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Cross-Platform Optical Modeling and Design with
VirtualLab Fusion and MATLAB



Abstract

MATLAB

VirtualLab Fusion allows external access
to its solvers. This is helpful if data
processing or optimization tools other
than those of VirtualLab should be used.
Via the standard batch mode, we
demonstrate how to use MATLAB to
trigger VirtualLab in the background to
run optical simulations and output their
results which can then be further
processed and visualized with MATLAB's
capabilities. As example rigorous grating
analyses, parametric scanning and an
optimization are shown.
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Workflow Overview

MATLAB Batch Mode Files VirtualLab Fusion

- interactive access to - execution of simulations - optical setup definition
batch mode files - optical parameters and - kernel simulation engine

- external mathematical simulation result storage

functions and tools

r VirtualLabrusion

M ATL AB . batch file, xml files, ...
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Define Optical Setup in VirtualLab Fusion

initial grating parameters

Parameter Value
grating depth h 1.85um
h . .
— grating period d 1060 nm
: corresponding optical setu
fill factor f 50 % P 9 . P . P
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Create Batch Mode Files

* First we create batch mode files for a
selected optical setup.

* Inthe selected folder, three new files are
generated

1. parameters.xml
xml file containing all parameters of the
optical setup from VirtualLab

2. sample_batch.bat

batch file containing commands intended

to be executed

3. system.os
os file (VirtualLab file format) containing
the original optical setup

ﬂ e , Export as XML
= Exports all parameters of the Optical Setup into a XML file.
= 4| Create Batch Mode Fles

[ Creates all files needed to process the Optical Setup via batch files.

Export to JCMsuite Format
JCMsuite allows you to analyze optical systems using the Finite Blements
Method.

E Export to optiSLang Project
e Generates all files necessary to perform system analysis and optimization
using Dynardo optiSLang.

~

[ ] Name Type
. GratingEfficiency OS File
[] parameters XML Document
N

sample_batch Windows Batch File
. system OS File




Batch File Content

DESCRIPTION

. . ) ) ARGUMENT(S)
The batch file can be opened with any editor like SeTormiFD (T
program.
e

After the generation of the batch file, there will be
as many commands listed to trigger a VirtualLab
Fusion simulation as simulation engines are
available in the optical setup document, e.g.

The mandatory argument -performLPD must be followed by the path and file
name of the Optical Setup to be simulated.

The output folder. Results are written into a results.xml file. Complex doc-
uments which cannot be saved into this XML file are stored as separate doc-
uments, the results.xml file then contains only a reference to that file.

If warnings or errors occur during the simulation, they are written into a
ProcessingInfo.log file. (If Pop up Error Messages or Pop up Warning
Messages is activated in the Global Options dialog (-—Sec. 6.22), the cor-
responding messages are also shown in a message box.)

-parameters {3}

* Field Tracing
» Classic Field Tracing
* Ray Tracing

-engine {4}
* Ray Tracing System Analyzer
Typically not all type of simulations are required and
also not all optional arguments, e.g. the generation ubforder

of a subfolder where the results are input.

The command looks like the following:

With this optional argument you can specify a XML file with parameter values.
These values are then used for the simulation instead of the original param-
eter values. You can use File > Export > Create Batch Mode Files to create

a sample XML file named parameters.xml with the correct format.

With this optional argument you can specify the simulation engine to be used.
“0” refers to Classic Field Tracing, “1” to Field Tracing, “2” to Ray Tracing, and
“4” to Ray Tracing System Analyzer. Other numbers refer to the index of the
analyzer to be used for the simulation. If this parameter is not specified, the
Default Simulation Engine from the Global Options dialog (— Sec. 6.5) is used.
For Laser Resonator Optical Setups always the Eigenmode Analyzer is used.

