw Node Graph L

Fit Opt. Const. = ON

Use KK Mode = OFF
Query remote system for Opt. Const. = OFF

Show Advanced Options = OFF

-lLayer # 1 = Cauchy Thickness# 1= 10437 nm
A=1468 B=0.00429 C=12330E-05
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm

Substrate = Si_JAW

Angle Offset = 0.000

-MODEL Options

Inrlide Suhstrate Backside Carrection = OFF i

GraphType  []ShowMapData  Position: sl e =

Spectroscopic Data At X=-0, Y=-0

35
30 \\ Psi (55.00%)
e | Psi (65.00°) | | __oen
25 . Model
T 20 \\
™ \N_//M
15 AN
10 ., e
5
0 300 600 900 1200 1500 1800

Wavelength (nm)

AI5-40. 0 R T A

CompleteEASE #{4-Ffit
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Multi-Sample Analysis 25447 (revisited)

BABRNMNEEES T —MIEFO ST B2 Cr #IE/SiO2 #E/SI K.
B, AXAMEELREMS YA Cr 2GS £ map Gh3D L, #4E
Ctrl f ] i F BRUbR A S R B Ao Wik PR i A0 A Ak e TR P8I [ 8, ] -4
IV

FERKR, UIEDEIGE (CTRL-ZEH#44E) , J<H] double-Y axis (WY #il) ,
By 65 . XM 7 (F, WK 5-42 fion. NEIEE, BA
AT AN w8 & FAG R RS Cr BE R Cr 2. B rEhO (8
) . MEHERE, CrZ24HE,

‘ B HE P IR TR RN o PR, UREOBEIBT A 5E 53X B ETEA—#F

Translation Data: Psi
9 64.05

Iy~
3 / \ 44.65

34.94

Y (cm)
o
.
:
:

Y

X (cm)
[&I5-41. 7 Si02/Si _LE # 7 Cr ZHIIH 5 1 A5 ja I 32
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Spectroscopic Data At Multiple Positions

40
Psi (65.00°), #1
Psi (65.00°), #2
30 |
- Psi (65.00°), #4
7 \
B 20 \ S \\\__‘__ —
f %ﬂ.——ﬂ",‘
10 | -
0
0 300 600 900 1200 1500 1800

Wavelength (nm)

[I5-82. F17 B LI Psi JE G LR, HNIEFE T 65 EH .

BUAE, iEFRATTHES Multi-Sample Analysis (2§ 40#7) o fE+MODEL Options
oy, fE<F 3 Thickness #1 ZE4b Tk HRZES (B 5-43(a)) . miili Delete
All Parms 241 % k% Thickness #1, R y3RAT15e M8 FIAH F 6 SiO2 & 5 7t
YF Cr B JEAML . B2 Rk, sy Add Fit Parameter Jfi% % Thickness #2(/]

5-43(b)).
i s |
Madel: Multi-Layer (empty) Madel: Multi-Layer (empty)
‘ Open ‘ | Save || Clear | | Open | ‘ Save | | Clear ‘
Model Calculation = Ideal Model Calculation = |deal
= Multi Sample Analysis - Multi Sample Analysis
Add Fit Parameter Delete All Parms SehEFEFElEEEr Delete All Parms
Data Set Thickness # 1 Data Set Thickhess #2
#1 104.48 nm #1 47.09 nm
#2 10437 nm #2 47.09 nn
#3 103.32 nm #3 47.09 nm
# 108.20 nm #4 47.09 nm
#3 106.16 nm #5 47.09 nm
() (b)

[&5-43. (a) 17 Delete All Parms A multi-sample analysis 2744 Thickness #1 Z4¢ (b)
#E2 A7 Add Fit Parameter 77£ 7 Thickness #2.

EFUERNA AT, BATT Etune” CIREE) AN [H) 5 A8 DL B el o 42 ) 45
Mk, iE“Graph All Data Sets”. £, GeHUNHHEF AR, % Shift [,
Multi-Sample Analysis #87) X 87 i JE B FIR B BRARRSRE, B2 A2 B ih 285 4
HiL DT FE % 7 ) S 06 B th 28 . B “fine” CR&4H) HbEHE)E R, #%4E SHIFT-
CTR L AR RN AR R S . X Rk R, — Ml 5-44, Hp HAH
5 SHURE Sk, %5 5 thickness 4 75 J5 1 Sk T8 47 31 DU AC ih 2%
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&7 CompleteEASE & i
Measurement In situ Analysis rHardware r Options ‘
Data: Cr on SI02 MAP Model: Blank (Blank Starting Model)
‘ Open H Save “ SetRanges | | Open H Saye H Clear ‘ Open Snapshot H Save Snapshot ‘
Fit: A=1466 B=0.00429 C=1.2880E-05 =
Scan Data k Amplitude = 0.00000 Exponent = 1.500
Generate Fit Fit Scan Data Reset 1.500
| || H ‘ Band Edge = 400.0 nm
MSE =2.163 Substrate = 5i_JAW
Thickness #2 =47.11£0.123 nm Angle Offset = 0.000
- MODEL Options B
Include Substrate Backside Correction = OFF
+ EIT Ontions =l
GraphType  [] Show Map Data Data Set: ‘«5 (-0.00000 cm, -4.66667 Em)lvl [C] Graph All Data Sets Show Data H
Spectroscopic Data At X=-0, Y=-4.66667
35
30 /\ Psi (65.00°)
i/ \ Model
25
2 20 l ‘)\
; J——
15 i N ;»”'_,.»""’
i \-\./}/
5
0 300 600 900 1200 1500 1800
Wavelength (nm)

/&/5-44. # model /7 Multi-Sample Analysis #5787 /8 5)/2/E F VLB 5 540# 7 .

FE BB 5o BIUCEC S )5, FRG%E H “Graph All Data Sets”. 4 B & #2 R N
ZRAT K 5-45. EROZERE], SRR SNEFIR )R EVLAD th 260, K2
FI AT TR . XAXTH, KAE Cr 2Rt S Cr JZHe2:
B e 8. Fl, RINMMESEZREN I MERX — 5. BUE, 4
g S Fiv. BT AN s RIS, AfF B — B-Spline EHAAH A 1) Cr
FIHEE R, CrZREEARIEE A . A% RN ZWE 5-46 AR,

MSE {8 M B& KT 20.

5-176 o FIEAHT 3 - MR
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£ CompleteEASE s = X
Measurement | Insitu | Analysis | Hardware | Options.

Data: Cr on Si02 MAP WModel: Blank (Blank Stariing Model)
Fit: A=1466 B=000428 C = 128380E-05 =
- k Amplitude = 0.00000 Exponent = 1.500
enerate | [ Fit_| Scan Data Reset 450
‘ ‘-‘ ” ‘ Band Edge = 400.0 nm
MSE = 2.163 Substrate = SI_JAVW
Thickness # 2 =47.11£0.123 nm Angle Offset = 0.000

-MODEL Options
Include Substrate Backside Correction = OFF
Model Calculation = Ideal
-Multi Sample Analysis

ERLIEEnEE Dolote All Parms
Data Set Thickness #2
n 47.11 nm
#2 35.11 nm I
i3 26.11 nm
#4 1511 nm
#5 19.11 nm

+ FIT Ontion: =

GraphType  []ShowMapData  Data Set |#5. (-0.00000 cm, -4.66667 cm) | ~ | [v] Graph All Data Sets

Spectroscopic Data At Multiple Positions

40
Psi (65.00°), #1
Psi (65.00°), #2
& Psi (65.00°), #4
Model
@ 20 —
10
0
0 300 900 1200 1500 1800

Wavelength (nm)

KI5-45. EZFEMME L AT, ELIRE)S TEIHIESEM, 1725 EH R R 1 H
BIERH VLA

Spectroscopic Data At Multiple Positions
40

30

0 300 600 900 1200 1500 1800
Wavelength (nm)

KI5-46. ZHEdi A e's TMLEHGTR

BAE, EFRATTM multi-sample analysis (Z2FF 528D H B A JE A JE 1) 0080
B BX— R, 78 grap BTN RAI R bk A B AE 0 SR . BT OR,
fE“Data Set:” I i Fr A, i3 “Un-Select Data Set” (HUJHEFEIES])D .
O R 2R TE 2k - BT DY SR B Hh 4 S A B AR Hh 22 . S Fit
MSE BiiZ M Fik 19 FREZIAZE 14. Fub i (& CrE) 585 Cr )2 H A
FREEE, RIRGEAIAZ RS (B2, mE AU RR T &
BZ. JEk, Cr 2t B EARMZE T, W2,

CompleteEASE #{4-Ffit
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HEE: U “un-selecting” (Ji%) (HFMEERIH L, ZFE5 2 HT P EEE 512 IR
FEEREny . AR, WERIATMBR TiX—5, ZF& TP EESIRT S HE
ARG AL B, IXAEIIE, FRA TR 2 E R X e ) R {E

SEXMAFEFE G N, mTReMR R KAtk A T RIEX —H#ig,
FERER 1 surface roughness & 4 On, J£7E Multi-Sample Analysis 41 4
surface roughness {£ 8 73— MUESHE K . X8 R VF A SA A R
ReJZ . AdFiv, MSE FREZNE 9. BEMEJE 130k mHL ks it JE 8 n Can il
5-47 FiR) o A TIX/MER, FATIULE T AR IR JE Cr 2 (10 25088 [ 21 1) B 3
W, BEXMEE EIHRSE) &7/ RS AF T AL A0 S A — 8 (AT
TR E RS o TR, B FoSmia MSE B F 2 12, Ha R K
5-48 AN . fEIX—mi b, IR BB FORE AT DUR F A AR 4 2k- 05+ 7 2
TBE — X T IXAMREN, BB S5 R s an it .

&7 CompleteEASE o5 X
Measurement In situ Analys\s rHanWafE r OD|IUHS ‘
Data: Cr on SiO2 MAP Model: Blank (Blank Starting Model)
‘ Open H Save “ SetRanges | | Open H Save H Clear ‘ Open Snapshot H Save Snapshot ‘
- L == -
S Use KK Mode = OFF =
| Generate || Fit Scan Data H Reset ‘ Query remote system for Opt. Const. = OFF
Show Advanced Options = OFF
MSE = 7104 Cayer # 1 = Cauch Thpk #1=10437 B
Thickness #2 (2) = 23.69:0.114 nm SE’V;” ’_% ickness# 1= i
Thickness # 2 (3) = 18.53£0.084 nm |Au f”g‘; _r‘oooo
Thickness #2 (4] = 897+0.039 nm MB%QEL ge tio
Thickness #2 (5) = 13.640.061 nm Rt "S";"f o Backeide Correction = OFF -
Roughness (2) = 4 54+0.100 nm &CZ ‘BC“: SI’? N _E’IZ S‘I © Lomection =482
Roughness (3) = 3.48£0.089 rm MOIt'eS ac': a)\o”l'ﬁ
Roughness (4) = 1.41+0.062 nm - Mulli Sample Analysis
Roughness (5) = 2.34£0.077 nm Add Fit Parameter Delete All Parms L
- Data Set Thickness #2 Roughness
#2 23.69 nm 454 nm
B 18.53 nm 3.48 nm
#4 8.97 nm 1.41 nm
" 13.84 nm 2.34 nm Ll

GraphType  []ShowMapData  Data Set ‘m (Not selected) (-0.00000 cm, -0.00000 Dm)lvl Graph All Data Sets now Data H

Spectroscopic Data At Multiple Positions

40

Psi (65.00°), #2

30 Psi (65.00°), #4

Model

10

0 300 600 900 1200 1500 1800
Wavelength (nm)

[&5-47. 7 multi-sample analysis 777/ 7~ roughness /7 4 1N Cr JEHI G 7548 Cr
JEZSEIEN], Bl e R e = 2 Bt 28

5-178 o FIEHHT 3 - MR
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- Multi Sample Analysis
Add Fit Farameter Delete All Parms
Data Set Thickhess #2 Roughness

# 35.59 nm 737 nm
#2 26.01 nm 3.02 nm
B3 20.30 nm 227 nm
#4 9.84 nm 0.86 nm
#5 15.16 nm 1.44 nm

[5-48. BIATTES AAGEAE, i COr J2JERERINE (roughness) ZATHIAE Y
/8

VERIXABAE B R—ANR>], fidi‘Set Ranges’ (X ETEED , IHFEKITEMA
FEIERERIR. ER, U2 AEIEIEER GUREHE B LMD , BT E EdE
xR A . i, - TEEE & 1 P ETA IR AR AR, BES2
i M g . AT ENsd, B A FSE 5. Bl
G2, K Sio, EEE NMESE, - HAE Multi-Sample %1 FH 8 I Thickness
#1WESH . TERTE I E A BEOE B BAA =R [H 1 )2 A5 78 Multi-
Sample Analysis (ZFEM 4T H, M Fiv, RN ZWTEPIR. K
W, He ) SIO2 ERELLE A 4 ML BEE R, MR, XAER —MNRHEE Cr
FEEF d I B4R 3 TR, DRI, O B OK R SIO, JE S T ATIRHT . fx
JE g R EoRTER] 5-49 .

— —

Measurement | In situ_| Analysis. r Hardware r Options ‘
Data: Cr on SiO2 MAP Model: Blank (Blank Starting Model)

[osen ] [ame | [0 | [_ostmames | | [oen | [smw. ] [_cioer |

‘ Open Snapshot H Save Snapshot ‘

Fit: o Advanced Options = OFF B
+|Layer # 1 = Cauchy Thickness # 1 = 105.79 nm (MSA)
| Generate || Fit Scan Data H Reset ‘ e
MSE =5.934 = | “Angle Offset = 0.000
Thickness # 2 (1) = 34.68+0.121 nm -MODEL Options L
Thickness # 2 (2) = 25.7420.083 nm Include Substrate Backside Correction = OFF
Thickness # 2 (3} = 20.33+0.059 nm Model Calculation = Ideal
Thickness # 2 (4) = 10.18£0.023 nm - Multi Sample Analysis
Thickness # 2 (5) = 15.3520.040 nm L G NENEEIERENE] Delete Al Parms =
Roughness (1) = 10.37£0.096 nm I Data Set Thickness#2 Roughness Thickness # 1
Roughness {2) = 5.862+0.084 nm # 34.68 nm 10.37 nm 105.79 nm
Roughness {3) = 5.14x0.078 nm #2 25.74 hm 5.82 nm 102,87 nm
Roughness {4) =3.71+0.062 nm #3 20.33 nm 514 nm 101.74 nm =
Roughness {(5) =4.370.071 nm #4 10.18 nm 3.71nm 100.03 nm
Thickness # 1 (1) = 105.79+0.106 nm = #% 16.35 nm 437 nm 101.32 nm
Thickness # 1 (2) = 102.87+0.081 nm +FIT Options
Thickness # 1 (2} = 101.74+0.062 nm ~| | -OTHER Options -

GraphType  [IShowMapData  Data Set ‘171 (-0.00000 £m, -0.00000 Dm)l'l Graph All Data Sets

Spectroscopic Data At Multiple Positions

40 :
Psi (55.00°), #1
Psi (65.00°), #1
Psi (75.00°), #1
30 Psi (55.00°), #2
Psi (65.00°), #2 ==
Psi (75.00°), #2 f=
e
B 20 b
o
[=2x Psi (55.00°), #4 e
e Psi (65.00°), #4 L,
=1 Psi (75.00°), #4 faus
10 =
|
Model
0 [
0 300 600 900 1200 1500 1800

Wavelength (nm)

A75-49. 7 multi-sample #7442 Cr, SiO2, &/ Roughness /Z/Z, XI5 M7 BTG5 5/Z
IR U B2

CompleteEASE #{4-Ffit
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5.3. Creating OC Library for Composition or
Temperature-dependent materials

XAMEF T RE
o Creating composition or temperature e OC Library Mode
dependent material files (@45 2 B PERE L)
R BEAH R B SO
e Opt. Const. Compare Model e Build Library
B2 E BB (2 PE)
e Draw Graph (&)

XA T, BB R ] 81 2 — > composition (ZH4)) Bk temperature-
dependent GIRFEAISE) K62 BU%E . it F2m] F T B4R AS [H] R 5 RE S 1)
FERAIRLSC A, e PR A 7 Bl 5 (B R B T2 5600 AR
PRGN, ERIELFES, B-splines 24 H K- &A 250
composition (Z143) B temperature(ii &) 17658 2 . SR )5 25T Snyder et

al i AL R L, AR E S OR BI A k. 78 Ceritical point shifting
algorithm) I sSR0SI KAm e ke HE A TS AR JS KA
BT 22 A F R EGE FIMBUR AN, PEAT R 2 B E IR i eR U VP A
CompleteEASE ALt R 701, it A3 e K 2 (fiks
53 Ll FERERT PR R I R B4R A AN I 7

B — AN B AR RSO, A BT 3RAS A Ry B R )
ANF RFIEE S PSRRI IR, BN T &4
IF) 96 B 1100 3 A 3 R AR T AT T A9 R R o T — AN e A R TR
B AR SE IS HHR FEIRTFHE R e S, IRAF A S AR IR 5

XA T, 88L& AN [F] germanium compositions (x) (Ge 2H43) Y R A1
=, BATE T SivGey RGBS SEFRE 43 e i B HoAth F B - 7EiX 4

ZH & XRD (X FZATHD o Bk, BATIESR CAAA Sip,Ge 5 1%
2 (0 K) 1 -

FETFHRIXAME 1T, £ Options E3e i, SRR RALN eV, B H Hp s
Ael & 2”7

Doc-To-Help Standard Template Introduction 4> e clxxx

*PG. Snyder, J.A. Woollam, S.A. Alterovitz, and B. Johs, “Modeling Al,Ga; ,As Optical Constants as Functions of
Composition”, J. Appl. Phys. 68 11 (1990) 5925.
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Opt. Const. Compare Model 2% ¥ thiehi &

NI UEXAIF, 75 Advanced (2> HHFTHF“Opt. Const. Compare il ,
AN iZ 40 B 5-50 Fis. iili ADD MATERIAL CZRINAERD Bikdsin-tA4
R A BT RLERATEREE AN A composition (4153 Sip Geyq 116
R R 2 none b i IR A RS BLSCAR A Ik . A AR
Examples H& A 10 /> SiyGex M ESCHE, XL x 2 andd sy (H XRD
W) 1 RFEEINEF RN Hhah, FRATAT LU & AR AN 1 X AN S
ISR Rl BB A R 2H 53 1 AR 3R 5-2

Model: Opt Const Compare (OC Compare)

Open || Saye || Clear |

ADD MATERIAL CLEAR

Wit Range = 1.632 eV - 4593 eV

# of VWivls = 300

Fit Type =gl and e?

Graph Type = el and e2
Show Difference = OFF

OC Library Mode = OFF  Show Birefr. = OFF

[Ref. Material = none

/4/5-50. Opt. Const. Compare model (#4255 # 1 #HEZ)

#5-2. BT SivGex I FHIA 7

MR T GERMANIUM
COMPOSITION % (X)

Si_jaw.mat 0% (x=0.000)
SiGe-1.mat 5.2% (x=0.052)
SiGe-2.mat 9.8% (x=0.088)
SiGe-3.mat 15.5% (x=0.155)
SiGe-4.mat 20.4% (x=0.204)
SiGe-5.mat 26.3% (x=0.263)
SiGe-6.mat 31.9% (x=0.319)
SiGe-7.mat 37.1% (x=0.371)
SiGe-8.mat 42.3% (x=0.423)
SiGe-9.mat 49.3% (x=0.493)
SiGe-10.mat 53.9% (x=0.539)
Ge.mat 100% (x=1.000)

TEIX M+, A Silicon, SiGe-2, SiGe-4, SiGe-6, SiGe-8, SiGe-10,fl
Germanium (fE_E R P LEEHM) 7 2. NTHBNEREH Y, FR6%0 ON
(JF)3) “OC Library Mode”. N&FZHEENFHN 1205, W1l 5-51 frzx. w] LA

CompleteEASE #{4-Ffit
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Yo FTA 2 0 R FFTE 25 BRICEE . an SR RAT 1 — A temperature dependent (i
FERIZE) 30, FRATTHE N B EEREAN SO IR

ADD MATERIAL CLEAR

Whvl. Range = 1.632 eV - 4.593 eV

# of Wvls = 300

Graph Type = el and e2

Show Difference = OFF

Fit Type = e1 and e2

OC Library Mode = ON Show Birefr. = OFF
Material = Ge x=1.000t=25.00 °C DELETE
Material = sige-10 x=0.539 t = 25.00 °C DELETE
Material = sige-8 x=0.423t=25.00°C DELETE
Material = sige-6 x=0.319t=25.00 °C DELETE
Material = sige-4 x=0.204 t=25.00 °C DELETE
Material = sige-2 x = 0.088 t = 25.00 °C DELETE
Material = Si_JAW x =0.000t=25.00 °C DELETE
Ref. Material = none

Build Library Resolution (eV) = 0.050
BSpectra Shifting Parameters

/5-51. OC Compare model (OC [L# ) Ky SiGe Al 778 I /&

FEAS X L6 2 2% M) 22 OC Library (OC FE) 2B, #E SRS AAEIT
BC A K . XFT SiGe MRS, 8 H it Il e i FElL& 248nm %]
1240nm (1eV #|5eV) . A, 4“4 of Wvls” Al 75 E 2438, ffi B-Spline 7£
XA TE AT N SE AL VTG 2 2% S0 . TR RE SR AL 5 2 540 DA [H (1)
Wk B, FRBEH of Wvls™Jy 500 - SR 3 25 08 N+ 5 75 I e &
&g S5, M Build Library,, #3341 E 5-52 s graph (B o £
EAEH, BElZ e NS SERFEN, MRERELSSHEMEH
VA S R 2H 4B . DR, AR IR T RL VT TEAF IV (1 R 26 2B Efh 28
BRI R 28 22 8 i 28 0 LAIE R “shifting” algorithm (A2 &L =/ L1E.

OC Library Spectra

60 50
0.000, 25.000
0.088, 25.000
).204, 25.000 40
0.319, 25.000

40|

-130

1.000, 25.000

20 20

el
e2

10

-20 X
1.0 20 3.0 4.0 5.0

A&I5-52. 417 SiGe OC Library (GE25#0/%) JaHisa4E
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Draw Graph &

KIEE LR Re A Ll Es, (HARTT LUBI %S model & HEKH Draw Graph H
FIA R TR s 2 FTE R 7 . il el & e2 BETTUR T FF an 1l 5-53 X AE
5-54 F1& 5-55 435 A el only (¥ el ) A e2 only (U¥ e2) Gk El .
Ak, AT LLE R Shifted Spectra i fm#E) A1 Wl Shift (K mAE) Ih
e, DA BOVEAS AL E R BT . X Tm2H 7, Library Resolution (&
Sy HE3) Al Spectra Shifting Ot ms) S%m L&k, & 5-56 frs.

CompleteEASE Input

Select the graph tvpe:

el & el

el only

g2 only

Shifted Spectra
Wiyl Shift Function

Cancel

//5-53. 4Y## SiGe OC Library (GE57#0/%) /717 Graph (B FEZH

OC Library Spectra

0.000, 25.000
60— 0.088, 25.000
0.204, 25.000
0.319, 25.000
40| |
1.000, 25.000
< 20
0
20 o
1.0 20 3.0 40 5.0
eV

[&/5-54. 67 SiGe OC Library GE540%) 27 el

CompleteEASE #R4EFt BIESHT 3 - WM o 5-183



OC Library Spectra

1.0

0.8

0.6

N
[)

0.4

0.2 l/f{“ f

0.0 -10
1.0 2.0 3.0 4.0 5.0

eV
[5-55. 47 SiGe OC Library (5 #0/5) fFll 2 e2

Build Library Resolution (eV) = 0.050
BSpectra Shifting Parameters

Whvl Order =3

Max. Comp. Order = 3

Max. Temp. Order = 3
Draw Graph Graph Type: €2 only
Save OC Library

[&]5-56. =2 ZEEHT OC Library & #4772, €1#% spectral shifting  GEZiEE) Z40H1
eV K BT FEF

AT BV R N SRE R T, AR DA RS BT HEAT OR8] 5-57 &
7~ T EBOKH) SiGe R e2 Wil FTLLAE H, BE Si o risgin, Wil
LR T I E) .

OC Library Spectra
1.0 40

. bidis === 0
18 2.1 24 27 30 33 3.6

eV
I5-57. SiGe A/ 71 €2 MYCIE IR A Sy, BEZ Si 2 HIH0, s R a4t, B
FIREE T, RIIE G R E T
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Save OC Library {#ft%¥EHeE

IR T —ANH 5 BOR A S e = O F fE, 78 Model THIR 186 A o
Save OC Library (fRIFGEFHEE) « ELUGHEERI G, XAME SO

BATCUMER T A TEREA SRR, DA TR, i

“Reference Material = none”, ‘&+& OC Compare #% [ i N — /2. @I

BRI SR T . SCR R R R EE] e2 only (X €2) , FFH BARIE
BRI ESHE R composition (H43) .« BEEHTRIZL, @ik 553%%
HEA R, IRR S E DDA WL . B 5-58 WoR & H A g —A

EE, Emdss 2 x=0.75, BATEERKHNHASHMEFE, 1TLLE HIE
HIRF o

@ CompiewEASE 77 7F E B ni o wow e mn e wen e e b s e e ]
Measurement rAnalysis rHardware rOpt\Uns |
Data: Mo Data Loaded Model: Opt. Canst. Compare (OC Compare)
‘ Open || Save || Infn H Set Ranges | | Open H Save H Clear |
Fit Waterial = sige-6 K= 0319t = 26.00°C DELETE =
| Generate |‘ Fit Dynamic H Reset Material = sige-4 x=0204t=2500°C DELETE

Material = sige-2 = 0.088 t = 25.00°C DELETE
Material = Si_JAW %= 0000t =25.00°C DELETE
=[Ref. Material = Alloy_test

MSE = 1.571
wix1 = 0.2582+0.01925

wix2 = -0.0241+0.00852 Compaosition = 0.75000

wix3 = -0.027540.01444 | (Library Ranges: 1.00 -5.00 e¥, x=0.000 - 1.000, t=25.000 - 25.000}| | |

wixl =-0.4690+0.06524 = Errsilal Lik Clasals — nnsn =
Graph Type | Show Data

Opt. Const. vs. eV
50

Alloy_test
40 Ge

sige-10 ;/ —~
30 sige-6 :&é
20 sige-2 \
0 5

e2

. Si_JAW / 714?‘7 /
0 e

-10
1.0 2.0 3.0 4. .0
eV
KI5-58. Freya i)k KM XAFIERZ L OHHN, 05 E G745 2%

FLHRT AR

CompleteEASE #R4EFt BIESHT 3 - HER o 5-185



5.4.

Anisotropic Films & [ 5 s

XA TR
o %4 Anisotropic (&% [A&) o Difference Mode (ZRA)
e Graph Anisotropic Opt. Const. o Biaxial &
C& W 22 S ED
e Graph Anisotropic “Differences”
(ZmRtEERLED

FERXABIT o, BATRE SV DR SRR 5, BT AR
PO R G RN NPT R o XAEVF 2 R EWHBIR S I, R iR E
77 Tl 0 AR ER G B0

B4, M Examples H 33T H“Aniso-Organic on Si”#¥E 304 . XN B an
5-59 ffan. NfaidAE W, <M Double-Y (XY %) , JFik#FEH Psi k.
Oscillations (#R%%) FKH, FENE TS N IX = HEE 2 & A . FTFSi with
Transparent Film A< 3 p5 o5 Fite A 45BN Z 0 & 5-60 Fias.

Variable Angle Spectroscopic Ellipsometric (VASE) Data

100 300

80 /|

|
Psi (60.00, 75.00°)
Delta (60.00, 75.00°)

Yt
WA A |
VTV L N

KI5-59. Si BE LA A I F PR SE N E 404 -

Wavelength (nm)

5-186 o HIEAHT 3 - MR
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‘ Generate “ Fit Dynamic H Reset ‘

[ Measurement | insitu [ Analysis | Haraware | options |

Data: Aniso-Organic on Si Model: Si with Transparent Film

| Open H Save || Info. H Set Ranges | ‘ Open H Saye H Clear ‘ Open Snapshot || Save Snapshot ‘
Fit:

Layer Commands: Bl Delete Save
Include Surface Roughness = OEF

+[Layer # 1 = Cauchy Film Thickness # 1 = 1067.23 nm (fit]|

MSE = 339.252 [Out Of Spec))

[Substrate = SI_JAW

Thickness # 1= 1067 23226.541 nm
A= 169900340

B = 0.06389+0.023533
C=-001898£0.007373

n of Cauchy Film @ 622 8 nm = 1.74039

Angle Offset = 0.000
+ MODEL Options
+ FIT Options
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

Graph Type

Variable Angle Spectroscopic Ellipsometric (VASE) Data
100
Psi (60.00°)
Psi (75.00°)
Model

Psi

1000
Wavelength (nm)

1200 1600

I5-60. /1 EnilEi WP 6 75 1 S7 PR A 2 R

ZAFYNHEN, 75 FEEE Tom—A 78 DL 25 n) 5 1 S ) “signature™  (FF
fE) o %[ S PE I K interference oscillations (TF#EHR) fH4E<r “Migl”

IR 0 — ] ) T 2 2 B 5y — 0 B g 2

5-61 &[] S AR 1Y) 75 U =

HoRiu VIR —xio L NE mFEVERR. ORRGIEA N (LD 7D
2 B T A CRANTTIRD ek, XERWIE—A Nz > Nxy K18 53 v
BERIRGEAN (AT SR T M CRANTRD k. KRR

— N Nxy> Nz )5 ] 5 1 T i

CompleteEASE #{4-Ffit
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Y in degrees
(4]
(=]
T

300 I . I 1200 l 1500 I 1800

Wavelength (nm)
K 5-61. P75 i I7 L2 RN 1 26 11955000, 27 A7 Nz > Nxy - Nxy > Nz #1757/
JATHELHE T HE

Convert to Anisotropic #3s:R & [ R it

4w Cauchy (FPE) 2, 7E Cauchy Film b BRbsA i i) A fsicta . M
H1ik £ “Convert to Anisotropic” (R4 &) ) o Cauchy (FIPH) JZILAER
A R4 N Biaxial” (WD BT Z RN . “Biaxial” (AU ZETLLRFE NX,
Ny, M Nz & AR S2hr b, %20 IR BTA 8L anistropic (% [ 774D
Wi, & Biaxial XU E, &0 LLESE Uniaxial (BLHED B Biaxial Ol
Fr . ERATNB T, RATKEH Uniaxial CRED S5, BN
THEFURE S AT RENY Biaxial (XD & m ik, FEESAMNE. XHEEUE
I F R PRI 4

=

Jptions

Model: Si with Transparent Film

| Open || Saye || Clear | COpen Snapshot || Save Snapshot |

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
+Layer # 1 = [@Emvaslan [ hickness # 1 = 1067.23 nm (fit)
Substrate =| Graph Layer Optical Constants
Angle Offse Rename Layer and Fit Parameters
+ MODEL Op save Layer Optical Constants
+ FIT Option¢ parameterize Layer
+ OTHER Op view Layer Comment
Configure | Convert To EMA
Turn Off Al Convert To Anisatropic
Grade Layer
Start Superlattice

[95-62. 71 Cauchy Film _f- i #5477 K “Convert to Anisotropic” (635 %95 [f] 7 14#)

Biaxial Layer 32

Biaxial (X)) JZH PR R, XFR T RERE AR . BRI,
{§i i} Difference Mode = OFF (SGH] 22 , il 5-63, &2 1di ]
Difference Mode = ON (JF/E Z R , W& 5-64.

5-188 o FIEAHT 3 - AR
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Layer # 1 = Biaxial Thickness # 1 = 1067.23 nm (fit)

Type = Uniaxial
Optical Constants: Difference Mode = OFF
- Ex = Cauchy Film

A =1.699 (fit) B = 0.06389 (fit) C =-0.01898 (fit)
k Amplitude = 0.00000 Exponent = 1.500

Band Edge = 400.0 nm

- Ez = Cauchy Film

A=1.699 (fit) B = 0.06389 (fit) C = HIEEER (fit)
k Amplitude = 0.00000 Exponent =1.500

Band Edge = 400.0 nm

Euler Angles: Phi= 0.000 Theta = 0.000

Substrate = SI_JAW

/5-63. Biaxial & &£ % Uniaxial anisotropy ( #5£45% /2 14#) H % Difference Mode
OFF (ZERHPINH]) .

-|Layer # 1 = Biaxial Thickness # 1 = 1067.23 nm (fit)
Type = Uniaxial
Optical Constants: Difference Mode = ON
- Ex = Cauchy Film
A =1.699 (fit) B =0.06389 (fit} C =-0.01898 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm
Index Differences:
dZ_A = 0.000000 (fit) dZ_B = 0.000000 (fit) dZ_C =0.000000 dZ_D =0.000000 dZ_IR = 0.000000
Euler Angles: Phi = Theta = 0.000
Substrate = SI_JAW

A&/5-64. Biaxial &£ % Uniaxial anisotropy ( #5¢47% /7 1#) H % Difference Mode
ON (ZEFHBTT)H)

¢ | Difference Mode = OFF (Z 30k B, &A1 L% H 12
SR, ERAGEI, A ITE FENT Cauchy (R 2, BEAXRZR
i1 CEAZHTD MIUR)ZE . 1% )27 LT 15 5% B-Spline, Gen-osc, BRIX 4L )2 (1)

HEAE

24 Ff| Difference Mode = ON (Z AT 5 ) B, x e SCNMEE,
HAlh )2 H I E Cauchy BB E 27 dZ (z-ER7) Kk, XEZEH#
HCE I 22 AR x-J7 1A B AER SR AR B . M A XA R T 1A
P73 2= AR R, T S SR A B AN R AR U, IR VA A A .

FEXAMGI T, # Difference Mode B4 ON, #R/51E dZ_A R BARRIRD).
IR LS ER N IER, B 2B AR E & RIS (R RIS
R R (R, R dZ_A SEERNTE, MRS B AFI TR .

¥ dZ_A F1 dZ_B BEAA S E. Wik Cauchy S8 EE Ok B NILE S 5.
RoNERAT C A B i 4 %, 4 Global Fit A1 Thickness Prefit By off(5%14]) &
W RIS . B 25 IR 45 RS 1] 5-65 BT o
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Measurement | Insitu [ Analysis | Hardware | Options

feE X

Data: Aniso-Organic on Si

Fit:

MSE = 12609
Thickness # 1= 1181.3320.953 nm
A=1621£00010
B =0.01832+000057612

C =0.00040968+0 00016192

dZ_A =-0.12825520 0010450

d7Z_B = 0.069669+0 0046083

n_o of Biaxial @632 8 nm = 166937
n_e of Biaxial @632 8 nm = 151880

Model: Si with Transparent Film

Open Snapshot Save Snapshot

Layer Commands: Add Delete Save
Include Surface Roughness = OFF

Type = Uniaxial

-Ex = Cauchy Film

Index Differences

Optical Constants: Difference hode = ON

Euler Angles: Phi = 0.0

00 Theta =0.000

-|Layer # 1 =Biaxdal Thickness # 1 = 1181.33 nm (fit)

A=1.621{fit) B =0.,01832 (fit) C =0.00040968 (fit)
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm

d7_A = 10.128255 (fit) dZ_B = 0.0696689 (fit) dZ_C = 0.000000 d7_D =0.000000 d7_IR = 0.000000

Substrate = S| JAW

Angle Offset = 0.000
4 MODEL Nntiane

Graph Type

Show Data

100

Variable Angle Spectroscopic Ellipsometric (VASE) Data

Psi (60.00°)
Psi (75.00%)

Model

|

\

I\

Psi
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[,

40
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[ ——

|
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28\
N
\/ |

0
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Wavelength (nm)

1200

1400

1600

/&/5-65. 7% Difference Mode = ON #7447 Anisotropic (/a2 #l 4

BiFE, 7E Biaxial Z L RArAd, BWAERRERESFHE, WHE 5-66 Finx.

HRPEFR R —J5 1A LRGSR, TUAES HIEM R LR A dr, anld

5-67 flin. 244k HAE Biaxial /= Difference Mode Jy Off I id& . fJa,

PRAEEERS AR [ 4T S R 22 7 20 I, 7T LAFE Biaxial /= BUbn A7 i I8 4%

“Graph Layer Optical Constants (anisotropic differences)” (Ot22H K, #H

SHEZER) , W K 5-66 fian. AFIIZ KA 5-68 TN .
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[ measurement | Insitu | Analysis | Haraware | Options |

Data: Aniso-Organic on Si Model: SI with Transparent Film
‘ QOpen H Save H Info. || SetRanges ‘ ‘ Open H Save H Clear ‘ ‘ Open Snapshot H Save Snapshot |
Fit: Layer Commands Add Delete Save
‘ Generate ‘ | Fit Dynamic H Reset ‘ Include Surface Roughness = OFF
+laver#1 = Thickness # 1 = 1181.30 nm (fit)]
MSE = 12344 | |Substrate =| Graph Layer Optical Constants
Thickness # 1 = 1181.30+0.933 nm Angle Offsel Graph Layer Optical Constants (anisotropic differences)
A=1.622:0.0010 _||/[* MODEL OP{ poname Layer and Fit Parameters
B = 0.01738+0.00067837 HEITOptions o Constants
C = D 0008758040 00019157 + OTHER Op Her
A= 140000022 L confiqure| Forameterize Laver
B = 0.015570 002586 Turn off aj View Layer Comment
C = -0.00136+0.00073039 = Convert To EMA
Convert To Isotropic
Graph Type SRR Show Data
Start
Opt. Const. or oraxrar vs. mm Zoom

1.68 1.0
1.65
— 0.8
1.62
n, Ordi 06
1.59 k, Ordin
= n, Extr: x
1.56 Joa
1.53
e Ho2
1.50
147 0.0
600 800 1000 1200 1400 1600

nm

[5-66. 7 Biaxial &/ 5 #5477 #¥ graph layer optical constants (£ #244&D (47
A2 R) B graph the “Anisotropic Differences” (5 H 257404

EKE)IE

ptions |

Model: Si with Transparent Film

Opgn Snapshot || Save Snapshot |

Layer Commands: Add Delete Save =
Include Surface Roughness = OFF

-|ayer # 1 = Biaxial Thickness # 1 = 1181.30 nm (fit)

Type = Uniaxial L
Onptical Constants: Difference Mode = OFF I
+Ex=
+ EZ = Graph Layer Optical Conslants
Euler A Rename Layer and Fit Parameters I

Substrate =5 Save Layer Optical Constants

Angle Offsg

Parameterize Layer
+ MODEL Op v <
View Layer Comment

/45-67. 4 Difference Mode 7 Off /i, 2 /i 57 1 “biaxial /= F 61 77 1] L HIFT L
F AT AT AT il R Rl 5 5 L
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Opt. Const. of Biaxial vs. nm
0.155 1.0

0.150 0.8

0.145 \ n, o-e difference 0.6
k, o-e difference

c B4

0.140 \ | o4
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0.130 0.0
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[&]5-68. X IMIITHT Anisotropic difference” (F[AFMEZER) 22K
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6. ZHAE T HT 4 — In Situ BEAIEEE

AREAEE insitu JEAHEL) MBI BT F—MIF e 2 E
F“Multi-Time Slice” (ZIF[a] ) BEA 4, B8 & H T A K el 2120 40 =
FIEE 4. A4k, FRATHIE R T4 ] Growth Rate (ZEK:3# %) F1 Optical
Constants model (GROC) Otz By ) , Yy i 5 R AH UL ACH; (RF4E
AT G 2 B R ) S Al

THAH T AFERGT, fERE% CompleteEASE H T2 A O EZE D) BE M1

wo

Section 6.1 In Situ Data Analysis 5 {57 $4 7 Hr

A4 I Zh R
o P HMT) time-slices (A TH] ) e ‘Dynamic Fit’ (ZIEHAE)
o Selecting multiple-time slices from o Multiple-Time Slice Analysis
dynamic scan L] ] B B4 AT
MBS kLA B

Section 6.2 Growth Rate and Optical Constants £ 38 & R 27 3 %

A5 I Th R
o GROC Model e Virtual Interface CRz4Pl D
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6.1. In Situ Data Analysis JEAr$3E 54t

A4 I Zh e
o TTE HMT time-slices (A (] A7) e ‘Dynamic Fit' (ZIEE)
o Selecting multiple-time slices from o Multiple-Time Slice Analysis
dynamic scan S IRF 60 Y B AT
MENEEHE PR FE LA B

JEAT H5cd S AN DB ) Ol o XSO A B T I AR R .
RUARE T A I R B, SRR, 4y, B EEESEARR I AR,
SR ARERAA BT R A EE S 5P maps (SR %dE & multi-sample
analysis (ZFEEHT) &I BRAE 2. Filt, fEXAMIFZ

A TR 2 (48 A A B

XA T PRy o B Ae, FATRE JE AT (1 s [R)AH G H5 a4 Hh S iR i
BOECHE o I 28 T S . vk, FRATTRE 25 > IR A 5085 1 multi-
sample analysis (2¢O HTIE) ,  DAAH [RIFH G (O ELHE /o prid F2 . fiFiX—
Bk F AR SR, T B0 7 vk TR AL HE B-Spline A1 Genosc |2, TEIF4RIX
ANMBIFRT,  SAZ VR AL

Short-Cuts for Dynamic Data shas$iE it

FETFUGIEAGI 7 200, 1A B MR N R GESE A W BN TRIIW T
FEA p A B B B RE O DR

#6-1. dynamic data (ZI&EH) HIHIESH

R Iige
A Dynamic Graph FT I ZIN T8 st () e v A
CTRL-Click Dynamic Graph | i#&451% N [a) & (1) 6 i Bds
(FL 5 ik v] 6 22 B () 0 40R)
CTRL-SPACE Bar HHE AN v 5 R D) 4
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Navigating In Situ Data FEA $3E S/

7t Examples H 5 13T 7 ¥4 “a-Si Grow Sim.iSE”. I []AH ¢ (1) £t 4 an 14 6-1
Fim. HEE 5 MEKE R ERY . xelizih AR Z2MERK, TRRT
PP AL (] AR AR B EHE T AR .

PlComelelebASE (777 7 e E
Data: a-5i grow sim Madel: No Model Loaded
o] e e oo ] | o Comn ][ |
Fit
‘ Generate “ Fit Dynamic H Eeset ‘
Graph Type [v] Show Dynarmic Data ‘ Show Data
Dynamic Data
35
250.0 nm
30 4384 nm =
25 811.6nm | |
_ X\ T T
< ZU?L e e— S E——
e e e
15 ™~
10 \ /
5
0 2 4 6 8 10
Time (min.)

BI6-1. insitu CBA7) AR TH 1179 Graph (&TE)

BE e I E)_EKDGEEHE

FEARFSE ) time-slice(I 7] 1) 1 o RUPRRIE FEHCHR . 12000 9D 1ok i — 2K 2K,
WK 6-2 fiR. BUTE, ARAT LA Ctrl- 23 b B M 20 28 H0dis U1 5 B A 2 1) e
HdlE, tATLLH graph 7719 Show Dynamic Data $&48HE 526 R U1 He 3 4E S
JCIEEITERRIT 3 3B (IS IR B 4 e 8, B RTEIR] 6-3 s

Dynamic Data
35 I
250.0 nm
30 /_,,.-—-""‘** : ; 438.4 nm
/ 811.6 nm
25 | |
_ /ﬂ‘ﬁ-\
g 20 ?’L =SS R —
15 \ // \\
10N\ /
5
0 2 4 6 8 10
Time (min.)

K 6-2. RV 3 LB B R A AR FE e, — A E IR L F R

CompleteEASE #{4-Ffit BB 4 - In Situ JBAIEEE o 6-195



€7 CompleteEASE

| weasuremen: (REVERN Hordvare | Options |

Data: a-3i grow sim

Madel No Model Loaded

[Lasen | [Lome | [Lme. ] [Loranses. |

[oen | sz [ oo |

Fit

‘ Generate |‘ Fit Dynamic H Reset ‘

Graph Type [ 8how Dynamic Data | Show Data
Spectroscopic Data At 2.983 min. Zoom All
32 300
30 . Psi
\ Delta
28 \ {200
_ 2 T
@ -1100 3
: o 2
24 [a}
22 o
20
P
18 100
200 400 600 800 1000

Wavelength (nm)

B6-3. ZEFLENH )T 16, #% “CTRL - 7#5## 7 2 graph [E#Z_£ 7719 Show

Dynamic Data /1 FFHEER

Turning off the “Auto-Fit” function < H sl &h 6

BUAE, AEBATES AR, SRILAIX AR o X — 25 B i R mT DL $
2 8 3B NIRMT RS R B o FERRATIFAR 2 A0, /R AT LSS “Auto-Fit” ( H Zhfk
) Thag, IXFE IR — A A BT I —ASB A R B Sl A 2 B 3 & .

Rk, TE Fit AR bR A SRR 201 Auto Fit CHBILE) &I, a1 6-4

B

| Measursment m Hardware | Options |
Data: a-Si grov sim Model: No Model Loaded
[awen | [z | oo | [_eotremsee | | [omn |[sme ][ oo |
Fit:
‘ Generate |‘ Fit Dynamic H Reset ‘
O puto Fit
Copyto Cliphoard - Formatted
Copy to Cliphoard - Takle
GCopyto HTML Cliphoard
#ddl 1o Fit Log cHiL
GraphType  []ShowDyna| “iewFitLog CHivAltL | Show Data
#ad Repartto HTWL Clisboard 4% ggonic Data At 3,033 min. Zoom All
Views HTML Cliphoard cHlr
32 Advanced Graph Options 300
Psi
ED \ Delta
-1200
28 \
_ 26 [}
0 -1100 3
z ’//\( o
24 o
22
\\ -0
2 —\'\\__w _o___mﬁc,—"_‘;"v—
18 100
200 400 600 800 1000
Wavelength (nm)

KI6-4. 7 Fit {15 1 BUER A AR 40 “Auto-Fit” (a0 E) EFFHE
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Building a Model #xr—/Mg#l
TER—ANEE, FAVECGE &R — AN BA SRR BN EE . XM

AL, FRATAT DAIRAS AT 2 I 8] A
“BK7 Glass” 5 R AU W4,
parameterized”/Z . B SLAUIUE

FIE R . 0FiXAMER, DL Dielectrics H 3% N
SR S5 M Semiconductor H 3% Add (70D “a-si
a - Siparameterized (L) JZEE. Re

KIE ARG, Wil 6-5 Fios

Spectroscopic Data At 3.017 min.

32 300

30

28 200

% A et =
& : : . {100 3
o : Psi a

24 : Delta

: Model

I e e it

20 \x\.\,w,,_. """"""""""""""

18 i -100

200 400 600 800 1000

Wavelength (nm)
K] 6-5. 293 7P i) i B9 E LT AR XK & a-Si EHIEIE (INE GRS .

N BEEMAATLEE, AT
it N TG REE, BT
CRITAHRERL D J5 R ¥ E A,

NERER], ARATREE R P A, JETReA
DL IN— 2 Si02, B #[1)44 surface roughness
ESH. Bult)E LA 4R 1A 6-6 FTn .

€7 CompleteEASE

Measurement | Analysis | Harware | Options |

Data: a-5i Grow 5im Model: Multi-Layer (empty)
| Open ‘ ‘ Save || Infia || SetRanges | | open || Saue || Clear |
Fit Layer Commands. Add Delete Save 1=
Ny . Include Surface Roughness = DN Roughness = .00 nm (fit)
Generate Eit Fit Dynamic Beset
| = |‘ 2 H — | +[Layer # 1 = a-Si parameterized Thickness # 1 = 21.80 nm (fit) i
MSE = 1.799 [Bubstrate = BK7 Glass T
Roughness = 5.00+0.008 nm Angle Offset = 0.000
Thickness # 1 = 21.30+0.006 nm + MODEL Options —
+ FIT Options
HOTHER Options =]

Graph Type [] SBhow Dynamic Data

Show Data

Spectroscopic Data At 3.133 min.

32 300
Psi
30 "\ Delta
Model
g \ 1200
_ 26 @
O -100 3
24 \ o
iy
22 \ 1o
20 \\"'\-......, .
18 -100
200 400 600 800 1000

Wavelength (nm)

[&/6-6. €47 surface roughness (FZT#IFE) #T, 293 7 EF0T1E /T HIHE 45 R

CompleteEASE #{4-Ffit

BIWHHE 4 - In Situ BAEIE o 6-197



‘Fit Dynamic Zh&54"

B, AEBATE SA R A B AX P24, B S A DI I 6] Ve
WX SHOE A4 . R s Fit AR i) Fit Dynamic #2251, BrkRe
ME RIS TR P a6, IR Xt Ja I A TG, Hai Rl 6-7
Fs o

FHIX/MEAHEAT dynamic fit BT R AT Sy B — AN @, At 2 A1 7 —
AN R XA B AT T AR R . W SR AR, B RE 2 6-8 AT .
FEXH, 540 3 0Bl 40L& 50 vl CAUCEC 200 e 500 . o 7R XA el jE, A
JF4& Dynamic Fit 57, #F—AN 50 5L 8] Fr SRl B S0 aaME . 5T 0.3
Ay R RIS ] o BRFR VR RS 2038 roughness AT a - Si EHIE (A, BRI EE
S XAN BN R e . pash Fit, X ST, RROZAS R 6-9 F
AR . BAE, B8 T “Dynamic Fit?, X— RN ZEK . Hidi“Show
Dynamic Data” CR/nznZSEE) , B ORAE BT A i 8] 3 B py i 2 il 28 5 556
ZRULAD, Wik 6-10 AR

ER: XMTFIRZRA, B AIGE R ST S EE, LR ARG s R aa i A F,
(R A3 AR R (25 R IR R B K. MRS AIREAT IS, 78 Fit Dynamic’ #%41 _
s, JFiEFR“Fit Backwards in Time” (I [E] ) EILE)

&7 CompleteEASE Pl g |
[ Measurement | Analysis | Harcware | oOptions |

Data: a-5i Grow Sim Model Multi-Layer (emphy)

| Open H Save || Infa || Set Ranges | | Open || Save || Clear |

Fit Layer Commants Add Delete Save =
| T |‘ il H Resst | Include Surface Roughness = ON Roughness = 5.01 nm (fit)
Layer # 1 = a-5i parameterized Thickness # 1 = 16.70 nm (fit)
Substrate = BKT Glass
Angle Offset = 0.000
+ MODEL Options [

+ FIT Options L
+ OTHER Options x
Graph Type [] Show Dynamic Data Show Data ‘
Fitting Data...

