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Educational Tutorial: Fabry-Pérot Interferometer

This Educational Tutorial requires no prior knowledge of
VirtualLab Fusion and can be completed using the trial
version of the software within two hours.



Introduction
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A Fabry-Pérot interferometer (FPI) is an optical
device that employs multiple-beam interference to
analyze light with exceptional precision. In its
simplest configuration, it consists of two parallel,
partially reflective mirrors, with the spacing between
them either fixed or adjustable over small distances.

When light enters the cavity, it partially reflects back
and forth between the mirrors, creating multiple light
paths that interfere with each other. Only specific
wavelengths experience constructive interference,
producing sharp transmission peaks. Key features
include:

Free Spectral Range (FSR): The spacing between
transmission peaks.

Finesse: The sharpness of these peaks,
representing the resolution

FPIls are extensively used in spectroscopy, laser
tuning, and optical communications due to their
ability to scan and isolate specific wavelengths.

In this tutorial, we will configure an idealized Fabry-
Pérot interferometer composed of two flat surfaces
with mathematically defined reflectivities. A plane
wave will be used as the light source, and we will
record the amount of light transmitted through the
interferometer.

We will use a fixed wavelength and observe the
transmission as a function of the distance between
the mirrors. This analysis will be carried out for three
different reflectivities.




Simulation Workflow in this Tutorial

Build the optical setup and perform a ray-tracing
simulation. This quick simulation verifies the system's

behavior and ensures that no obvious errors are present.

Evaluate electromagnetic fields using pointwise
propagation, neglecting diffraction effects. This method
remains computationally efficient.

Configure the detector to measure radiant flux,
determining how much light passes through the
interferometer. Normalize to power to simplify analysis.

Add partially reflecting coatings and enable non-
sequential field propagation. The interferometer relies on
the interference of multiple light paths.

Verify that the simulation converges and achieves
acceptable precision. This ensures that results are
reliable before proceeding further.
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Evaluate whether diffraction must be included in the
simulation to obtain accurate results. Prefer simulations
without diffraction, as they are computationally faster.

Test the feasibility of using the paraxial approximation
as another method to simplify and accelerate the
simulation.

Lower the detector resolution to accelerate the
simulation, reduce memory usage, and verify its
validity.

Vary the length of the Fabry—Pérot Interferometer (FPI)
to observe its effect on the transmission.

Simulate with increasing reflectivities. Higher reflectivity
improves FPI resolution but also increases simulation
time, as more light paths must be included.




Build a Setup

Sources Functions Catalogs Windows Help
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Position Elements, Perform Ray Tracing

 Use the mouse to connect the elements

« Double click on the Plane Wave icon, select the tab Flane Wave Ideal Flane Surface Ideal Plane Surface Universal Detector
Spectral Parameters and set the wavelength to 500 nm D'—_'*“ A g **

» Click on the boxes below the other three elements and X: 0 mm X:0 mm X:0mm
set the z values to 20, 10, and 20 mm. Tip: The position Lo aoam Lo

is with respect to the previous element

B - sd® -
Start Sources Functions Catalogs Windows Help

» Select Ray Results Profile and System: 3D } =5 | _ p o i
« Press Go! W5 Dy | % = &ﬂ -
Go!| [Ray Results JGeneral | Profile Parameter Use Parameter Systern Detectors Moc
Profile | Profile | Editor Owerview  Coupling 10 ip |4 £ An:

Execution Settings Result Visualization

* Locate the black cube in the result window
» Click on the zy plane to change the perspective




Result windows

Verify the result window now looks like this

Try out the tools at the top

Right click on the result window and investigate the available
tools

Using the mouse, toggle between the result window and the
setup window. Observe how the ribbon at the top adjusts
based on the selected window. Tip: Keep this feature in mind
if you cannot find a specific function

P@ﬁle Param.eter Use Parameter
Select the General Profile R
Note that all propagation is Pointwise ]
/ ; ; ;
Press Go! ey ) R | %
Source to Component: Between Components: To Detectors: Paraxial
| Paintwise ~ Pointwise - Pointwise = || Assumptions

Profile Editing Tools

Observe that the Ex-component is normalized to 1 V/m
Observe the soft edge of the plane wave, reducing diffraction
effects.

