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Simulation of a High NA Focusing System via Module



Abstract

namespace OwnCode {
public class ViModule {
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311 :.;1-‘,- file name of optical system to simulate

ing fileNameOs - @"D:\Data\Focusing Ideal Lens\OS_FocusingIdeallens HighNA.os";
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VirtualLab Fusion offers the user the ability to
call its solvers from other environments (e.g.
python, ...) and using XML-files to specify all
necessary simulation parameters. In this use
case, we demonstrate how to perform a
simulation of a high-NA focusing system via a
module and adapt parameters of the preset
optical system.




This Use Case Shows ....

How to use a programmable module to change simulation parameter
and performan optical simulation.

—
E 19: “Universal Detector” (¥ 600): Lateral Extent via Full Width x% Maximum (FWx%M)...
Numerical Data Array (Equidistant)
Diagram Table  Value at (xy)
[2] = 1: Module Spectral Irradiance for Wavelength of 532 nm [1E5 W/m’]
Source Code  Advanced Settings
= TE = 1.08
28
29 [ | namespace OwnCode {
30 E public class VLModule {
31 //define file name of optical system to simulate
32 string fileNameOs = @"D:\Data\Focusing Ideal Lens\OS_FocusingIdeallLens_HighNA.os";
33
34 //define name of parameter #1 to modify
35 string nameParameterl = "_planelavelightSource.AchromaticValue.X";
36 //define ID of element for parameter #1 to modify
37 int IDParameterl = @;
38 //define list of values
39 double[] valuesForParameterl = new double[]{M .DegreeToRadian(1@), 0.541
48 .DegreeToRadian(2@),
41 DegreeToRadian(3@),
42 DegreeToRadian(4@),
43 M .DegreeToRadian(5@)};
44
45
4
i \? nings |
Code Description Line
0.00...
5.9575 5.958 5.9585 5.959 5.9595 5.96
X [mm]
Thread finished normally Ln61 Ch5




Optical System

source (Plane Wave)

« wavelength: 532 nm

* polarization: linear (x-polarized) detectors

5 differentincident angles (10°, 20°, 30°, 40°, 50°) e irradiance
 FWHM

idealized lens
« focallength: 5 mm




The Module — Preparations |

namespace OwnCode {
public class VLModule {
//define file name of optical system to simulate
string fileNameOs = @"D:\Data\Focusing Ideal Lens\OS_FocusingIdeallens_HighNA.os";

//define name of parameter #1 to modify

string nameParameterl = "_planellavelLightSource.Achromaticvalue.X";
//define ID of element for parameter #1 to modify
int IDParameterl = ©; ™= == = mm mm mm mm o -

//define list of values

double[] valuesForParameterl = new double[]{MathF 15.DegreeToRadian(10),
Mat ns.DegreeToRadian(20),

DegreeToRadian(30),

ns.DegreeToRadian(4e),

ns.DegreeToRadian(50)};

//1loop run through all simulation results

An initial Optical Setup file is used as an initial starting point. Here, the

path of the OS-file needs to be defined.

> DieserPC > Data(D:) » Data > Focusing |deal Lens M C Focusing Ideal Lens durchsuchen
Name Anderungsdatum Typ GroBe
© Module_PerformOSSimulations_DifferentParamterSet...  29.0 C#-Quelldatei 8KB
. 0S_FocusingldealLens_HighNA 0S-Datei 42 KB
e XML_FocusingldealLens_HighNA Microsoft Edge HTML D... 48 KB

The ID Parameter is used to identify the componentsin the
module and to be able to apply changes. In this case, the
parameter of the source (ID 0) are configured.

Idealized Lens [Focusing
Plane Wave Aperture Mode] Universal Detector
) T N S
Z0mm Z0mm Z5mm

In this section, a list of (double) values is defined,
which is going to be used later. Here, the list contains
five different angles, which will be used to define
differentangles of incidence.




The Module — Preparations |l

//define name of detector to use (can be only part of the full detector name)
string nameDetectorToUse = "660";

//define name of sub-detector to use (can be only part of the full detector name)
//string nameSubDetectorToUse = "Size X";

string nameSubDetectorToUse = "Original Data";

//1loop run through all simulation results

In this section the detector and the detected quantity are defined. In general,
VirtualLab Fusion distinguishes between a Detector (such as Universal Detector,
Camera Detector, etc.) and a Subdetector, which usually represent a specific
guantity (Position, Size, Beam Waist Diameter, etc.).

The string variable nameDetectorToUse will define the ID of the used detector, in
this case the Universal Detectorwith ID 600.

Idealized Lens [Focusing
Plane Wave Aperture Mode] Universal Detector
]
[
st
Z0mm Z0mm Z5mm

Further, the parameter nameSubDetectorToUse specifiesthe detected quantity.
Here, two options are available: either the size of the field or the field (as 2D
data array).