Il et in, M=z 033

30

Delta
27
\ 200
24
g X 100
21

N
18 et 1°

300

Delta

15 -100
200 400 600 800 1000
Wavelength (nm)

/&]6-7. Dynamic Fit ()& &) Jra I 1 R L 7
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Dynamic Data

50

40

‘@
o 1250.0 nm |4
438.4 nm
811.6 nm [
0
0 2 4 6 8 10
Time (min.)
K16-8. 293 1.2 IR E KIS 2 /E B4 (-5 2T 1] 1 A%
&7 CompleteEASE Pl g |
[ Measurement | Analysis | Harcware | oOptions |
Data: a-5i Grow Sim Model: Multi-Layer (empty)
| COpen H Save || Infa || Set Ranges | | Open || Save || Clear |
Fit: Layer Commands: Add Delete Save [l
Include Surface Roughness = ON Roughness = 4.96 nm (fit)
| generate |‘ Fiomami || Gesel | +[Caver # 1 = .5l parameterzed Thickness # 1 = 4.29 nm (i) |
MSE = 2.015 Substrate = BKY Glass T
Roughness = 4.96+0.019 nm Angle Offset = 0.000
Thickness # 1 = 4.29x0.006 nm + MODEL Options
+ FIT Options
HOTHER Optiens ~]

Graph Type [] Show Dynamic Data Show Data ‘

Spectroscopic Data At 0.300 min.

30 60
Psi
/\\ - Delld vt 4
25 L Model
// 120
20
RN
o - @
15 a
NN ———
10 J-40
5 -60
200 400 600 800 1000

Wavelength (nm)

&16-9. 27 0.3 it 1] 5 H9 a-Si ZHvough (##E) JZ/Z/EHE.
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Measurement | Analysis | Harcware | Options |

Data: a-5i Grow 5im Model: Multi-Layer (empty)
| Qpen ‘ ‘ Save || Infa, || SetRanges | | open || Save || Glear |
Fit. Layer Commands. Add Delete Save 1=
Ny . Include Surface Roughness = DN Roughness = 5.01 nm (fit)
Generate Eit Fit Dynarmic Reset
| = |‘ 2 H — | +[Layer # 1 = a-5l parameterized Thickness # 1 = 62.40 nm (fit) i
MSE = 1778 |Substrate = BK7 Glass T
Roughness = 5.01+0.007 nm Angle Offset = 0.000
Thickness # 1 = 62 4040.008 nm + MODEL Options —
+ FIT Optiens
HOTHER Options =]
Graph Type Show Dynamic Data Show Data
Dynamic Data
35
250.0 nm
4384 nm
30

811.6 nm

Time (min.)

/46-10. Dynamic Fit (ZJ&H 5D KT HI%

FEF 6-10 1, ARIGVERBIE Fit TR PR TGS R (RJEITE D .
IR FH BUbRi% £ MSE. Roughness B Thickness #1, 1X 4 {H [ A (] A8 1L f) il
K, aipE 6-11 A B 6-12 AiTam o

MSE vs. Time

24
MSE
2.2 n
20 ”.AI i U, 1
w |
[%]
218 Mli“ll.t.h.' el LI i AL J AR
al 1“"[ ’1 r'n1 llrl | T‘f { I
1.6
14
0 2 4 6 8 10
Time (min.)

&6-11. Dynamic Fit (Z)&HE) JTA A0 1] L7 MSE 15,
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Thickness # 1 vs. Time

~
o

Thickness # 1

-

(o))
o

w
o

S
o

/

Thickness # 1 in nm
Now
o o

-
o

0

0 2 4 6 8 10
Time (min.)

&/6-12. Dynamic Fit (Z)&HIE) JEHE/ZRERT THHT A

Selecting Multiple Time-Slices #EZ AN [ F

XTVRZ MR, N EOAN 2R TR, R R SR e M JEE AT 25 5 Hie
AR JEALEE 1) 3 AR SR R TR AR BRI RE R R
LA ] A RIS, FRAT15 2] 5 multi-sample analysis (ZEES 28T (LT
A FERERRS . B E Z W E 8T, 278 Dynamic Scan (BIAEHD HdE,
¥ CTRL, RSB siit 2 /M B EdE . — /Mol 6-13. Hife,
W2 A AY Mapping £dE, x5 0] PRI 2 s . B 4)i%“Show Dynamic Data”
CRRshSEEE) £ T RAHEPRAT LEEIRAE A F R 8 . @i 2k
“Graph All Data Sets” it A LA A I 255 P A7 #dfs . & 6-14 o O 1 fifb B
&, fEIXHEMIKHA T double-Y) .

ER: EAREEFEZ DNESERN (B F, RS R B X% E CTRL #f4t3) i
bRo

Food i bl S s s Y )

Measurement | Analysis rHardwarE rOpUDns |

Data: a-5i Grow Sim

Model: Multi-Layer (empty)

Roughness = 501+0.007 nm
Thickness # 1 = 62 40+0.006 nm

[ven ] oo (e |[ommomes | | [Comen |[me o |
Fit:
T

MSE = 1.778 \Substrate = BKY Glass

Layer Commands: Add Delete Save =
Include Surface Roughness = Ol Roughness = 5.01 nm (fit)

+\Layer# 1= a-5i parameterized Thickness # 1 = 62.40 nm (fit) 1

Angle Offset = 0.000

+ MODEL Options il

+ FIT Options
@MOTHER Options -
Graph Type Show Dynarnic Data Show Data |
Dynamic Data
#1 #2 #3 # #5
35
250.0 nm
30 4384 nm L]
811.6 nm
25 [ I
@ 20 _?”‘: ......
o Sl T~ I
15 ~ -
. \ /
5
0 2 4 6 8 10
Time (min.)

1 6-13. #%1F CTRL £, ] LU/ S b7 4 #1F graph A7 Z 01 (8] /i i i
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Measurement | Analysis | Harcware | Options |

Data: a-5i Grow Sim Model: Multi-Layer (empty)
| Open ‘ ‘ Save || Inifo, || SetRapges | | Qpen || Sawe || Clear |
Fit. Layer Commands. Add Delete Save 1=
; ’ Include Surface Roughness = ON Roughness = 5.01 nm (fit)
Generate Eit Fit Dynarmic Reset
| = |‘ 2 H = | +[Layer # 1 = a-5l parameterized Thickness # 1 = 62.40 nm (fit) 1
MSE = 1.778 |Substrate = BK7 Glass I
Roughness = 5.01+0.007 nm Angle Offset = 0.000
Thickness # 1 = 62 40+0.008 nm +MODEL Options m
+ FIT Options
HOTHER Options =]

Graph Type [] ghow Dynamic Data Data Set | #5. t=9.583 min. | ¥ Graph All Data Sets Show Data

Spectroscopic Data At Multiple Times

35

30

25

0 v
200 400 600 800 1000
Wavelength (nm)

K 6-14. [ K] ZTIT IR HIOE 8 A T

Manipulating Multi-Data Sets #/EZ¥3E

AR “map” (HFD) W2 NEAEERAE, 7E graph b7 “Data Set” AR,
S — AR, Wi 6-15 Fias. BN, X B A5 “Clear Multi-Data Set
Mode” (kR 2 EEHERAD .

Graph Type [ Show Dynarnic Data D2 Select Data Set Graph All Data Sets

\n-Select Data Set pic Data At Multiple Times
40 Select Current Data Set OMNLY
SelectALL Data Sets
Delete Data Set
Clear Multi-Data Set Mode
30
.a Seetea.
L R T e ST~ g A T
10
0
200

Wavelength (nm)

A16-15. 7 graph L 77 /) “Data Set” 7L B k5t i 7 EAL7 115 Z 11 1] /1 40 A5 e HT BT
SPEIo

6-202 o FIESHT 4 - In Situ B HEE CompleteEASE ¥4:F/



Multi-Time Slice Analysis £ [\ F 4347

WAE, EFRATERE Z AW E 4. 78 Model [t , sifi i8I Configure
Options (FLEIETD EH., SAJ57E Model LI H %&£ “Multi Sample Analysis”

(M , WK 6-16 Fi. XE— I, BAER NS
TR . BIE, HIAEIF Model Options #54>, A —-> Multiple Sample
Analysis #4y, FTLAE—PRIT. midiHHH“Add Fit Parameter”, R44REGE AN
AR B 8] 5 AT AT LA S50, AEFRATTREIN Thickness #1 41, W
Kl 6-17 fio . ©R NFTA R AR ENSETE R . X2 AR, a5
REAI 8] 1) %2 )RS “starting-points” (¥J46 &) 2 IREEH). 7E graph #4535l
PR, RARR VRSN Multi-Sample Analysis Bt A1 AH < 18] A (1K) JE B,
BB VIR RS, Wi 6-18 iR .

Show Model Options

Avallahle OptiDﬂS DESCriptiDn

Model Options =] | Adds muttiple sample analysis capabilite to the rmodel
[ wavelength Shift which requires multiple appended data sets).
[ ] Amhient = 1

[[] Return Path Ellipsometer
[] Delta Offsets -
[] Azimuthal Rotations
Multi Sample Analysis
[] Ackv. Bandwidth Options —
[ Parametar Coupling
[[] Use Previous Results
[ ] Scattering Factor

Fit Options —
11 1 i Ciod

Include All || Clearall

/&6-16. 7 Configure Options 749 Model Z£JiH, ## “Multi Sample Analysis” .

Model: Multi-Layer (empty)

| Cpen || Saue || Clear |

[»

Layer Commands: Add Delete Save
Include Surface Roughness = Ol Roughness = 5.01 nm (fit)
+\Layer# 1 = a-5i parameterized Thickness # 1 = 62.40 nm [M5A fit)|
[Substrate = BK7 Glass |
Angle Offset = 0.000
- MODEL Options
Include Substrate Backside Correction = OFF
Model Calculation = |deal
= Multi Sample Analysis
Add Fit Parameter Delete All Parms
Data Set Thickness # 1

#1 5

#2 62.40 nm ]
#3 62.40 him

#4 62.40 nim

#5 62.40 hm —

-

[&/6-17. Model Options #87+EFF, LIZEZFHAmH9 Multi Sample Analysis. 77 “Add
Fit Parameter” JR#5 & — 151 AT 1 /1 7if LA IFHGH & 24
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Measurement ’/Ana\ysws rHardware erUDﬂS ‘

Data: a-Si Grow Sim

Model: Multi-Layer (empty)

‘ Opan H Save || Info, H 86t Ranges |

| Open H Save H Clear ‘
Fit - Multi Sample Analysis
‘ Generate “ Fit Dynamic H Reset | Add Fit Parameter Delete All Parms
Data Set Thickness #1
MSE =1.778 #1 [7.40 nim|
Roughness = 5.0140 007 nm #2 19.40 nm
Thickness # 1 = 62.40+0.006 nm #3 33.40 nm
#4 42.40 nm
#3 62.40 nm

Graph Type  [] Show Dynamic Data Data Set: | #4 t= 6600 min. | » Graph All Data Sets

Show Data ‘

Spectroscopic Data At Multiple Times

35
i \‘\
25 q\
n -l RETTEESeS
T % Psi, #1
\ Psi, #2
10 3+ A
\ Psi, #4
5
T Model
200 400 600 800 1000
Wavelength (nm)

A16-18. Fr A1 1] /i 8745 /214 C I #E T BET B ERR v 5) Model 47 multi-
sample analysis 77 A 19 /2 H

R
I

AL,

Al A Fiv, PTE JERE (EANET R D) LA B — roughness CREES)

i, FRLEATE FEdE. XA R a1 6-19 frc. Wi roughness tH B i 1]
A ql,, HJEEEA] LAE multi-sample analysis #5235 Vs 0 i 1] AF 56 (48

£ CompleteEASE |
Measurement | Analysis rHardware r Options |
Data: a-5i Grow Sim Model: Multi-Layer (emphy)
‘ Open H Save H Info H SetRanges ‘ | Opan H Save H Clear ‘
Fit i sis =
- Multi Sample Analysis
| Genarate ‘| Fit Dynamic H Resat ‘ Acd Fit Parameter Delete All Parms
= Data Set Thickness #1
MSE =1.812 i #1 m ]
Roughness = 5.00+0.004 nm #2 19.90 hm _
Thickness # 1 (1) = 6.80+0.003 nm T #3 32.50 nm
Thickness # 1 (2) = 19.90x0.005 nm [ ] #4 42.10 nm
Thickness # 1 (3) = 32.50+0.006 nm L #5 60.00 nm L
Thickness # 1 (4) = 42 10+0.006 nm hd hd
Graph Type [] show Dynamic Data Data Set |#4 1= 6.600 min |V‘ [v] Graph All Data Sets Show Data
Spectroscopic Data At Multiple Times
35
* \‘5”
25 ,,\
I !"‘\"\ = S
@ . * T
ST \ /74 Psi, #1
N\ T Psi, #2
10 G f .
\ \ / Psi, #4
5
Model
0
200 400 600 800 1000
Wavelength (nm)

KI6-19. TLHHr B 2 HG a-Si J2/E 5 F 1 LR AT 3B 4 — i pe 2 e 772
IR TR 2 R
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Fitting Optical Constants #l& Xt E$

Z I 0] Fr 23 BT BB I U A AE T 50 2 (R 27 B0 AT FU A I o] DASRAS BE AP 25 31
R BRATAN NG X AR SR (624 . B-Spline 2k &4 model H 142 .
N T 153 B-Spline SZFR 6 BRI, A i Starting Mat =", SR M
Semiconductor H 5% Fik#¥ a - Si. XK N B-Spline i EAVLELZE M K} a-Si J65
T node values (5 95 AE) » W 6-20 Fiiaw o

&7 CompleteEASE Pl g |
[ Measurement | Analysis | Harcware | Options |
Data: a-5i Grow Sim Model Multi-Layer (emphy)
| Cpen H Save || Infa || Set Ranges | | Open || Save || Clear |
Fit:

Layer Commands. Add Delete Save

| GEe |‘ Bl H Resel | Include Surface Roughness = ON Roughness = 5.00 nm (fit) L
-|lLayer # 1 = B-Spling  Thickness # 1 = 42.10 nm (W3A Tit)

MSE = 1.815 = Init. values: n=1.500 k= 0.000 Starting Mat = Il
Roughness = 5.00+0.004 nm Resolution (e¥) = 0.300 13 Pts. (1.240-4 960 eV) Draw Nede Graph
Thickness # 1 (1) = 6.90+0.003 nm r Fit Opt. Const. = O
Thickness # 1 (2) = 19.90£0.005 nm L Use KK Mode = DEF
Thickness # 1 (3) = 32.50+0.006 nm Show Advanced Options = OFF
Thickness # 1 (4) = 42.10:+0.006 nm ~| |_[Substrate = BKT Glass -

Graph Type [] Show Dynamic Data Data Set | #4 1= B.600 min. | w Graph All Data Sets Show Data

Spline Opt. Const. vs. eV
20 25

L SELEEE T
.-.'- ‘.".
15 o % Y, P Spline e1 20
e ey T LSpIine e2
10 * ;s e 15
. N o
T 5 . o ey 105
., .
0 2 - 5
.-"A * .
5 . Ve ™ 0
N
-10 -5
0.0 1.0 2.0 3.0 4.0 5.0 6.0
eV

/&16-20. LI B-Spline S #18/5, P FE a-Si” KRIIEHFL, FoH 73 S TRV
node values ( #21E) .

Generating data (=38 RS KB, T RXBREZE, WIIH S5 REOEH
WHAFN, ik 6-21 . 2R, WATE EEAFR P FAE A, X R
JEERHE T 75 B sl Fiv. [FBE A AT BHE]F, B-Spline 171 SUE A
e, ARSI S . XA S R ERIER 6-22 H, B-Spline
[ 2 AR R 7E K 6-23 .
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Spectroscopic Data At Multiple Times

40

0 e
200 400 600 800 1000
Wavelength (nm)

AJ6-21. B-Spline /1€ /1] a-Si XMt {EILF HHNEATIIRIEL . 7 ERIE 5 SEMEAA
VEBZ. 2RI, (EAMEHT BIAG 1, 288 BT

Spectroscopic Data At Multiple Times

40
Psi, #1
Psi. #2
30
7 20
10
0
200 200 600 800 1000

Wavelength (nm)

[&]6-22. B-Spline S35 40 70 iF AT 970 & 25 K.

Opt. Const. of B-Spline vs. nm
5.0

45
4.0

c 35

: / \ 0:0
|/

20 .
200 400 600 800 1000
nm

&16-23. B-Spline 74225 IR A 4 458
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6.2. Growth Rate and Optical Constants akmsmxsss

EAMFH D RR
e GROC Model e Virtual Interface
CRERLATID

XM T, Bfll= %82 RHEE R R, R LZRMTEAR
1. EFRMTIR TS, ARERRIEE RO B AR ZA A, K
ATE H AR IS ASAS EI B f e 2056 AT

DUONERABAE fh 2T, BRATESAT AR A — AR SRR (B0 GROC) I3hAs
B b o XA R agd T A KERIEE, i F A KRR P A
A2, Kty REAFI AT DAL AN T S5 RR S5 . J5 3 i R ER W] GROC i@F
MTESEMERIAR, AR TAEENBE L.

Virtual Interface B# A H

LIRAVARGRZMORE S 450, RS RTE AR, — AN Rt T LA te
NASBERNT . FEL I 0 B IEAERTF R ST, BN, 2662 1K 6-24
e S EE Layer #3 (165 4L, A1 1E Layer #3 2 W CE B T, JE2
WX P N T IR Sl S5 44

Actual Sample Simplified Optical Model
Layer #4 Layer #4
.............. Layer#3 ... Virual 1 Layer#. ...
Interface “Pseudo-Substrate”
Layer #2
Layer #1
Substrate

[ 6-24. — P IETUIRIAI IO PFIE T it 25 P4 1 — T2 — ISR IRV I S TR AT 08 57 7 4
HEFR A “pseudo-substrate” (I -

A 7R FE LA, HRATHI AR T Common Pseudo-Substrate
Approximation (CPA). 1 — 4521, semi-infinite (CEIGRRD JEJETT
pseudodielectric (P LMD Se5 i BORERLA T, KB RIEHERZ T BT
B (G o XMTAE N PRSI 2R B TAERIERE L, HIEAR
&M TIRIREOE AR, Wngss.
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Growth Rate and Optical Constants (GROC) Model
AKERENLZHEHARR
7E Model: TI#k /) Advanced H 3% 47 J“Growth Rate and Optical Constants

(GROC)Y” (VERKHEZAG¥ 4% (GROC) ) #ifl, GROC iR in& 6-25 fif
N WATLAER], SERATEF AR IAE, A “HEEH7 .

Rate = 3.00 A/s (fit)

Fit Opt. Const. = ON Draw Opt. Const. Save Opt. Const.

Layer = none
Angle Offset = 0.000 POI Offset = 0.000
Roughness = 0.00 nm

NMEEEERIC PA (semiconductors)

Max. Times = 50

Spectral Resolution in eV = 0.050

Seed thickness = 10.00 nm

Surface Tracking Fit Mode = OFF

Limit Wvl. for Fit = OFF

Start Time for Data = 0.000 min.

/&6-25. GROC 2 H

Growth Rate and Optical Constant (GROC) /)2 & i 14 [i] B 12 H A= Kk 2 Rl 25
e, HXFRRRASA SE $idli . GROC #ff “virtual interface CHEFUFLIM)
X ERE H P AL T IEMMEHR et A . GROC e E KM=, 18
SE TR RS B2, FEF8 72 B I TA] A 't 27 5 B50A i 3 16 J5E () A AR T AR A

ER: ARSI B GROC HIBUE &AL .

1E GROC Hf#i il ) Common Pseudo Substrate Approximation (CPA) (fh3EJEix
O NERTAAEMEL, BEYFARMAEK P TAERIER L, Bl TRk
ML A K2 snm GBS Ui,

EE: % GROC HI T @M FIkNS, virtual interface CHEFLFLMHD fBRi% ]
F.

Rate #X
Rate GHZE) i@ AWK . NG FRIL, LA AT E 1
H LA SR E
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Fit Opt. Const. Bk H
HON* (JFR) I
o JENMFEAWMEMAH N BOES K 2 DARR R . 20
3 [P “control points” (il 5i) [H]EE Hi“Spectral Resolution in eV” 57 .
‘Draw Opt. Const.” (62 HHO F LIS L5 4L, 1M ‘Save
Opt. Const.” (PRIEIGFHED Hdl Al HE U6 50 R AE — MR

GBSO
o ZUGNRMVIIREILE “Layer” U5 H, WERFEAERITE . XA B THEAR
RN P O

OFF’ (KM It

o OtEHE I Layer R HiEE . WRZFHZZEN, SR FERATL
“ZHzRon” OV, MLHHHCEREER, FRER M2
o W Layer /256 H TS0 “on” GFRED 1, A E KA
FZ—Z O RS 45 R

VER: T Fit Opt. Const “on” (JFJ5) Bi“off> (M) , Ja2E% B#lnl LIl
A
=

o

Layer &
*4“Fit Opt. Const. = ON” (FUEIGHEHITE) I, XANEEANICFHE, 4
“Fit Opt. Const. = OFF” (N EE5HHOCHD) B, IXAMESCIEERE 215
#. 4“Fit Opt. Const. = OFF” (W& HHHHOCHD) B, 762 b AT TG
S AL S E GROC 3l /0t eh .

Angle Offset A& 2=

Feature only applied when ‘Fit Opt. Const. = OFF’ to avoid 100% correlation. |

TE 42 SUN A ) SEI0 Bl SO R R 52 — M« 9 BS54 0 B “Layer”
TR R E Ry, 4 angle offset (fE W2 ) SEH HBIN.

Roughness ###

PRE AN B S A R R R TS, e BUE (R 1 5E (I RIS R A AR . $2
W 2w, AR AR R AR I A A ME— 00, 38 1o 3 S I [ Vs Rl
EME—BVERMBHERE (S>AEA) I, RS [ € £E 0.

VI Mode

Fkdg € GROC nfaf sl Virtual Interface (FEFLFIED o “CPA” Fl “CPA — Fit
VI EYE % common pseudo-substrate approximation, ‘& m B4 LAY (g R 2
TR EARK Y AR EE B SO R AR K

o “CPA”ILFEH MMM S EY FA S5, &g iy ot
L VA TR SRR AR A R R A

o “CPA-FitVI™: JEX VIO FHEOMMESE, ATUE/MEAIK VI
{81 EL 1) WIA e (R BRI ZR SE IR 22 I R

CompleteEASE #{4-Ffit

BARSHT 4 - In Situ JBAEEE o 6-209



Max. Times ZA#71/H

N T RE 7 HTi1A], GROC FIACE e SCAE KIS 73 A i IS 1) PR 1), 229
SIAE 52 I [B)YE b A

Seed Thickness JEA B

PABSGE G G N B, GROC {EUL& I AT Bt 2 AT AT — NP, XA
TR S AT AL E N YT FE N ) 748 . ““Seed Thickness” (JENJEREE) f55E
AT B 5 2 /DI 18] (45 R TN J8 B 5 W00 A2 38 A R S a)) o x5
KRG, BOMERTT LR, HAEFLEHLT, HRMEARER 21
St FTRA /N R CERTBED (1H

Surface Tracking Fit Mode FEBEUEHA

2 OFF CERIAET) B, GROC 434143 FH 3k e B[] 3 [l N i sh A 80 s . il
ON (FFJE) , BhASHE bl RT3 B Bt 1) 7 F 41 (# of points B “Max.
Times” 55 ) {E“Fit | Dynamic Fit" ;I FE A, T8 A 1) B E sh i e S -
ah, XRE AT LAk T GROC X iR [E] ) 20 HT, T SR ER B I 18] 224k )
A Kl R e R AR .

Multilayer Example £ E R

Examples {9 4147 JF“Dynamic Ta-Si Multilayer.iSE” %4 0. x>0 fF &
insitu (JFEA7) AN EIRAN, FrLle iy &4 2 <9SE”. 7E“Open Data” X ifi
HEHA — AR HR R, W& 6-26 Bk,

Files:

Name Date | Size
Dynamic Ta-Si Multilayer.iSE 972911 2:15PM 3173 KB

3E g
ith films starting at 1, 6, 11, 14, 17, amuza T

[&/6-26. “Dynamic Ta-Si Multilayer” i&— 1R 17 Z)85 0 2 195 H7, HHHEE A ISE” o 15
A {7 Data:>"Open’ # Hi X1 175 HE 0 7 25 B 8 X1

6-27 R T Psi AN TR IWHCHR MBI . 02 6-1 b Bk, /MM R4

TANMBIBESAERK . R — 0B AT BOA R AE K ISR . BTk
Ta (BH) gEMARSEER 6 ZB M. X T8 2, N7 BEREKEER, Ik
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SRR A F K. JATH H R HE 6 RN A RKERNDEAH L HRE
MBS ) T 25 e, AR GROC 2.

Dynamic Data

50
251.2 nm
40 ] ] 392.6 nm
7 ” . /H~\ /‘“\\«\ el
o
20 | / \\ / [~
\ \/
10} — —
0
0 10 20 30 40
Time (min.)
& 6-27. Ta-Si & /EZz) 8K,
#6-1. Ta-Si s & Z/EMHF /G 6 EH) 1T Z 51
Layer Time Start Time End Film Gun Current
1 1 6| Ta 0.2
2 6 11| a-Si 0.3
3 11 14| Ta 0.4
4 14 17| a-Si 0.5
5 17 24 Ta 0.1
6 24 31 a-Si 0.15

Advanced H 3#E$H:H #T H“Growth Rate and Opt. Const.”#5 71, #5235, HAITHE
MRS 70 M B TR VST . Data: AR H i o Set Ranges” (W E VLD 424,
R 1 3] 6 78— Z4EE, & 6-28 fra. fE i fit (GUE) b,
NPERBATR R INE, BIN—A“Layer” RiE N L 58| 2 Wb, ik
“Layer”Jf M metals H3ZAIN “Tamat” MEVZ. IE, sidiFit, (RAMIZEE]
un el 6-29 Frn )2k
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&7 CompleteEASE B
f In situ | Analysis r Hardware ’/ Options ‘
Data: Dynamic Ta-Si Multilayer Model: Growth Rate and Opt. Const (Growth Rate and Optical Constant Extractor)
‘ Open ‘ ‘ Save || Info. | [ setRanges | | Open ‘ ‘ Save ‘ ‘ Clear | Open Snapshot ‘ ‘ Save Snapshot |
Fit: Rate = 3.00 A/'s (fit)
‘ Generate Fit Dynamic ‘ ‘ Reset | Fit Opt. Const. = ON  Draw Opt. Const. Save Opt. Cohst.
Layer = none
Angle Offset = 0.000 POI Offset = 0.000
Roughness = 0.00 nm
VI hode = CPA [semiconductors
Max. Times = 50
Spectral Resolution in gy = 0.050
Select Data Range 7700 0 i i iinins
Wavelength Range
win: [2512 | nm  max [314.1 | nm
Time Range
== Min: [1 | min.  Max [§ min
Graph Type ShowDynamicData  Graph Show Data
Selected Time Slice: [0.055 min. =
Zoom All
50
1 251.2 nm
40 392.6 nm
\ 673.3 nm
30 X
0 w / ?7( / -
o
20 \ \\ N -
\>< / \)C\/ \_./
10
V
0
0 10 20 30 40
Time (min.)

/& 6-28. +ili Data: “Set Ranges’™ (I/EVE[H) #%H#, HHEH /S (1 £6 7461 /7

e JE]7E

30

B e o' @ X
f In situ | Analysis r Hardware ’/ Options ‘
Data: Dynamic Ta-Si Multilayer Model: Growth Rate and Opt. Const (Growth Rate and Optical Constant Extractor)

‘ Open ‘ ‘ Save || Infa || SetRanges | | Open ‘ ‘ Save ‘ ‘ Clear | Open Snapshot ‘ ‘ Save Snapshot |
Fit: Rate = 1.20 A/s (fit) =
‘ Generate | ‘ Fit Dynamic ‘ ‘ Reset | Fit Opt. Const. = ON  Draw Opt. Const. Save Opt. Cohst.

Layer = [l Save Layer OC

MSE = 15.068 Angle Offset = 0.000 POI Offset = 0.000

Absolute MSE = 15.698 Roughness = 0.00 nm L

Rate = 1.2040.005 A/s VI hiode = CPA [semiconductors

Ma. Times = 50
Spectral Resolution in gy = 0.050
Seed thickness = 10,00 nm
Surface Tracking Fit Mode = OFF [l
Limnit Wl for Fit = OFF ~|
Graph Type Show DynamicData  Graph Hardware Parm: | (none) ‘v| Show Data
Dynamic Data Zoom All
50
251.2nm
392.6 nm
40 673.3 nm

Psi

20

20

3.0 4.0 5.0 6.0

Time (min.)

[16-29. 7£ 1-6 7T ] L AR T GROC 402 -
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WEIEATEE, (HZIDE, GROC 71 i 't 7 i BOM AR KT Z AR R I (]
VEHE WAL . AEEBEIRE B LR 1 78 i) J LA b, ATRR YR T %
B, HFEBSEEBEEA—H. ATIREMERE, £ 2 3 6 45
HAEJE ], 2GR A BB B . B Fit (WS, MSE MR FEF
1.5 BfiT, i 6-30 Fram. XM UE b B AR KE AR TRl S W U B
Graph Scratchpad ' .

PComplelebASE 77200 0 i e R
fMeasuremenl In situ | Analysis ’/Hardware ’/Oplions ‘
Data: Dynamic Ta-Si Multilayer Model: Growth Rate and Opt. Const (Growth Rate and Optical Constant Extractor)
‘ Open H Save || Info. || SetRanges | | Open H Save H Clear | Open Snapshot H Save Snapshot |
Fit: Rate = 1.27 As (fit) =
— — Fit Opt. Const. = ON  Draw Opt. Const. Save Opt. Const.
Generate Fit Fit Dynamic Reset =t
‘ — |‘ = H = | Layer = [ Save Layer OC
MSE = 1451 Angle Offset = 0.000 POI Offset = 0.000
Absolute MSE = 1.214 Roughness = 0.00 nm L
Rate = 1.27+0.001 A/s Wi node = CPA (sermiconductors
Max. Times = 50
Spectral Resolution in ey = 0.050
Seed thickness = 10.00 nm
Surface Tracking Fit Mode = OFF [
Limit Wi, for Fit = OFF v

Graph Type Show Dynamic Data Graph Hardware Parm: (none) ‘ 'l

how Data
Dynamic Data Zoom Al
27
. D512 1 pazissiEs
X 3926 nm freseeeereesses
“ 673.3 nm
21
B
o
181~
15
12
20 3.0 4.0 5.0 6.0

Time (min.)

[6-30. H7HIEA A 2-6 08111 GROC 7447, RS TRt 52 55 40 i) GEAN AT A A<
Vil g 2zt =

WRERE %R, W 6-31 fiR, 1EEB XA L ik Show Data® CR/REE)
12 .

Graph Type Show Dynamic Data Graph Hardware Parm: |(none) ‘ 'l

Show Data ‘

[6-31. IR EF N R, wiidr Graph B A7 [ /5117 Show Data’ (i2an#i#5) 144

BAE, ARFRATR AR AR PR AN X S (11-14 4p%h 17-24 5350 HE I
LT AE R AT LB Bk 2T 00— MFTI X3,  GROC K ¥t 5
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CPA, FTUATESE— B [ B di i VLD . 2R, BATHIAE KR A R & Kkl 7,
RN EATARRRE LLRT RO A . B, P 6-32 R 7 5 = AR AR AR = A= i s
MiZk, {275 GROC H A K %k B fe i HE5E film (#2), DRI =28 i s
ANVLED . RFRIEH TS growth rate (B KIEZ) /M5 —ANEIT IERZ EHMH
HEAE] GROC ZH, 5 S Fiv GUH) .

RIS 45 R (B 6-33)F1 58 =R A 45 R (B 6-34) IR, FR &
[l 27 5 #5241 1) Graph Scratchpad (/& 6-35 115 6-36).

Dynamic Data

30
25
20
E 15 '.'f ..;
o 251.2 nm
10 i 392.6 nm
: 673.3 nm
51—+ ]
0
18.0 19.0 20.0 21.0 22.0 23.0 24.0

Time (min.)

&16-32. EHFINFIHTEE L Generate (/74D HHi. AT FIR PG LLATHI A KIEFE XS
THHIE IR AR 1

DComeEASE & X
fMeasuremem Insitu | Analysis ’/Hardware ’/ Options ‘
Data’ Dynamic Ta-Si Multilayer Model: Growth Rate and Opt. Const (Growth Rate and Optical Constant Extractor)
[ |[ s ] (o ][ omrmes ] | o | sne |[cva |
Fit: Rate = 2.57 &/s (iit) =

[ gonerate |[ En || Fiovmame ][ meser ||| FitOpt Const.=oi Save Opt. Const.

Layer=Ta Save Layer OC

MSE = 2.828 Angle Offset = 0.000 POI Offset = 0.000
Absolute MSE = 1 936 Roughness = 0.00 nm |
Rate = 25740005 As VI Mode = CPA (semiconductors

Max. Times = 50
Spectral Resolution in 8V = 0.050
Seed thickness = 10.00 nm

Surface Tracking Fit Mode = OFF
Limit Y. far Fit = OFF ~|

Graph Type ShowDynamicData  Graph Hardware Parm: |(none) ‘v‘ Show Data Ul

Dynamic Data Zoom /

28
26w
..... p——
24
2512 nm
E 22 392.6 nm
673.3nm
20
18
18 -
12.0 12.3 126 129 13.2 135 13.8 141
Time (min.)

[E6-33. HIFHENEA L 12 F 14 4012 59 GROC #U A
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f In situ | Analysis rHamware ’/Oplluns ‘

Data: Dynamic Ta-Si Multilayer Model: Growth Rate and Opt. Const (Growth Rate and Optical Constant Extractor)
‘ Open ‘ ‘ Save || Info. || SetRanges | | Open ‘ ‘ Saye ‘ ‘ Clear | Open Snapshot ‘ ‘ Save Snapshot |
Fit: Rate = 0.53 A/s (fit) =

‘ ng,am |‘ Fit ynamic H Reset | Fit Opt. Const. = ON Save Opt. Const.

Layer = Ta Save Layer OC

MSE = 0.642 Angle Offset = 0.000 POI Offset = 0.000
Absolute MSE = 0.893 Roughness = 0.00 nm L
Rate = 0.53:0.000 A/s VI hiode = CPA [semiconductors

Ma. Times = 50

Spectral Resolution in eV = 0.050
Seed thickness = 10,00 nm
Surface Tracking Fit Mode = OFF

Limit WAl for Fit = OFF -
Graph Type Show DynamicData  Graph Hardware Parm |(nnne) ‘v| Show Data
Dynamic Data Zoom All
30
I ‘
mﬁb‘—“— -
T PRI
25 — tEeTay
,—/""_‘—“-,.'.- _________________ //""-—
o e e
B 15 B
—— T 251.2 nm
10 - 392.6 nm
S R - 673.3 nm
- o
0
18.0 19.0 200 21.0 220 23.0 240
Time (min.)

& 6-34. HH#E A K18 724 74442 5] GROC 2

£ Graph Scratchpad
Graph 2ndY Color Style Curve Name

c1 v L 0 n, Ta (1-6}
c2 L v 0 k Ta-(1-6)
c3 v L 0 n, Ta (12-14)
C4 L v 0 k. Ta(12-14)
3 ¥ L 0 n, Ta (18-24)
CB Cd ("] k Ta(18-24)
‘ Edit H Delete || Delete All || Create Curve || Add Trend H Graph Settings
AT Extractgd()ptmmcons]antsvs nm ...Zrmm .,-:\n”

45

fort
40 n, Ta (1-6)
i /r
a5 /
c
> //
)e /
//
2.0
200 300 400 500 600 700 800 900
nm

[ 6-35. i — MR 94 % 1 Graph Scratchpad #7477 H ¢
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Extracted Optical Constants vs. nm
4.2

3.9 k, Ta - (1-6) /
k, Ta (12-14)
k, Ta (18-24) //
3.6 /
x 3.3 pa /
, V/

A

27 /,
24
200 300 400 500 600 700 800 900

nm

K16-36. FIr = 1MHBRATIHL REHI H B

SRS NT a-Si TR, BERRE R Y i 2 AR A AR V% 0 1B 6-37 BT

3.5
3 | ¢ TaRate
B SiRate
——Linear (Ta Rate)
2.5 -
- ——Linear (Si Rate)
Ud
<
g 2
[}
[
-
515 -
o
(G}
1 4
0.5 -
0 T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
Gun Current

[6-37. Ta il a-Si JE TN 16 1 TN WA K
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- Graph

Az, KB “3%” KEARYER CompleteEASE &34 MIAFIEAIThAE.
AR, BB FIRFES DU 55 SR IR T RS, A L {30 B 45 VR i
L BEREDIRRT RIH . KT REFEAEAEFEIE AT “PIR” CAERTH

HH A,

7.1.

YN

CompleteEASE #XAF I FEAAT Jy o, BEPS BN B 1 B 2 3 s,
(K 7-1). FIARAER) Windows F8E RN R bR
IR M o 23 A AN E T AE 2 18] (1) 43 &1
CompleteEASE R I, BE#E

A BT WA B .
B, ATBAEAR B L RRD,
FATLARE S, R B B AR A Kb
AR IR, ARG AEST TF I B R

L

Wavelength (nm)

&7 CompleteEASE o @ X
| Measurement ' Analysis | Hardware | Options ‘ Current User s jhilfiker  Log Out
System Status Fit Results
Waiting to Acquire Data MSE = 1.398
Measurement Controls Angle Offset = 0.034 £0.0019
Mgde: [Fast [+] sample Algnment [standara || | Total Thickness = 26.72 £0.006 nm
Angles: [v]65° (] 70" [¥] 75" 90°(S-T)
Model: |Si with Thermal Oxide -
[v] Save Data after Measurement
Measure
View Prev. Results
Graph Type
Variable Angle Spectroscopic Ellipsometric (VASE) Data
35 160
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T
A&/ 7-26. Graph Type &4/} More Options

p- s- Intensity Z&f&

P-FI S-3 A AT T ER. Bk, XEEEACE Rp M Rs (AT Tp Al
Ts HES . BIAZ A M-2000 ¢ RC2 #fifi A (52 A5 = th P A i Sm ok, X
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BB E K AN S AR R IR G520 . 24 CompleteEASE Z B IX AN B,
THRAE RS . AC & .

p- s- Intensity (Total)

p- 1 s- Intensity(Total) Wl & [ &2 i Al B fE 5, B2 &AL p- 1 s-_E“total”

() RBUES, IS BRI . 13X AT DL 4F 5 20 6 Bkl = 0k
1T (B WVASE32 [l , BENEH RKZAX 7 P-S-FIiT p- #1 s-
SOEIZITE S

Error Bars

Psi. Delta. Depolarization. Intensity 1 Mueller-Matrix /] Error Bars (i%%£8)
FED BT, VR 5 A B AU SR B BELR 22
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7.5. Special Graph ltems C$BRZ&E5)

AATKVER append (A IF) i, uniformity maps (%)2J4535) , rotation (iE
) s, ok dynamic (&) K, WIRTE Graph AR T R4 graph
(ZED TUH. X3t = — b m/E I iae . A HSMITH R
TEEITE BRI, RVFEFRAEE R E IR . KaH — M8 “Data
Set” CHHEEE) MITHFIFR, FIAEAFZREY 5 Hk B S B T4 |,
K 7-27 FToR

Graph Type Data Set | #3. 300nm Oxide on Si |+ Graph All Data Sets
#1. 120nm Cxide on Si Spectroscopic Ellipsometric (SE) Data
#2. 1600nm Oxide on Si
100 #3. 300nm Oxide on Si

80 1 /]\ A

Lo

i A | SR

B T-21. T 720 P £ ] data set (Z(HE 2D HHIE A -

R BRASA G RIA I R R A £ il (7E“Data Set” 7 1) , Ko i Hds ik %
i, Wik 7-28 s, EFEDUEEE:

“Select Data Set” CEFFIRT) NEBFMPNE, WML E05H EHERIZHN .

“Un-Select Data Set” ( JIEZIHI A5 470 51 H 50 WA B A H B0,
HEMRAEETIRY, X, WEFRE, e LEFERIXA .

“Select Current Data Set ONLY” (W& M ai s W) K UM ik 8 a A
B FOE R AT R . [FAE, WA BEE TR PR, AT DAZERS
JE A BT IR

“Select All Data Sets” CGEFFTEEH) HEGHHIER P T St & E MilE .
“Delete Data Set” (MHBRECHE ) W 1% & 1 M 22 Bt 51 2 A B

“Clear Multi-Data Set Mode” (PR 2 50 Gt 2 £l 51 2 Hh i B Fr 5
Hod
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v
Graph Type Select Data Set i |V| Graph All Data Sels

Un-Select Data Set Spectroscog

100 Select Current Data Set ONLY
Select ALL Data Sets

Delete Data Set

Clear Multi-Data Set Mode /
80 |

O

[ 7-28. “Data Set” F_|- 71 #rliiti, wyi] FHrA1#, 7] UM ZZ 177 selecting(Z£ 7).,
deselecting (/44 #) Al deleting  (#%) #c-

Multi-Sample (Appended Data) (&3#i8)

U RAE 2 AN R SO AE [F)— B TR T T (] Append Data 4%4) , # & &A1
SRR AL SEAR AT LR, JrikeAE M hslR ke, i
7-29 JJi7m . i) % “Graph All Data Sets” 1 1] DL 2[5 T 45 4k

Graph Type Data Set: | #3. 300nm Oxide on Si ‘v [] Graph All Data Sets Show Data H

#1. 120nm Ovide on ST Spectroscopic Ellipsometric (SE) Data Zoom All
#2. 1600nm Oxide on Si

#3. 300nm Oxide on Si

/\
60
540 \

20

80

/

_—

0
300 400 500

600 700 800 900
Wavelength (nm)
B1-29. ZPEAFTHLFFR) Graph &[T, TR G — TN EIEREA, ARG S 6T
Graph Type Data Set [#3. 3000m Ouge on si | | [7] Grapn All Data Sets Show Data H

Spectroscopic Ellipsometric (SE) Data Zoom Al
100

Psi, #1
Psi, #2
o [ AN |

|V N
b

40

Psi

~
.

B
\—.
/
\\
L /
\
\
\

20

0
300 400 500

600
Wavelength (nm)

/&/7-30. “Graph All Data Sets” (/74 $#5)
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Rotation Data je#s e

B 1) VAR I RAE A @ W A I 2 e A B, TCE B3l ies: 6T L
TR BT i o AKX LB IR AT, BN B E A A S PR e e 7 AL
ANTTALARFESISL, Gl 7-31 P . A BE nT DRI 2], B 2],
{HFTA “selected” “ (IF) MEERTH QS AN E T, BT XEREEE, W
HM %24 “Show Rotation Data™ 4 Hi 3. b Bk MER e, Fr— K By A X e
MBI o, W 7-32. BEHCRRE IR 2 B, 1 Data: iR
[1°Set Ranges’ $%£H #1145 & .

GraphType  [] ShowRotation Data  Data Set:| #0. Rot=180.0 | w| (] Graph All Data Sets Show Data H
#1. Rot=00 =l Spectroscopic Data At 337.50°
#2. Rot=225
55 #3.Rot=d50  |=
#4. Rot=675 | |
#5. Rot=90.0 AnE Psi (55.00°), #1
#5. Rot=1125 AnE Psi (55.00%), #2
l #7 Rot=1350 | |
50 #8 Rot=1575 |v| AnE Psi (55.00%), #4
45
]
a
40
35
30
0 300 600 900 1200 1500 1800

Wavelength (nm)

A&/ 7-31. “Graph All Data Sets” % F117 119 FEFE A5

Graph Type Show Rotation Data Show Data H

Rotation Data (AOI = 60.00°)
#8 #9 #10 #11

pdl__#2  #3  #A 5 #8647 2 #13  #14 #15  #18

42.0
3410
¢

\
40.0
//
39.0
0 100 200 300 400
Rotator Angle (°)

I 7-32. “Show Rotation Data” (2 JEFEEHE) K )7, I IS BEF 77 (7401
FEL

| FE: $AE Ctrl BJFE NS R A L) R, Bk e |

Map Data HhZR$iE

YIS SRR R AR — AR RS I 2 AL BT SR AR X s [ A B
YK Psi-Delta.  *4“Show Map Data” & iEMER L b & B,
7-33 . EEAR RS 2 K, 72 Data: [HIHR ) Set Ranges’ %4 H ik
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Ho. WH“Show Map Data” RIEHERE A EH, H—I&E S E R 22 ) .
HAh, — MR RN, W 7-34 s, B RVERTE A0 BRI FE b
IR B A

GraphType ] Show Map Data Show Data H
Z

Translation Data: Psi

43.79

41.06

38.33

35.61

32.88

30.156

I 27.43
9
X (cm)

&/ 7-33. “Show Map Data” W 1 PS8 e 17 & 198 —9¢ K _F 19 Psi-Delta #047

GraphType  [IShewMapData  Position: (e ‘ Show Data H
Spectroscopic Data At X=0, Y=0 Zoom All

100

(X=269.6751, Y=102.1277)

80 l A l‘

Tl /
B ITA Y
ILLUIVANARN

vv\/\/

0 300 600

0

1200 1500 1800

900
Wavelength (nm)

& 1-34. “Show Map Data” R HEHFHT, HEZEHE 1R —107 B BT i 2 i, AL
bl = R s o e W h = N CTE A=A I

XTSI, HfE CTRL 8 JF mlie B Z AN Az, AT AR e b 24 R

| VERG: HAE Ctrl OFZEM SR B ) ROk Uit P )

Dynamic Data ZhAEHE

*4“Show Dynamic Data” CE/SZNAEHE) Pikrdiy, BN GityaHE L 5
AP BE I (AR B i e 2z B, & 7-35 s, W1 “Show Dynamic Data™

CEZRAEER) BAEd, #EI—MEY%, rTLVEE A F A S
Hds, Wk 7-36 fros.
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GraphType  [¥] Show Dynamic Data Show Data H

Dynamic Data Zoom All

35

250.0 nm
438.4 nm
30

/ 811.6nm

25

@ 20 /

—
i
N N

0 2 4 6 8 10
Time (min.)

&/ 7-35. Dynamic Data (ZJ24(#7) 2 tHXTHT EIHT S 1 HEASE

GraphType  [] Show DynamicData  Timeslice (0.000-8.983 min } (e Show Data H
Spectroscopic Data At 0.000 min. Zoom All
30
27 A

AT v

: el

m /
v/

N

15
200 400 600 800 1000
Wavelength (nm)

& 7-36. “Show Dynamic Data” CEs)@EH) TRALFE, I 1R EHIL I3 A 4 4
o TG, B LI EFHIRT 1T L

Psi
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7.6. Graph ScratchPad FE 22

CompleteEASE ' Graph ScratchPad (B8 /745 ) -T2 1 2 I 45l .
REEAR—DBENETEAD, € RFIRBERZ R BB EAE R LA R X
Mo A, ST DL A R A4 RR, R IR, REBUES
Y %l |=. Graph ScratchPad (I f7#5) AN &l 7-37 s

£ Graph Scratchpad

Graph | nd¥
e v O Psi- Thickness #1
c2 | [v] Delta
o] v] ] Fsi- Thickness #2
4 L [w] Delta
‘ Edit H Delete || Delete All || Create Curve || Add Trend H Graph Settings ‘
Spectroscopic Ellipsometric (SE) Data Zoom All
60 I
55 e Psi - Thickness #1| |
7 N . |Psi- Thickness #2

B 45 ; T

40 / \
35 s
/‘{,.-‘ \
30 ’
300 400 500 600 700 800 900

Wavelength (nm)
[&7-37. Graph ScratchPad (AEE 7#5) B+, HIE T4

WPAEE M4 IF Rl Bdit (iR 24, IRSRE— Y X, anlE
7-38 flion. Ji4b, FTATIREE sk HARAT DAAE 2k AOAR OC X L i R B 2. /T
CLEFAE R 2k, A5 M Delete I HIRMIERE . Delete Al #2241, wT LU ER
JIT A ih 2k .

Edit Selected Curve(s) :

[v] Graph [ ] 2ndY - Style:

Fsi- Thickness #2

Cancel

AI7-38. "Edit' A HHIEFENS i HE, ST T G TS
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BONEOL T, &2 fhie 5 S EEAH R S . 242 A R ) it 2240
PSS, X LUBOREL, X TR E Z MBI RX 5. A 7 PR A,
CompleteEASE 7t ¥ [7] i £ 4% Graph ScratchPad 7 ()% > #i2k, @il 7-39 s .
SRJG, Rl “CBdit (Gaf) %4, B4 79 Automatically Set Colors” ([ 2]
WEBE) SRR, WE 7-40 Frm. XA 2 5200 BT 0 e 1 #h 2%,
P 7-41 fiioR .

& Graph Scratchpad

Graph | 2ndY
c1 v ] (1] Psi
c2 v| v ] Delta
IC3 v| ] (1] Psi
c4 v| v ] Delta
IC5 v| ] (1] Psi
C6 v| v 0 Delta
‘ Edit ‘ | Delete || Delete All || Create Curve || Add Trend | ‘ Graph Settings ‘
Spectroscopic Ellipsometric (SE) Data Zoom All
60 60

30

Psi

Delta | "

Psi |
50 Delta

/ < '
;/// 60
7

Wavelength (nm)

/& 7-39. Graph ScratchPad 77221 di 26 4 Ja/i it &

Edit Selected Curve(s) | B

W] Graph [2ndY - Style:

Automatically Set Colors

lpsi I

‘ OK H Cancel ‘

B T-840. Z 52 ETEFERT, U677 Automaticall Set Colors” ( F )% B ) HEFR A
Jr 261920 6
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€7 Graph Scratchpad

Graph 2ndY Color Style Curve Name

c1 v L (1] Psi

c2 [v] [v] o Delta

IC3 v L (1] Psi

c4 [v] [v] o Delta

IC5 v L (1] Psi

c6 [v] [v] 0 Delta

‘ Edit ‘ | Delete | | Delete All | | Create Curve | | Add Trend | ‘ Graph Settings ‘
Spectroscopic Ellipsometric (SE) Data Zoom All

60 60
Psi l

Delta \ % s

501 | Della \/’;‘
//
Delta
/ 0

/ / \ -30
Py
30
180
7
20 90
300 400 500 600 700 800 500

Wavelength (nm)

[ T-41. “Automatically Set colors” () EZNE) /7264 545 H

HeAh, BT B A sk, /R LL s ‘Create Curve’ (AR HIZE)
TR A 2R . X RV — AT, bR 12 TR E LA 1
R0 4E, il 7-42 . fidi<Add Parameter’ (SINSHD 1240, T4 14l
LAY NSE, W T7-43 Fis.

Edit Equation

Enter an equatian:
A*P G 2] ]r0. 0001 24|

Add Parameter | 2k Cancel

& 7-42. 'Create Curve' (BYEMZE) FLH] T IFE CH ZE 7 FE L4048 F1 7 7 72
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Choose Parameter

Choose a Model Parameter:

1

2

3
it

2k

Zancel

A& 7-43. 'Add Parameter'

(BB H) T FFFEHR A 2626 7T /1 2 2

midi*Add Trend” (AINEH) xR FAGERING L%, —XEIURITEL, 1
7-44 Ji7R . JERL “x units” OB IR RS, T LAY IR A% il 2k B 2 Y LASE

Trend Editor

Trend T¥pe: || jnear Fitto Curve: |54 <ngey of refraction, n=
Linear G1 =Index of refraction, n= s range for the trend line
1800 [ |Guadradic =Estinction Coefiicient, k=
Quartic (Eayro.s C3 =4"FI[C2]7[</0.000124=
b 4 =Tauc plot1 (Ea)*0.5=
1500
1200
> 900

300

1.0

20 2.5

Selected Range

v=0 Intercept ‘v

Equation
lv=0 Intarcept

3.0 35

/& 7-44. Graph Scratchpad 77&5#26 4744

BEAh, PRAT DL At dh 2k, SR 5 4Bk 5 T Calculate Intersection” ({15
) s, W 7-45 Fion. RIS R — M T BoRTEE 7-46 P, PSSR
FIELY R I, REENIIAE S giE .

