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



Abstract

Modeling and design of complex optical
systems often requires the use of multiple
softwares together, since a single
software can hardly provide the needed
functionalities for different fields under
VirtualLabsusio investigation. Via the standard batch
mode, we demonstrate how to use
Python to access the field solvers from
VirtualLab Fusion and perform optical
simulation with Python. Examples on
rigorous grating analysis and parametric
scanning are shown.




Workflow Overview

Python Batch mode files VirtualLab Fusion

- interactive access to - execution of simulations - optical setup definition
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Define Optical Setup in VirtualLab Fusion

initial grating parameters

Parameter Value
grating depth A 1.85um
h : :
k— grating period d 1060 nm _ _

&Il factor f 50 corresponding optical setup
input plane wall %d 2 generated in VirtualLab
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Create Batch Mode Files

« We firstly create batch mode files

. \j Hew e E:T::s.::ml_ ers of the Optical Setup into a XML file
for a selected optical setup. - e
=y Open & Creates all files needed to process the Optical Setup via batch files.
* In the selected folder, three new L - Export to JCMsuite Form
. e JCMsuite allows you to analyze optical systems using the Finite Elements
files are generated IS e Hethod
Ve fs £ _| Export to optiSLang Project

—_ parameters Xml F - L Ejﬁ;rgtf;aﬂnfilnE:t:-lSELCaEsgsfaw to perform system analysis and optimization
xml file containing all parameters of the
optical setup from VirtualLab ? Bpo

— sample_batch.bat &% Gioba Option

batch file containing commands intended to

~

be executed (] Name Type
- SyStemOS B4 GratingEfficiency OS File
: : : H W parameters XML Document
0s fllle (VlrtgaILab file format) containing the N 5 cample.batch Windows Batch File
original optical setup B system 0 File




Modify Batch File

* Open the batch file in e.g. Notepad

— delete the output option
(in this example, no subfolder)

~

[1 Name

GratingEfficiency

|j parameters

Type

QS File
XML Document

— and modify simulation engine (&) sample_batch

Windows Batch File ]

system

(in this example, only use Grating Order
Analyzer)

OS File

|sample_batch - Notepad

[original batch file]

. File Edit Format View Hel
delete the line for e E

Classic Field Tracing

-\SingleSetupExample\parameters.xml” -engine 800

-subfelder- & REM Grating Order Analyzer
A

delete subfolder option

|sample_batch - Notepad

File Edit Format View Help

[modified batch file]

'C:\MatVLF\SingleSetupExample\parameters.xml” -engine 800 & REM Grating Order Analyzer




Execute Simulation Using Batch File

* |tis recommended to execute the
batch file first, as a pre-check for
the complete workflow.

o 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.

~

[1 Name

GratingEfficiency
|| parameters
EN sample_batch

system

Type

OS File

XML Document
Windows Batch File
OS File

before executing batch file

~

L] Name

GratingEfficiency

|| parameters

Type

OS File
XML Document

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

after executing batch file




Execute Simulation Using Batch File

Ideal Plane Wave

Rectangular Grating

Results in VirtualLab Fusion
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>

0

Grating Order Analyzer
Fo
A

500

600
X0mm
Y¥:0mm
Z0mm

N
\\ =
>
601

XOomm
¥:0mm
Z0mm

Result

N
“ Raw Data Detector

Sub - Detector

Efficiency T[-1; 0]
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Results in xml file

<?xml version="1.0" encoding="UTF-8"?>
- <Detector_Results Engine="Grating Order Analyzer">

<VLVersion Version="7.5.0.158"/>
- <Detector_Result Type="List of Physical Values" Name="Grating

Order Analyzer #800 (Results for Individual Orders)">

- <Result Index="0">

<Name>Efficiency T[-1; 0]</Name>
7 <Value>87.409800037149679</Value>
2 <Unit>%</Unit>
» </Result>

7’
- <Result Index="1">
<Name>Efficiency T[0; 0]</Name>

7
/”’
-’ > 4 <Value>10.330826275343453</Value>
_-"  <Unit>%</Unit>
//' </Result>
-~ - <Result Index="2">
<Name>Efficiency T[+1; 0]</Name>

<Value>0</Value>
-2 <Unit>%</Unit>

</Detector Results>




Execute Simulation Using Python (via Batch)

VLFEatchEvaluation.py J& ] SingleRun.py X ParameterScaniD.py &

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

« Copy VLFBatchEvaluation.py file
directly to the working folder.