Investigate the tabs Table and Value at (x,y)
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Activate the Radiant Flux Detector Add-On

ey nf%% e :
Open the PrOf,Ie Edltor Z Ralts Gtr?;i:ll Profile |Parameter USEEeter

Profile  Profile | Editor | Overview  Coupling

Execution Settings

Select Visualization & Detectors

Select Detector Settings

Select Add-ons

Select Load

From Radiometry, select Radiant Flux & Efficiency
(Surface) and press OK

Use the slide bar on the right to scroll down
Click on the cog wheel

Click on Read Me
Verify that the Add-on requires all six components of the
electromagnetic field in the x-domain as input

B Result Visualization | Detector Settings | Parameter Overview Propagation to Detector
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L. Radiant Flux & Efficiency (Surface)

Mew Load Duplicate @

f Edit Detector Add-on

Mame Radiant Flux & Efficiency [Surface]
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&) Read Me

[T Calculate Efficiency




Normalize the Source Power, Set the Air Pressure

Field Quantities | Detector Window [x-Domain] Detector Window (k-Domain} Gridless Data Add-ons

[Filter Controls by... X =
» Switch to the tab Field Quantities Name Settings
* Observe that the x-domain is selected ;UJEZEE?'.;%DD;. Select Field Data Which Is Provided to Detector Add-Ons
« Tick all six field components S BB e Ry
[ @ @& & & o
Domain | 8 space x-Domain | (7] Fourier (k-Domain)
« Switch to Sources _ o
° Select the tab Power Management Profile Editor (Modeling Profile: General)
« Tick the box Activate Power Management Parameter Overview Fosition & Size | Power Management |
e Set the Power to 100 }JW »}) Spectral Parameters
* On keyboards without p simply type uW Sources Type of Power Spectrum R G
« Tip: In Parameter Overview it is possible to edit the _ Source Power Management
Relative Edge Width of the Plane Wave source q-*f“' @ |:ctivate Power Management Source Modeling Power 100 W
« Switch to Other Settings N——
* For demonstration purposes, set the air pressure to & Detectors Environment
zero such that the wavelength equals the vacuum . Air Pressure 0 Pa
wavelength of 500 nm. Alternatively select Vacuum as & System Temperature 20°C
the Homogenous Medium behind every element s
* Close the Profile Editor by pressing OK




Add Coatings

Detector Results

* In the General Profile, click Go!
* Locate the Detector Results window (normally at the
bottom of the VLF master window, together with the

Messages Detector Results

Detector Results

Messages window)
. . Date/Time Detectar Sub - Detectar Result
* Ve rlfy th at the Radlant FIUX equals 1 OO lJW 1 2024-12-2016:23113 | “Universal Detector” (# 600k Radiant Flux & Efficiency (Surface) [Profile: General) | Radiant Flux (Surface)

Ideal Plane Surface

1 Jo—

 Double-click on the icon of the first Ideal Plane Surface

Coating

Mame Mo Coating

* Click on the load icon in the coating panel

= V4 Q
. . . =14 Functional Coatings

* From Functional Coatings, select Perfect Reflection L—H-rr'w—rgn'l

. _Perfect Anti-Reflection Cancel Help
* Press OK - | Perfect Reflection

- Quarter Wave Retarder

Coating
« Click on the edit icon in the coating panel Name [Perfect Reflection

7 Q, X

Variable Parameter

« Set the Reflectance to 0.04 (uncoated glass), press OK
* Add the same coating to the second Ideal Plane Refetance |04 | @

SUI’fa ce Transmittance oo [
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Set the Light Path, Check the Convergence

- In the General Profile, click Go! e GRS ke |

» Verify that the Radiant Flux equals 92.16 yW
» Open the Profile Editor, select Other Settings and Light
Path Finder

@]

Cther Settings Channel Configuration Option Pre-Selected e

Parameter Overview Solver & Fundtions Free Space Propagation| Channel Configuration

-'-F
A
q Mame Surface +/+

* Observe that the Channel Configuration is set to Pre- | sur _
Components “Ideal Plane Surface” [# 1) Surface #1 (Stratified Media) [} O
Selected & Salvers “|deal Plane Surface” (£2) | Surface #1 (Stratified Media) 0
* In Components & Solvers, select Channel Configuration
* Observe that only the +/+ channels (forward transmission) B
are selected
 In the Light Path Finder switch to Manual SoE R SRR SR Manual -

System Free Space Propagation Light Path Finder

« Edit the Channel Configuration and enable the modeling of

Parameter Overview Solver & Functions Free Space Propagation Channel Configuration

o

light bouncing between the two surfaces. Press OK Name -
Components “ldeal Plane Surface” (# 1) Surface #1 (Stratified Media) ] [ ]
B Salvers “Ideal Plane Surface” [# 2) Surface #1 (Stratified Media) ﬂ |:|
* Run the simulation and observe the Radiant Flux
i i : X System Free Space Propagation Light Path Finder
» Open again the Light Path Finder and set the Energy g |
ThreShOId to 00001 % Other Settings Channel Configuration Option FManual e
* Repeat the simulation and observe the Radiant Flux SRS S S S M
Energy Threshold 0.0001 %
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Verify Pointwise vs. Integral and Paraxial Assumptions