Graph 2nd Y Color Shyle Cure Mame
1 vl O i Thickness # 1
T v L] 1 0.031034%+ 177.57
T2 [v] L] 1 0.10622x + 170.26 , .
| Calculate Intersection |‘
I T-45. 13 G 55 i 26 B b A7 7 07/ Caleulate Intersection” (775 5)
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186.0

|
Thickness # 1
1850l |0.031034x + 17757 p
0.10622x + 170.26 /
184.0
5 183.0
o
o
3
Z 182.0
181.0
180.0 /_‘
179.0 =
40 60 80 100 120 140

KIT-46. HAH P T

eV

Riili‘Graph Settings’ (2% EHD) $2H R 2 Title (hrdil) o 2447 font size
CAR RN A R BB Grid lines (A& ZE) , &l 7-47.

Graph Settings
Titles

fain Title: |Spectrnscnpic Ellipzometric (SE) Data|

H-fods Title: |Wave|e nath {nmy

-Ais Title: |Psi

¥2-fuis Title: |Delta

Settings
Show Grid Lines

| Dk || Cancel |

Font Size: Main Title = |24 Axiz Title = |24

A 7-47. 'Graph Settings' 744/ 717 /i titles (4787 . fontsizes (FEAHFA D) Fgrid

lines (Mps2E)
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- Measurement FE3gE

Measurement CGIlI&) F3EHUTF K 8-1 ffrn. MWEFKHAT 3% H:
System Status (RZEIRA) , Measurement Controls (JUEIE#H]) , A Fit
Results (FAEEEH) o THIHR A A F BRI 002 AT A 14 (1 BC B BT AN,
DU Re R AR SE B b B i 4 TR B0

&2 CompleteEASE o'd X
[‘Measurement | Analysis | Hardware | Options | Current User is jhilfiker Log Out

System Status Fit Results

Waiting to Acquire Data MSE = 1.398

Measurement Controls Angle Offset = 0.034 £ 0.0019

1 e i = +
Mode: |Fast w| Sample Alignment: [Standard ‘Vi Total Thickness = 26.72 £ 0.006 nm

Angles: [v]65° [v]70° [¥]75° []190%(s-T)

Model: l8| with Thermal Oxide Sv‘

[v] Save Data after Measurement

Measure .

/A78-1. alpha-SE #Z;#7 Measurement 7= 4

| view Prev. Results |

8.1. System Status Panel 2ZREH D

AT BRI EIRAS . TEMRIMICBHE R IF 2 1T, 2B EE “Not
Initialized” CRFILEM) o WRMRACEAT DR T, WEIR “Waiting to
Acquire Data” (FEREREEHIR)

8.2. Measurement Controls: alpha-SE Systems

Mode: =,
g5 alpha-SE KGRI ERE AR, 84— MRAER 8-1 PHIHE—TiHIR,

Sample Alignment &Sk
e M ERTAE S & Z Fs RO HE T 2. 36 8-1 $R At 1 kT i PEAN A o
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7 8-1. alpha-SE #9lj i¢ &

eS| IR Hig
Mode Standard REBS M £ X ANEBI(~ 10 seconds)
B Fast HRIEN & (~ 3 seconds)
Long BERSERISHEENE (~30 seconds)
Transmission ES BN E
M.M. Mueller-matrix ( BEIERE ) NE- SRR EREREER
M.M. Long SR E Mueller-matrix ( BEI4ERE ) ME
Aﬁzrﬁrﬂfm None HRANBETXR, ATHT (90°) NE
T X
Standard BATHERFNE. HiIRERITE — RN AL E M RIE R 3R R 5
HR
Robust EENBYTENERRALNNENE, ATESMNRFXHN
BBER,
Fixed Height EHRABH B XMFPREFNSE,

Prompt Height | A¥BPRHANBNHRANSE. ENE , M7 Hardware X

EETRIT-RZ#HAE , UEBHBHESE.

'\g;jl R ifi“Choose from File Dialog.”
FERENERREFETANBERY , BREHE -

Common, Advanced, Basic, 1 Calibration Wafers

A COMMON BRTHERLHIE THESR

£ “Standard” Fl “Long” £ T, 78 W 5 AW 5 J 00 BLAS I 5 3K (1) B2 A7 A% 8k
%, 1 B e M#EE T Zone-averaging (X T15)) , 7ERAERIER, EImEsik
BIE+45 SR -45 F R A — s, ARG HCEIME . X m B E .

£ MM BECT, B RERBEIERER 12 M. M1 2480 5 FE il &
Je, HAM TR R TCH AN 5 M11 EH— LS

BRSNS SR AN B PR R R, fEIEAE AT, @7k “S-T
baseline” & “Off-Samplebaseline” W& . (7£ Hardware 32 #. ).

Model

Wik A TR OB IR FLR “None”, TS BOE SHERAE, (AR M5
B
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Save Data after Measurement

2) b R IR LA DRAE DN B 0 o BRI AT o IZIR TR A ERINBEE N ON, (H
PRAT PLSCAR B I R AR E A A5

‘Measure’

JHE—AN I, 8/ “Mode”, “Sample Alignment” 1% B R R AEHIE . AR5
F “Model” K Hredh, 4RSS BRERFRENA LA

Common Models % iR

N T ITEAE, TR H R Model (B2 2 $“Common™ Hg . AT
XAFE), /£ Analysis 3251 Model: &4y s i ‘Open* ], FEAHRL H 5t
FRB R BRI SRR A 44 77 (B 8-2 4 ) HE T “Common™ H 3%
(&1 8-2 HIZE ) o ARTT LAR] A e 22 NS

£ CompleteEASE

Hartdware r Options

Data: No Data Loaded Madel No Model Loader!
|_ 1] 1L 1] ] [ 1 1]
| Open Model =) .
Fit
Folder Links Files:
E S Recent Marme I Date | Size
(23 common a-5i on Glass (with Backside Reflection).mod B/2206 1252 PM 3 KB
3 Advanced a-5ion Glass.mod /221081083 AM 3 KB
_J Basic Glass Substrate (with backside reflection).m... B/28/07 415 FM 2 KB
3 Calibration Wafers Glass Substrate-Transmission Data Include... 7/22/081217 PM 8 KB
o [ James Glass Substrate-Transmission Data Include.. 722081216 PM 8 KB
Glass Substrate.mod TII208 1053 AW 1 KB
Glass with Absorhing Film {with Backside re... B/2206 115 FM 7 KB
Glass with Absorhing Film.mod TI22i0810:54 AW 7 KB
Glass with Transparent Film (with Backside ... B/22006 1257 PM 2 KB
Glass with Transparent Film.mod TI22i0810:54 AW 2 KB
ITO (thin) on Glass (with backside reflection)... B/22/06 1258 PM 3 KB
— ITO (thin) on Glass.mod T2A08 1054 AW 3 KB —
ITO on Glass (with Backside reflection).mod  B/22006 1258 PM 3 KB
Grap ITO on Glass mod T2A0B10A5 AW 3 KB ata
Si with Absorbing Film.maod TI2210810:55 AW B KB
TEAOE R
hermal Oxide mod TI22i08 10:55 AW m
Siwith Transparent Film.mod TI22i0810:55 AW 2 KB

\/

I

Add Folder Link |

File Name: |5 with Transparent Film mod

A78-2. 7 Analysis 441, i ‘Open Model’ , SR i (L HR (S 430D
FHImodel (FZY) #/Common HRH BpRFELD) .

F #25h E] Common H 3 F FIAELHLAE HELTE Measurement>Measurement

Controls>Model FHizE# ., Wik 8-3 Fizn, Al LAEF] Common (A1)
HHE 54 (model) FEAY, [F]44 ()X LA A0 H BLZE Model F R $iz 5% B
(WAL
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Opon Model 7 (] £ CompleteEASE
Folder Links: Elles: Measurement | Analysis | Hargware | Options

I System Status F
Waiting to Acquire Data
Measurement Controls

Mgde: [Fast | sampie Alignment {Standard -

Angles 65° w70' [75° 90°%8T)

Comment

— 1 Choose From File Dialog

&18-3. FEzpF Common AR (ZEH) FRoZ E LA Measurement 254479
Model FAz#H# (LR HHHE 1 .

8.3. M-2000, RC2, fl AccuMap-SE #%:

XFF M-2000. RC2 1 AccuMap-SE £#%t, H#li REAEA B2 HET. XASF
HOE TS ARG B AR . T S RAME S AHE, FMPINAENS
XN E RGO TF . K 8-4 R TECE A mapping (Hi3R) A1 camera
ALY ) M-2000 £ 4 i CompleteEASE Measurement 328, xf T
AR A JUNED Canfrf il &, MELESESE) , CompleteEASE i H—
A Recipe  (Ab757) RVEAIIAR YA T A X LRI, 0 ST & I & BORE i 28 70

f) Recipe (kbJ7) AT LLEIEARLTE .

£P CompleteEASE Pl O s |
Measurement K] rAna\yala r Hardware r Options Log Out

Systern Status Fit Results Scan Map

Waiting to Acquire Data No Results Available
Measurement Contrals

Recipe: |=Select a Recipe= |v‘

Acg.
Scan:
Model

Save Data after Measurement

Wiew Prev. Results‘ ‘Graph Parms.
Graph Type | Show Data ‘
KI8-4. HEZIZES . EHEIFFEmAAE H5)fFEm T & focusing (RA) JLATFRIZEK

camera (FHH1) HIM - 2000 Z %7 Measurement 7544

CompleteEASE #{4-Ffit
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Measurement Recipe

T IX PR RS, 26 LA B Recipe (A7) ", B—4 Recipe
A7) IR T BEEREM =ANFEA TG 1) Data Acquisition (R4 |, 2)
FEHAE B, A1 3) Modeling (FEAY)

Measurement>Measurement Controls>Recipe: F #i HE 1 & T 4117 : 1)
Prompt for Acquisition Parameters CREESHE/R) 2), &/~ Recipe (&bJ7) H
JG, 3) % il Recipe (4b77) %13, 4) Choose From File Dialog (% £ SC 4% 1
E) , 5) Create/Edit Recipe (fI%/%i%H) Recipe. XLkl 8-5 EIFfix.

£7 CompleteEASE
Measurement R0 rAnaIysis Harch

Systermn Status

Waiting to Acquire Data

Measurement Contrals

Recipe: |<Selecta Recipes ‘v|

Acr. |<Select a Recipe=
=Prompt for Acguisition Parameters=
<Prompt for Recipe Components=
55, 65 and 75" 3sec, 3mm thick quick

Scan:
Model:

Choose From File Dialog

Create/Edit Recipe

/4/8-5. Recipe (4-77) I

<Select a Recipe>##— 7

XA HA RO ABED, i —N P s, BIZESE— D HAERT, 2%+
—A~ Recipe (4b77) siBUFIXNEE .

<Prompt for Acquisition Parameters> REZ=4#E7

XN TI0KE 28 Scan Pattern (FAFEEIE) F1 Model (BERY) o Bk R 2 4ETE
B FEMRAAEE, JEERE @B, TLUE X AN /RATCATE
FAUT B 8-6 AT 1 B 119 48 Bl RS 4, Acquisition Parameters box (%4
PRESHHE) FHIH R R TT 2.3 HA IR

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type: | Standar [~]
Acg. Time:|2.00 [¥] High Accuracy Mode

Scan Options
Angle Scan: [55.00 | o [ro.o0 | By [15.00

[ Weasure In Transmission Mode

Alignment Options

Sample Tilt Alignment |AU10ma"C ‘v|
Sarmple Height Alignment —[Automatic-Guick 7|
Sample Thickness: |1 149 | mm |SEITD CurrentF’usilinn‘
[ Allgn At First Angle allgnment angle: 6500 |
Other Options

Do Mot Return To Sample Load Position

Do Mot Reposition Translator

| Load || Ok || Cancel ‘

/&/8-6. Acquisition Parameters Setup CRZEZHE) X iFHE
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<Prompt for Recipe Components>Z&n 4L 7 70

IXAN IR Fo 4 P e R 444k 7 e, 43S Acquisition Parameters CRES D |
Scan Pattern (3 3F9HEAZE ) 1 Model (F#1) -1 8-7 Fizn. WIE recipe
CAbJ5) TeMARBIE, fifi 17 AZE Recipe Components (4b75 #76) X il HE 1

.

Choose Recipe Components

Recipe

Acd. Parms: | =Select an Acguisition Parameters Set=

|V|| EditiCreate |

Scan Pattern: |Nnne

|V|| Edit'Create |

Mndel:|NDne

|v|

Additional Parameters

Falder for saving acquired data:

[[] Save Results Only - Ma Raw Data

[] Export measurement results

‘ Load Existing Recipe ‘

/18-7. %7—*Recipe (L4777 HEHENFHIHF T

Common Recipes

B A AR A7-AE Common A4 3% (C:\CompleteEASE\recipes) T ) recipe ¥ i B 4E

By, ik 8-5 W R, fEIXAMT 5,
thick quick” 14k 75 &A1 & 9 CL £ #] Common

HEFR <SS, 65, and 75° 3sec, 3mm
Hik. ZERE)—A recipe F

Common H &, P EAE T A28 1 Choose From File Dialog’ &1, X
FTHF Recipe X[ iEHE. Y folder “links” (SCAFIEgERE”) AL dE I, EAEE

5]

Z N3 Common U4 (F) recipe (4b77) . SRJG, ¥ Files T [ recipe i 5
Folder Links: ) Common S 3¢ I,
Open Recipe
Falder Links : Files:
3 Recent : Mame [ Diate | size
L] comman e, 3mm thick quic 3208 11:03 . 0 KB

| [5. 65 and 75" 33

o= [ James

Adddd Falder Link

File Mame: |88, 65 and 75° 3sec, 3mm thick guick recipe

/&/8-8. Open Recipe (7777470 Xt iFHE.

CompleteEASE #{4-Ffit
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‘Choose From File Dialog’ X /X 1% HEUE #E
XA AT T — AN 5 O SR Bonit BN R REfAL & AL J7 ) Folder links (SCf4 2 4%
) o Wil 8-8. WINE IR EIHAEEN recipe, EFIFFTIHE .

‘Create/Edit Recipe 6/Z 44 7

IXAN A o 61 B — > recipe (AbJ7) o AT recipe HOAEN I IR AE A
A .

AEAT recipe CAb75) B =ANFEHIUHRL, 72 Acquisition Parameters
CREZSHD |, Scan Pattern (HiIZRFHIAI E D AT Model (B , ik 8-9 Fivw.
XKLL R ST i — R TR R .

Choose Recipe Components -

Recipe

acq.Parms:|<SelectanAcqu|smnn Parameters Set= ‘VH EditiCreate |

Scan F'atlem_|NDne ‘VH EditiCreate |
MUdeI.|Nune ‘v|

Additional Parameters

Folder for saving acquired data;

[ Save Results Only - Mo Raw Data

[] Export measurement results

Load Existing Recipe

/A78-9. Components of a Recipe.

Save Data after Measurement & E{EFEIE

e HIXANEFRAE, B R BR e B g0 A7 . BOABE N ON OFR) |, W
R THE, RESEFRENNTE LHERF KA.

‘Measure’

‘Measure’ (&) 4 — M= recipe (b)) o ‘Measure” (ME) 1%
ARG IE T, ik 8-10 Fis .

&7 CompleteEASE

Measurement rln sitLl rAna\ysm rHardware r_c

System Status Fit Re

Waiting to Acquire Data No R

Measurement Controls

Recipe: |<Select a Recipe= |v|

AL
Model

Save Data after Measurement

Show Recipe Stheduler

[18-10. £ #i i it ‘Measure’ J& I 75 Acquire Multiple Measurements” 2 “Show Recipe
Scheduler” 1,

8-252 o &#%- Measurement E3EH CompleteEASE 44-Ft



Acquire Multiple Measurements
g i ‘Measure” (W& %4015 A “Acquire Multiple Measurements”.

Show Recipe Scheduler

Scheduler /& —ANTH, A LB T £/ recipe AT B N ©EENEZA
FEL A 22 808 A 2B 3 & IR BT BT . Scheduler FoVr&EANFE S A H 2% H
f) Recipe. % Scheduler, Measurement 3325~ Measure 141 L kA,
Jfi%4%“Show Recipe Scheduler”3¢ 525 H . H il scheduler 37 LL T A2 BR:

e Run Recipe — ig 17— Ml 5t & LI recipe
e Acquire Dynamic —fi & i i) I B 7 R AL IR
o Delay —& 72 i [m] i) 27 1=
e Set Temperature —15 B i FE A48 5 i [A] () 25 45
e Move Translator —#3h#3h & F$8 e L B
W 8-11 From i — N RHEHE B, RV ar S B — AR

Scheduler 77 7
Steps
Enabled | Step Description | Translator Offset | Save Name
Double-click in a cell to edit its value
‘ Add | ‘ Delete | ‘ Move Up ‘ | Move Down | ‘ Setup Filenames
Status
Lo | o J[ome ]

/&8-11. Scheduler ¥/ 1ZHE

B AP EBASIN, TR AR E N B 8-12 Hh R R A H AR “type” (3K
B o R REIR T

Run Recipe &/74 7
run recipe 2R SRYFH] 46 E — A recipe K47, 4&l 8-13. translator offset
AR — M E B R WSS G E, RIS recipe (477D . U

K 8-14 Ffi. XAN—2 HIhN)5, Scheduler Y4515 BAeE—AMTH, WE
8-15 ffior .

FER: AT offset 1&fH, recipe 4211 E, Do Not Reposition Translator HEANfE
jﬁqj o

CompleteEASE #{4-Ffit
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®

Choose the step type to add:

Fun Recipe

| -

Fun Recipe

Acouire Dynamic Data
Dealay

Set Temperature
Wove Translator

/&/8-12. Run Recipe Step.

Edit Step

Recipe:

=Select 3 Recipe=

/&78-13. Edit Step to choose the Recipe.

Translator Offset: X =

[wooog] | v= [poooo |

&78-14. 5/ Translation Offset (#3) & hi#e)

i B L e e
Steps
Enahled | Step Description [ Translator Offset | Save Narme
|Run Recipe: a.RECIPE | (0.0000, 0.0000) | CICE399\dat a.5E
Double-click in a cell to edit its value
| Add || Delete || Move Up || M owe Do
Status

8-15. 1 — RS H 117 Scheduler

Acquire Dynamic 5728 R&

Acquire Dynamic (ZhZ5REE) HIRAVFH T $8E —1 model (B8 5 (£ In
Situ 322 B AL R B ) RN — AN SREEBR A, dnfE] 8-16.

Edit Step

Aco. Time: |1.00

[
Maodel Mumber: |0

A78-16. dynamic (z)&) HHREALITRIIHi#7.

8-254 o £%- Measurement E3EH
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Delay #Z#f
Delay 2 3R4di N — AN IR B vH R b . 48 5E ZER I 8] B0 4 J 10, an ] 8-17.

Wigit Time in minutes: |0.0000;

&/8-17. 25 1—"1"Delay” (#EHT)

Set Temperature #&H/%Z

Set Temperature (B PR SCRFMIREE B SORIRE, REER—
AN S B I RS B2 AR, W& 8-18.

Edit Step *

Setpoint Temperature: (0.0 MG
Wiait Time: |0.0000 minutes

/&18-18. Scheduler /5 /5 % &

Move Translator Z3/E31&
Move Translator (#%3°FE) SBREIEIEREEMNE, WK 8-19 Arx.

Edit Step
Translator Position: X= |0.0000] Y= {0.0000

; Cancel
&78-19. 1 /57—7 Move Translator (Ez)-F#E) I

Setting up Filenames #EX /%

‘Set up Filenames™ (% B (4D %4 1T schedule 1217 B SCA-HE A 4 -
8-20 R [ IRAF B T BXHHE . ERINIETI /2 “Automatically assign file name
- <custom name><step #><time>" ( H 38 & 34 -CGEHI I 4 72> GO IR <)
[]>) o *3“Run Schedule” s, XAMEIHERH PRI SCA TR, B4
BT 4 7 X AN AN TG . B 3 A B SO 44 00 B D RS 4 R I [A]
B AR T BN, XA TR RN SCR PR XA A
A recipe ZFR. B IRS IR TE] .

=Mk IR F 3w O AT . IR AN R IE SR, P %2 scheduler
R — AT E R PRI E 4T, WE N XS TRA, IR EE f AR
XPIEHER AR & — A4

CompleteEASE #{4-Ffit
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Save Name Setu

File Naming Oplions
% Automatically assign file name - <custom name==<step #==time=
O Automatically assign file name - <recipe==step #=<tima=

_» Manually choose file name for each step (double-click in table cell)

Save Directory

ciCompleteEASE\dat

| Ok H Cancel ‘

/&18-20. Scheduler #7514

8.4. Acquisition Parameters RES#

Acquisition Parameters CEEZ¥) iR | £ Measurement Recipe Wl & 477

(ANE R B R RS b, BdREs — A m R R . i
Acquisition Parameter CREEZHD EHE H W& 8-21 fizR. X LI I 1) V£ 4
FEIR 2 B AH AR T )0

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type:|51andard |v|
Acg. Time: (2.00 [w] High Accuracy Mode

Scan Options

Angle Scan; [55.00 | To [70o.00 | By [15.00

[ ] Measure In Transmission Mode

Alignment Options

Sample Tilt Alignment; |Aut0matic |v|
Sample Height Alionment: |Autnmatic—@uick |v|
gample Thickness: [1.19 | mm |SetTo Gurrent Position
[] Align At First Angle Alignment Anale; ,W
Cither Options

Do Mot Return To Sample Load Position

Do Mot Reposition Translatar

| Load || ok || Cancel |

/& 8-21. M-2000 7/ RC2 R HIRESHIKLE . FHHIEFFTE 5 A G Z G 25 2557

8-256 o &#%- Measurement E3EH CompleteEASE 44-Ft



Data Type $#ER%

Data Type C(E#la2R7) $i5 52 &1l #E vhoR AR RO B 288, nl&] 8-22 o

Acquisition Parameters Setup

Diata Acquisition FParameters

Diata Type: |Standard -

Standard

Generalized Ellipsometry
Antueller Matrix
ITransmission Intensity
TReflection Intensity

[&/8-22. DataTyp (F#HEH) HIAASE LT

Standard £

K2 K5 N7 FH A “Standard” ChrifE) W&o 3 72— A T3 SR A o ' 1 A i 1) 22
SRAE T B AL FE XS B 9 K RN A ) Psi Al Delta. BE41, depolarization
GRAImIRD FOS G i A o SRV, B (i A0 S5 S o P 1 O A 4 2 )
W AT DC(E )RR L LR R HE . VR, WS BRI TF . K25
FREY 2 720 MR i e R 8 P55 U 2, ok A e g DB R X S A M B

Generalized Ellipsometry /"X #if#

Generalized ellipsometry (] Wt ) I & AL FE — AN i 10 58 BE 3 AE B, 09
off-diagonal J& (YEARH#E SE MEFEEAE) . H& M FHEREMEHS5 A
SHAPAT B EE BLR, IX AR SR A 0o 9 FE & LR IR, ) 3
Generalized ellipsometry I & AN e 1, B O e 5 T B ROAIRE i 52 HLAE
FH BT B O

T SO AR B 4 =N B, BRI SRS N A B I 245 3 =4S Psi i
=/ Delta 15

Mueller Matrix BEj4E 5%

A5 FH 004G e 307 % B0 SR P DI 47 3R SRl = RS 1 AR . I Mueller—
matrix (FBEIFERE) 2—A 4 X4 56FE, (IR R M ROCGET AT AT A G .
ez b, ME— R LA E R EAE R TR T 16 Ao MR RC2 RGt. X T
KEZHRES, BEEREHAASITR, THRMENE T 16 Not. KT % m A
PEFE S (B BB IWIR) , 568 128 BAE A AT LA 4 A& 6 (M1, M21 5% M12,
M33 B¢ M44, F1 M34 B M43)kHid. iR mBEE SR, FERTM
BEFE T 8. HAHEBMIAEMNNETEEZ M uReBRIE. Fik, A
21 1% S 75 EE RS B R

Transmission Intensity ZZ#&

DB SE R S DGR . X T M-2000 R4, 17 5 5 EE A FHRIIAE 51 AC #E>
W5, IR S SENE .

CompleteEASE #{4-Ffit
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Reflection Intensity K4 #/&

DB SSSICHISRE . X M-2000 2 4¢, i& 5T 58 B {3 RS 5 1) AC #3115,
FEMIRA S AR E

Sample Alignment #& &%}

FEG AL U R T RGER T RBCE . — BOR UL, A A AD TR HERE
ARHATXH A e BE XS T o ARG H3A %5 B B T T

Tilt Alignment ATALY 4

Tilt alignment RIS HE D #5 B BE 5 FIRFA -5 N B Y6 R ORI SS £y, 3R S 53
AT HE BRI T I IE RS /1 . Tilt alignment &3040, 2 Skip (Bkid) .
Manual (FZh) . Automated (EHZH) , K 8-23 Fizx.

Sample Tilt Alignment.  |Autormatic |v
Skip

Manual

Jautomatic

/4/8-23. Sample Tilt Alignment (AEdLXfH#E) T

{EH R MRS, Tilt alignment 2275 Bkid, A BCE R0 E T 25 A R 0 H
ZH B R S P, B4 Skip . B, dn S —A> RS0 kst
M 200 KGR, B4 Skip K, REONASFRE S R AE AT g 2k
(el

XFFFENE A SR HE, RGNS B — N DY GERERIES F R SR @
I VA EEARACT, S GR350 3 A B AE DY RERIRI S (0 b e, BT AR AR 2 T A
AR S LA AR B R TR A IR i E R . i
B Eshxf i RS Tilt Alignment 41140 & 8-24 Fios .

8-258 o &%- Measurement E3EH CompleteEASE #44FHt



&7 CompleteEASE o & B4

Cancel Alignment Align Mode | Detector Motor Increments
® Autormatic | ® Lookdown | Z Stage
[[] Use Data Acquisition Time 2 Manual ) Recelver Tilt Stage
H Z Position = 0.500mm
Sample Tllt Tilt Position = {0.071,0.024)

Intensity = 1.307
Ave. Signal = 0.000

KT 8-24. FF it I AN B T

Sample Height Alignment £&43 & /ZX

Sample Height Alignment CFf 5 5 B0 HED 2 18 506 0 4SO BROFIRE i 2 T 140
S E, XFAREE RS, RIEHERNSEMNE. 4RGN
(IR AP » XA EE ., 78 F—Ww i LMK AR 2 AR H R
FE B RE IR, Sample Height Alignment CRE 5 s BEXT#E) 2 JF 5 B2 .
Sample Height Alignment it iy BEXTAE D) ()85 FH I BT & 8-25 . XJ T
Automated Height Alignment (HZliE EXHE) , RIFFEHRIAIE 7 55 e A
BRSO R B () e s . P 8-26 & — Aol 5 B A BRI AAE S
S IR 7 e AL E

Sample Height Alignment:  |Automatic-Guick -
15kip

nanual

Automatic-Cuick

Automatic-Rohust

Ilze Sample Thickness

/&/8-25. Sample Height Alignment (A£./3 & /&0 #E)

CompleteEASE #{4-Ffit
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Cancel Alignment

[] Use Data Acquisition Time

Align Mode  Detectar Matar Increments

@ futomalic | ® Lookdown | Ztage [05 | v]
) Manual ) Receiver  Tilt Stage :

Max Signal Intensity =17.72
Current Position = 0.523

=3.71 mm

17.00 mm

J8-26. FE i B SN T L.

Common Acquisition Parameters #HX&ES$

5ER Acquisition Parameter CREESH) 1B E Ja, VR B BLR (R AFIX Le 4015 2
— AN, G S DL R A IR B SR EE S A, SO AT DURAF ELRS B 2|
Common . Z 5, A T#E 2= HILTE Recipe (AbJ7) TR R
BEkFe, BEERAESHF] Common 44, Recipe Components (477 875)
HErR % Edit/Create” (4wt /BId) %41, #RJ5, Acquisition Parameters CR4E
ZHO FMTEHE S 1% Load 424« XA T IT SO TEAE, A 8-27 o, i
S R R R B SHOUA, SR 5 H RARKE A 14 Files: ™ I U4 A5 4
Folder Links: T ) Common .

‘Open Acquisition Parameter £ 521645 500 e i s B B B

Folcer Links

arnmo

n

Add Folder Link

[ size

Date
H 320011 0KB

File Mame: |55, 65, 757, 3sec, 3mm thick, quick parms.parms

/&18-27. 7F Open Acquisition Parameter (/7 REZH) &I, AT LIFEFI A, HAFE
L1230 9 XA E A7 1 COMMON %[, IRLE G 4L 7 877 T 47 788 o i

il

8-260 o - Measurement E3EE
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8.5. Scan Pattern HHEER

FAH P 2 P R A SR A DR S P % B T . 2R T0OE TG B A E BhRE R B
BRI A —ASB IR E 2, Recipe Components % 117 Scan
Pattern #5121 (1) ‘Edit/Create’ (ZwfE/GE) 424 b RArridh. & 8-28 k.

Choose Recipe Components

B4

Fecipe
Acg. Parms: |55, G4, ¥4° 3sec, Amm thick, quick parms ‘v| | Edit'Create ‘
Scan F'attern:|NDne “'| | EditCreate ‘
Model:|Nnne ‘v|

Additional Parameters

Falder far saving acquired data:

[ ] Save Results Only - Mo Raw Data

[ ] Export measurement results

Load Existing Recipe | | Ok || Cancel ‘

/4 8-28. Recipe Components (£ 77 #75) & 114 #% Edit/Create’ (43#7/6Y# ) Scan
Pattern (#7#AH5) .

Scan Patter Zr4E 2%, U1 8-29 FiuR, RUIRIEIR BIFEA AN . H 2k
PLE B4 R & A7, 145 Grid Fill (WRSHE7E) . R-T Grid Fill (FARbRiE
78) « Line Fill (ZRIEF) o REMIEFL BN, U052 Trik e s &4
Tl 2 MR T LR

Scan Pattern Editor: (not saved) = = i - [
Substrate Dimensians
= Dia. cm): {20.0 [_] Draw vyafer Notch
Point List
1 0.0000, 8.5000 = Grid Fill
20 3.8000, 8.5500 = —
3. 2.8500, 8.5500 BT Grid Fill
4. 1.9000, 8.5500
5 0.9500, 8.5500 Line Fill
6: -0.0000, 8.5500 Point Commants
G 4000l 95400
5. -1.3000, 85500 Sldaal
9: -2.8500, 8.5500 Edit Point
10: -3.8000, 8.5500
11: -5.7000, 7.6000
12; -4.7500, 7.6000 _
13 -3.8000, 7.6000 W
14: -2.8500, 7.6000 Delete Foint
15: -1.8000, 7.6000 —
16: -0.8500, 7.6000 = Delete All
Alignment Position Pattern Offset
wloo v:[00 ‘Mgn atthis position only ‘v‘ oo w00 Theta (*): [0.0 L) PRGN
Deskew Paints Transmission Intensity Baseline
[ Do Deskew 31|00 ¥1:(0.0 H2:(0.0 Y200 [[] Use Paint For Transmission Baseline X|0.0 V(0.0
[_] Record Image At Each Point Image Zuum.

/&78-29. Scan Pattern Editor (#7744 /&% 4 #545)

CompleteEASE #{4-Ffit
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PERN—AM1F, WK A Grid Fill> (WESIETE) $440, /R 219214 8-30 fir
RIIETI . Scan Pattern CH#HEIE ) [RIRHiIR T H AR AL SO HE 7 %80 il
fRAI LA FE Align at a single point only (fXFE—ANH &1 EXtHE) o thn] DLESE
alignment at the first point and then z-alignment at all other points (&5 —/> &1

SEREAIRE ot HE, £ FAMBT A ) s B8 Z Bl

Grid Fill

Grid Spacing (erm): (2.0 Grid Style:

Grid Fill -

Grid Spacing (crmy: |2.0 Grid Style:

Grid Margin {cm): [1 Exztend Grid to Margin Tup"r
Left:on | Right 00 |
[[] Stan Region of Interest (cm) Bunom:m_g

Grid Margin {crm): |1 Extend Grid to Marain

Scan Region of Interest (o)

/&/8-30. Grid Fill (MIFEE7) 1A

Scan Region of Interest 393/ {88 i) [X 35

Scan Region of Interest CAH/E R X 38D FVFURTE S 43 X I8k _bFi e A% A,
A EIEBAN SR o X TFEEH 0 Top (T0HEE) .« Bottom (JEHE) <
Left(Zcik1). Right (414D FIMEBEEN .

it % F—A 10x10 cm B TEFERE, BN NRME, IRA DLERR A TS
BRI 5
Top=0, Left=0, Right=5, Bottom=-5

Adding Common Scan Patterns &% HEHER

MO0 TR R EE R P E RS, AT AR LSO, S S .
ReA2H H pattern (EZ) , /RATLAES N Scan Pattern 2] Common SCAFJEH
T 3K A, Scan Pattern Editor H i ‘Load #%4H, X #4 5 Hi“Open Scan
Pattern” (FT B XUGHE, & 8-31. HREIRS 4548 FH 11X L8 T 14,
SR T FH BROARA EATTANAG TH 3 B 7R 7E /2 34 1Y) COMMON H 3 b

8-262 o &%- Measurement E3EH CompleteEASE #44FHt



Falder Links: Eiles
3 Recent Hame | Dale | iz
(3 comman 48 Point, full align.scan [4729/09 217 PM 1 KB
o3 Jam
(21 New Map

Adl Folder Link |

File Marne: |49 Point, full align.scan

/4/8-31. Open Scan Pattern (777F77#85) &1, EEZFEFHITHER, LR
JH B ERFFE AN B A2 19 XA 7K ) 220 9 COMMON R o

8.6. Fit Results Panel #6452 Hik
B 85 R E XN CANE R, EERENA LT, | 8-32 &— il

Fit Results

MSE = 13.237

Thickness # 1= 16483.57 £ 18.422 A
A=1.44910.0010

B =0.00377 £ 0.000093

C = -0.00000 + 0.000011

h @ 632.8 nm=1.458

| View Previous Fit Results ‘

/&/8-32. Measurement (Jl/42) -4 7/ Fit Results (A 4545) [Hik

8.7. Right-click menu £ #(Measurement>Fit
Results:)

Copy to Clipboard — Formatted
SRS AL R BIBT IR, SR I B — A SO g AR SR, R PR

CompleteEASE #4F it 2% Measurement 38 o 8-263



MSE = 2.837
Thickness # 1 =96.71 £0.018 nm
n of Cauchy Film @ 632.8 nm = 1.865

Copy to Clipboard - Table
S HIRMACGIR BB, & ARG B — AR A B TR R T, R s

ERROR
PARAMETER VALUE | BAR
MSE 2.837
Thickness # 1 (nm) 96.71 0.018
n of Cauchy Film @ 632.8 nm 1.865

8.8. ‘View Previous Fit Results E RTINS &SR

R DR PG S5 R o XN 24T — N R U HE, i 8-33 oo

EFAE T BRI Location (&) 1 Files (324 , File Information TiAR 7

BRI A G RIS . XA LU ‘Copy Text to Clipboard” (& il 3{ 4

FIBINEHR ) A1‘Copy Table to Clipboard’ (& IR BIBTMEM ) 42471 5 i 45 F 2|
BYEAR

View Data

Location File Information
CompleteEASE homework ‘v|
Files

Marme \ Date
CHROME.SE TI0E [02:34] ||
duv30-#1_very fine scan.SE /708 [08:34]
latio3 tit - jun 5E 122107 [145
nb-bulk 5E 1/7/08 [08:34]
Sample 1.5E a20/07 [15:35]
Sample 10.8E Gf20607 [15:35]
sample 11 PECYD Sik on Si.... 122107 [15..
Sample 11.8E Gf20607 [15:35]
Sample 12 5E 20007 [15:34]
Sample 13 5E 20007 [15:34] | _
Sample 14.5E a0i0T [(15:35] |
Sample 15.8E Gf20607 [15:35]
Sample 16.8E Gf20607 [15:35]
Sample 17 8E /20007 [15:356]
Sample 18 5E 20007 [15:34]
Sample 19 5E 20007 [15:34]
Sample 2.5E ay20i07 [15:35]
Sample 20.8E Gf20607 [15:35]
Sample 21.8E Or2007 [15:38]) ||
Sample 22 5E 20007 [15:34]
Sample 23 5E 20007 [15:34]
Sample 24 5E 20007 [15:34]
Sample 25.8E Gf20607 [15:35]
Sample 3.5E Or2007 [15:38]) ||
Sarnple 4 8 9720007 [15:35] |=|
| Caopy Text To Cliphoard || Caopy Table To Cliphoard ‘

/&18-33. 2 Previous Fit Results (LGl 42458 ) S iZHE

TE Files TR R — 8 SCF, W LA‘Open File’ (FTIHF3CAE) 7o iXH 4] TFEhE
S, AN 5 2 B R R .
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£ Files [k 1 H AR 2 453, 7T LLEAT ‘Cale. Multi-Sample Stats” (£
FEMSEIT I ED o — Al s Kl 8-34

e =
Location File Information
[competegase nomeworc [~] [Multiple Sample Statistics
Files Recipe: WA
= = | mse [ Broa. | Eo | Egq | Emr | Total Thickness (|
%é Ayerage £.9244 00000 556310 46263 25609 831686
Sample 11 55 07535 o Hin 37380 | 00000 | 6.4713 | 4.4641 | 24031 873.862
Sample 1255 42007 [15:35) Max 8.6926 | 0.0000 | 5.6145 | 4.5985 | 26301 1012946
Sample 1355 007 [15:35) Sto.Dev. | 23162 | 0.0000 | 0.0538 | 0.0571 | 0.0531 48.401
Sample 14.55 920107 15:35] %Range 320050 0 08730 | 12612 20716 5195
Sample 15,55 9120107 15:35] Sample3 5893 | 0000 5436 | 4550 2534 31329
Sample 16,55 92007115350 | |\ | samples | 2555 | 0000 | 5505 | 4578 2520 34217
Sample 17,55 9120107 115:39] Sample5 3738 0000 5472 | 4507 2493 101285
Sample 18.52 9120107 115:35] Samples  B677 0000 5501 | 4548 2534 92725
:::g:zlii‘g ggg;g;ﬂggg Sample7 5483 0000 5534 | 4502 2606 985,61
oo 2052 s o2 Sample8 | 5468 | 0000 6505 | 4453 | 2630 87386
Sampled | 4654 | 0000 6615 | 4455 2608 8755
Sample 21.8E /2007 [15:36] ‘—”— T T Tr
Sample 22.5E /2007 [15:36]
'Sample 23.5E Q2007 [15:35]
'Sample 24 5E w2007 [15:35] ||
Sample 25.5E a20107 [15:35]
Bample 3.5E a007 [15:35]
Bample ¢ 3E a0i07 [15:35]
Sample 5 5E a0i07 [15:35]
Sample 8.5E a0i07 [15:35]
Sample 7.5E a20107 15:35]
3ample 8.5E a20007 [15:35]
3ample 0.5E a20007 [15:35]
ta-bulk SE 1708 0834 (=
ta2nf - iun SF 12021007 11 il el
Calc bult-Gample Stts. || Graph Dats
‘ Capy Text To Cliphoard H Copy Table To Cliphoard

K18-34. i ZFEda i RETT

USRI S 2 78 T A SR A . A ) R R AE S e, (R SR
MIGHERTM, 4 average CFH) « min (/) max (KD
standard deviation (Fr#EfZE)  %range (JEFEF43EL) F1 %uniformity (35%]
YEE s, il 8-35 s

%RANGE (EZH&)
range (YuFED F 4 LE SUN:
MAX —MIN
AVERAGE

%RANGE =100%

%UNIFORMITY
uniformity (321 & SUN:

STDEV

YWUNIFORMITY =100%| ——
AVERAGE

CompleteEASE #{4-Ffit
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File Information
FULL_MAP_FOCUSED
Recipe: Focused FULL MAP
Acg. Parameters: 2 Angle Scan.parms
Scan Pattern: 1593 Point Map.scan
WModel: Test-Genosc.mod
| Thickness#1(mm) |  Sigint | TirXx
Average 86.268 7.6515 -0.0239 |~
Min 71.143 6.3241 -0.7397 |=
Max 91.108 7.9145 0.5159
Std. Dev. 4117 0.1027 0.4239
% Range 2314342 2078481 | -5245 17871
% Unifarmity 477262 1.34238 | -1770.88586
(14.500,6.500) 71.84 7.836 -0.588
(14.000,6.500) 76.98 7.807 -0.589
(13.500,6.500) 78.52 7.808 -0.584
(13.000,6.500) 79.50 TT72 -0.580
(12.500,6.500) 80.33 7748 -0.574
(12.000,6.500) 81.22 7.725 -0.5¥2
(11.500,6.500) 81.93 7.729 -0.5¥5
(11.000,6.500) 82.38 7762 -0.578
(10.500,6.500) 8278 7743 -0.588
(10.000,6.500) 83.70 7717 -0.587
(9.500,6.500) 84.62 7.680 -0.589
(9.000,6.500) 85.22 7.684 -0.585
(8.500,6.500) 85.66 7701 -0.563
(8.000,6.500) 85.96 7708 -0.533
(7.500,6.500) 86.25 7.720 -0.504
(7.000,6.500) 87.15 7.706 -0.470
(6.500,6.500) 87.70 7.699 -0.428 |
o | [»]
| Copy Text To Clipboard | | Copy Table To Clipboard

K] 8-35. My Le PAG RN AU A4 average (FFEJ) . min (B&D) max (A
standard deviation (BpfEMiZ2) \ %range (EIHE HH) I %uniformity (FIMEE
D T RIS

XS, Graph Data’ #2241 AT A S I ATOT — N8 ad 1, & fe v ik
BRI R G4 R, WlE 8-36 ATn.
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Graph Data

Parameter:
Dense Map of SiO2: Total Thickness el 2L

10 97035
80914
5
64793
S o 48672
g i
32551
5
I 16430
-10 309
10
X (cm)

/&/8-36. total thickness 47 Uniformity map (757 1#4435)

CompleteEASE x44-F it 2% Measurement E3KH o 8-267



b3

9. 3% - Analysis 3

Analysis (7#T) FRAEWE 9-1 fion. XAFRPEMAE 3AMER: Data (£
#) . Model (#4) F1 Fit (#E)

& CompleteEASE o & B4
fMeas.uremenl r In situ rAna\y'sls rHardware r Options |
Data: sinx on si-2 Model: Si with Transparent Film
| Open ‘ | Save || Info. || SetRanges | ‘ Open || Save || Clear ‘ Open Snapshot ‘ ‘ Save Snapshot ‘
A Layer Commands: [ Delete Save
| r— “ T || Reset | Include Surface Roughness = OFF
+Layer # 1 = Cauchy Film Thickness # 1= 101.28 nm {fit)]
MSE = 2.651 [Subsirate = SI_JAW
Thickness# 1 =101.28£0.017 nm Angle Offeet = 0.000
A =1.735+0.00068373 + MODEL Options
B =-0.00044189+0.00037810 +FIT Options
C =0.00148+50102E-05 + OTHER Options
nof Cauchy Film @ 6328 nm = 1.74272 Configure Options
Lontfigure Options
Turn Off All Fit Parameters
Graph Type Data H
Spectroscopic Ellipsometric (SE) Data
60 60
Psi
| enmennmmmenrrme =]
55 Delta /“\\
Model / 30
50
/ / \ -0
— 8
L 45 ™, g
--30
40 oo,
. // \\; .
//
30 < 90
300 400 500 600 700 800 900
Wavelength (nm)

£9-1. CompleteEASE #( 7+ Analysis Z= %42

9.1. Data: Panel

‘Open’
(BL): AT EE A

(BR): “Append Data” (£ 3f) HURBICA I SCHT, W 92 fis. Ko

PRIL A AR o

9-268 o H* - Analysis E3#
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(BR): HAL sl (ARSI, ATCLPGEST I, Wil 9-2 Fios

n &9 CompleteEASE
lfMeasuremem ['insitu | analysis | Haraware | oOptions |
Data: cron g|aSS_T Model: Si wit
open—L 1 1 I
Append Data -
it CCompleleEASEIDATExamplesicr on glass_T.SE Cc
Generi C\CompleteEASE\DAT\Examples\Cr on 5i02 MAP.SE =

C:\CompleteEASE\DAT\Examples\Aniso-Organic on Si.SE ﬂ
C:\CompleteEASE\DAT\Examples\60nm Oxide on Si.SE %
C:\CompleteEASE\DAT\Examples\300nm Oxide on Si.SE ﬁ
C:\CompleteEASE\DAT\Examplesi25nm Oxide on Si.SE L
C\CompleteEASE\DATIExamples\1500nm Oxide on SiSE kit
C\CompleteEASE\DAT\Examples\120nm Oxide on Si.SE R
C\CompleteEASE\DAT\Examplesisinx on si-2.5E u
C\CompleteEASE\datiSingle Line.SE E

[l
[&/9-2. Data: [B#k# Open’ HI 11 #EFE4, FTLLLi /] “Append Data” (& HE#) FIFTH
FYZ R I HI XA

‘Save’

(BL): RAE— DR . CompleteEASE {R7FEUE N nes sk, X s H
A& CompleteEASE FTFF. SCH-HIYT & 4 s b e R 1 SE” 8 2h &S B 1
“iSE”,

(BR): i&#“Save Data Subset”5“Export to Text File”.

“Save Data Subset”RZZEH#EFLE

‘Save’ b bR A BERIE SRR Bl T HRONGTR T TR (B, A
FEo WFE . S 2 AR .

“Export to Text File” (#H X A1)
‘Save’ b FUbR A SRR FRIX AN LT . B O — AN U S

‘Info’f5 B2

R CompleteEASE 4TI TFEUEIE R . — M7 HIE BHEQTE 9-3 R

CompleteEASE #{4-Ffit
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Exp. Data Information

Current File: Sample 11.SE
File Comment (Edit):

ArCouisition Type: Single Scan

# of Angles: 1

Andle(s) of Incidence: 70.062*

# of Wavelengths: 188
Ellipsometer Type: RCE+R+dePol

Information Text:
EllipsometerType: 14
CompleteEASE: 3.39
AcgTime: 0.000

Cloge

KI9-3. 17 B RS AL HI 5

‘Set Ranges’

BEE M AR S 5 A OBV R A .t mT DU 85 5 Mt S s o 9 32
MENME, WE 9-4 R, HBEEE A, XA IEHERT DL B A

P K.

Select Data Range

Wavelength Range

Min: [191.8 | nm  Max [1697.3

Selected Angles

50.00% 60.00% 70.00°

1]

| Select All Angles |

Selected Translation Point

Selected Point |X=-14.50, Y=0.00 | v |

Graph Angle: =

Graph Wvl. [756.4 nm

| Ok H Cancel |
[9-4. riidiSet Ranges’ (R EF[E) Fik# wavelengths (EK) . angles (/%) .

translation point (#£3)£ #17) #/graphing anglesiwavelengths (4244 /21 5 KD

9-270 o H3# - Analysis E3E#
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9.2. Fit: #l& Mk

‘Generate’ £ EIE

(MBL): T 24 RT AR ABOE ()% B K Generate data (A2 8D o DRyERE Alt-
G,

(“®R): “Clear Generated Data” GGERRA AR ) RVFM graph & &R TA
A AR 2%

‘Fitfl&
TR RCR 1V B A O . bR AL,

‘Fit Scan Data’ I&5HI&

MFT B AL SRAE I, 55 = M44H Fit Scan Data’ (& ShAEHE) ¥ 5w,
ERT DA AR AU G 15y 50 P b 0 A R A R AN e A AR AN T —
HERR multi-sample (Z8E5) .

‘Fit Dynamic’

(BL): bR BE, OGS T R AR B 3h A2 Fit dynamic data that has
been taken versus time.

(“BR): RArAifE, W LLi%#E “Append Fit Results”, “Fit Backwards in Time”, B#
“Fit Backwards and Append”

“Append Fit Results” JEJIH & 452
TESLE BNASEARIS, 2 530 E AN IR ] B ) B P 2 IR E H Bh e TESR — N
) B BRI A G Fa TR NSRRI, AT DA (R AeF 5] B (0 Bl 40 & 4 s
IEIFRIRREDRSEE S

“Fit Backwards in Time” [ Fj f8/## 4
R T “4R7 Mg R “TFIR” 2R BB sh &% . i,
‘Bo ATLURTEZIEE o, R 05 R LU B e

“Fit Backwards and Append” [5G f87E7 55500

ZIETE TP LA G o MR FERI R iR A TG, 16 A EHEL & —
I At s R 2 S i sh SRR S 45250 .

‘Reset’ EE
(BL): WA, REBERSHIEZATNRKE.
(BR): MbrfHE, Bk “Show Reset List”

CompleteEASE #{4-Ffit
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“Show Reset List <2~ & B 57"

WoR—AEER AT HSR . Bl R AR RIS TR A S,
CompleteEASE £ H B I ARAE X PRI IS (8] & e — Aol in & 9-5 fiar .

Reset List -

Choose a recent state to open:

13:232:33 - Before Fit
13:23:34 - After Fit
135518 - Before Fit
13:485:20 - After Fit

Cancel

KI9-5. HEIZ A LU A FFE BRI B, L B A TR AT I H T E 5
R7F

9.3. Analysis>Fit: AR

£ Fit: ARk b Sbs A i s A B R, &) 9-6 18] 9-40 o, W AEH], X T
E/NE s S N Kot B2 LB i i S P v (o S I N T

¥ Auto Fit ™ Auto Fit

| View Fit Stats View Fit Stats
Copy to Clipboard - Formatted View Parameter Stats.
Copy to Clipboard - Table Copy Parameters to Clipboard
Copy Analysis Report to Clipboard ctl-R Copy Analysis Report to Clipboard cl-R
Add to Fit Log Cirl-L Add to Fit Log Cirl-L
View Fit Log Ctri+AlItL View Fit Log Ctrl+Al-L
Advanced Graph Options Advanced Graph Options
Graph OCs Vs. Time Graph OCs Vs. Time

KI9-6. LI AT L) AT I B I 7 e o Bt TR 19 B v A i T

“Auto Fit” B31Hl-&
S FEHE R R, — A B SR AT, WA BRI T L
HEFI, PRI LA RHIR, SO A T

9-272 o £3# - Analysis X3K# CompleteEASE #{44F/t



“View Fit Stats” 27"l &4ttt

FMETRE, BMUESEERE 0% E[E RS THE T &R, MESH
HIAE R R AT AR B, AP 9-7 From o AHSRIEESIT+1 8i-1 BRI 2L
IEBEMFZCR, DR ANE— 1

Fit Statistics da el
Final Results

MSE =4.82031, #of terations =5, nFit=6, Max Correlation = 0.885 (Amp1_TiO2: UV Pole Amp,_Ti02)

Fit Parms Corelation Natix

Roughness=35 886420.35986 Roughness  UVPole Amp. Tio2  Amp1_TiO2 %Inhomogeneity  Thickness®1  #BackReflections
UV Pole Amp._Ti02=27.367771:0 5473363| [Roughness o 0.0
Amp1_Ti02=668.10830+1.945466 UV Pole Amp._TiO2 4 000 0385 336 a 203

% Inhomogeneity=3 9560+0.06410 Ampi_TIO2 - 53 - 393555 “2“5“3 = UQH? = n‘ Sg;
[Thiciness # 1-084.9370:0,04391 hickness # 1 o 5 i o o o720

{# Back Reflections=0.71804+0.009090 % Back Reflections. 2 203 209 228 07 000

Copy Corr. Mat. to Clipboard

AI9-7. “View Fit Stats” (BRI E G SBam 58— TSI HT 0% B 15/Z Z 4 11
LR FE A 1

“View Parameter Stats” B~ 41t

WA eSS 5, XANEIAT B RS BT R E RS, &AL E R,
HlEthER. WK 9-8 Frn.

