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December 2022, Release of VirtualLab Fusion 2023.1

The New VirtualLab Fusion 2023

Overview of new features of version 2023.1



General Information

Software Version 2023.1 (Build 1.556)

Update Service 4 quarter of 2022 is required; contact your

distributor for more information  wowsq
VirtualLabrusion

FAST PHYSICAL OPTICS SOFTWARE

Install Type « Standalone Installation
« VirtualLab 2023.1 is installed in addition to
any other VirtualLab installations on your PC.

Release Notes December 22, 2022
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The New VirtualLab Fusion 2023.1

Major development directions



Major Development Directions of VirtualLab Fusion 2023.1

« VirtualLab Fusion enables physical optics
modeling through its amazing fast physical
optics technology.

- The development of VirtualLab Fusion never  mowsq
stops. VLF 2023.1* provides: VirtualLabrusion

FAST PHYSICAL OPTICS S

— Higher Speed

— Easier Use

— More Physics

- Deeper Transparency
— Better Control

*Our customers often refer to VirtualLab Fusion as VLF. Thus, in this
feature overview we use VLF 2023.1 for VirtualLab Fusion 2023.1 .

4 www.lighttrans.com



Higher Speed

Major development directions of VirtualLab Fusion 2023.1



Higher Speed by VirtualLab Fusion 2023.1

VirtualLab Fusion achieves fast physical optics*
system modeling by two key technologies:

— Connecting specialized modeling techniques per optical
component.

— Applying pointwise modeling techniques wherever
possible.

The algorithms of both technologies are further
optimized in VLF 2023.1 and deliver higher
modeling speed.

VLF 2023.1 makes better use of multicore processors
for parallel computing.

The new modeling Profile Editor and Profile Editing
Tools enable excellent balancing of accuracy vs.
speed.

The new Universal Detector significantly saves
modeling steps and time by evaluating multiple
detector signals from the electromagnetic field.

WYROWSK|

VirtualLabrusion

FAST PHYSICAL OPTICS SOFTWARE

*Register for webinar series on VLF 2023 now.

www.lighttrans.com


https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html
https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html

Easier Use

Major development directions of VirtualLab Fusion 2023.1



Easier Use of VirtualLab Fusion 2023.1

« Till recently VirtualLab Fusion provided a small Before =

button with basic help functions only. e
«  With VLF 2023.1 we introduce a comprehensive 5 oo

- [ @J Mail Support Information
help and assistant concept, with content added 8 ret s
. 8 What's New?

Steadlly- g T.ipsanlc.l.Tlicks .
« The new.VLF Asglstapt expllaln.s features on Now in VLF 2023.1

demand in a special window inside VLF 2023.1. ORI

. . - Start Sources Functions Catalog Windows ~ Help

* VLF 2023.1 comes with a new modeling Profile ‘w1 3 w0 e = 2 8 18 2 8 Bl g

Editor and Profile Editing Tools. e e | e ity s ey | © 7| vt
« These tools facilitate a smooth getting started with — i

VLF 2023.1 physical optics modeling.
« The Data Views in VLF 2023.1 are further unified

and received additional features, which make them

easier to use. ’
 The VLF Calculators are helpful tools. VLF

2023.1 provides more of these helpers.
8 www.lighttrans.com



More Physics
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More Physics In VirtualLab Fusion 2023.1

VirtualLab Fusion provides an ever-growing number
of physical optics models with emphasis on:

Sources with models for light radiation
Components with models for light interaction
Detectors with models for light evaluation

Models for propagation of light from sources to
components and to detectors

VLF 2023.1 introduces a source power
management to the source models.

Components come with various new features.

The new Universal Detector means a quantum leap
forward in detector modeling with VLF. Missing a
detector in VLF? Not anymore!

VirtualLab Fusion is famous for its seamless control
of the inclusion of diffraction in physical optics
modeling.* With VLF 2023.1 we make this even
better!

Detector from Catalog
Programmable Detector

:::::

Cancel
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Deeper Transparency

Major development directions of VirtualLab Fusion 2023.1



Deeper Transparency of VirtualLab Fusion 2023.1

The VLF Assistant provides insight into the concepts,
the features, the usage, some typical troubleshooting,
and further development plans. By that it deepens the
transparency of VLF technology.

The new modeling Profile Editor and Profile Editing
Tools facilitate getting a full and transparent overview
of system and modeling parameters.

The Process Logging in VLF 2023.1 provides more
and more detailed information about the performance
of algorithms, data sampling, process parameters,
and cpu time per modeling step. The logging brings
great transparency, which is to your benefit.

New features of the System Modeling Analyzer
strengthen its functionality and give better insight into
the effects of the modeling steps.

Profile Editing Tool: Speed vs. Accuracy x
Tool Configuration Analysis: Actual Settings
Speed Accuracy
Accuracy Level Nyquist ' of= Acrimery Pt 0

Period Evaluation
Po\.-.er P.omcn for Field Size 99,9999 %
Estimation

Gridless Sampling Factor '

01 1 10 100

Gridless Sampling Values 1089

Speed  Accuracy

Sampling Factor

Yes Mix No
Enforce Pointwise Fourier Transform Beyond 7
100002 Sampling Values 7 @Yes ONo Q Q
Neglect Diffraction-Induced Divergence Smaller Than v
0.05*| Full Angle 7 QO Yes @ No J 4

Limit Gridded Sampling to Maximum of
1000/ 2 Sampling Values? OYes @ No

&) Assistant Apply Cancel Help

[ 28: Optical Setup Editor #28 (Process Logging)* =S o =<~
“0(. Path . Detectors. @ ® Analyzers ) Logging B
[10/20/2022 1107:50]  ~----— Propagation to Camera Detector #605 ---—--- 3

[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 11
[10/20/2022 1
[10/20/2022 1
[10/20/2022 11

“Ideal Beam Splitter” #2 [Output x]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.8595448
Fast Fourier Transform (gridded data, (1539; 1563) sampling points) (Duration = 00:00:00.3511333)
Pointwise Transformation Index (PTI) = 0.0015193 (pointwise Fourier transform used if larger than 1)
Phase Upgrade finished Duration = 00:00:00.1156918
Conversion from equidistant data to non-equidistant data Duration = 00:00:00.2124700
“Ideal Beam Splitter” #2 [Output k]
Free space propagation in k-domain (Duration = 00:00:00.0149599)
“Camera Detector” #605 [Input k]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.9380307
Inverse Fast Fourier Transform (gridded data, (2779; 2703) sampling points) (Duration = 00:00:01.2304641)
Pointwise Transformation Index (PTI) = 1E-05 (pointwise Fourier transform used if larger than 1)
“Camera Detector” #605 [Input x]

[10/20/2022 11
[10/20/2022 1
[10/20/2022 11
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1
[10/20/2022 1

~------- Propagation to Camera Detector #605 --------
“Ideal Beam Splitter” #2 [Output x]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.0687826
Fast Fourier Transform (gridded data, (161; 289) sampling points) (Duration = 00:00:00.0151626)
Pointwise Transformation Index (PTI) = 1E-05 (pointwise Fourier transform used if larger than 1)
Phase Upgrade finished Duration = 00:00:00.0049857

Conversion from equidistant data to non-equidistant data Duration = 00:00:00.0149589
“Ideal Beam Splitter” #2 [Output k]

Free space propagation in k-domain (Duration = 00:00:00.0018077)

“Camera Detector” #605 [Input k]

Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.1096427
[10/20/2022 1 Inverse Fast Fourier Transform (gridded data, (609; 761) sampling points) (Duration = 00:00:00.0575992)
[10/20/2022 11 Pointwise Transformation Index (PTI) = 1E-05 (pointwise Fourier transform used if larger than 1)
[10/20/2022 11:07:55] “Camera Detector” #605 [Input x]

B0 [Tools i~ Simulation Engine | Profile: General v| | b Go
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Better Control of VirtualLab Fusion 2023.1

 The new Profile Editor provides full insight and full B | o v ooy
control of all system and modeling parameters. It e :
functions as your modeling and design control center. o 0 o
ol SFT O O O
« The editor offers a well-structured access to all o S
relevant parameters and comes with smart features for Rl cop ™= O 0D
fast editing. e e
« To further simplify the work with the Profile Editor, VLF U B
2023.1 introduces Profile Editing Tools to configure omomenes | (e oo
modeling parameters in the Profile Editor B
automatically. e -
 The new Expert Modus of VLF 2023.1 enables a
wider range of numerical manipulations of data
Source to Component: Between Components: To Detectors:
Pointwize - Pointwize - Pointwize -
14 www.lighttrans.com
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Higher Modeling Speed

VirtualLab Fusion 2023.1 feature overview



Higher Modeling Speed in VLF 2023.1

« The modeling algorithms in VLF 2023.1 are
further optimized and deliver higher modeling
speed.

« VLF 2023.1 makes better use of multicore
processors for parallel computing.

« At five examples we demonstrate the increase
of computational speed which ranges from a
factor 1.5 to 3 times faster calculation.

« Dependent on the specific task the increase in
speed can be even higher.

