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Abstract

This tutorial demonstrates the use of the 

Parameter Variation Analyzer to calculate 

important properties from ellipsometric 

analyses. Its flexibility allows the automatic 

calculation of results based on variations in 

wavelength, angle or both. The user can thus 

be provided with 1D plots representing phase 

differences and amplitude components over 

angles of incidence and/or wavelengths.



Basic Principle of Ellipsometry

Hence, phase difference 𝛥 and the amplitude 

component 𝛹 can be written as

𝛥 = 𝛿p − 𝛿s, and  tan𝛹 =
|𝑅p|

|𝑅s|
,

where 𝛿p and 𝛿s are the phase changes for the p-

and s-polarized component after reflection, 

respectively.

Note: Similar considerations apply to the transmission case, but for sake of simplicity only reflection is discussed.

Ellipsometry measures the reflection for the s- and p-

component, which can be described as complex 

reflection (or Rayleigh in case of a grating) 

coefficients (𝑅p, 𝑅s):

𝜌 =
𝑅p

𝑅s
= tan 𝛹 exp 𝑖𝛥 .
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Parameter Variation Analyzer (PVA)

In this tutorial for ellipsometry analysis the Parameter 

Variation Analyzer is used. Find more information under:

Parameter Variation Analyzer

Note: The Parameter Variation Analyzer is designed for 

maximum flexibility. For a more guided experience with 

fewer customization options, consider using the 

Ellipsometry Analyzer.
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https://www.lighttrans.com/index.php?id=3245
https://www.lighttrans.com/index.php?id=3062


Prerequisite: Source & Grating Order Analyzer

The Rayleigh coefficients used for the 

calculation are provided by the Grating 

Order Analyzer. In order for the 

calculation to be performed correctly, 

this analyzer must be pre-configured 

for a single desired order and TE/TM 

output. Likewise, the TE-TM Coordinate 

System must be selected in the source.
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Prerequisite: Parameter Variation

6

In the PVA's Parameter Variation edit 

dialog, users specify whether to output 

curves over wavelength or spherical angles 

(or both). The attached sample file 

configures three parameters.

• Polarization Angle

• Wavelength

• Spherical Angle Theta

The user may disable the wavelength or 

spherical angle parameter, in case that the 

associated plots are not needed. Spherical 

Angle Theta may be accompanied with a 

Spherical Angle Phi (set in the Optical 

Setup).

Results automatically adjust based on the 

active parameters.



Example Output: Only Wavelength

𝛥𝛹

When only Wavelength

(next to the obligatory 

Polarization Angle) is 

active, the phase 

difference and amplitude 

components are 

calculated as 1D graphs 

plotted over the 

wavelength.
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Example Output: Only Angle

𝛥𝛹

When only Spherical 

Angle Theta (next to the 

obligatory Polarization 

Angle)  is active, the 

phase difference and 

amplitude component 

will be calculated as 1D 

graphs plotted over the 

incident angle.
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Example Output: Wavelength & Angle (with Angle Axis)

𝛥𝛹

When Spherical Angle 

Theta, Wavelength, and 

Polarization Angle are 

active, either the 

wavelength or the angle is 

used as the axis, with the 

other represented as a 

series of subsets. The 

Configuration parameter 

determines which is 

assigned to each role.
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Example Output: Wavelength & Angle (with Wavelength Axis)

𝛥𝛹

When Spherical Angle 

Theta, Wavelength, and 

Polarization Angle are 

active, either the 

wavelength or the angle is 

used as the axis, with the 

other represented as a 

series of subsets. The 

Configuration parameter 

determines which is 

assigned to each role.

10



Technical Details – PVA Snippet



Snippet Code #1

Perform parameter sweep

Extract results from parameter variation as well as 

sampling information of the individual parameters 

(the latter is necessary to construct the output 

data arrays at a later point).

Check which 

parameter 

(wavelength, angle, 

polarization) is 

active. 

Extract TE/TM values from the 

Parameter Run into separate lists 

for later calculation.
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Snippet Code #2

In case both Wavelength and Angle are active.

Construct containers for data and help variables 

(units, subset names) which are necessary for the 

generation of data arrays.

Fill data 

container.

Construct output data arrays and 

add them to output list.

Configuration parameter is set to “Angle as Axis, Wavelengths as Subsets”.

Fill unit/subset 

name container.
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Snippet Code #3

In case Wavelength is active and Angle inactive.

Construct containers for data (containers for unit 

and subset names are not necessary, as there is 

only one unit and no subsets).

Fill data 

container.

Construct output data 

arrays and add them to 

output list.
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Snippet Code #4

In case Wavelength is inactive and Angle active.

Construct containers for data (containers for unit 

and subset names are not necessary, as there is 

only one unit and no subsets).

Fill data 

container.

Construct output data 

arrays and add them to 

output list.

Return output list as 

output.
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