Parameter Statistics - [>d
Position {cm]  MSE | Thickness... A | B [ c of Cauch...|
Average 205 888 70.42 23493 -0.0099 0.0004 2 3269
Min. 271.082 -1.00 1.3484 -0.0385 -0.0008 1.2590
Max, 316.900 138.37 3.0000 0.0433 0.0011 3.0860
Std. Dev. 22.943 56.37 0.8835 0.0327 0.0007 0.9422
% Range 15.485 197.9109 | 70.3005 | -828.9840 | 5135914 | 78.5154
(1456.5) | 304.991 138.37 29828 0.0433 -0.0008 3.0860
(14,6.5) 316.900 -1.00 1.4153 -0.0348 0.0009 1.3337
(13565) | 271418 107.65 3.0000 -0.0095 0.0003 29783
(13,6.5) 315.050 -1.00 1.3484 -0.0385 0.0011 1.2590
(12565) | 271.082 108.07 3.0000 -0.0097 0.0003 29777

| Copy To Clipboard H Close |

[19-8. ISR E I T 5 HT View Parameter Stats” (S50 4 11)

“Copy to Clipboard — Formatted”

WG G mE, TR SR BB, AP Ud A B A
.,

“Copy to Clipboard — Table”

WG R SR, TR SRR B, XA & R
BAFALEE

CompleteEASE #{4-Ffit
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“Copy Parmeters to Clipboard” & #| =% 3| By 5
By P S R G 58 S5, AT LUK A Wk i) 5 SR 2 BT I AR

“Copy Analysis Report to Clipboard” & #|4; trik &

WA 5ESG, VRAT LR 7 R 45 i 8 B b R s =X 5 50 o pr i 2
B K. Bilhn, — /ARl 9-9 R AL fEHR S o AA
Je— ANk, AT LLE Model:>+OTHER Options H %], ¥4 eS0T )5,

R AR B —HE 4, A RIGE AR, W& 9-10 Fin. &, XT
ZRER T, AEIE PSS B S R SE , wE 9-11 R,

Sample: FULL MAP FOCUSED
[

Fit Results Op
MSE =3.714

Roughness = 3.54 = 0.028 nm
UV Pole Amp. TiO2 = 23.0068 =
044515

Ampl TiO2 =674.013 +1.5837
% Inhor =329+ 0.047

Thickn 73=0.038 nm
nof TiO2 @ 632.8 nm = 2.26500
kof TiO2 @ 215.0nm =1.19347

Optical Constants

£ 500 w0 260 500 00

|
B9-9. H M E I AR, b EHEN (M Model: +OTHER Options )
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Sample: Si02 Map|

Optical Model

Layer #2 = SI02_JAW Thickness # 2 = 1168.45 nm (f|
Layer # 1 = INTR_JAW Thickness # 1 = 1.00 nm

Substrate = SI_JAW

Fit Results
MSE. 55.449 51.014 59.046 2071 14.486
Angle Offset 0.2640 02319 0.2964 00154 | 244616
Total Thickness | 1163.47 | 113805 | 1177.62 1081 3.4003
(nm)

Model Parameters vs. Position
MSE vs. Posiion

08 Angl Offsot vs. Position
st o
soar 3
ses S
>
369 B
w2 o
I51 ot

Total Thickness in nm va. Position

5 3 0 3 &
X (em)

KI9-10. g2 HEIB A 1977 Fr ik 7

Sample: Si02 Map

*

esul Optical Model
MSE - 54162 67 I T
Angle Offset = 0.264=0.0231 [
Thickness #2(1)= 1161.60» 0.147nm

Thickness #2(5) = 1164.50= 0,148 nm
Total Thickness = 116945 4 -0.100 nm

Experimental and Model Generated Data Fits

LS ————

/&79-11. multi-sample analysis (ZHAL 747 B iR &

“Add to Fit Log”iEin®|H &

Feanr a4 5ue e 0, ftLlS 7R . CTRL-L /2 add to fitlog (
MEIHED BtREERE .

=

CompleteEASE #44F 2% - Analysis ERH e 9-275



“View Fit Log” &7~ 4 H&

View the Fit Log Ctzs#l& HE) #4541 H CompleteEASE J& 31 J5 Fir A B ic s 1
AR, K 9-12 fir. A HELE CompleteEASE S5l Jaik g, (HAAT

CLERAFSR A LA 17 ) o

Fit Log

Log Entries

11-9-19 [0941]

2011-9-19[0941]
2011-9-19[0941]

Selected Entry

Exp. Data File: |120nm Oxide on Si

Current Model: |Si with Thermal Oxide

Fit Parameters: |1SE=2.510

et=0.071+0.0044

Total Thickness = 124.61 + 0.007 nm

Rename || Delete
| Compare || Reanalyze |
| Generate Reports || View Reports | #Fit=2 #Times=1
| Load Log Entry || Clegar Log || Open Log || Save Log || Close |

A19-12. FitLog (# A H.E) XiFHE

‘Rename’ B

HHFE—NHEZAIFEGH

‘Delete’ %

WA H B B IS BB

‘Compare

WwEEAH &K BIFEA ST, & 9-13 fran. #£ Comparison  CHL#E) XFE

HEHr, AT LL“Add Statistics” (WSt <

“Reverse Columns/Rows” ([ %)/

17) FIE—25 1 ‘Compare Optical Constants’(FLFG 228 40), X AN AL H BT

XS TEHE, & 9-14 P

9-276 o H* - Analysis F3#
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Entry Comparison Table

MSE | Angle Offset) Total Thick...
2011-9-19[...|2.510 0.071 124.61
2011-9-19[...13.885 -0.094 1640.58
2011-9-19[..|3.673 -0.051 273.02
Average £.68935 -0.02467 679.403
Std. Dev. 6.25887 0.08574 835.705

[] Reverse Columns/Rows Add Statistics | Copy To Clipboard ‘

| Close || Compare Optical Constants |

/&/9-13. Fit Log Comparison (&5 RHE) B T 5 WA H.E5 H 17458

Mame curves by Layer Name

Layer Selection Options

| Clear Selections |

| Select Layers By Number |

Optical Constant Compare Dialog
Display Options
[ sioz_daw O sioz_saw O sioz_smm
I TR _Jewy [ TR _Jawvy O INTR_Jawy
Double Y Axis
tio [ s1_dawy O s1_Jaw [ s_Jaw

2011-8-19 [0941] 2011-8-19 [0941] 2011-8-19 [0941]

Optical Constants

5.0

n, SIOZ_JAW
n, INTR_JAW

= 4.0

3.0

2.0

1.0
300 400

500

600 700
nm

Close

800 900

[ 9-14. ‘Compare Optical Consstants’ ([LEILFZHEH) M E I, B HE, 7Ll
H PP EFEA TR EE

‘Reanalyze’ E 447
4 Reanalyze(ZEHT AT FIXHEHE QI ] 9-15 Fro. B i — /N3R5 & it

9%, 0% File Group (CCfE4L)

(Model) #7%, Log Name (H#&E#) . X

PR R Z BRI SR EW DLl E — B 3R — A B A SR
Model (F27Y) & —A CORAF BIRLEL IR RYSCAE . N 73 & R 25 B
&Y, Log Name (HEA) $85E [SCAF7F #4536 I B EUR SR 45 E

CompleteEASE #{4-Ffit
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Reanalyze Data
Batch Reanalysis Setup

Model Log Mame

File Group

Add Row Delete Row

[[] Re-gawe Data
[79-15. Reanalyze Data (E S HrEc#i) XiZHE

BAERE PRI — M8 58, i Add Row” (IRIIAT) o #H Choose Files
GEFECAED FTENER, 4018 9-16. H44 AT F I S 2H 72 “Selected Log Entries”
GEBMHEZE) , XANMHEAE T A Reanalyze #4412 7 ik o &

HERZ&H . ZEin—4 0 #HAE Choose File Group FFrI i, 57 Add

Tl XA FRAE SO RHEAE, & R 2 A ORI ik . SRR R

BSOS o ST URHE, UR AT A SO a4, Wil 9-17 . VER, IR HAE

—ANSCEREIERE, TR A B ORI AR, TREA LS, IUAE

‘B HILAE Choose Files GEFESCHE) SHGHE, @il 9-18 filin. fEHMARMH 2

A, RIS —E .

Choose Files
Choose Fi
Selected Log Entries

B9-16. K H P, HEFEX R NIEH E

CompleteEASE Input

Enter a name for the group:

[Group A |

| Ok | | Cancel |

AI9-17. AL

9-278 e 3% - Analysis 138 CompleteEASE #{44F/t



Choose Files
Choose File

P
Selected Log Entries CACE3I9Ydat1 23- 2.5
Graup A cACE39%dat123- 3.5
CACE395dat 23- 4.5E
cACE395dat 23- 5.5E

9-18. A5 LRI X 2 ZIX 15

7£ Choose Files GEFESCAF) XUHHE & —A file group (A4 IF i Ok,
KTERIBIAT « o ST AT B BLAE o Hr R b, 4l 9-19 Fow . i XU
PRAB B (P B TeAS , AR AT DA 4R € . IX &R T Model (%1 Al
Log Name (HEA) Ti. Z5EMnHT i E, Bl SR B0k HE 2 —A4
Model (F%0) 1 Log Name (H&E4) , il 9-20 fis.

—H ik E 5, ‘Reanalyze’ (FEAMHT) &80T DL kG s dr. AR
—SERIT A B SO B AT, T n gt 24 AT Fit Log (A HE) F. A
NEIENE 9-21 Fiw o

Reanalyze Data

Batch Reanalysis Setup

File Group [ Model [ Log Name
Group A | =Double-Click To Choose=

| Add Row H Dielete Riowe ‘

[ | Re-save Data | Reanalyze || Cancel |

[&/9-19. Reanalysis (E74r) X iFHEF 497748, CA File Group (XFHD s,

Reanalyze Data
Batch Reanalysis Setup
File Group | hiodel | Log Name
Group A | CACEI9NMODEaScS] with Thermal Cxide.mod | Therrmal Oxide Model
| Add Rowe | | Delete Row ‘
[] Re-gave Data | Reanalyze | | Cancel |
[&9-20. M7 B i Models (#£22) f71Log Names ( H.2&4)

CompleteEASE #4F it 2% - Analysis EKH e 9-279



Fit Log

Log Entries Selected Entry

123- 2-Thermal Oxide Model Exp. Data File: 123- 2
123- 3-Thermal Oxide Model
123- 4-Thermal Oxide Model
123- 5-Thermal Oside Madlel Flt Parameters: |MSE=1.790

Angle Offset=-0.029 + 0.0041

Tatal Thickness = 19.72 + 0.012 nm

Current Model: |Siwith Thermal Oxide

Rename || Lelete
| Compare || Reanalvze |
| Generate Repons || Wiew Reports | #Fit=2,#Times =1
| Load Log Entry | ‘ Clear Log | | Open Log | | Save Log | | Close |

A19-21. M FitLog (& H.ED , HBEF ISR H &4 H¥mmdixk.

‘Generate Reports’ 4 7R &
Bl HESZ BB ES BB A RTF &3 55h, SR — .

‘View Reports’ 2 7R &
AT 4

‘Load Log Entry’ ##; H. %% H
PRATLAEES R b2 — AN H &, R)5 miifi‘Load Log Entry’ CREHELH) K
FIFFEANGER . FEHE K H B RRE AT BL e R AR AR

‘Clear Log’ /B4 H.%
BRI HEX%H

‘Open Log’/ ‘Save Log’
IR A & KR —MEFER TERMEAA S S R BT EILL, E
FORBAE AL TR — A H N, BB A 19 H S8 — 50 3R A7
‘Close’
KAMEHE

“Advanced Graph Options” & 2% % %

AL S PEH SR B J5 . “Advanced Graph Options” (22 EETD AT H,
VAR X-Y S8, iEl 9-22 Fior . 15 S50 (8] 7] BEA77E I AH S HE AT LA

AR, s GE G, 20T DA E 2218, 0k 9-23 Fis.

9-280 e H# - Analysis F3#
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Advanced Graph Setup
K-Axis Parameter

Y-Axis Parameter(s)

MSE
Absolute MSE
Thickness # 2

MSE
Absolute MSE
Thickness # 2

Angle Offset Angle Offset
Total Thickness Total Thickness
Time

‘ Draw Graph H Cancel ‘

[19-22. AL M E T 7, “Advanced Graph Options” A/, & 70 L&A aHT

XY 4
Advanced Parameter Graph
30
27 ]
.24 Thickness # 1
E
- 21
#*
é 18
E 15
/
12 ///
9
2 4 6 8 10
Time (min.)
/&9-23. 1#/# Advanced Graph Option (BHZEHET) , shEHHE 7 HT 5 B/ H1 ]
1141

“Graph OCs vs. Time” &3 Bk Xt it A &

IXANIR IR A VG R 2 B B X B TR 2 . kb s, i) 1) 42 A s 22 8
g, W 9-24 Frn. ERFEL il &ny o, Wik 9-25 Frun. fRikE
S ] B0 43 W R I 2 A S TR (IR ) . 1] 9-26 SRR I 1o Ak i AR
Kb 2 A AT R

CompleteEASE Input -

Choose the optical constant type to graph:

n
k
el
g2

(o] [ comen |

[9-24. Mn. k. el. e2 i

CompleteEASE x44-F it %% - Analysis E3X ¥ e 9-281



CompleteEASE Input

Enter the number of curves to draw:
[10] |

K] 9-25. Fn A L)1 I 26228, 7 T AT 16 P 1 e 7

Optical Constants
5.0

4.0

Time = 9.983 min.

c 3.0

Time = 8.217 min

Time = 6.450 min.
Time = 5.550 min.
2.0 Time = 4.667 min.
Time = 3.783 min.
Time = 2.900 min.
Time = 2.017 min.

1.0
200 400 600 800 1000

Wavelength (nm)

9-26. ZUETUE HTZ0T ] 675G 20 A9 10 1 Hrsd 2 A

9.4. Model: BRIEF O

A1F Analysis =3 BE T A 235y, B MRTEE 8 model (BT (1Al
HIETRANT . Bl 9-27 Fizn & — Al model (BEAY) o FERY rp & 3% TPEGH 5
Hn .

Jptions |

Model: Si with Transparent Film

| Open || Save || Clear | Open Snapshot || Save Snapshot |

Layer Commands. Add Delete Save

Include Surface Roughness = OFF

Layer # 1 = Cauchy Film Thickness # 1 = 274.05 nm (fit)
Substrate = 51 JAYY

Angle Offset = 0.000

+ MODEL Options

+ FIT Options

BOTHER Options

Configure Options
Turn Off All Fit Parameters

+

/A9-27. Analysis 41 77/17 447k Model:. 787
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‘Open’
(BL): 4TI — M HT IR

(“BR): Merge models (& 3f#i7%) B View Recent List of Models to open (7~
A AL, Ay DA AT D

ptions
Model: Si with Transparent Film
Opan ” Ciog || Claar | | Mman Snanchot || Cous Shanchat
Merge Models

La CACompleteEASEWMOD\Basic\Si with Transparent Film.mod
In CACompleteEASEIMOD\Basic\Si with Thermal Oxide.mod
+ E CACompleteEASEWMOD \Basicla-Si on Glass.mod
? CACompleteEASEWMOD\Basicla-Si on Glass (with Backside Reflection).mod

/&/9-28. Model /E#R ‘Open’ 18 |- B prtiidi, 7l “Merge Models” Z(T5ZZ R VT T HFLHT
HRIEF,

“Merge Models” & 7£#E7%
7EOpen” 2l b s AR A B, PTLAG IRBEY.

‘Save’ 7%

(BL): DRAF LA R A B A AT e B

‘Clear’
TR B 24 AR T

‘Open Snapshot TR R’
(YBL): #THF—A> (snapshot) HRH#
(BR): SRR T snapshot Sk ARIEST I

snapshot CPREE) SEF—3CfF, H45 T CompleteEASE # B4 LT A M R,
A5 s, model (AL FILALE R, X2 —/MERER 7 SR ARAF I
R . OB B A M2, a0 52 R3St H S £ A e imi >k, PR
HRAT AR K

‘Save Snapshot fRfE R’

{47 snapshot (HRIE) SCf4. snapshot (PRFE) JEEA—3CfF, JE46 T
CompleteEASE B FF % AT 15 2, B IEMEIE, model (51 FIf
HER . XA B IREEINE . SCHFLL“.SESnap” AT B 4

Add %0

AR AT LRI, HIW Add Layer to Model X 1% HE. #3hRbRr, B3
W ORI ECHEMRINALE, A5 SdRAR(E 9-29), A Stk

CompleteEASE #{4-Ffit
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BT, Layer Type (2% B 48 A“Intermix” (FFEE) , WINKEKRE LT
PIZH EMA RS Z

Add Layer To Model [E5|
Layer Type
Layer# 1= a-5i parameterized
I
Substrate = ¥0559_Cauchy Standard
Intermix

Cancel

£9-29. CompleteEASE #7Add” (/1) X 1FHE.

VER: #%MF CTRL 88485 /S Add #4106 B 2h 2 2 4 ars A f de B 7, 1
N A=

VERE: 1F Backside Correction (54D on (JFJE) B, W LAAEFLE R HEsm
F!

I'ZN o

Delete

M A B PR . RARE B EMIBR L Z GREARED , &
it ER (B 9-30).

Delete Layer From Model

Layer#1=": a-5iparameterized

Substrate = FOAY_Cauchy

Delete Madel H Cancel ‘

/&79-30. CompleteEASE 4 “Delete”  (#l#) X1 iZ1E.

9-284 o 3% - Analysis 38 CompleteEASE #{44F/t



Save

R BT DRI R O B AR S R E R I ZE 2 A (B 9-31), %
EPRAF I Ceither Dispersion Parameters or Tabulated PA{a 5 R XS 3
T RERE LA .

Save Layer Optical Constants (5]
il
Laver# 2= SI0Z_JAW ; -
|L:a'g.-'er# 1= a-5i parameterized Dispersion Parms.
Substrate = T059_Cauchy Tabulated

/£/9-31. CompleteEASE #7“Save” (IR7F) X/ iZHE

Include Surface Roughness & RS

EIA BB B E N on, SRINGRITHAEE . RIHKSZ 4 Bruggemann
Effective Medium Approximation (ZERU/FUAIEEIE) KR A 50%H Tl J2 i i
A 50%HI T (FL) o RIHKEZEERME—TT A MSE. 2 E
FEAS A AR, LR JZ i void 48 HI-50% TR EL, 330858 2 T X 38 1K) )l 244
PE (MARBEREND  RIHEEEZ— " stealing” (GIHO 2, BEEMN—
FEE TR TR, Bk, 6T 100nm Cauchy (FTP8) ZHH4 20nm £ ik
B RS, AR SEBRHEN 4% 8 90nm Cauchy (F]75) J2 A% 20nm 2 [ Ak
R

Model Pictorial % &45]

BB — E— BRI SN, &R R RS . B2
B+, ATREIF, SRR NI E . B 9-32 2 AURMl. The
model is shown as a layer-by-layer picture with details regarding thickness and other
parameters to describe the individual layers. Any layer with a “+” can be expanded
to show more details about that layer. This is demonstrated in 5] 9-32.

Roughness = 0.00 A (fit)

Layer # 2 = a-Si Thickness # 2 = 480.00 A
-|Layer # 1 = Cauchy Film Thickness # 1 = 1100.00 A (fit)
Roughness = 0.00 A (fit) A = 1.500 (fit) B =0.08000 (fity C =0.00000 (fit)
Layer # 2 = a-Si Thickness # 2 = 480.00 A k Amplitude = 0.00000 Exponent = 1.500
+[Layer # 1 = Cauchy Film Thickness # 1 = 1100.00 A (fit) Band Edge = 400.0 nm
Substrate = SI_JAW Substrate = SI_JAW
(@) (b)

B9-32. (a) AHrEN/EH Mode (BEZH) 7l (b) £ EFF 19 Cauchy FRE

Editing Layers & E
BANEZEEA — N7, BaNEE. ERNRARRERZR %5, JReTEL:
(BL): AT NHT IR RSO R B AR A I IR E

CompleteEASE #{4-Ffit
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(BR): & R—/NEH“Graph Layer Optical Constants”, “Append Text to
Layer’s Fit Parameters”, “Save Layer Optical Constants”, “Parameterize Layer”,
“View Layer Comment”, “Convert To EMA”, “Convert to Anisotropic”, &% “Grade
Layer”. 3540 & 9-33 i

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
Layer# 1 = SEDsnamln |hickness # 1=274.05 nm (fit)
Substrate =| Graph Layer Optical Constants
Angle Offs& Rename Layer and Fit Parameters
+ MODEL Op save Layer Optical Constants
+ FIT Optiony Parameterize Layer
+ OTHER Op view Layer Comment
Configure | Convert To EMA
Turn Off Al convert To Anisatropic
Grade Layer
Start Superlattice

+

K19-33. AR LT LA BARAT R Ly E R A I

“Graph Layer Optical Constants” % &S FLHI 25
FENEZ bR AR B, kPRI IT- 2 Kot 2 . Right-click on a layer

“Rename Layer and Fit Parameters” Zmy £ ZRIH 524

(R | At R SRR T A, W 9-34, =AMk
ST LA i 4 2B s R, B F R 45 R R B M, 45 SR
4.

Rename Layer Options

MName: |T3205| |

Rename Layer
Rename Layer Parameters

Rename Thickness

| Ok H Cancel ‘

/&/9-34. Rename layer options (& /ZEH) CIFEmEHRETE, EmEEMEas
A H i Z a2 RIZ/ES

“Save Layer Optical Constants” fZElE/EHFE$
e )Z B WA B, B T — — 7] DURAEZIE Z AR 6 5 2
ARG bR, DLEEUSEALE & SR TEACRAE M, 555 2248 & S A7 i Ar B
“Parameterize Layer "Z L=

TEEZE bl AR B, B0 I — — 0] DA 2 I 6 235 BT B B L 2
KZHk, 40 General Oscillator /2 . 2 DG EHEECHATIE, 1EN
Parameterize Layer (Z4LE) XHEHEH IS HEH. WK 9-35 AR,

9-286 o H* - Analysis F3#
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Parameterize Layer
Mew Layer OC ViewFit Type Wyl Units Fit
Sug  Coelee || S £t
Layer Parameters
Gen-0sc - GENOSC
Add Oscillator - Fast Gaussian Cale = ON
Einf = 1.000
L Pole Amp. = 0.0000 UV Pole En. = 11.000
IR Fole Amp. = 0.0000
1. Type = Cody-Lorentz Ampi = 20.000
Br1=15.000 Eof =6.000 Egl=1.000
Ep1=1.000 Et1 =0.000 Eul=0.500 Common Eg=0FF
Graph
4.5 2.0
el | | e e e
................ bR TTIN
4.0 e2 115
35 et| | e
: e2
o
i J1og
3.0
25 05
2.0 0.0
1.0 1.5 2.0 2.5 3.0 3.5
eV
| Renlace Layer | | Cancel |

/&9-35. Parameterize Layar (Z£(/t/5) X iiHz

“View Layer Comment” &% &% FF
EE)E bR ARG B, BTl — — ] A E B Z R, AR UL WA

BB

“Convert to EMA” ## 5 EMA &

EREE b A bR A, 2T — — i IR R EMA 2. RS
A EME 915 B 60EE (Material 1) 55 —FiARHER N A Void (55D , ERA
EMA% N 0, {HA] ALE X NSE. w~Fla T & 9-36.

# of Constituents = 2

@Material 1 = Cauchy Film
Material 2 = VOID
EMA % (Mat 2)_james = 0.0 (fit)

Layer # 1 = EMA Thickness # 1 = 124.13 nm (fit)

depolarization_james = 0.333 Analysis Mode = Bruggeman

Substrate = SI_JAW

/19-36. EMA E/nH). Cauchy & F 21 H% 7/ # (Material 1) |, E_—Flif #2
void (%%

CompleteEASE #{4-Ffit
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“Unwrap from EMA”

PR EMA JS, £ EMA JZ B MAnA e, ez, vl DA
EMA, JE75 AR Z FOB e i i — =

“Convert to Anisotropic” ##/% 7% /i Z 1L #
FERRE 2 b e bR AT B, e B I — — W] DA AZ I 2 B 460 B 25 1) S e 1) U2
JEZ, JRGRIEEAE N Ex R Ez J7 1A L EIWIGEA R . BRI S B A T A
(H Euler Angles i€ ) » £ IA mE E R H (Nxy = Nz) o 4l 9-37 A
TN o

Layer # 1 = Biaxial Thickness # 1 = 124.13 nm (fit)

Type = Uniaxial
Optical Constants: Difference Mode = OFF
+ Ex = Cauchy Film

+ Ez = Cauchy Film
Euler Angles: Phi_james = 0.000 Theta_james = 0.000

Substrate = @!M

/&9-37. Anisotropic (/71 JEn b

“Convert to Isotropic” Z# /& 7]l 1EE #

PR R RS, A Biaxial /2 B sidr R4, WS EAMRE
SR NF AR E .

“Grade Layer” i/Z=

TEMEE b AR A B, e B T — — v DA IS 2 % 6 i Graded Layer (B
), JRIBMBME RN T2 . % inhomogeneity ZRIME N 0%, (HiZ{E
AIDAARAY, S 2 AT S 6 A MG B3R 1 [ e G A i k. s an BT 9
—38 fliu.

-|Graded Layer Thickness # 1 =124.13 nm (fit)
Grade Type = Simple # of Slices =5
% Inhomogeneity = 0.00 (fit)
- Material = Cauchy Film
A_james = 1.460 (fit) B_james = 0.00093 (fit) C_james = (fit)
k Amplitude_james = 0.00000 Exponent_james = 1.500
Band Edge = 400.0 nm

Substrate = SI_JAW

/4/9-38. Graded Layer (#5/2/5) i

“Remove Grading B B

R EZ S, 7E Graded layer I g ARG EE, FTLABBREAEE, i€
R [ B AR IR -

“Start Superlattice” 745 s %
R EEAE B SR IGRE.

9-288 o H# - Analysis E3#
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“End Superlattice” 45 HiB k%

REfE NER MR EHE, B9 K I feiX 2 4 kit E R
#= (superlattice counts [ & FK SL Cts) , 1/ 9-39 fiir.

(SL End) Layer # 2 = BaTiO3 O Thickness #2 =20.00 nm SLCnt=5
+|(SL Start) Layer # 1 = Cauchy Film Thickness # 1 = 40.00 nm (fit)
Substrate = SI_JAW

K19-39. HilgaatsIT4G SiA. FgRiHI Model  (#E2Y)

Angle Offset AR

FERERS TSN 2 R A L A2 o 125 J0m] DAL &

9.5. Right-click menu (Analysis>Model:)
7E Model:THIHR A7 4 s il U, i) 01 ] 9-40 BT I S BRI TT

Draw Model Optical Constants Profile

Copy Model To Clipboard
Copy Model (Layers Only) To Clipboard

A7 9-40. 7 Model: 77 1747 1 5 i BB 17 ZY AT

Draw Model Optical Constants Profile

LR MIEIE (Ai) BIFeT (434 R FTH a2 4 1B 9-41 iR oR K
MR A BT R T

Optical Constant Depth Profile (535.6nm)

45 0.030
4.0 ' 1 i 0.025
35 | ‘ | |

0.020
3.0 | ‘ | |
c 0.015 x
25
0.010
15 ' ‘ ‘ 0.005
1.0 0.000
-10 0 10 20 30 40 50

Distance From Substrate (nm)

K9-8, 2 ZHEBIRIZ ST 1A LTI, =R

CompleteEASE #4F it 2% - Analysis XK H e 9-289



Copy Model To Clipboard £ % 28y MR

I A AR A 1) 3 BT AR, £14E Model Options, Fit Options £ Other
Options DA K 245 . BB R — BN %, Ebin Model Options, 75 22 55
AT HTH ) <R ETF . K 9-42 & — g AR R 7R 11

Layer Commands: Add Delete Save
Include Surface Roughness = ON Roughness = 0.00 nm (fit)
+|Layer # 1 = B-Spline Thickness # 1 = 100.00 nm (fit)
Substrate = SI_JAW
Angle Offset = 0.000
- MODEL Options
Include Substrate Backside Correction = OFF
Model Calculation = |deal
- FIT Options
+ Perform Thickness Pre-Fit = ON
+ Use Global Fit = ON
Fit Weight = N.C.S
Limit Wvl. for Fit = OFF
+ Include Derived Parameters = ON
BOTHER Options
Wvl. Range Expansion Fit Increment (eV) = 0.50
Try Alternate Models

Parameter Uni n
Add Opt. Const. to HTML Report = OFF
Configur ion

Turn Off All Fit Parameters

KI9-82. K ity 25U #1976 B2

Copy Model (Layers Only) To Clipboard 5 i %
(NREEE5 1) BIBYEAR

IE TR (52 S5 K 7% DU BTG AR . dn SRAR S R SR S5 M2 S &, Bl
RERETTI, B AAE R HIRTVRE R E I Bl 8] 9-43 & —n Pl

Roughness = 0.00 nm (fit)
+|Layer # 1 = B-Spline Thickness # 1 = 100.00 nm (fit)
Substrate = SI_JAW

KI9-43. F I ZIGTWBR AT “ R AR 192

9-290 o H# - Analysis E3#
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9.6. Layer types EHH

CompleteEASE™PAFF244L 1 VF 2 AR 1075 sORFR A A RIS R K B 1 5065
WAL AR AR B T A O R R R RIDE AR, R G R
AL, TAIXEARIE, 15 CompleteEASEMR P 2 AN [F 43 K12 .
R O-1 I LA MR 2. ARNIHARA D TEA A T HA R R 1

BAEFIE .

79-1. CompleteEASE ™ 17441 /52571

Layer (B)&F

Eitipy

Standard (Tabulated N,K)

BE R MRIRID AR E

Void A5 UET) G H L n=1, k=0.

EMA B RN S, Gl NEEERNEE
¥

EMA-Coupled F MR BHE & B 7 A S 2 S R E 6
B fEIXE, MEH#HLE“Coupled” CREL 2, E
FOEFE R E — N B )=- B2 SR E A
I HE .

Cauchy — MR EEE, H=EATA T R, —AME
G R RAS STPUN =PI A

Cauchy_Wvl —AME R EEE, HEA TR T XN

BRIEA, 7] LA L —design” (i%1l) K L
T 2

Cauchy_Extended

— AR EEEt =AU RIT R, M
Bl bR HOR IR T e R HL

Sellmeier —/ME R EBUE, EBRA MRS R A
Ao

Coupled IS B — A BRI 28 £

WvIByWvI RVFBAN KA E SR XN EARE
7 Kramers-Kronig —#1%, B8 7 & AHENIME
S8 Rk, MIEEAMH.

Biaxial FHSRAIR % [m) R MR 25 U2 1, X unixial

CELYesh) I biaxial (AEHD #EH .

Temperature/Alloy

X E AR 27 B X R S A 4 73 1) B

General Oscillator

BAMRERAFA SN AFRRMERG, FRE R
P tie 8

B-Spline Layer

1E eV A AL SR B G -, B-Spline 21T
basis spline (FERlFEZE) 15 Fel Al €2,

CompleteEASE #{4-Ffit
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Tabulated n,k &% n k

CompleteEASE™I K} iR 2 MU ARHZ AR HER S 2 4. XA

JEAE AR TT IR A [F K ERDGEH & LS MR E N R (o
M ) BB A (n F1 k) BYSEEBAERR . A R P e SCRR R B — 4
BHOOE 53, 7 E1E CompleteEASE™E 'S, R AE#X /N1 LAIE
s XAEN—N 30, B AT LAYE CompleteEASE™TH I T -

K 9-44 Jreor 7R T I RARHE SR . HARTE TR A SRR R ANE], X4
JEBA T RO A IS4, B, A ko e fil B
Layer # 2 = SiQ2_JAW Thickness # 2 = 25.00 nm

Layer#1 = INTR_JAW Thickness # 1 = 1.00 nm
Substrate = Si_JAW

K 9-44.  FRitEE NI G- BRI BRI XTI FE L 1 B 19 T2 o

Void &2

Void (%) ER-RAMFHRIES n, KE, LA EROEEE UL B € bR
I, NER (ET) B): n=1, k=0,

EMA

EMA 21§ f] Effective Medium Approximation (53 RITIAFE ) HHEIES
PORLE 2= B TH RS T M EL =M B AR 2 5 MM R E
gy SBRIRIP) “screening” Rl F AT KA, & 9-45 B8 T —A EMA 2.

CompleteEASE #£EH 1) EMA Z 1t =FARF EMA TR & A F ik .
AFE— AR B ZH 4 . Bruggemann EMA FiT Maxwell-Garnet EMA. Z:1E
TR A LEAE 2 1) 47 R R K 8] ] B (R4 (B 15 30 5S4 BHR DG 22 4. Maxwell-
Garnett f1 Bruggemann [f1VE & 5H75 5 % H . Maxwell-Garnett VA& kL # 2 il
H#3 LLERIE Je 24 05 RAFLE T15 EAPRI#L B . The Bruggemann EMA {75 44k
Al LLE RS, Maxwell-Garnett £ Bruggemann EMAs i 2 T Al L 1 (1) TR 4 2
BURA L RAEHR AR G AT A 6 2 5 BOR A 2 dbR S AR H .

-|Layer # 1 = EMA Thickness # 1 = F0NeaN

# of Constituents = 2

Material 1 = a-si

Material 2 = Void

EMA % (Mat 2) = 23.0

depolarization = 0.333 Analysis Mode = Bruggeman

/79-45. EMA model for mixed-constituent layers.

EMA-Coupled

X5E EMA ZIHFRTE L, B T 8B —ANPPRME A SR 3R184h, HiAh 5 e
HEAME . IXAEASFIARL 1 AT DL R o () — AN 2 RIS 22 8, Heaior
EHESIEE. — EMA-Coupled Z 454 &l 9-46 s .

9-292 o H# - Analysis E3EH

CompleteEASE #/4-F/t



Layer # 3 = EMA-coupled Thickness # 3 =0.00 nm

# of Constituents = 2

- Material 1 = Coupled
Coupled to Layer # = 2 (B-Spline)

Material 2 = Void

EMA % (Mat 2) =

depolarization = 0.333 Analysis Mode = Bruggeman
+|Layer # 2 = B-Spline Thickness # 2 = 0.00 nm
+|Layer # 1 = Cauchy Thickness # 1 =0.00 nm
Substrate = Si_JAW

/& 9-46. EMA-Coupled Z4#74 7, Material #1 M T 19— T JZFK7EH 52 50 50, X
PN RS IEE

Cauchy f7g

Cauchy (K8 ER—ANHEHKEZE, ©HKHE S W& (B
7 P2 SARK T fundamental bandgap GEAT B HOGIEED MO .
TEF AT I FETETE R N, X AR} ' 252 8 H5 b i S 20350 4045 FH Bl K 2248 A
TR ELHE IR, T REONE RN CEIEK) MBS, @t A i~ 1
R RVIRIGR T2 P Z, T RO R @ — R R EUR TR
KRR AR

Cauchy (FIp4) E— MR, HrifRidd — =00 k. T 8-
1.

TER: Cauchy Z7r#25K 8-1 MBI A A B4 microns (KD |

B TR AT R () =048, A 3 ANEISMA TR #A Urbach BERIL, WA
3 8-2. Cauchy (F]PH) 2165 Hun &l 9-47 fraw .

B C
N(A) = A+— +—
@) F

4

(8-1)
Kk = kamp- eexp(E—Bandedgé ©-2)
9-47 7~ T CompleteEASE # B H ) Cauchy (FFE) . A, B, C
TR ESH, FRIFEI IR, k Amplitude (K #RIR) AN
Exponent ($§%0) TE AR E S0, FR#fE I R BEEITEIR . Band
Edge Giil) ZHATUFIHRE, HAR—MMIESH, FNEE k Amplitude
(K ¥RIE) A BEMMEE (FF Band Edge |, 6 &2 %% T k Amplitude)

CompleteEASE #4F it 2% - Analysis 3K H e 9-293



£P CompleteEASE e E7 M

[YEnatl Hardware | Options |

Data: sinx on si-2 Model: Multi-Layer (empty)
| Open H Save || Info. || Set Ranges | ‘ Cpen || Save || Clear ‘
Fit Layer Commands. Add Delete Grade Save Parameterize =

| Generate “ . || Reset | -Includesuﬁaceﬁnughnesszﬁ B

[Substrate = Cauchy T
A=1450 B=001000 C=0.00000
k Amplitude = 0.01000 Exponent = 3.000
Band Edge = 400.0 nm

Angle Offset = 0.000

Options B
Graph Type Show Data ‘
Opt. Const. of Cauchy vs. nm
1.520 0.015
1.510 ’#_‘
LKJ -10.012
1.500
-10.009
= 1.490 >
\ -10.006
1.480
1470 m [0
\\\——_______ —-___‘__‘
1.460 0.000
300 400 500 600 700 800 900

nm

&/9-47. CompleteEASE #7//7 Cauchy (#/75) (i#0/E

Cauchy_WVL

KA —/MRFIREY Cauchy (FTPY) JZ=, 7T LAfE ADVANCED #18FH St H] .
ERMEHBIZIRS Cauchy (F[PE) HIF, (HERMIETINE 9-48 iR, XKL
YRR P8 E — Ao B S, A 2 RS .

-|Substrate = Cauchy Wvl
n=1450 B=0.01000 C =0.00000

Design wvl = 632.8 nm

/&/9-48. Cauchy_Wvl layer %725 Cauchy #/a@H7EBTEL, 1H2 0 il H K LA
PHIF, I IHFIASHn B THR7# Cauchy EH9 A 25

Cauchy_Extended

XA —ANEFER T Cauchy (F[FE) )2, AILLYE ADVANCED #4 8} H 3k 3.
BIRAE T —ANRME Cauchy CRITE) FIFLIR, (EERINT IR I, XLLIHAT L
TEEAZE NIR YRS a L4 S 19/ 2] 7 9-49 AR, =4
H 2 R R 7R ] 9-50 H

9-294 o H# - Analysis E3#
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Layer # 3 = Cauchy Extended Thickness # 3 = 0.00 nm
A =1.450 B=0.00500 C = [KLNN
D =0.00000 IR =0.12000
Urbach Amplitude = 0.30000 Exponent = 2.000
Cody Amplitude = 0.200
Band Edge (eV) = 2.400

/79-49. Cauchy_Extended & #9417

Opt. Const. of Cauchy_Extended vs. nm

148 \ 18
146 N | - 15
\ :
1.44 \ 12
\
c 142 09 x

1.40 | | 06

1.38 ~ 03
\\““-_

136 B — — L 0.0

300 400 500 600 700 800 900
nm

/&9-50. Cauchy_Extended &40# 5%

The Sellmeier Layer

Sellmeier /2 /& 2 —/NAT LR FIA A FLEBUZ . B 5 R ORIRIE I
MR EHE G 5. CompleteEASE™ i F — A 2 Tt i) Sellmeier #5284 k115
UV AR RIS, 78 R A iR

AX 2
n :(g(oo) + 7 B EﬂZJ (8-3)

Hor g(oo) 2 — N THF R WAL 2, A amplitude (JRIE) , B (center
energy) HLREENE, ERAELIMA Pole f7E . XEEAEJEH 43508 ‘Einf,
‘Amp.’. ‘Center En.’flI‘IR Pole Amp.”. & 9-51 fiux T AL 1 (111X AN 2

Amp. = 0.743 Center En. =0.11000 IR Pole Amp. =0.01000
Einf = 1.000

;!Substrate = Sellmeier

/&9-51. CompleteEASE #474147 Sellmeier &

CompleteEASE #{4-Ffit
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Coupled

XANFFIRIC 2 PR BB i) o5 — ML R D6 H . Coupled CGRIER
JE T I 575 RAR O A H AR R, Wk 9-52 T

Layer # 3 = Coupled Thickness # 3 = 200.00 nm
Coupled to Layer # = 1 (Cauchy)

+|Layer # 2 = Gen-Osc Thickness # 2 = 50.00 nm

+|Layer # 1 = [@EWISNY Thickness # 1 = 200.00 nm

Substrate = Si

K&19-52. “Coupled” ZM BT F111) 53 9 —TNE IR FHH, # LA, E1E/H T Layer
#1 Cauchy (#7/75) ZHIHm 4

WvIByWvl

Wl 9-53 =, REAERVER MBI KD H B AR . AR AA
RORHRIENE, WG RRKEERNZSH. BT8R RFF Kramers-Kronig — 31k,
L AN A R Bl e AT RSP AR TR, ST AEAT I .

Layer # 3 = WvIByWvl Thickness # 3 = 100.00 nm
Init. values: n=1.500 k=0.000 Starting Mat =none 188 Pts.
Fit Opt. Const. =
Force E2 Positive = OFF
Show Parms = OFF

A79-53. WvIByWvl &

Biaxial

Biaxial (X)) JZ fir ;s & ml e Rk A . X — Z ] AR H - uniaxial

(L) A biaxial WD & 1A 550%, FH 3/ Euler-angle (KRKFLF) TiKjiE
BRI A R AS I B 7 1) s dh . Biaxial (XD EA AR AT . Y
Difference Mode = OFF = OFF i}, & /' n (uniaxial B4 2, biaxial B4 3)
L EDCEE B ST R R SRR . &l 9-54 TR 24 Difference Mode =
ON K, X J5 ] e 5 Bt Akl SO IA, T Cauchy [1)“difference” (Z5%)
Ktk X o7 m A A T R TS e . WKl 9-55 Bk

Layer # 2 = Thickness # 2 = 0.00 nm
Type = Biaxial
Optical Constants: Difference Mode = OFF
+ Ex = B-Spline
+ Ey = B-Spline
+ Ez = B-Spline
Euler Angles: Phi=0.000 Theta =0.000 Psi=0.000

/&9-54. Difference Mode = OFF 474 Biaxial (XX#1) % /7 1E
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-|Layer # 2 = Biaxial Thickness # 2 =0.00 nm

Type = Biaxial

Optical Constants: Difference Mode = ON

+ Ex = B-Spline

Index Differences:
dY_A =0.000000 dY_B = dY_C =0.000000 dY_D =0.000000 dY_IR = 0.000000
dZ_A =0.000000 dZ_B = 0.000000 dZ_C =0.000000 dZ_D =0.000000 dZ_IR = 0.000000

Euler Angles: Phi = 0.000 Theta =0.000 Psi=0.000

/79-55. Difference Mode = ON 4749 Biaxial (XX#1) %72 1E

Graded Layer

JIT A oA 2 1) )25 PT DA AR g 0 2 BBOR B2 ), Sk Y B i R 140 016 2 o A
AT A . X ] DAYE 2 b BRbR A i FF i #“Grade Layer St . — >
Graded JZ 5]+ 2~ 7E & 9-56 H1. A VUMZEAL Grading 164%: Simple (i
HL) | Linear (Z&%) . Non-Linear (FEZVE) A1 Parametric (%) . Grading
ST I IR 2 A B A ARG E L — R slices” (F2) , RITTHS
RELEEREIE . “slices’ (FJ2) MEET LLEE. FEMNMESH L%
Inhomogeneity” (AAIME) , WIREARE T FHr i R4 K, KNS ECK N IE
B, REARE T AT RN, IANSHEE AR R A
“Graded Layer”(Jbrill, S5 W H0M 2], KRN s top (THED A bottom
EES fnfk, ik 9-57 Fizk.

-[Graded Layer Thickness#1=0.00%
Grade Type = Simple # ofSlices=5
% Inhomogeneity = 0,00 (fit)

+ hlaterial = cauchy

/&9-56. Graded E#7HT

Opt. Const. of Graded cauchy vs. nm

1.56 —— ‘ 1.0
n Top
153 AN kTop B

\\ n Bottom

150 —— k Bottom 5

— X
1.47 \\ 0.4
1.44 — 02

1.41 0.0
300 400 5600 600 700 800 900
nm

[&9-57. graded EHIE 2w A
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Grade Type #/EZE74
HUUFhAEIZERI BT, TN 9-58 iR, AR —DRBIGTE AR .

CompleteEASE Input

Choose the grade type:

ISimple
Linear
Mon-Linear
Farametric

| Ok | | Cancel |

/&9-58. Grade (##/Z) mj #2570 ¢]7%: Simple. Linear. Non-Linear #7Parametric

Simple Grade f&j 36

L% Inhomogeneity” CJESHEIME) FUABRNEE, VR HREMRM . B
37595 28 MR I 212 0 m] LASE I ] DAY, X LR T-% Inhomogeneity” & 1E{E

W E . —> Simple Grade [)—/Mgil 541 & 9-59 Fr7, Cauchy Z/E7R T 4%

f] inhomogeneity. 1] 75 22 746 B2 J2 o DAk 2 IR U B, Pt DLZ 1P 3547 35
AR PT LUE IS R VS S HOR A . 47 S 3B BEAE PN 7 [V R, A TR 4
55 4 7 S 1) U VG I A5 T “% Inhomogeneity ™

| VER&: simple grade (féIMBERD) R MMt R K

-|Graded Layer Thickness # 2 = 500.00 nm
Grade Type = Simple # of Slices =5
% Inhomogeneity = 4.00 (fit)
- Material = Cauchy
A=1450 B= C =0.00000
k Amplitude = 0.00000 Expecnent = 1.500
Band Edge = 400.0 nm

&79-59. Cauchy £ f7 Simple” grade #)7F

Linear Grade £ 14555

Linear Grade (ZVELE) f# ] EMA VE-& 4ATH RS void (5%) . BN

void &l i £k 1) “Slope” Fl“Offset”> K B . “Offset” & X void & T ZF [ &
(Bl FE B R B 5 W AR AR [F] () o« —~“Linear” grade [f1451 -7 4114 9-60
fiion, Hod slope 4 0.1,  offset y-0. 2. MJEH ST EZ R EMA 1 void (%)
B 7 e v 55, 15T slope 1 offset.
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EMA B 7 A —EH & — MM ELS Void FIRE . MR, EE—MH*K
TR B B A BN RS SEE. Fa b, EMAY% ] DLAR A fuiok e i
SFRAE R B ETF GE— 2@ B Void), A& FF%. Linear 1 Simple
Grade 2 X 52 Linear [R]f 520 47 55 R FE 6 R4, 1M Simple grade 15
7% s

-|Graded Layer Thickness # 2 = 500.00 nm
Grade Type = Linear # of Slices = 10
Slope = Offset = -0.200
Bottom Void % = 2.0, Top Void % = 12.0
EMA Mode = Bruggeman Depolarization = 0.333
- Material = Cauchy
A =2000 B=0.00000 C=0.00000
k Amplitude = 0.00000 Expecnent = 1.500
Band Edge = 400.0 nm
Use 2nd Mat = OFF

£79-60. Cauchy Z“Linear” grade ¥+

Non-Linear Grade

“Non-Linear” grade (AEZRM4:BEE) 5 Linear grade (ZRMBEE) 1RAHMEL, 7EE/E
FH—> EMA VR SR AR A0 J2 RSB B T 2 TR 1) 6 2= i A, E RO, &l A
F LM ABE MO TR RS AL, BIE VT LU B N O T O RR B 40 A, Bk
BN THT DA JE S 21 Tl 50 1) i o0 A o

9-61 B — LN i Nk N Z H)“Non-Linear” graded (JEZRYERSE) o JEED
TR EMA (1) b o] DU 8 Bk e (B8 ) SR IR B AR . i “Draw
Profile” XA 1] LA % void 7 4 LL/EAR[F 2 15945

AN 5 (P08 43 A 35 ThD AT DAAR B, S R TS DN AR BN TR, DA R T 1
gt 1, ik 9-62 K 9-65 s

Graded Layer Thickness # 1 =500.00 nm
Grade Type = Non-Linear # of Slices = 10
Bottom % = 0.00 Top % = 10.00
Exponent = 0.1000 Symmetric Profile = ON
Draw Profile
EMA Mode = Bruggeman Depolarization = 0.333

- Material = [ETISNY
A =2.000 B=0.00000 C=0.00000
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm
Use 2nd Mat = OFF

/&9-61. Non-Linear Grad 44+

CompleteEASE #{4-Ffit
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Grade Profile: Exponent = 0.2, Symmetric

Grade Equation
80 Grade Profile

% of Material #2

0.0 0.2 04 0.6 0.8 10
Position in film (0=bottom, 1=top)

A79-62. Grade Profile for a 21-Slice “Non-Linear” graded layer with Exponent = 0.2 and
Symmetry turned ON.

Grade Profile: Exponent =2.5, Symmetry
100

Grade Equation
Grade Profile

% of Material #2

20

0.0 0.2 04 0.6 0.8 1.0
Paosition in film (0=bottom, 1=top)

A79-63. Grade Profile for a 21-Slice “Non-Linear” graded layer with Exponent = 2.5 and
Symmetry turned ON.

Grade Profile: Exponent =0.2, NO Sym.

80

60

20 Grade Equation
Grade Profile

20

% of Material #2

0.0 0.2 04 086 0.8 10
Position in film (0=bottom, 1=top)

A79-64. Grade Profile for a 21-Slice “Non-Linear” graded layer with Exponent = 0.2 and
Symmetry turned OFF.

Grade Profile: Exponent = 2.5, NO Sym.
100

80 Grade Equation
Grade Profi

60

40

% of Material #2

20

0
0.0 02 04 06 08 10

Paosition in film (0=bottom, 1=top)

/79-65. Grade Profile for a 21-Slice “Non-Linear graded layer with Exponent = 2.5 and
Symmetry turned OFF.
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Slice Value

AT 4 3 A P 2 T B s (1 — N FE e slices ()20 AU IR Y
DIE, BT RAERE XA TR RO E.

VE KA slice” (T2 ) I A — 8 55 T BRI TS i 77 FR A, B EATiY
EREZ R L.