25" Camers Detectr (8422 s Shrcalimaging Lene (19 (1) (eld o) | = = R ——— =
13 10: “Camera Detector” (£600) (Profile: General) |- |[ =) |[a5m] B IR, L =2 FE 2 Radiomety Detector—“radiance (+607) (Profe: Genera) [ESRiEsR
Chromatic et 5

Fields S

Data for Wavelength of 633 nm[(V/m)*]

33333

mmmmm

17
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Example 1: Modeling of Microlens Arrays

u 10: “Camera Detector” (#600) (Profile: General) E@

Chromatic Fields Set

E 2 Optical Setup View #1 (ChUsers\...\Modeling of microlens array.lpd)*

x|

- Light Sources
+- Components

+- Ideal Components Mo Aberration

Trefoil (X) Aberration

Z:5mm

Wavefront Error

r~ B

+- Detectors 501 .
31 Analyzers f Round Microlens Array
. Coordinate Break Flane Wave { Zomm| (Thorlabs MLA150-5C)
Camera Detector N 1 |
‘e Universal Detector ) =& mm IIII //' :
i
1] | y, 2
Spherical Aberration / Z:0 mm

s 2
// Square Microlens Array
// {Thorlabs MLA150-5C)

4 f
[/
Z5mm | ,-’/
ma (Y] Aberrat{op/ 3
:_._L/ Z:5mm
5
Zi5 mm

Camera Detector

Data for Wavelength of 633 nm [(V/m)?]

X [mm]
Simulation Times
B
n VLF 2021.1 (Build 1.180): 16 sec

Use Case: Modeling of Microlens Arrays with

Different Lens Shapes

VLF 2023.1 (Build 1.554): 11 sec

18
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https://www.lighttrans.com/use-cases/application/modeling-of-microlens-arrays-with-different-lens-shapes.html

Example 2: Waver Inspection System

Camera Detector C:;mera Detector

623 624

_ _ _ I 23: “Camera Detectar” (#622) after “Spherical Imaging Lens” (#13) (1) (Field Tracing) | = || = |[sE3a]
E 22: Optical Setup View #27 (C:h\Usersh..\Wafer Inspection System.lpd)™ E\@ e
| FULEr Dy, a | E Data for Wavelength of 266.08 nm
+- Light Sources
+- Components -
+- Ideal Components =
+- Detectors ) . 3
- Analyzers Circular Polarized
.. Coordinate Ereak Gaussian Wave  Ideal Beam Splitter  Objective Lens  Wafer Reversed Objective Lens  Spherical Imaging Lens  Camera Detector S
- Camera Detector ™y . | . . | . | . | . =
+- Universal Detector ' -
0 12 15 19 7 ' 13 622 =
: E,
X0mm X:0mm || X:0mm X:0mm ' X:0mm X:0mm ;
Y: 0 mm Y: 0 mm Y: 0 mm Y: 0 mm N Y: 0 mm Y: 0 mm 5
Z:30 mm 220 mm || Z 748.86 pm Z: 748.86 pm H Z: 50 mm Z: 458 mm ~
. B
=
=

05 04 03 02 01 0 01 02 03 04 05

X:0mm X0 mm
Y: 0 mm ¥Y: 0 mm ol
Z: 748.86 um Z0mm

2

i |

= ——— __ % E Simulation Times

VLF 2021.1 (Build 1.180): 19 sec
— VLF 2023.1 (Build 1.554): 8 sec

Use Case: Optical System for Inspection of Micro-Structured Wafer

19 www.lighttrans.com


https://www.lighttrans.com/use-cases/application/optical-system-for-inspection-of-micro-structured-wafer.html

Example 3: Coherence Measurement

Use Case: Coherence Measurement Using Michelson Interferometer and Fourier Transform Spectroscopy

26: Optical Setup View #25 (ChUsers\...\Temporal Coherence Measurement using Michelson_01_Optical Setu... EI@

E 29: Radiometry Detector - “Irradiance” (# 603) (Profile: General)
Mumerical Data Array [Equidistant)

| F||‘tr:| I:I'J-'... x | Diagram Table Value at [xy)
_ . E Irradiance [1E-8 W/m?]
[#- Light Sources Irradiance
- Companents SE
[~ Ideal Components B <
-- Detectors 603
[+~ Analyzers
.- Coordinate Break :20 mm | ¥ ~
Camera Detector 10mm
Universal Detector ; s
Gaussian Wave @&35nm z
Bandwidth 50nm Ideal Beam Spliter Movable Mirror 5 = 1.936
0 1 2 '
X0 mm X0 mm =<
. ¥: 0 mm Y:0 mm ¥
Gaussian Wave @635nm S T o

Bandwidth 100nm Fixed Mirror

D - ' 2 X [”D“ml 2 4
500 3
X0 mm
¥: 0 mm
2:20 mm Simulation Times

TP

“ VLF 2021.1 (Build 1.180): 52 sec

VLF 2023.1 (Build 1.554): 25 sec

20 www.lighttrans.com
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Example 4: Grating Stretcher

31: Optical Setup View #30 (Ch\Users\.. \Grating stretcher for pulses.os)™ EIEI - 35: Time Domain (Ex) at [0 mm, 0 mm] - "Pulse Evaluation” (#6... EI@
[Filter by... x | Pulse Componertt At One Point (Equidistant)
__ Light Sources E Diagram  Table Value at x-Coordinate E Time Shift 41927 ps
Q"Componenh
[+~ Ideal Components =
-- Detectors s =
[t Analyzers i
- Coordinate Break 8 ®
- Camera Detector Gaussian Wave 1D Periodic Grating 1D Periodic Grating Identity Operator  Pulse Evaluation I s
i Universal Detector D D o
oo e P U w0
L o [ L [ [ [ o 2 5|
g o
o 2 3 1 600 =
& X ‘:— 3 T
X0 mm X183 mm Xi-5mm X0mm o g
¥:0mm ¥:0 mm ¥:0 mm ¥:0 mm =
Z 50 mm Z B4 mm Z 10 mm Z0 mm = 3
o o
E
<
T T
0.418 0.42
Camera Detector i
B Time [ns]

601
X:0mm
Y:0mm
Z0mm
5 Simulation Times
A

‘ : VLF 2021.1 (Build 1.180): 74 sec
Use Case: Grating Stretcher for Ultrashort Pulses VLF 2023.1 (Build 1.554): 33 sec

21 www.lighttrans.com
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Example 5: Analysis of Collimation System

|:'.i Dy Xl

+- Light 5ources

+ Components

+ Ideal Components
+ Detectors

+ - Analyzers
Coordinate Break
Camera Detector
- Universal Detector

E 50: Optical Setup View #49 (ChUsers\..\Collimation Testing_01_Collimation Lenses Setup.os)

Lo B eS|

fo

Camera Detector

-

E:'. 53: Data Arrays

— "Wavefront Error” (£ 600) (Profile: General)
MNumerical Data Array

Diagram  Table

10

Wavefront Error [A]

I 0.021803

o

¥ [mm]
0

Gaussian Wave Ohbjective Lens

DL

Spherical Lens 601
Zi0 mm

0 1 2 Wavefront Error
7:50 mm 7:4482 mm _ B I
) — -0.05565
B0 -10 -5 0 5 10
x* [mm]
Z.0 mm
B Simulation Times
Detector Results
i
Date/Time Detector Sub - Detector Result .
—— 1 12716/2022 1%3547 | "Wavefront Error” [(# &00) (Profile: General) | RMS [A] of Wavefront Error | 0.020336 VLF 2021 1 (BU||d 1 . 1 80) 14 SeC

VLF 2023.1 (Build 1.554): 5 sec

Use Case: Collimation Testing with Shearing Interferometry

22 www.lighttrans.com
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Higher Modeling Speed in VLF 2023.1

The new Universal Detector allows the
calculation of any detector signal from the
electromagnetic field.

The field is calculated once in the detector
plane and all detector signals are obtained from
the same electromagnetic field data.

This significantly increases the modeling speed
by avoiding multiple calculations of field data.

Figure: In the example the Poynting vector,
radiant intensity, luminous intensity, illuminance
and irradiance is calculated from the field data.

Coordinate
Systems

ﬁ

Position /
Crientation

7]
A

Detector
Parameters

A

Free Space
Propagation

U | validity: @

Detector Window (k-Domain
Field Quantities

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

Select Field Data Which Is Provided to Detector Add-Cins

Ex Ey Ez Hx Hy Hz
Components
Domain Space (x-Domain) Fourier (k-Domain)
Configure Field Data Visualization by Electromagnetic Field .E].

Quantity Add-On

Edit Universal Detector l *

®

Coordinate
Systems

o

Position /
Orientation

|

£y

dvo

Detector
Parameters

lf_];

Free Space
Propagation

7]
E

Field Quantitiesv

Detector Window [k-Domai

v Data from Universal Detector

( Electromagnetic Field Quan:it'h
T Poynting Vector
g Irradiance
llluminance
v Radiant Intensity

k Luminous Intensity )

O Y it AV NG S N RS

Detector Window Domain
Gridiess Dsts

x

x x

X

*

23

www.lighttrans.com




Profile Editor

VirtualLab Fusion 2023.1 feature overview



Modeling Profiles

* VirtualLab Fusion stores optical systems in .0s
files. These files include all parameters about
the system layout, sources, components, and e v R BB B e | 5
detecto rs. S P"fl s cu?:gw'ma e "pe‘i,““g.fr." PiPotuisers el | oning -
* VLF 2023.1 introduces the concept of Modeling
Profiles which are also stored in the .os files.
« The Modeling Profiles allow the configuration | | _
. ] File Start Sources Functions Catalogs Windows Help Profil
and storage of the modeling settings. » @(@e 8 = | m ey |
. Op.tical systems come Wit.h the Ggperal Profile, Go! oy R Genet [ e Parames “c:f”j Sysem oo “:ﬁgf &
which enables an unrestricted editing of the Execution Settings Result Visualizaton
modeling settings.
 The 'addltlonal Ray Results Profile is pre- St Sources  Functions  Catslogs  Windows  Help _Prof
configured to enable fast access to results = ~. = o m iy
. 4 W = 5= & g" i
known from ray OptICS. Go! Ra}results Ger?eral Profile Parameter Use Parameter System: Detectors Maodeling
Profile J Profile | Editor Overview — Coupling 3D Analyzer
« The profiles enable a seamless control of the Erecution Seings Resul Visualzation
inclusion of diffraction in physical optics
modeling.”
25 *Register for webinar series on VLF 2023 now. www.lighttrans.com


https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html
https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html

Profile Editor

° VLF 20231 drastlca”y Improves the access to Start Sources Functions Catalogs Windows Help Profil
all relevant parameters in an optical system and P & OlHE|h =% ax

Gol  Ray Results General | Profile Phrameter Use Parameter Systern Detectors Modeling

ItS mOdellng (.OS flle). Profile  Profile { Editor QJverview  Coupling 3D Analyzer o
Execution Settings Result Visualization

« The center for modeling control is the Profile

Editor. It gathers parameters from all other
places and dialogues and systematically

Profile Editor (Modeling Profile: General)

. . A Parameter Overview  Pgsition & Size Power Management
present them in one dialogue. e "

Sources 12" Object Category Parameter Value

« The first version of the Profile Editor is released o+ T s Tt fecra i P Pesme i 7o
with VLF 2023.1 and combines a parameter conporr waos
overview and an easy parameter access with e TeOl T

H B i:i e F - Lateral Offset ¥ 0 mm

Smart Internal edltlng tOO|S- ESI:LJJ:E::;?: [EE]USWHWEVE Cversampling Factor 1

» This Profile Editor offers a new and additional %
user interface for system and modeling Qe st st e 7
configuration. No other dialogues were Ofstsetvens s yPire | o

removed.

