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Course Outline
▪ Session 1:  Introduction to Ellipsometry

▪ Session 2:  Transparent Materials

▪ Session 3:  Materials with Absorption (B-Spline)

▪ Session 4:  Materials with Absorption (Gen-Osc)

▪ Session 5:  Thin Absorbing Films & Multi-Sample Analysis

▪ Session 6:  Advanced Topics and Review
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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

▪ Automate analysis  of multiple data-sets

▪ Suitable for analyzing and comparing 
similar samples

• Set up flexible model.
• Analyze multiple data sets
• Report and compare results
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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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Preview of raw data 

▪ Observe data spread and variations to guide model setting strategy

– Thickness and/or refractive index?
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Preparing Model for Automation
▪ Make sure it fits all data.

– Thickness Pre-fit

– Global Fit

– Limit Wavelength range / Angles for fit

▪ Customize what to report.
– Rename / Hide Fit Parameters

– Add Derived Parameters

▪ Save the model

Set Max. Acceptable MSE 
to warn when fit fails
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Fit Log

Right-click in fit panel:

• Add to Fit Log  (Ctrl-L)

• View Fit Log  (Ctrl+Alt-L)

Fit Log is cleared when 
CompleteEASE is closed



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                9

Batch Analysis (From Fit Log)
Select ‘Reanalyze’ from Fit Log

Add Row and populate with data sets & 
corresponding model.

1

2

3 4

1

2-4
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Batch Analysis (From Fit Log)

“Resave Results to Data Files” 
will add fit results to data files

– It will overwrite previous fit 
results saved with the raw data

– Be sure to rename files if 
overwritten is not desirable

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

5 6

5 - optional

6
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6-01 SiNx on Si “batch”:  Results
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Comparing Results (in Fit Log)
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Topic #2:  Mapping Data

▪ Analyze data from multiple 
sites across sample to study 
thin film uniformity.

• Set up flexible model.
• Fit all points from map.
• View results.
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Mapping Data

▪ Analysis Procedure:

1. Develop model from single point data.

2. Test/Optimize at multiple points.

3. Fit All Points.

4. View Results.
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Recipes in CompleteEASE
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Acquisition Parameters Scan Pattern

Recipe Components

How to collect the data Where to collect data



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                17

Viewing Previous Results

Show results saved by in data files

Data files (.SE) also contain 
modeling results when optical 

model presents in recipe
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Selecting Single Data Point
▪ Left-click any point to view spectroscopic data.

▪ Move through points with slider.

▪ Check-box returns to Map view. 

CTRL-Space Bar toggles 
from Map to Spectra
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Working with Mapping Data

▪ Right-click menu 

on individual point 

is different from 

right-click menu 

outside the graph.
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Changing the symbol size
▪  Change point symbol size on graph with right-click menu outside of the 

measurement points. 
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Zooming/Saving with Graphs
▪ DRAG across graph to Zoom into a smaller range

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

Right-Click on Data ‘Save’ to 
“Save Subset”, 

which is the smaller map

▪ Use CTRL+DRAG across graph to select multiple points



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                22

Compare Data At Multi-Points
▪ CTRL+Click or right-click > “select” on multiple points to setup Multi-

Data Set Mode

– select “Graph All Data Sets”
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Multi-Data Sets 
▪ Graphing and Handling

▪ Saving

Right-click over Data 
‘Save’ button and 
press “Save Data 
Subset”

Drop Down Menu for Data Sets

Save Data Subset as 

Individual or Multi-Data Set file
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Setting up Multi-sample analysis
▪ Need to tell CompleteEASE which parameters to vary between 

multiple data sets

 Configure Options

 

 Add Fit Parameter

Roll Mouse over each Fit 
Parameter and choose which 

to fit
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Check Model At Multiple Points

▪ Test model on different areas of map.

▪ Thickness Pre-Fit is helpful when 
thickness greatly varies.

▪ Do all optical constant parameters 
need to vary? 

▪ Turn Fit Parameters reset ON to avoid 
parameter lost due to singularities at 
some locations

Hint:  Turn off 

“Auto-Fit”.