If this optional parameter is specified, a subfolder in the output folder {2} is
generated where the result and logging files are stored. In this way consecu-
tive calls of the virtuallab.exe do not overwrite already calculated results.
The name of the subfolder is <Name of simulation engine> (<Date and
Time>).

virtuallab.exe -performLPD {1} {2} [-parameters {3}]

[-engine {4}] [-subfolder]




Modify Batch File

Open batch file (e.g. with an editor) O Norme g e
1. choose simulation engine B GratingEfficiency 08 File
(in this example only the Grating Order Analyzer is used) | parameters XML Document
. le_batch Wind Batch Fil
2. delete the output option %sampe‘ = —
] system OS File
(the presented example works without subfolder)
"#VirtualLab AppDir$\VirtualLab.exe" -performLED "C:\VLF-Python\system.os" "C:\VLF-Python" -parameters "C:\VLF-Python\par T¥ml"| —engine 2 -subfolder & REM Classic Field Tracing ]
2  "%VirtualLab RppDir%\Virtuallab.exe" -performLPD "C:\VLF-Python\system.os" "C:\VLF-Python" -parameters "C:\VLE_ parameters.xml"| —engine 800 -subfolder & REM Grating Order Analyzer

[original batch file]

. : S VR Y

1. delete the line for _ % =
Classic Field Tracing iz—engine 800 —subtolder- & REM Grating Order Analyzer

0

2. delete subfolder option

[modified batch file]

é —engine 300 & REM Grating Order Analyzer




Execute Simulation Using Batch File

It is recommended to execute the batch file
first (e.g. by double click in the MS
Explorer window), as a pre-check for the
complete workflow.

After execution, a new file is generated

— results
(xml file containing the result values)

One may also open the result.xml file to
check the result values.

~

L1 Name

' GratingEfficiency
| | parameters
%] sample_batch

. system

Type

OS File

XML Document
Windows Batch File
OS File

before executing batch file

o~

L1 Name

. GratingEfficiency

| | parameters

Type

OS File
XML Document

[ | | results XML Document ]
@] sample_batch Windows Batch File
system OS File

after executing batch file




Checking Simulation Results Generated by Batch File

* Results in VirtualLab Fusion « Results in xml file (can be viewed e.g. in
simpled text editor or internet browser)

<?xml version="1.0" encoding="UTF-8"?>

L - <Detector_Results Engine="Grating Order Analyzer">
—=|- o Ideal Plane Wave Rectangular Grating Raw Data Detector - {ULUers.lﬂn UEFSIICIFI="2“2“.2.2.22“,’}
D |:, - ™ - <Detector_Result Type="List of Physical Values" Name=""Grating
0 1 AN 600 Order Analyzer” (# 800) (Results for Individual Orders)">>
Xomm|® \\ xomm - <Result Index="0">
Z0mm N, |zomm - <Name>Efficiency T[-1; 0]</Name=>
\\\Rﬂw Data Detector <Value>87.409800037125478</Value>
LT <Unit>%</Unit>
w01 ' //' </Result>
Grating On:l_e{f-\nﬁlyzer ¢g$: ,/” - <Result Index="1">
(W) Z0mm ' //' <Name>Efficiency T[0; 0]</Name>
800 B // > <Value>10.330826275349573</Value>
i it _-=""" <Unit>%</Unit>
=2 Sub- Detector | Result A _--"" </Result>
_ - P el - <Result Index="2">
Efficiency T[-1; 0] | 87.417% /,/" <Name>Efficiency T[+1; 0]</Name>
. o | g __> <Value>0</Value>
Effciency TI0:0] | 10331% |« PN i
——————— </Result>

. . G (‘
Efficiency T[+1: (] s </Detector_Result>

</Detector_Results>




Execute Simulation Using MATLAB (via Batch)

A basic MATLAB function has been
prepared for executing the batch file and
interacting the related xml files.

Copy "VLFBatchEvaluation.m" file
directly to the previous working.