-{_ﬁAssistant Global Settings Cancel Help

26 www.lighttrans.com



Profile Editor

The basic categories of the Profile Editor are:
- Sources
— Components & Solvers
- Visualization & Detectors
- Other Settings

 The source tab gives access to all source

parameters. VLF 2023.1 is still restricted to one

major source. But the Multiple Light Source
provides already a great way to work with a
collection of sources in one system.

« Each system requires some basic settings
which can be set in Other Settings.

 Process Logging provides deep insight into
the modeling and its performance. While
initializing a system we recommend
normal/detailed logging. For simulation series

and optimization, logging should be switched off
to save, though small, contribution to cpu time.

27

Profile Editer (Modeling Profile: General) X
45 Parameter Overview  Position & Size Power Management
=9))
)/} |a\pha x |
Sources 12| Object Category Parameter Value
Light Source_1 (Plane Wave) |Cartesian Angle Alpha o
Aij' “Multiple Light Source” (#0) | Light Source_2 (Plane Wave) | Cartesian Angle Alpha 3
‘:[ Light Source_3 (Plane Wave) |Cartesian Angle Alpha [
Components
& Solvers
R
&l
Visualization
& Detector:
o
Other Settings
Q;:Ass\stant Global Settings oK ] Cancel Help
Profile Editer (Medeling Profile: General)
. System  Free Space Parameters Light Path Finder
A8 p g
.%‘ General
I cess eve Detailed i ]
SorE Process Logging Level
Environmen it
([ij’ Alr P 101.33 kPa
Components System Temperature 20°C
& solvers
R
&l
Visualization
& Detectors
&
[other Settings
«’;.-Assistant Global Settings oK I Cancel Help




Profile Editor — Components & Solver

« The tab Components & Solver gives access to » [ —
the categories o || = = T — -
- Parameter Overview ‘L »eng»e
- Solver & Function _<]D , A — Mng
—  Free Space Propagation e | -
— Channel Configuration foedl —— m
« The Parameter Overview provides an excerpt - :
of the System Parameter Overview per v
component. :
« The Solver & Function tab will give access to all :

related parameters per component. However, in
the first editor version which comes with VLF .
2023.1, most of these parameters are not yet ] v st o s o [

»)
) Name

gathered from the component dialogues. —

4 ) \ “Achromat (Edmund Optics: 49664) (Turned)” (# 1)

« The Channel Configuration tab enables easy

e
— “Ideal Plane Mirror 17 (£ 5) Surface #1 (Ideal Plane Mirror 1)

configuration of non-sequential modeling per |
component.

RIROOOO0Ox
Oooooooag
OorROoOoOoog s

O
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Profile Editor — Free Space Propagation

« The propagation from sources to components g e e
and detectors as well as between components || = — T
constitutes the key technology for connecting ] [ e -
the sources with the component solvers and = e S
with the detectors.” e
« Itis controlled by the tab Free Space
Propagation for components and Propagation o
to Detectors for detectors. e e
« The Profile Editor enables detailed settings of e omen
the Fourier transforms in the modeling and by e - L=
that a seamless control of the inclusion of <
diffraction in physical optics modeling.* »
. . . ources [Fiter co =
« VLF 2023.1 provides various tools to help with ry | —
these settings together with technical =i R
background information to master this key A o
technology easily. - I el
i Mol Inverse PFT
29 *Register for webinar series on VLF 2023 now. www.lighttrans.com


https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html

Profile Editor — Detectors & Visualization

« Results can be visualized by: )@ e moesin x
- System 3D illustrations
- Data views from detectors ﬂ Pt atr (odeing Prfle o sl
- Data views from Modeling Analyzer _S]g, ») R;;”m';j';gi';t::1’7::; “““““““““““““““““““““““““““
« Since light propagation in 3D systems is \ 1;
illustrated by rays, VLF 2023.1 provides the o | ]

selection of 3D System visualization in the Ray | B

. & Detectors View Settings
Results Profileonty. || e
" S| Geomety Color Scheme  Bright ~
B ||| GeometryMarkers
Perspective @ Background Color Gradient
Cther Setting:

« Detector outputs can be generated in both L] e
profiles. In the Ray Results Profile, they are La sssssss .
restricted to dot diagrams, direction diagrams,

and visualization of wavefront phase/OPL. =™ A e

« The General Profile enables the selection of the
Modeling Analyzer also.

30 www.lighttrans.com



Profile Editor — Detectors & Visualization

The first version of the Profile Editor provides
all parameters of the new Universal Detector.

The parameters include the Propagation to
Detector settings and by that seamless control
of the inclusion of diffraction in the propagation
to detectors.

The Detector Settings allow the selection of
field quantities to be evaluated in x- and k-
domain, and the specification of the detector
windows with respect to size and sampling.

If the last step in the modeling of propagation to
the detector is pointwise, the field values reach
the detector in form of gridless data. VLF
2023.1 allows the display of this point cloud
with field values or positions only.

This provides direct access to dot diagrams
known from ray optical modeling.

| Profile Editor (Modeling Profile: General) *
S Result Visualization Detector Settings  parameter Overview Propagation to Detector
\ﬁ'
»)
Sources | — . =
) Detector Settings
(if “Universal
Detector” (# 600) Detector Window Centered Around () Detector Position © Center of Field Mode
Companent:
& Salvers
Lateral Window Position Omm 0 mm
R Detector Window Size
&l i
Visuslizatio © From Field Data [Per Made) () Manual Setting (A1l Modes)
& Detector:
ling Factor
E M
& Detector Grid Resolution
Other Settings o o
) Set Grid Points
| Profile Editor (Modeling Profile: General)
S Result Visualization Detector Settings  parameter Overview Propagation to Detector
\ﬁ‘
D a7
uuuuuuu =
q tor i
(i"*:" “Universal Detector® (¥ 600)
Show Result w/o Interpolation for Gridless Field Data? ° Ye Y No
Components (If Gridless Data Available in Detector)
& assista nt & Salvers
[ Show Interpolated Result on Equidistant Grid Additionally
| Only Positions, Direct
,;:‘ ~ Only Positions, Directions,
ity Field Val ) .
&l T © Field Values & Wavefrant Phase
Visualization
LEEEETT v e Unselect Positions with Associated Eneray Smaller Than 01
- Gridless Sampling Points
]
O hu m ) Manual Sampling
Other Settings
Scale Factor 1
“Universal Detector” (# 801}
Show Result w/o Inf olation for Gridless Field Data? Ye ° Mo
M C | (IfGridless Data Available in Detector)
-@Ass\stant Global Settings G | Help
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Learn More About Profile Editor

Videos

« Modeling Profile Editor
« Parameter Overview

e Source - Position & Size

« Source - Power Management

« (Component - Solvers

Use Cases

 Profile Editor
 Configuring Your Simulation in

VirtualLab Fusion

 Free Space Propagation
Settings

VirtualLabrusion

FAST PHYSICAL O
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Profile Editing Tools

VirtualLab Fusion 2023.1 feature overview



Profile Editing Tools: Control Inclusion of Diffraction

>, ¥ Ik =

Rays in Ray Field Modeling
System/ Tracing/ Tracing Analyzer ,/

Maodeling

New in VLF 2023.1

Profile Editing & Run Layout Tools
y Y4 * v iy = 7| JhSpeedvs Accuray ES
ng Pre-Selected Source to Component: Between Components: To Detectors: Paraxia % Pointwi Integral Fast
L LET $0] Configuration - o2 Pointwise = Pointwise = Automatic + | Assumptions ositioning -
Light Path Finder Profile Edighg Tools

The seamless control of the inclusion of
diffraction in physical optics modeling
constitutes one of the key technologies in
VirtualLab Fusion.*

Before VLF 2023.1, this control was simplified
by the introduction of modeling levels. With
VLF 2023.1, this concept is further developed
and becomes more transparent.

The new tool allows selecting pointwise
propagation and by that diffraction is neglected
independent of the magnitude of diffraction.

In the automatic propagation mode of operation
VLF 2023.1 evaluates the magnitude of
diffraction for each propagation step.

If the magnitude of diffraction is smaller than a
preselected threshold, VLF 2023.1 switches
from integral to pointwise propagation.

