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7 SESSION 6 OUTLINE

= Advanced Topics:
— #1: Fit Log and Batch Analysis
— #2: Mapping Data
— #3: In-Situ Dynamic Data

= REVIEW
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Topic #1: Batch Analysis

Fit Log XK

Log Entries Selected Entry
6-01_SiNx_on_Si 1 Exp. Data File: |6-01_SiNx_on_Si_1

= Automate analysis of multiple data-sets

6-01_SiNx_on_Si 3 )
6-01_SiNx_on_Si_4 Fit Parameters: |SE=5.168

6-01_SiNx_on_Si_5 Roughness = 4 95

= Suitable for analyzing and comparing e s

nm = 180010
Display Option| |5.01_SiNx on Si 8

similar samples o 1k

[ ] Mame Curves

0.100 nm

+0.010 nm %

Layer Selectio

Clear Sel
Up || Down || Rename
Select Layers|
Delete Compare [»
.............................................. ‘ — || — | DU
2.20 H Load Log Entry | | Clear Log | ‘ QOpen Log || Save Log || Close | -

, 6-01_SiNx_on_Si_1
; A 4 H | n, 6-01_SiNx_on_Si_2
n, 6-01_SiNx_on_Si_4

L AR A AL &4 2.00 ,6-01_SiNx_on_Si 6
\\ ,6-01_SiNx_on_Si_7

* Set up flexible model. ; 601 SiNx on S8

* Analyze multiple data sets @g

* Report and compare results

@
o
;a

33

|

300 600 900 1200 1500 1800

© 2025 J.A. Woollam www.jawoollam.com



(6-01} SiNx on Si (Batch Analysis)

= Build model & analyze all 8 data sets for
thickness and index at 633 nm.

 Compare table of thicknesses and index at 633 nm.

* Compare index spectra for all wafers.
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é@ PREVIEW OF RAW DATA

100 70 | |
Psi, #1 - Psi (65.00°), #1
60 Psi (65.00°), #2
50 Psi (65.00°), #4
Psi (65.00°), #6
— % Psi (65.00°), #7
B 4
o Q@ 40 Psi (65.00°), #8

0 10
200 400 600 800 1000 300 600 900 1200 1500 1800

Wavelength (nm) Wavelength (nm)

= Observe data spread and variations to guide model setting strategy
Thickness and/or refractive index?
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PREPARING MODEL FOR AUTOMATION

Roughness = 4.95 nm (fit)
Layer # 1 = Cauchy Film Thickness # 1 = 93.34 nm (fit)
A =1.782 (fit) B = 0.00576 (fit) C = 0.00053061 (fit)
+ Urbach Absorption Parameters

= Make sure it fits all data.
Thickness Pre-fit

Global Fit Substrate = SI_JAW
Limit Wavelength range / Angles for fit + MODEL Options
- FIT.Ontion

= Customize what to FEDOFt. + Perform Thickness Pre-Fit = ON

. . - Use Global Fit = ON
Rename / Hide Fit Parameters Parameters: Add Delete All

Add Derived Parameters X Param.#1=A
Min. = 1.500 Max. = 2.500 # Guesses = 1

= Save the model

[ ™
CompleteEASE Input ’ ﬁ

Edit the value for B
001518 | WIFit

@ Set Max. Acceptable MSE
to warn when fit fails

Minimum: [-2.00000 Maximum: [2.00000

Show Adv. Parameters

Parameter Name

[IRename Name: |B | [Hide

Low Spec. = 0.00 High Spec. = 0.00

Parameter Error Bars

Maximum Error |100000.00000
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FIT LOG

¢ CompleteEAS

fMeasurement In situ | Analysis | Hardware | Options

Data 6-01 SiN_on_Si_1 Model" | Right-C“Ck in fit Pd nel:

Open Save Infao .
e  Add to Fit Log (Ctrl-L)
Generate || Eit || Fi * View Fit Log (Ctrl+Alt-L)
MSE = 5.168
Roughness = 4.95+0.10 (Frleg = gl wos ' =)
SINx Thickness = 93.3 Log Entries Selected Entry
A =1.782+0.00038693 SiNx Film #1 Exp. Data File: 6-01 SiN_on_Si_1
B = 0.00577+0.00015232 ?g"(:”rz_fg Current Model: Blank
C = 0.00 ¥ Auto Fit Blar:S}Lerls?ate Fit Parameters: |1, _EE_:E

N of SINY  vjiew Fit Stats

Copy to Clipboard - Formatted
Copy to Clipboard - Table
Copy Analysis Report to Clipboard Cirl-R

Add to Fit Log Cirl-L
View Fit Log Cirl+Alt-L

T e T e

Data Mo

RN

2. Fit Log is cleared when
CompleteEASE is closed

| Rename ‘ ‘ Delete
I ‘ Compare H Reanalyze ‘
‘ Generate Reports ‘ #Fit=6#Times =1

| Load Log Entry H Clear Log H Open Log H Save Log H Close ‘

= =
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Fit Log

Log Entries

Selected Entry

Exp. Data File: None

Current Model: MNone

Fit Parameters:

Up H Down H Rename

Compare ‘

BATCH ANALYSIS (FROM FIT LOG)

1  Select ‘Reanalyze’ from Fit Log

DA, Add Row and populate with data sets &
corresponding model.

; #Fit=0,# Times = 0 Eiles:
| Load Log Entry ‘ Clear Log H Open Log || Save Log || Close ‘ Mame Date Size
1-Thermal Oxide on 5i.5E 5/11/151... 25 KB
2-Transparent Film on Si.5E 5/11/15 1:... 25 KB
3_Transparent Film on Glss.SE  5/30/17 4:... 77 KB
Reanalyze Data X —
Y 4-5iN_on_Si_1.5E
Batch Reanalysis Setup 4-5iN_on_5i_2.5E
File Group Model / Log Name 4_S!N_On_5!_3'SE 8/24/10 L... m
5 ; _ _ _ _ A 4-5iN_on_5i 4.5E 8/24/101... [35KB |
iN on Si C\Users\jsun\Desktop\SiN on Si_g.mod / = =
4-5iN_on_5i_5.5E 8/24/10 1...
4-5iN_on_5i_6.5E 8/24/10 1...
4-5iN_on_5i 7.5E 8/24/101... [35KB |
4-5iN_on_Si 8.5E 8/24/10 1...
5 Rough-Graded SiC_on_Si.SE  8/20/10 5:... S KB
6_0pague Metal.SE 7/2/15 4:5... 28 KB
6_Thickness Uniformity Map.SE  7/12/16 1... 1315 KB
7 _Dvye on glass.SE 5/6/09 5:2... 91 KB
‘ Add Row ‘ Delete Row 8_a-5ion GFass.SE . 9/14/09 5:... 30 KB
9_Photoresist on 5i.5E 7/2/15 5:2... 69 KB
J Demo-Transparent Film on SiL.SE  5/30/17 3:... 25 KB
[ ] Resave Results to Data Files ‘ Reanalyze ‘ | Cancel |
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é@ BATCH ANALYSIS (FROM FIT LOG)
5 = optional

“Resave Results to Data Files”

Reanalyze Data >

Batch Reanalysis Setup Wi” add fit reSUItS tO data ﬁleS
File Group Model Log Name . . . .
SiN on Si C:\Users\jsun\Desktop\SiN on Si_g.meod It Wl” ove rwr|te preV|Ous f|t

results saved with the raw data

W17

Be sure to rename files if ‘@’
overwritten is not desirable

Add Row Delete Row

@ “Reanalyze”: fit all data sets to
the corresponding model and
add results to the Fit Log.

o Data Files | Export Results O Reanalyze I Cance
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6-01 SINX ON SI “BATCH": RESULTS

Roughness = 3.95 nm (fit)
Layer # 1 = SiNx SiNx Thickness = 87.64 nm (fit)
A =1.915 (fit) B =0.00932 (fit) C =0.00075636 (fif