1 1 1 \_
%ﬂ"‘.\ qr":"‘u‘n :{]’T‘n E}:Ef % Speed vs, Accuracy Di%
hd Select POIntWIse VS. Integral Source to Component: Between Components: To Detectors: Paraxial fﬂ?’ Pointwise vs, Integral Fast

Pointwise - Pointwise - Pointwise » | Assumptions Positioning -

Profile Editing Tools

« Change to All Automatic, enabling diffraction Profile Editing Tool: Pointwise vs. Integral X
* Run the simulation Selection Mode
« Compare the Radiant Flux with the previous value O Individual O All Pointwise O All utomatic | (O All Integral
By i
° 7 i % m o] 2 4 Speed vs. Accuracy
SeIeCt ParaXIal Assumptlons Source tgpnnent Behveen%punents: To gurs: Paraxial % Pointwise vs, Integral l?:st
Automatic - Automatic - Automatic - | Assumptions Positioning -

Profile Editing Tools

« Switch off the Paraxial Approximation by selecting No Detector Field Compenent Calculation
* Run the simulation _ L o
i . . Apply Paraxial Approximation {Transversal Field O Yes n Ma
» Compare the Radiant Flux with the previous value Companents Only)?
» Switch the Paraxial Approximation back on again Profile Editing Took: Pointwise v Integral
» Set Pointwise vs. Integral to All Pointwise to switch O ves | O Mo Selection Mode
diffraction off () Individual © Al Pointwise
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Lower Detector Resolution, Reduce Memory Usage

 Double click on the icon of the Universal Detector

* Under Detector Parameters, select the Detector
Window (x-Domain) tab

» Set the number of Grid Points to the lowest value

* Click OK and run the simulation

» Compare the Radiant Flux with the previous value to
verify the validity of using a lower resolution

« Tip: The Edit Universal Detector window appears
differently when the Ray Results Profile is active

I Edit Universal Detector

®

Coordinate
Systems

o

Position /
Orientation

°
Detector
Parameters

o

a3

Free Space
Propagation

Universal Detector

Wl mm

Wy N e e

Detector Window (k-Domain)

Gridless Data Add-ons

Field Quantities

Detector Window [x-Domain)

Detector Window Centered Around () Detector Position O Center of Field Mode

Lateral Window Position Omm = 0 mm
Detector Window Size
Q From Field Data (Per Mode) () Manual Setting (All Modes)
1 % 1

Size Scaling Factor

Detector Grid Resolution

() From Field Data (Per Mode) @) Manual Setting (Al Modes)

() Set Grid Period

1287 (1:1) e

Grid Points

© Set Grid Points

128 2| = 128
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Vary the Distance Between the Mirrors

Clean up the work space by clicking Close All Result
Windows in the Windows ribbon

To clean up the Detector Results window, right-click on
it and select Clear Detector Results from the menu

Ensure that the General Profile is active
Select New Parameter Run
Click Next

In the filter function start typing distance
Observe that dis suffices

Locate the value 10 mm

The corresponding parameter will be varied

Tick the appropriate checkbox
Enter From 9.999 mm, To 10.001 mm and Steps 201
Observe that Step Size automatically updates to 10 nm

Sources

Functions

& 5| g

Close Close All |Close All Result

Al But Current|  Windows

?j Cascade

1 Tile Vertical

Close Document Windows

e

% Speed vs. Accuracy

= Tile Horizontally .

Catalogs Windows

88 Arrange Icons

4 Change Size of Result Window
ty

Arrange Document Windows

12
Mew

o ¢ (B0

o .
a"'/f Pointwise vs. Integral Fast Mew Parametric Optimize with | View
Positioning = | Parameter Run | Optimization optislang System
Parameter Variation Wiew
M 4: Parameter Run from "2: Optical Setup” EIIEI

Parameter Specification
Set up the parameter(s) to be varied.

how the parameters are varied per iteration

Usage Mode  Standard =
—

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

|distance|

(] Show Only Varied Parameters

B “Gaussian Wave” (# 0}
1=l ([empty)
Distance to Input Plane |:|
= “Ideal Plane Surface” [# 1)
=| Basal Positioning [Relative)
Distance Before D

eal Plane Surface” [+ 2]
=1 Basal Positioning [Relative)
Distance Before |:|
TIF -

= Basal Positioning (Raflative)
Distance Before

[=I "Ideal Plane Surface™ [# 2}
=l Basal Positioning [Relative]
Distance Before

=l “Universal Detector” [# &600)

| 2599 mm|[10001 mm| | 201|  10nm
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Execute the Parameter Run

* Click Next three times
 Press Go!
* Let the simulation finish

* Click on Radiant Flux to select the row

* Click on Create Output from Selection

« With the Result Window selected, find the Property
Browser.