34 *Register for webinar series on VLF 2023 now.
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https://www.lighttrans.com/products-services/learning/webinars/the-new-virtuallab-fusion-20231-release-webinar-series.html

Profile Editing Tools - Paraxial Assumptions

Profile Editing & Run Layout Tools
- R ) b=y @ | &
4 a * a & 7
ng Pre-5elected Source to Compeonent: Between Components: To Detectors: Paraxial
BT o Configuration - o Pointwise - Paintwise - Automatic = | Assumptions
Light Path Finder Profile Editigg Tools

4 Speed vs. Accuracy

% Pointwise vs. Integral

Edit Paraxial Assumptions

Tool Configuration

Analysis: Actual Settings

The development of diffraction effects by
propagation of paraxial light can be very slowly.

That means, the diffraction-induced divergence
of the paraxial beam is small.

In VLF 2023.1 small diffraction effects of
paraxial beams can be neglected to further
accelerate the modeling or for other reasons.

VirtualLab Fusion applies vectorial physical
optics in all modeling steps.

epsesion ves | M| N By that the results show vectorial effects when
Meglect Diffraction-Induced @ives! (O No (& QD
Divergence (Full Angle) Smaller Than ? """""" they OCCUF
Detector Field Component Calculation It |S We” knOWH, that fOf' pal"aXIa| Ilght, VeCtOrla|
Apply Paratal Approximation (ansversal Fei @ves QMo @ | Q effects are predominantly confined to the
transversal field components.
@Assistant Apply Cancel Help . . .
VLF 2023.1 enables the active restriction to
vectorial effects of the transversal field
components to further accelerate simulations.
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Profile Editing Tools - Speed vs. Accuracy

Profile Editing & Run Layout Tools
: AN ey =y | &
4 a * a & 7
ng Pre-5elected Source to Compeonent: Between Components: To Detectors: Paraxial
BT o Configuration - o Pointwise - Paintwise - Automatic = | Assumptions
Light Path Finder Profile Editing Tools

4 Speed vs. Accuracy ]

% Pointwise vs. Integral

N

Profile Editing Tool: Speed vs. Accuracy

Tool Configuration

Speed Accuracy
Accuracy Level Nyquist ' 0=
Period Evaluation
Power Portion for Field Si
mlaer .c ion for Field Size 29,9939 %
Estimation
Gridless Sampling Factor '
o1 1 10 100

Gridless Sampling Values 1089

Speed  Accuracy

Analysis: Actual Settings

Accuracy Level

Sampling Factor 1

VLF 2023.1 provides a tool for a compact and
direct control of balancing modeling speed and
modeling accuracy.

The sampling of field data has a significant
effect on modeling speed and accuracy. The tool
provides access to control equidistant and
gridless sampling of field data.

The pointwise Fourier transform (PFT) algorithm
uses significantly less sampling points than the
FFT and is therefore often much faster.
Enforcing the PFT comes at the cost of less
accuracy in inclusion of diffraction effects.

e I N I I The use of automatic sampling algorithms
NeglectDiffacton-dueed Divergece Smalle Than y | sometimes leads to oversampling and by that
e O e ° e too high PC memory demand. VLF 2023.1
o s O @ v o allows a general limitation of sampling. This
e T comes together with a new calculator for PC
memory evaluation.
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Profile Editing Tools — Pointwise vs. Integral Propagation

Profile Editing & Run

A

g
BT 20

I;'}

Pre-5elected

Configuration - o

Light Path Finder

Layout Tools

Source to Compeonent: Between Components: To Detectors:

Pointwise -

= A 2

a & F
Paraxial

Pointwise « Automatic = | Assumptions |

Profile Editing Tools

4 Speed vs. Accuracy
P/f Pointwise vs. Integral
=}

<

Profile Editing Tool: Pointwise vs. Integral

Selection Mode

® Individual (O Al Pointwise (O All Automatic () All Integral
To Component To Detector
(®) Pointwise (®) Pointwise
From Source () Integral (O Integral

(0 Automatic Selection

(0 Automatic Selection

(®) Pointwise

From Component () Integral

(O Automatic Selection

(®) Pointwise
() Integral

(O Automatic Selection

(@ Paintwise
Inside Component O Integral
(O Automatic Selection
@Assistant Apply Cancel Help

Because of the importance of field propagation
in homogeneous media, e.g., air, VLF 2023.1
provides a new tool for its control.

This tool allows a detailed selection of different
propagation methods:

- Pointwise: diffraction neglected independent of
magnitude of diffraction

- Integral: diffraction included independent of magnitude
of diffraction

- Automatic Selection: diffraction included dependent on
the magnitude of diffraction.
These selections can be independently done
for propagation from and to sources,
components, and detectors.

An even more detailed access to these settings
is provided on the propagation tabs in the
Profile Editor.
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Learn More About Profile Editing Tools

Videos

Propagation from Source to
Component

Propagation Between and
Inside Components

Propagation to Detectors

Optional Paraxial Assumptions

in Modeling

Balance Modeling Speed vs.
Accuracy

Pointwise vs. Integral
Operations

Use Cases

 Profile Editor
 Paraxial Assumptions Tool

« Speed vs Accuracy Tool

 Free Space Propagation
Settings

WYROWSK|
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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Universal Detector

VirtualLab Fusion 2023.1 feature overview



The Detector Revolution

- Light Sources
- Components
- |deal Components
- Detectors
Detector from Catalog

-] [F

i Universal Detector

Programmable Detector

| Edit Universal Detector

Light is fully described by electromagnetic
fields. Physical optics modeling provides
electromagnetic fields and by that unrestricted
access to all light quantities.

rela Visu zation 7@ petector winson b g Before VLF 2023.1 fields had to be propagated
H . i Detector Window (k-Domain) Gridless Data k] .
 Point Erauation || AL rm—— to any selected detector. With VLF 2023.1 we
o Analyzers | E change that drastically by fully exploiting the
- Coordinate Break /
. v Pcynt'r'g Vector x . .
- Camera Detector ower of physical optics.
e R I 5 P brysical op | |
oE ] Any detector function can be applied to light
which is propagated to the new Universal
=3\ J Detector.
e This is done by add-ons in the detector which
enables an ever-growing number of detector
functions, e.g., spot size, aberrations, M?,
radiometry and photometry quantities.
N Load =
= : And the best of it: any missing detector function
can be delivered quickly on customer request
without a new software release.
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Universal Detector — Field Quantities and Their Visualization

| Edit Universal Detector x|
i i Gridless Data Add-ons
Field Quantities Detector Window [x-Domain)
Coordinate Select Field Data Which |s Provided to Detector Add-Ons
Systems
Ex Ey Ez Hx Hy Hz
Components
7 a a a a a a
a . ey LTS | o f )
Pasition / Domain B Space (x-Domain) |_) Fowrier (k-Domain)
Orientation
Configure Field Data Visualization by Electromagnetic Field .[a.
MF?_' Quantity Add-On
‘ ° ; i imati ion? () ves Mo
Detector Apply Paraxial Approximation for Component Calculation - O
Parameters —
Sum Mutually Coherent Modes? QYes (Oho

;Edit Electromagnetic Field Quantity Visualization Settings

| Field Components & Domain

Ex Ey E Hx Hy H
Components _ .
] a ] a a
| Domain (x-Dor F D
! Amplitude & Phase
(O Amplitude © Amplitude/Phase (w/o Wavefront Phase)
(] Wavefront Phase [EI Wavefront Phase w/o Spherical Part l
[ Show Polarization Ellipses xy-Plane LY E ]
Color Table B oarkcsite
Colar for Undefined Values .
Interpolation on Detector Grid Meares t Neighbor ~

The Field Quantity settings allow the selection
of the field quantities which are needed for
further processing by detector add-ons.

The field visualization can be configured in the
Field Quantity Add-on.

It enables the selection of the field components
to be visualized.

For the selection of amplitude and phase VLF
2023.1 offers the extra feature to show the
wavefront phase without the spherical part and
by that the aberrations only.

The Universal Detector enables the display of
polarization ellipses as Graphics Add-ons.
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Universal Detector: Add-ons With Release of VLF 2023.1

Zﬁ’ o = « With the release VLF 2023.1 comes with
2 detector add-ons for
ﬁndependent of ) _
releases you may 2 - Extent measurements for any lateral signal,
download more add- e.g., beam size
ons provided by ’_
LightTrans or write — Radiometry
our own add-ons.
\Y / — Photometry
— Region indication in detector outputs

 More detector add-ons are provided
steadily and independent of further
releases.

« |If you miss a detector, send a mail to
support@lighttrans.com.

« LightTrans’ support team will contact you
B Add Region Information from Light Guide.addOn and make Sure that you WI” get the
missing detector soon.
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Preconfigured Universal Detectors

E 2: Optical Setup View 1 (Optical Setup)*
[ Fitter by... x|

i~ Light Sources
t- Components

Programmable Detector
i Universal Detector
Field Visualization
-- Merit Functions
[ Point Evaluation
[ Wavefront Detectors

- Analyzers

- Coordinate Break

- Camera Detector

- Universal Detector

SR

Detectors Catalog

Definition Type LightTrans Defined P

t|- Ideal Components

—I- Detectors /-N =
Detector from Catalag
Preconfigured Universal Detectors

Beam/Spot Size (Field)

Beam/Spot Size (Irradiance)
Intensity

Irradiance

Photometry Detector

Radiant Intensity

Radiometry Detector

Region detection for AR light guide
System Efficiency

Snippet Help

Radiant Intensity

Author: Christian Hellmann
Version: 1.0

: Friday, December 16, 2022

\d data (

1d/2d; electric field
iny

Radiometric Data View: Radio
d @) addi
option provides human eye color perception.

Learn more about radiometric detectors here.

components in k-domain, i.e., Ex, Ey, E2)
put data

., per wavelength and integrated over all modes with the same

ow the results in false color or real color in both cases. The real color

PARAMETER DESCRIPTION
Oversampling Factor Select factor to obtain the detector result on a finer (> 1) or coarser (<1) grid compared to the grid of the input data
Output Over Cartesian Checked: Coordinates are the Cartesian direction angles. This option enables the visualization in polar diagrams for 1d
Angles selections.