+ Urbach Absorption Parameters Optical Constants
Substrate = Si_JAW 2.20 ‘
n, 6-01 SiN_on_Si 1
n, 6-01 SiN_on_Si 2
210 6-01 SiN Si 4
B n, o- I on |
Geomprn I e e eV i) “on_Si_
] n, 6-01 SiN_on_Si_6
Entry Comparison Table 2.00 N\ n. 6-01 SiN on Si 7
MSE | SiNx Thickness (nm)| Roughness (nm) | n of SiNx @ 632.8 nm \ n, 6-01 SiN_on_Si 8
6-01 SiN on Si 1 |5.168 93.34 4.95 1.80010 c ———
5-01 SiN on Si 2 |5.168 96.50 4.60 1.78035 i \
6-01SiN on Si 3 |7.147 92.00 5.46 1.80121 1.90 ~—_
6-01 SiN on Si 4 |6.566 94.44 4.96 1.77741 —
5-01SiN on Si 5 |3.886 101.45 443 1.74532
5-01 SiN on Si 6 |6.822 92.96 5.10 1.80391
6-01 SiN on Si 7 |7.059 96.95 472 1.86848 1.80— —_—
5-01 SiN on Si 8 |6.196 87.64 3.95 1.94308 |
Average 6.00124  94.421 4.771 1.81498 | |
Std. Dev. 1.15414  [4.049 0.456 0.06241 70 \ | |
300 600 900 1200 1500 1800
<] I [ [ nm
[ 1 Reverse Columns/Rows [v] Add Statistics Copy To Clipboard I
Close Compare Optical Constants |
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E
Fit Log x
Log Entries Selected Entry
6—01_S\Nx_0n_Si_2 “| | Exp.DataFile: |6-01_SiNx_on_Si_1 & Optical Constant Compare Dialog %
6-01_SiNx_on_3Si 3 - ey o
Current Model: | SilNx on Si_g
6-01_S\Nx_0n_S?_4 Fit Parameters: [Msar Display Options
6-01_SiNx_on_Si_5 N i ) B sinx (CodyLor) & sinx (CodyLar) B sitx (CodyLar) & sin (CoddyLar) B4 sinx (Cody
6-01_SiNx_on_Si & o Graph Type:
6.01_SiNx_on_Si_7 0.014 nm ] Double Y Axis O si_JAw O sAw O Slaw O si_Jawy O si_Jaw
6-01_SiNx_on_Si 8 N B 6-01_SiNx_on_Si 1 6-01_SiNx on Si 2 601 _SiNx on_Si_3 6-01_SiNx_on_Si_ 4  6-01_SiNx_on
6-01_SiNx_on_Si_1 _ N - [ ] Name Curves by Layer Name
6-01_SiNx_on_Si_2 e
6-01_SiNx_on_Si_3 B Layer Selection Options
6-01_SiNx_on_Si_4 - ‘ Clear Selections ‘
6-01_SiNx_on_Si_5 =
6-01_SiNx_on_Si 6 E ‘ Select Layers by Number ‘ 7| M D
6-01_SiNx_on_Si 7 n
6-01_SiNx_on_Si 8 ~ | st s st
—————— = Optical Constants
Up H Down
Delete Compare 2.6 [
Reanalyze Genggate Reports #Fit=10, # Times =1 n, 6-0 1_8| Nx_on_Si_‘l
# = L # = H H
= = \ n, 6-01 SiNx on Si 2
Clear Log ‘ Open Log H Save Log H Close ‘ 24 6-01 SIN Si 4 ||
n, 6-01_SiNx_on_Si
C i X : :
& Comparison D 22 \ n, 6-01_SiNx_on_Si 6 |
Entry Comparison Table - \ n, 6-01_SiNx_on_Si_7
MSE  |Roughness.|Thickness#.  Einf | UVPoleA..| Am, \\ n, 6-01_SiNx_on_Si_8
6-01_SiNx_on_5i_1 7.538 536 93.33 1.044 202 2692 43 658 20
6-01_SiNx_on_5i_2 8.400 545 96.47 1.096 194.3761 38.137 \-.__
6-01_SiNx_on_5i_3 9913 582 92.08 0.950 211.8514 43.898
6-01_SiNx_on_Si_4 9.989 5.77 94.43 1.064 183.7814 38.385 \
6-01_SiNx_on_Si 5 7.864 584 101.45 1.470 1225450  |53.720 1.8 ——
6-01_SiNx_on_Si_6 9.485 569 92.96 0977 210.4765 43.926
6-01_SiNx_on_Si_7 9.290 525 97.1 0.869 224 7179 B67.157
6-01_SiNx_on_5i_8 7.140 426 87.69 0.476 292 7044 76.342
Average 8.70235 543 94.429 0.99337 206.59149 50.6528 1.6
Std. Dev. [1.11288 0522 4.043 0.27536 46.57147  |14.0846 0 300 600 900 1200 1500 1800
< Il | [» nm
[ ] Reverse Columns/Rows Add Statistics ‘ Copy to Clipboard ‘
Close
Close Compare Optical Constants —
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Topic #2: Mapping Data

= Analyze data from multiple

sites across sample to study 10
thin film uniformity.
3}
£ o
>
-5
* Set up flexible model.
* Fit all points from map. 10
* View results.

© 2025 J.A. Woollam www.jawoollam.com

Thickness # 1 in nm vs. Position

-10 -5 0 5
X (cm)

10

321.74
317.92
314.10
310.28
306.47

302.65

. 298.83




7 MAPPING DATA

Translation Data: Delta

60

= Analysis Procedure: B

1. Develop model from single point data

2. Test/Optimize at multiple points. E

3. Fit All Points. 20

4. View Results. 40
-6990

90

14.59

3.97

-6.64

-17.25

-27.86

-38.47

-49.08
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Miasurement | in situ .mar,bsul Harmarel Oplions

RECGIPES IN COMPLETEEASE

Covpend Ly i hilikgs  Ling Oul

System Status Fit Resuts Sean Map
Walting to Acquire Data Ho Results Avallable .-"'--_'_ - -
Measurement Conbrots - \\\
Facoe: [100 mem wads-20 pont scn rd
fee - |<Select a Recpa> Y
. <Prompt for Aoguistion Paameters: .|' . l||
<Prompt for Recpe Components> |
=5 \Onposs From Fle Dailog >> | II
Creatn/Ede Recpe »» il- , ) ;
""'-. .r':l
‘“M_,___ ___..r-”f
ew Prev. Resdts) [Graph Parms.| warw Camesa image]
" Gaoh Tyoe Create/Edit Recipe
Variable Angle Spectroscopic Ellipsometric (VASE) Data
40 Recipe
Psi (55.00, 65.00, 75.00°) l , Acqg. Parms: |3 seconds b Edit/Create
10 \ Scan Pattern: |20 pts - Edit/Create
Model: | Si with Transparent Film -
a 20 Additional Parameters
Folder for saving acquired data: Choose
. [L] Save Results Only - No Raw Data
[| Export measurement results
0 Load Existing Recipe Save Recipe Close
0 300 600 900 1200 1500
Wavelength (nm)

© 2025 J.A. Woollam
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Acquisition Parameters

How to collect the data

Acquisition Parameters Setup

Data Acquisition Parameters
Data Type: ‘Stan dard ‘ - ‘

Acq. Time: 3

Scan Options
Angle Scan: [70.00 To |70.00 By |5.00

[v] High Accuracy Mode

[_] Measure In Transmission Mode

Alignment Options

Sample Tilt Alignment; ‘Aummatic -

Sample Thickness: |U_55 | mm ‘SetTc Current Position |

[¥] Align At First Angle

Other Options
[] Do Not Return To Sample Load Position

[_| Do Not Reposition Translator

Load |[ sae [| cancel

© 2025 J.A. Woollam

Sample Height Alignment: ‘Aummatic—auick -

RECIPE COMPONENTS

Scan Pattern

Where to collect data

Scan Pattern Editor: (not saved)

Substrate Dimensions
Circle ‘v Dia {cm)_'|10.00000 [w] Draw Wafer Notch

Point List (cm)

1: -1.00000, 4.33013 B Cartesian Grid Fill
2: 0.00000, 433013

3: 1.00000, 4.33013 ] QalaLGad Bl
4 250000, 3.46410 Line Fil

5: 1.50000, 3.46410 Point Commands

6 0.50000, 3.46410 :

7: -0.50000, 3.46410 Ada o
8: -1.50000, 3.46410 Edit Point
9: -2.50000, 3.46410

10: -3.00000, 2.59808 fosso
11: -2.00000, 2.59808 Move Down

12: -1.00000, 2.59808

13: 0.00000, 2.59808 Delete Point

14; 1.00000, 259608 Delete All

15: 2.00000, 2.59808

16: 3.00000 259808 ~| | Paste From Clipboard

[] Translate in R-Theta If Possible

Alignment Position
%[0.00000 | v:[0.00000 | [Fullalign atihis pos., 2 align oiher pis. |

Transmission \mensity Baseline
[] Use Point For Transmission Baseline  X:[0.00000 | ¥:[0.00000

Load Cancel

AN
Pattern Offset
x:[0.00000 | ¥:[0.00000 | Theta ¢*):[130 [] Use Initial Position
Show Translator Dialog Move Z-Stage | | Test Scan

www.jawoollam.com




Measurement | In situ | Analysis | Hardware | Options

VIEWING PREVIOUS RESULTS

(@ emens: S WS R . ST W BEEE, e

System Status Fit Results

Not Initialized MSE = 14.568

Measurement Controls Roughness = 1.83 £ 0.110 nm
Mode: |Fast ~| | Creckaigment || Thickness # 1= 93.12£0.029 nm
n of Cauchy @ 248.0 nm = 1.9985

Model: [None =] |n of Cauchy @ 632.8 nm = 1.7963
[¥] Save Data after Measurement
Measure
Data

Variable Angle Spectroscopic Ellipsometric (VASE) Data

100
Psi (55.00°)
80 Psi (65.00°)
ﬁ\ Model
60 \
B / """"""
H ﬂ_ ."'- .
; Myﬁ
20 AN
0
200 400 600 800
Wavelength (nm)

1000

Show results saved by in data files

Data files (.SE) also contain
modeling results when optical
model presents in recipe

© 2025 J.A. Woollam
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é@ SELECTING SINGLE DATA POINT

= Left-click any point to view spectroscopic data.
= Move through points with slider.
" Check-box returns to Map view.

TN
AV

32 [ O 0 -‘Q’-‘ CTRL-Space Bar toggles
from Map to Spectra

Wavelength (nm)

© 2025 J.A. Woolla www.jawoollam.com



= Right-click menu
on individual point
Is different from
right-click menu
outside the graph.

WORKING WITH MAPPING DATA

R OO

Show Map Data

Translation Data: Psi

0.9

0.6

0.3

-0.3

-0.6

Select
Unselect All
Delete

Cancel Menu

79.42

48.52

38.22

27.92

I 17.62

Zoom All
Statistics

Copy Graph to Clipboard
Copy Data to Clipboard

Copy Data to Graph Scratchpad
View Graph Scratchpad

¥ Show Symbols

Set Symbol Size

® At Z-Scale
O Manual Z-Scale

Scale Z-range by n-Sigma

I3 Graph Points As Line
11 Draw Surface Plot

0 Use Clipboard aspect ratio

Cancel Menu

© 2025 J.A. Woollam
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7

Translation Data: Psi

100

28.78
26.10

50
23.41

0 20.73

Y (mm)

18.04
-50
15.35

-100 = 12.67
-100 -50 0 50 100

X (mm)

CHANGING THE SYMBOL SIZE

= Change point symbol size on graph with right-click menu outside of the
measurement points.

Zoarm All
Statistics

Copy Graph to Clipboard
Copy Graph into HTML Clipboard
Copy Data to Cliphoard

™ Show Syrmbols

Set Syrmhbol Size

® Anto 7-Scale
2 Manual Z-Scale
Scale Z-range by n-Sigma

[ Graph Points As Line

I Use Cliphoard aspect ratio

Cancel Menu

Translation Data: Delta

-20 -10 0 10 20

100.46

99.14

97.82

96.50

© 2025 J.A. Woollam
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é@ Z0OMING/SAVING WITH GRAPHS

= DRAG across graph to Zoom into a smaller range

— This does not select points, but only zooms the graph.