Parametric Grade S5t &

parametric grade (ZEUBAEE) o VF 085 €0 U A 11 2 40 ol v B 8 A48 AT A%
th, RRSERAEM . B, & R TAETE Gen-Osc . Cauchy A (LS4
/= . parametric grade (ZEbRSE) H—/NHLAB]F & 1TO K HoAhidE I 5 HL 4
. 1EIXEEfE R, T “free-carrier” ([ B T) WEEBIRE LALS
BT RETEAEE . “free-carrier” (H IR T) SN, &R LA
Drude #& 7K 2 M. Fitk, FH EMA ) Void IR TR X AR o M5 5
TR, 75248 H Drude & 7 IRMEZI . — M, UV IRFIRUKCRHELE
RRE ERAR, ~[R b 3RAT A%t Drude 62402 . & 9-66 &4 Drude
Drude(RT)#& ¥ Resistivity (FEFHRED LPEBWBEER 1TO Z4]1

-|Graded Layer Thickness # 1 = 150.00 nm
Grade Type = Parametric # of Slices = 11
Grade Equation = Linear
- Material = ITO-2 (GenQOsc
Add Oscillator Show Dialog Fast Gaussian Calc = ON
Einf = 1.635
UV Pole Amp. = 36.3274 UV Pole En. = 11.000
IR Pole Amp. = 3.7038
Fit All Clear All Add Amp. Add Br. Add En.
1. Type = Tauc-Lorentz

Name Value Grade % Grade Graph
Amp1 33.6253 OFF

Br1 1.195 OFF

Eo1 4.666 OFF

Eg1 3.515 OFF
Common Eg = OFF
2. Type =Drude(RT)

Name Value Grade % Grade Graph
Resistivity (Ohm-cm)2  0.019903 ON  10.00 Draw
Scat. Time (fs)2 OFF

[&/9-66. 77 & Drude resistivity (A ZED) LA “Parametric” grade (Z#17/%)
HI 7.

bh B RA y Parametric J&, A VUL B 5 BRI £, Wil 9-67. Linear
(£ 1 Exponential (FR%0 # 2 J7 #2284k 7] LAFR /& FE MR h 808 A0 I J7
KA FRETIR . SR, MSEIET Tn, XS R RR A A .

CompleteEASE #{4-Ffit
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CompleteEASE Input

Choose a grade shape for the parameter:

Linear
Exponential
Twao Segment
Custom

&/ 9-67. Parametric Grade types (412D 7118 /% 75 FEACHE T

Two Segment XX¥5/B%

two segment (XY B B 5 2 R VFS BRI IR . T — N A [a) 7% s 2 (] A8 k-
TE JE 8 Hp B 7 i R0 AR ()5 A - TO0E0 AN DX TR AR A AR 2R PR o e, AR )1 A
A E A AR . B 9-68 H i R T “two-segment” 5 5 77 FE B o R S 1]
B R BN 0. 1, TTHEE N 0. 2, AT &5 “Position” (f7E) WHE N
JE ) 60%. &1 9-69 25 1 1 e i T I .

| v RE RIS 2 B BMEEERRSA N 2 AT,

-|Graded Layer Thickness # 1 = 150.00 nm
Grade Type = Parametric # of Slices = 21
Grade Equation = Two Segment Position (%) = 60.00 (fit)
- Material = |TQ-2 (GenOsc)
Add Oscillator Show Dialog Fast Gaussian Calc = QN
Einf = 1.635
UV Pole Amp. = 36.3274 UV Pole En. = 11.000
IR Pole Amp. = 3.7038
Eit All Clear All Add Amp. Add Br. Add En.
1. Type = Tauc-Lorentz
Name Value Grade Bottom Value TopValue Graph
Amp1 33.6283 QFF
Br1 1196  QFF
Eo1 4666  QFF
Eg1 3515  OFF
Common Eg = OFF
2. Type = Drude(RT)
Name Value Grade Bottom Value TopValue Graph
Resistivity (Ohm'cm)2  0,100000 ON 0.100000 0200000 Draw
Scat. Time (fs)2 0.096 OFF

19-68. 7 Two-Segment” (XX 77) Trf2HT Parametric” grade (ZH1H/E) B 7. JEH

FIH ] F g F 4 0.1, TSR 402, ] Position” (17 E) %8 KB/
£ 60%
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Grade Profile of Resistivity (Ohm-cm)

Grade Profile ! ! ! /_/_r

0.10 J_I

0.0 0.2 0.4 0.6 0.8 1.0
Position in film (0O=bottom, 1=top)

A19-69. 7 two-segment (K F7) 77 FEHT i — 1~ L B 7 £ /2 ) T4 -

o
[¥]
=]

o
=)

o
&

Resistivity (Ohm-cm)
e
=

o
]

Custom Grade Profile B & X5 B % H

5 /&, Custom Grade Equation ([H & HEEHE) i P AAbATT e LT
T2 DRI I AT AT S0k . Jleh B 50 T P9 B 10 2 A 8 (78 M [pos], "X
M0 2 1. H—AEE[valuel kg e S8R E. K 9-70 B | 9-72 BoR T
5 OB 5 R AT 2 37— Cody Lorentz #&7-f) amplidude 2% £k 46
F—TFZHSEUEMH Grade (BRE) HFEWAL %72 KR OMERIfE. —
PETE BB ERS, R — Grade (BEE) AN [value] &, AAREE
ZHPAZKRHNE, BB R — M —E. RS TIXFE, B85
HHAT, [HERE SRR ZE L Ny 9999, IBTEVE &3, 2SI IN & 2 SO 7 72
AR — NS AR A A LA S USRI A S5 Xt
W TN TTAR IS TR BT S HOH AT Rk .

Roughness = 9.35 A (fit)
-|Graded Layer Thickness # 1 =512.79 A (fit)
Grade Type = Parametric # of Slices =5
Grade Equation = Custom

+ Material = a-Si parameterized
Grading Parameters: Add Delete Delete All
Name Equation Graph
Amp1  <Enter an Equation>
Custom Grade Fit Parameters

Substrate = 7059_Cauchy
[&9-70. 247 Ampl f7equation (7 7Ex() #IA HiH7 Custom Grade (& X /%)

+

&

Edit Equatiol
[walue] * (1 + ([pos]-0.27"[% Grade)/100)

Equation:

Use [pos] for layer position (0=hottom, 1=top)
Use [value] for graded parameter value

Qperatar List

JZ9-T1. Edit Equation (H#77F20) X IFHEZ A T 240 Ampl H926 #3477 2
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Roughness = 9.35 A (fit)

-|Graded Layer Thickness # 1 = 512.79 A (fit)
Grade Type = Parametric # of Slices=5
Grade Equation = Custom
+ Material = a-Si parameterized
Grading Parameters: Add Delete Delete All
Name Egquation Graph
Amp1 [value] * (1 + ([pos]-0.5)*[% Grade]/100) Draw
Custom Grade Fit Parameters
% Grade = 10.00000

+

Substrate = 7059_Cauchy

& 9-72. 25 Ampl TTFERIA 57555 /7 19 Custom Grade (& & X#/Z) . % Grade &

SR E R NEI 5TV -

Gen-Osc BHIRF

Gen- OSC JZ2& — MEHRTHEZ, EREANF IR THERBIOE L
AR, B 9-73 Born 7AW AFERR T H & M Gen-Osc Jz, PALHifR

TR AR R .

1E Gen- OSC B2, %Ll SHi“Add Oscillator” ks in— AN # iR+ . B ar
PRTFHIER, AdType =" Gl R BEI, OB 50 X UEHE, 7] DL R ECAS
2R HRF, W 9-74 Fin. S MASFEIR T IIIIREAE S 10 = VE4IN 2.

T i R A R T ()
Measurement ’/Ana\ysws rHardware I/Opt\nms ‘
Data: a_taped Model: Multi-Layer (empty)
| QOpen H Save H Infao. H Set Ranoes ‘ ‘ Open H Saye H Clear |
Fit Layer Commands: Add Delete Save =
- Include Surface Raughness = OFF
Generate Eit Fit Dynamic Reset —
| ‘ | ‘ ‘ ‘ -|5ubstrate = [ElSyE6k
Add Oscillator  Show Dialog Fast Gaussian Calc = 0N L
Einf = 1.000
v Pole Amp. = 0.0000 Uv Pole En. = 11.000
IR Pole Amp. = 0.0000
1. Type = Cody-Lorentz Ampl = 50.000 m
Br1=£.000 Eo1=6.000 Eg1=3.000
Ep1=1.000 Et1 =0.000 Eul=0.500 Common Eg = OFF
2. Type = Gaussian Amp2 = 3.000000 BrZ = 0.5000 En2 = 1.000 |
nnle Nffset = 0000 2
Graph Tyne ‘ Shaw Data
Opt. Const. of Gen-Osc vs. nm
3.2 1.8
e AN ! 1
28 k
/\ \ — 11.2
I
2.6
= [\ oo~
24 i
-{0.6
(I =
20 N P 12
18 0.0
0 300 600 900 1200 1500 1800
nm

/99-73. & —* Cody-Lorentz #/—-/* Gaussian #F7°//7 Gen-Osc & #(/=

9-304 e H* - Analysis E3#
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CompleteEASE Input

Choose the oscillator type:

Harmonic -]
Harmanic lrmiAmp)
Gaussian
DrudeRT)
Tauc-Lorentz
Cody-Lorentz
Tanguy

FSemi-m0

K19-74. Gen-Osc =77 if LA FFIIHE 762

]

midi“Show Dialog™ % £H 5 i AT AL H AT #R AR T2 BB a5, W 1EHEGm B 25 1

K] 9-75 Fi 7w

Reference Material OC ViewFit Type Wyl Units Fit
Layer Parameters
Gen-Osc - GENOSC
Add Oscillator - Fast Gaussian Calc = OM
Einf = 1.000
L Pole Amp. = 0.0000 W Pole En. = 11.000
IR Pole Amp. = 0.0000
1. Type = Cody-Lorentz Amp = 50.000
Br1=6.000 Eol =6.000 Egl =3.000
Ep1=1.000 Et1=0.000 Eu1=0.500 Comman Eg = OFF
Type = Gaussian Amp2 = 3.000000 Br2 = 0.5000 En2 = 1.000
Graph
10 8
8 e2 / ™ 1s
. N // /
— J4 o
) \v// / o
2 iy 1
0 0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
eV Zoom All

A]9-75. i LU FIER#E Gen-Osc Z 401194 #2 a5 X7 14 HE

RAIRT A5 T R e, s S ig G, BARK 248G A R D) Rg

(“BR) MIR¥ 513 ik

(YBL)ik IR T2k R K ) “drag-boxes” (HEHRITHL) | SLVEAE R H#ER T35

CompleteEASE #{4-Ffit
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X ARG 4 & SC VIR T S RULEC R 25t W B B XA P IRAE(EH] Gen-Osc
JZE 53 W S R I A 8

B-SPLINE EHERE%

B-Spline JZfEAHZE 6 F 0 5 (eV) LB B Il AT, X e ds il s e SURFE K L
G H H . i id“Resolution (eV) =" (J3HFE) 7 BRI 24 1T 't 6 Bl i 2 ) s
B SR T R A ) A A BE . B-Spline [Tk B SIAE 4% 55 control points® 2 [i]
AT AR

B-spline i1 £k tH— & 41 nodes (55D & X, AT A —A position (FE)
A amplitude C(HRIED o BEASTT RT3 22 70 2 pR Bt HIAH Q14 iz B 3% )T B-
spline 7~ #(Cheney and Kincaid, “Numerical Mathematics and Computing,” Third
Edition, Brooks/Cole Publishing Company, 1994) % S . X3l %E Ot
APRIED SRANJG P AR e & 2. X r R B A, B-spline kA VF 20 A

o b-spline 2k K& HAT4 %L (up to the spline order minus one) /& 42 .
(B-Spline JZ X H =k b-splines )

o Db-spline 5 AR IR M #h 28 ) “local” (ML) FEAR, Billn, oAsde
UV ER—N 1 S RIE A S 52m VIS 2k .

e Db-spline H£E £ B —/N“convex hull” () JEPE, Fln, R HTH 1
A IRIE AAE S, U b-spline fiZk 2R 61, M ifTE G T EYI L)
f1e2 o

o DUUSEMER B R T R AL B, 8 a2 i 2 1T mi IR 2 1%
VAN NP/ R RS &

e Kramers-Kronig (K-K) #1531 % T b-spline i JH A 2, M4 K-K
—EERE R (EDel fhZktHe2 1 K-K ALK

K 9-76 fE.7x CompleteEASE B-Spline JZ BN B E . @I s n=" 8¢ “k=" F
B W AIRE T DB N B n FI KM (R eV) , AT LUEE 4R E —A
“Starting Mat” “HJUEH KL K4 . “Resolution (eV) Bt & ST A 1144
SCAIRE, R HAR GG I A, 9 R DA R eV BLAL SR 7y . i “Draw
Node Graph” (|55 s D X3, AT PAZ ] b-spline ™7 s A7 B AIHRNE, [FR
BRI EA R E R BB 9-77).  “Fit Opt. Const.” (A4 50
AL EEM T R E &S5 (Ban, TS IREALI E, pole JRIFLE)
N ON (JFJF) B OFF (KM o @ni“Use KK Mode = OFF”, g, Fl g, ¥4l 7
T KA A b-spline £k, *4“Use KK Mode = ON”if, — b-spline £ ok
5E Xep e BITHE R e W K-K A ISk CHE AN & 56 15 4M R W s R 1) 5%
M) . K 9-79 B8 T KK Mode & ON (15 SAL B . EER, A7 SOk HR
€2y TEMIE UL VE Bl LLAMEA JUAN Y - LAFS B Kramers-Kronig 75 »

Doc-To-Help Standard Template Introduction &4 e cccvi

*B. Johs and J.S. Hale, “Dielectric Function Representation by B-Splines”, Phys. Stat. Sol. (a), (2008).
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SR FIT PR WS LR/, resolution (43#5%) 0%, =k KK Mode i 1)4:, B-
Spline /2 £ [ 5l M/ P 4 N 25 0E B2 AR E

Substrate = B-Spline

Fit Opt. Const. =
Use KK Mode = OFF
Show Advanced Options = OFF

Init. values: n=1.500 k =0.000 Starting Mat = none
Resolution (eV) = 0.300 6 Pts. (1.379-3.177 eV) Draw Node Graph

/&19-76. B-Spline T2 U &

Spline Opt. Const. vs. eV

35 25
20
."‘ !A.' B
30 “."* .;’ “,_. e 20
o Y TR P2y
—" .“ ‘v
25 - . N 15
- P ’ . Spline e1 o
o " : \ Spline e2 o
20 L i s 10
. .
" “h'
15 P 2 'l_- -5
.o-"'..-.. “".oo-o"'"'"."'..
10 0
1.0 1.5 20 25 3.0 35
eV

/&19-77. KK Mode = OFF // B-Spline Z47 7 ./4 /&

Layer Commands: Add Delete Save
Include Surface Roughness = QFF

- |Substrate = B-Spline
Init, values: n =1.500 k = 0.000 Starting Mat =

Fit Opt. Const. = ON

Use KK Mode = OFF
Query remote system for Opt. Const. = QFF

Show Advanced Options = ON
Show Nodes = ON
spline_e1(1.976) = 30.1849 (fit)
spline_e2(1.976) = 8.7401 (fit)
spline_e1(2.086) = 30.7405 (fit)
spline_e2(2.086) = 17.1372 (fit)
spline_e1(2.196) = 24,8025 (fit)
spline_e2(2.196) = 21.4102 (fit)
spline_e1(2.305) = 20.4348 (fit)
spline_e2(2.305) = 23.5187 (fit)
spline_e1(2.415) = 15.4651 (fit)
spline_e2(2.415) = 22.3081 (fit)
spline_e1(2.525) = 13.3682 (fit)
spline_e2(2.525) = 20.4173 (fit)
spline_e1(2.634) = 12.3560 (fit)
spline_e2(2.634) = 18.9894 (fit)
Show Parms in Fit = OFF
Force E2 Positive = OFF
PreFit when changing wavelengths = ON
Node Spacing Spectral Ranges: Add Delete Delete All
Assume Transparent Region = QN
Assume Band Gap = ON Band Gap (eV) = 0.800

Resolution (eV) = 0.100 7 Pts. (1.976-2.634 V) Draw Node Graph

Amle ME-—1 _ A AAA S0

A79-78. Jr# advanced options (EZZEL) 2 H1(KK mode off) 77 B-Spline &

CompleteEASE #{4-Ffit
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Spline Opt. Const. vs. eV

35 . 30
30 . 12°
20
25 el |
3 Spline Model | {15
20
110
15 1s
10 2 e’ 0
0.0 1.0 2.0 3.0 40 5.0 6.0

eV
/&19-79. KK Mode = ON /7 B-Spline Z#9 .75 .

Substrate = B-Spline
Init. values: n=1.500 k = 0.000 Starting Mat = Ge
Resolution (eV) = 0.100 7 Pts. (1.976-2.634 eV) Draw Node Graph
E Inf = 16.763 (fit)
IR Amp = 45.805 (fit) IR Br = 0.0000
Fit Opt. Const. = ON
Use KK Mode = ON (In Use)
Query remote system for Opt. Const. = OFF
Show Advanced Options = ON
Show Nodes = ON
spline_e2(1.976) = 5.8537 (fit)
spline_e2(2.086) = 17.0387 (fit)
spline_e2(2.196) = 21.6151 (fit)
spline_e2(2.305) = 23.3381 (fit)
spline_e2(2.415) = 22.4767 (fit)
spline_e2(2.525) = 20.3021 (fit)
spline_e2(2.634) = 17.2982 (fit)
Show Parms in Fit = OFF
Force E2 Positive = OFF
PreFit when changing wavelengths = ON
Node Spacing Spectral Ranges: Add Delete Delete All
Assume Transparent Region = ON
Assume Band Gap = ON Band Gap (eV) = 0.800
Use Default TieOff Behavior = ON
View Tie Off Positions = ON
Tie Off 0 {TieOff(1)-E} = 0.2000
Tie Off 1 {TieOff(2)-E} = 0.2000
Tie Off 2 {TieOff(3)-E} = 0.2000 spline_e2(1.376) = TIYER
Tie Off 3 {TieOff(4)-E} = 0.2000 spline_e2(1.576) = -1.6837
Tie Off 4 (min-E) = 0.2000 spline_e2(1.776) = -2.5510 (fit)
Tie Off n+1 (max+E) = 0.5000 spline_e2(3.134) = 16.7857 (fit)
Tie Off n+2 {TieOff(n+1)+E} = 0.5000 spline_e2(3.634) = 3.7450 (fit)
Tie Off n+3 {TieOff(n+2)+E} = 1.0000 spline_e2(4.634) = 0.0000
Tie Off n+4 {TieOff(n+3)+E} = 2.0000
Tie Off n+5 {TieOff(n+4)+E} = 4.0000

/&/9-80. KK Mode = On, A i #0042 747 19 B-spline /=
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B-Spline /= KK # off i B A B Al FHIE T & 9-78 Firz, B-Spline JZ KK #5
A on B A (1 mT A A% 10 ] 9-80 Fai

B AT ) ZEH A QR

Init. Values
7E Initial Values 7 BUi A n 280# k BIMENG, BEASGIE A Y iES R E T
VLAC IR 4R1E -

Starting Mat
fE“Starting Mat” 7B AN —PMPRLSCHE,  $EAS G B B 19 s 2 1 3 B R IT
BRI ZH MRS X2 B-Spline J2 3k 454 Bl “starting” (FI46) 11 B HIA 2L
Jitke

Resolution (eV)
ARG AT s R

Draw Node Graph
A R R A R o X TR R RS 1 Rt X AR AT AR
R TR IR M.

E Inf
ERFe HLTTNR, £ KKERXTFRIS, e th& EIMA—Mm# & &, Kit
SR R HE U B T S L s e

IR Amp
KK mode = ON I, X/ME2FREEIR TR, &R EACE & XL,
e B E R IR (B — > Drude 357) 32U .

IR Br
KK mode = ON Itf, X2 IR (ZL50) IRTHINSE, XS U ELEE,
BV, DL e )m e/ e A .

Fit Opt. Const.
PRABAEAT AR A ORILAC SEgR it KX — BTk E N On. &MU, Nk
RRR ARG BOE EE, TR Off (kI E.

Use KK Mode

MENON GFE) B, e HUOH B — e2 Kffiid, FFiEik KK %R M1
K15 el #hzk. AN Einf, IR Amp, IR Br A1 & [ A AT N5 55 (tie-offs) 18 5
KK &3 KA 2 IERf ) el iz, .

Query remote system for Opt. Const.

T ZAMMRICRS, HERNHEERE LN, MRS G — M
ff) “feed” (FEN) F—EMBHDEZH L.

CompleteEASE #{4-Ffit
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Show Advanced Options
B GIR AL, VF 2 HARIE TR RS . K EEN On ¥ RVFEHE LN MLl

Show Nodes

Spline_e2(photon energy) / Spline_el(photon energy)

B TReE LA SA T el 5 e2 [ TR, XU 761 b
E0re M KK N Off I, H— B 588 el fil e2 i . 2 KK #E:0A On i,
HA e2 Wi s, A el #hk 2l it Kramers-Kronig < & 4% 72 4 1) .

Show Parms in Fit

FERLE G5 Rrh SR T 1 s A EARIE I & 280G 8 TSR, BRA
B E B o

Force E2 Positive

Rt B E N ON, By ke, RIS IEVE 1 A 8. AR B VE LA
() tie-off %% s AL FEVF OB, HUEAEIERE 1010 Zhe, I0 AT AT REAS N FELI -

EIRIXAE W] LR ) ) e bR B “physical” (Y3E), ST, A Fovr /e, SAE W] LA
RS E @

Prefit when Changing Wavelengths

REATEE B G B LAAMT B tie-off X628 Ao m, iy Bl A4 ot

optical constants fRAERFFE 2 H 8. OGIBTEEBAE K, tie-off £ & Fl“values”
() ST RBAI 2 H IR ukIhEe On OFIED B, 7EJREEEIHTH

FEIEE L AT, b-spline K RAFGEH L, BRT DUH K “prefit” (FALED Hii)

H1 R DURAFUCED o XA PRIE AT Bl RIS, i i BN AR TR, {Rd i %
JeRTERTIL G, v LA B M.

Node Spacing Spectral Ranges

AU B — IR SR PR A AN T A MR R AR . BUORIXANER, 1R
CompleteEASE H1 Su VFFERFIR G i Vi ] I “added” #/NERECK Y MR FE . GaP
R MREFEIB T, A 9-81, B LA R (75T 500nm) B 2 s i
RRAE, (BRI ARD . @ 3 I A Y BBl A IR R, B N K
[l b9 STl R, 300K B i el D 1 S B H . fi“Add Node Spectral
Spacing Range” (NI UGS [AIFE ) |, K5 72 /R THD AT 2 30 = /NS UG HE, Wil 9-82.
BN ) e/ N TE L, B AN R BRI TE L, 2R = AT DL E SUXANE
TAF AR AR, X T GaP, R T Aeikya [ 0.5eV BT s A BE, @it H
SE SAE 190-500nm it BT S R FE A 0.1eV, ERIR G in& 9-83 s, e
W5 rUE N & 9-84 iR

9-310 o &% - Analysis 38 CompleteEASE #{44F/t



Opt. Const. of GaP vs. nm
6.0 5.0

=]

5.0

NN

3.0 ; 2.0

4.0

2.0

) \ 1.0
1.0 0.0

0 300 600 900 1200 1500 1800
nm

K9-8l GaP ML) FIVT ST F 77 4L

CompleteEASE Input

Enter the minimum value for Range in nm:
[200.0] |

&19-82. # A minimum (24)) Imaximum (ZA) FIZES AL [ 5 i,

Substrate = B-Spline
Init. values: n=1.500 k=0.000 Starting Mat = [€EI2
Resolution (eV) = 0.500 43 Pts. (0.733-6.425 eV) Draw Node Graph
Fit Opt. Const. = ON
Use KK Mode = OFF
Query remote system for Opt. Const. = OFF
Show Advanced Options = ON
Show Nodes = OFF
Show Parms in Fit = OFF
Force E2 Positive = OFF
PreFit when changing wavelengths = ON
Node Spacing Spectral Ranges: Add Delete Delete All
Range = 190.0 nm - 500.0 nm Resolution (eV) = 0.100
Assume Transparent Region = OFF

/&/9-83. GaP /7 B-spline, A +7190-500nm _f £ & X 7 #7#5//#70.1eV resolution).

CompleteEASE x44-F it %% - Analysis E3X % e 9-311



Spline Opt. Const. vs. eV

30 30
. o
" $
i r s Splineet| |5g
20 <* i‘ ! g '-,‘ Spline e2
o0 foo
o L : b 20
Lt ® Y )
- i % . :
10f g™ l:-r". ]
. ¢ \
o A T {15
L]
0 B ¥ .
.. . '.... 10
g o."‘-'-.
10 ; o 4 . 15
..‘ e o
L]
...
-20 i 0
0 2 4 6 8
eV

/5/9-84. GaP /9 B-Spline FEot5 4, 757 500nm (/&7 2.48eV) L&/ 0.5eV 77 /]
£, 75500nm (/&7 2.48eV) L{ T/ 0.1eV F £ /1.

Assume Transparent Region
f6 e, [l 72 N bandgap (k) 5K spectral region (GGl ) fiE .

Use Default TieOff Behavior

2 KK R, “TieOffs” & F R 1T 1E E Fl DA/ R U, BRINAT N (Fi e B
i\ TieOff 15 AL B, LARAFANT A HE I PRI XTI 22 B8 R 12 2 6%
. 4 TieOff Behavior = OFF i S0 ¥F TieOff £ B AHRIE A 56 4 1 RGPk . ME—
AIREF BB DLAE, B — SR IR OSCRE M 7R D 6 i o B LAAN BT Bk
E e T E S A TR

View Tie Off Positions

Tie Offs [¥) position (f7#) 1 amplitude (HRIE) FJ ¥ E AMESSH. (LB
E X5 TG 1) A 0%, FE B s SCIRORAIE T s B R . T
FAME TV Bl %58 ST AT AL Bl ARG B85 AN s (R R I
[ 7 72 2, T AR N AN RRIE T LA .

Intermix

WERRISIN—NZ, EARERINAE T, ik Intermix> GRE) 7 2
HKAY(E 9-85), —MEFEREI“Intermix” GRS EREM, X2 L 50-50%E
BlEA LN EMEHS R T E. X — 21— A7 Wi &l 9-86 s o
intermix /2 M _E 77 A1 R 5 I R “steals” CEIEL) JERE, LLBERREEh TR .
H—nuanpE 9-87 Fiam. dnsf Layer 1 fl Layer i 545 4 B (¥) 100nm, 7
B R e A 18 B R A AR R 100nm,  H ]2 DR s — AN E 5
&, RS2 50nm. 7EXFHEN T, BB Layer 1 F1 Layer 2 (1)) & 100nm,
HH ) J2 0 5L R 50nm. BR 1M, TSR FE 75nm () Layer 1, 50nm ]
Intermix CFh[A]Z) A1 75nm ) Layer 2. LR ENEEEGREE. A4
B 5 )5 BE A 200nm, X R 5 N HR (]2 B8R A TR 7 1) b KR 5
.

9-312 o H# - Analysis F3E#
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Add Layer To Model i
Layer Type

Layer# 2= CauchyFilm

Laver# 1= asi Standard

Substrate = 7059_Cauchy Intermix

Cancel

[19-85. B MEZ I EIE — E4F TR Fi S Intermix” “UEE 7 . 1E1H 7 ZEHT
BEMAX PG, E PR EN S L FRERE S 54

Layer # 2 = SiO2 Thickness # 2 = 100.00 nm
Intermix Thickness = 25.00 nm
Layer # 1 = a-si Thickness # 1 = 50.00 nm

Substrate = SI_JAW
/9-86. 7Y H1[5—4" Intermix E 4T

layer 1
substrate substrate

1981, IR M E A steals™ (BT EJEIE. R, ZE0 9 2 BRI AR
FFE IR ST, B 2T (I T H2:8) L IS
S

Composition Library

BRI, 47 N“Comp Library” B¢ “Comp & Temp Library’[1)2, A LLE R
0 B 2 43 B AR AT AR AL

HH CompleteEASEMFE P #2 it (1) JLAN R SO, U AL 5 iR R 2 4
BRI AN A G A R XA R AR — M 2 ALGarAs.
CompleteEASE™# A4 B 417 1 S 14 AlGaAs_T.MAT A5 T AlxGal-xAs H x 1 0
B 1 YEHH BAf 577<C % 650°C i B2 Fl WO # EAUNE B . X MRALT)
J& 54 AR R AESS ALK E S ARRL,  ME— 1R Xl A2 1 2 2 vh oA ] DA G 6 A1 4D
AWIRERIS A SN 0S5 K 9-88 Bon T IR Z At IRE T

CompleteEASE #{4-Ffit
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Substrate = AlIGaAs (Comp & Temp Library)
Composition = 0.20000
Temperature = 500.00°C

/&9-88. — 7 Temperature (iZ/Z) IAlloy (&) EHHRF TN M5 RiEER
TN &S5

Uniaxial and Uniaxial-Diff

PSR AR & ) S VEAORHGE . Uniaxial CAOGHD B ERAER 9-89 1, A S A
FEAATAH R S 3] Ordinary (O %) OC Cin-plane T %2 H %) F1 Extra-
Ordinary (EJt) OC (out-of-plane 7MY HEHD Fo XA T
Cauchy (FIPH) afl)Z. Uniaxial-Diff CHGHD %572 MBI, (HIRH A
T Ordinary(O Y6) 622 W R SO . Extra-Ordinary  (E J6) S5 #ff
FA¥T 5 26 25 5 R Cauchy-like (ZEAFE) RIS AR E . Uniaxial-Diff (%
D H— M R E R 9-90 H

Substrate = Uniaxial

- Ordinary OC = Cauchy
A = 1.450 (fit) B = 0.01000 (fit) C = [Nl
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm

- Extra-Ordinary OC = Cauchy
A = 1.650 (fit) B = 0.01000 (fit) C =0.00000
k Amplitude = 0.00000 Exponent = 1.500
Band Edge = 400.0 nm

A79-89. Uniaxial (4LH1) FEHIPIT o W EI-ZALEAF AL, (£ ordinary (in-
plane) 77 extraordinary (out-of-plane) #77#4% 4 #¢

Substrate = Uniaxial-Diff

- Ordinary OC = Cauchy_Wvl
n=1.450 B=0.01000 C =0.00000

Design wvl = 632.8 nm

A =0.10000
B = 0.00000
o40.00000
D =0.00000

/£99-90. Uniaxial-Diff (#I#zZ7) EHTHIT. A — 1 EXFF 2% ordinary (in-
plane) #9kFE4, L/ —1 4 285 #(Cauchy-like ZE4770) Fe b Yo #9257

9-314 o % - Analysis T3R8 CompleteEASE #{44F/t



9.7. +MODEL Options

+MODEL Options H [ BT 7 i IR/~ 7 B 9-91 H . an AR ZLEY 5 56 2 (110,
FE %% Configure Options.

- MODEL Options
Include Substrate Backside Correction = OFF
Model Calculation = |deal
+ Parameter Smearing
Patterning = OFF
Ambient Index >1 = QOFF
Use Scattering Factor = OFF
Wvl. Shift (nm) = 0.00
Return Path Ellipsometer = QFF
Delta Offset: None
Source Rot. = 0,000 Receiver Rot. = 0.000
+ Multi-Model Patterning
+ Multi Sample Analysis
+ Parameter Coupling
Use Previous Results = OFF

/4/9-91. +MODEL Options #7717

Include Substrate Backside Correction @&8#Ed kit

BRI R ((BIE) MGE B BRI 1 S R AR T 688 . 4k E N ON
OFE) i, BoB I, i 9-92. 7Eix H, /R0] LR & SE Bl RS 127 T

FE b I S R, B SR ot 2 S S T (B A I ) e 1) I - i — AN T

SR IR BRI, DA REE — R I CANTOE D) HR 00 21 1 7 43 B

Include Substrate Backside Correction = ON

Transmission SE Data = QFF Reverse Direction = OQFF
# Back Reflections = 5.000 % 1st Reflection = 100.00

A79-92. 24 Substrate Backside Correction % ON(H-&) A1, G M HIH T 7] LU (LS SE
##7, reverse (7)) W&, LIAFT. JEEITRATHE.

Model Calculation

R R R A T 7 R AL EEAE S AR ARRES . X TR e, BRA R
H “Ideal” (FUAR) NEik. A, LR “Include Bandwidth (eV)” (ELE
W2 %5) , “Include Thickness Nonuniformity” ( fL35E ARSI , F1 and
“Include Bandwidth(nm)” CELEHHELETE) , WP 9-93, IRBEAT X kAR HEAH
FELI . X BRI 45 & Depolarization(GE i) 43 (04L& R i 1, By —ANE
AL SN & 2 A2 =4 Depolarization(GE 1) 1 »

2 —A“non-ldeal” A T H AL, ¥ RIETUH RV fit (G SHCRER
non-ideality ()& . 1K 9-94 fizr. 4 advanced (F4%) WeIimkik £, @it vl ik
P, B2 DR FE LT . 2 REH AT RE T,
KRARF I AFRMER AR 2 BRSNS A non—ideality. #ill1, —E¥E
Bl AN [] JE BE AL 1) 2 AR = AR i 4E 1) convolving (324D k15 thickness
non-uniformity (BEAE]D o HKIA L “non-ideality” ] convolved (Z2Z1)
HIRENHE T UEh), i 9-94, X EIAIRE E A Gaussian (i) He#
of pts”&F T 9.

CompleteEASE #{4-Ffit
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CompleteEASE Input

Model Calculation:

Ideal

Include Bandwidth (eV)

Include Thickness Mon-uniformity

Include Bandwidth (nm})

Include Thickness Mon-uniformity and Bandwidthinm)
Include Angular Spread

Include Bandwidth (eV), Thickness, and Angular Spread
Include Bandwidth (nm), Thickness, and Angular Spread

K] 9-93. A HI IR T

Model Calculation = Include Bandwidth (nm). Thickness. and Angular Spread
% Thickness Non-uniformity = 0.00 Bandwidth (nm) = 0.000 Bandwidth (nm) IR = 0.000 Switch Wvl (nm) = 1000.0
Angular Spread = 0.000
Convolution Type = Gaussian Draw Profile
#of Pts=9

&9-94. 7 #H7 Model Calculation (HZ7FE) £, €277 1% & Bandwidth (Z677) .
Thickness Non-uniformity (/Z/&Z4#727) #IAngular Spread(# /&4 #L) -

Parameter Smearing

BN E R IhRE R HAL S B “smeared” (FEE) o XA LA ESARMIE S
¥ smearing (HE2) - M on (JFJE) B, XABok I, il 9-95 FR, 1X
HRT9ER S AR E Y smeared.

- Parameter Smearing
Parameter to Smear: A # Values =5 Smear Width = 0,100
2nd Parameter to Smear: (none)
3rd Parameter to Smear: (none)

A79-95. Parameter Smearing Q(Z#74/E) FEH 7 L éFfit (A (T17Z4.

Patterning

Patterning () H—MEZUED, & on (FFjE) WN#EIF, Al LR SR
REMASEREIE . RIEK L FTE ZA patterned (EIZ) |, fRAT LLIE
P Layer # = 0 K452 ©1124 pattern (EIZX) |, 41& 9-96. %Patterned {# %1 H
DR IX Sk P 8 2 2 R B . IRk, 0%3Rm )2 2 5e 281, 1T 100%:% 7~ i 2
AFAE

| Patterning = ON Layer # (0 for all) = 0 % Patterned = 0.00 |
&/9-96. Patterning (&) #8570 iF il B il 7 # g HIF I — 1 5 (Bl A /=)

| #: %“Multi-Model Patterning” 57T KilNf, Patterning (%) Tl AEMBRM -

Ambient Index > 1

2 f IR R K B A 1 liquid-cell G B, K BIXANE T, 4
e E v On OFR) » BURIT/E W&l 9-97 fros. m LLEEEM RISk iR
TG IT 2 . A RIX A AR S O R (AT IG) , AZ IR 37 5 2] A
A B S J e 3K B AT DAHEAT R AT

9-316 o H* - Analysis F3#
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Ambient Index >1 = ON
Material: H20 Palik3
S Ambi Optical C

/4/9-97. Ambient Index (FFLEH415) > 1 JEIFI7 0 tF #1 L 10 H B A i 5

WvI Shift (nm)
AN RPRBERHE RS, AT LA RARA B A 0 i 7
Return Path Ellipsometer

FRERECE I M -2000, JEURAERIAS HHEZ 2, S MFE S B, A5 B
TS B RS, PR B R R A

Delta Offset

FARAEIE HH & F 51421 Delta f#% . CompleteEASE #1155k H H5s
(Cauchy ) B A (1/1) 1 Delta f# .

Source and Receive Rot.

B NG AR AN S TG YR B T (R eRE A P . SR REE o T e 2 42 e
TIRAE IR L RVRA PRI B, SR PR A 23 1) e AR B

Multi-Model Patterning

4 Multi-Model Patterning(Z A8 B %) % on (FFJE) |, B8 55 1T W 1)
Model Options B # () ] #. patterning T fE. Multi-Model Patterning (2 574 K %)
ZRTI MR T . N TIEFER AN A X IS Z . BT 2 5 2
B R, lhn, S — N BS54, W 9-98, BT s BRI S
K% tn &l 9-99.,

Layer # 4 = NTVE_JAW Thickness # 4 = 2.00 nm (fit)

+|Layer # 3 = a-Si parameterized Thickness # 3 = 250.00 nm (fit)
Layer # 2 = Cr Thickness # 2 = 10,00 nm (fit)

Layer # 1 = SI0O2_JAW Thickness # 1 = 1000.00 nm (fit)
Substrate = SI_JAW

KI9-98. i FRIFE BB 1975551

Surface oxide

a-Si Film

Cr Film

SiO2 Film

Silicon Substrate

A79-99. Patterned (&K FFida9HF, ¥ CompleteEASE #7481 Multi-Model
Patterning K 7# .

CompleteEASE #{4-Ffit
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BB IXANFE A G multi-model pattern, FRATE 75 2 = AN E BB, — AN 24

AN X IRAS R ) (FEM B CFEN) o S5 — AN XIR R RE 1 Cr 5 (B0 il & T R
[ 25%) o 28 —ANX AL Cr/Si Oyfsilicon (53— 25%[X4K) . fitJa, &% T 50%
SEEHERR surface oxide/a-Si/Cr/SiO/silicon.

F Multi-Sample patterning >K 378, Jeik - “# of Models™ A 3. 28 Ja, /7] LAk
BAFXIEE . 8Tk, NRERMIEG S, XA E X {E AT A
Bk, AT, 3. 4 EMET /N T 100%. Cr i 56 54N R, R Bk
AR XA MR R, IABRMATEMALS B IR . R0, AT
FEW, SN EINATIRZTEE S AR X & R Ok E
g FRUE . XAFE IR &AL A 9-100,

Layer Commands: Add Delete Save
Include Surface Roughness = OFF
Layer #4 = NTVE_JAW Thickness # 4 = 2.00 nm (MSA)
Layer # 3 = a-Si parameterized Thickness # 3 = 250.00 nm (MSA)
Layer # 2 = Cr Thickness # 2 = 10.00 nm (MSA)
Layer # 1 = S102_JAW Thickness # 1 = 1000.00 nm (MSA)
Substrate = SI_JAW
Angle Offset = 0.000
- MODEL Options
Include Substrate Backside Correction = OFF
Model Calculation = |deal
Patterning = OFF
- Multi-Model Patterning
# of Models = 3
Add Fit Parameter Delete All Parms

+

50.00 1000.00 nm 10.00 nm 250.00 nm 2.00 nm
25.00 1000.00 nm 10.00 nm 0.00 nm 0.00 nm
25.00 0.00 nm 10.00 nm 0.00 nm 0.00 nm

BIFIT Options
+ OTHER Options
Configur: ion
Turn Off All Fit Parameter

/&79-100. £Z/H Multi-Model patterning F/#47 3 A Ja] X B HIFE b7

Multi-Sample Analysis (MSA)

f# F Multi-Sample Analysis (MSA) ] DL RIS 4 & 2 5048 . 1% 28 2 H00R AT g
K% i) appended (& I3F) BIEHE S, i) uniformity map (BAIHEILSR) ik
B 22 /808 55, i) BBl R 2 5 AL 8 s, iv) ShASEE T 2 )
B

IXEUE LI QB U, B 1A B B AT B B 1 — SR R I e 1 2 4
A RAS AR

9-101 BoR T — MM T T, X B Si A R4 Cauchy J=
KA IR A RV PR AT 56 28, (ELIRE M2 4 J5E B2 A0 VR 0 7 45 080 25 AN A 1+

9-318 o H# - Analysis F3#
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&7 CompleteEASE

[ Mezsurement ERPVRAAN Haroware | Options |

Data: Data MNot Saved

Model: Siwith Transparent Film

‘ Qpen H Save H Info. H SetRanges |

| Open || Saye H Clear |

Fit:

-|Layer# 1 = Cauchy Film Thickness # 1 = 27.68 nm (fit)

‘ Generate “ Fit Dynarmic || Reset |

MSE = 8.543

A =1.453:0.0004

B =0.00379+0.000060

C =-0.00000+0.000007

Thickness # 1 (1) = 124 3940.055 nm
Thickness # 1 (2) = 1640.01+0 646 nm
Thickness # 1 (3) = 27.6840.052 nm
n@632.8 nm= 1463

Band Edge = 400.0 nm

A = 1.453 (fit) B = 0.00378 (i) C = -0.00000 (fit) ||
k Amplitude = 0.00000 Exponent = 1.500

Substrate = SI_JAVW

Angle Offset = 0.000
- MODEL Options

Model Calculation = Ideal
- Multi Sample Analysis
Add Fit Parameter Delete All Parms

Include Substrate Backside Correction =

Data Set Thickness # 1

OFF

#1 124.39 nm
#2 1640.01 nm
#3 27.68 nm =
GraphType  Data Sel: | #3. 25nm Cride on S |w | [] Graph All Data Sets Show Data
#1120nm Oadeon 81— ptroscopic Ellipsometric (SE) Data
#2. 1600nm Oxide on Si
35 #3. 28nm Qe on Si 130
Psi
30— Deltafag e kP
Model
_ 25 ™ 120
z S~ —— 3
20 }-{__\ 1150
15 el 110
10 105
300 400 500 600 700 800 900

Wavelength (nm)

£/9-101. Multi-Sample Analysis (E#dn 2 0r) #1017, Fré —1HEE R G, K
HCauchy (FJ7G) FEE LA, N RS A A

Parameter Coupling

Parameter coupling (Z#ih&) FLVEH P sl A R0 & S8 [AAH G HG . 1A
9-102 fflFrr, X T E—HLE, 2R HTI0 S — R I R R S AN
PRI o X — LUFRBRIIAT, NG 5L A I 4

Coupling Mode (Fi&#Ex0) ATLLZ—4> Ratio (Lb) . Offset (ffe) BL

Custom Equation( [ & X /7 #2). coupled parameters (F&ZSH0) B&MARE
SR, AT RR R TEXT IR AE SR FEURE AT A B R IR A

Create/Edit Coupled Parameter

Coupling Mode: ‘Ratio

‘v|

[

Couple Parameter ‘Thiclmess#ﬂn ‘v| to ‘Thickness#1(2}|v‘

Using ratio of |2

[Thickness

# 1 (1)] = [Thickness # 1 (2)] * 2

| Ok H Cancel ‘

/&9-102. Parameter Coupling (Z##74) #IF, 7 MSA (ZH ) #H— 1 EH
2 (WG T T FI 7 — TR Z

CompleteEASE #{4-Ffit
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Use Previous Results

2 CompleteEASE frA7— M Edls 31T, &b & $ehAT OF BLIRAF) AR 73
SR IR AT T RIBCRE AL, RICEAT R E“underlying” CRJ5) 45H4 11
G, W 9-103. i, £E3E— 0 AT JE R b A T MR S
XA S A RAT AR A Ja 2 T 245 AR Rt 3t IRmTReAEEDE 26— )=
JRETERE, 3G 2 Z B L ERe M, 55— R R R R A 5 — R R A
R

Use Previous Results = ON

Results File: C:\CompleteEASE\DAT\205_backside_rough.SE

/9-103. “Use Previous Results” ({&/H L FTHIZS ) JEIFIGI0 iFIA 2 FTHIH & 4542
(B ETERE )

9.8. +FIT Options

+FIT Options 5¢ & 1151 R U1l 9-104 . EEFELIEI, RELHTHE
1%+ Configure Options (BCE L)

- FIT Options
Perform Thickness Pre-Fit = OFF
- Use Global Fit = ON

# of Data Points = 20 # of Iterations = 5
Parm #1 = (none)

Parm #2 = (none)

Parm #3 = (none)

Include Wvl. Range Expansion Fits = QFF

Selected Data = Standard Ellipsometric
Fit Weight = N.C.S
Inclucde Depolarization Data = ON % Weight = 100.00
Include Intensity Data = ON % Weight = 100.00
Transmission Data % Weight = 100.00
Limit Wwl. for Fit = ON Range = 380.0 nm - 900.0 nm
Limit Angles for Fit = ON Included Angles = All
Max. Acceptable MSE = 100.000
Skip Data Points in Fit=0 Max. Fit Iterations = 50
Auto Fit Parameter Reset = ON
- Include Derived Parameters = ON
Add Derived Parameter
1. Type =n Layer#=0 Wavelength = 632.8 nm Name = n of Glass_Genosc @ 632.8 nm
Low Spec. = 0.000 High Spec. = 0.000

/&/9-104. +FIT Options FI/#

Perform Thickness Pre-Fit

TFJa BEIUR , e {5 FH Woollam 2 =] i —Fh & RS9, PR il SUB o i )
JEERE . IR R T B R S BN E R R S 1 zero-crossings 115 .

Use Global Fit

FEVFILE SR — 58 Y UE T R B iR UL B B 1O - Global Fit (2Rl &)
£ 3.3 YT 1 A AN A

9-320 o H# - Analysis F3#
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Number of Data Points to Use
F-T Global Fit (&5 5) IR mEHEE . X2&F Global (£)5) #RTMAEF
1 FH O K

Number of lterations
T WA E TG s bR E s MSE, &4 global fit 53 AT X AN % & [[] V48
Pas

Parm. #1, #2, #3
1E Global Fit (£F/ME) THRZBE=AMUNESH

Min. / Max. and # Guesses
9 Global (&) #MERIPMHEMIEGSHRE “HWR” GH, DS
¢ e AR (B R A 4

Include Wvl. Expansion Fits
ffisE Global (42)7)) A 275t fd A Wvl Expansion Fit.

Limit Wvl for Fit

N Global Fit (4Rl EE, wE — Gl ERG. tope REE
F wavelength expansion fit (& EIIE) B HIL.

Selected Data

IRBER RN B, OSSR, B E 5 Standard Ellipsometry (hrife
Wifiw) (SE), generalized-SE (]~ X SE) , Mueller-matrix (F2#hHFE) , Al
Intensity data only ({58 EE%#E) , Wil 9-105 ffis.

CompleteEASE Input

B4

Selectthe Data Type for fitting:

Standard Ellipsometric
Generalized Ellipsometry
Mueller Matrix

Mone {Intensity data only)

(o] [conm ]

KI9-105. EFFM G ET AL

Fit Weight
R AE, XLk PEAA 9-106 s

CompleteEASE #4F it 2% - Analysis ERH e 9-321



CompleteEASE Input

Selectthe Fit Weighting:
N.C.S
Exp. Std. Dev.

»

o
iz
[

Complex Rho
Re(Rho)
Im(Rho)
<e1>and <e2=
=g1=-only

IDNEX]

=e2=-only
=n=and <k=
<n=-only
<k=-only
MN-only
C-only
S-only

Psi & Delta

]

/&/9-106. ##F Fit Weighting (&K &)

Include Depolarization Data

EUK% depolarization  GEfm) FHE/E A EBEM—H 7, HiX—Tk A On
JFB)  SRIGVRTT LA B AR T H A th 2R 0 H 4 Lh, 3B K 100% 4 H
HHFEACE, N Y RE, 1 ORR YR,

Include Intensity Data

KLl on (FFJE) B, MAEHEE intensity (SREE) BIEME., SREHRAT
DATR B AR T AR 26 10 4 b, BB 100% 04 A AH FEACE, /N
RS, RIS N EE,

Transmission Data % Weight

Y Transmission Intensity CZEFT5RE) HdE & 2R E+, BIHE B AE
i) “Include Intensity Data” 6 5. 1X AN & o V3G N el M H 43 LR
5E Transmission Intensity GF S50 ) [ E BT,

Limit Wvl. for Fit
T/ D PLE B TE .

Limit Angles for Fit
Il DAV 0 A PSR . AT AT 5 2 B 91 2R A5 W 5 AR A

Max Acceptable MSE
23U MSE 8 XA e i R 45 7 85

Skip Data Points in the Fit
P K B X AT R A A DA D B R

9-322 o H# - Analysis E3#
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Max Fit Iterations
1 & A 0] VA ) B R IR B

Auto Fit Parameter Reset

FERL BRI EE A IS S B EAIRIIGRE . KNS SRS
AR ARAT Y, BT DA G 238 1) B “bad™ $cdfs s UL “lost”TTT A BEVK
HIEHSH.

Include Derived Parameters
e R I —ANIRA= S50, I Fit Options B¢, 2R J5 K “Include Derived

Parameters”FRic B N“ON”., XK R N MNMRAESE . FiifE 9-107
IR TN 632nm 43T 8 KR AE S BIFET-.

Include Surface Roughness = OFF
Layer # 2 = SIOZ_LAW Thickness # 2 = B7.04 & (fit)
Layer# 1 = INTR_JAW Thickness # 1= 1000 A
Substrate = S_JAW
Angle Offset = 0,019 (fif]
E@MODEL Options
- FIT Options
Pertarm Thickness Pre-Fit = OFF
Use Glohal Fit = OFF
Fit Weight = N.C.8
Limit w1, far Fit = OFF
- Include Derived Parameters = Oh
Add Derived Parameter
1 Type =n Layer# =2 Wavelength = 632.0 nm
Low Spec. = 0.000 High Spec. = 0.000
+ OTHER Opticons

Configure Options
/&/9-107. +FIT Options /74 Derived Parameters (J8EZ4)

TEIREZ N Type (KA _E BURR A SO VB IR A S MK . AT
KT 0-108 Fim. AL SHAVE I E K R MTF 5 .

CompleteEASE Input

Choose the derived parameter type:

n a
k
Optical Thickness =
Total Thickness

Total Optical Thickness
Psi

Delta

Depolarization
=pl=

=gd=
=n=

4]

k=

Constant
User Equation =
Color Coordinates
Sheet Resistance -

‘ Ok | | Cancel |

/&/9-108. Derived Parameter (Jfe2£Z4¢) Types (Z574)

CompleteEASE #{4-Ffit
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{414 derived (JRAE) ZHH model (BEAD & 5280k G, MELER
ol SRS S IRES . IRAESEE R N R AN IEE A,

Fit:

| Generate || Eit || Fit Dynamic || Reset |

MSE = 1.526

Thickness # 2 = 87.04+0.054 A
Angle Offset = -0.019+0.0021

nof SI02_JAW @ 632.0 nm = 1 462

A79-109. FitResults (A4 &2 7 Si02 /Z1E 632nm L 199741 Derived
(JR4: ) £47¢ Fit Results window showing the Derived Parameter for index of the SiO2 layer
at 632nm.