E Editor - C:\MatVLF\SingleSetupEx4
| VLFBatchEvaluation.m | +1

[ ] Name Type

QS File

XML Document
Windows Batch File
OS File

MATLAB Code

GratingEfficiency
| parameters

5] sample_batch
system

* | VLFBatchEvaluation
® x

kunction outputFunctionValues = VLFBatchEvaluation (workingPath, inputVariables, inputvfr[j
%% initialization
xmlfile = xmlread (workingPath+"parameters.xml");
allLightPathElements = xmlfile.getElementsByTagName ('LightPathElement") ;
numberOfLightPathElements = allLightPathElements.getLength;
%% check input wvariables
if (length(inputVariables) == length (inputVariableValues)) % valid only when number of
% loop over all variables, and change their wvalues in xml
for i = 1l:length(inputVariables) % couting from index 1
else % invalid case, display error message
disp('Invalid case: numbers of variables do not match')
end
% write value back to original xml file
xmlwrite (workingPath+'parameters.xml', xmlfile);
%% execute VLF via batch mode
dos (workingPath+'sample batch.bat');
%% export output wvalues
xmlResults = xmlread(workingPath+"results.xml") ;
allResults = xmlResults.getElementsByTagName ('Result');
numberOfResults = allResults.getLength;
outputFunctionvValues = zeros(l, numberOfResults);

far i = N+niimherNfRecniltce=1 2 ~riintina Ffrom indeav N

10




Execute Simulation Using MATLAB (via Batch)

In this example, one can execute the MATLAB function by using the following commands

>> workingPath = 'C:\...\SingleSetupExample\'; <——— yourworkingdirectory . ihis specification, the
>> inputVariables = {'Rectangular Grating\Modulation Depth’}; €«——— provided MATLAB codeis

. . : : : able to find and set the
>> inputVa riableValues = 1.85e-6; <«—— values aregivenin Sl units (meters) desired parameter

>> VLFBatchEvaluation(workingPath, inputVariables, inputVariableValues)

>> VLFBatchEvaluation (workingPath, inputVariables, inputVariableValuec
C:\MatVLF\SingleSetupExample>"C:\Program Files\Wyrowski Photonics\Virt
ans =

87.4098 10.3308 0

_qst o /st

diffraction efficiencies (%)

11



Parameter Scanning — Varying Single Parameter

The basic MATLAB file can be used as a
sub-function in another MATLAB file as
well.

As an example, we demonstrate how to
scan a selected parameter in the optical
setup and to check the influence on the
result.

In this example the grating depth is varied,
and the transmitted diffraction efficiency of
the -1t order is evaluated.

k—

input plane wave
wavelength 1060nm
polarization TM

grating parameters

Parameter Value
grating depth h  [0.1; 10.0] pm
grating period d 1060 nm
fill factor f 50%

d
fd

-1st order

\ Oth order

air
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Parameter Scanning — Varying Single Parameter

To use the example file, directly copy the MATLAB file ParameterScanl1D.m into the working
folder, adjust the working path, and then execute it.

PararmeterScan1Dlm ><|

LY R s B I = T R S LT I o I el

[ T X R R R T = = = I = =
R e R N T Sy T Ny i

% define parameters
workingPath = "C:\MatVLF\SingleSetupExample’ ' ;
inputVariables = {'Eectangular Grating'Modulation Depth'}; % '"Optical Setu
% define warying range
gratingDepthMax = 10e-6; % given in meters
gratingDepthMin = 0.le-6; % given in meters
steplunkber = 100;
sztepSize = (gratingDepthMax - gratingDepthMin) / (stepMumber - 1)
efficiencies = zeros(l, stepHumbker);
% loop for input wvariables
for i = 1l:stepHumber
current wvalue of wvariable
gratinglepth = gratingDepthMin + (i-1) * stepSize;
% call function
ocutputFunctionValues = VLFBatchEvaluation (workingPath, inputVariables,
% get the function wvalue under investigation
minusFirstEfficiency = outputFunctionValues (1) ;
efficiencies (i) = minusFirstEfficiency;
end
% plot the results
X = gratingDepthMin : stepSize @ gratingDepthMax;
plot(x, efficiencies)

EFigure 1

File Edit View Insert Tools Desktop Window Help
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Parameter Scanning — Varying Multiple Parameters

« The basic MATLAB file can be applied in a grating parameters
flexible way. Parameter Value
« For example, one can vary multiple grating depth h [0.1; 10.0] pm
variables and make a multi-dimensional grating period d 1060 nm
scan over the parameter space. fill factor f [20: 80] %
* In this example, both the grating depth and 7
the fill factor are varied, and again the - J
diffraction efficiency of the -15t order is Rt %d _1st order

under investigation. - polarization TM

\ Oth order

air
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Parameter Scanning — Varying Multiple Parameters

To use the example file, directly copy the MATLAB file ParameterScan2D into the working folder,
adjust the working path, and then execute it.