Original Data




Search Strings

for Detector and Subdetector

Coordinate
Systems

?E'\
/
Position /
Orientation

dvo

Detector

Parameters |

[
1%

Free Space
PropargatiorLl

[ validity: @

Field Quantities
Detector Window (k-Domain)

Data from Universal Detector
1’ Electromagnetic Field Quantities
v Poynting Vector

v Irradiance

Detector Window (x-Domain)
Gridless Data Add-ons

(]
(]

: Lateral Extent via Full Width x5 Maximum (FWx3%M) X

Edit Detector Add-on X
Name Lateral Extent via Full Width x% Maximum (FWx3a ©) Read Me
Quantity for Measurement 0k
(] Lift Data to Positive Values
Percentage Value 50 %

(] Search from Outside
Indicate Detected Extension in Output

l:] Use Elliptical Regionfor Indication

C# Code:  / Edit  Validity: @

[ OK Cancel Help

| Maximum Position X (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) O0mm \

Maximum Position Y (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) Omm ‘

“Universal Detector” (# 600}: Lateral Extent Center X (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) -1.0588e-07 fm ‘
via Full Width x% Maximum (FWx3:M) t {
(Profile: General) Center Y (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) -1.0588e-07 fm ‘

Size X (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) 419.16 nm \

Size Y (Irradiance; [1] = Spectral Irradiance for Wavelength of 532 nm) 419.16 nm ‘

A simulation will reveal the proper detector and subdetector namesin the
Detector Results tab.

The entire string of either the subdetector or the detector is not required, as
VirtualLab Fusion uses a search algorithmwhich identify detectors and
subdetectors just by defining parts of the actual name. In the example
above, the subdetector named Size X (Irradiance;[1] -> Spectral Irradiance
for Wavelength of 532 nm) is still found, if the user specifies “Size X" as a
string variable.

Be careful, however, because the search in VirtualLab Fusion always returns
the first (sub)detector found. In case the user would use only “X” as the
string variable, the result would be 0 mm, as the Maximum Position X
subdetector would be found instead.




The Module — Running the Simulation

//run method of the module
public void Run() {
/1 load optical setup

sth osToUseForSimulation = Lightpath.Load(fileNameOs);

//error handling

if (osToUseForSimulation == null) {
Globals.DataDisplay.LogError(“Optical Setup could not be loaded");

return;

1

//define list for numerical results

List<Physicalvalue> listNumericalValuesFromSimulations = new List<Physicalvalue

//loop over all parameters to modify

for (int runAllParameters = @; runAllParameters < valuesForParameteril.length; runAllParameters++) {

//set current Darame er to load optical setup

.ChangeParameterFromextern(ref osToUseForSimulation,

this.IDParameteri,
nameParameteri,

valuesForParameterl[runAllParameters]);

gener‘a te simulation wrapper

apper osWrapper = new LightPathDiagramlirapper(osToUseForSimulation, false);

//per%orw simuation
osWrapper.Perform();

//get re<u1‘< from result matrix

List<C

1t0bject> simulationResults = osWrapper.SimulationResults;

\

>();

0y

\

Here, the initial optical setup is loaded fromfile. If no valid
OS-file can be found an error message will be thrown.

A containeris created, which is filled with the resulting outputs
later.

This command adjusts the system the according to the rules we have
defined earlier. Aloop is used to take care of the number of
configurations, which were defined.

Here, the actual simulation is performed (for each set of parameters).

This container now includes all simulation results from the simulation of
a single system, meaning from all available detectors and
subdetectors. It must be searched to find the desired values.




The Module — Filtering Simulation Results

//define list of results that match to the detector name
List<DetectorResultObject> simulationResult_MatchDetector = new List<DetectorResultObject>();
//loop run through all simulation results

for (int runSimulationResults = @; runSimulationResults < simulationResults.Count; runSimulationResults++) { In thIS |Oop, the entire Slmulation results In the Contalner are Searched for

//check whether detector name matches (is part of) the name of current result

if (simulationResults[runSimulationResults].Description.Contains(nameDetectorToUse)) { quant'tles that Were Output by the detector, Wh'Ch WaS SpeCIerd |n the

//add detector result to list
- simulationResult_MatchDetector.Add(simulationResults[runSimulationResults]); preparatlon Step. ThIS Can be done for a” deteCtorS In a SpECIfIC Setup.
¥

//error handling (if no result match with detector name)

if (51mulat10nResu1t MatchDetector.Count == 0) {
Gl .DataDisplay.LogError("No detector result that match with the detector string found.");
return,

}

//define boolean whether sub detector was found
bool subdetetorFound = false; 'T
//loop over all results
for (int runSimulationResults_SubDetector = ©; runSimulationResults_SubDetector < simulationResult_MatchDetector.Count;
runSimulationResults_SubDetector++) {

//get current simulation result

DetectorResultObject currDetResult = simulationResult_MatchDetector[runSimulationResults_SubDetector];

;(?w vype ofldm o Subdetector results can be of different type and number. In
: ff::“’fii:sz Feakia Soe it S ——————————— T~ ' ' ' ionis vi '
/! r B€ pmeane mpsceny ¢ — thissectionone 2D informationis yielded (such as a field

— Thisloop is used to search for the specified subdetector.