User Equation

¥ihi CompleteEASE (3.38 2 Ja it AS) i in 7 — N1 derived  (JRE)
¥, M4 E“User Equation” (P FFD) , I ALHE, Fgm

BEWLUET. R P HIER, BAMESERIGTE Fit TSR

SoRIRES . XAMRESHCE 4 DA UG- name (47) |, equation

(HFEHD | low (RAED F1 high (FfE) & . K 9-110 &7 T model (5
) A derived (JRZAE) Z%%

.. oy
f easurement ’/ In situ Harchware ’/ Options ‘ Log Out
Data: Sirn Test 1 Model: test3
zen (e o] et Fansen] || [mcaena gz [ucicaral]
Fit Layer Commands: Add Delete Grade Save Parameterize =
Include Surface Roughness = OFF
Generat; Fit Fit D Reset
‘ el “ Lo H Hese ‘ Layer # 2 = S102_JAW SI02 Thickness = 250.01 A (ff)
MSE = 1.789 Layer # 1 = INTR_JAW Intermix Thickness = 10.00 A
SI02 Thickness = 250.01+0.055 A Substrate = SI_JAW
Angle Offset = -0.000+0.0015 Angle Offset = 20.000 (fit)
Test Equation = 255.01 + MODEL Options
JFIT options =
+ Perform Thickness Pre-Fit= O
Use Global Fit = OFF
Fit Weight = N.C.S
Limit Wi for Fit = OFF
- Include Derived Parameters = ON
Add Derived Parameter
1 Type = User Eguation Mame = Test Equation [
Equation = "[Si02 Thickness|+5" Edit Equation
Low Spec. = 0.000 High Spec. = 0.000 =
Graph Type Show Data
Spectroscopic Data (SE) Data
70 100
1
60 & 130
50
-{60
@ 40 =
(e Ry 32
\ Ja0 ©
30 —psi ——
Delta T e |20
20— Model
10 0
0 300 600 900 1200 1500 1800
nm
b 7y N . fy s =
/79-110. model (A7) 1451 7 Derived  (JR4:) ZHHT 42

9-324 o H# - Analysis 38
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s Edit Equation TR 7 230, FUR s H a0l 9-111 7 i Edit Equation
XFTEHE. R T2 CEEIUAE, IR AE Fo i FH P i NN B S s o

B

Enter an equation:

[[5i02 Thicknesg]+5 |

# of Display Digits: |2

/&9-111. Edit Equation (Zz(45#5) X7iiHE

20T BLELE numbers, operators, variables, 1 parentheses for grouping. I F
operators (i) 4 : “+ (add), - (subtract) , “** (multiply), */’ (divide), Fl ‘*’
(power). BEAMATLAMEH (constants) ##F1 (functions) pR%(. IXLEEIRTE
N :

Functions
sin
cos
tan
log
abs
sqrt

Constants
e PI
o e

JiFER K Variables (gD NESTFESHHESEL T . “[Si02
Thickness]” & — Mol 7o ALTHLESE 44 70T Lhg ON LB S5 i
(derived) JRAESEL T

Color Coordinates

BT 5% model (AL HYBEIH SO %, X MRAEZHHH color coordinates
(taA4%5) o This was demonstrated by Johs et al. for specular coatings and rolled
metal samples®. color coordinates (A8KR) FI—AMFIF WP 9-112 Fw, JRZE
ZHIAE Model: THARAT Fit: AR B4LA 45 R HAA 7. 24“Color Coordinates”
BAENIRAESHOERE, PTUUERRBISMTIEDL i) type of color coordinates (&AL Fx

Doc-To-Help Standard Template

Introduction faif; e ccecxxv

®B. Johs, H. Arwin, T. Wagner, D. Appel, and D. Peros, “Accuracy of color determination from spectroscopic
ellipsometry measurements”, Thin Solid Films 519 (2011) 2711-2714.
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KA, iE 9-113, i) TR S RN A, i) FE observer CUE) I,
& 9-114, iv)ikFE illumination (R ¢, Wik 9-115.

‘ Open || Save H Info. H SetRanges ‘ | Open H Save H Clear | Open Snapshot || Save Snapshot
Fit: Hnclude Derived Parameters = ON =
Add Derived Parameter
‘ Generate |‘ Fit Scan Data H Reset ‘ 1 Type = Color Coordinates
MSE = 5,640 Color Coordinates = L*a*h* AOl=45.0 Observer = 10° (1964) llluminant = D&5
Thickness # 1 = 0.79+0.007 nm L= Low Spec = 0.00 L™ High Spec = 0.00
L*=8895 a* Low Spec = 0.00 2* High Spec = 0.00 M
=853 b Low Spec = 0.00 &* High Spec = 0.00 L
b* = 35.94 - OTHER Options I
Wvl. Range Expansion Fit  Increment (V) = 0.50 —
Try Alternate Models
Fit Parameter Unigueness =

/49-112. Color Coordinates (£328%5) A2 — T IRAESE, €/ L*a*o* 28T R4E =
F— BN TEI B LR

CompleteEASE Input -

Choose the desired color coordinates:

L*a*b*

| *a*b*

HYZ (Tristimulus)
RGE

/&79-113. ##% Color Coordinates (4 4445) 570

CompleteEASE Input :

Zhoose the desired observer:
107 (1964)

27 (1931)

107 (1964)
= 1

A79-114. ##F observer (M%) 257
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CompleteEASE Input

Choose the desired illuminant:

A79-115. #EFEAZ 7 illuminant (J747)

Sheet Resistance

EAMRAZSHL, i 9-116, tHE T FFURJZ N4 ol 2505 2 [ 1T sheet resistance
OBy o TH & JZ1E N parallel resistors (SEAT HLBH %) X resistivity (i,
BHE) HEATRAL, WEE 9-117. WA FHE, “Offset” (mf)
“Multiplicative Corrections” (7245 1E) A FH K UC e i il =2 {8 5 oA AR (41
WIPUERAL) BB . sheet resistance (F7r¥edsfi) AOTHEFRIN T -
o TFEBRSE E T T )2 “touch” CREEfib) il . PP E Y B i RV
(MR ZE D) -
o BOABOLT % BB R BOG IR OK.
+ A Drude (RT)# 1 HJ GenOsc )z i+ 5L 8 J Resistivity (HLFH#) Z4f.
+ 4 Drude (NMu)#¥- 1] GenOsc /=115 Resistivity (HLFHZ) I fEH N A1 mu
o fEH] parametric (Z%0 BRI Grade (BiEE) GenOsc )2, HILTEH
YESRSTIE, 3% % 2 1) Resistivity CHLBHZER) KA,
« EMA JZHRIEA {8 parametric (40 #6FEHIBR B E B Ay HLBH R EOCR
K, BI#NF Drude ¥ GenOsc /ZtH—Ff.
o R[A] RN R TR RS S A 2
- Include Derived Parameters = ON
Add Derived Parameter
1. Type = BhEEdiEERENes Name = Sheet Resistance
Start Layer =1 End Layer=1

Offset Correction = 0.000 Multiply Correction = 1.000
Low Spec. = 0.000 High Spec. = 0.000

AJ9-116. “Sheet Resistance” (ZrHH[]) JRESFH G

CompleteEASE #{4-Ffit
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Parallel Resistor Model

Layer 1, t,
Layer 2,t,

Graded TCO film

Layern-1,t,,
Layern_, t,

Film thickness T =t,+ t,+ t;+ ...+t ,+1t,

Resistivity Sheet Resistance
(©Q.cm) (€¥sq.)
T
T = _P
iy #E = LR B B Y R ==
n P P Py Py Pn T
- n P
i = L P11 1 1 1 R=%=
i 7 —t—+—F—+.+— T
PP P P P

*i=1,2,..n;and Tin cm
A&9-117. £ EHF/Z T 1715 sheet resistance (774 /4D

9-328 o H# - Analysis E3#
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9.9. +OTHER Options
Model: i R 347 34tk A THAT P 9-118 b T AT X S it 3.

- OTHER Options
Wvl. Range Expansion Fit Increment (eV) = 0.50
Try Altern M l
Fit Parameter Uni n
Fit Parameter Error Estimation
Simulate Data
Add Opt. Const. to HTML Report = OFF
# of Processor Cores to use (available:8) =0
Show Color Calculation Dialog = OFF
Configur ion
Turn Off All Fit Parameters

/&9-118. +OTHER Options (KAL) Fij7%

Wvl. Range Expansion Fit

A A4k 4T Wavelength-Range Expansion K JEET @) 4. X
AR BRI E KR K VE ] B A . SRS, B DL— 5 B3 & m) A o K R ek
KKy B, Sim—NrEdEe, BdREs—ik. XMkess
B-Spline Z MR, XA 4.3 THFFrHoRiEL.

Try Alternate Models

“Try Alternate Models” (2 IRAN AL iy B AR ' 2211 | St

GEdE, SRJEYE N surface roughness CRTHFEAE L) A index grading (7455
RERED) AFFARDIRS B A b o S P RIS H0L 5 1) 45 2R LA A BT 7
ARG, ARE AT DA e AR B E A R o ey AR BRI AR 451
T 9-119 iz,
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Analysis Results

Parameter Ideal _ Grading Roughness & Grading B
MSE 13.237 _ 12.803 2788
Roughness M4 _ AFA 6.65 + 0,428 nim
A 1.449 + 00010 _ 1.449 £ 0.0009 1,450 + 0.0006
B 0.00377 + 0.000093 _ 000362  0.000098 || 0.00358 + 0000068
C -0.00000 = 0.000011 _ 0.00002 = 0.000012 | 0.00002  0.000008
% Inhomogeneity WA _ 0.54 £ 0,130 0.44 % 0.096
Thickness #1 | 1648.36 + 1,842 nm _ 164017 + 1800 mm || 164742+ 1.251 nm ||
n @ 632.8 . 1.458 _ 1.458 1.450
Psi Fit Zoom All
100 ‘
Exp. Data
80 || Ideal 1 | A
. With Roughness
o With Grading
= 60—
(]
2 T /
£ 40
* N\
20 v
VTV \V4 N
0
300 400 500 600 700 800 900
Wavelength —|
1] i Tl ]
| Capy Table to Clighaard || Copy All To HTML Clipboarc. | ‘ Close |

/&9-119. Try Alternate Models (2 AR =4 HITR 7525 )

Fit Parameter Unigueness

%A S VE PR —NA S E0E uniqueness (ME—1E) o —NMEE)
WESHAES ERERE N . EF—EUE L, 2G5 E, M
HHEMMAESHS 5, RAEBENS (KK MSE) . 54~ MSE #
o, AT MSE - 51306 2 B0DUE 1 T B R 2. B 9-120 BoR
T A ) MSE 5111 B

Parameter Uniqueness Fit

400

300 \

\\

w

o 200

= \

100 \ /

0

1000 1200 1400 1600 1800 2000
Thickness # 1

/&9-120. Parameter Uniqueness (Z£0#E—1) i #9 MSE #Yj71 &
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Fit Parameter Error Estimation

XA A F R 24 57 model (BEAY) FIEHEEE R random errors (BEALIRZE)
A systematic errors (RGIRZ) o iy, I 9-121 B i iEHE# H

Fit Parmeter Error Estimatio

Random Errors (Noise) # of Fits: |30

[] Exp. Error Bars %4: [100.00
[] Bootstrap Method % Replacement: [100.00
[] Parm. Perturbation % Increment: (5.0000

Systematic Errors

[w] Angle Offset Degrees: |0.020000
[w] Wavelength Shift nm:|0.10000
[v] Psi Offset Degrees: |0.020000
[v] Delta Offset Degrees: |0.050000
[] Transmission Offset %4 [1.0000
[v] Substrate 'n’ dn: (0.0010000

nieREE A

Substrate k' dk:|0.0010000
Fit Errors Magnitude {+) Fit Errors Magnitude {-)

Show Previous Results | [ ] Add Fits to Fit Log

| Ok H Cancel ‘

/&19-121. Fit Parameter Error Estimation (72 Z#0i2251F 1) X iGHE

Random Errors (Noise)

“true” (EIE) KA S precision CkEE/EE M) A] LU S2I6 )7 %00
BIR—FE i b2 ki, AR RIE SRR ZE . SR80, B 2 )&
ST RIS USRI, T B il SR A T S 8001 precision CRE R/ ERZ M)
SEBRATATHIEEN . W AR, NS SEGRL S precision CREE/EEM
Random Errors (Noise) (FEHLIRZD (8 5) 3 F =AS7T 47 19779200 24 A 28
£EF0 model (KE%L) . %FT native oxide on silicon® (i H (1 ESREALED N
W, XK T an ] 9-122 Fra . VRS BUAS [ ki N5 £ 1Y) Random Errors
BENLIREZ) B, i [ —RE S 1 50 Ol & ARAE R 25115, SRA A 5 R
[f) precision CRJE/HEEM) Guit. HMMEIREMS G, Fit Stats (&S
1) 90% & 5 & error-bars (iRZEZ) #iit%. Error Bars MC #i1 Bootstrap MC 4%
R “Experimental Error Bars”f1“Bootstrap” Monte-Carlo”#4l, & T —F1 A
R WFIXANFES, TS, B precision CREE/EZMH) H1)
XA B AU magnitude K/« lending credibility {i

Doc-To-Help Standard Template

Introduction f&jfT e ccoxxxi

® B. Johs, J.N. Hilfiker, and C.M. Herzinger, “Precision and Accuracy of SE Model Fit Parameters™, poster at ICSE-V,

Albany, NY, (2010).
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Native Thick Standard Deviation, Fixed Index

0.05

B AllAngles

0.045

B 45°Only
0.04

@55°Only

0.035 =65°Only

0.03 - B75°0nly

0.025 7

0.02

0.015 1

Standard Deviation in Angstroms

0.01 1

0.005 7

0

Actual Std. Dev. Fit Stats Error Bars MC Bootstrap MC

&19-122. Si _f A5 /5 Random Error (HEHLERZE) IR Sl AN A5 FIA AL 5
T 145 BT T H o

Expermental Error Bars

KBRS 2 0 (HAER MG AR, AT ENMTINEREZL N NEK
fIA B KR A E 2 e 53T R L T 7 i SEIR B B R
HZR

Bootstrap Method

Bootstrap method”®th 2 Vx4l &SI RS UK 25 “precision”  CR§ /B H M)
BF— trial-fit BT ¥ sub-set Zdf s AL SEIGHCHE 55 BENLIE R W4
B B R — A BB B ik v, e B 4 [ M B S IR A . X R,
TEATAT B — trial-fit 7, trial-sample AT DAV & —AN. PN EATE R 4S 5 B0 )
B, ERuLEAEHE I, R ENREAHER. i Refill%of
JE S AT FHAGH s SO D6 1) trial-sample K/,

Parameter Perturbation

LIS HERIL A 2R SRT, LEAEA trial-fit 2 AT, A8 b S HOCY RTE 19 E 4
L #t perturbed ($23) , RIEEEM SR EH LW HE I BRI E S .

Systematic Errors

TERAIIA 45 R, Random errors (BEALESR) (precision 5%/ HEEME) (b
) AN JE systematic errors (RETIRZE) WM. EVFZIHHOLT, systematic
errors (RAIRZE) I NEE, Kk, CompleteEASE 7t VI HERf PTAl 7T BEAE1E
AN [H] systematic errors (RGRE) o IXEIRZE AT BRI ER %, WAE R
ZEs WKW I 2 B e AT BE S B AR 22 G A R S )
AR SR T —FE B A 7, RISE NG “errors” (iRZE) FIEHE kP
AT R AN AR

Doc-To-Help Standard Template

Introduction f&if e ccexxxii

"R. Rosa, “The inverse problem of ellipsometry: a bootstrap approach,” Inverse Problems 4 (1988) 887.
8 «“Bootstrapping (statistics)”. (2008, July 23). In Wikipedia, The Free Encyclopedia. Retrieved 13:46, August 21, 2008,
from http://en.wikipedia.org/w/index.php?title=Bootstrapping_(statistics)&oldid=227408982
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Systematic errors (RGLiRZE) AU INEISLIGHHE S b (M mEE & 2 mFg, &

WERZE RN BRI ERE R (AR ZE I K AR RS RN 2L IS ) 24 8 £

7). EAFTEN systematic errors (RAIRZE) A SECR LIRS -
Angle Offset

WA IS5 AT T X EE, WA — AN m s & .

Wavelength Shift
A RIS AT TR, oK AR -

Psi Offset
WHERRE SN T Psi fH W 2mMFA2EE R EEEE LA 45 RdtiT T X,

Delta Offset
FrAEFHE S SR H T Delta {85 & w28 E I EHE 4 1 FU A 25 Ak T T XL

Transmission Offset

FRUEBUEEE S5 H T Transmission Intensity GEIE# ) 5 AW B R 1%L
PR LA 25 AT TR

Substrate ‘n’
FRAEFLA SR op SR AT 5 2 5] NMmFe & 5 il 21T AR

Substrate ‘k’
PR ERL A ST A LR T 6 RS N2 2 5 LA 3T LhEs.

Fit Errors Magnitude (+/-)

—MUE FERUE, SLIERE iR A Bt 2 M f =R . did
“Difference Graph” 7] LR /RixX B 72 57 . X SRR AR A AP 28 (FHIZH A7) Systematic
errors (RGRZE) , 1EIX B RIEHRE I AN 56 L IR L0 s . AN AE R AL 1)
Systematic errors (RGtIRZ) FeAEIXEEZE R, CompleteEASE il PPl 1X 25 1%
ZEX A SEER TR, J5 R I\ B8R 2340 (R ) “magnitude” (B %
72 BN BT B35 5 vh I FOHT 0L G B R AR 1 B -

MG, 1B 9-123 2] 1 KA IR IR PR A i 1] 00 LA 9 B ) i 6 A
AR 7= A K h 2o 2 AR 22 53 o JUL AR 22 ORIV 3R 2% aih 2 4 36 {1, 75
I s e 4 Bon s 25 (4 Hh+/-ih k), inl&] 9-124,

YN T P3HT A, & 78 T WG i BN & 1) et A R, X875

‘B FE extraordinary (e) Jt77 Ia) bxfE LLIAS & REKE, a2 out-of-plane (FEHE
5FEARE) . & 9-125 7] LAE F] ordinary (O) Y54 R, K] 9-126 1] LA

F 3 extraordinary (e) Y77 ML R .

CompleteEASE #{4-Ffit
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Fit Error Example (P3HT on 500nm SiO2/Si)

V‘\\ AV Naaud
M
Ty

-0.015

0.02
0.015

3 |

s 0.01 w

5 A

©

£ 0.005 M k

£ A ‘

8

c

g

£

fa)

300 400 500 600 700 800 900

[&19-123. Si02-Si Z&JiC [ PIHT B2 £ 7 T 2 H0 1 i 26 119 22 07 40

Fit Error Magnitudes for Systematic Error Calculation
0.02
===Fit Error Magnitude (+)
0.015
===Fit Error Magnitude (-)
0.01
0.005 ~V\
()
©
2
£ 0|
(V)
©
>
-0.005 -
-0.01
-0.015
-0.02
300 400 500 600 700 800 900
Wavelength in nanometers

[9-124. HIH 5 2257 i FoR I B i 25 Magnitudes (A7) (+-)
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P3HT on 500nm SiO,/Si (ordinary optical constants)

——e1_o, Initial Fit

5 - = el_o,FitErrors Mag. (+) I 25
~==el_o,FitErrors Mag. (-)
/\/\ ———e2_o0, Initial Fit
4 - = e2_o, FitErrors Mag. (+) L2
; \ === e2_o, FitErrors Mag. (-)
3 1.5

NI 1

I &
/

0 T T T T T 0
0 200 400 600 800 1000 1200 1400 1600 1800

€
€;

Wavelength in nanometers

/&9-125. P3HT /& ordinary (in-sample-plane) 7 /a7 - 77652 w4, [T B HIl & iR ZEA
N ordinary Zrja] k- HG accuracy  (HEGIE) 1RE.

P3HT on 500nm SiO,/Si (extraordinary optical constants)
3.5 0.7
3 0.6
2.5 0.5
2 0.4
- ~
%) W
15 ——-el_e, Initial Fit 03
= = el_e, Fit Errors Mag. (+)
-== el_e, Fit Errors Mag. (-)
1 ——e2_e, Initial Fit 0.2
— — e2_e, Fit Errors Mag. (+)
0.5 -==- e2_e, Fit Errors Mag. (-) 01
0 T T T T T T 0
0 200 400 600 800 1000 1200 1400 1600 1800
Wavelength in nanometers

/&/9-126. P3HT / extraordinary (out-of-plane, £ -7 f]) 77 i |- HI 85 i BRI 512 22
Kap, SR T AT o] L A5 B4 2
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Simulate Data

XA SE F K simulate (f5 5D T YRR K 8E . 24 &9l i, Bk
Abdn B 9-127 Fron it E e E .

VE: 52 simulate (i &) #3458, Backside Correction (HIfEIE) FEE A
On, H“transmission SE Data”t5ZL & 5 On .

Simulation Settings
Wavelength Range (nm): [250.0 |- [too00 wy 5o |
Angle Range (degrees); [45.0 |- [ra0 [ by [10.0 |

Moise for Simulation (%): (100.0

[] Perform Sensitivity Calculation

| Ok H Cancel ‘

/&79-127. Simulation Settings (/7 E# &)

Add Opt. Const. to Report
WP TR H ST INR € 205 B 2k i

# of Processor Cores to Use

CompleteEASE I LA ] 2 A2 AL B s ok B it S 2 . BRIAE LT, 4B E 0”
I, BrA R

Show Color Calculation Dialog

X N A B P 9-128 X EAE, R 4T A color coordinates (A
FR) o

Color Calculation

Color Coordinates: |L*a*b* ‘v|

L*=56.20,a*=1.79, b*=-12.92

AOQL |0 Observer: |10° (1964) lluminant: =

/&9-128. Color Calculation (ZF& 7145 X/iZ#HE, 427 color coordinates (Z4445) Flfh
FH color” (B K, ENIEETF LA, 15EAG G (A01), EH [ FITE 1k
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Configure Options

e XA iy & oK W B 7R A L /£ +MODEL Options, +FIT Options, £l
+OTHER Options H'f#] “hidden” &7 L e 2] model BtHr. X LLgk 1540 T &

9-129 il 7R

Show Model Options
Available Options

]

Description

Model Options
Wavelength Shift
Ambient = 1
Return Path Ellipsometer
Delta Offsets
Azimuthal Rotations

Adv. Bandwidth Options
Parameter Coupling
Use Previous Results
Scattering Factor

Multi-Model Patterning

Fit Options

Include Depolarization Data
Include Reflection Intensity Data
Transmission Data Weighting
Use GenEMM Data

Mare Fit Options

Other Options

Simulate Data

# of Cores

Color Calculation

[»

Multi Sample Analysis -

Patterning —

1]

Include All || Clear All

Allows fitting for a wavelengh shiftin the ellipsometer.

F19-129. A B HFLe hidden” (KsE) LTGS2 57 Model  (FEZH) 1
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10. Gen-Osc &

T A

AREHA T Gen-Osc )= H &R T HIZhEE. & 10-1 B8 1 Gen-Osc X HHE

EdLaver &0

oscillator (#R¥) [“type” (KAL) T LAMAHEHEF RS, W0 B ER.

Reference Material QC View/Fit Type WL Units Fit
Layer Parameters
Gen-0sc - GENOSC
Add Oscillator  Fast Gaussian Cale = 0N
Einf = 1.000
UY Pole Amp. = 220,3000 (fit) UV Pale En. = 8.800 (fit)
IR Pole Amp. = 0.0000
Fit All Clear All Add Amp. Add Br. Add En.
|£| Type = Lorentz Amp1 = 14.000000 Bri = 0.2425 En1 = 3.666
Graph
12 15
9 el pay
e2 \ 12
6 _
-9 CompleteEASE Input (]
- 3 o
© 2 le © Choose the oseillator type:
0 Lorentz E
1% g Lovene )
-3 = Harmanie =
i Harmonic Imgamp)
-6 0 Gaussian [
1.0 2.0 3.0 4.0 5.0 DrudsiRT)
eV Drudehiu)
Tauc-Lorentz =
Ok Cancel

AI10-1. 3% : Gen-O0sc JZXS 1HHE. A7 : He T HE T FGANT XS 17 fE o

10.1. Real-Part (e1)3£38

Gen-Osc Layer Parameters IR (I TESA VUS4, BEAITHRHEIR dielectric
function (/™HEERED 1 real-part(S56) . 45 Einf. UV Pole Amplitude. UV
Pole Energy #1 IR Pole Amplitude.

Einf

Einf 8¢ “e..” & W2 & LHIAESEHH. AERVESTIRHY, B IR N e
“Einf = "fi. T Layer Parameters [t [ 75 &5 .
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Pole

Poles #H 4T zero-broadening (Zh1%i) ) Lorentz i+ ‘&A1 position (fir
B POAXIRFRERLE SISV I LAAk . DRth, AT 1A 2 5200 A L RR 25 S 0 20
(1) ARATTRT DA R I 52 56 35 5 BBl LA AR ST ) 52 i S 3000 ik, BT 72
n = oscillator #
Ampﬂ

S =C=E Fit Parameters (units):
En, (eV) & Amp, (eV?)
UV Pole & IR Pole Amplitude

UV Pole (#8142 % Amp A1 En) #1 IR Pole (314 Amp)fiZ T+ Layer Parameters [
B“Einf="f1 N 77, ‘EAEAEH Pole 77, %IT IR Pole, En=0eV.

10.2. Lorentz

XL Lorentz BB %E) PR THIELHEAN:
n = oscillator #
_ Amp,Br,En,
Elorenz = En,’—E’—i-EBr, Fit Parameters (units):

En,(eV) & Br, (eV)
Amp, (no units)

TEX PR Lorentz oscillator (V18 Z44R% 1) ', Ampn £155 T2 1&(H,

Br £y full width at half-maximum (FWHM) (3558

10.3. Lorentz Im(Amp)

7 Lorentz B EUH NN —A imaginary (RE#8) JRIBI, fuife2 7 center energy,
En (HFrogEs) FIBEAHOFR. FER, 2 imaginary term I iAmp
KTEN, e2 ¥ TE. XEERE LA T — MR LRifile2 > 0,
1M gen-osc & REUK -5 Kramers-Kronig consistent (KK —F(0) .
n = oscillator #
. _ (Amp, +i(iAmp, ))Br,En,
Lorentz_iAmp — En’—E%—i-EBr, Fit Parameters (units):
En,(eV) & Br, (eV)
Amp,, & iAmp, (o units)

Ampn Z1%5F-e2 14, Br £ full width at half-maximum (FWHM) CEE%E) .

10.4. Harmonic

Harmonic oscillator function(i# 5 4% 2 %) 5Lk T~ derived from perturbation
theory in quantum mechanical treatments of single-electron transitions (& /J%

CompleteEASE #4F it Gen-Osc EAIRET B o 10-339



TR B AL PR B RS IR AE R B o B E TR TP A S AE— two-term
sum® (BIRAD o EHHERA:
n = oscillator #

. _ Amp,Br, 1 N 1 Fit P ters (units)

Harmonic — 2 ) Brn ) Brn | arameters (Units):

Enn -E —IT Enn +E-i 2 Enn(eV) & Bl’n (ev)
Amp,, (no units)

Ampn Z1%5F-e2 184, Br £ full width at half-maximum (FWHM) CEE5E) .
N5 AR /N T B (Brn << En) i, HarmonicGE ) #R TR LS L
] Lorentz (3&A%%) BRECFHTF.

10.5. Harmonic Im(Amp)

7€ Harmonic B HH I —A imaginary (FE#B) JRIEIH, F0¥Fe2 7 center
energy, En (HF10pEs) JABEIA R OXIRR. R, 2 imaginary term CHEFETD
IAmMp K TZE0, e2 MO FE . X Bk LRI — MR L]
€2>0, [AT gen-osc FIEBAECE fRFF Kramers-Kronig consistent (KK —%{) .

EHarmonic_iAmp = n= OSCI||atOI’ #
[Amp, +i(iAmp, )JBr, 1 N 1 Fit Parameters (units):
2 En, —E—ioh En +E-iom Eny(eV) &Br, (eV)
2 2 Amp,, & iAmp,, (no units)

Ampn 2145 F-e2 (Im{e})U&{E, Br £ full width at half-maximum (FWHM) (3%

°

=] Ul

10.6. Gaussian
IR TR = —A> 6, 1) Gaussian (i) 2k, LPLAREF Kramers-Kronig

— 301 el ihzk:
[F[E—Enn]+r(E+Ennﬂ . n = oscillator #
gGauss‘an = Ampn ' 2 ' 2
ool [EZEN ) |, o [ E+EN: _ _
B Rt i e Fit parameters (units):
Br En,(eV) & Bry(eV)
oo n0) Amp,(no units)

Horb Amp ££IRIE, En & 0fEE, Bridnde. HECE— MRS LA
Kramers-Kronig — #1114k /¢, (see footnotes **%** for details).

Ampn 75 Fe2 WEAE(~Eny). JBILE Loy = Br, /2,in(2) » Br £104 full width at half-
maximum (FWHM) CEE%) .

Doc-To-Help Standard Template Introduction &4 e cccxl

° For example, see S. Adachi, Optical properties of crystalline and amporphous semiconductors: materials and
fundamental principles,” (Kluwer Achademic Publishers, Norwell, MA, USA, 1999), p. 64.

19 See section 3 of D. De Sousa Meneses, M. Malki, & P. Echegut, J. Non-Cryst. Solids 351 no.2 (2006) 769-776.
1 K -E. Peiponen and E. M. Vartiainen, Phys. Rev. B 44 (15) (1991) 8301-8303.
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10.7. Drude(RT) & Drude(NMu)

22 8 Drude BRI 1 HR R XA IR R R . R B 2 T O AR
NZEN Lorentz CGEAE2E) IRT. 7 gen-osc = Drude kT4 1 Fl ik 77 v2::
Drude(RT) #0 Drude(NMu).

Drude (RT)H1LL T equation™ (5 FER) Hiiik, HMASEON resistivity, p (I
B A% A1 mean scattering time (7) CPEJEHE]D .

_ -’ n = oscillator #
&y0u\z, - EX +1hE)

gDrude(RT)(E)

Fit parameters (units):

where mm, 1 resistivity = p (£2-cm)
TNgr N Scat. Time = 7 (femto-sec)

YIELH N B ({Plank’s constant}/n), & (vacuum dielectric constant B.75 /) Hi ¥
%0, me (the electron rest mass HL & 1E 5 &) /% q (the electron charge HL--HLfir).
Drude(NMu) fJ9l-& 242 N (the carrier concentration #37 7¥K E inem®). u
(“mu”) (the carrier mobility % 7 iE#% in cm®V7's™) HI m” (mstar, the carrier
effective mass #7420 &). 1575 mu Al mstar & 58 M %H), KA R
REE LA A —A, BDE R —A

n = oscillator #
—n%q*N,mu,
&,(mu,mstar,m,E? +iq/E )

Eonuaqrm)(E) = Fit parameters (units):
N (cm™), mu (cm?V's™)

mstar (no units)

10.8. Tauc-Lorentz & Cody-Lorentz

Tauc-Lorentz (Jellison and Modine™)#1 Cody-Lorentz(Ferlauto, et al**) % i} b5 %
fiii8 amorphous CJE&S) BREM F 22045, using a broad Lorentzian line shape
with zero absorption below a defined bandgap energy ({52 S5 Bt fit & i 4 T
TN FEIEACZLERTE ) o PR R 8] 1) 32 B DCRAE T AT T an ey 5o i v T
B BE B S AR . B X AN X 38, Tauc-Lorentz #i V45 Tauc EMI AT, 1
Cody-Lorentz i&/f§ Cody A =(:

Tauc Absorption Formula: &(E) a [(E — Eg)¥/E?]

Cody Absorption Formula: &(E) o (E — Eg)?

Cody-Lorentz #fz T3 % — > Urbach MRS, FSRARSLAE 2K Eg BRI

Doc-To-Help Standard Template

Introduction faif> e cccxli

27 E. Tiwald, D.W. Thompson, J.A. Woollam, W. Paulson, R. Hance, Thin Solid Films 313-314 661 (1998).

BGE. Jellison, Jr. and F.A. Modine, ‘“Parameterization of the optical functions of amorphous materials in the interband
region,” Appl. Phys. Lett. 69, 371 (1996), Erratum, Appl. Phys. Lett. 69, 2137 (1996).

4 A.S. Ferlauto, G.M Ferreira, J.M. Pearce, C.R. Wronski, R.W. Collins, Xunming Deng, and Gautam Ganguly,
“Analytical model for the optical functions of amorphous semiconductors from the near-infrared to ultraviolet:
Applications in thin film photovoltaics,” J. Appl. Phys. 92, 2424 (2002).
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Tauc-Lorentz

Tauc-Lorentz 4% p& £ 77 #2 20t F 045 tH . 3@t i%+ Common Eg = ON,
gen-osc = H 1) 55—~ Tauc-Lorentz #% ¥ ] bandgap energies C(isBfesE) 1J LA
B4 Ege.

& (E)=¢, +ie,, where

, n = oscillator #
_| Amp,Eo,Br,(E-Eg, ) 1

e (EZ—EOZ)2 Brig? E &>, ; ;
n ) +Bn Fit parameters (units):
£,=0 E<Eg, Ampn (eV),
Eon (eV),
w Brn (eV)
_ 2,7 &nld) b
Ent _; PE'!.n 52 j E? dg (. ] Egn (ev)

@ CompleteEASE uses the complete analytical solution to the Kramers-Kronig integral as
presented in Jellison & Modine™ (especially see the Erratum).

PN T fiFre, =0, WVASEPPHIIZIH Eg, #1 C, 3%F¥ Eg, < EO. C < 2E0,. 4RI, iX
AR 7E M A2 52 R 1 B —— o, F P i) DU AR T . R, — R AIEIAM Eg,
A1 C MM = LA [F] /9 dielectric function (AMELERED

Cody-Lorentz

Cody-Lorentz 4 7-J5LF Tauc-Lorentz, ‘&5 X 7 —~ bandgap energy (i

Aef) Eg, AR —A Lorentzian Wi (%4 Amp. Eo 1 Br) . However, for
the Cody-Lorentz ¢,(E) o (E — Eg)? in the region just above Eg. Cody-Lorentz #
TIB5E LT A transition energies (PRITREE) : Ep A1 Et. EP AEWRIR I
Lorentzian #7454 Cody, Et bW Cody #7454 Urbach.

E, (E_Egn_Eln) n = oscillator #
T 0<E<(E, +E,)
&,(E)= (E-E, ) " - )
- Fit parameters:
G(E)L(E)= o . AEWLE 2 E>(E.,+E,
( ) ( ) (E—Egn)z +Epnz l(Ez _Eozn)z +ran2J ( 9 ) Ampn (eV)
Brn (eV)
E, = (E,, +E,)G(E,, + Eo)L(E,, + E,) Egz g:x;
G(E)=near-bandgap function L(E)=Lorentz oscillator function Epn (eV)
Etn (eV)
& _2 PI é;:nz(fz) d - _ ) Eun (eV)
T o6 —E (This is an integral in two parts”)

TR TR, XEIRE T Kramers-Kronig integral form (RSB . 74 CompleteEASE (47
Ferlauto? 7) //7, Kramers-Kronig integration is solved analytically (#Z{ZAZHr72447 4 KK 24 .

Doc-To-Help Standard Template
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1> G.E. Jellison, Jr. and F.A. Modine, “Parameterization of the optical functions of amorphous materials in the interband

region,” Appl. Phys. Lett. 69, 371 (1996), Erratum, Appl. Phys. Lett. 69, 2137 (1996).
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Cody-Lorentz (Amp=5, En=4, Br=2, Eg=2, Ep=1, Et=0.1, Eu=0.5)

25
” Eo
20 0.06 .
oo Eg+Et — i
15 0.02| Eg )
o o%e s 20 22 2
[
1.0 Eg
05 4— Ep —P
0.0 i H :
1.0 2.0 3.0 4.0 5.0

eV
/&10-2. # Gen-Os #7417 Cody-Lorentz 7§ 7~& X #7154

HHFEH, G(E)E X T Cody WeehstE, 1 L(E)/&— Lorentz #¥. Eg+Ep,
FE BB Cody WU [£,(E) o (E — EQ)?1#% 45 M Lorentzian WIS AL g & . 43,
4 E — Eg*Iit G(E) — (E — EQ)Y/Ep?, M4 E>>Ep I} G(E) > 1.

(Eg + Et)bric Urbach WU AT Cody WS IA] B 4648 . {EASHRERIE B A2,
Ferlauto, et al14 1 CompletEASE A i) 5E X e A Ff. Ferlauto et al 52 X Et A—
ANERTRE R, CompleteEASE KE & SN — A ZE4H

EtFerIauto = EgCompIeteEASE + EtCompIeteEASE

Urbach W I 58 4 R FF Kramer-Kronig — 21, tHHE2 U, $5%0 Urbach Wi
&(E)il I Kramers-Kronig /& 183K 150 B[ &y (E) B 2. TE(Eg + Et) L4, EE
S E Rk e, BRECHIE A IE . EusE X THREUN LS,  specifically (Eg + Et) is
the energy at which the Urbach absorption equals e of its maximum value. E./E ]
FEAB ARAIE Urbach 45840 pR 2075 (Eg + Et) b 52 4= UL L G(E)L(E).

10.9. Tanguy

Tanguy'®*"# Wannier excitons(#4 1) %1k 30k B (analytical expression) fii#fr
Fi&3, 4 bound Al unbound IRZS. EREC bound A1 unbound AINIX 4. 4l
T, REKE T 5 N2 PRIE Amp,. undamental bound state energy Eg, ,
unscreened binding energy R,. broadening Br, 1 Ing, (= In(9)). Z% g &

Doc-To-Help Standard Template
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16 Christian Tanguy, “Optical Dispersion of Wannier Excitons,” Phys. Rev. Lett. 75, 4090 (1995).
Errata, Phys. Rev. Lett. 76, 716 (1996).
" Christian Tanguy, “Analytical expression of the complex dielectric function for the Hulthén potential,” Phys. Rev. B.

60, 10660 (1999).

CompleteEASE #{4-Ffit

Gen-Osc BART F# o 10-343



screening factor (BfificElF) , AT LAYE 0 oo 4k, g — oo/t —> unscreened
Coulomb potential CRBEMZECHEHE) o g— 02L& screening (D -

Amp, /R, (~ . ~ . ~
S = PP (e )+ Gl E-ion,)-20(60)) = oscllator #
Fit parameters (units):
(e 2 Ampn (eV?),
Eg';fzJr Egafz)r% Egn (EV),
n n e
m) Brn (eV),
§(§)=—2l//[e ]— - 2w(L-¢)-y¢ Rn (eV)
‘)¢ Ingn = In(g,)
v(z)= 20T (digamma function) (dimensionless)

dz

10.10. Psemi-M0O & Psemi-Tri

Psemi-MO FI Psemi-Tri i %2 B WI7E WVASE32® 44 141 2 ] psemi.mat
layer'®f#] 74, J& more general Herzinger-Johs Parameterized Semiconductor
Oscillator function (B3 ] Herzinger-Johs Z &AL SR T %D . Psemi &
FEA T = E HE R EREURIRA Kramers-Kronig — Pk .

Doc-To-Help Standard Template Introduction &4 e ccexliv

'8 The psemi.mat layer is described in detail in the WVASE32® software manual.
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Psemi B %5 e, #1573 VYA polynomials splines (£ F:4%) end-to-end it 5
uip) BRI B spline (FEZ%) S5AHAL spline (FEZk) ~FiFiER:, R —
ANER—H)L BRI, N PR

n = oscillator #

Psemi-Tri
12
— Fit parameters (units):
O e ™~ Rentconwol Ampn (o units),
8 Brn (eV),
o 8l AL=06- — — Ecn (eV),
AL=05— = = =t — -~ AR=05 WLn (eV)
4 WRn (eV)
2 _ e AR=02 ALn (no units)
. ARnN (no units)

Left End Point Right End Point
Ec-WL Ec + WR
10
Br=01
8| |Br=02

ez

/&7 10-3. Two views of Psemi-Tri oscillator. Top: &2 showing the Amp, Ec, endpoints and
control-points. Bottom: Psemi-Tri for 3 different Br values.

1 B 10-4. J@ILIATT center point (FLCypi) Ec. % s WL AT WR. BL X mid-
width CHERIERE D #iH] &5 AL A AR SRR . RIHBAA TR 2 B
mid-points  CHE] &) FUARXS T Ec B s AL Bk
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Endpoints (i &) BT, R ESISET 2, gaussian broadening parameter

B [
(FHINSE 240 Br, rounds of the endpoints F1 peak n = oscillator #

Psemi-Tri
12
— Fit parameters (units):
°T R " Rancowo Ampn (no unis),
8 - - Brn (eV),
o 6| AL=06- L — Ecn (eV),
AL=05= = = 4o - — = AR=05 WLn (eV)
4 ' WRn (eV)
2 — e — AR=02 ALn (no units)
. ARnN (no units)

Left End Point Right End Point
Ec-WL Ec + WR
10
Br=0.1
8l |Br=02

e2

(

/&710-3. Two views of Psemi-Tri oscillator. Top: &2 showing the Amp, Ec, endpoints and
control-points. Bottom: Psemi-Tri for 3 different Br values.

B 10-4).  SKELERHO R E T DAE R Y, 4 A ) AR T L
A KT B T8 B 0 ke TR <

10-346 ¢ Gen-Osc BAHFF R CompleteEASE #4-FH



L I
WS o Psemi-Tri #E T n = oscillator #

Psemi-Tri
12
— Fit parameters (units):
T e ™ 7 g ool Ampn (no units),
8 Brn (eV),
o 6l AL=0.6— — — } Ecn (eV),
AL=05= b = T - — - AR=05 WLn (eV)
4 WRn (eV)
2 — o ARS02 ALn (no units)
. ARnN (no units)

Left End Point Right End Point
Ec-WL Ec + WR

e2

/&710-3. Two views of Psemi-Tri oscillator. Top: &2 showing the Amp, Ec, endpoints and
control-points. Bottom: Psemi-Tri for 3 different Br values.

AN EF R Psemi i3, I&S%0N: Amp. Ec. A, B, WL, WR,

AL 1 AR,
n = oscillator #
Psemi-Tri
12 . .
— Fit parameters (units):
mj . .
° PO AL P~ Right Conuo Ampn (no units),
8 Brn (eV),
o 8| AL=06— — — Ecn (eV),
AL=05— = = - — — AR=05 WLn (eV)
N WRn (eV)
2 — e AR=02 ALn (no units)
ARN (no units)
0
Ec /Y
Left End Point Right End Point
Ec-WL Ec + WR
10
Br=0.1
8| |Br-02

e2

/&710-3. Two views of Psemi-Tri oscillator. Top: £2 showing the Amp, Ec, endpoints and
control-points. Bottom: Psemi-Tri for 3 different Br values.
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Psemi-MO & T H3L My critical point seen in direct gap semiconductors ({E B #F
B SR AT LUE 21/ Mo I F 200, Bl GaAs F1 InP in the bandgap energy
region (fEAFBRAEE X)) o WA SEZ&: Amp, Br, Eo, WR,, PR,, AR,
and O2R,. & 10-4 /R T ANH AR F1 PR {H I =N L& %t & LRIE RIS

< WR p!
12

10 Amp=10

Br=0.05eV
gl 02rR=0
Q6
4
2
0

£710-4. & plot showing the effects on the line-shape of the Psemi-MO oscillator for different
AR and PR values (Psemi-MO0 #&7-7/7 AR FIPR (&/i/s, K7, 27 TR

10.11. CPPB (Critical Point Parabolic Band)

CPPB (Critical Point Parabolic Band oscillator) /& H1 Aspnes'®JF &, HIRKAEALF
F4& critical points (CP’s) (550D N HEEREBUER. &> CPPB kT TEAR
BT HANSH: RIE Amp,. phase projection factor Phase,. threshold energy

(ki FL6EE) En,. broadening parameter (% Z%0) Br,. Al exponent (F8%0)
Mun. Mu, Af BUA LR ZMEFE R —1

i, = +% for 1-D CP’s,
Hn = “0” (becomes In(2Ey, — 2E — i) for 2-D CP’s, and
= -2 for 3-D CP’s.

n = oscillator #

Muy,
i-Phas Brn ’ —
&, cpps = AMpTHE ————0 Mu, = H/2 Fit parameters:
) 2En, —2E ~iBr, Ampn (no units),
Brn (eV)
&, cpes = AMp,e™™% In(2En, —2E—iBr,),  Mu,=0 Enn (eV),

Phase(no units)
Mun = (+0.5 or 0)

Doc-To-Help Standard Template
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9 D. E. Aspnes, “Modulation Spectroscopy/Electric Field Effects on the Dielectric Function of Semiconductors,” from
Handbook on Semiconductors, Vol. 2, edited by M. Balkanski (North Holland, 1980), pp. 125 — 127.

10-348 ¢ Gen-Osc BT A

CompleteEASE #/4-F/t



(no units)
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10.12. Custom

H 5 R T VR 5E XL—N 2 complex dielectric (41rHi) B refractive
index (FriF3) K%,

Edit Equation dialog box

4% Edit Equation (fi T oscillator #4113+ Type = Custom ~77) T 7F Edit
Equation dialog box (7 FEgw# X 1EHE) o XHEHEMI & 10-5 Afs. F 7 75 4
LI E

e Optical Constant type (JEZ&HHEAY) el &e2 Bin & k.
e Wavelength [wvl] K HAD : AL nm. pum. eV 5 /cm.

SRJE ¥ AR Real (S23F) A1 Imaginary CREFE) B4 B BR B0 O\ S AH N
MISCAHEF
VEN—AMIT, BATE M WVASE32®1) genosc JZ B Lorentz style “.1°#F T,

B Amp - Eo
gLoristerfl _m
Amp - Eo j._ Amp-Eo-E-Br
> +1- 2 .
(Eo*-E*f +E*-Br  (Eo*-E*f +E* Br*

FEIXAN A Lorentz Gi:%%) #xF+, Amp is approximately proportional to
the area under the &, curve. L&, 24 Eo >> Br,

©

Amp = %J‘(‘SLOLSWIﬂ )jE

0

10-6 57 7 i \E) 5 SR T Edit equation (7 RS xHFAEH Y
ELor syle 1 1) Re{e} Al Im{e}ii4) o

[

Optical Constants in : wWavelength (] in

[AMPTTEO]T([EQ]2 - [wed]*20 7 [ ([EC]*2-[we]" 212 + [l 2Bl
el: "2

Edit Equation

AmplEal*fued] "B § { ([E0]*2-[anel] 2302 + [nndl]*2F[Br]"2 )
e

IJze [wnd] for wavelenath

Operatar List | ok || Cancel ‘

FI10-5. &0 yper JFEZCHT F1E X #é T Edit Equation (7 FEx(4#) X i HE.
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Operator List
FEH E XHRT IS, AIRZNERBERMREATH . eIE LD

A 10-1. FTE X7 AT JHH A B 51 R AP o

OPERATOR/FUNCTION

e
NAME ik
+ Addition
- Subtraction
* Multiplication
/ Division
A Power
sgrt(arg) Square root(argument)
exp(arg) Exponent(argument)
sin(arg) Sine function(argument)
cos(arg) Cosine function(argument)
tan(arg) Tangent function(argument)
In(arg) Natural logorithm(argument)
log(arg) Base 10 logorithm(argument)
real(arg) Real part(argument)
imag(arg) Imaginary part(argument)

Argument can be any hardware parameter
parm(arg) that is recorded during measurement. Two
examples: parm(Temperature), parm(AlignX)

isPositive(test_val,eq_pos,eq_neg) isPositive(test_val,eq_positive,eq_negative)
Pl 7 (upper case “PI” required)
e Natural number (lower case “e” required)

Plank’s constant 6.626069E-34
Joules-sec (lower case “h” required)

% = h/27 reduced Plank’s constant.
hbar 1.0545717E-34 Joules-sec
(lower case “hbar” required)
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N TS T TR RN Lorentz HR T (LA 10-5) o X Tix AR,
Amp /(2-Areal ) B . FIAE4 Eo >> Br i, Area ~ area(e,).

10-6 &7~ T Edit Equation (/7FExUgmiE) XHGHEH Refe} Al Im{e}ish5r. ¥F
B TP R AL

Edit Equation

B

Optical Constants in = Wiavelength [wad] in

2*lArea)/PIFEO][EQ2 - [wad]2) £ { ([EQ]2-[unI]* 212 + [wev]]
el: [27[Br]*2 )

T ArealiPIFE ol Tand[*BH F { (B 2-[anl] 232 + [ *2*[BI2 )
el

Uze [w] forwavelength

Operatar List Ok

@10'6 ElLor_area ﬁﬁﬁ‘ﬁ?ﬁf)'{ﬁ?? Edit Equation (ﬁﬁﬁgﬁﬁ) X?&ZI?I:;EO Zfzi‘a?ﬁ/%
T“PI” BHH

Edit Marker Parameters

1%+ Edit Marker Parameters (fi-F oscillator #% ¥-%1)% 41 Type = Custom F J77) T
FF Edit Marker Parameters (ZwfEZ$bric) SHGHE (B 10-7) o AR HE X
PRTFRREL, FH P AT LUERE =AMl kAR P e LN E .

Edit Marker Parameters -

wariables for Osc. Marker

Arnplitude: |Areal Broadening: =
Center Energy: :

BI10-T.  ior area 77 FEZC 1 25X #6749 Edit Marker Parameters (47852 4#r1d) X iFHE.

— HLEE, F e SCRAR 5] DL 0 4 SRR E R 58 Graph (B 10-8)
marker boxes (ARicHE) KilAE.

Amplitude/Center Energy

marker
Graph
25
Ref. ‘ as ‘
20 T i
Broadening i Broadening
15 ——  marker s marker < —— |
S NS !
10 A g
5 -
0 SUSRI TPOTag . b
1.0 20 30 |=3.6083, ¥=2.3810) 50
eV
Center Energy
marker

/& 10-8. Graph /@7#/'/#7 Markers (#572) i85

10-352 o Gen-Osc BT B
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11. Z3%- In situ F3E

In situ =52 5 T SeiF S A A R DI &, IR AR ot FR P85 T R 2 ST TR AN ) T
AR, ERRAE T ORE SN B S HE R AR R 1A I

11.1. &= the In situ tab (WEREART K)

Insitu 52 N IZ S HAD B R FR AT W AR TR, AT PR

a. % Options>‘Edit Configuration’$%4f (& 11-1 £214). CompleteEASE
Configuration X5 HENS T (B 11-1 471%).

b. 1% General>‘Always Show In situ Tab = true’ &I ( 11-1 A1k).
c. HAE#) 1 “Do you want to apply the changes?”i, % ‘Yes’.