* Tip: The Property Browser and the Assistant window
are usually separate tabs within the same window
located on the right side of the VLF Master window

* Locate the properties of the Y-Axis
* Uncheck the Auto Scaling of Data

Local Execution o
{Parallel lterations: 8)

lteration Step
Detector Subdetector Combined Qutput 1 2 3 4 5 £
Varied Parameters | Distance Before (“ldeal Pla... | Data Array 9,999 mm 99% mm  9.9%%9 mm 9999 mm 999 mm 9.9%%1 mm

Iteration Step
Detector Subdetector Combined Output 144 145 146
Varied Parameters Distance Befare ("Ideal Data Array 10 mm 10 mm 10 mm
“Universal Detector™ (# 600... Animation ~ f 20 Data Array 2D Data Array 2D Data Array 2D Dati

0sspw| s2aropw| sazstuw| sed

“Universal Detector” # 600... | Radiant Flux (Surface) | pata Array

mibe Create Output from Selection

Property Browser a
H 43: Radiant Flux {Surface) of “Universal Detector” (# 600} Radiant Flux Efficiency (Surface) ...
View  Object Selections

EEE 2¢ |£—;:—':' |
4 General
Transposed View |
4 Y-Axis
P Window Size (Width, Height) 400,420
Read Labels frem Inside
Logarithmic Scaling |:|
Minimum Number of y-Axis Ticks 2
Format Engineering
Is Description User-Defined |:|
Description Radiant Flux {Surface}
Auto Scaling of Data
P Data Range [64.944 uW; 99.666 pW]
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Optimize the Visualization of the Data

Auto Scaling of Data

Set the Data Range from 0 to 100 yW

Tip: The X-Axis Description can be changed in its g
properties settings 4 X-Aois

Click on the icon of the first Ideal Plane Surface

Click Edit Coating

Set the Reflectance to 0.5

Do it for both Surfaces efectance

Run the simulation and observe the Radiant Flux
In Light Path Finder set Energy Threshold to 1e-6 %
Repeat the simulation and observe the Radiant Flux

Transmittance

Start a New Parameter Run

From 9.999875 mm, To 10.000375 ym, Step Size 25 nm
Execute the Parameter Run and generate a plot

Ensure under File/Global Options that the Number of Significant
Digits equals at least 10

O

[0'W;: 100 W]

Distance Before (“ldeal H

Variable Paramsg

o5 B

[AAW] (30BLINS) XN|4 JueIpRY

Diagram Table  Value at x-Coordinate

o 200 200

c0'0

9.9985

10

10.001

Distance Before ("Ideal Plane Surface” (#2) | Basal Positioning (R... [mm]

05 [

Eﬂ 14: Radiant Flux (Surface) of “Universal Detecto... EI@
Mum )

erical Data Array (Equidistant)

Diagram Table  Value at x-Coordinate

30

Radiant Flux (Surface) [pw]
40 60

20

10

10.0002

Distance Before (“Ideal Plane Surface” (#... [mm]
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Visualization: Adjust the Interpolation

Set the Y-Axis Data Range from 0 to 100 pW
Under the Manipulations ribbon, select Coordinate
and Interpolations Settings, and switch to Cubic 8
Point

In the Property Browser, set Minimum Number of
Ticksto e.g. 4

Set the Reflectance to 0.95 for both Surfaces
Run the simulation and observe the Radiant Flux

In Light Path Finder set Energy Threshold to 1e-8 % and

set the Maximum Level to 300

Repeat the simulation and observe the Radiant Flux

Coordinate Axis

Description
Phiysical Property

Interpolation Method

A K-Axis
Description

P Coordinate Range

| Basal Pasitioning (Relative])

Length - ‘

Cubic & Point e
Distance
[9.99936

Minimum Mumber of Ticks

E:ll 18: Coordinates and Interpolation Changed (17... EIIEI

Mumerical Data Array (Equidistant)

Diagram Table  Value at x-Coordinate

Radiant Flux (Surface) [mw]

002

0,06 0,08

0.04

T T T T T
9.4999 10 10,0001 10.0002 10.0003

Distance Before (“ldeal Plane Surface” (#... [mm]