9 def functionTest(path,IndextcbeFound,Search_Parameter_array,Value_array):
if (len(Search_Parameter_array))==2:
tree = ET.parse(path + r'\parameters.xml")
root = tree.getroot()
Found = @
List_of_Index = []
for elem in root.iter('LightPathElement'):
List_of_Index =elem.attrib[ ' Index']
if(List_of Index==IndextobeFound):
for List_of_Index in elem.iter( Parameter’):
Found = @
for subelem in List_of_Index:
if (subelem.text == Search_Parameter_array[@]):
Found = 1
if (Found == 1):
if (subelem.tag == '"Value'):
subelem.text = str(Value_array[2])

[l el al el sl el
N [ O B S Y I T =]

[l
W

[ex]

N [ R B S Y I T

Ll Ll L Ld L Ll B RD R RS RD R RS PRI R R
d ] - .

~ i3
Name Type 9 tree.write(path + r'\parameters.xml’ ,encoding="UTF-5",xml_declaraticn=T
—pycache_ File folder 1 tree = ET.parse(path + r'\parameters,xml")
Bl GratingEfficiency.os 05 File 2 root = tree.getroot()
) 3 Found = @
. system.os 05 File = List of_Index = []
| _init_.py Python source file 5 for eIILem in root.iter(’ _igh-_lfa-_hf'_en'en-_ BE
. ) 6 List of Index =elem.attrib[ ' Index']
| ParameterScan1D.py Python source file 7 if(List_of_Index==IndextobeFound):
| ParameterScan2D.py Python source file 3 for L;iﬁagfjlgdex in elem.iter('Parameter’):
| SingleRun.py Python source file 48 for subelem in List_of_Index:
[ | VLFBatchEvaluation.py Python source file I — i (igséeT':EXt == Search_Parameter_array[1]):
%] sample_batch.bat Windows Batch File if (Found == 1):
- ; if (subelem.tag == )
| parameters.xml XML Document = T
| resultsaxmnl XML Document




Execute Simulation Using Python (via Batch)

In this example, one can execute

the PYTHON function below

FunctionTest(Path,Indextobefound,

Search_Parameter_ ...)

A Python file SingleRun.py is prepared for

executing the function.

Mame

__pycache__
. GratingEfficiency.os
. systerm.os
| _init__.py
| ParameterScan1D.py
| ParameterScan2D.py

Type

File folder

05 File

05 File

Python source file
Python source file

Python source file

[ | SingleRun.py

Python source file

| VLFBatchEvaluation.py
| sample_batch.bat
| parameters.xml

| resultsaxmnl

Python source file
Windows Batch File
XML Document

XML Document

VLFBatchEvaluation.py M ] SingleRun.py A& ParameterScaniDpy  J&

1 import numpy as np
2 import sys

3 sys.path.append(r"C:\WLF-Python\VLFBatchEvaluation.py™)
4 from VLFBatchEvaluation import®
5 path = r"C:\WLF-Python"

8 IndextebeFound = '1°
9 Search_Parameter='Stack #2 (Rectangular Grating) | Interface #1 (Rectan;
18 Value =8.8@1385
11 value_array=np.array([Value])
12 Search_Parameter_array=np.array([Search_Parameter])
13 IE'F'Ficiency='FunctionTest(path,IndextoheFoundﬁearch_Parameter_arr‘ay,\.ralue_a"
14

In this example, the -1st order efficiency is
displayed after executing the function

1Python console
u Conscle 1/& X
In [7]: runfile('C:/VLF-Python/SingleRun.py’, wdir="C:/VLF-Python")

Reloaded modules: VLFBatchEwaluation
87.489808837318678

In [8]: -1st diffraction order

10



Parameter Scanning — Varying Single Parameter

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

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

In this example, grating depth is
varied, and the diffraction efficiency
of -1st order is under investigation.

d
input plane wave %
- wavelength 1060nm - fd

grating parameters

Parameter Value
grating depth h 0.1-10pum
grating periodd  1060nm

h fill factor f 50%

I

-1st order

\ Oth order

air

polarization TM

11



Parameter Scanning — Varying Single Parameter

« To use the example file, directly copy the Python file
ParameterScan1D into the working folder, adjust the

working path, and then execute it.