Configure Options>
“More Fit Options”
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Fitting the entire map
▪ Clear Multi-Data Set Mode before 

fitting entire map

▪ “Fit Scan Data” performs sequential fit 
for a every data point on map
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Viewing Results
▪ 2 ways to graph results:

– Click on fit parameters 
(in blue)

– Select from “Results” 
drop-down menu
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Surface Plots
▪ Right-click outside graph > “Draw Surface Plot”
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Reduce Analysis Time
▪ Skip Wavelengths

▪ Reduce Wavelength Range

▪ Reduce Angles

▪ Reduce fit parameters

▪ Turn-off Global fit

Configure Options>
“More Fit Options”
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Mapping Data Short-Cuts

Shortcut Function

CTRL-Click on Point Select / De-Select Point

CTRL-ALT-Click on Point Delete Point

CTRL-ALT-SHIFT-Click on Point
Show camera image from point          

(when available)

CTRL-Spacebar Switch view from single-point to map

ALT-#
Switch between Data Sets                     

(when multiple selected)



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                31

6-02 CVD SiO2 Map (on Si)

▪ Find a model to fit all the data from 

the map of this non-uniform coating.
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6-02 CVD SiO2 Map:  Results

Parameter Average Std. Dev. Slope Minimum Maximum Range

Thickness # 1 in 

nm vs. Position
927.92 71.21 797.08 1111.55 314.47
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6-03 a-Si on 7059 Glass

▪ a-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?
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6-03 a-Si on 7059 Glass:  center Results
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6-03_a-Si on 7059 glass - Map
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Topic #3:  Dynamic Data Analysis

▪ SE measurements are repeatedly collected during a process, such 
as film growth.  

• Analyze all data versus time to 
characterize the process.
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Atomic Layer 
Deposition

In Situ  Ellipsometry
▪ Real-time monitoring and control

▪ Complete sample history

–Before, during and after process
▪ Direct measurement of surfaces & interfaces

J.N. Hilfiker “In situ spectroscopic ellipsometry (SE) 
for characterization of thin film growth”, chapter 
in In situ characterization of thin film growth, G. 

Koster and G. Rijnders, eds., Woodhead 
Publishing: Cambridge, UK (2011)
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In-Situ SE Data

Time in Minutes

M
e

as
u

re
d

 
 in

 d
e

gr
e

e
s

200 1000

0

15

30

45

60

75

90


 in

 d
e

gr
e

e
s

90

0
0 8

Wavelength in nm

Spectral
Data

Dynamic
Data



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                39

Atomic Layer Deposition

▪ Process optimization in one single run 
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Short-Cuts 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
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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”
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Collecting In Situ Data

▪ Preset data acquisition 
time and intervals

1

2

3

4
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Toggle bw dynamic and 

spectroscopic data

Open and View in situ data
▪  Dynamic data is saved with “iSE” 

extension

Bar to move through time slices

Select time slice
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6-04 In situ data – Al2O3 on Si

▪ Determine Growth Rate from dynamic data of 

Al2O3 on Si.
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Fit Strategy

▪ Determine sample baseline and system condition at the beginning

▪ Determine ALD layer refractive index when films become thick enough
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Dynamic Fit
‘Fit-Dynamic’

a) Select ‘Fit Dynamic’
b) Can also “fit backwards in time” 

by right-clicking on ‘Fit Dynamic’

 

‘Seed’ fit parameters to good starting values 
or the Dynamic Fit will get lost
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Dynamic Results
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Growth rate from graph ScratchPad 

Growth Rate ~ 0.9 nm / minute 
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We created a novel polymer mixture and want to study the 
mechanical properties. We spin coat the polymer onto a Si wafer 
and use a heat cell to determine the glass transition temperature 
from the temperature dependence of the layer thickness.

Example 6-05:  Polymer on Si_Tg6-05
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Analysis strategy
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)”

• Use stored temperature readings

4. Fit Single Time Slice. 

5. Fit Dynamic Data.

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

7. Use the Graph Scratch Pad to determine Tg. 
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6-05: Polymer on Si_Tg - RESULTS 
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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

Tg
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Review

▪ Consider Key Concepts and how they fit together
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Spectroscopic Ellipsometry (SE)

▪ Measures change in polarization.
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Basics Of Ellipsometry

Measurement MODEL

Substrate

Film A

Film B

RESULTS

FIT

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

Good Match Physical results

Unique answer

• Describes all significant 
features in the data

• Small MSE

• Good sensitivity to fit parameter
• Low error bars
• Simplest model with fewest fit 

parameters

• Positive ε2

• Positive thickness
• KK consistent index
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What are we Measuring?
▪ Substrate

– Ideal: Single surface reflection.

▪ Single-Layer

– 1nm to 20 m of material on substrate

▪ Multi-Layer

– More than one film with different n,k
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▪ Click to edit Master text styles

– Second level
▪ Third level

Refractive Index / Optical Constants

Composition / Bandgap /
   Conductivity/ Porosity /Crystallinity

Anisotropy

Grading and Roughness 

Retardance/ Chirality

In-situ Monitoring / Dynamic Properties 

What does Ellipsometry do?
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Measurement information Material properties

Data content → Material properties

▪ Total content:  2.

▪Multiple angles may add extra 
information.