Translation Data: Psi

6 82.94 Right-Click on Data ‘Save’ to
“Save Subset”,
4 il 71.55 . .
i, R mn which is the smaller map
2 Translation Data: Psi

60.17 2.0 81.86

= e HEGE T 3 i 70.70
50 g o Pl §: 48.78 L I
>- nn . P T e
...... . 59.55
it 0.0
2 Gl 37.39 =
B o 48.40
o T A >
T SR -1.01
= et T 26.01 37.25
-2.0 !
. 26.09
-6 l 14.62 i
-6 -4 -2 0 2 4 6 30 14.94

X (cm) 10 00 1.0 2.0 30 40
X (cm)

= Use CTRL+DRAG across graph to select multiple points

© 2025 J.A. Woollam www.jawoollam.com



= CTRL+Click or right-click > “select” on multiple points to setup Multi-

Data Set Mode
select “Graph All Data Sets”

COMPARE DATA AT MULTI-POINTS

79.36
IBQUT
58.78

100

Data At Multiple Positions

o L

Psi
|
<
%—
—
ES
=

|\

U
VAV AV

© 2025 J.A. Woollam

400 600
Wavelength (nm)

1000
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MULTI-DATA SETS

= Graphing and Handling

Drop Down Menu for Data Sets

S AR R R RTTT T T Ta T aTT T T Ta T T T T T A R R BT T TR T T TR T T T e T TR T AR R AR R R AR AR AT [T T T T e A R R R R R A A T4 T

[ ] Show Dynamic Dffa = Data Sets

Current: |#3. t=

Data Set | #3. 300nm Oxide on 5i | Graph All Data Sets

#1. 120nm Oxide on Si Spedroscopic Ellipson
#2. 1600nm Oxide on Si

Graph Type

Select Current Data Set
LIn-Select Current Data Set

100

#3. 300nm Oxide on Si

Select Current Data Set OMLY
Select ALL Data Sets

80

/]\ Delete Current Data Set
Clear Multi-Drata Set Mode

- [] Graph A

= Saving

7 CompleteEASE

nght_cllck over Data [ Measurement | Insitu | Analysis | Hardware | O Save Subset
7 ’ Data: Si02_Map .
Save’ button and

press “Save Data Fit: Exportto TextFile

Save Data Subset as
Individual or Multi-Data Set file

Subset” | Generate || Fit || Fit Scan Data || eset |

Mo

| | -

© 2025 J.A. Woollam www.jawoollam.com

eI o S;,Lema&:,lm fandes Do you want to save the selected points into a multiple data set file?
it (Select "Mo” to save each selected point into its own data file)



SETTING UP MULTI-SAMPLE ANALYSIS

= Need to tell CompleteEASE which parameters to vary between

multiple data sets

Show Model Options
Available Options

Description

Configure Options

Layer Commands: [l Delete Save
Include Surface Roughness = OFF
|Substrate = none
Angle Offset = 0.000

+ MODEL Options

+ FIT Options

+ OTHER Options

Fit Options

Model Options %1 | Adds multiple sample analysis capability to the model
[ wiavelength Shift fwihich reguires multiple appended data sets).
[ ] Ambient = 1
[ ] Return Path Ellipsometer
[] Delta Offsets r

[ ] Azimuthal Rotations
Multi Sarple Analysis
[ ] Adv. Bandwidth Options —
[] Parameter Coupling
[]Use Previous Results
[ ] Scattering Factar

1]

Lo lisol o Drmonm Locimrodioes Ciod,

Configure Options

Include All H Clear All

Turn Off All Fit Parameters

Add Fit Parameter

- MODEL Options
Include Substrate Backside Correction = QFF
Model Calculation = |deal
- Multi Sample Analysis
Add Fit Parameter Delete All Parms
Data Set Thickness #1

#1 1 nm
#2 1 nm
#3 1 nm

© 2025 J.A. Woollam
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Roll Mouse over each Fit
Parameter and choose which
to fit




é@ CHECK MODEL AT MULTIPLE POINTS

Fit:

= Test model on different areas of map.

Reset

= Thickness Pre-Fit is helpful when G AwoFl ~ Hint: Turn off

thickness greatly varies. @ " comyocimona-romates | AUTO-Fit".

Copy to Clipboard - Table
Copy Analysis Report to Clipboard

= Do all optical constant parameters

need to vary? |
] ] JFIT Options
= Turn Fit Parameters reset ON to avoid + Perform Thickness Pre-Fit = ON

. A Use Global Fit = OFF
parameter lost due to singularities at Fit Weight = N.C.S

: Limit Wwl. for Fit = ON Range =400.0 nm - 1000.0 nm
sOmMe IOcatlonS Limit Angles for Fit = ON Included Angles = 65

Max. Acceptable MSE = 100.000

N | =ella 1 = \/]

Auto Fit Parameter Reset = OQFF

it lterations = 50

Configure Options>
“More Fit Options”

© 2025 J.A. Woollam www.jawoollam.com
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é? FITTING THE ENTIRE MAP

= Clear Multi-Data Set Mode before
fitting entire map

Graph Type L] Show Mﬁ Select Data Set ] Graph All Data Sets
Un-Select Data et

‘roscopic |
Select Current Diata Set OMLY
SelectALL Data Sets
ear Multi-Data Set Mode
T

= “Fit Scan Data” performs sequential fit

for a every data point on map

Fit:

[ Generate ][ Fit: Reset ]
‘ MSE = 6.238

Roughness = 1.64+£0.021 nm

© 2025 J.A. Woollam www.jawoollam.com

Translation Data: Psi
15.43
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VIEWING RESULTS

el WS ...  EEalaE Ny St
Measurement | In situ | Analysis | Hardware | Options

= 2 ways to graph results:

Data: 6-03_a-Si on Glass MAP Model: Blank (Blank Starting Model)
| Open H Save H Info. || Set Ranges ‘ ‘ Open || Save || Clear | | Open Snapshot || Save Snapshot |
L L]
— Click on fit parameters Loy Conmara s Dlts e I
| Generate || Eit H Fit Scan Data || Reset | Include Surface Roughness = ON Roughness = 1.80 nm (fit)
. - | -|Layer # 1 = cREINASEEE Thickness # 1 = 286.12 nm (fit) L
in b I ue MSE = 5.669 B Show Dialog I
Roughness = 1.80+0.025 nm - e1 Components
Thickness # 1 = 286.12+0.154 nm Einf = 0.890 (fit) []
“w 2 Einf = 0.890+0.0243 UV Pole Amp. = 0.000 UV Pole En. = 11.000
— Select from “Results St | [ e me 0000
Br1 = 2.404+0.009050 0 - e2 Components
Eo1 =3.786+0.008011 Oscillator Menu: Add Delete Delete All
drop-down menu a1 T o Fitlns AL tono Amp. 8. En
Ep1 =1.372:0.0191 1:  Type = Cody-Lorentz Amp1 = 92.119 (fit)
# Back Reflections = 0.153+0.006136 L Br1 = 2.404 (fit) Eo1 = 3.786 (fit) Eg1 = 1.678 (fit) |

Results [] Show Miih Data Position: [} 1 Show Data

MSE -
Roughness Thickness # 1 in nm vs. Position Zoom All
) 317.95
Thickness # 1 =
Einf
A 309.96
Bri
Eo1
= 301.97
Ep1
# Back Reflections
293.99
286.00
278.01
270.02
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SURFAGE PLOTS

= Right-click outside graph > “Draw Surface Plot”

[] Show Map Data Position: (} Show Data
Thickness # 1 in nm vs. Position Ao il
10 317.95

Y (cm)

-10

© 2025 J.A. Woollam

309.96 Zoom All
Statistics

Copy Graph to Clipboard
301.97 Copy Data to Clipboard

Copy Data to Graph Scratchpad
View Graph Scratchpad

293.99 ® Show Symbols
Set Symbol Size

® Auto /-Scale
= Manual Z-Scale

Scale Z-range by n-Sigma

286.00

2 )19
|0 Draw Surface Plot

Cancel Menu

309.96

301.97

293.99

286.00

278.01

270.02
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7 REDUCE ANALYSIS TIME

= Skip Wavelengths
= Reduce Wavelength Range

= Reduce Angles
5 Configure Options>
“More Fit Options”

= Reduce fit parameters
= Turn-off Global fit

BFIT Options

Show Model Options
Available OptanS

Description

[T YWSETTENIUS T
[] Seattering Factar
[] Patterning

Fit Cptions

[J#ofCores
[] Calor Calculation

[ Include Depalarization Data
[]Include Reflection Intensity Data
[] Transmission Data ¥Weighting

| »

<]

Include All H

Clear All

Skip Data: If non-zero, every ith experimental data point will
he skipped inthe fit (.., Skip=1 uses every other data
point, Skip=2 uzes every 3rd data point, etc.); this can
significantly reduce the fit iteration tirme. Also adds options
to specify the maximum number of fit iterations, and
auto-reset the it parameters to their saved values.

+ Perform Thickness Pre-Fit = ON

Use Global Fit = OFF

Limit Wvl. for Fit = ON Range =400.0 nm - 1000.0 nm
Limit Angles for Fit = ON Included Angles = 65

Auto Fit Parameter Reset = OFF
+ Include Derived Parameters = ON

© 2025 J.A. Woollam www.jawoollam.com
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7 MAPPING DATA SHORT-CUTS

Shortcut Function

CTRL-Click on Point Select / De-Select Point

CTRL-ALT-Click on Point Delete Point

Show camera image from point

CTRL-ALT-SHIFT-Click on Point ;
(when available)

CTRL-Spacebar Switch view from single-point to map

Switch between Data Sets

ALT-# (when multiple selected)

© 2025 J.A. Woollam www.jawoollam.com



[6-02] CVD SiO, Map (on Si)

Find a model to fit all the data from
the map of this non-uniform coating.