4 Figure 1 - O X
o e b . File Edit View Insert Tools Desktop Window Help
1 % C].E.F'_!'.-E pa:arr.eE-Efs o o . o :I\J u 4.3 @ D IE‘ Q E
2 - workingPath = 'C:\MatVLF\SingleSetupExanplel ' ;
3 - inputVariables = {'Rectangular Grating‘\Modulation Depth', 'REectangular Grating'Relative 511
4 % define wvarying range
5 - gratingDepthMax = 10e-6; % given in meters
[ gratingDepthMin = 0.1-6; % given in meters
7T - steplunberDepth = 25;
g - stepSizelepth = (gratingDepthMax - gratingDepthMin) / (steplumberDepth - 1)
9 - slicWidchMax = 80; % given in %
10 - slictWidthMin = 20; % given in %
11 - steplumber31itc = 15;
12 — stepSizesSlit = (slitWidthMax - slitWidthMim) / (stepNumberSlit - 1) 100
13 — efficiencies = zeros (steplumberDepth, stepNumberS1lit)
14 % loop for input variakbles
15 — for i = l:steplumberDepth 2L
1a % current walue of grating depth
17 — gratingDepth = gratingDepthMin + (1-1) * stepSizelepth: 0
18 — for j = l:stepNumberSlit 0.01
15 % current wvalue of slit with
20 — slitWidth = slitWidthMin + (j-1)* stepSizeS5lit;
21l — inputVariakbleValues = [gratingDepth, slitWidthl]:
22 % call function

15



Multiple Configuration Simulation

grating parameters _
» Generate optical setups for both

Parameter Value TE and TM polarization

grating depth h [0.1; 10.0] pm (sample files are given in separate folders).