Unchecked: Coordinates are the components sx and sy of the direction vector.

Users can configure the universal detector
by selecting and combining add-ons.

This concept provides an amazing
flexibility to obtain the detectors which you
need.

As examples preconfigured universal
detectors are added in the catalog:

— lrradiance

— Intensity

— Radiant intensity

— Radiometry

— Photometry

- Beam/Spot size (electromagnetic field)

- Beam/Spot size (irradiance)

— Region detection for AR light guide glasses

- System efficiency
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Post-Processing

: Application of Detector Add-Ons

Bo-cd® -

Chromatic Fields Set

File Start Sources Functions Catalogs Windows Help Manipulations
E 69 4 Gjﬂ
Eﬁm v 7 Mass, Ming, Op P )
Apply Detector § Add Polarization | Data Point Complex Maximum Minimum (Position | Full Width at | Standard Uniformity | Sum Within
Add-on Ellip Average Histogram (Position and Value) and Value) Half Maximurmn | Deviation  Error Selection

Add-ons

Lateral Exten Minimum Rectangle (I M).addOn
g

[N Lsteral Extent via Standard Deviation.addOn

[N Lateral Extent via Sum of Squares Percentage.addOn

B intensity.addOn

W Irradiance.addOn

[N Poynting Vector.addOn

[N Radiant Energy Density.addOn

[N Radiant Energy.addOn

I Radiant Flux & Efficiency (Solid Angle).addOn
[N Radiant Flux & Efficiency (Surface).addOn
I Radiant Intensity.addOn

[ System Efficiency (K-Domain).2ddOn

B System Efficiency (X-Domain).addOn

B Lateral Extent Measurement
B8 Photometry
BB Radiometry

B8 Region Indication

Selected Detectors

B lluminance.addOn

B Luminous Energy Density.addOn

I Luminous Energy.addOn

[l Luminous Flux & Efficiency (Solid Angle).addOn
B Luminous Flux & Efficiency (Surface).addOn

B Luminous Intensity.addOn

Informatis

The application of detector add-ons must
not be done in the universal detector
already but can be performed in a post-
processing as well.

| Apply Detector Add-on *
Mew Add-on Luminous Energy Density

A Edit | validity: @ =

Integration Type 1=

Snippet Help o X

Luminous Energy Density

Author: Christian Hellmann
Version: 1.0
Last Modified: Thursday, December 1, 2022

Input: radiant energy density data from Radiant Energy Density Add-on.
Function: calculates luminous energy density.
Output: luminous energy density in data view window. |

] As Separate Window | | (@) Help [

| Wave Front Data (Optional) Photometric quantities: Photometric quanties follow from integration of radiometric
quantities over the wavelengths, e.q. illuminance follows from the integration over irradiance
data. The integration is done with the weight of the luminosity function. This add-on enables

the selection of the photopic and the scotopic luminosity function.

| Set

Learn more about photometric detectors here.

Medium to Use Detector In
PARAMETER DESCRIPTION

Air in Homogeneous Medium 5 5
Integration Type Select the luminosity function:

e 0 - photopic luminesity function
« 1 - scotopic luminosity function

[ Load 7 Edit Q, view |

OK Cancel Help
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Universal Detector — Usage of Graphics Add-ons

¥ [mm)]

Amplitude of "Ex-Component” [V/m]

The Universal Detector add-on concept offers
more flexibility to provide detector results.

The detector add-ons can be combined with
graphics add-ons.

The display of the polarization ellipses in a
detector result is an example of this new
technique.

With VLF 2023.1 this concept is further
extended and applied to the indication of
regions as well.

The figure shows the example of the three
grating regions of an AR glass layout together
with the field inside the light guide.

The green region indicates the outcoupling
grating.
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Universal Detector — Window Specifications

| Edit Universal Detector

Detector Window (k-Domain)
Field Quantities

Detector Window (x-Domain)

Detector Window Centered Around () Detector Position l © Center of Field Mode l

Lateral Window Position omm = 0 mm

Detector Window Size
© From Field Data (Per Mods)  (_) Manual Setting (All Modes)

Size Scaling Factor TR 1

Detector Grid Resolution
(O) From Field Data (Per Mode) @) Manual Setting (All Modes)

() Set Grid Period © Set Grid Points

Grid Points 10247 (1:1) ~ 1024 5] = 1024 =

| Edit Universal Detector

Eilald Quantities Detector Window [x-Domain)
I Detector Window (k-Domain) | Gridless Data Add-ons
Coordinate Detector Window Centered Around () Detector Position O Center of Field Made
Systems
Detector Window Size
| Q’ © From Field Data (Per Mode]  (O) Manual Setting (All Modes)
—
Position / Size Scaling Factor = 1
Orientation
e\
m_}" Detector Grid Resolution
‘ v © From Field Data (Per Mode] () Manual Setting [All Modes)
Detector
LF‘ararneters Grid Period Scaling Factor 1 1

| Edit Universal Detector

Field Quantities
Detector Window (k-Domain)

~iqgindior,

Coordinate Show Result w/o Interpolation for Gridless Field Data? o Yes () Mo
Systems (If Gridless Data Available in Detector) =
- [C] show Interpolated Result on Equidistant Grid Additionally
- —~ Only Positions, Directions,
- ity () Field val ’
Posit Ly RS © & wavetront Phase ]

The new Universal Detector enables an
independent specification of the detector
window in x- and k-domain.

Often physical optics modeling leads to a set of
correlated and uncorrelated field modes in the
detector plane.

VLF 2023.1 allows the display of all modes in
the same window and coordinate system or
alternatively in windows with the center of the
individual modes.

If field values reach the detector by a pointwise
operation, gridless data is obtained.

VLF 2023.1 allows the display of the field
values, the phase values, the local directions,
and the data positions at the gridless positions
with and without lateral interpolation.
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Multimode Fiber Coupling Efficiency Detector

VLF 2021:

VLF 2023.1:

Edit Multimode Fiber

Coordinate
Systems

Pasition /
Orientation

Parameters

5

Fourier
Transfarms

Coupling Efficiency Detector
Detector Window and Resolution  Detector Function
Parameters
Fiber Length
[] Related To Source Field
Core Diameter
[]1fG R 1N Fiber
Gradient Canstant
Maximum Azimuthal Order
Maximum Radial Order
Core Material: "Non-Dispersive Material (n=14... j Load

Cladding Material: "Non-Dispersive Material (n... j Load

Edit Multimode Fiber Coupling Efficiency Detector

Coordinate
Systems

b

Position /
Orientation

Parameters

FF

Free Space
Propagation

Detector Window and Resolution Detector Function

Mode Type

Linearly Polarized Bessel ~

(] Efficiency Related ta Source Field

Core Diameter
Core Material

MName | N-BK7_Schott

Catalog Material

State of Matter

Cladding Material

Name |Fused_Silica

Catalog Material

State of Matter

Maximum Azimuthal Index

Maximum Radial Index

100 ym
Q
v [eS
Solid
v|| ) [
Solid
10+
10 %

*

@ Help

ancel

I validity: @

Cancel Help

The Multimode Fiber Coupling Efficiency
Detector comes in a new version in VLF

2023.1.

It provides a more user-friendly interface

and an easier use.
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New Ellipsometry Analyzer

Edit Ellipsometry Analyzer
Analyzed Output
(O Transmission (@) Reflection
Selected Order 1 |: 115
Output
[[] Phase Difference A
[] Miller Matrix
Used Physical Property for Angles Angle (Deg) ~
Phase Shift of TM Relative to TE 90"
Parameter From | To  Steps Step Size
Wavelength 400 nm 600 nm 21 10 nm
Spherical Angle Theta 25° BS® 3 20°

Subsets #1, #2, #3 [7]

70

60

50

40

30

[=[E )

Mumerical Data Array

== Amplitude Component W at Spherical Angle Theta ("Sample” (# 1) | Basal Positioning (Relative)) = 25°
== Amplitude Component W at Spherical Angle Thetz ("Sample” (#1) | Basal Positioning (Relative)) = 45°

=« Amplitude Component W at Spherical Angle Thetz ("Sample” (#1) | Basal Positioning (Relative)) = 65°

04

0.42 0.44

0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6
Wavelength ("ldeal Plane Wave" (#0}) [pm]

VLF 2023.1 provides a new analyzer for
ellipsometry evaluations of systems.

It enables a full analysis of ellipsometry

Mueller Matrix.

quantities like phase difference and
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New Feature @ Field Inside Analyzer

Edit Field Inside Compone

Vectorial Component
@ Ex-Component

() Hx-Component

nt Analyzer: FMM *

@ Ey-Component
() Hy-Component

() Ez-Component

() Hz-Component

5
d Propagating ° Backward Propagating

Z-He

ui 3
z-Rang First Stack Only e
Sampling

x-Direction z-Direction
© Sampling Points 1012 x 1012

(_) Sampling Distance

B 54 Rectangular Grating =&
Numerical Data Array
Amplitude of “Ex” [V/m]
1.56
= —
o
=3 —
_ -
i & | — 0.782
=
0
=] —
- | —
T T T 0
-1.5 =1 -0.5

D Backward Propagating
I

B 56: Rect o o)
ical Data Arra
lllllllllllllllllllllll
Amplitude of “Ex” [V/m]
1.63
——
o |
3 ——
E o | — 0.813
x
3 ———
= —
T T o — 0
-1.5 =] -0.5
Evaluated Modes
[ Forward Propagating Backward Propagating ]

BX. 55: Rectangular Grating =3I
Numerical Data Array
ram  Table Value at xy)
Amplitude of “Ex” [V/m]
0.287

[um]
1 05 0 05
=}
Iy
£

Evaluated Modes

D Forward Propagating

The Field Inside Analyzer for the analysis
of gratings with the Fourier Modal Method
(FMM) shows the electromagnetic field
inside the grating.