DataDisplay.ShowDocument( (currDetResult.Data as IDocument), currDetResult.Description +

;;bd;t’e}ii:izuiz“‘ili::? # ¢ (runaliparaneters ¢ 1) ToString0)s data array). It will be outputted by the command
ShowDocument.

else if (currDetResult.Data is List<PhysicalValued) { = e e e e e -
//get list of physical value
List<Physicalvalue> listDetResult = (currDetResult.Data as List<Physicalvalue>);

//loop over all detector results
for (int runSubDetectorResults = @; runSubDetectorResults < listDetResult.Count; runSubDetectorResults++) {
if (listDetResult[runSubDetectorResults].Comment.Contains(this.nameSubDetectorToUse)) {
listNumericalValuesFromSimulations.Add(listDetResult[runSubDetectorResults]);
subdetetorFound = true;

ek In case of PhysicalValues (such as the result for “Size X”),
} \ the results are added to the list, that was created at the
— beginning. In this example, 5 values are added to the list

y e (one for each angle of incidence).

//plot message that simulation of current parameter set is finished
5lobals.DataDisplay.lLogMessage("Simulation of parameter value #" + (runAllParameters + 1).ToString() + " finished.");

The LogMessage command will add a message in the
tab to let the user know, which simulation steps are
already completed.




The Module — Output for PhysicalValues

//check whether numerical values are present
if (listNumericalvValuesFromSimulations.Count > @) {
//check whether more than one result is present

i ot o i i e O TR As mentioned previously, PhysicalValue results are collected in a list. If

//log detector result to detector window in VLF main window

Globals.DataDisplay.LogDetectorResult("Results from Module Execution", listNumericalValuesFromSimulations); the IlSt at the end Of the mOdule Contalns Only One entry, It WI" be OUtpUt
//if more than one numerical value given => generate data array . On the DetECtor ReSUItS tab With a Single entry'

values and coordinates

cfMeasuredValues = new CFi 21(this.valuesForParameterl.Length);

1 eftoorainates - e c-ieninen et (s alesrorsaranerens gt | [f mulltiple entries are found, the list is converted to another data format

for fiz:o:\;nszzid;gierunnata < this.valuesForParameterl.Length; runData++) { that forms the baS|S for a 1D Da.ta Array

cfCoordinates[runData] = this.valuesForParameterl[runData];
//store measured value
cfMeasuredValues[runData] = listNumericalValuesFromSimulations[runData].Value;

} —

//generate data array
DataArraylD daNumericalValuesPerSimulation = new DataArraylD(new C DArray(new ComplexField[] { cfMeasuredValues })
new P [] { listNumericalValuesFromSimulations[@].PhysicalProperty },

new strir;g[] { listNumericalValuesFromSimulations[e].Comment ¥ |n these |ines, the a. neW 1D Data Array iS Constructed

cfCoordinates,

icalproperty.AngleDeg, using certain sampling parameters and units. It is displayed

"Incident Angle”,

this.valuesForParameteri[this.valuesForParameterl.Length - 1] + 1e-5); by USIng the ShOWDocument Command.

Globals.DataDisplay.ShowDocument(daNumericalValuesPerSimulation, “Numerical Result Generated by Simulation Module");
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Results — Output Original Field

//define name of detector to use (can be only part of the full detector name)

string nameDetectorToUse "600";
//define name of sub-detector
//string nameSubDetectorToUse =

string nameSubDetectorToUse =

"Original Data";

to use (can be only part of the full detector name)
TSize X",

If the parameter nameSubDetectorToUse is setto
“Original Data”, a series of DataArrays will be
created, depicting the irradiance at the detector

plane.