Mame

__pycache_

. GratingEfficiency.os
. system.os

| _init__.py

| ParameterScan1D.py

| ParameterScan2D.py

| SingleRun.py

| VLFBatchEvaluation.py
| sample_batch.bat

| parameters.xml

| results.xml

EL VLFEatchEvalustion.py A SingleRun.py X [ParameterS:anLD.w X ]

import numpy as np

import sys
sys.path.append{r"C:\WLF-Python\VLFBatchEvaluation.py")
from VLFBatchEvaluation import®

path = r"C:\VLF-Python"

Bowopa

= o

IndextobeFound = '1'

(T}

-]

set_default Value_array=((l.8500000008000001,58))

3 [EP
[N

IndextobeFound = '1°

~l

Search_Parameter_array=np.array([Search_Parameter])

Tal]

@

gratingDepthMax = @.@18

1 gratingDepthMin = @.8881

steplumber = 58

23 stepSize = (gratingDepthMax - gratingDepthMin} / (stepNumber - 1)
24 efficiencies = np.zeros(stepNumber)

25 gratingDepth_array = np.zeros(steplumber}

PEprint{efficiencies)

1oRd BRI F

TR

rfor i in range(stepNumber)

Search_Parameter='Stack #2 (Rectangular Grating) | Interface #1 (Rectangular Gratin
Search_Parameterl="5Stack #2 (Rectangular Grating) | Interface #1 (Rectangular Grating
Search_Parameter_arrayl=np.array((Search_Parameter,Search_Parameterl))

print(functionTest(path, IndextobeFound,Search_Parameter_arrayl,Set_default Walue_array

g1

=

Search_Parameter='5Stack #2 (Rectangular Grating) | Interface #1 (Rectangular Grating I

EFficiencies T[-1:0] %

100 -

8

g

5

Bt
=
i

=

T T

4 6
(Modulation Depthipm)

-

12




Parameter Scanning — Varying Multiple Parameters

The basic PYTHON file can be
applied in a flexible way.

For example, one can vary multiple
variables and make a multi-
dimensional scan over the
parameter space.

In this example, both the grating
depth and the fill factor are varied,
and the diffraction efficiency of -1st
order is under investigation.

d
input plane wave %
- wavelength 1060nm - fd

grating parameters

Parameter Value
grating depth h 0.1-10pum
grating periodd  1060nm

h  fill factor f 20-80%

I

-1st order

\ Oth order

air

polarization TM

13



Parameter Scanning 2D — Varying Multiple Parameters

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

ParameterScaniD.py x [Parame‘terScanZD.p',r X ] ‘

u VLFBatchEvalustion.py & SingleRun.py X

1 impert numpy as np

2 import sys

3 sys.path.append(r"C:\WLF-Python\VLFBatchEvaluation.py")
4 from VLFBatchEvaluation import®

path = r"C:\VLF-Python"

-] " un

& IndextobeFound = "1
9 Search_Parameter='5tack #2 (Rectangular Grating) | Interface #1 (Rectangular G
18 Search_Parameterl='Stack #2 (Rectangular Grating) | Interface #1 (Rectangular ¢

Mame |
11 Search_Parameter_arrayl=np.array((Search_Parameter,Search_Parameterl))
h 12 set_default_Value_array=((1.5580020000000001,58))
—pycache_ 13 print({functionTest(path,IndextobeFound,Search_Parameter_arrayl,Set_default Value_arn|
. GratingEfficiency.os { 14
15 IndextobeFound = "1°
. system.os | 16 Search_Parameter='Stack #2 (Rectangular Grating) | Interface #1 (Rectangular Gratin|
5 .. 17 Search_Parameterl='5Stack #2 (Rectangular Grating) | Interface #1 (Rectangular Gratil
—init_.py l 18 search_Parameter_array=np.array((Search_Parameter,Search_Parameterl))

| 19

| ParameterScan1D.py
28 gratingDepthMax = 1@

[ ParameterScan2D.py | 21 gratingDepthMin = 8.1
B o 22 stepNumberDepth = 25
singleRun.py Fios stepSizeDepth = (gratingDepthMax - gratingDepthMin) / (stepNumberDepth - 1)
| VLFBatchEvaluation.py | 2% slitiidthtiax = 80
s slitWidthMin = 2@
sample_batch.bat VWindostepiumberskit = 15

27 stepSizeslit

| parameters.xml

| results.xml

14
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Document Information

title

document code
version
toolbox(es)

VL version used for
simulations

category

further reading

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

CPF.0002
1.0
(depending on situation; Grating Toolbox used for this example)

VirtualLab Fusion Spring Release 2019

Feature Use Case

Cross-Platform Optical Modeling and Design with VirtualLab Fusion and

MATLAB

15
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