VLF2023.1 allows the separate or
superimposed investigation of forward and

backward propagated fields inside the
grating.
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Learn More About Universal Detectors

Videos

 (General Modeling Profile

« Source - Power Management

 Polarization Ellipses in Data
Array Views

* Visualize Positions in View
Windows

Use Cases

 Universal Detector

Fresnel Curves on a Plane
Surface

« Add Point Cloud to Data Array

VirtualLabrusion

FAST PHYSICAL O
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Help Center

VirtualLab Fusion 2023.1 feature overview



Comprehensive Help and Assistant Concept

- x
Before -
@ User Interface F1
Content
Index

Programming Reference
_% Diagnosis & Cleanup
@J Mail Support Information
@ First Steps
8 What's New?
@ Tips and Tricks
Ff About Virtuallab Fusion

N

VLF 2023.1:
B suase -

Start Sources Functions Catalogs Windows Help

Wirowski VirtualLab Fusion 20221 (Build 1.524)

1 ~ = =l About VirtualLab F
ERE [‘éﬁifl @ @ e o= 7}:@] UE,] ?E@J B it Steps % out VirtualLab Fusion
= A } — = B L Informati
Toble of Index Programming User | Assistant | Gratings  Fiber  Interferometry Microscopy  Virtual and Show Diagnasis Mail Support News | @ Tips and Tricks | fcense information
Contents Reference  Interface - Coupling » - - Mixed Reality = | Sample Files | & Cleanup Information = ¥ Update Information
User's Manual Focus Topics Communication Center Tips & Tricks License

VLF 2023.1 raises the help and assistant
workflow to a new level.

A new ribbon leads to the comprehensive
help center.

It gives access to the User’s Manual,
which provides all information about the
meaning of objects and parameters of the
user interface in VLF.

Then we have the additional categories:
— License information
— Tips & Tricks
— Communication Center
— Focus Topics
— Assistant
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Communication Center

Wyrowski VirtualLab Fusion 20221 (Build 1.524)

Functions Catalogs Windows Help
s r’\] ~ ﬁ About Virtuallab Fusion
<; W . =) g 2% = % 22 First Steps a
. . . . . i License Information
Index Programming  User Assistant | Gratings  Fiber  Interferometry Microscopy  Virtual and Show Diagnosis Mail Support News @ Tips and Tricks -
Contents Reference  Interface - Coupling ~ - - Mixed Reality - | Sample Files § & Cleanup Information - aﬁl Update Information
User's Manual istant Focus Topics Communication Center Tips & Tricks License

81 ..Myissuetopic.. - Message (HTML)
File ~ Message Insert Options FormatText Review Help

")

Calibri B I U 0 o~ Editor

[7] DASCMWVirtualLab Algol (Release)\Catalogs\Exceptionsml

-c

Suchen..

& DASCMWirtusiLb Algol (.

"1.0" encoding="UTF-8"2>
Exceptions.xml

- <Entry>
105 KB !

<Type>TargetInvocationException</Type>
<Message>Exception has been thrown by the target of an invocation.</Message>
<CallStack> at Syst target, Object[] arguments, Signature sig,
. Boolean at i timeC inder
pear LightTrans Team, binder, Object(] para culture) at Syst ion.C: yrmmke(oluect[]
parameters) at
cormai . rtualLabAPLULLightPath. Yin
Here are some information: SCM\VirtualLab Algol (Release)\wrtualLabAPl\ul\LlthPalh\AddnghlPalhEIemenlsDalﬂ cs:line 1117 at
rtualLabAPL UL LightPath.LPENode htPathType lig ype) in D:\SCM\VirtualLab Algol
Hardlock ID: 1444607182 (Release)\VinuallabAP[\uI\Lighl.PalIl\lPENode.cs ne 167 at )
uallabAPLU, ¥ _goViewLightPath_t sender,
Virtuallab Version: 2022.1.1.524 \SCM\, Algol (i i i lew.
. 5 - irtualLabAPLUT.LightPath.FormL ig i i ick(Object sender,
Windows Version: Micresoft Windows 10 Pro - 64 D:\SCM\VirtualLab Algol (Release)\wrtualLabAPl\lJl\nghlPa(h\ForleghlPathlew cs:line 2007 at
HASP Driver Version: 8.41.130417.1 System.Windows. Forms. Control.OnDoubleClick(EventArgs e) at System.Windows.Forms. TreeView.WndProc
(Message& m) at System.Windows.Forms.NativeWindow.Callback(IntPtr hwnd, Int32 msg, IntPtr wparam,
IntPtr Iparam)</Callstack>
<VirtualLab_Version>2022.1.1.443 </ VirtualLab_Version>
- <InnerException>
- <entry>
<Type>NullReferenceException</Type>
<Message>Object reference not set to an instance of an object.</Message>
<CallStack> at VirtualLabAPL.ULBasicUL PublicResources.get_Medium_NBK?7() in D:\SCM\VirtualLab
Algol (Release) \VirtualL.abAPT\Core\ Common\ PublicRssources.c.
PE

SCM\Vlrlnallab ' Algol (Release)
ualLabAPI\Core\ LightPath\Components\SingleInterfaceL PE.cs:line
t alLabAPI.Care.nghlPalh LightPathElement..ctor() in D:\SCM\Vir altab Algol (Release)

n D:\SCM\VirtualLab Algol (Release)
cs:line 26 at

tualLabAPI.Core.LightPath.AISComponentBaseLPE..ctor() in D \SCM\VlrllmlLahAlgnl (Releﬂse)
ualLabAPI \Core\ LightPath\C
tualLabAPLCore.LightPath.Components.SingleInterfacel PE.. clor() in D: \SCM\VlrluaILah Algol
(Release)\VirtualLabAPI\Core\LightPath\Components\SingleInterfaceL PE.cs:line 25 at
PE..ctor (| yOperator

VLF users appreciate the direct help through
our support team.

VLF 2023.1 facilitates the direct contact with
the LightTrans team via the communication
center.

By clicking on Mail Support Information an
email is generated, which includes all
important information for the team to get to
the core of your request fast.

The ribbon News enables us to provide you
with information of new developments,
Innovations, and other issues around
VirtualLab Fusion in a timely manner.

In short: VLF 2023.1 provides a more direct
communication line between you and us.
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Focus Topics

Sources
v
e | |
Table of Index Programming  User
Contents Reference  Interface
User's M, |

[p=

- Coupling ~

Focus Topics

it WGratings  Fiber  Interferometry Microscopy  Virtual and Show

Mixed Reality = | Sample Files|

Wyrowski VirtualLab Fusion 20221 (Build 1.524)

i About VirtualLab Fusion
2% License Infarmation

E9 Update Information
License

?\»:! B =& | 22 First Steps
9/

Diagnosis Mail Support News
& Cleanup Information -

Tips & Tricks

Focus Topics provides the user with a
collection of selected use cases.

Focus Topics provides the user with a
collection of selected use cases.

LightTrans can update this collection
independent of the release. That provides
us with a dynamic way to inform you about
hot topics evolving in the market.

Clicking on a use case example opens the
Assistant window in VLF 2023.1 to give
you basic information and links to a full use
case description.

You also have the option to open the use
case VLF file together with the Assistant
window and running it yourselves.
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VirtualLab Fusion Assistant

|.L‘¢ssista nt 1

Bo-=sus -

Start Sources Functions Catan
= gy — g — = - W Pa
NS N N N5 N\JLe
2 b | @

u

Table of Index Programming ser Assistant || Gratings.
Contents Reference  Interface - C

Introduction to Assistant

User's Manual Assistant

The Assistant provides you with information on theory and
usage of features in VirtualLab Fusion. You find the Assistant
Button in the Help Menu and in a steadily growing number of
dialogues in VirtuallLab Fusion. Each button provides
assistance to the specific dialogue and the software features

within.

PO
Profile Editor {(Modeling Profile: General)

The Assistant Button comes in addition to the Help Button,

. Paramet: W n 1Ze¢ Power Management
&
:»)) [Fiter Controls by... = which leads to the Manual of VirtualLab Fusion. The Manual

SSSSSSS — Settings provides a detailed explanation of the functions of parameters

P erita* in dialogues.
f e (#0) nput Pl

ar

i[ Lateral Offset
ccccccccc

& Solvers o

£ 0 % |o & ¢
Shape —=l

i <] Profile meter Use P System: Detectors i

&l Field Size Editor Overview  Coupling i @ o
Visualizatio Settin
& Detectars © Relative Edge Width - -

Meodeling Profile Editor
{Q‘P (:J Absolute Edge Widt The center for the configuration of all settings in
-------------

Other Setting I.“,: A ]

[&][2][a) (8]

r  Virtuallab Explorer ssistant

VLF 2023.1 introduces the new VirtualLab
Fusion Assistant.

You may access it via the Assistant button
in the Help Menu or via Assistant buttons
in an ever-increasing number of dialogues.

While the Help button in dialogues
provides access to the User’s manual, the
Assistant button opens the new Assistant
window.

There, the Assistant offers useful
information on the theory and the usage of
related software features.

The content of the Assistant is dynamically
updated also between software releases.
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VirtualLab Fusion Assistant

|.L‘¢ssista nt 1

Bo-=sus -

Start Sources Functions Catan
= gy — g — = - W Pa
NS N N N5 N\JLe
2 b | @

u

Table of Index Programming ser Assistant || Gratings.
Contents Reference  Interface - C

Introduction to Assistant

User's Manual Assistant

The Assistant provides you with information on theory and
usage of features in VirtualLab Fusion. You find the Assistant
Button in the Help Menu and in a steadily growing number of
dialogues in VirtuallLab Fusion. Each button provides
assistance to the specific dialogue and the software features

within.