E=C 18: “Universal Detector” (2 600): Lateral Extent via Full Width x% Maximum (FAGSEM)... |- [ [3]

=% 19: “Universal Detector” (#600): Lateral Extent via Full Width x% Maximum (FWx%M)... |- [ &
Numerical Data Array (Equidistant)

1B 15: “Universal Detector” (£ 600): Lateral Extent via Full Width x% Maximum (FWx%M)... [-=- |- & [3a]

[ 17: “Universal Detector” (#600): Lateral Extent via Full Width x% Maximum (FWx%M)... | -=

Numerical Data Array (Equidistant)

Numerical Data Array (Equidistant)

Diagram Table  Value at (xy)

Diagram Table  Value at (xy)

Numerical Data Array (Equidistant)

Diagram Table  Value at (xy)
Spectral Irradiance for Wavelength of 532 nm [1E5 W/m?]
3.15
£ 1.58
>
8.5...
0.8805 0.881 0.8815 0.882 0.8825 0.883
X [mm]

Y [um]

Diagram  Table

<. 16: “Universal Detector” (¥ 600): Lateral Extent via Full Width x% Maximum (FWx%M)... [-= [ &
Numerical Data Array (Equidistant)
Value at (cy)
Spectral Irradiance for Wavelength of 532 nm [1E5 W/m?]

2.88
1.44
INES)

1.8185 1.819 1.8195 1.82 1.8205 1.821

X [mm]

Y [um]

Angle: 10°

Angle: 20°

Diagram  Table

Value at (cy)
Spectral Irradiance for Wavelength of 532 nm [1E5 W/m?]

2.8855 2.886 2.8865 2.887 2.8875 2.888
X [mm]

Angle: 30°

Spectral Irradiance for Wavelength of 532 nm [1E5 W/m?]

0.895

Y [um]

4.1945 4.195 4.1955 4.196 4.1965

X [mm]

Spectral Irradiance for Wavelength of 532 nm [1E5 W/m?]

0.541

Y [um]

5.9575 5.958 5.9585 5.959 5.9595 5.96
X [mm]

Angle: 40°

Angle: 50°
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Results — Output Original Field

[ =l 2: Size X at Different Angles @ J
//define name of detector to use (can be only part of the full detector name) Numerical Data Array (Non-Equidistant)
string nameDetectorToUse = "660"; Cartesian Diagram Table  Value at x-Coordinate
//define name of sub-detector to use (can be only part of the full detector name)
string nameSubDetectorToUse = "Size X";
//string nameSubDetectorToUse = "Original Data";
: 3
If the parameter nameSubDetectorToUse is setto
“Size X” instead, the results of the simulations (each o
providing a single value) are collected and visualized -
in a 1DDataArray. .
UO')
l

10 15 20 25 30 35 40 45 50
Incident Angle [°]
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Appendix — Working Principle/XML files

| v<LightPathElement Index="8" Name="Plane W

la

> &

v<Parameter>
<Name>Medium at "-" Output (Air in Homogeneous Medium) | Material (Air)
<ID>LinkageMedia[@].BaseMaterial.ConstantAbsorptionCoeff</ID>
<ShortName>Constant Absorption Coefficient</ShortName>
<Value>@</Value>
<Unit/>
<Min>@</Min>
<Max>1.0000000200000001E+300</Max>

</Parameter>

v<Parameter>
<Name>Medium at "-" Output (Air in Homogeneous Medium) | Material (Air)
<ID>LinkageMedia[@].BaseMaterial.PartialPressureOfliaterVapour</ID>
<ShortName>Partial Pressure of Water Vapor</ShortName>
<Value>@</Value>
<Unit>Pa</Unit>
<Min>@</Min>
<Max>1.0000020000000201E+300</Max>

</Parameter>

v <Parameter>

<Name>Wavelength</Name>

</Parameter>

eter>

<Name>Generate Cross Section</Name>
<Value>None</Value>

er>

r>

Cartesian Angle Alpha</Name>
<ID>_planeliavelightSource.AchromaticValue.X</ID>
<ShortName>Cartesian Angle Alpha</ShortName>

Idealized Lens [Focusing
| Constant Absorption Coefficient</Name> Plane Wave Aperture Mode] Universal Detector
| D~
Z0mm Z5mm
| Partial Pressure of Water Vapor</Name>
//define name of parameter #1 to modify
string nameParameterl = "_planelWavelLightSource.AchromaticValue.X";
//define ID of element for parameter #1 to modify
int IDParameterl = 0;
o | //define list of values
| double[] valuesForParameterl = new double[]{MathFunctions.DegreeToRadian(10),
athFunctions.DegreeToRadian(20),
thfunctions.DegreeToRadian(30),
athF tions.DegreeToRadian(40),
thFunction s.DegreeToRadian(5@)};

All optical systems in VirtualLab Fusion can be translated into
a XML-file, which contains all information about the systemin

y N

lue>@</Value>

it>rad</Unit>
<Min>-1.5707788735023767</Min>
<Max>1.5707788735023767</Max>

</Parameter>

v<Parameter>
<Name>Cartesian Angle Beta</Name>
<ID>_planeblaveLightSource.AchromaticValue.Y</ID>

ShortName>Cartesian Angle Beta</Short

an expendable table.

The programmable module will load such a file, adjust the
necessary parameters and create a new system using the
parameters from the XML-file.
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