▪ Film thickness

▪ Optical Constants

─ Transparent (n): 1 

─ Absorbing (n & k): 2

▪ Measurement 
content needs to 
solve all unknown 
sample properties

(), ()

t, n()
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AbsorbingSemi-absorbingTransparent

i= −n n k

21
~  i−=

2~~ n=

Modeling different materials

Session 2 Session 3,4 Session 5
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Cauchy Sellmeier

▪ Empirical equations

▪ Easy to use

▪ Embedded in Genosc

▪ Works better for materials presenting 
absorptions at longer wavelengths

Transparent Materials

42
)(




CB
An ++=



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                62

Transparent Substrates 

Backside Reflection
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Thickness Shifts 
interference

Index of Refraction 
affects amplitude 

and shifts peak

Transparent Thin Films
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Transparent films

Fit Thickness & 
Cauchy

Roughness, Grading, 
Anisotropy?

Use Si with Transparent Film.mod

Try Alternate Models

Range-select data to avoid 
absorptions (problem areas)

Depolarization: Consider Thickness 
Non-uniformity and backside 

reflection for transparent substrate

Transparent Films

MSE still large? Check 
for Depolarization

Switch substrate mat file if 
necessary (i.e., germanium, 

glass, GaAs etc.)
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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
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B-spline Gen-Osc

▪ Interpolation functions to best describe the 
shape of optical constants

▪ Combine physically motivated Oscillator 
functions to describe physical nature of 
optical constants with minimal parameters

Modeling Absorption
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Model Comparison
Model Advantages Disadvantages

B-Spline ▪Easy extension of transparent 

region.

▪Computationally efficient.

▪Most Fit Parameters.

▪No physical basis – just “curve 

fitting”.

▪Can get lost.

KK B-Spline ▪Fewer Fit Parms. than B-Spline

▪May avoid getting lost.

▪Kramers-Kronig consistent.

▪No physical basis for e2 – just 

“curve fitting”.

▪More Fit Parms than Gen-Osc.

Gen-Osc ▪Fewest Fit parameters.

▪Kramers-Kronig consistent

▪Can be tedious.

▪May not capture all features in 

the data.

▪Oscillators lose physical 

meaning –become curve fitting.

Metals

Organics
Semiconductors

Dielectrics
Semiconductors
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Strategy:  Films with Absorbing Region

n() t () ()k()



© 2025 J.A. Woollam                                                                                                         www.jawoollam.com                                                                                                                69

Simplified and automated B-Spline Procedure 

Fit Transparent Region with Cauchy

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

Optimize Node Resolution, Roughness, 
Grading,…
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Gen-Osc Layer

e2 - Oscillator List:  
Describe absorptions within the analysis range, affecting 2 
and KK transformed 1 shape

e1 - Einf & Poles:  
Describes the effect on 1 from out-of-range absorptions
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Choosing the Best Approach

Fit Data with 
Pre-built Gen-Osc

Fit Data with Gen-
Osc

Fit Data with Gen-
Osc

Build Gen-Osc from 
Tabulated Reference

Build Gen-Osc from 
B-Spline n,k

Cauchy  B-Spline






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Absorbing material Challenge
▪ Need to determine thickness, n and k!
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Increase measurement content Reduce sample unknowns

Strategies

▪ Opaque materials

▪ Transparent wavelengths

▪ Dispersion equation

▪ Multi-angle interference 

enhancement

▪ SE + Transmission

▪ Multi-sample

▪ In situ (Real-Time)

▪ OTHER TECHNIQUES

█ J.N. Hilfiker, et al. “Survey of methods to characterize thin 
absorbing films with spectroscopic ellipsometry” Thin Solid 
Films  516 (2008) 7979-7989.
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Multilayer Stack Challenge
▪ Multilayer applications lead to excessive unknowns!

Substrate

00kn

1n

2n

1−mn

mn

1t

2t

1−mt

mt
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Multilayer Stacks
▪ Solution: Determine optical constants from single layers.
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Multilayers - OLED

Glass

ITO

Glass

ITO
PEDOT

Glass

ITO
PEDOT

Active Layer
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Final Practice set
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6-06 Quiz:  Dielectric on Si

▪ Determine thickness and optical constants over full wavelength 

range.

What Model Approaches 
to use?
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6-06 Dielectric on Si:  Results
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6-07 Quiz:  Self-Assembled monolayer on Au

▪ Determine thickness of SAM layer.

What Model Approaches 
to use?
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6-07 SAM on Au:  Results
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6-08 Quiz:  Ta2O5 on Fused Silica

▪ Use “SiO2.mat” for substrate

▪ Determine optical constants for Ta2O5 film

What Model Approaches 
to use?
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6-08 Ta2O5 on FS:  Results
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