€9 CompletoERSE 7 N 1 s CompleteEASE Configuration Z Z . Z Z . e
Measurement | In stly| Analysis | Harcware m onfiguration Parms

Edit: Always Show In situ Tab
Display Units Configuration Controls —About Ce 7 ce

ne
Font Name = SansSerit

Wavelength Units: [nm |+ '\ | Edit Confguration | Font Size = 14
Graph Font Size= 18
Thickness Units: |A - Look & Feel = hietal
Import Configuration UserLag-In Made = Login Not Required
Optical Constants: [n&k |+ Aways Add CE Fol ue
save Configuration s i
Use Defaults

>
i

= Display Units ‘supports insitu measurements (Heat
< Hardware Simulation Mare Liguid Cell, .y
< InSitu Tah Parameters

stage
Miscellaneous cell,

‘ [] Show Advanced Config. Options ‘

Close

FI11-1. 1E/: Options 344117 Edit Configuration” #%#l. #7/: CompleteEASE™
Configuration Z/7, H 1 ‘Always Show In situ Tab = true’ I (L #EZE .

17 : CompleteEASE H1, ISR ELAE IR BN Insitu 38R, iy
CTRL-ALT-1 H &%k,
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11.2. In situ ERHINRE

CompleteEASE™ In situ F=3¢ B4 11-2 iR, XA ERHALE Status
window CIRZAE ) . Data Acquisition & Alignment CEU¥E K4 R X i) #5495
Models (%) THIMR. View (FLED H#RA Graph (EE)

& CompleteERSE o H

Align Hasowars Disglay Signal

N Moclel Salected

& 11-2. CompleteEASE™ In situ Z-5£4#.,

Status window JREEH O

Status window CIRZSE 1) (K] 11-2 Z&_EA) $e4EH SR M miE S, @
“Initializing Hardware” (FJZGLAEM:) . “Waiting to Acquire Data” (2515 R 4E
i) 5.

Data Acquisition & Alignment Section

XANBANE 11-3 iz, A Status window CIRASE H) IE R . HS AL
start (JE3h) . stop (f51k) . pause C(Eif5) Al trigger (filik) %idhs
acquisition CREE) , $4T7— hardware alignment (fifif % #E) il System Check
(RO , P display () JGiAX ERRIGE S . P a] DLk $f
Fast Acquisition (PLERSE) #izl.

&7 CompleteEASE
(measurement | Insitu | Analysis | Haroware | options |

Waiting to Acguire Data

1] Il | [»
[] Fast Acquisition Maode

[11-3. 774G 7R AE T HY Data Acquisition & Alignment Z54+

| Start Acquisition System Check |

| Align Hardware Display Signal |

11-354 & £:3%- |n situ E3HA
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Start (End) Acquisition 452
FFi data acquisition (R4 #EFE (K 11-3 F1 & 11-4) . Acquisition CCR
) FFUfJE, ‘Start Acquisition’ (FFUHRE) %4148 H ‘End Acquisition’ (45
REE) BT LGS RO SR AR I R A B s B e L

7E: V7] Hardware 3232 1) Hardware Configuration (REEERCE ) STIEHE, wJ LIS
# Standard (Fru#E) #1 Fast (Hs) RAERR.

Pause (Resume) Acquisition Z/ZR£&
4 Standard acquisition (FrifERKEE) BEzlikrn, XAMER LA pauses (%)
 resumes (KR K REE 114 7).

Trigger Acquisition &L
24 acquisition CE4E) X% E N Trigger (fihk) #20 (GEid Hardware
Configuration X1&HHE) , — A~ Trigger” (i) IZHM HIL (B 114 F7) o &%
B 2l BB R

Imﬂ Analysis | Hardware r Qptions f m Analysis | Hardware r Qptions
Tirme: 1.271 Acquisition Paused

Hardware: Sigint=12.05, ¥=0.2, ¥=-27, Alignint=0.61
Fit:

Hardware: Sigint=12.08, ¥=3.9, ¥=-28 Alignint=062
Fit:

4] i I |»

| End Acuisiion Pause Acquisiton | End Acguisition ime Aequisiion |

— =— Fe———
[_] Fast Acquisition Mode Trigger Acquisition

[ 11-4 5 AHHEREE N Acquisition & Alignment #5774, 4/&: Standard (#r/) KEEH
B, 275 End Acquisition’ Fl'Pause Acquisition’ 75, £/ Trigger (X)) REHAE,
27~ ‘End Acquisition’ Fll‘Trigger Acquisition’ 154 »

Align Hardware ZZ/EN#E
1EFEAlign Hardware® CRERERE) $24H, 0V FH - 0 HERA R0 (0 e IR AN PR I 2
BILEHEEME .

System Check Z4#&
JTU4 System Check (ARG E) #1E .

4] i I |»

Display Signal 2154
XF R~ R A 1K) CCD A1 e A I R AR5 5 it -

Fast Acquisition Mode #ERLER
IEHXAMESR Standard (FRifE) SRR MRS Fast (P KA.
Standard (krifE) # ON (JF/E) high accuracy (FEASFEE) , REMHE K,

: On (JFJE) High Accuracy B}, W& zone-averages (X F#)) polarizer (fRfE
55) , WA 75 B A A5 I )R], (EURT DA S SR R, A — B
misalignments Ch #EEE %) 7] ABAZ IE

CompleteEASE #{4-Ffit
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Fast () BEix0H High Accuracy (=5 E) BN OFF, Af F B (1R AR 7] o
1jir] Hardware Configuration XJifiHEr] LLi% & Standard ChnifE) 1 Fast (P O
acquisition CREE) A EsMLE .

Models Panel B K

Models (2 84) it @ilsl 11-5, HA o8& ar DU T Sei i . i
VORI AT LU EN 412 b (BT 10 AMERY, 36 4 50) o 7EH0 KA AT BUR 42
e B MR R A AT DU AR, (5 i SR A ] Kt g AR A A 7

KWG .
TE: 8T A model  CRERY) THIBR F12R H BE T i B3E— MY, IXAMZAE AL A A TAE
Common A,
b s el |
s |

Models

Pase

‘ 1: Filled Liguid Cell, Cal wafer ‘ ‘ 6 Thermal Oxide on Si |

| | |
0l | |
| | |

| | |

AI11-5. Insitu 5542 #1479 Models (B2 [T

Adding/Editing/Clearing a Models button

3add (I . edit (4a#E) 5% delete (MIFE) —4~ Models 341, 744 I
BARAT(“BR) ,  Models Setup X HER o~, W 11-6 iR .

Model Setup =
Model File ‘[none} ‘v|
Fit Parameters
Offset Correction
Multiply Correction
Align¥ Correction

[[] Do thickness contral [_] Write report  [_] Merge with current model

Setup Graph Options Model Setup 77
Acquisition Parameters Model File |(none) ‘v
((none)
[] Use Fast Acguisition Mode Fit Parame;

Si with Thermal Oxide
cal wafer in H20 ambient

e e

M 1
[/11-6. 7/ Models Setup X777 #2. 774 Model File (XA 717 (N A RF T
Common A& F#9model files 7 £ Z i drix 1> T 47 77 ) o

e Selecting a Model file ZFE—AMER 14
M Model file (BB FIRFIEFEIAE R model (BEAY) o HAR
174E Common H 3% T i model files A< BREX AN Fhi s & d,
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Clearing a Model button &8 — Model #:4
WIERZLE R A, 1 “(none)”

Parameter Corrections Z¥({& E

—/™ model (#ERY) ik 5, KA SH S HILTE parameter (S50 ¥
Fp . 1k parameter (280 FIRFEMINAESEE, RITFEE
Offset (fm#) . Multiply (3> Al AlignX FFA S+ .

Do Thickness control B4

Thickness control (£ £ FEMERETE CompleteEASE #4155 K i%

B A AP EEAS, XY HAREEIERRIE, 7 PEIEAKEL etch
D

Write Report 5
1B Write Report (BES %) HEHEBIS S M5 That.

Merge &3

‘Merge’ (A1) BEME RV % e A28 5 8T Analysis 2% #rp
FIRET & IRk . Biltn, R4 RT model (A 0 & kE E A ALEE
(B 11-7) . FE#2 25y 568.15 nm, 11 H2 — Mgl a2

Layer # 2 = S102_JAW Thickness # 2 = 568.15 nm (fit)

Layer # 1 = INTR_JAW Thickness # 1 =1.00 nm
Substrate = SI_JAW

BT, HEERIGEHE R JEE#2 ZHG/E )/ 568.15 nm 7 H A2 B 19
B4,

SRIGER TN ‘Metal on thermal oxide on silicon’#] Models TH#3%4&H %)=+,
YEN—/> model (KiAY) #%%H. % model (Fi%Y) 55—/ model (i
) BMEME, HEREKEEEIIM3 B-Spline 2.

+|Layer # 3 = B-Spline Thickness # 3 = 0.00 nm (fit)
Layer # 2 = SI02_JAW Thickness # 2 = 568.15 nm
Layer #1 = INTR_JAW Thickness # 1 = 1.00 nm
Substrate = SI_JAW

A711-8. Metal / thermal oxide / silicon #2247, =% [-/&/11-7 #7thermal oxide /
silicon & F. J#EH2 5714442 568.15nm, [HAHE— &S

View Panel E/~THER

View [k, 4nF 11-9 Fros, EREIURAE SR o 7E T 77 ¥ graph & . 4%
‘Parameters’ (Z¥) BRSHE, & Log Bz h M HERFE, EHFi
W TR BT I 1) 0 1 S ) R

_) Parameters ® Log ) Fit ) Dynamic Data

A711-9. View /AT#k.

CompleteEASE #{4-Ffit
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Parameters

“Parameters” (S0 radial ({2 %417 PA2: LA S HUE FEHE RN 1)
B RS B . B 11-10 R T insitu (FE2R) SERRIIE IS E, ke
mhAe Si FEJE b 250A JBFE Sio, Kok I . B i R T Thickness (B
MSE (377i%%) F Intensity GERREE) BERAIAR . B BIRISEEMN
graph _E 77 FIVUAS TR AR ME k£ 1. A28 2 AN T 328 RAE S B R
TEATAR y-axis (y$lD o, FHIAFIHI 2 AN RRFIRAES BUE R TLR y-
axis (y#) . BT M-S SEMSE, S50 Sigint.  Intensity O
#) . AlignX. AlignY. Hardware OK (TE{£#fiih) F1 Fit OK (UAEHD)
CIRVR 2757

Towide Thickness | P - = | petereiny

23788 1.6
23780
23745

23740

[ Oxide Thickness | .
WSE i
1ns Intersity I |
o8
23TV / |
FERy] f ) i

FEN 1)
o

\
|
i 1
|
|
\
\
|
|
|
/
|
|
i
\
\
\
\
\
N
1
= W
MSE. Inensity

Criiite Thickness (nm)

0.4
o0 wip ozo (R 0.40 0.50 0E0
Tien {min |

/&/11-10. Parameters (Z#¢) graph.

Log

“log” (H&) radial (f2[A]) $%41C KA R LT FEHAIE R . LR TR
B ZRE N\ B A BRI 18], DR Bt f5 IR AR I Tl (1] 11-11)

P LHE R E BB HE . BERI—/NERE, T SOARE R G B (S
kA, B 11-11) I S Add (B ) #2H (r ik, B 11-11) . ‘Add’ (B
) $s S i e, I AR AT R NN . VR I RELE R SR A R s
FIHEH .. BRI E, S8R B S8R SR R RF, Frelsid
FIFF I E G SO, B (s B AR LAk [ .

Wiew
) Parameters @ Lag O Fit ) Dynamic Data

Add to Log

ﬁ Add ‘Stupped gas flow h

0.000: Acquisition Started 2008-5-18 [1735] - Standard Acguisition Mode
0.000: Thermal Oxide an Si
0.000: 05/18/2008-17:35:03.3

0.721: Started gas Aow

1.986. Stopped gas flow

1.678. Fit Stopped

1.679; Acquisition Ended - 2008-5-18 [1736]

A11-11. Log (H.E) JF#

Fit &
“Fit (A& radial R $4H42 1A 320401 S 7 8¢ e 1 S5 B T A KT IRz 38 e Y

A 5, LA AR 7 A 0 Bt e R RS (SR 1) o B 11-12 SRk
e rP FI %) 0.58 73 B Y IS 1) By #icdfs
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Dynamic Data s7&##
“Dynamic Data” (BASEHE) TRt LA ] (1) — AN B8 2 AN 5 £ 1 (Psi
Delta. N. C. S. ntensity £:4%). Graph Type 3 5. f0 4 P 306 WA B2
on. B 11-13 R A S A EE XA B

i Se———
Latmlzs g WO Lovarn Jela P wies e
A Haa E at:
Spectroscopic Data At 0.589 min. A
€0 160
- R _”__,__.....-—-r*
e 140
i
40 I
..-"""_-
120
=
&% 3
Pl g
Dalta
Muadel g
20
80
10
0 60
0 300 €00 900 1200 1500 1800
Wavelangth (nm)
. )
/& 11-12. Fit data screen (755 FH)
Yavwe
Barmries 1 o Dy e fepee Rae
érapa
Dynamic Data
50
=R R AR
a0 192.2 nm
4T4.8 nm
156 B nm
F ] 1 16871 nm
20
0
0
0.00 0.10 0.20 0.30 040 0.50 0.60
Time {min.}

//11-13. Dynamic Data screen ()& #(#7 /7 %)
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12. Reference - Hardware Tab

EEXAS R AR mASCRECF G B, 7F Hardware 323 B A m] i A 4% s 2 88 AN AH 9 160
Rltk, AZTHNWAFEET S —DETHIR AlphaSE 1) Hardware )
FIEH, F—E A M-2000 1 RC2 Hardware (FEfF) 325,

FEANT Hardware 232 451815 S 4 & A R4 1) Hardware manual  CREf4F
M« X—2={UERNBRS%.

12.1. Configuration Files Bt B XX/

CompleteEASE #43E T-“onf” SO KM 2 T AF (O TR B S0, XSSO -A T
C:\CompleteEASE\enf HE T . EATAT AL & LLF S

hardware.cnf
AT F R B A 2480 R G4 nT FH R IR

CompleteEASE.cnf

F P AT B A S HO T B S . XS r] LU T Options 33 51 R )
‘Edit Configuration’¥Z4[ 7 1] »

CompleteEASEhard.cnf

R AT B R S HO I B SO . XS 0n] Ll it Hardware 32 5 R 1)
‘Edit Hardware Config. #4117 1] o

bview.cnf
I HIZE in situ &%

Privileges.cnf

W E N password-protected CEHAGLRI) A Log-in (B s) I 1 -~
BB -
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rce-cal.cnf, rce-comp.cnf, rce-dc.cnf, rce-refl.cnf

R BT AR AR HERN YR B 201, BAI12E T 5 i System Calibrations (&
GRIME) . System Checks (ARG E) %,

12.2. Hardware Tab — AlphaSE

—~ AlphaSE #%i (1) Hardware 3324018 12-1 ffros . XA E3E A 5 DY/
#: Hardware (B84) , Signal (f55) , Calibration (%#E) , il Show
Logs CB/RHZE) o PUF XA FE22 5 (1 B iy 2 1 a1 2 U

£2 CompleteEASE o @ B
Measurement rAna\ysiS Options |
Hardware Signal Calibration Show Logs
| Re-inif itialize | | Display | | 5-T baseline | ‘ Hardware ‘
| Park Z-Stage | | Max. Sig. Display | | Off-Sample baseline | ‘ Error ‘

/J12-1. CompleteEASE #7441 7 Hardware 774

Hardware 44

Re-initialize ZEFF 6

BEAZAH TR R SR, 5B USB JEREVIAALIEIN, FHREEA,
A HEHLE] home (WIUG) A8, FHMKHENL. BRI IA R K A AT Ml 4
RIPER, RI7E“Hardware” F1/8Y, “Error” HE TR E,

Park Z-Stage
Fezh Z T B B “park” (FEH0 AE, XM E A CUH N B 2B 88UE .

Signal f§%5

Display 27

B BGOSR 5 . Average CFE) , maximum (D
UV CESD AR (LLAh) SeHR{E SR /e S L, i) “Dark Count”
(R HLRL) A HL T “Temperature” CIREE) AN IR, 12-2 &R T —Mol ¥

Max. Sig. Display @A G+

L Display Z:AA A, AN [F) mi A2k F2 A 45 %5 polarizer (f#fR#s)
compensator (fMzEE) Jeff, DARBIHEKMGESHE. RIEI LG, &1
B 12-2 Fiors.

CompleteEASE #{4-Ffit
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P 5 K

Cancel Raw Signal Display

Intensity: Ave=569.1, Max=1257.5, UV=280.6, IR=145.6
DarkCnt=66.6, Temperature=26.63

Signal Intensity Zoom All

1400
1200
/

1000
=

800 j/ A\
600 —
400

200

Intensi

0
300 400 500 600 700 800 900
nm

A712-2. CompleteEASE #7““Signal Display” 7 %~

Z-Stage Scan ##7#

i Z 4, REIRFE Z A E BRI R B L,
A BTN S5 R R U TRPE “Off-Sample” (90 FELLAP NG M) HiE b, A5 S
AL A AR S IR A N R AL S 18] 12-3 iR, R
R AT — MR S5 FE 1 22 L A 2. IR 0 “MSE="{H AL 14 i £¢
FXEARPE. R MSE {5 KT 0.02 i, KA J.A. Woollam 2 & (IARERAL .

EEConlEeERSEY = e s e s s o' & X

Cancel Z-Stage Scan

Fitting Data ...

= Zoom All

50 | Data
e N\

Signal Intensity
N W
oo
™~
T

10 12 14 16 18
Z-Position in mm

[&12-3. H7)1) Z-Stage scan £45%
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Calibration B #E

S-T Baseline

KA “Straight-Through” CEHT) BLE NAUEZRIE, IXHFE AT DURECAER &S0
581 Mueller matrix (FB2EIFERE) 5. N 1 PAFRAEMBIEAERAVE, B3I

(RS 25 B P J B B L Rt I 1 /NS, 40T S-T Baseline (L
SR .

Off-Sample Baseline

KEE—/NOff-Sample 32k,  LLE 11 S 5 FE AR /2 1 il LK SR o BRI AR
HEFIAF Al U B T A S NS AR B, O T A3 BB R HER PR RO M L, AERE 3D
HEURAFLCR A BT 2B 6 5, T — IR Off-Sample Baseline.

Show Logs B HE

Hardware and Error Logs ##/FRIEF iR H.&

X e 550 ok o~ Hardware (REAE) Al Error (i) HE, Hiba5HER
AL B2 WA A S 1 1) R, a0 SRR AN REIE R TAE, R J.A. Woollam 2
AR AL ] B 7 E IS ,._.‘EEI//‘LEIEU @i: Fidi“Save Debug File”#%4, f#f7H &
Ao P RBLE 2% C:\CompleteEASE\CompleteEASE_Debug.zip 31
12-4 7R T —> Hardware (fgff) HERIHIF, Kl 12-5 2 Error (55i%) HE
FIF 7w .
Hardware Log File iiiiiimmadiininaaaayaiiinissysssssisynrssssssssss A
Oxide Thickness = 241,10 £ 0.092 & 1= |

ngle Offset=-0001 + 0.0033
2008-4-11 [15:52:41] 5-T Baseline: MSE=0.64, Ave. Intensity=708.30, Pol Offsets=-0.029,-0.015, 0.020,-0.014

2008-4-11 [12:57:48] HardInit. Serial #=USB4E00448, Dark Cnt=68.8, Temp=26.25C, Firmware=USB4000 0.99.1 | Driver=, PIC=1
2008-4-11 [18:58:28] Hardware Initialized

2008-4-11 [18:59:24] 5-T Baseline: MSE=0.88, Ave. Intensity=714.69, Pol Offsets=-0.031,-0.014, 0.028,-0.017

2008-4-11 [19:19:23] &-T Baseline: MBE=0.62, Ave. Intensity=710.89, Pol Offsets=-0.031,-0.006, 0.031,-0.014

2008-4-11 [19:26:02] Of-Sample Baseline: MSE=1.44, Ave. Intensity=2354.80

Model Fit MEE=1.435

Oxide Thickness = 2416 + 0010 nm

Angle Offzet=-0.008 £ 0.0035

2008-4-11 [19:52:52] Off-Sample Baseline: MSE=0.83, Ave. Intensity=670.06

Model Fit MEE= 0828

Oxide Thickness = 22.45 + 0.005 nm

ngle Offset=-0.010 £ 0.0020

2008-4-14 [12:37:53] Hardinit Serial #=USB4E00448 Dark Cnt=637 Temp=23.5C, Firmware=USBE4000 0.89.1 , Driver=, FIC=1
2008-4-14 [12:38:31] Hardware Initialized [
2008-4-14 [12:40:09] Z-5tage Scan Results: MEE=0.005, Peak Pos=14.004, Height=50 3, Width=0 63/1 85
2008-4-14 [12:41:31] Z-5tage Scan Results: MEE=0.007, Peak Pos=14.003, Height=50.7, Width=0.67/1.83
2008-4-14 [12:43:27] Off-Sample Baseline: MSE=1.18, Ave. Intensitv=658.92

Model Fit MEE=1176

(Oxide Thickness = 24.02 £ 0.008 nm

ingle Offset= 0.025 + 0.0028

& 12-4. Hardware Log (##/FH.%)

4]

CompleteEASE Log File

T TS T T

2008-4-11 [15:471:18] - Version 3.59, Java 1.6.0_05- b13

dowes XP (xBE)(5.1)
2008-4-11 [18:587:37] - Error: The project directory CAComplete EASEVC ampleteEASE Cnfis not accessible
2008-4-11 [19:57:38] - Version 3.58, Java 1.6.0_05-b13, Windows XP 85)(5.1)

2008-4-14 [12:37:41] - Error; The project directory CAZompleteEASEVCG ompleteEASE Cnfis not
2008-4-14 [12:37:43] - Version 3.58, Java 1.6.0_05-b13 Windows xP (x86)(5.1)

] 1 [ [+]

Copy o Clipboard Close

/&12-5. Error Log (#5iRH.Z)

CompleteEASE #{4-Ffit
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71 I ErrorLog.txt SCAEfERS7E " \CompleteEASE\cnf\Archive" SCfF 52, B2 &

TR 24 CompleteEASE 3 3IF, T2 ErrorLog.txt SCAEHIR/AN. W KT 5 MB, BH
#7473 Archive (fEF4) SCHFIRIFAIEE —Hcft.

12.3. Hardware Tab — M-2000 and RC2

Kl 12-6 s T —4 M-2000 R4 Hardware 328, XA ¥ 3% P8 =4
MitR: Hardware Status (fE{IRZS) |, System Information (RGEE) |,
Controls (45> o X ANFE 15 FIR X LLTHI AR A H A 4 il i 2 o

Hardware == 32 8 mh (1340 P 25 7] LEE &A1 (1) Hardware manual CREEFA) 3k
B, X—=HUENBERHSE.

o B
is | Heroware | Opuons Current User fs fhitiker  Log Out

ange: 191.8 nm to 1697.3 nm

75.00
Z-Stage Status: 2.203mm

Sample Tilt Status: X = 0157, ¥ = 0,440

Translator Status: X Axis =0,00000 ¢m, ¥ Axis = 0.00000 cmj0, 0)
Focus Probes: Not Installed

Window Effects: OFF

/g 12-6. M-2000 #/RC2 /7 Hardware 7-541

Hardware Status fEAIRZS

Hardware Status CREfIRZS) TR _E B8 MATEARES. X5
Measurement 32375+ Hardware Status (FELEIRES) EonAHRIFIEE.

Controls ##i

Controls (3%l HARFEHE T 3REEHE CLAN TG B U7 M BRI Thag . X Lersif 1)
e B LA R HIARZE . A bR General CEHIL |, Calibration (K |
System (R4) , fl Misc (F=TD)

General

General CHRD EIRWIA 12-7 B, LA AN (7] B B4 O SCR AT A ]
Wi, AT .
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Controls

General | Calibration | System | Misc. |

Alignment Cther

‘ Align Sample Systern Check

‘ Dizplay Signal | | Move To Load Paos.

Foutine Test Measurement

‘ Measure | | Show Resulis

A 12-7. General Tab (HETI )

Align Sample 1/ # 4

STHERE B AR ERYE . X T B automated alignment (A ZhxF#E) THAEH &
G, FRoR—AXENE, SRVER P ERE manual alignment (REIXTHE) FTE B)
S (Rl 12-8) o FHEHEF %R No, K B T HEREHE . A VU SRR
WFS A B Z B p)— AN e bf % o ] 12-9 oo

Sample Alignme

wiiauld you like to perform a full sample alignment?. {Choose "Mo" to display the alignment screen anly)

&/ 12-8. A7/ 7] Sample Alignment (A XT 4D X717 fE #73% £E automated alignment

CHzIXHE) B manual alignment (FEZ)X/ ) »

Intensity = 4.270 (4.690, 4.510, 3.986, 3.894)

&7 CompleteEASE T
Cancel Alignment Aign Moce  Detector — Motar increments
® hulomate | ® Lookdown | Z8taga [01 |+,
Use Data Acquisition Time © Manual Receivr | TilBtage [0.02 |x
5 ZPasition = 0.502mm
Sample Tilt Tilt Position = (-0.033-0.003)

Max Signal Intensity = 11.04
Average Signal Intensity = 11.01

/

F12-9. X HEFBLT B — cross—hair (1-EX)D fCENBFEA 4 52 R HEHI
AR EL, 7558 I E G signal” (155 BREFFIAGIHEN _LHIE S

CompleteEASE #{4-Ffit
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Display Signal

EANTIRE R JFIR(E SR . IXANBERE, Wi 12-10, 72 TREOGHE iR N A H .
Average AC Intensity CPIJAZHREE) A5 CCD Jeit X EiEiEiE. DUV AC
Intensity /& /i 3 AMEIE I TF2ME. 1 UV AC Intensity /& CCD _EFii 10%:i i [
P15, IR AC Intensity /& CCD )5 10%id# 15 [1)°F-) .

r@ CompleteEASE o o &)
Cancel: Raw Signal Display "h‘[:ﬂlmmr\ A Tine

Ave. AC Intensity = 11.003
DUV AC Intensity = 2.540
UV AC Intensity = 16.036
IR AC Intensity = 7.482
Gain = 4.0

we. AC Intensity = 11.003, DUV AC Intensity = 2.540, UV AC Intensity = 16.036, IR AC Intensity = 7.482, Gain =4.
35— [0e4303T4, =36 53D

Intensity

0 300 600 900 1200 1500 1800
nm

/& 12-10. Display Signal (ZinfE45) [FH

System Check

System Check (RZkrEr) & H IR ARIER 7 . RGBT 14
G, ESREEFM.

Move To Load Pos.

ARG L ThEe, MR ETT . BIIREICEN T B3 Z M E )
FEMBEEN ARG, —BUEILT, sididtidl, Z ssham i, Baa
R P 7 A%

Routine Test Measurement

XA TR Ty e AL i SIS AR AEAE i, SR 5 006 S ORI S0 5
IR ER . (XA DhRE R Z a1 — A recipe (bJ7) I B HIELE
“\CompleteEASE\Recipe\Routine Test Measurement” H 3%, recipe (4b77) #FRTFH
% N\ Hardware Configuration f*) Routine Test Measurements B, 4] 12-11.
NEXADIREEA A, TEZINETE B PSR R — R, I AR AT I
T SRR e R S B F AL E .

12-366 e Reference - Hardware Tab CompleteEASE 44-Ft



Hardware Configuration

Configuration Parms Edit. Recipe

o= [Diata Acguisition
o= Mormal Calibration
o= Coarse Calibration
o= Gystern Calibration |
¢ Routine Test Measurements
leasurement Period = 0.0 Description
Save Results To Database = False Recipe to be performed when a routine test
Datahase Tahle Mame = JAWRoutine measurement is requested.
Recipe = Test Measurement]
o= Window Effects
o Systern Check Seftings
& Parm. Return Yalues
o= Channel Subsets
o Miscellaneaus
o= Alignment Farameters

[»

[Test Measurement |

Reset Farameter to Default |

4]

Show Advanced Caonfig. Options

Close

/4 12-11. Hardware Configurations #7Routine Test Measurements £

Measure
R AT “Routine Test” (i MR

Show Results

EIoRCLATATA 1) “Routine Test” CEHAMNR) &5 5. @ik [F—FF 5
AR, X2 —MRERRGEREMN T (7. $a € WFE i A =&
MZHUE T LA (R i 2e4s), Yr2 iS4, Wk AAn
Alignment O #E) HEFH AT IZE .

Calibration B #

AN A S T R A A A [ Calibration (Bs#E) TR, K 12-12 BR T M -
2000 ] Calibration (#:#E) iETi+, K 12-13 &7~ T RC2 (1) Calibration (f
HE) IR X RUL, XL, BN System Check 2 HUATIX
LB T BB 1 KB 47

CompleteEASE #{4-Ffit
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Contrals

General Calibration
Initialize Hardware

| Coarse Calibrate | | Fine Calibrate |

| DC Offset | | Phase Senszar Info |

A&7 12-12. M-2000 #% i/ /1 Calibraton  (#74) #HF

Contrals

General

| Initialize Hardware | | DC Offset Calibration |

| Standard Calibration || Systern Calibration |

Light Source Intensity:

wer [100% : [ uto
System Status

[&12-13. RC2 #fhi{X 9 Calibraton (f&/) HTF

Initialize Hardware #7454 881

LA T FEORT AR A O CCREAF B AR AIAR LB USB / TCPIP il iEE s,
OGRS L] home (WJER) A& . BEAFRIAAAL I A A AT T4t
RAVERS P E“Error” (BH1%) HEH .

Coarse Calibrate and Fine Calibrate (M-2000 Only)

2 TEEAE S A5 B R B A (AR UERS HE wafer (IR B, X SBRGHERT LUEAR
System Check (RZifGA) o XFHEHLA R LE in situ WER 24, Flin—14
DR 75 B — M RSO RE SR o X S A v TE 920 22 in-plane (THT YD) 1K)
TN . RS RFRIE LR, BLiZAT System Check(R Gk Er), 1 A2
—~ Coarse 5% Fine % if .

DC Offset BHiE##

I B PR A, DU W E ) R AR R R A X e . AT
PRE I HERA 1, K4 depolarization GERR) Hs v 75 B8 X M %4H,
[XI°4 depolarization GEAWHR) HHfE £ Ml 2155 1) DC #3287 —14
System Check(& Fuf £) v] LLE 2 [FFE H 1

Phase Sensor Info (M-2000 Only)

XAMZW T AR S 45 S R 5E phase sensor (FAARIEES) 274 LIE, LK
AMER IR R e . S EHEAR,  J.A. Woollam 2 =] FACEE AT G2 2K
AL LEE R

12-368 e Reference - Hardware Tab CompleteEASE 44-Ft



Standard Calibration (RC2 Only)
—~ Standard (Fr#fE) BHEAH 24T M- 2000 (1) Coarse f£#E. brAER #E wafer
CnlED wHES, System Check (RGGE) SEHEAR 1B IE T2
System Calibration
System Calibration (RGFHE) I E1ES % hardware manual CRELEFHiH)

Light Intensity (RC2 Only)

DR FEAE VR P SO ST R SR . JEREALN, A A s AR
i

System Status (RC2 Only)

System Status (RGUIRE) %, #Rx—F phase (HH) 5B USB @
WE BRI WEHE . Yk, J.A. Woollam 2 &) A 7] g & Bk 11
P e E

System

Systemt (R4 IR 35 Hildr & S 002 e RP L EA oG . ik e
miﬁﬁﬂﬁam<m¥ﬁ&é,sz%ﬂgmiﬁ),an%<m$ﬁ
mE, FohzZHmEMFINEM , WERENETA OKFRENE, H3hZ
O, EEH GEEFEMNEG, HAEA) A Accumap. 38R EEH LA,
76 System (RS EIF A ] 3l dr 2ok B bR, Kl 12-14 3K
12-16 7R T —LFERE M System (RS EWR. DUT R IX AN A R4
PO . il XSS T RE RO VEANRR, S R F A .

Cantrols

Calibration Systemn

Position Controls

| Angle || Z-Btage ‘

| Translator || Sample Tilt ‘

| Install Mew Sample Stage |

| Install Focus Probes |

/&12-14. ESM, ES130, F7Fixed (/&) A /EHAEHT System SEHT 4
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Caontrals

Calibration |ESiEER]

Angle Translator

| Move Angle Mave Translator |

| Conflg. System Components |

| SetAngle Hame Translatar |

[J12-15. Vertical (FEE) FEEHT System ST+

Controls

Calibration System

Position Controls

| Z-Stage | | Translator ‘

| Move To Special Position |

Maintenance

‘ Change Lamp || Get Lamp Hours |

/J12-16. AccuMap Z 25/ System 07~

Angle, Z-Stage, Translator, Sample Tilt

XA VR P R S AL A B i, 2O Z e A
s Z-Stage %41, AL E. Z W PR E A E

Set Angle (Vertical base)
T FLRE G AOFE A R home (WJER) A EA B IR IEKAE, Bk Set Angle
CWCE ML) ThReSLVE - B 280 A B 1E

Install New Sample Stage (ESM, ES130 and Fixed Angle)

WIhfe—2— Pt S H P 2R — AR G . XSRS Translator
(Bz14) + Heat Cell (II#E) . Liquid Cell(WifAits), &54% ., LR H H 5
T"{'JTJ%UZ%& B2 E BRI 23 R A 288 . oA 3 JRE W] A BN AN RE
b BRI HE, AT Ok — MG B R R

Select New Stage
Sample Stage Op

® Translator ) Heat Cell
) Heated Liguid Cell

G 12-17. EFEHFE G G X 15 HE
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Install/Remove Focus Probes (ESM, ES130 and Fixed
Angle Focused)

BLHE S Pe Be1E # focus probe (CREEGEEM) KIS IR,

Configure System Components (Vertical base)

A 2 BoR—/NEHE, VP 4R E B BT 2 R . X Le P dE
translator (%3¢ ) . focus probes CRAE244F) |« camera (FRAZHL) <
rotator (ig#% &) .

Installed Components ===
Focus Probes

[1Prohes Installed Camera Installed

Sample Stage Options

 Rotator ® Standard
' Heat Cell ) Insitu

[] Show Insitu Tak

7 12-18. vertical F 5 REAFHINT T HE

Change Lamp (AccuMap)
P BAT R I B UEE, 16 S BT

Get Lamp Hours (AccuMap)
ST 22 2% i A FH /DN e

Misc.
ANiE G TRCE AE General, Calibration £ System 335 H () HoAth 2 ] iy -4 T B

£ Misc. (I BRI, IX L% il iy 4 5 28 AR e B (1) 22 Rt A oK
HLERGEA Misc. (F:TD .

Controls

General I’Cahhratmn rSvstem Misc

‘ Display Sample Image

‘ Z-Stage Scan

‘ Additional Camera Functions

‘ Additional Hardwsare Functions

[&12-19. ESM 57 Misc. (301D ST
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Controls

rGeneral rCaI\hratmn rSystem Misc

| Z-Stage Scan ‘ | Display Sample Image |

| Disahle MMC H Reset MMC |

Shion Routine Meas

/&/12-20. AccuMap R4 Misc. (FH1) EHTF

Z-Stage Scan (Systems with motorized z-stages)
UEIHREFIAEAR € Z MG A%, JRRHDER R Z A B EE . X T W]
B, XAMRRAT L T DA E A2 1A T T SR B IA TR IS -

Display Sample Image (Systems with USB camera

installed)

FE— NS TE AP s B S I PR o BEAT HAbAR AR IS, 2O TR AE T AR FFIT T

Additional Camera Functions

AN camera CFEAL) THEERAEAL & ‘Mark Measurement Beam Location”  (Fr
CEHEALE ) Fl‘Measure Camera Field of View’, #0E 12-21 fiR.

B

Camera Functions

| Mark Measurement Eeam Location |

| Measure Camera Field OfView |

Close

& 12-21. &4} 49 Camera Functions (FF#LZ155) .

Mark Meas. Spot Location (Systems with USB camera
installed)

MRS 2 5, BCIRERT LA camera MG SKAR T O A3 0 = A7 B
PATIEIREJS, camera X IEHEH ) “Show Beam” (/RGHD) SEHENG FEAE—
AR KT B RS R S S I L

Measure Camera Field of View (Systems with USB
camera installed)
XA e kA 2 £ camera CRHAL) FURREF, BLAHE R BUbR sy — 1 B ok
KAEE ST & 1 H %50
Disable MMC (AccuMap)

R, BN IS S R HULTia] S, R RE R TEAN
GRS AT,
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Reset MMC (AccuMap)
mMiitbtg, SHREEBRABIG RN, mlligdE, BaawmBeE, 40
MR 2 2980E, HFRIERINGLN, B3k,

Show Routine Meas. (AccuMap)

P —AXIEHE, 278 Accumap [ IR SR . H 5 & 2 207E hardware
configuration (FEMFECE) XHEHEH B HE .

Additional Hardware Functions JLAth A1 g

Al REALHE S E R R M HAWEEThae . a0, —A B 3R LT e —
~Angle Correction’ (FiEEEIE) &4, &l 12-22.

Hardware Functions

Angle Offset Correction

& 12-22. 503 309 Angle Offset Correction (/5 /F i t5iE)

Angle Offset Correction

MNF—ANENEANRG, DA B ERAERE S, 285 BT
BEEIE, EROREINE AT LSS SEAER NS

System Information

System Information [fiAR & 7~ A VAL &, FF AT 15 iA) hardware
configuration (BEAFRCE)D) AGHEAGELE log (HED o B HEi(E S FE N6 i
AT Y KU A BT LA B . 24 53K J.A. Woollam 723 =] 3 Bhi i 32
i ez 2.

‘Edit Hardware Config’

A AN ¥ P Y Hardware Configuration (REHRC D SHEHE. 40K 12-23
FiR e WRHER A&V 2SI E L E . X ANSHEHE 2 BoR £S5 Thig
ik, DA EIX BAN X} “categories” (H ) BTG

CompleteEASE #{4-Ffit
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Hardware Configuration

Configuration Farms

o= Data Acguigition

o= Mormal Calibration

o Coarse Calibration

o= Systern Calibration

o= Routine Test Measurements
o= Window Effects

o= Bystem Check Settings

o= Parm. Return Yalues

o= Channel Subsets

o Mizcellaneaus

o= Alignment Parameters

o= Pattern Rec. Parameters

& Camera Settings

o= Simple Ex situ Meas. Modes
o= Liguid Cell Attachment

o= Heat Cell Attachment

& Transmission Attachment
o= Focus Option

Show Advanced Config. Options

Data Acquisition

Feset Parameters to Defaults

Description

Diefault parameters far data acquisition

Close

/&12-23. Hardware Configuration (#Z/FAIE) & /7.

‘View Hardware Log’

XA 24 s Hardware log (B4R H ED

Data Acquisition Z{#-RE&E
Data acquisition (E#faK45) HIERIASHL, A& 12-24 Fosikoin.

H &S A& B AR R L IR 45 2
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Configuration Parms

¢ Data Acquigition
Acg. Time =1
Ace. Wait Period =10
Data Acg. Type = Standard
Ach. Channels = All
Single Dynamic YWyl to plot (innmy=10
High Accuracy = true
FastAcg. Time =1
FastHigh Accuracy = false
FastAcy. Graph Update = true
Marminal Angle = 70
Alignment Tolerance = 80
Alignment Deviation Tol. = 40
Winimum Intensity=0
Minimurm Signal Intensity=0
Sig. Intensity Deviation Tal. = 25
Skip Alignment = True
Skip Calibration = True
Alignment Acg. Time =04
Polarizer Fos. = 45
Analyzer Offget=-0.101896
Anahzer Offzet, HiA=1
Acguisition Mode = Standard
Insitu Data by # - Mot Time = False
Watch For AL Input Trigoger = false
ALL Input Transition = Low to High
Use Trigger far Acg. Time = false
Auto Trigger Wait Time =10
Fixed Gain Mode =-1
Auto-save Interval = 8
llse Big File Mode = False
Buffer % for Big File Mode = 25
Custom Dynamic Data Unit=
Custormn Unit Decimal Places=2
Shutter Lamp During Insitu Meas. = false
Insitu: Image Acg. Point Increment = -1
Z-Stage Fosition for Trans. Meas. = 14
Intensity Baseline Time Increment=10
D Offset Time Increment = -1 |

/&/12-24. Data Acquisition (H#-REE) I &4

[»

Normal Calibration
Normal Calibration (FryERSHE) HIHL B SHEEIA, TN 12-25,

Hardware Configuration

Configuration Parms

o= Data Acguisition

¢ Mormal Calibration
#of Cal. Pts.= 4
Polatizer Span =180
Acg. Time =8
Tolerance = 0.1
Wawelength Cutaff (nmj =100

¢ Coarse Calibration
#of Cal. Pts. = &1
Folarizer Span = 360
Acg. Time=1
Psi=d46=False

&12-25. Normal (#r/#) #7Coarse Calibration (#74) Z4.

[»

Coarse Calibration
Coarse Calibration I & Z 5 dHi&, 40 B 12-25 Fios.

CompleteEASE #{4-Ffit
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System Calibration EZ &%

L5 System Calibration (RGRHE) XM ESH, WK 12-26 fiivs.

¢ Systemn Calibration
#of Cal. Pts. = A1
FPolarizer Span = 360
Acg. Time=2
Fom Tolerance = 0.1
todel #1 = 25nm Oxide on Si
Madel #2 = 2nm Cwide an Si
Maodel #3 =
Include 5-T=1true
Cal. Mode =3

¢ Routine Test Measurements
Measurement Period =0
Save Results To Database = False
Databasze Table Mame = JAWRoutine
Recipe = routine

/A712-26. System Calibration #7Routine Test Measurement =4{

Routine Test Measurements

55 Routine Test Measurements (g FIA I &) AMCHSHECE, WK 12-26
IV

Window Effects & A &1

&€ Window effects (& Frsgmi) 8, W 12-27 Fios.

[ 12-27. Window Effects #7System Check & 247

D

¢ Window Effects
Enahled = Falze
WinRet! =0
WinRetz =0
Delta Offset Mode = 2
Delta Offset1 =0
Delta Offset2 =10
Delta Offset3=10
Delta Offsetd =0
Delta Offzet Err. Tolerance = 0.5
in. Delta Offset! Limit=10.2
# of Higher Order Terms =1
WinDisp1 =10
WinDigpz=10
WinDispi-2=10
WinDisp2-2=10
RotDispt =0
RotDispz =10
RotDisp1-2=0
RotDisp2-2=10

¢ Bystem Check Seftings
Madel = 2anm Oxide on Si
Acg. Time=4
Angle = 65

System Check Settings

fgi& System Check (R E) SHMERE, WK 12-27 fiw.
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Parm. Return Values 240K /A/(5

fE A0 analysis (Z34T) Wifaf M“get()” BB IR FIZBEMIBCE 3 E, WK
12-28 fii7 .

¢ Farm. _Return Yalues

FealTime: # OfPts =3
Fit OkiHardweare OK in spec. threshald = 0
# of Bad Pis. hefore Err.= 4

Smooth: # OfPts =10

Final: # Ptz At End To lgnare =10

Final:# Good Pts Ta Include = 10

End Pt Thk. Threshold = 0.5

End after first pt above target = False
Transient Time =10

Cead Time =1000

Shutter delay after resurme = 1000

Usze Total Thickness Toaling Factor = Fals

Total Thickness Tooling Factor=1

/&1 12-28. Parameter Return Values (Z#(28///5)

Channel Subsets 1F% F£&

& 5E data acquisition CECHE A IR KIEIE T4, WK 12-29 Fix.

¢ Channel Subsets

¢ Miscellaneous

¢ Alignment Parameters

Wiyl Start#1 =100

Wiyl End #1 = 1000
Channel Skip#1 =0
Wiyl Exclude Start#1 =10
Wiyl Exclude End #1 =10
Wiyl Start#£2 = 600

Wiyl End #2 = 890
Channel Skip#2=2
Wiyl Exclude Start#2=10
Wiyl Exclude End #2 =10
Wiyl Start#£3 = 600

Wiyl End #3 = 890
Channel Skip#3=13
Wiyl Exclude Stat#3=10
Wiyl Exclude End #3=10

Feinit hardware on first com. failure = Trug
lgnore CoarsePal Setting = true

End Acg. on out of spec. repart= False
Hide Initialization Errar Dialogs = False
Remove Pics, After Meas. = false

Z Alignment Intensity Threshold = 0.1

Z Alignment Intensity Averaging = 0

Loaok Down Intensity Threshold = 0.05
lterate Threshold = -1

Focus Option: Z Align Each Angle = true
Z-Stage Height for Auta Tilt= -1

Include Alignment Parametars With Data 3
Show Translator Controls During Alignme
Z Camera Alignment Error=0.01

Tilt Camera Alignment Error= 0002
Camera Substract Background = False

Skip Map Paoint On Fail = True |

Carnera Aligh Debug Mode = False

/912-29. Channel Subsets (& 74 ) Miscellaneous (F427) #IAlignment (X/7#) =

#.

Miscellaneous WA £

BE AT AL H P R BMECE S5, W 18 12-29.

CompleteEASE #{4-Ffit
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Alignment Parameters FEdg i/t
ik sample alignment CBES ) IS4 W B 12-29 Bk

Pattern Rec. Parameters FEHZ2H
ik Pattern Recognition C(EIZH)D ThRERI W E, Wikl 12-30 Ak

¢ Pattern Rec. Parameters
Move Delay= 1500
#ofrepeats =2
Add MSE to Parameter Log = False
Dehug Made = False

¢ Camera Settings
Brightness =128
Show Grid = False
Show Ellipsometer Eeam = False

¢ SBimple Ex situ Meas. Modes
Short Meas. Time=0.45
Standard Meas. Time=1.45
Long Meas. Time=45

¢ Liguid Cell Attachment
Angle=T4a
Wiindows: Enahled = True
Wiindows: WinRet! =-0.126309
Wiiindows: WinRet2 = 0.042889
Windows: Delta Offset Mode = 2
Wiindows: Delta Offsetl = 010833
Windows: Delta Offset? = 0.0155949
Wiindows: Delta Offset3=10
Windows: Delta Offsetd =0
Wiindows: Delta Offset Err. Tolerance = 0.9
Wiindows: Min. Delta Offzet! Limit=10.2
Windows: # of Higher Order Terms=1
Windows: WinDisp1 = 004826
Windows: WinDisp2 =-0.000203
Windows: WinDispt-2 = -0.015171
Windows: WinDisp2-2 =-0.000383
Wiindows: RotDisp1 = 0008027
Windows: RotDisp2 =-0.000633
Wiiindows: RotDispt-2=-0.001486
Windows: RotDisp2-2 =-0.0014523 |

/& 12-30. Hardware Configuration (#Z/F/ 2 ) +# Pattern Recognition (&5 H %)
Camera Settings (#7#1#&) Simple Ex Situ Measurement Modes (&4¢/57 /& # ()
A7Liquid Cell Attachment GRAAZLHHE) B

Camera Settings ¥l &
MRS S Camera (VL) BRI ERIER, @& 12-30 Fros.

Simple Ex Situ Measu. Modes
ex situ measurement modes (B52&1E Z Ml &) FIVEANHE, WA 12-30 Fras.

Liquid Cell Attachment
5 Liquid Cell Gt AHCHRE A F1E v Fiik, il 12-30 Fros o

12-378 e Reference - Hardware Tab CompleteEASE #44FHt



Heat Cell Attachment 27 B1£
5 Heat Cell Chn#ith) A IREFRFIE B ik, &l 12-31 fis.

¢ Heat Cell Attachment
Angle =70
Rarmp Step Acg. Incr.=10
Haold Step Acg. Incr.=10
Wait Step Acg. Incr.= 110
Wait Step Temperature Threshald = 1
Return setpoint to RT After Run = True
Serial Port= COM2
Windows: Enabled = True
Windowes: WinRet! =-0.000023
Windawes: WinRet2 = -0.185096
Windaws: Delta Offset Mode =2
Windows: Delta Offset! = 0.016444
Windows: Delta Offset2 =-0.073428
Windows: Delta Offset3=10
Wiindaws: Delta Offsetd =0
Windaws: Delta Offset Err. Tolerance = 0.5
Windowes: Min. Delta Offset! Limit=0.2
Windowes: # of Higher Order Terms =1
Windowes: WinDispl =-0.00542
Wiindows: WinDisp2 = 0.000237
Wiindows: WinDisp1-2=-0.005346
Windowes: WinDisp2-2 = 0.000037
Windows: RotDispl = 0.003483
Windows: RotDisp2 = -0.000248
Wiindows: RotDisp1-2= 0004723
Wiindows: RotDisp2-2 =-0.000164

¢ Transmission Attachment
Angle =50
Z-Stane Height=17.2
Allowe Auto Transmission Baseline = True
Maon Trans. Meas. Allowed = False

/&712-31. Heat Cell (/p#iir) 7 Transmission Attachment (E47 474D

Transmission Attachment Z4/ 44
Transmission attachment CG&E 8B4 FIIA, a0E 12-31 s,

Focus Option
L5 Focusing Probes (EREAEERMIEAE) MOCHBLRFE Ffidk, i 12-32 Fis.

¢ Focus Option
hax. Angle Allowed = 79
Frobes Have Lenses = true
Windowes: Enabled = True
Windows: WinRet! = 010316
Windows: WinRet2 = -0.052296
Windows: Delta Offset Mode = 2
Windaws: Delta Offset! = 0323332
Windows: Delta Offset? = -0.143634
Windows: Delta Offset3 = 0.007525
Windows: Delta Offsetd =0
Windows: Delta Offset Err. Tolerance = 0.5
Windawes: Min. Delta Offset! Limit=0.2
Windowes: # of Higher Order Terms = 2
Windowes: WinDispl = 0.024822
Windows: WinDisp2 = 0.000036
Wiindows: WinDisp1-2 = 0.001116
Wiindows: WinDisp2-2 = 0.000121
Wiindows: RotDispl =-0.0028942
Windows: RotDisp2 = 0.000705
Windows: RotDisp1-2 =-0.003371
Wiindows: RotDisp2-2=-0.000814

/&/12-32. Focusing Option (AT
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13. Reference - Options Tab

Options F3Z 40 ] 13-1 fizn. XA EXHAPEFELLFIUAER: Display
Units (273 ¥47) , Configuration Controls (it &%) , Miscellaneous (2%
T, Al About CompleteEASE (KT o PUR2IiXAF s rf fir e i & 1 fai
LU

&7 CompleteEASE o & B4
fMeaSuremenl r In situ rAnaIyS\s rHardware r Options. |
Display Units Configuration Controls About CompleteEASE
Wavelength Units: |nm - | Edit Configuration | Version: 4.62
©1999-2011 This software is only for use by
¥ i
Thickness Units: |nm - |mport Configuration J.A Woollam Co., Inc. JA. Wooilam Co. Customers
Optical Constants: |n&k - Authors: Jeff Hale and Blaine Johs
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13.1. Display Units E/~BAr
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A nm. opm. eV, Al Ueom /BRI BT,
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Thickness Units JEEFBLAr

HEE AL nmy opm. R mm (EREERA, |

Optical Constants Yt2£% %

SRR 4 6 WO S A 0 & 1 LA LB el & €27, PIFIR I
LI FX R

~_ =2
E=N (13-2)

RER BB MEFN SORME TR, HEHUE P DK XA T E .

‘Use Defaults’ & FHERIME

B RRERFZENIEBGOAME, FHHHEEN nm 98K, EEN nm, s
HoN“n & K7,

13.2. Miscellaneous Z+Ti

Miscellaneous AR (& DU/ M4, Wik 13-2 Fios.