é )

Fit Thickness &

Cauchy Parameters

02

Add to improve MSE:
Roughness?
Index Grading?
Anisotropy?

\ J

Thickness Nonuniformity?

-

© 2025 J.A. Woollam www.jawoollam.com



6-02 CVD SI02 MAP: RESULTS

Data: 6-02_CVD Si02 Map_Subset Model: Siwith Transparent Film MSE vs. Position 10 Thickness #11in nm vs. Position 111
1.0 26.12 : 5
‘ Open H Save H Info H Set Ranges ‘ ‘ Open H Save H Clear H Open Snapshot H Save Snapshot ‘. [ )
. " oo 0 00
Fit: Layer Commands: Add Delete Save - a 23.97 o diete tne B 1059.1
‘ Generate H Fit H Fit Scan Data H Reset ‘ Include Surface Roughness = OFF 0-5—. 0.5 7 T EEEEREN
-|Layer # 1 = Cauchy Film Thickness # 1 = 798.89 nm _(fit) z. 21.81 BERY o susun ¢ o N8 1006.7
MSE = 17.997 A= 1.468 (fit) B = 0.00363 (fit) C = 2.1095E-05 (fit) = le — el o B o
Thickness # 1 = 973.15+0.839 nm + Urbach Absorption Parameters = g 00r e ® 19.66 5’ 00) @ @ @ @ e o 954 .3
A = 1.46620.00078234 Substrate = SI_JAW NG ' > oo
~ = N o0 o L
B =0.00377+3.0790E-05 e o ¥ e o
C = 1.5639E-05+1.6626E-06 BMODEL Options :: 17.51 15| * e s e eeec e 9019
% Thickness Non—unlformltv:ji 10+£0.0613 Angle Offset = 0.00 || -0_5*. el B e
nof Cauchy Film @ 632.8 nm = 1.47543 Include Substrate Backside Correction = OFF 15.36 o o0 000 00 849.5
Model Calculation = Include Thickness Non-uniformity oo o 0 0 00 .
% Thickness Non-uniformity = 3.22 (fit) 1.0 . 13.20 -1.0 - 7971
£0fPts=9 1.0 -1.0 -0.5 XO.O 0.5 0
cm
- FIT Options (cm)
+ Perform Thickness Pre-Fit = ON |
S e T s T Parameter Average |Std. Dev.| Slope | Minimum | Maximum | Range
Spectroscopic Data at X=-0.14286, Y=-0 Thickness # 1 in
. 927.92 71.21 797.08 1111.55 (314.47
100 nm vs. Position
Spectroscopic Data at X=-0.14286, Y=-0
80 f 60
60 A % Depolarization
_ c 40 | Model
g 2o 1
40 A g 30 | i
AV / N , 8
Psi 2 29
20 Model 8
e = 10| -
0 of 1
200 400 600 800 1000 10
200 400 600 800 1000
Wavelength (nm) Wavelength (nm)
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(6-03} a-Si on 7059 Glass

= 3-Si is coated over large glass panels for display applications. Thin
film uniformity is checked with SE to ensure a great picture.

 Observe data variation — How to build a model that fits every data point?

Spectroscopic Data at Multiple Positions Spectroscopic Data at Multiple Positions
40 300
\ / -
30 \ — 200 i/
1 \ ‘:' g ~ N ; //
— Ny \ | / - E
& 20 ' I \/ /7 N T 100} —— /| |
Psi, #1 | | / o Delta, #1
Psi, #2 Delta, #2
10} Psi, #4 0 H Delta, #4
Psi, #6 J Delta, #6
Psi, #7 Delta, #7 %
0 -100 :
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800

Wavelength (nm) Wavelength (nm)
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6-03 A-SI ON 7059 GLASS: GENTER RESULTS

Data: 6-03_a-Si on 7059 Glass MAP

Model: Blank (Blank Starting Model)

| Open | | Save | Info | ‘ Set Ranges ‘ Open | | Save | | Clear | | Open Snapshot || Save Snapshot
Fit. Layer Commands: Add Delete Save =
| Generate ‘ | Eit ‘ | Fit Scan Data | | Reset | Include Surface Roughness = ON Roughness = 1.82 nm (fit)
-[Cayer # 1 = a-S_Aspnes_cl Thickness # 1 = 301.78 nm (fi)
MSE = 4.048 _

Show Dialog

Roughness = 1.862+0.017 nm - e1 Components

Opt. Const. of a-Si_Aspnes_cl vs. nm

Thickness # 1 = 301.78+0.109 nm Einf = 0.888 (fif) | 5.0 4.0
Einf = 0.888+0 0170 UV Pole Amp. = 0.000 UV Pole En. = 11.000
Amp1 =91.1381+0.7111 IR Pole Amp. = 0.000 n
Br1 = 2.450+0 0066558 -e2 CUmponents f \ k
Eo1 = 3.7970.006086 Oscillator Menu: Add Delete Delete All Sort 4.0 — T 13.0
Eg1=1.691+0.001496 Fit Menu: All None Amp. Br. En. Display Units = OFF
Ep1=1356+0.0143 1. Type = Cody-Lorentz Amp1 = 91.138 (fit) Br1 = 2.450 (fit)
# Back Reflections = 0.13520.004598 Eo1 = 3.797 (fit) Eg1 = 1.691 (fit) Ep1 = 1.358 (fit) 3.0
n of a-Si_Aspnes_cl @ 632.8 nm = 4.10921 + Urbach Absorption Parameters
+|Substrate = 7050 Glass (Cauchy) Substrate Thickness = 10000 mm | |- c 120 =
<] I ] Dl 2.0
+ Data + Model ] Show Map Data Position: ) ] 110
Spectroscopic Data at X=0, Y=0 1.0 4
40
35 0.0 — 0.0
\ . 0 300 600 9200 1200 1500
30 ~ I‘I?A%del Wavelength (nm)
25 \\ / \ /\ / H\\\‘
¢ ~AN[ VN
Y\
15 Y Ly
10
5
0 300 600 900 1200 1500 1800
Wavelength (nm)
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6-03_A-SI ON 7059 GLASS - MAP

MSE vs. Position

10 804.4 10 317.61
670.9 309.67
. 5
301.74
537.4 .
£
= 8 0 293.80
§ o 404.0 ”
> 285.87
-5
270.5 277.93
-5
-10 269.99
137.0 40 5 0 5
X (cm)
SHg = 36 n of a-Si @ 632.8 nm
-1 Unselect Al |5 0 5 10 : 4.1440
View Image X (cm) Sample Image (0.0000,0.0000) X . w
Sample imoge (3500095000 S 4.1314
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Topic #3: Dynamic Data Analysis

= SE measurements are repeatedly collected during a process, such

as film growth.
Y1), AL P(L), AL Y1), A(R)

~N 7 N 7

: £, n(L), k(L)

1

—
Time

ePas
_ P
(P Ah 4l A

* Analyze all data versus time to
characterize the process.
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7 IV SITY ELLIPSOMETRY

| Rea I_ti m e m 0 n ito ri n g a n d CO nt r‘o I J.N. Hilfiker “In situ spectroscopic ellipsometry (SE)

for characterization of thin film growth”, chapter
in In situ characterization of thin film growth, G.

[ | CO m p | ete Sa m p I e h isto ry Koster and G. Rijnders, eds., Woodhead

Publishing: Cambridge, UK (2011)
—Before, during and after process
= Direct measurement of surfaces & interfaces

FlexALRPT

4 1l

—,

Atomic Layer

Deposition
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IN-SITU SE DATA
~ | FE

B 757 | ] I |
L .
Spectral ¥
T 451
Data E
BH
151
. _ : : : .
200 1000 wavelengthinnm - ——>
[72)
()
()
S
(o]s]
Q
©
. k=
Dynamic >
Data o
()]
S
=
[7,) : :
© : : :
§
R
ot - : ' =

0 Time in Minutes —mm> 3
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su bstrate_

Remote
RF plasma

In-situ
ellispometer

r purge gas
_

heater | (e N2
\\4 »/4/ :" 1 Ar
ilz it carrier gas
I Turbo I
pump (C,Hs),Zn
T T T ! !
o
156 L ZnO @350 C -
< f
- L
Q152 | J ]
=
Q ° "‘*
— I
— L / "-a-.,.. — Plasma on
= —= Diethylzinc ]
1 1 1 ! L
13 14 15 16 17
Time (min)
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ATOMIC LAYER DEPOSITION

Thickness in A

160

140

=
N
(a)

—
o
o

(0]
o

D
o

S
[<)

N
o

o

= Process optimization in one single run

T=150°C

T=200°C

W

T=250°C

M

T=300°C

M

T=350°C ]

0.79 Alcycle 0.94 Alcycle 1.11 Alcycle 1.21 Alcycle 1.20 Ascycle
C L L L L L L L L L L [
0 10 20 30 0 10 20 0 10 200 0 10 20 0 10 20
Time in min
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SHORT-CGUTS FOR IN SITU DATA

Shortcut Function

CTRL+Spacebar

Toggle view between single time-
slice SE Data & Data vs. Time

ALT- (data set #)

Select specific data set (when
multiple data sets selected)

CTRL+Y'

Toggle double Y-axis

Left-click mouse
(Dynamic Data Graph)

Select time-slice

CTRL-Left-click mouse
(Dynamic Data Graph)

Add multiple time-slices for multi-
time analysis

ALT+Left-click mouse
(Dynamic Data Graph)

Set Virtual Interface time-slice
(drag mouse to select time range)

CTRL+ALT+SHIFT+'U’

Display the In situ tab

CTRL+'U'

Select In situ tab

CTRL+'A’

Select Analysis tab

www.jawoollam.com
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é@ BASIC IN SITU DATA ANALYSIS STRATEGY

=Select early time-slice to:

Fit bare substrate (native oxide thickness, angle offset, temperature)

=Select late time-slice to:

Fit thin film optical constants

"Fix parameters except thickness and “Fit Dynamic”

Confirm initial model thickness is close prior to “Fit Dynamic”

© 2025 J.A. Woollam www.jawoollam.com



|58
Measurement | Analysis | Hardware rC)ptions

COLLECTING IN SITU DATA

@ CompleteEASE

Hardware Status
Waiting to Acquire Data

Controls

| General | Calibration | System |’Mi5c_ |

System Information

Alignment Other
‘ Align Sample ‘ ‘ System Check ‘
‘ Display Signal ‘ ‘ Move To Load Pos. ‘

Routine Test Measurement

‘ Measure ‘ ‘ Show Results ‘

System: Sim SE On ESM Bz
Wavelength Range: 2500 r
Angle Status: 37.68
Z-Stage Status: 0.000mm
Translator Status: X Axis =
Focus Probes: Installed
Window Effects: OFF

| Edit Hardware Configuration ||:

= Preset data acquisition

time and intervals

© 2025 J.A. Woollam

| Measurement i In situ rAnaIysis rHardware Options |

Waiting to Acquire Data

Models

Start Acquisition ‘

Align Hardware ‘ | Display Signal ‘

[| Fast Acquisition Mode

() Parameters

[
[
System Check ‘ I:
[
L

O Log ® Fit () Dynamic Data

&7 Hardware Configuration

Configuration Parameters

-\ §1 Data Acquisition
jg Acg. Time =1

lﬂ;cq. Wait Period = D|

Edit: Acg. Wait Period

0

High Accuracy = [rue

www.jawoollam.com

Reset Parameter to Default




OPEN AND VIEW INSITUDATA

35 |

= Dynamic data is saved with “iSE” 0 2500
EXtenSiOn 25 811.6 nm

e— -_— - g 20 N
M
Files: 15 / N\
Name Date Size \ / \ /
6-1_Organic on glass_A.SE 12/30/11 2:48 PM 69 KB 10 g —]
6-1_Organic on glass_B.SE 12/30/11 2:52 PM 69 KB SGlECt time slice
6-1_0rganic on glass_C.SE 12/30/11 2:59 PM 69 KB 5
6-2_a-Si on Glass MAP.SE 9/8/10 12:39 PM 1804 KB 0 2 6 8 10
. Time (min)
Toggle bw dynamic and
spectrosgopic data / Bar to move through time slices
Graph;\./.n.e [ Show Dynamic Data Timeslice (0.000 - 3 883 min) x:‘\_/i [ snowpata |
Spectroscopic Data At 2.983 min.
32 300
. - Psi
iSE & SE " \ 200

A4\

_
. AN
% T P B

18 100
200 400 600 800 1000

Wavelength (nm)

|
=
o
Delta

l Open H Cancel l
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(6-04} In situ data — Al,O; on Si

= Determine Growth Rate from dynamic data of
Al,O; on Si.
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Data: 6-04_ In situ data - AI203 on Si

FIT STRATEGY

Model: Si with Native Oxide

Data: 6-04_ In situ data - Al203 on Si Model: Si with Native Oxide

Native Oxide = 3.33+0.013 nm
Temperature = 228.79+3.397 °C
Angle Offset = 0.05634£0.006875

Temperature = 228.79 °C (fit)
Use Ext Temp from Parm Log = OFF

HMVODEL Options
Angle Offset = 0.0563 (fit)
Include Substrate Backside Correction = OFF
Model Calculation = |deal

1T [ Open ‘ | Save ‘ ( Info ‘ Set Ranges ’ Open [ Save ’ Clear ‘ { Open Snapshot Save Snapshot
Open ‘ | Save ‘ ‘ Info | l Set Ranges ‘ Open ‘ Save ’ Clear ‘ ‘ Open Snapshot Save Snapshot
T2 Fit: Layer Commands: Add Delete Save 4
Fit Layer Commands: Add Delete Save 15 T |nc)|Iude e Roiditoms e GEF
’ Generate ‘ Eit ‘ l Fit Dynamic i Reset ‘ Include Surface Roughness = OFF ’ Generate || Et | l Elynamic ‘ Ressl ‘ g -
= = — - ——— -|Layer # 2 = Cauchy Thickness # 2 = 145.29 nm (fit)

f . Layer # 1 = NTVE_JAW Native Oxide = 3.33 nm (fit) MSE = 11 341 A= 1.642 (fit) B = 0.00450 (fit) C = [

MSE = 3.973 -|Substrate = Si Temp JAW (Temp Library) =1.642 (f) B =0. (fit) C =8 =

| Thickness # 2 = 145.29+0.061 nm + Urbach Absorption Parameters

A =1.642+0.00044838 Layer # 1 = NTVE_JAW Native Oxide = 3 33 nm
B = 0.00450+0.00012105 Substrate = Si Temp JAW (Temp Library)

C = 0.00015226+7 9781E-06 Temperature = 228 79 °C r

1 Use Ext Temp from Parm Log = OFF

- MODEL Options

Wavelength (nm)

+ FIT Options = ____Anale Offset = 0.0563 B
+Data 4 Model [] Show DynamicData  Timeslice (0.050 - 200.718 min.): () +Data  + Model [[] ShowDynamicData  Timeslice (0.050 - 200.718 min.): ¢ ) |
Spectroscopic Data at 0.050 min. Spectroscopic Data at 200.718 min.
40 70
35 ...,“ 60 /\
Psi Psi
30 \'\ Model 50 ‘ / \ Model
_25 \ _ \ / \\
g 40
=20 = /
15 =d T %
10 20
5 10
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800

Wavelength (nm)

= Determine sample baseline and system condition at the beginning

= Determine ALD layer refractive index when films become thick enough

© 2025 J.A. Woollam
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7 DYNAMIC FIT

‘Fit'Dyna mic, Fitting Data...

a) Select ‘Fit Dynamic’

b) Can also “fit backwards in time”
by right-clicking on ‘Fit Dynamic’ l

Stop

Dynamic Data
50

<17

-\~ 'Seed’ fit parameters to good starting values 40
Q or the Dynamic Fit will get lost

Psi

250.0 nm [
438.4 nm [

i

811.6 nm

102 L
0 2 4 6 8 10
iZenerate HFitDynamic || Reset Ti n.
Append Fit Results

Fit Backwards in Time
Fit Backwards and Append

Fit:
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Dynamic Data

1103.4 nm

DYNAMIC RESULTS

Data: 6-04_ In situ data - AI203 on Si

Model: Si with Native Oxide

Save Snapshot

Open ‘ | Save ‘ Info | ‘ SetRanges | ‘ Open ‘ Save | ‘ Clear Open Snapshot
Fit: Layer Commands: Add Delete Save
‘ Generate ‘ | Eit ‘ | FitDynamic ‘ Reset ‘ Include Surface Roughness = OFF
-[Cayer # 2 = Cauchy Thickness # 2 = -0.00 nm (fit)
MSE = 3.971 A=1642 B=000450 C=000015226

Thickness # 2 = -0.00+0 010 nm

+ Urbach Absorption Parameters

Layer # 1 = NTVE_JAW Native Oxide = 3.33 nm

Substrate = Si Temp JAW (Temp Library)
Temperature = 226.79 °C
Use Ext Temp from Parm Log = OFF

- MODEL Options
Anale Offsef = 0 0563

-~

+ Data

["] show Dynamic Data Timeslice (0.050 - 200.718 min.): (_}

4

Time (min.)

© 2025 J.A. Woollam

250

Thickness # 2 in nm

www.jawoollam.com

Thickness # 2 vs. Time

ﬁ |

/
/

100 150 200
Time (min.)

/ [Thickness # 2




GROWTH RATE FROM GRAPH SCRATCHPAD

@ Graph Scratchpad — O X
| Graph | 2ndY | Color | Style | Curve Label Curve Comment

c1 v L] 0 Thickness # 2

T V) ] 1 0.89611x +-2.6112

@ Trend Editor

Trend Type: |Linear

150
120

90

30

- Fitto Curve: [C1 =null= | w

Thickness # 2

Line Extension in X Units [10000.0 |  Legend Info:

Select the desired x axis range for the trend line
Selected Range

X

Equation -

50 100 150 200

250

P —
Edit ‘ Delete ‘ Delete All l CreateCuwewTw Graph Settings _ l Open ‘ Save

© 2025 J.A. Woollam

Thickness # 2 vs. Time

180 —~
150 | -
e 120
c
€
~ 90}
B
®
2 60 Thickness # 2
3 0.89611x + -2.6112
=
F 30
0 Growth Rate ~ 0.9 nm / minute
_30 | | |
0 50 100 150 200 250
Time (min.)
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[6—05J Example 6-05: Polymer on Si_Tg

Temperature(°C)

© 2025 J.A. Woollam

120

100

Qo
o

/

(@))
o

/

/

/

Temperature(C)

N
o

N
o

/

160

180

200

220

Time (min.)
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ANALYSIS STRATEGY

N

We will do these steps together:

1. Open dynamic data (.iSE extension)
2. Select the first time slice.

3. Build Model: Need to consider temperature effect on substrate
Use temperature library material file “Si_Temp_JAW(-160-500C)”

H -|Layer # 1 = Cauchy Thickness # 1 = 1921.60 nm (fit)
Use stored temperature readings — e AL B AOThoa ) Gaiis
4. Flt Slngle Tlme Slice. Show Urbach Absorption Parameters = OFF

-|Substrate = Si_temp_jaw(-160_500C)
5. Fit Dynamic Data. Temperature = 25.00
Use Ext Temp from Parm Log
¢,

(Library Ranges: 0.73 -6.45 eV .500 - 0.500, t=-160.000 - 500.000)

6. Graph results as function of Temperature using Advanced Graph
Options in Fit window.

7. Use the Graph Scratch Pad to determine T,..
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6-05: POLYMER ON SI_TG - RESULTS