PO
Profile Editor {(Modeling Profile: General)

The Assistant Button comes in addition to the Help Button,

. Paramet: W n 1Ze¢ Power Management
&
:»)) [Fiter Controls by... = which leads to the Manual of VirtualLab Fusion. The Manual

SSSSSSS — Settings provides a detailed explanation of the functions of parameters

P erita* in dialogues.
f e (#0) nput Pl

ar

i[ Lateral Offset
ccccccccc

& Solvers o

£ 0 % |o & ¢
Shape —=l

i <] Profile meter Use P System: Detectors i

&l Field Size Editor Overview  Coupling i @ o
Visualizatio Settin
& Detectars © Relative Edge Width - -

Meodeling Profile Editor
{Q‘P (:J Absolute Edge Widt The center for the configuration of all settings in
-------------

Other Setting I.“,: A ]

[&][2][a) (8]

r  Virtuallab Explorer ssistant

VLF 2023.1 introduces the new VirtualLab
Fusion Assistant.

You may access it via the Assistant button
in the Help Menu or via Assistant buttons
in an ever-increasing number of dialogues.

While the Help button in dialogues
provides access to the User’s manual, the
Assistant button opens the new Assistant
window.

There, the Assistant offers useful
information on the theory and the usage of
related software features.

The content of the Assistant is dynamically
updated also between software releases.
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Tool Tips

Bo-sas -

Optical Setup

‘Wyrowski VirtualLab

Start Sources Functions Catalogs Windows Help  Profile Editing 8 Run  Layout Toals
B m ] FiF i e [oR)
o= £ L] =
£ {% E] B e oy : t 7 F % Speed vs. Accuracy
Gol Ray Results General | Profile Parameter Use Parameter System:  Defectors  Modeling Pre-Selected Source to Component; [Between Components: To Detectors: | Paraxisl | £ Pointwise vs. Integral
Profile  Profile | Editor Overview — Coupling D Anslyzer &} | Configuration - &} Automatic Automatic - Automatic + | Assumptions
Exeaution Settings Result Visualization Light Path Finder Biglil< Editing Tools
Source to Component
The propagation from sources to companents can
be a pointwise or an integral operation
Enforce a pointwise propagation or choose the
autematic selection of propagation.
@ Assistant
— E—
- Light Seurces E
- Components
4l Ideal Components
¥ Detectors
%1 Analyzers
- Coordinate Break Plane Wave stop Plane Surface  Asphere  Spherical Mirror  Spherical Window Camera Detector
i Camera Detector Y
i Universal Detector g : i : : i T~
[ 1 z 3 4 5 600
x:0mm|  [X0mm X:0 mm X:0mm X:0 mm X:0mm
y:0mm Y:0mm y:0omm Y:0mm Y:0mm Y:0mm
zZomm Z2E3mm| | Z930Tmm|  Z1195mm Z1324mm 23558 mm
[ 5: Optical Setup Editor #5 (Reflecting microscope system.os) =N ECR ==
~o% Path 50 Detectors | [} @ Analyzers L0 Logging =B
Start Element Target Element Linkage
Index Element Mame Ref. Type Medium Index Element Name Modeling Profile on/off Color
0 | Plane Wave Airin Homogeneous Med... 1 |Stop General Profile On —
1 |ston T |AirinHomogeneous Med... 2 Plane Surface General Profile on fr—
2 | Plane Surface T | Fused SilicainHomogere... 3 | Asphere General Profile on [
3 | asprer Edit Global Options (Current Global Options.options @ C:\Users\Frank\AppData\Roaming'Wyrowski Photenics\,.\2023.1)
4 | Spheric
-1 Default Settings
B Tools iy Modeling Profile Theme for Main Window Virtuallab Fusion (2022}

Coordinate Systems
-
Font
Display of Mumbers
=l Document Windows
4 10 Views
2D Views
F 3D Views
Legacy Documents
Sampling Dialog
= Performance
RAM Consumption
Multi-Care
Optional Dialogs
File Handling
Classic Field Tracing

Theme for Source Code Editor

Show Motify lcon and Notifications

Vi

IF

sual Studio Light

Virtuallab Inactive

Display Duration of Tool Tips

X

In VLF2023.1 we considerably strengthen

the Tool Tips concept.

Most important ribbons have now a Tool Tip
with an additional link to an Assistant entry

on the function of the ribbon.

Because of the software technique which is
used for the Tool Tip implementation in VLF
the Tool Tip behavior is as follows:

— Each time you move the mouse pointer over a
ribbon triggers the Tool Tip to be visible for a time

duration, which can be adjusted in Global Options

| Main Window.

— The Tool Tips are not displayed, if you select 0
seconds in Display Duration of Tool Tips.
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Customized Programming

« More experienced users massively benefit from the
programming features which come with VirtualLab
Fusion.

* The snippet help document can now include a picture to

o help visualizing of what the snippet is about.

« The Programming Reference provides all relevant
information to get the maximum out of VLF 2023.1.

« The following methods have been added:
l - - Acos and Asin in VL_Math (both for complex numbers)

— Centroid and CreateDetectorResult in VL_Detectors
- ExtractSummedSquaredAmplitudes in VL_Fields
m— | — CalculateBitmapFromDataArray2D and

fr——

ClaculateBitmapFromChormaticFieldsSet2D in VL_Files

| —— |  More parameters are added to their corresponding
| Index Light‘:}uid:cu:jponent- Specifythe incex ofthe \'gh-t guce:‘cn-ponert n wr'.ich the region is located. : p rog ra m m a b I e ite m S :
: - Complete data of the varied parameters to Programmable Parameter Run

58 www.lighttrans.com



Data Views

VirtualLab Fusion 2023.1 feature overview



Selected Data Views in VirtualLab Fusion 2023.1

B 3 Roy Disributon 30
3DView 20 view

B8 11: “Universal Detector” (# 600) (Profile: General)

Positions, Directions & Wavefront Phase

5mm

3D System View

[um]

=, 26: *Universal Detector” (£602) [Gridless Data] (Wavefront Phase) (Profil.. [ -2 [nie]

Mumerical Data Array

Diagram  Table

Wavefront Phase [1ES rad]

-23625
= 23703
23781

B 43 “Universal Detector” (£600) Profile General)

Electromagnetic Feld X-Domain Equidistant

Diagnm Table  Value at )

Ampiitude of “Ex-Component® [kV/m]

088645

Ll 0012074

Set of Objects

U 56: “Universal Detector (Full)” (£600) (Profile: General)

Electric Field (X-Domain, Equidistant)

Diagram Table

=

Value at ()

Amplitude of "Ex-Component’ [V/m]

60.128

34,564

BB 52: “Universal Detector (Full)” (600 (Profile: General)

set

==

jects Electric Field {X-Domain, Equidistant)

Diagram Table  Value at (xy)

Amplitude of *Ex-Component’ [kv/m]

024492
£ -
So 012245

I B

[
B -5..E-06

ES3

2

< o

£

<

10 20 30 40 50 60

Positicn in Section [um]

Set of Data Arrays (gridded):

Field Values

Data Array (gridless):
Positions only

Data Array (gridless):
Field Values

I 45: Inadliance - “Universal Detector (Full)” (600): Iracliance (Profile: General)

Radiometric Data (Iradiance)

X [um]

-008 -0.06 0.04 -0.02 0 0.02 0.04 006
X [mm]

Data Array (gridded):
Field Values

Radiometric Data View
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Selected Data Views in VirtualLab Fusion 2023.1

[E=2 e )

1 Ul Dt (600 o Geners) == |

s [= )= (=)
Idl { ain, Equidistant)

B e i e e

Optical simulations most often generate 2d or
1d result data. VLF 2023.1 applies data view
windows to provide the results to the user.

System 3D: used to illustrate the coordinate
mapping of pointwise physical optics modeling,
which provides the results known from ray
optics.

Data Array: the universal visualization tool for
2d and 3d gridded and gridless data.

Set of Data Arrays: In modeling we often deal
with multiple modes and wavelengths. Then,
several data arrays are combined in a set of
data arrays.

Radiometric Data: Energy quantities, e.g.,
irradiance, can be visualized according to the
human eye color perception by the concepts of
colorimetry.
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System 3D View: New Dialogue and Configuration Options

Help Profile Editing & Run Layout Tools

 VLF 2023.1 provides a new dialogue to

.
bz e S P control the Systeln 3D view
; 5 .
mam a * A sp .
= Modeling Pre-Selected Sourceto Component: Between Components: A Fast
Analyzer T} iguration » Tt Pointwise +  Pointwise~  Pointwise - | Assumptions | | Positionin g~
Result Visuslization Light Path Finder

« It simplifies the use of the 3D System view
and adds new configuration features.

\/ * The use of color tables to customize the
— appearance of different modes is available
in the new dialogue.

Ray Selection  view Settings
| sampling Positions O x-y-Grid (0) Hexapaolar (") Random
. : g |
Mumber of Sampling Points 5014 x 1= |

Info: For regular x-y sampling position 501 points will be used.

[:] Unselect Points with an Associated Energy Smaller than 0.1%

@ Use Color Lookup Table for Different Modes . RGE

|
@A&sistant Copy From . Cancel Help
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Data Array View: Smoothing of Pixelated Data

Electric Field (X-Domain, £

quidistant)

[ESN BN 5

File Start Sources

nctions Catalogs \ya

¢ It ] A
Re @: I I.F‘JManageColorTables :lﬁ

A Diagram in Pixelated Tricolor I Edit Color Table Automd
A D Mode~ Views Scaling
Data Quantity ﬂ Pixelated View Visualizati

Real-Valued Smoothing

=N mi
g |28

2222222

333333

« The speed of detector evaluation is the
higher the smaller the selected number of
pixels in the detector.