grating period d 1060 nm

fill factor f 50 % « Then, create batch mode files respectively.
s

o~

1 N T
input plane wave Il Ty e L1 Name ype
B Wavelength 1060nm = -1st order Baar . GratingEfficiencyTE OS File
- p0|arization TE @& 8 " 0 parameters XML Document
- polarization T |2 sample_batch Windows Batch File
= B system 05 File
~~~~~~~~~~~ |:| Name Type
---------------------- -> - GratingEfficiencyTM OS File
Oth order % " [] parameters XML Document
% Q sample_batch Windows Batch File
o . system OS File

16



Varying Single Parameter in Multiple Configurations

« As an example, we demonstrate how to grating parameters
vary the grating depth in both TE and TM Parameter Value
configurations. grating depth h  [0.1; 10.0] pm
« The diffraction efficiency of the -15t order grating period d 1060 nm
for both polarizations, as well as their e 50 %
average value are under investigation. AL

input plane wave

* For this, another exemplary MATLAB file is - wavelengtn 1060mm

. polarization TE/ TM
provided:
"ParameterScanlDTETM.m"

* This access the two subfolders with TE/TM
configured files and triggers the
simulations with varied parameter.

-1st order

\ Oth order

air
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Varying Single Parameter in Multiple Configurations

Directly copy the MATLAB file "ParameterScan1DTETM.m" into the working folder, adjust the

working paths, and then execute it.

| ParameterScan1DTETM.m ><| "4\ Figures - Figure 1 — O X

; % di’?-—:: E;EZHEEE:S_ . . - File Edit View Insert Tools Debug Desktop Window Help N|?I X
- workingPat = '"C:\MatVLF\HMultipleConfigExam p -

3 - workingPathTM = 'C:\MatVLF\MultipleConfig \ J—j (=] H 2 fjJ| D [E” [% E BHODB20

4 - inputVariables = {'Rectangular Grating'Modulation Depth'}; % 'Optical Setup Elementd \ Figure 1 |

3 % define warying range B

[ gratingDepthMax = 10e-6; % given in meters 100 T T T

7 - gratingDepthMin = 0.le-6; % given in meters TE

g - steplunker = 100;

g - stepSize = (gratingDepthMax - gratingDepthMin} / (stepNumber - 1) 80 +

1o - efficienciesTE = zeros(l, steplumber):

11 - efficienciesTM = zeros(l, stepMumber):

12 — efficiencyAVGE = zeros(l, stepNumber); 60 I

13 % loop for input wvariables

14 - for i = l:stepNumber

15 % current wvalue of wvariable 40+

le — gratingDepth = gratinglDepthMin + (i-1) * stepSize;

17 % call function

lg — minusFirstEfficiencyTE = VLFBatchEvaluation SingleOutput (workingPathTE, inputVa

18 — minusFirstEfficiencyTM = VLFBatchEvaluation SingleCutput (workingPathTM, inputVa 20

20 — efficienciesTE (i) = minusFirstEfficiencyTE:

21 — efficienciesTM (i) = minusFirstEfficiencyTM;

22 — efficiencyBVG(1i) = 0.5 * (minusFirstEfficiencyTE + minusFirstEfficiencyTH) ; DO D.CI!DW 0.(;02 0‘503 0.[.';04 O.CI!DS 0.(;06 O.CI!O? DL’:OB 0.[;09 0.01

23 — end

24 % plot the results grating depth / mm

25 - %X = gratingDepthMin : stepSize : gratingDepthMax;

26 — plot (x, efficienciesTE, x, efficienciesTM, x, efficiencyaAVG)

=
o




Parametric Optimization with Multiple Configurations

- Based on the previous example, instead of grating parameters

scanning, we demonstrate how to optimize Parameter Value

selected parameters with MATLAB in-built to be optimized —> grating depth h 2 um

minimization function. grating period d 1060 nm
« As an example, the grating depth is set as fill factor f 50 %

the variable and the average efficiency of AL

both TE and TM polarizations is to be " .

maximized. i-npUtszIa?/gleer\:\éatlﬁoeo nm % fd -1st order

polarization TE/ TM

* For this, a further MATLAB file is provided:

"ParametricOptimization1D.m" \

Oth order

air
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Parametric Optimization with Multiple Configurations

Directly copy the MATLAB file "ParametricOptimization1D.m" into the working folder, adjust
the working paths, set a varying range, and then execute it.

4\ Figures - Figure 1 - O X
File Edit View Insert Tools Debug Desktop Window Help ‘N\?l X
. P La 2 2 0E BEODB®O
ParametricOptimization1Dm =~ = 1cd £| w| | k E
| Figure 1 |
1 % define parameters (constant) — ‘
2 - workingPathTE = 'C:\MatVLF\MultipleConfigExample\TEN"; 100
3 - workingPathTH = 'C:\MatVLF\MultipleConfigExample THY " ;
4 — inputVariables = {'Eectangular Grating‘\Modulation Depth'}:; % "Optica :
. . 80 - I
5 % define single-input function as the merit function for optimizatiol :
6 — maxEfficiency = 100; % given in percentage :
7 - meritFunc =@ (gratingDepth) 100 - 0.5% (VLFEBatchEvaluation SingleCutpu 60 F :
8 i
1
9 % define wvarying range :
10 - gratingDepthMax = 8e-&; % given in meters <0y :
11 - gratingDepthMin = 0.le-&; % given in meters :
12 % optimization of grating depth 20 - i
13 — [gratinglepth, meritFunc] = fminbnd({ meritFunc, gratingDepthMin, gra :
14 !
0 1 é 1 Il 1 1 1 1 1
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
grating depth / mm

calculated grating depth is 2um

20



Document Information

title

document code
version
toolbox(es)

— VLF version
— MATLAB version

category
further reading

Cross-Platform Optical Modeling and Design with VirtualLab Fusion and MATLAB
CPF.0001

2.0

(depending on situation; Grating Toolbox used for this example)

— 7.5.0.158
— version R2019a used for all examples

Feature Use Case

Cross-Platform Optical Modeling and Design with VirtualLab Fusion and Python
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