Spectroscopic Data At 172.843 min.
80 300

Psi j j / /\ /\ / / / Thickness and Index vs. Time
E 40 I?A(e)‘ctiael / J 100 1980 1.644

o
/ / / / | g
u -{1.641
20 1o 1970 o
\/ \ = 1960 -{1.638 @
B O
0 - -100 S £
400 600 800 1000 1200 1400 1600 1800 @ Thickness 1635
Wavelength (nm) o 1950 @ 632.8 nm ¥
x> -11.632 ¢
Dynamic Data = o]
= 1940} <
50 —1.629 S
———— <
T~ 1930} =
40 . e -11.626
5975 NM | e decssnesccssssnssasdensassseasss=
30[|778.0nm == —— 192060 780 200 220 240 260 °2°
g 1307.3 nm — Time (min.)
20|
R S S —
10 ---------------------------------------------------------------------------------------
0
160 180 200 220 240 260
Time (min.)
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ADVANCED GRAPH CAPABILITIES

= Right Click in Fit Window to open Advanced Graph Options

= Plot thickness vs Temperature in Graphscratchpad

= Add trend lines and calculate Tg

Fit:

‘ Generate ‘I Fit ‘l Fit Dynamic | Reset ‘

MSE = 11.449
Thickness # 1 = 1973.96+1.086 nm
A =1.594+0.00057333

B=0.01239+3.5311E-05
nof Cauchy @ 632.8 nm = 162484

Layer Con
Include Su

-lLayer#1:

A=1.86
+ Urbact

-|Substrate :

Tempe
Use Ex

¥ Auto Fit

View Fit Statistics

ari

Copy Parameters to Clipboard

- | Copy Analysis Report to Clipboard

Advanced Graph Setup

X-Axis Parameter Y-Axis Parameter(s)

+ Data Add to Fit Log

View Fit Log
View Previous Results

MSE MSE
Absolute MSE Absolute MSE

Thickness #1 icl&h_ééé #1

19
Advanced Graph O@

Graph Optical Constants at Multiple Timeslices
197¢ =P °

o I |

© 2025 J.A. Woollam

A A

B B

n of Cauchy @ 632.8 nm n of Cauchy @ 632.8 nm
Temperature(C) Temperature(C)

Time

i Draw Graph l Cancel }

&7 Graph Scratchpad - O x
| Graph ‘ 2ndyY Color Style ‘ Curve Label Curve Comment
c1 v il 0 Thickness # 1
T [v] ] 3 1.0963x% + 1854.5
T2 [v] L] 3 [0.24102¢ + 19191 Select
Unselect
Add Offset
Graph Difference  E—
Edit | Delete Delete All || Create Curve QAGG Trend >Grapn Settings Graph Ratio ve |
Advanced Parameter Graph Calculate Intersection :D
1980
Message X ‘
1970
€ 1960| | Intersection atx=75.587 Tg
=
—
E=3
a 1950 |- Ok
%]
@
=
S
= 1940
F
1930 |-
1920
20 40 60 80 100 120

Temperature(C) (°C)
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= Consider Key Concepts and how they fit together
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é@ SPECTROSCOPIC ELLIPSOMETRY (SE)

= Measures change in polarization.

P
Angle of
incidence I
i 7.
% D A/
Plane of ,/
incidence




mj

Basics Of Ellipsometry

50 300
Y (65.00°)
A (65.00°%)
40| Model
7 200 F . I B
30f 3 I l I l
> 1100 <
20 .
0 Film A
10
| |

0 — -100
0 300 600 900 1200 1500 1800 u St ra t e
Wavelength (nm)

-

ESULTS

lo12
1 2]
7.0 6.0 tostiorize2F tortiorioriae " 4F
n
6.0 |k 5.0
5.0
4.0
401
c 3.0 x
3.0
-12.0
201
- : -100 10 1.0
600 900 1200 1500 1800 :
Wavelength (nm)
0.0 - 0.0
0 300 600 900 1200 1500 1800
Wavelength (nm)

H.G. Tompkins and J.N. Hilfiker “Spectroscopic Ellipsometry: Practical Application to Thin Film Characterization” (2016) Momentum Press.
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Good Match

* Describes all significant

features in the data
* Small MSE

Variable Angle Spectroscopic Ellipsometric (VASE) Data

45 300
40
200
35
_ =
© 30 100 T
o
25
Psi (60.00, 70.00°) 0
20
Model | i
{1 S S S S .-t -100
] 200 400 600 800 1000

Wavelength (nm)

© 2025 J.A. Woollam

MODEL EVALUATION

Opt. Const. of Poly-Si_g vs. nm

Physical results ST L:x
* Positive ¢,

e Positive thickness
e KK consistent index

Unique answer

18

Good sensitivity to fit parame =
Low error bars g,
Simplest model with fewest f
parameters

SE

a

=2}

40 60 80 100 120 140 160
Thickness

www.jawoollam.com
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ég WHAT ARE WE MEASURING?

= Substrate \/
|deal: Single surface reflection.

= Single-Layer \/(
1nm to 20 um of material on substrate

= Multi-Layer
More than one film with different n, k

© 2025 J.A. Woollam www.jawoollam.com



Composition / Bandgap /
Conductivity/ Porosity /Crystallinity

© 2025 J.A. Woollam www.jawoollam.com
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7 DATA CONTENT —> MATERIAL PROPERTIES

= Total content: 2A. = Film thickness
" Multiple angles may add extra " Optical Constants
information. Transparent (n): 1A

Absorbing (n & k): 2A

" Measurement ¥(A), AQL)

content needs to \ P4

solve all unknown t, n(A)
sample properties

© 2025 J.A. Woollam www.jawoollam.com



MODELING DIFFERENT MATERIALS

£=n’

Semi-absorbing

-
o

&)

o

ZnSe Graphene

6.0
GaN cr

HfO2
Photoresist

o
o
T

w
o
by
o

T

' | ! 1 ! I

&Sic 4

GaN |
&SENT 6.0
§A|203- l Graphene

- 5.0 Cr
O _Sioz' . a0 401

[ MgF; 15 : :

; ] L ] ) ] L ] -13.0 30

500 1000 1500 2000 B 10 53

Wavelength (nm) ' ZnSe 2.0 .

05 Gan > 2.0

Hf02 10 T
[ ]

E( Session 2

: 1.0
4' 000 200 0 o 1000
) avelength (nm)

\

n, Index of Refraction
w
o
T F
n, Index of Refraction
N
o

n
o
T

-
o

N =
=]

(4]
o

—_
(4]

rno

o

Index of Refraction (n)
S
]

—_
o

k, extinction coefficient
k, extinction coefficient

o
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7 TRANSPARENT MATERIALS

Sellmeier

=  Empirical equations = Embedded in Genosc

= Easytouse = Works better for materials presenting
absorptions at longer wavelengths

Substrate = Cauchy
A=1450 B=0.01000 C =0.0000

Show Urbach Absorption Parameters = OFF Include Surface Roughness = ON Roughness = 13.44 A (fit)
1.68 - L -|Substrate = Gen-Osc
' Show Dialog

1.65| - e1 Components
Einf = 1.466 (fit)

162 UV Pole Amp. = 92.7823 (fit) UV Pole En. = 10.665 (fit)
IR Pole Amp. = 0.0200 (fit)

- 1.59 - @2 Components

Oscillator Menu: Add Delete Delete All Sort

1.56 |- Fit Menu: All None Amp. Br. En. Display Units = OFF

(There are no oscillators added.)
1.53
1.50
0.2 0.4 0.6 0.8 1.0

© 2025 J.A. Woollam www.jawoollam.com
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ﬁ? TRANSPARENT SUBSTRATES

Psi (50.00°)
Psi (55.00°)
Psi (65.00°) |
‘ Model
Backside Reflection 5|~ e
0
200 400 600 800
Wavelength (nm)
- MODEL Options
Angle Offset = 0.00
Include Substrate Backside Correction = ON
Transmission SE Data = OFF Reverse Direction -
# Back Reflections = 0.881 (fit)
% 1st Reflection = 100.00 /
SURFACE OF
Model Calculation = Ideal INTEREST

© 2025 J.A. Woollam www.jawoollam.com



7 TRANSPARENT THIN FILMS

100 ! I N I ! | Y 1 ! I
s — [ = | 50nm
. S0F o T
. . 8 i = == {=2]10nm
Thickness Shifts 50 60 T e
. o [
interference £ 40} = 1
> R R TEinaio
ol nrT T hmamEs ]
0 2 | L 1 L | L | 1 | "
300 600 900 1200 1500 1800 2100
Wavelength (nm)
100 | 1 1 1 1 v
[ n=15
» 80F /A . n=1.6 7
5 e =17
. N - - —=pn=1.8 4
Index of Refraction & C 1
. = i n=2.0 i
affects amplitude 5 40

(o]
o
—

and shifts peak

300 600 900 1200 1500 1800 2100
Wavelength (nm)

O
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A TRANSPARENT FILMS

Transparent Films Q

Range-select data to avoid
absorptions (problem areas)

Fit Thickness &

Cauchy
Use Si with Transparent Film.mod

Switch substrate mat file if

Roughness, Grading,
Anisotropy? Try Alternate Models

© 2025 J.A. Woollam www.jawoollam.com

A 4

necessary (i.e., germanium,
glass, GaAs etc.)

Depolarization: Consider Thickness

MSE still large? Check
for Depolarization ﬁ reflection for transparent substrate

Non-uniformity and backside



7 MATERIALS THAT ABSORB

= We will apply the B-Spline and
Gen-Osc layers to describe

absorbing materials to fit their

optical constants (both n and k).