Miscellaneous

Reset Win. Size | Manage Users || Show Manual (F1) |

| View CompleteEASE Shortcuts |

)

/& 13-2. Options 754 11/7 Miscellaneous /i7#¢

Reset Win. Size EE & O R~}

iR [1] CompleteEASE % 1 RERIA KN

Manage Users &3

&t ‘Manage Users” CEELF ) SRIZEH P4, LI access level (15114
A Al password (Zh5) , & 13-3 fiin. d#id fifi ‘Define User Privileges’
CESCHPBURD » F AT L s SCA Engineer CTFEIT) IR, X A%
FKHT IR 13-4 it 1. CompleteEASE Configuration W] IAE#HE—25 H
EX CR—71) &
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User Management

Current Users

User Mame Fassword Access Level
Default SysOp
Eob hobhy Engineer
Jill Jillian Technician
Add Mew Lser | | Edit User | | Delete User

| Define Lser Privileges |

Cloze

/&/13-3. Manage Users (JHF&ED g, £/, passwords (#15) AR AT LT

BHE.

Edit User Privileges

Editahle Privileges

B4

Description Engineer
Save hodels v]
Access Advanced Hardware Tahs [ ]
Access Configuration Dialogs [ ]
Access User Management Dialog L]
Create Mew Folders v]

Close

[/ 13-4. & X Engineer ZZ%)//# F /17 Privileges (/R

Show Manual (F1)E~FM
M5, PDF [ CompleteEASE FM# B~ 7E PDF Zra B A4 . Kl 13-5 R

TR AFMF UG TAZ T FLERETR

v :PDF T Mo T3+ EALE C:/CompleteEASE Hs% . ‘Bl f# ] Adobe PDF #i%
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[C3 11. Appendices

Version 4.05
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View CompleteEASE Shortcuts
M X AN R B F CompleteEASE H i SR, Wk 13-6 Fizn.
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CompleteEASE Shortcuts

There are two types of shortcuts within CompleteEASE. First. like with all software, 1f a letter 1s shown that is =
underlined, the shortcut for that command is to hold ALT button and press that letter. For additional shortcuts that are
more global incorporate the CTRL, SHIFT, and ALT buttons. These additional short cuts are listed in Table below:

Shortcut Function
CTRL-M Go to Measurement Tab
CTRL-A Go to Analysis Tab
CTRL-H Go to Hardware Tab
CTRL-O Go to Options Tab
CTRL-P Graph the Psi data curves
CTRL-D Graph the Delta data curves
CTRL-N Graph the "N" data curves (N.C.S format)
CTRL-C Graph the "C" data curves (N.C.S format)
CTRL-S Graph the "8" data curves (N.C.S format)
CTRL-1 Graph the pseudo el data curves
CTRL-2 Graph the pseudo €2 data curves
CTRL-T Graph the Intensity data
CTRL-Z Graph the Depolarization data
CTRL-L Add to Fit Log
CTRL-ALT-L View Fit Log
CTRL-R. Add Analvsis Report to Clipboard
CTRL-ALT-O Toggle Default Optical Constant units between "el & €2" and "'n & k'
CTRL-ALT-W Toggle Default wavelength units between “nm” and “eV"
CTRL-ALT-S Show graph statistics
CTRL-ALT-SHIFT-I Add the In Situ Tab
SHIFT-Mouse roller When positioned over model parameter, it will increase or decrease this parameter.
CTRL-SHIFT-Mouse roller | Same as SHIFT-Mouse roller. but with smaller parameter increments.

If vou are working with Uniformity Mapping data, the following short-cuts can help manipulate the data and graphs.

Shortcut

Function

CTRL-Click on Point

Select/De-Select Point

CTRL-ALT-Click on Point

Delete Point

CTRL-ALT-SHIFT Click on Pomt | Show camera image from point (when available)

CTRL-SPACE BAR

Switch view from single-point to Map

Close

/& 13-6. CompleteEASE 1/t {# £ 51| %

13.3. Configuration Controls Bt B 24

‘Edit Configuration 4R3E AL B’

‘Edit Configuration’

(AL E ) FVER CompleteEASE i H-IC & #E4T 5E il o

bk, TR 13-7 s i D S S IE S F AR R E, Ty
JRIRTN S . WAk, 3 V2 Bl i) S s Jok o A2 B, 5 REEREAT,
A] L)% 3 R “Show Advanced Config. Options” (B /REFCE) « A7
TR I F & 13-8 P o
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CompleteEASE Configuration

Configuration Parms General

o General

o= Memory Management
o Display Units

& Hardware Simulation Mode Reset Parameters to Defaults
o= |n Situ Tab Parameters

Description
General purpose configuration parameters.

[]'show Advanced Config. Options ‘

Close

/&/13-7. Edit Configuration (#/&) & 17

Configuration Parms

o General

o= Memory Management

o= Display Units

o= Remote Communications
o= Window Setup

o= Graph Clipboard Parms

o= Hardware Simulation Mode
o= |n Situ Tab Parameters

o= Data Export Parameters

o= Shutter Controls

Show Advanced Config. Options

[13-8. 94 7% Advanced (/&Z%) #Ji/#9 Edit Configuration Z'/7

CompleteEASE Jit & P KK 70 B B A S EH UK, X P RERA B E A U
W RAR AT — DI, AL E R LB IR E A . RO AE AR E S
— B REAMERR S I F AR AR R iR .

General Configuration Parameters

General CH¥#1) BB S8 B R7EE 13-9 . YRk 3E—% HI, HR K
WKL H4EFZ R, 4 User Log-In Mode (/& 5tJ730) Al Users
Have Own Folders (A H ARISCARIE) PRANEDT.
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Configuration Parms

e Eeneral ||
Font Name = SansSerif
Font Size = 14

Graph Font Size = 16

Look & Feel = Metal

System time mode =3

User Log-In Mode = Login Mot Required
Auto Fit Enabled = True

Always Add CE Folders = True

Users Have Own Folders List = true
Clear Data On Logout = true

Always Show In situ Tab = False

Use Unicode = True

Force Read of Tabulated Mat Files = False
# of Cores for Data Analysis =0

&113-9. General () HEZH

Font Name Z#£ 4%

CompleteEASE FARF R AR W TR HER Pk e 74k, 13-10 fir
7No

1]

P4

Edit: Font Mame

SansSerif |v

‘SansSerif |~
[Script MT Bold :I
Segoe Print
Segoe Script —
Segoe Ul
Segoe Ul Light
Segoe Ul Semibold
Segoe Ul Symbol

A113-10. M FHzHEH#FE Font Name (FHE5 7))

Font Size ZHZ£ AN
CompleteEASE = 1) i b R~

Graph Font Size FEZH#R
P T H SCAR 1) A4 R RS

L« [ T

Look & Feel

TR ERE RS AR, fe e H P AR TR 1 look & feel (R |, wnE]
13-11 o
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Edit: Look & Feel

Metal ‘ -

Metal
Riimbus Lt
CDEMuatif
Descriptiorwmdows

TSpeciﬂestwmdﬂws Classic Fr
interface elermmeTm

I 13-11. “Look and Feel” (/&) T 1t FEHE 7 HT A G

System Time Mode

7€ CompleteEASE fiff & I W] Fr {3 I O 7 1%, BLE DA 300
Java time call
Windows GetTickCount

0

1

2. Windows timeGetTime

3. Windows Performance Counter
4

CPU Counter

User Log-In Mode &R
P P e B SR AU MR Th e . M E 2 AR, HThREE L, Wy
1.5 frik

Auto Fit Enabled /& B 51#4
CompleteEASE Jii 2l 48 & “Auto-Fit” (HBIHE) 2 H. Analysis>Fit: [f
R ) “Auto Fit” (HZNHAED SRk & A R H .

Always Add CE Folders

24 CompleteEASE #JH ahitf, $& e e 34l H 5% (B & C:\CompleteEASE) T )
HR R B 2RmmBHAPMENR. JixEL P, WIHGEET, mET
1.5 firiks.

User Have Own Folders List

MFEEM M Log-in CE%) B, CompleteEASE {#FFEEAN I /A7 B % 1 JHT
MR BEZ MR, LDREEE, WEAT 15 Tk
Clear Data on Logout B4 7E8 12

FEM S Log-in C&E) B, 24— logs out i}, CompleteEASE ¥
FaEd . model (BERY) AN recipe (AbJ7) o X —HIREE, H—AHp
logs out GEH) B, "&nLART LA 45 B AR B 7E CompleteEASE H1.

Always Show In situ Tab Z8Z4Z 7 In situ 58

BIRXAEIBE T, insitu EHFR SR RN BIXAETAE P, insitu
T3 AR 225 R & SR insitu W & 5 2 7R (Heat Cell, Liquid Cell,...).

CompleteEASE #{4-Ffit
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VERCWR In situ ERBER—EHER, MHAPBETANZERERE. S CTRL-
ALT-l HEFEITT Y5 A In situ EZRH,

Use Unicode
18 E I gm A S ARl B ORI models CBERY) . EAF YR R T 30) #45
5, DAIHETON, ¥ E AOff 1 LR 55 CompleteEASE 3R A4
wk.

Force Read of Tabulated Mat Files
¥8 52 T RV B SO B MR R, AR SO F . AL — BN %%
N FALSE (3B .

# of Cores for Data Analysis

o & BUE M i A RS AL RS A% . ORI R ATE TR A XAME RS
DL AR R T over-ridden (BRRE)

Memory Management Configuration Parameters

in-situ (FEZR/IRAL) Hds @ SR KA EURN 78 VF (1) e KIS TR B T AT
2E. 2K 13-12,

Configuration Parms

2 Memaory Management|
Max. Wavelengths = 1500
Mazx. Time Slices = 100

¢ Display Units
Light Units = nm
Time Units = minutes
Rate Units = Als
Thickness Units = nm =
Opt Const. Units =n & k
Temperature Units = °C
Translator Units = cm
File Save Prompt = True |

IC

/4 13-12. Configuration Parameters (Z4{i &) #Z[7+//7 Memory Management (/477 &
#E) FIDisplay Units (Zn#17) B

Max Wavelengths #ABKH#E
CompleteEASE 1@ i3 ¥ B i KK R IE 6 WA R R 2 .

Max Time Slices ZA# /84
CompleteEASE il it ¥ & sh A SR 1) % R 18] i B R H WA & R &

Display Units Configuration Parameters
Display Units Cl7RHA7) #5313 B CompleteEASE H [HERINHLAL, 2 I
13-12.
Light Units JE 447
BRI KEOE TRER I SRAL, AT LUERE AL nmy pm. Liem 5 eV.
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Time Units Af/E/# (7
IR B Ar, T LLIEFE seconds.  minutes A1 hours

Rate Units #E&EH

Growth (ZEK) /etch (Zlth) Mish&EEpnn, v lik# As. Amin. A,
nm/min. nm/hours pm/min Fum/hour

Thickness Units E&H ()
JEEE AL, AT AR AL nm. pm AT mm.

Opt. Const. Units JEZE$4# (7

Optical Constants (J&2%H 40 HA7, BT LUESE “n&k” Bie1&e2”.
Temperature Units 2 /&#(/

Temperature GELEE) A7, W LL%E#E T 5 K.

Translator Units E5) 5 #HLr
o & AR AL, W LLESE cm 38 mm.

File Save Prompt X/ R

RAMELH G AR RAF S5

Remote Communications Configuration
Parameters

Remote Communications CGZEFEIEIH) #7335 815 CompleteEASE {4 37l il
Z I P 13-13 B 2 0

Configuration Parms

% Remote Communications|
Communication Type = NMone
TCPIP Port # = 4444
RS232 Baud Rate = 9600
Serial port = (Mone)

Auto Report = False

Auto Report Format = Status Text LS
Allow Parameter Qluery = False
Save Results To Database = False
RunRecipe - Out Of Spec = False |

[ »

/& 13-13.Configuration Parameters (=402 ) & /747 Remote Communications (272
i) B
Communication Type & HXEH

THFETFE LS CompleteEASE #2)F 2 [H] (@ W 7% . e+ None R/ A il ]
KA. HERTEHE TCP/IP il RS232,
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TCP/IP Port #
CompleteEASE Il 554 A0t Uir (14935 115

RS232 Baud Rate F4FZ&
5 @ A2 . Baud rate for serial communications.

Serial Port &7
5B AT BRSO 5,

Auto Report &3)7R&

¥ Auto Report % B4 on B, 4 FECFFFRPIE, FAARPEY
Asynchronous (5F#5) TCP/IP S I E3E R EMINA 5 24 i b L& S5
. X RAH% communication type GEIRIEHY) A TCP/IP I .

Auto Report Format A 3/#R & #C
Fi 52 fd Fl Auto Report B (I3 #% 30, Status Text CIRZESCAS ¥R [F1 40 Simple
Mode status box %1% F1 (2%, All Parms 4% 5] €35 A8 L6 a5 S50 Fr g S50
1BIESHCRZS HIAE 187 . A b A &7 o

Allow Parameter Query 7405 71/
MENrue”l, A SECTUEAE R B BVAAN EENE . XA S ik
model 70L& AT 2 i@k TCPIP ) 7] Gz FE v ML 2% £ 3 v 1" TCP/IP
Port #" 11 2) %1918 .

Save Results to Database &4 EREDIHHELE
BN true F, recipe (AbT7) W ALE 45 SR A A M B — AN EORE . 3L
2R URL 75244 enf H 3¢ T DB-URL.conf XU AR B

RunRecipe — Out of Spec

TRE HHUCE] RunRecipe iy, IR B FAF RS . O0S T & S L E
MAEH], B EEL K8 % S error bar (RZELR) HIHIRHIVEE, XL
FEAERSIY P E [

Window Setup Configuration Parameters

Window Setup (& M%&) #rWE & O MEE, % shape TER)
size (JX~F) Fl location (V&) . = WK 13-14.
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Configuration Parms

[ Iﬂindow Setup

Title Text =
Title Bar Color = —
Start Up Tab = Ex Situ
Width = 1214

Height= 1154

Top Left Corner X = 204
Top Left Corner Y = 32
Divider Position = 415 |

/&/13-14. Window Setup (Z /[T E) B EZH.

Title Text ZaI XA

S IRAE CompleteEASE F& /7 bR AL A 1 SCAR

Title Bar Color Adifighits

FE 7 B0 B b A i s G SR e, 42 blue’ (W) . ‘green' (4%
@) | 'red (Z0f8) | 'orange'(FEfR). 'yellow' (GEA) . 'purple’ (MRt i
3ANHZS K& 4> FF ) RGB BEHUE . (i1, '160 250 240'/ cyan 5 t4) .

Start Up Tab /Fa/kr81 F 4

CompleteEASE J& 3l BRI L FOARSS /28 . WA P J5 B, ik d%
technician level (£ AR 52 4000) B, X AR BRAIA .

Width Z/&
MR N BRI & M .

Height Z/&
DG 2 N A () ) v

[ »

Top Left Corner X
DU RN AE AT X ALE .
Top Left Corner Y
MG RN AL EMAE T Y A2E . /Y position of top left corner of window in
pixels.
Divider Position &/ &
DIGZ N HAL ) graph 7 B0 E .

Graph Clipboard Configuration Parameters

Graph Clipboard C(EIEE M) S4B graphs (EITE) & il 28 AR
t N i) dimensions () Al resolution (43 #5%) ERIME. 2 WK 13-15.

CompleteEASE #{4-Ffit
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Configuration Parms

¢ |Graph Clipboard Parms)|
Width in Pixels = 540
AspectRatio=1.8
Resolution Factor = 3
Auto Legend Position = True
RTF Left/Right Margin =1
RTF Top/Bottorm Margin =1

/13-15. Graph Clipboard (&/EETIE#K) Bl EZ#

[ »

1]

Width in Pixels
DU R N BT I FE Clipboard H7(K) Graph 56 J& .

Aspect Ratio K#F K
52413 Clipboard H1i (1] Graph K5 Lt .

Resolution Factor ##% &7
Graph FI% LA F . IXANEUE 3 DL 96 5 A 55 Bb SR A e PG A i 1015 R s

Auto Legend Position &37&6/(/ &
2421 graph (BB BIBTIGHR IS B 78 E B DL/ Ml 3005 78 w5 Ta

RTF Left/Right Margin
NBTIEER G RTF NS, oAU ) DA R .

RTF Top/Bottom Margin
NBTIGER B RTF N AR, AR [ TUA R,

Hardware Simulation Mode Configuration
Parameters

Hardware Simulation CREFFASAEL) AR S 5318 B a0 SR AR A T2 2 6 A2 7536
R TR, 20 K 13-16.

Configuration Parms

¢ Hardware Simulation Mode |
Simulation Enabled = false
Simulation Data File =

¢ In Situ Tab Parameters
Show Error Bars in Parameter Graph = False | |
System Check Button on In Situ panel = True
# of Model pages-Insitu =4
Rep. Converter Mame =
Show Received Cmds = False
Allow Second Model = False
Single Model Mode =0
Show Fast Acqg. box =True =

/713-16. Hardware Simulation Mode 77 In Situ 7= &4/ B =4

[ »
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Simulation Enabled G/ A
ki, CompleteEASE f# [ simulation ({53 Bz, AR
Wi SR B2 50

Simulation Data File
faE(FH simulation (4 E) K H ZhE A 1) CompleteEASE i S0 #F

In Situ Tab Configuration Parameters
InSitu (FE£%. JRAL) FREASEER,  In Situ S HMVEG L E, R
PERGEAIE Y in situ Bt i I R . 2 UL 13-16.
Show Error Bars in Parameter Graph
HREMREITIFEN on OFE) I, ZHERK EoR 4 Sz A2 ERm 2 %,
A Y Bk R 2R 1 A0 2 /9 error bars (IRZEZR)
System Check Button on In Situ panel
M RCE N true (DD B, In Situ FESE A H I System Check (REiR#ED)
L. MpiiiE N false (JF) B, Check Substrate (R #r3E)E) #4404 H B .
# of Model pages - Insitu
In Situ =32 #rf model (KAL) TURGATHI%LE . & — D TUHE S 4> model (1
D o BCORTUECN 8, f/hNIECH 4.
Rep. Converter Name
WIRMERF AR FIEX B, —> model report (BRI 4 (H1 simple insitu 5
) W E RIS, SR HIET. 1EN— T S8 U 20
IR . XAMEF 7 Z i B AE CompleteEASE Hk T .
Show Received Cmds 2R #rS

fE In Situ TS HH status CIRZS) HEH SRR B 1 A 2 R S04

Allow Second Model £ ## —#H
YA EE N On B, H AT FRIREE A model (B H—AMZHl, ©
AR — /MR —FE DR R A s, (A S Ak . 3 MRS
HIESHE S, SRR T —MER SN 4T

Single Model Mode # 2B
5 5E 24 CompleteEASE B #hitt, WA model (KAL) 40K HE 0% . W B ~“0”
K P AR o

Show Fast Acq. Box
In Situ 3= 3% B A5 “Fast Acquisition” CPRECKAE) IEFRHE,

CompleteEASE #{4-Ffit
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Data Export Parameters gt =%
el th 2805 B e N A O, 16 CompleteEASE H 58 H 1) 43T K 3% B 700
. ARPRKESHIIER 13-17 4.

Custom Export Application
2ok HAE P SR 488 B8 N, BROCI & J5 i2AE 7 18 47 A%t 45 SR B S5
FERF R FE . “Export Meas. Results”i& Wi N iZ gk b, NAEF LA E
7£ CompleteEASE H 5.

Append Timestamp to Data File

Mg, AT AR BRI recipe (AbJ7) I SRAT B I SO 44

Export Recipe Data as Text
HIENZHEE N true (D B, AT recipe (1b77) WEE, WKL
WA text (OCA) A% HE .«

Include Hardware in 1Pt Export Format

W A e, OO T4 T recipe (AbJ7) MR B SR, 4
BRANSHBEN True (FO , BEFARRSECEININEN iy i SCASC . 43K
NSHON false CIE) (BUAMED » RAME SN

Shutter Controls Configuration Parameters

Shutter Controls (¥&#) SR B4, W B S SR & 57E2% shutter %
A . 2 WK 18-17.

Configuration Parms

| »

¢ Data Export Parameters|
Custom Export Application =
Append Timestamp To Data File = False
Export Recipe Data as Text = False
Include Hardware in 1Pt Export Format = Fals
¢ Shutter Controls
Treat as Signal = True
# of Shutters =0
q] i [[r]

/&/13-17. Configuration Parameters (Z#(42) A /77 Data Export (H#5#H )
Shutter Controls #4 4 -

[4]

Treat as Signal

Treat the shutters as signals instead of shutters. The difference is that in process
control conditions, a signal remains off until the target thickness is reached whereas
the shutter opens (turns on) when the growth starts and closes (turns off) when the
target thickness is reached.

# of Shutters
AR E W) shutter B8 . i KREE 2 4.
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Import and Save Configuration

EN—GIHE EVERIEE X2 —6 F, &Ll Save Configuration” (R
FHCE) , #AJ5 ‘Import Configuration’ (SFAEE) . XA THEZ GIFENL
_# ST A E ) CompleteEASE % H .

13.4. About CompleteEASE

K] 13-18 SR T “About” (5T A& . HPESHARRAS, N,
FRRAUE S o

Create Debug File

ikt SRR R B — N TR AR, AR SR SO % B Woollam A .
W47 C: \ CompleteEASE\ CompleteEASE_Debug.zip. KX
A Email CRIEHFIELE) 45 J.A. Woollam 75 FR 5T4E A 7 (AR AL, LAHSBY
SRR R A R G

View Error Log

EoRER H &

About CompleteEASE

Version: 4.62
& ® 1998-2011 This software is only for use by
JA Woollam Co., Inc. JA. Woollam Co. Customers

Authors: Jeff Hale and Blaine Johs
Loaded Configuration: Default (Modified)
Hardware Firmware Version: 17.034 (17.037)

Heap Memory. Used =551.72MB, Max=1013.6MB
Mon Heap Memory. Used = 26.02MB, Max=100.7MB

Create Debug File Wiew Error Log

&713-18. About Z/7.

CompleteEASE #{4-Ffit
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14. Appendices

14.1. Troubleshooting Guide #[EHFRTERE

R4 5% CompleteEASE B G I RS A R L, 15 5 T fE L LA
Woollam 22 " ACRAEEL R . O 1 /b SCRFm I ], AER AR AL Z I, 1 61
S TS T A8 IR ) VA S I IR T R

| I A, Woollam 2 il (9% 44 T bLE Section 14.4 k51,

Reporting Problems to the J. A. Woollam Co.

U SRAE A BRE A7 A R, T DR DT R RS TR E R S, R
i£3] Woollam A%l $ATUL TP ER, ARAATHIACE . log (HE) 3CfF. T
RAEHH W 4 e 4 B — /1> 44 79 CompleteEASE_Debug.zip /7 X 7F, ARAT LKA
SCA VAR ] Rt iR MR 2R A5 8 A0 FE PR ATl S he A B T e A
L, BATTRE S A B f Rag i 5 i R

Creating a Debug file A& R4
1. A7 Options F3E 5
2. Aiii‘Creatae Debug File’ %4l

3. Debug CHER) SCHM& TR E :
C:\CompleteEASE\CompleteEASE_Debug.zip.

VER : Debug UK AT FORE (4 AR e B0, BAR 24 ETH) Error Log (352 H
B AR — ZIP 3.

PG IXA SR R 3% H TR 2] JA. Woollam Co., Inc f8F4b, LAEE B X
ARG
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14.2. CompleteEASE Data Transfer (to/from WVASE32)

CompleteEASE “Fl WVASE32™ $dfs S ANRE ELIE S, R BRI AR X
ANE . WVASE32 13/ ASCH SCARS RR, 1 CompleteEASE SCAF 2
“encrypted” (%) 1. CompleteEASE AN % /& —Fh“copy-protection”
(CEHIRYD $855E, DN AN RAFZE AT I AN 7 B “activator key” GEUEHHD)
M WVASE32 2 75 2],

WIRARE — 4 WASE32 #A4F 15 2 Bl £ 1) software key (activator) (i)
PRAT AR 758 ) import () Al export (5 HY) s CpE K s e AT HIA%
DL Z¥ WVASE3?2 5k CompleteEASE #1f

Experimental (SZE6) #df & 1 A] LT CORFFE SO OB 3% 4. M ATHTJF
B IE A 2B

PATLLT IR, (EfT7E Experimental (S246) Hudls i D P ISR SR B (IR BEA TR
17, =MD o

Importing CompleteEASE Data to WVASE32:

1. 7F WVASE32 #ff Experimental (5236) %% 1111 FILE 328 ik £
“CompleteEASE Data Transfer”, J s 7 “Import Data from
CompleteEASE”.

V.A.S.E. for Windows
[ Range Select Anges Delets Data  Change Data Typs

Selected Type nm Angle Data

»[ tmpor o ASE
= Export Data to CompleteEASE
Infi ion

Copy to Clpboard
1 CAWVASE32\EXAMPLES{TIN.DAT

2 CAWYASES2\EX AMPLESITHERMALS. DAT
3 CAWYASET2IEX AMPLESITHERMAL®.DAT
4 CAWYASET2IEX AMPLESITHERMALS.DAT
5 CHVASE32IEXAMPLESITHERMAL2. DAT a
sC 1.0AT

7 CAWYASES2\EXAVPLES|SI-OXIDE.DAT = p =
8 CHAWYASET2IEX AMPLESISILVER. DAT a

 CHAWVASET2IEXAMPLES|SI_BARE.DAT

CHWVASET2IEXAVPLESIPOLY-SLDAT 3
CHWNASESZ\ERAMPLESIPOLY_R.DAT

CAWYASESZ\ERAVPLESIPOLY_0K.DAT

CHAWYASET2IEXAMPLESION-ETCH.DAT

CHWYASE32IEXAMPLESIORGANIC.DAT
CHWVASET2IEXAVPLESIMG_CR_F5.DAT 12
CHAWNASE3Z|EXAMPLESIMCT_BULK.DAT

CAWYASET2\ERAMPLESIMBE.DAT =

CAWVASE S2IEXANPLESito dat L
CAWVASE32IEXAMPLESIHI-LO. DAT
CAWVASE2IEXAMPLESIGROWTH.DAT

Exit

v

Figure 14-1. A Experimental (3£4%) 2045 & ITHIFILE (XfF) FEHEH1EFF
CompleteEASE Data Transfer .

2. SAUIFEEIRIE M CompleteEASE % 205 N M SCfF. T LAk #EZ
A

CompleteEASE #{4-Ffit
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Select Files to Import from Complete EASE @

Loak jn: ‘ (9 Eramples j . rjf =-
_2_ 25 n 5i, 5 @Flow-on Glass on 5i.5E
L gﬁunm Owide on Si.5E @Fused Silica Substrate, SE
My Recent &8 120nm Oxide on Si.SE 5B Glass Substrate.SE
Documents g 3000 Oxide an 51,5 & cLass 56
[T &8 1600rm Oxide an 5.5E HBcLnss_T.oE
&) L Gans SE 10,58
Desktop |8 an1soTR SE 170 on Fused Siica.5E
@a-ﬂ Mulkilayer . SE @ITO on Glass with Backside Refl.SE
a-5i on Glass #2 with Backside Refl.5E @ITO on Glass. 5E
88 2-5i on Glass #2,5E Bita s
My Documents g o) o, class. 5 HBCT_BULK.SE
. &) cHROME  SE BB _cr_Fa.5E
[e=1 &Boic.se BB Multi-order Waveplate, 56
My Computer < 1 >
- File hame: |25nm Oxide on Si.5E j Open
My Metwark,  Files of type: | Data Files [* SE."i5E) - Cancel
Flaces

™ Open as jead-only

K142, EFFEIFE-FARIXL

3. SNUREFIRERAAH S H 3. SARISCIER BL WVASE32 %
RAFAE TR B X

Browse For Folder E

Directory For Data Impart from CompleteEASE:

[0 BACKUR, 10
[0 BACKUR, 11
10 BACKUR, 12
10 BACKUR, 13
[®] CcinpleteE ASE Data Transfer
& DaT
IC2) Drivers -
[C5) EXAMPLES
I3 Mat
— .
< | =

|

| €

[ Make Mew Folder ] [ 0K ] [ Cancel ]

K 14-3. FFFFALHE AR E

4, SANXMHE, BHI—ZHEE, WK 14-4. ZFTR<.SE” Al “iSE” 3
LAEARAE N WVASE32 (1] “.dat” % 2

CompleteEASE Data Import fg|

L
" | ) 56 out of 56 files successfully imported

K148 Jrfy AT AL FA S 176 o

14-398 e Appendices

CompleteEASE #/4-F/t



Exporting WVASE32 Data to CompleteEASE:

1. £ WVASE32 #/F Experimental (S246) ¥ & 1114 FILE 328 Rk #
“CompleteEASE Data Transfer”, Jf s “Export Data to CompleteEASE”
%I, & 14-5.

V.A.5.E. for Windows

Open Exp. Fils el - [B]%] - Experimental Data:

append Exp. File
Herge Exp. File

Selected Type nm Angle Data

Comment Data
Information Chri4l
Capy to Clphoard

L CHWYASEIZERAMPLESYTIN.DAT
2 CH\WYASEIZAEKAMPLES|THERMALS. DAT
3 C\WYASEIZIEXAMPLES| THERMALS.DAT
WY ASEIZIERAMPLESYTHERMALS, DAT
CHUWNASEIZIEXAMPLESITHERMALZ DAT
CHUWNASEIZIEXAMPLESITHERMAL L DAT
C:\WAASESZIERAMPLESSI-ORIDE.DAT
C:\WNASESZIERAMPLESISILVER DAT
C:\WNASESZIERAMPLES|SI_BARE DAT
\WUASESZ|EXAMPLES|POLY-S1DAT
\WVASESZ|EXAMPLES\POLY_R.DAT

VWVASESZ\EXAMPLES|POLY_OX.DAT

VWVASESZ|EXAMPLES\OX-ETCH.DAT

\WVASESZ|EXAMPLES\OR GANIC. DAT

\WUASETZ|EXAMPLES\MG_CR_FS.DAT [
\WVASEIZ\EXAMPLES\MCT BUILK.DAT _
\WVASESZ|EXAMPLES\MBE. DAT

\WVASESZ|EXAMPLES\te, dat &
WVASETZ\EXAMPLES\HI-LO.DAT g
CHWVASESZ\EXAMPLESIGROWTH.DAT

4
5
3
Z
g
el
[«
[s
[s
[s
[«
[«
[«
[«
[s
[s

Exit

v

AJ14-5. #FF “Export Data to CompleteEASE”

2. SHiFEEEES S CompleteEASE ) WVASE32 #iifs, 114 14-6.
AT DA AR

Select Files for Exporting to Complete EASE @

Laok jn: | £ EX&MPLES - emciE-

| ®|OK-ETCH.OAT  |#]TIOZ.DAT

. Edla ;
L ;.5 | @|AMISOTR.DAT  |@]POLY_O%.DAT

MyRecent  ||@]cCHROME.DAT  |®]POLY_R.DAT

Dacuments @) ¢ pat |#]POLY-SLDAT
[ |#®] GLass.0aT |#]S1_BARE DAT
|®|cLass_T.DAT || SILVER.DAT
Deskion || ) GroWTH.DAT  |#] ST-OXIDE.DAT
_ |®|HI-LO.DAT | @] THERMALL DAT
’_} |#]ito.dat |#] THERMALZ DAT
|#|MBE.DAT || THERMALZ. DAT

My Documents
b | #|MCT_BULK.DAT | #] THERMAL4.DAT

. |#|MG_CR_FS.DAT | @] THERMALS.DAT
|®|ORGAMIC.DAT @] TIN.DAT

=

ty Camputer

‘g File name: [sLGAsG DAT -] geen |
Ky Mtk Files of type: |Data Files [*.dat,” bdt) ﬂ Cancel

Places

[™ Open as read-only

FI14-6. EFFZZHIHFTWVASES2 045 X 1F.

CompleteEASE #{4-Ffit
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3. SRk EFE, SHF CompleteEASE IR RAEEXA H e,
W 14-7. S HE K L CompleteEASE #4 3 ARAT .

Browse for, Folder

Directary For Data Expart to CompleteEASE:

=) Local Disk (C:)
{C) ANDREA
) backup
=) CompleteEASE
1) enf
=) DAT
I} amples
I ar
[C3) MAT
I3 MoD
1) recipe

== CareelabaE ACELT0

[E3

W

| =

|

I Ok, H Cancel l

B 14-T. 0I5 KR A7 7T 6 1T CompleteEASE /717 & o

4. HFHE, SHHLINMERE. ZATH<.dat” 1 “bdt AR RN
CompleteEASE #% [ “.SE” 1 “iSE.

CompleteEASE Data Export r}_(|

» | J 24 out of 27 files successfully exported

RI1A-8. JIrf XN LT HIG 8 . A REG X T%F il HrEE)-Z ) X
HAWIH] -
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14.3. Comparing Results between CompleteEASE
and WVASE32

XT3 WVASE32 A ', k3 CompeleteEASE [ 1RE, Al 1847
TE—ER A% . Ei WVASE32 il CompleteEASE 43 #r 45 i, 1%
UL ZES .

Fit Weighting

TAAALE PR A R B8 20 B A0 P AR R B 4LE AEE . WVASE BRIAE
“Experimental Standard Deviations”, 1l CompleteEASE 1 ] Zkil NCS.

Depolarization Data

W E 42 2 depolarization GE#R) M=, WVASE32 ¥ HAH5%] MSE it
ARG . BRIELE"Fit Option"Hh {8 5E, 3% CE KA depolarization (iE
R HHRF) MSE 11 Al &,

Intensity Data

R EHE & CompleteEASE K41, Intensity (BB tHid S (HEAHTHLE
BrAETE Fit Option 82 E) - WA XA CompleteEASE £idi T A
WVASE32 1, Intensity (522) #dls [ 5N, WVASE32 K H shilh & X4 %
5, Ak, AULHC CompleteEASE fAREIL A, 77 22\ Experimental Data (SE
ISR HAEER Intensity CRRFE) AU (ff VO LR .

Surface Roughness

7t CompleteEASE 1 Surface Roughness (F i) JZ & stealing” (Z7ED) =,
IR T ZIREHRE 2R EE . i, Rk )2 Bos 100nm FE,
4 2nm Surface Roughness CRTHFLRE) , FLAYSZPRITH 99nm J2 JEE A1 2nm 1
B2 o fE WVASES2 Fi AN X BT 8: BoH 5L 100nm J2 5B AT 2nm HLRE 2
F INTERMIX GBS 2, WVASE 1# il stealing” (&80 7730,
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14.4. Contacting the J.A. Woollam Co., Inc.

J.A. Woollam Co., Inc.
645 M Street, Suite 102
Lincoln, NE 68508 USA
PHONE: 402-477-7501
FAX: 402-477-8214
Sales@jawoollam.com or Support@jawoollam.com
www.jawoollam.com

Germany & Europe
L.O.T.-Oriel GmbH

Im Tiefen See 58
Darmstadt 64293 Germany
PH: 49-6151-880668

FX: 49-6151-896667
wagner@Iot-oriel.de
www.lot-oriel.com

United Kingdom
L.O.T.-Oriel UK & Ireland
1 Mole Business Park
Leatherhead, Surrey

United Kingdom KT227 BA
PH: 44-1372-378822

FX: 44-1372-375353
heath@Iotoriel.co.uk
www.lotoriel.co.uk

France

L.O.T. Oriel France

4, Allee des Garays
Palaiseau, France 91120
PH: 33-1-69194949
FX: 33-1-69194930
sudrie@lot-oriel fr
www.lot-oriel.fr

Italy

L.O.T. Oriel Italy

Via Francesco Sapori 27
Rome, Italy 00143

PH: 39-06-5004204
FX: 39-06-5010389
schutzmann@Ilot-oriel.it
www.lot-oriel.it

Japan

J.A. Woollam Japan
Fuji 2F 5-22-9 Ogikubo
Suginami-ku

Tokyo 167-0051 Japan
PH: 81-3-3220-5871
FX: 81-3-3220-5876
info@jawjapan.com
WWW.jawjapan.com

Korea

Wizoptics

#501, Taebo B/D

240-5 Gocheon-Dong
Uiwang-si, Gyeonggi-do
437-801 Korea

PH: 82-31-477-3785
FX: 82-31-477-3786
info@wizoptics.com
www.wizoptics.com

Singapore

Crest Technology

4 Loyang Street

Loyang Industrial Estate
508839 Singapore

PH: 65-6546-4811

FX: 65-6546-4822
marcus@crest-technology.com
www.crest-technology.com

India

Sinsil International

New Bramhand Annex
Phase 8, G7/G2

Thane (W) 400607

Mumbai, India

PH: 91-22-2489-5077

FX: 91-90-2722-5513
sinsilmumbai@gmail.com
www.sinsilinternational.com

China

Genuine Optronic

Room 906, Block C

No. 70 CaoBao Rd.
Shanghai, 200235, China
PH: 86-21-64325169
FX: 86-21-64326125
sales@gen-opt.com
www.gen-opt.com

Taiwan

Titan Electro-Optics Co.
14 Fl., No. 19-11
San-Chung Road

Taipei 115, Taiwan

PH: 886-2-2655-2200
FX: 886-2-2655-2233
sales@teo.com.tw
www.teo.com.tw

Australia

Scientific Solutions

P.O. Box 196

Nambour

Queensland, Australia 4560
PH: 61-7-5472-7288
info@scisol.com.au
www.scisol.com.au

Israel

VST Service Ltd.

P.O. Box 4137

19 Imber Street
Petach-Tikva, 49130 Israel
PH: 972-3-92477-10

FX: 972-3-92477-11
angel@vacuumlitd.com
www.vacuumltd.com
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15. Index

#

# of Cores - 13-388

%

%RANGE - 8-265
%UNIFORMITY - 8-265

Angle Offset Correction - 12-373
anisotropic differences graph - 5-190
Anisotropic Films - 5-186

Append Data - 3-69, 4-143

Append Timestamp to Data File - 13-394
Aspect Ratio - 13-392

Auto Report - 13-390

Auto X,Y,Z-Scale - 7-222

Auto-Fit - 6-196

Average AC Intensity - 12-366

<

<el>-7-226

<e2>-7-226

<k>-7-226

<n>-7-226

<Pseudo> Transforms - 7-226

A

Absorbing Thin Films - 4-97, 4-113, 4-122
AccuMap-SE - 2-29, 8-249

Acquire Dynamic - 8-254

Acquire Multiple Measurements - 8-253
Acquisition Parameters - 2-32, 8-256
Add - 4-137,9-283

Add Layer Below Substrate - 9-284

Add Opt. Const. to Report - 3-93

Add Row - 3-90

Add Trend - 7-244

Align Sample - 12-365

Allow Parameter Query - 13-390

Alloy Files - 5-180

Alloy layer - 9-314

alpha-SE - 2-26

Ambient Index >1 - 9-316

Analysis Tab - 9-268

Angle Offset - 9-289

B

Backside reflections - 3-74
Backside Reflections - 3-68
Bandwidth (nm) - 5-157
Biaxial - 9-296

Biaxial Layer - 5-188

Blank Model - 5-162
Bootstrap Method - 9-332
Bounding Fit Parameters - 3-55
Browse for File - 1-19
B-Spline - 4-116

B-SPLINE - 9-306

Build Library - 5-182

C

Calculate Intersection - 7-244
Calibration - 12-363, 12-367

Camera Functions - 12-372

Cauchy - 3-60, 3-62, 5-152, 9-293
Cauchy_Extended - 9-294

Cauchy_WVL - 9-294

Changing the Graph - 5-167

Choose From File Dialog’ - 8-252

Clear Multi-Data Set Mode - 5-170, 7-236
Clipboard Aspect Ratio - 7-223
Cody-Lorentz - 4-133, 10-341, 10-342
Color Calculation - 9-336

Common Acquisition Parameters - 8-260

CompleteEASE #{4-Ffit

Index e 15-1



COMMON Location - 1-13

Common Models - 8-248

Common Pseudo Substrate Approximation - 6-209
Common Pseudo-Substrate Approximation (CPA) - 6-207
Common Recipes - 8-251

Common Scan Patterns - 8-262
Communication Type - 13-389
Compare Optical Constants - 3-89
Comparing Results - 3-88
CompleteEASE.cnf - 12-360
CompleteEASEhard.cnf - 12-360
Composition Library - 9-313
Configuration Controls - 13-384
Configure Options - 9-337

Contacting Woollam Co. - 14-402
Convert to Anisotropic - 5-188, 9-288
Convert to EMA - 9-287

Convert to Isotropic - 9-288

Copy Analysis Report to Clipboard - 3-94
Copy to Clipboard - 3-87

Coupled - 9-296

CPA - 6-209

CPA-Fit VI - 6-209

CPPB - 10-348

Create Curve - 7-243

Create Debug File - 13-395
Create/Edit Recipe - 2-31, 8-252
Critical Point Parabolic Band - 10-348
Custom Export Application - 13-394
Custom Grade Equation - 9-303
Custom oscillator - 10-350

Draw Profile - 9-299
Drude(NMu) - 10-341
Drude(RT) - 10-341

DUV AC Intensity - 12-366
Dynamic Data - 7-239

E

Edit Configuration - 13-384

Edit Equation - 10-350

Edit Hardware Config - 12-373
Edit Marker Parameters - 10-352
Editing Layers - 9-285

Effective Medium Approximation - 3-44, 9-292

Einf - 10-338
Ellipsometry - 1-24

EMA - See Effective Medium Approximation

EMA-Coupled - 9-292

Error Bars - 7-235

Error Log - 13-395

Error Logs - 12-363

Evaluating Fit Results - 3-46
Expermental Error Bars - 9-332
Export Recipe Data as Text - 13-394
Exporting WVASE32 Data - 14-399

D

Data Analysis - 3-40, 3-42

Data Collection - 2-26

Data Export - 13-394

Data Transfer (to/from WVASE32) - 14-397
Data Type - 2-32, 8-257

DC Offset - 12-368

Debug file - 14-396

Default Save Directory - 1-18
Default TieOff Behavior - 9-312
Define User Privileges - 13-381
Delay - 8-255

Delete - 9-284

Delete Data Set - 7-236

Delta - 7-225

Delta Offset - 9-317
Depolarization - 3-72, 3-75, 7-233
Derived Parameters - 3-54, 9-323
Difference Mode - 7-234

Display Sample Image - 12-372
Display Signal - 12-366

Display Units - 13-380

Double-Y Axis - 7-234

Draw Graph - 5-183

F

File Structure - 1-12

Filenames - 8-255

Fit - 9-271

Fit Dynamic - 6-198, 9-271

Fit Errors Magnitude (+/-) - 9-333

Fit Log - 3-88

FIT Options - 9-320

Fit Parameter Error Estimation - 9-331

Fit Results - 3-52

Fit Scan Data - 5-154

Fit Weight - 9-321

Fitting Data - 3-46

Folder “Links” - 1-13

Folder Links
Adding - 1-14
Creating Sub-Folders - 1-15
Drag-and-Drop - 1-16
SubFolders - 1-17

Font - 13-386

G

Gaussian - 10-340

Generalized Ellipsometry - 7-232, 8-257
Generate - 9-271

Generate Report - 3-92

Gen-Osc - 4-123, 9-304, 10-338

15-2 e Index
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Glass with Absorbing Film model - 4-131
Glass with Transparent Film model - 3-79
Global Fits - 3-63, 4-120, 9-320

Grade Layer - 3-45, 3-81, 9-288

Graded Layer - 9-297

Graph - 6-193, 7-217

Graph All Data Sets - 5-167

Graph Clipboard - 13-391

Graph Points as a Line - 7-223

Graph ScratchPad - 3-69, 4-145, 7-220, 7-241
Graph Settings - 7-245

Graph Type - 7-224

Graph vs. Angle - 7-234

Graphing Multiple Data Sets - 3-68

Grid Fill - 8-261

GROC Model - 6-208

Growth Rate and Optical Constants Model - 6-208

H

Hardware Configuration
Alignment Parameters - 12-378
Camera Settings - 12-378
Channel Subsets - 12-377
Coarse Calibration - 12-375
Data Acquisition - 12-374
Focus Option - 12-379
Heat Cell Attachment - 12-379
Liquid Cell Attachment - 12-378
Miscellaneous - 12-377
Normal Calibration - 12-375
Parm. Return Values - 12-377
Pattern Rec. Parameters - 12-378
Routine Test Measurements - 12-376
Simple Ex Situ Measu. Modes - 12-378
System Calibration - 12-376
System Check Settings - 12-376
Transmission Attachment - 12-379
Window Effects - 12-376
Hardware Simulation - 13-392
Hardware Status - 12-364
Hardware Tab - 12-360
hardware.cnf - 12-360
Harmonic - 10-339
Harmonic Im(Amp) - 10-340
Hiding Fit Parameters - 3-55

Fast Acquisition Mode - 11-355

Pause (Resume) Acquisition - 11-355

Start (End) Acquisition - 11-355

Status window - 11-354

System Check - 11-355

Trigger Acquisition - 11-355
Include Depolarization Data - 5-158, 9-322
Include Hardware in 1Pt Export Format - 13-394
Include Intensity Data - 9-322
Include Substrate Backside Correction - 9-315
Include Surface Roughness - 9-285
Initialize Hardware - 12-368
Install/Remove Focus Probes - 12-371
Installing the Software - 1-4
Intensity - 7-233
Intensity (Total) - 7-235
Intermix - 9-312
IR AC Intensity - 12-366
IR Pole Amp - 10-339

L

Limit Wvl Range for Fit - 4-120
Linear Grade - 9-298

Look & Feel - 13-386

Lorentz - 10-339

Lorentz Im(Amp) - 10-339

Im(rho) - 7-225
Imaginary Part Only - 4-124
Importing CompleteEASE Data - 14-397
In Situ Data Analysis - 6-194
In situ tab - 11-353
Align Hardware - 11-355
Display Signal - 11-355

M

M-2000 - 2-29, 8-249

Manage Users - 13-381

Manual - 13-382

Manual Conventions - 1-9

Manual X,Y,Z-Scale - 7-223

Map Data - 5-147, 5-149, 7-238
Mark Meas. Spot Location - 12-372
Match All - 4-130

Max Time Slices - 13-388

Max Wavelengths - 13-388
Measure Camera Field of View - 12-372
Measurement Recipe - 8-250
Measurement Tab - 8-246
Measuring a Sample - 2-27
Memory Management - 13-388
Metal Substrates - 4-99

MM Derived Parameter - 7-229
MM-Jones Quality - 7-229

Mode: - 8-246

Model - 3-43, 9-285

Model Calculation - 5-155, 9-315
Model Non-ldealities - 5-149
MODEL Options - 9-315

Models - 2-36

Models button Adding/Editing/Deleting - 11-356
Models Panel - 11-356

CompleteEASE #{4-Ffit
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More Options - 7-234

Move Translator - 8-255

MSE - 3-45

Mueller Matrix - 8-257

Mueller Matrix Diag - 7-227
Mueller Matrix NCS - 7-227
Mueller Matrix Off Diag - 7-227
Mueller Matrix Utility - 7-230
Mueller-Matrix Data - 7-227
Multi-Data Sets - 6-202
Multi-Model Patterning - 9-317
Multiple Data Types - 4-98, 4-142
Multiple Users - 1-19
Multi-Sample Analysis - 5-161, 5-169, 5-174, 9-318
Multi-Time Slice Analysis - 6-203

N

N, C, &S - 3-46
N,C,S-7-225
Non-Linear Grade - 9-299

o

OC Library - 5-148, 5-180

Off-Sample Baseline - 12-363

Offset - 9-298

Operator List - 10-351

Opt. Const. Compare Model - 5-181

Optical Constant type (Custom Osc.) - 10-350
Optical Constants - 3-48, 13-381

Options Tab - 13-380

R

Random Errors (Noise) - 9-331
Range-Select - 7-218

Range-Selecting Wavelengths - 4-118
RC2 - 2-29, 8-249

Re(rho) - 7-225

Real Part Only - 4-127

Re-analyzing Multiple Data Sets - 3-90
Recent Folders - 1-13

Recent List - 1-13

Recipe - 2-29

Recipe Scheduler - 8-253

Reflection Intensity - 8-258
Re-initialize - 12-361

Remote Communications - 13-389
Remove Grading - 9-288

Rename Layer & Fit Parameters - 3-65
Renaming Fit Parameters - 3-55
Reset List - 9-272

Reset Win. Size - 13-381

Resolution Factor - 13-392

Return Path Ellipsometer - 9-317
Rotation Data - 7-238

Roughness - 4-141

Routine Test Measurement - 12-366
RS232 - 13-390

Running a Recipe - 2-37

P

Parameter Error Bars - 3-52

Parameter Perturbation - 9-332

Parameter Uniqueness - 4-110, 4-142, 9-330
Parameterize - 4-122

Parameterize Layer - 9-286

Parametric Grade - 9-301

Park Z-Stage - 12-361

Perform Thickness Pre-Fit - 9-320

p-Intensity - 7-234

p-Intensity (Total) - 7-235

Pole - 10-339

Profile Along X and/or Y Axis - 7-221

Prompt for Acquisition Parameters - 2-30, 8-250
Prompt for Recipe Components - 2-30, 8-251
Psemi-MO0 - 10-344

Psemi-Tri - 10-344

Pseudo optical constants - 7-226

Pseudo Optical Constants - 3-43

Pseudo Transforms - 4-99

Psi - 7-225

S

Sample Alignment - 2-32, 8-258
Sample Alignment: - 8-246

Sample Height Alignment - 2-33, 8-259
Save - 4-106, 9-285

Save Layer Optical Constants - 4-107
Save Log File - 3-95

Save OC Library - 5-185

Saving a Model - 4-136

Scale Z-Range by n-Sigma - 7-223

Scan Pattern - 2-34, 8-261

Scan Region of Interest - 8-262

Screen Layout - 7-217
SE+T-4-98,4-142,6

Select a Recipe - 8-250

Select All Data Sets - 7-236

Select Current Data Set ONLY - 7-236
Select Data Set - 7-236

Select Mueller Matrix Elements - 7-228
Select Ratios to Graph - 7-232
Selecting a Map Point - 5-150

Selecting Multiple Points on a Map - 5-165

Self-Assembled Monolayers - 4-109
Sellmeier - 5-153, 9-295

Set Ranges - 5-152, 9-270

Set Symbol Size - 5-163, 7-222
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Set Temperature - 8-255

SETUP Program - 1-4

Shortcuts - 13-383

Short-cuts - 1-22

Short-Cuts - 5-161, 6-194

Show Data - 7-218

Show Map Data - 5-149

Show Symbols - 7-222

Shutter Controls - 13-394

Si with Absorbing Film model - 4-114
Si with Transparent Film model - 3-61
Signal - 12-361

Silicon Model - 3-54

Simple Grade - 9-298

Simulate Data - 9-336

s-Intensity - 7-234

s-Intensity (Total) - 7-235

Slice Value - 9-301

Slope - 9-298

Snapshot - 3-95, 9-283

Source and Receive Rot. - 9-317
Spectroscopic Ellipsometry - 1-24
S-T Baseline - 12-363

Standard SE Measurement - 8-257
Starting Mat - 4-132
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