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Collimation Testing with Shearing Interferometry



Abstract

In this use case, we demonstrate the
functionality of a shearing interferometer
and its use for testing collimation. By
varying the beam collimation system — in
this example, the distance between the
two lenses — we observe the interference
fringes from the shearing interferometry.




Application Scenario



Application Scenario: System

Detector

Spherical lens
* fes=450mm

X Objective lens - Diameter 25mm
| Z fog=14mm
« NA=0.25
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 Input field
* Gaussian profile
+ Wavelength 632.8nm Shear plate (non-
* Beam diameter Tmm para”el etalon)

* Thickness 7.5mm
* Wedge angle a = 0.015°

4 For a workflow (incl. tutorials) on how to build such a system please see here!



Application Scenario: System

Detector
\
Superposition
of two reflected
beams.
_ /
Spherical lens
) ) * fz=450mm
X Objective lens - Diameter 25mm
| Z s feg=14mm
« NA=0.25
p )
L _ Reflections at
> Input field first and second
* Gaussian profile
- Wavelength 632.8nm Shear plate (non- plane.
« Beam diameter 1mm parallel etalon) /

* Thickness 7.5mm
* Wedge angle a = 0.015°

S For a workflow (incl. tutorials) on how to build such a system please see here!



Application Scenario: Simulation Tasks

Detector
e [rradiance

N\

Task 2: Detect interference
pattern in the irradiance for
different distances of a.
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L. Task 1: Evaluate collimation performance by
measuring the wavefront after the spherical lens and
determine the deviation to a plane wavefront.




Simulation Results



Task 1. Wavefront Evaluation after Expansion and Collimation
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Task 2: Shear Interference Fringe - Distance: 448.25mm

Irradiance
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Task 2: Shear Interference Fringe - Distance: 444 mm

Irradiance

n 4: Irradiance

Radiometric Data (Irradiance)
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Task 2: Shear Interference Fringe - Distance: 452mm

Irradiance

n 5: Irradiance

Radiometric Data (Irradiance)
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Workflow Steps



Basic Workflow Steps

Source selection

Getting it done in VirtualLab Fusion:

» Gaussian Wave

System setup

Detector selection

Radiometric Data (Intensity)
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. Edit Gaussian Wave

Basic Parameters

Spectral Parameters

Irradiance of source

") Rayleigh Length

Source settings

Spatial Parameters Palarization Mode Selection Sampling
(] Generate Cross Section
Hermite-Gaussian Mode e

Order )= =
M* Parameter 1 1
Reference Wavelength (Wacuum) 6328 nm *
Select Achromatic Parameter:

o*.‘v'aist Radius {1/&%) 500 um = 500 pum
—, Half-Angle Divergence 0.0232075503° ).022075503°
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https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#subsection.52.1

Basic Workflow Steps

. Getting it done in VirtualLab Fusion:
Source selection

» Zemax import of lens group
» Position and orientation of elements in the optical setup

» Channel configuration for surfaces and grating regions
System setup
- Edit Lens System Component (Wedge {7.5mm)) Shear

plate
Surface =)= =/ | - | RS
;ﬁ' All Surfaces B 8 O channel
Coordinate Surface #1 (Plane Interface) | B B & [ Set‘“ngs
DeteCtOI’ Select| on Systems Surface #2 [Plane Interface) [ | -] B O

-

Position /
Orientation
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https://www.lighttrans.com/index.php?id=1305
https://www.lighttrans.com/index.php?id=1318

Basic Workflow Steps

[ Source selection ]

[ System setup ]

Detector selection

Getting it done in VirtualLab Fusion:

> Universal Detector

» Wavefront Error Detector

Edit Universal Detector

i Field Quantities
Dretector Window [k-Domain)

Coordinate W Data from Universal Detector

Systems

8% | Electromagnetic Field Quantities
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Orientation L |G| Iradiance
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https://www.lighttrans.com/index.php?id=1305
https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#subsection.75.8.4
https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#subsection.75.8.4

Specific Workflow Steps Related to Use Case

Perform parameter

sweep

Getting it done in VirtualLab Fusion:

> Parameter Run document

Set up the parameter(s) to be vaned.

You can select one or more parameters which shall be varied as well as the resulting number of iterations. Several modes are available
specifying how the parameters are varied per iteration.

Usage Mode Standard ~

Filter by...

* | @ show Only Varied Parameters

B “Spherical Lens” [# 2)
* =) Basal Positioning [Relative)
‘. Distance Before

4436 mm 453 mm

448.2 mm

< Back Mext = Show

|| Parameter

Run
document



https://www.lighttrans.com/index.php?id=1596

Peek into VirtualLab Fusion

Convenient definition of lens systems

Edit Optical Interface Sequence

Get‘)metry !
Channels

b

Position / Index | Distance | Position | Type
Orientation 1 Omm Omm Conical Interface
2 1.9586 mm mr Conical Interface
3 4816 pum 24402 mr Conical Interface
LYY | PSP C S-S ————
Structure / 5 465,47 3D View: Objective Lens
Function
6 1.8298
—l— 756168
2 R
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Propagation J| 04
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Results
Start the parameter run and analyze its results

b Go!
Use Already Calculated Results for Next Run

12 16: C:\Users\...\Collimation Testing_02_Collimation Lenses Setup_Scanning Distance.run

Iteration Step
Detector Subdetector Combined Ouiput 46 47
Varied Parameters Distance Before (Spherical... | Data Array 452 mm 4522 mm 4524
Wavefront Error #600 after | Datz Arrays Animati Gridless Data Array  Gridless Data Array  Gridless Data £
Cohasieal | ens #2 (T) (Field Y imaton v ||/ x y y
- 0 x ndGeneration) RMS [A] of Wavefront Error | Data Array 0.77464 0.81632 0.8!
QERO:: .
B 9 452mm 5[]
Chromatic Fields Set
Data for Wavelength of 632.8 nm [1E-5 (V/m)~2]
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Calculation of
interference fringes

Concel | | el

Paramete
r sweep
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Document Information

Title Collimation Testing with Shearing Interferometry
Document code USC.0147
Publication date 01.04.2025

Required packages
Software version 2024.1 (Build 2.74)*
Category Use Case

- Laser-Based Michelson Interferometer and Interference Fringe Exploration
- Fizeau Interferometer for Optical Testing

Further reading

* The files attached to this document require the specific version or later.
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