= Benefits:
*  Smooth, continuous functions
* (Can constrain to “physical” shapes

© 2025 J.A. Woollam www.jawoollam.com



" Interpolation functions to best describe the

shape of optical constants

MODELING ABSORPTION

Layer # 1 = B-Spline Thickness # 1 =64.74 nm

Fit Opt. Const. = ON
Use KK Mode = QFF

Query remote system for Qpt. Const. = QFF
Show Advanced Options = OFF

Init. values: n=1.500 k =0.000 Starting Mat = B-Spline
Resolution (eV) = 0.200 53 Pts. (1.242-4 940 eV) Draw Node Graph

Spline Opt. Const. vs. eV

5.0 3.0
Spline e1 ,"
Spline e2 :’. 25
4.0 $
s la
. & {20
3.0 A i
ﬁ P ¢ e
T B ie H15¢
e}
2.0 : -
. [ ]
: -11.0
10 ’
: o5
N *
sod .
0.0 LY oy | oogt 0.0
1.0 20 3.0 40 5.0 6.0

© 2025 J.A. Woollam
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Combine physically motivated Oscillator

functions to describe physical nature of

optical constants with minimal parameters

Layer # 1 = Gen-Osc Thickness # 1 = 64.74 nm

Add Oscillater Show Dialog Fast Gaussian Calc = ON

Einf = 0.271 (fit)

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.
1. Type = Tauc-Lorentz Amp1 = 154.8000 (fit)

Br1=2.216 {fit) Eo1 = 3.723 (fit) Egl1 = 1.276 (fit) Common Eg = OFF

Layer

Parameters

Gen-0sc - GEMOSC

Add Oscillator  Fast Gaussian Calc = ON

Einf = 0.271 (fit)

Uv Pole Amp. = 0.0000 U Pole En. = 11.000

IR Pale Amp. = 0.0000

Fit All Clear All Add Amp. Add Br. Add En.

Type = Tauc-Lorentz Ampl = 154.8000 [fit)
Br1 = 2.216 (fity Eol =3.723 (fit) Egl = 1.2786 (fit) Common Eg = O

Amp1=154.8000 % 2.3145E-11
Br1=2216 + 1.6759E-13
Eo1=3723+55221E-14
EQ1=1.276+ 1.2257E-13

[« e < Al
Graph
30 40
20 e 30
el '.-"ﬂ\\
= 10 " = 20 ¢




mj

7

Metals

Organics
Semiconductors

Dielectrics
Semiconductors

© 2025 J.A. Woollam

Model

B-Spline

KK B-Spline

Gen-0Osc

MODEL COMPARISON

www.jawoollam.com

Disadvantages

=Most Fit Parameters.

=No physical basis — just “curve
fitting”.

=Can get lost.

=No physical basis for e2 — just
“curve fitting”.

sMore Fit Parms than Gen-Osc.

=Can be tedious.

=May not capture all features in
the data.

=Oscillators lose physical
meaning —-become curve fitting.




%E STRATEGY: FILMS WITH ABSORBING REGION

Film
Substrate

AN
S
O
O

U8
S
—
l A
~
()]

Y in degrees
\®)
S
=
S90I39p Ul 'y

[R—
()
l L
1
N
()]

[ m— Exp ¥
L —Epr

0 . 1 . 1 . 1 . 1 . 1 . -90
0 300 600 900 1200 1500 1800
Wavelength (nm)
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7

[ Fit Transparent Region with Cauchy ]

2

f

Right-Click on Cauchy »
“Convert to Transparent B-Spline”

\

24

Optimize Node Resolution, Roughness,

Grading,...

© 2025 J.A. Woollam

SIMPLIFIED AND AUTOMATED B-SPLINE PROCEDURE

II1

CAUCHY »

Convert to
Transparent B-Spline

Model: Si with Transparent Film

| Open H Save H Clear ‘

Layer Commands: Add Delete Save

Include Surface Roughness = OFF
+|Layer # 1 = [N Thickness # 1 = 586.33 nm (fit)
Substrate =| Graph Layer Optical Constants
Graph Layer Absorption Coefficient
+ MODEL 0p Rename Layer and Fit Parameters
+FIT Options Save Layer Optical Constants
+ OTHER Op Parameterize Layer 4

. View Layer Comment
Configure (
Turn Off Al

Convert To EMA

Convert To Transparent B-Spline

Convert To Anisotropic
Grade Layer

Start Superlattice

www.jawoollam.com



7 Gen-Osc Layer

-|Substrate = Gen-Osc
how Dialoc

- e1 Components

Einf = 1.000

UV Pole Amp. = 0.000 UV Pole En. =11.000

: IR Pole Amp. = 0.000
- e2 Components

Oscillator Menu: Add Delete Delete All

Fit Menu: All None Amp. Br. En.

1. Type = Gaussian Amp1 = 10.000000 Br1 =0.1000 En1 = 3.000

el - Einf & Poles:
Describes the effect on €1 from out-of-range absorptions

e2 - Oscillator List:
Describe absorptions within the analysis range, affecting ¢,
and KK transformed ¢, shape

© 2025 J.A. Woollam
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Choose the oscillator type:

Lorentz

Lorentz Im{Amp)
Harmonic
Harmonic Im{Amp)
Gaussian

Drude

Drude(RT)

Drude(NMu)
Tauc-Lorentz

Cody-Lorentz
Cody-Lorentz IR
Tanguy
PSemi-M0
PSemi-M1
PSemi-M2

PSemi-M3
PSemi-Tri

PSemi-Full (Relative Endpoints)
PSemi-Full (Absolute Endpaints)
CPPB

CPMO

CPM1

TOLO

Custom

Pole

[ w J»

[0 ] [» 4]

[+ 4

(AT ]

Ok Cancel




—— oL —

Fit Data with
Pre-built Gen-Osc

© 2025 J.A. Woollam

CHOOSING THE BEST APPROACH

Build Gen-Osc from
Tabulated Reference

Fit Data with Gen-
Osc

www.jawoollam.com

[11

Build Gen-Osc from
B-Spline n,k

Fit Data with Gen-
Osc



ﬁ? ABSORBING MATERIAL CHALLENGE

= Need to determine thickness, n and k!
Y(A), A(L)

N A7

e
t, n(A), k(1)

Substrate




7 STRATEGIES

= Multi-angle interference = Opague materials
enhancement

= SE + Transmission
= Multi-sample
= |n situ (Real-Time) f

= Transparent wavelengths
= Dispersion equation

= OTHER TECHNIQUES ‘

absorbing films with spectroscopic ellipsometry” Thin Solid
Films 516 (2008) 7979-7989.

rJ.N. Hilfiker, et al. “Survey of methods to characterize thin

© 2025 J.A. Woollam www.jawoollam.com



MULTILAYER STACK CHALLENGE

= Multilayer applications lead to excessive unknowns!

© 2025 J.A. Woollam

Substrate
/\/

www.jawoollam.com
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é@ MULTILAYER STACKS

= Solution: Determine optical constants from single layers.

Film A Film B :

Film C

Film A

Film C
ey

Film C

Film B Film B

Film A Film A

o

Substrate Substrate

© 2025 J.A. Woollam www.jawoollam.com



50

100

MULTILAYERS - OLED

Psi (45.00°)
Psi (55.00°)

o ¢
[Psi (45.00°)

Psi (55.00°)

Psi (75.00°)

Model
0 0
300 600 900 1200 1500 1800 300 600 900 1200 1500 1800

Wavelength (nm) Wavelength (nm)
Opt. Const. of ITO Opt. Const. of PEDOT
25 - 18 16 ‘ 08
\ Top . In-plane
20 Botom] | 7 o 5 4y o
I_ ‘ 1.2
15 S 1.2
c 09 x ¢ 0.4 x
1.0 1.0
06
05 0.8 102
. 103 .
0.0l = 00  0fb—— 0.0
300 600 900 1200 1500 1800 300 600 900 1200 1500 1800

nm

nm

100

80

Psi (45.007)|
Psi (55.00%)

Psi (75.00

Model

900 1200 1500 1800
Wavelength (nm)
Opt. Const. of Active Layer
22 0.8
n
k
20 0.6
\1/_—\\—"_'_‘
c18 1 t 04 x
18)—/ 0.2
14 0.0
300 600 900 1200 1500 1800

nm
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FINAL PRACTICE SET




(6-06} Quiz: Dielectric on Si

Determine thickness and optical constants over full wavelength
range.

What Model Approaches
to use?

© 2025 J.A. Woollam www.jawoollam.com



6-06 DIELECTRIC ON SI: RESULTS

£ CompleteEASE - [} X
| Measurement | In situ i/AnaIysis rHardware | Options |
Data- 6-06_Dielectric on Si Model- Siwith Transparent Film
| Open || Save H Info || Set Ranges | ‘ Open | ‘ Save || Clear ‘ Open Snapshot ‘ | Save Snapshot ‘
Fit: Layer Commands: Add Delete Save H
| Generate H Eit || Fit Dynamic || Reset | Include Surface Roughness = OFF
— +[Layer#1 = Gen-Osc Thickness # 1 = 2001.30 nm (it 1.59 ‘
MSE = 22.905 — | |Substrate = SI_JAW ;
Thickness # 1 = 2001.30+0.281 nm n Sellmeler—GenOSC
Einf=1.375+0.002617 - MODEL Options n Cauchy
UV Pole Amp. = 97 6847+0 56496 Angle Offset = 0.00 1.56 |
UV Pole En. = 11.498+0.0136 B Include Substrate Backside Correction = OFF
IR Pole Amp. = 0.018320.00013957 Model Calculation = Include Bandwidth (nm), T hickness Non-uniformity
Bandwidth (nm) = 2.364+0.0621 % Thickness Non-uniformity = 0.25 (fit) Bandwidth (nm) = EJETA (fit)
9% Thickness Non-uniformity = 0.25£0.0402 | | #0fPts =9 1.563
nof Gen-Osc @ 632.8 nm = 1.45995 ~| |+ FIT Options
. <
=+ Data + Model
: — : 1.50
Variable Angle Spectroscopic Ellipsometric (VASE) Data \
100
i 1.47
80 F : S~
PLoH Psi (55.00°) ———
H s |£ } Psi (60000) \h\
60 il L 1.44
- (i Psi (70.00°) 0 300 600 900 1200 1500 1800
o Wavelength (nm)
40 Model —
L) - - o
"‘E:-"'.-‘: " thH -4 7 Pl
:":: B En Pt v =
20 'i:-‘{?‘ i ’;f:'-
0 .
0 300 1500 1800
Wavelength (nm)
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(6-07} Quiz: Self-Assembled monolayer on Au

= Determine thickness of SAM layer.