Settings for Manual Channel Configuration

Energy Threshold

Maximum Level

Channel Resolution Accuracy

1e-08 %

300 5

B8 Show Only Paths That Hit a Detector in 3D View
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Final Simulation

Warning: The following parameter run may last
several minutes. For a quicker but inaccurate
simulation limit the number of light paths by setting
the Maximum Level to 50. The effect is still visible

Execute a New Parameter Run from 9.999875 mm
to 10.000375 mm with Step Size 25 nm and
generate a plot

Observe the values around the peak at 10 mm
Ensure the box Use Already... is checked

Click Back several times and change the Step Size
to 5 nm

Click Next several times and press Go!

Generate plot

In the View tab, try out No Interpolation and
Pixelated Interpolation

Reselect Interpolated View

Under Manipulations try out different Interpolation
Settings

b Go!

Local Execution

(Parallel [terations: 3) 0]
Iﬂ Use Already Calculated Results for Mext Run I
Iteration Step
Detector Subdetector Combined Qutput 5 6 7
Varied Parameters Distance Before [‘ldeal Data Array 9,999975 mm 10.000025 mm
“Universal Detector” (# 600... Animation ~ _/’ 2D Data Array 20 Drata Array 20 Drata Array
“Universal Detector™ (# 600... | Radiant Flux [Surface) Data Array I 683.6185458 nW  99.90885725 pW  683.6185451 nW I
mibe Create Qutput from Selection |Fi|t-5r Rows by... *
Start Sources Functions Catalogs Windows Help
maz maz I H—H & Zoom In
_leL‘ :IJ._:\: 414 IE‘ | @Show Range Marker ::‘hj. .
g 1w, = 0
No Automatic  Selection Axes Range E Show Point Marker | Selection = coomL
Interpelation = | Scaling » EBased Scaling | Options » | Marker = Tools = Q" Zoom To
Value Visualization Axes Selection il
s 8 s 8
= b
= T
o v o
X o 5 o
= = = <
% o 'E: o
[ J o o™
JL I I

10 10.0002

Distance Before (“Ideal Plane Surface” (#... [mm]

10 10,0002

Distance Before (“ldeal Plane Surface” (#... [mm]
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Ideas for Further Simulations

» For a fixed distance between the two mirrors, vary
the wavelength of the source

* Repeat for a different distance and compare the
results

« Tip: Always start with fast and inaccurate
calculations and increase the accuracy once
parameters are as desired

* Investigate the effect of misalignment
» Tilt the second mirror by e.g. 0.05°

Radiant Flux (Surface) [pwW]

80

60

40

20

A

0.5 0.50005 0.5001 0.50015
Wavelength ("Flane Wave" (#0)) [pm]
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Summary of Skills Acquired

Congratulations on completing this educational tutorial

Throughout this tutorial, you have acquired a range of valuable skills, including:
« Setting up an optical system

* Adding sources, components, and detectors

* Positioning elements and generating 3D views

« Switching between rays and electromagnetic fields

* Using a Detector Add-on and normalizing to power instead of amplitude
« Adding functional coatings and setting up the light path

« Utilizing Energy Threshold and Maximum Level for convergence testing
« Toggling between pointwise and integral Fourier transforms

« Enabling and disabling the Paraxial Approximation,

« Changing the detector resolution

* Executing a Parameter Run

« Adjusting the range of coordinate axes in plots

« Editing interpolation settings

20



Document Information

title Educational Tutorial: Fabry-Pérot Interferometer
document code TUT.0432

document version 1.0

required packages

software version 2024.1 (Build 2.74)

category Tutorial

further reading Investigation of Sodium D Lines with a Fabry-Pérot Etalon

21


https://www.lighttrans.com/use-cases/application/investigation-of-sodium-d-lines-with-a-fabry-perot-etalon.html

	Educational Tutorial: Fabry-Pérot Interferometer
	Introduction
	Simulation Workflow in this Tutorial
	Build a Setup
	Position Elements, Perform Ray Tracing
	Result windows
	Activate the Radiant Flux Detector Add-On
	Normalize the Source Power, Set the Air Pressure
	Add Coatings
	Set the Light Path, Check the Convergence
	Verify Pointwise vs. Integral and Paraxial Assumptions
	Lower Detector Resolution, Reduce Memory Usage
	Vary the Distance Between the Mirrors
	Execute the Parameter Run
	Optimize the Visualization of the Data
	Visualization: Adjust the Interpolation
	Final Simulation
	Ideas for Further Simulations
	Summary of Skills Acquired
	Document Information