What Model Approaches
to use?

© 2025 J.A. Woollam www.jawoollam.com



6-07 SAM ON AU: RESULTS

&2 completeEASE - O ® €7 CompleteEASE
Measurement | Analysis | Haraware | Options [ Measurement | Analysis | Hardware | Options
Data: 6-07_bare Au Model: Blank (Blank Starting Model) Data: 6-07_SAM on Au Model: 6-07_SAM on Au (Snapshot)
| Open | | Save || Info | | SetRagges | ‘ Open | Saye | Clear | | Opgn Snapshot || Save Snapshat ‘ | Open | | Save || info_| | SetRanges | | Open ‘ Save ‘ Clear | | Opensnapshot || Save Snapshot
Fit: Layer Commands: Add Delete Save = Fit: -
e - Layer Commands: Add Delete Save -
\ﬂ‘ \i‘ FitL | ﬂ Isnct\)ufre tSu_r‘l;cg Fﬁﬁ:gh"ess = OFF ‘ Generate ‘ ‘ Eit ‘ Fit Dynamic | Reset ‘ Include Surface Roughness = OFF
- pubstate = SSDine L -[Cayer # 1 = Cauchy Thickness # 1 = XKl (it)
MSE = 1.040 Resolution (eV) = (A 19 Pts. (1.388-3.250 eV) Draw Node Graph||_ MSE = 3.702 e
E::}:ECSLSSTEEL Thickness # 1 = 6.97£0.025 nm + Urbach Absorption Parameters
- Nodes - [Substrate = B-Spline =
Init. Values: n=1.500 k=000 Starting Mat. = Au B Resolution (eV) = 0.100 19 Pts_ (1.388-3.250 eV) Draw Node Graph
Force E2 Positive = OFF Fit Optical Constants
Assume Transparent Region = OFF Use KK Mode = OFF
Show Nodes = OFF + Nodes
Node Spacing Speciral Ranges. Add Delete Delete All - + Advanced B
+ Data + Model Show Data + MODEL Options |
+ FIT Options -

Spectroscopic Ellipsometric (SE) Data

-

45 140 +Data  + Model | e H
42 / === 1130 Spectroscopic Ellipsometric (SE) Data
45 130
39 ' t { 120 -
42| |Psi ! - Il PPV
Delta "
36 110 o —
= / p 39 Model e 110
g 36 100 3
o /f' a
30 — | | Bei 90 33 ‘/ / 90
Delt
27 N Model 80 30 mp— 80
24 70 27 70
300 400 500 600 700 800 900 300 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm)
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(6-08} Quiz: Ta,0O:on Fused Silica

= Use “SiO2.mat” for substrate
= Determine optical constants for Ta,O; film

What Model Approaches
to use?

© 2025 J.A. Woollam www.jawoollam.com



Data: 6-08_Ta205 on Fused Silica Model: 6-08_Ta205 on Fused Silica_g (Snapshot)
| Open ’ ‘I Save l ] Info | ’ SetRanges | \ Open ‘ | Save \ Clear ‘ [ Open Snapshot ‘ | Save Snapshot
Fit Layer Commands: Add Delete Save
\ Generate \ | it ’ Fit Dynami } | Reset Include Surface Roughness = ON Roughness = 3.17 nm (fit)
: - — | -[tayer # 1= Ta205_CodyLor Thickness # 1 = 466.22 nm (fit)
MSE = 4.150 = Show Dialog =
Roughness = 3.17+0.010 nm - @1 Components 1
Thickness # 1 = 466.22+0.044 nm Einf = 0.706 (fit) Onpti
; ical Constants of Ta205
Einf = 0.706+0.0922 UV Pole Amp. = 153.4364 (fit) UV Pole En. = 11.382 (fit) P
UV Pole Amp. = 153.4364+16.35673 IR Pole Amp. = 0.0311 3.0 1.2
UV Pole En. = 11.382+0.3621 - @2 Components
Amp1 = 521.990+129.4422 1 Oscillator Menu: Add Delete Delete All Sort Genosc
Br1 = 1.549+0.008581 Fit Menu: All None Amp. Br. En. Display Units = OFF 2.8} B-Soli -11.0
Eo1 = 5.179:0.002509 1. Type = Cody-Lorentz Amp1 = 521.990 (fit) Br1 = 1.549 (fit) ~opiine
Eg1 = 4.038+0.001781 Eo1 = 5.179 (fit) Eg1 = 4.038 (fit) Ep1 = 10.747 (fit)
Ep1=10.74741.3755 + Urbach Absorption Parameters 26| 108
% Thickness Non-uniformity = 2.80+0.0162 | | Substrate = Si02
1 of Ta205_CodyLor @ 632.8 nm = 2.04743 [7]| 4] I I i
— c 24} -10.6 x
+ Data + Model
Variable Angle Spectroscopic Ellipsometric (VASE) Data 22} -{04
30 :
Lgpeemirenting 201 ] 0.2
25 i :
Psi (55.00°) ;
20 | Psi (60.00°) [ 18 - ‘ ' ‘ ‘ 0.0
0 300 600 900 1200 1500 1800
5 15 Psi (70.00°) les Wavelength (nm)
10 Model
S \
0
0 300 600 900 1200 1500 1800
Wavelength (nm)

© 2025 J.A. Woollam www.jawoollam.com



| Shukri
Vinaka = &3 Maake mDhanliraI\E}adagalu

SuksamaS 5v.:K11tos \Manana Dankon ;

Dank Je 25 Mauruuru yan
Em ’@ DZlEkll] Chokrane =5 Gl’aZle
usp axar I{rlgato a5 Najis Tuke
bracias &5 Matur Nuwun

ZF o|‘
2 AR LT E “’ cam on ban-v' e

UaTsaug Rau K01 GI&Z&S = 0br1 gado
NlrrmgraZZJak Dékuji = EE DHES

= = Hvala S Ferrik Ask
= 15‘.[ 2 Dank T-:: Go Raibh Maith &g atsi»m -
i

0Szonom
saina
sante

cheen )

60 ko

uk
Gratias Tibi
.Terima Kasih

10lch 1 Chi
2 Taiku

‘IJQ‘IJB‘]JﬂﬂLﬂﬂL =)



	Slide 1
	Slide 2: Course Outline
	Slide 3: Session 6 Outline
	Slide 4
	Slide 5
	Slide 6: Preview of raw data 
	Slide 7: Preparing Model for Automation
	Slide 8: Fit Log
	Slide 9: Batch Analysis (From Fit Log)
	Slide 10: Batch Analysis (From Fit Log)
	Slide 11: 6-01 SiNx on Si “batch”:  Results
	Slide 12: Comparing Results (in Fit Log)
	Slide 13
	Slide 14: Mapping Data
	Slide 15: Recipes in CompleteEASE
	Slide 16: Recipe Components
	Slide 17: Viewing Previous Results
	Slide 18: Selecting Single Data Point
	Slide 19: Working with Mapping Data
	Slide 20: Changing the symbol size
	Slide 21: Zooming/Saving with Graphs
	Slide 22: Compare Data At Multi-Points
	Slide 23: Multi-Data Sets 
	Slide 24: Setting up Multi-sample analysis
	Slide 25: Check Model At Multiple Points
	Slide 26: Fitting the entire map
	Slide 27: Viewing Results
	Slide 28: Surface Plots
	Slide 29: Reduce Analysis Time
	Slide 30: Mapping Data Short-Cuts
	Slide 31
	Slide 32: 6-02 CVD SiO2 Map:  Results
	Slide 33
	Slide 34: 6-03 a-Si on 7059 Glass:  center Results
	Slide 35: 6-03_a-Si on 7059 glass - Map
	Slide 36
	Slide 37: In Situ  Ellipsometry
	Slide 38: In-Situ SE Data
	Slide 39: Atomic Layer Deposition
	Slide 40: Short-Cuts for In Situ Data
	Slide 41: Basic In situ Data Analysis Strategy
	Slide 42: Collecting In Situ Data
	Slide 43: Open and View in situ data
	Slide 44
	Slide 45: Fit Strategy
	Slide 46: Dynamic Fit
	Slide 47: Dynamic Results
	Slide 48: Growth rate from graph ScratchPad 
	Slide 49
	Slide 50: Analysis strategy
	Slide 51: 6-05: Polymer on Si_Tg - RESULTS 
	Slide 52: Advanced Graph capabilities
	Slide 53
	Slide 54: Spectroscopic Ellipsometry (SE)
	Slide 55: Basics Of Ellipsometry
	Slide 56: Model evaluation 
	Slide 57: What are we Measuring?
	Slide 58: What does Ellipsometry do?
	Slide 59: Data content → Material properties
	Slide 60: Modeling different materials
	Slide 61: Transparent Materials
	Slide 62: Transparent Substrates 
	Slide 63: Transparent Thin Films
	Slide 64: Transparent films
	Slide 65: Materials that Absorb
	Slide 66: Modeling Absorption
	Slide 67: Model Comparison
	Slide 68: Strategy:  Films with Absorbing Region
	Slide 69: Simplified and automated B-Spline Procedure 
	Slide 70: Gen-Osc Layer
	Slide 71: Choosing the Best Approach
	Slide 72: Absorbing material Challenge
	Slide 73: Strategies
	Slide 74: Multilayer Stack Challenge
	Slide 75: Multilayer Stacks
	Slide 76: Multilayers - OLED
	Slide 77: Final Practice set
	Slide 78
	Slide 79: 6-06 Dielectric on Si:  Results
	Slide 80
	Slide 81: 6-07 SAM on Au:  Results
	Slide 82
	Slide 83: 6-08 Ta2O5 on FS:  Results
	Slide 84