* However, then complex data is typically
undersampled and leads to artifacts in the
interpolated data.

* InVLF 2023.1 we add an option to obtain
a smoother visualization of data without
demanding more sampling points for
complex interpolation.

Example 1: Field data with nearest neighbor
iInterpolation setting, i.e., pixelated view only.
The new option allows a smoothing without

changing the interpolation via Manipulations.
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Data Array View: Smoothing of Pixelated Data

R - « Complex data is typically undersampled
: and leads to artifacts in the interpolated
data.

 InVLF 2023.1 we add an option to obtain
a smoother visualization of data without

Start  Sour Functions  Catslogs Wi demand | Na more sam ||n Ol ntS for
Re Int : I II uill Manage Color Tables j:ﬂ g p g p

Ae
&

. - . . . L] -
Db e e el comp lex inte rpeo lation.
H Pixelated View
E Interpolated View

I Real-Valued Smoothing 4
\. Example 2: Complex field data with cubic

=] 6 Moty e QA =)

S interpolation setting, which enables the

0 interpolated view. Because of a random
phase the complex interpolation leads to
speckles. The new option allows a smoothing
of the real-valued amplitude only.

Data Quantity

t Visualization
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Data Array View: Polar Diagrams

=i 1: C:\Users\..\DA_Polardiagram.da [=]l@ =
Numerical Data Array (Equidistant)

o
wimsn] Lh
35 4 &

nm [1E-§

=, 1: C:\Users\..\DA_Polardiagram.da = re =
MNumeri rray (Equidistant)

| Property Browser

7]

H 1 Chlsers\..\DA_Polardiagram.da
View  QObject Selections

~ Genera 1
? Window 5ize

Data Restricted Zoom
Transposed View
Zoom Factor
Zoom Factor Unit

~ Data

View Interpolation
~  Labels

756, 446
False

True

False
612.55

1 px/[1 rad]

Interpolated View

| Property Browser

7]

;:I 1: CilUsers\..\DA_Polardiagram.da
View  QObject Selections

¥ Genera 1
» Window Size

Crientation of Half Circle.

~  Azimuthal Axis
Description
Mumber of Grid Lines/Quadrant
Crientation of Angular Labels
Show Angles in Radian

~ Data
View Interpolation

¥ . labels

Interpolated View

One-dimensional (1d) data may be
generated by detectors directly or are
obtained by extracting 1d lines from 2d

VLF 2023.1 adds the option of polar
diagram views for all cases, in which the
1d data depends on an angle.

Switch between a Cartesian and a polar
diagram visualization via the Property
Browser.

This new feature can be directly applied to
the new angle dependent radiometric and
photometric detector add-ons!
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Data Array View: Find and Mark Points by Index

u 16: "Universal Detector” (#601) (Profile: Ray Re... EI@

Positions, Directions & Wavefront Phase

¥ [mm]

u 15: "Universal Detector” (#600) (Profile: Ray Re... EI@

Positions, Directions & Wavefront Phase

0.5 ] 0.5
X [mm]
¥ Selection (Point)
Display Point Marker True
Mavelength 532
L Lot boint Falee
Foint Index 550
05 521, 4 pm
Dir: 0.05 1756
ia P 1.1834E=05 rad

-0.1 -0.05 0
[mm]

~ Selection (Point)

Display Point Marker True

Mavelength 532

lo Cectral Dot Falze
[ Paint Index 5501
¥ Selection (Point) Properties

Position [-18.098 pm; £.6918 um; O mm)

Direction [-0.053847; -0.0071756; 0.99352)

Wavefront Phase

For pointwise operations it is interesting to
follow the mapping of selected points.

Hence, VLF 2023.1 enables the visual
indication of a selected point index in the
data view.

In a typical workflow the user checks the
index of the point of interest in a data view
close to the source. Then, VLF 2023.1
allows the visual indication of the same
index point in all other views of the same
system modeling.
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Export to Overview Bitmap

O-SHd8 - Settings for Overview Image x
TR B « The flexible illustration of data is essential

Exports the current frame as image.

.
] o aemsea i S e o N L for a fast result documentation
IGIF Exports the animation as animated GIF. Resulting image has a size of x 830 pixels. =

H g f | Export as Vid

I_ éj Exl::m;:he‘a:wivmtmn as video. Stgh:_f ::U ntally First () Stitch Vertically First ° VL F 2023 1 i ntrod uCeS a neW featu re to
3 Save As E— e orizontally Firs itcl ertically Firsi

En(‘ o [ overview image Start at Top Start at Bottom -

E_‘Sg :::”‘E”tal = e at DASCM\..\Overview of Animationpng 7 e n a b I e th e CO n Ve n i e nt Iayo ut Of a rrayS Of
L orr result figures.

w Global Options
e\ Online Help
@ Exit

« The workflow uses the generation of a
bitmap sequence from a set of data arrays,
from which then the Overview Image is
composed.
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Data Array View: More New Features

 VLF 2023.1 enables the selection of the
color to illustrate undefined values in a
view.

18 4: Data Array created from "3: Gaussian Wave" = =]E=]
Numerical Data Arr; istant)

« VLF2023.1 provides the value of the
position and the data at the mouse
position.
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More Options in Data Views by Graphics Add-ons

Electric Field (X-Domain, Equidistart)

(258 IR 5

=] = e

In addition to the visualization of the data
about the light itself, e.g., amplitude,
phase, and irradiance, other information
should be added to the data view.

VLF 2023.1 introduces the concept of
graphics add-ons, which enable to add
such additional information to data array
vViews.

This concept can be universally applied to
include a growing number of geometric
objects into a data view.
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Graphics Add-ons: Polarization Ellipses

Amplitude & Phase

Edit Electromagnetic Field Quantity Visualization Settings X
Field Components & Domain %
Ex Ey Ez Hx Hy Hz
Components

g O | g

Domain Space (x-Domain) [] Fourier (k-Domain)

O Amplitude
[[] wavefront Phase

@ Amplitude/Phase (w/o Wavefront Phase)

|:| ‘Wavefront Phase w/o Spherical Part ===

[ Show Polarization Ellipses xy-Plane
—
Color Table B vidnightsan | | || NSNS AN [ ¢
Color for Undefined Values .

Interpolation on Detector Grid Nearest Neighbor

conce

-80 -60 -40 -20 0 20 40 60
- X [pm]
Edit View Settings for Array of Polarization Ellipses in xy-Plane x 7/

Line Width 30

Direction of Rotation |

[[] Draw Arrows

Clockwise Color Counterclockwise Color ||

cg | ; !
e | 4 Manage ColorT;:

IZA® \
Grid Show xy- Configure [§Diagram in Pixelated Tricolor I Edit Color Table
Minimum Cell Size (Screen Pixels) 60[= Ellipses 20 Mode = View = - _
Value Visudl
(C) Mearest Neighbor © Average
(] Draw Grid

|
| Extraction via

Windows Help

VLF 2023.1 applies the new graphics-add
on concept to optionally add polarization
ellipses to the field data output of the
universal detector.

Once added to the data view, the ellipses
can be configured via the View ribbon.

Graphics add-ons provide a great variety
of configuration options
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Graphics Add-ons: Add Point Cloud

v _ia? ;ources Functions Catalogs Windows Help Vie Mani[:i::?: Detectors ¢ The SeamleSS tranSition between phySical
H m T FF | ® |k and geometrical optics modeling concepts
oS e | S in VirtualLab Fusion enables the

generation of different types of results by
using different modeling configurations.

 VLF2023.1 applies the graphics add-on
concept to enable the combination of
different results.

ToBM Added (30) == EcR ===
B8 15: “Universal Detector” (#600) (Profile: Ray é [ra] =S Elecrc Field X-Domain,Equidistan]

Positions, Directions & Wavefront Phase

6..E-05

[pm

Combination of spot diagram
and PSF calculation in one data
array view.

-01 -0.05 o

[mm]
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Regions in VirtualLab Fusion

- EHS s
OON B N &« p
Aperture Ideal Linear Random Single Phase Spherical Stop  Zernike 8 Seidel

Phase

Trat

Functions

Catalogs Windows

X X

Aberrations

ission Functions

Help

X (K@ e

Rectangular Sawtocoth Sinusoidal Triangular | Region Region
Grating Grating  Grating  Grating

[E=8 E=R =)

Region Type  Elliptic Region

Spectral Domain

lllllllllllllllllllllllllll

Regions are used in VirtualLab Fusion,
e.g., for some time to define signal
windows in diffractive optics designs.

In VLF 2023.1 we start to apply the region
concept in many more scenarios.

Regions define 1d and 2d domains in
which specific operations should be
performed, e.g., a detector should be
evaluated, or a grating should be defined.

We steadily extent the usability of the
region concept. VLF 2023.1 adds the
periodical extension of regions.
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raphics Add-ons: Add Region

RO-cd® -

Start Sources Functions Catalogs Windows

i1
T q:, @F Numerical FFT ~

T = =

Create  Create Mumerical Dimension | Forward: Backward:
Animation Data Array Reduction x—k k—x

Add Poit Add  Afld Polar_izatiorl Expert

Fourier Transform (Space)

Data Array

Help Manipulations

&l b

:dd_:llipses More add'ons .

raphics

E=, 40: Region added (35)
Electric Field (X-Domain, Equidistant)
Diagram Table  Value at oyl
Amplitude of "Ex-Component” [V/m]
67.156
33.578
6...E-05
... -01 -0.08 -0.06 -0.04 -0.02 0 0....
X [mm]

« Regions define geometric objects, which
can be included in data arrays by graphics

 VLF 2023.1 enables this conceptin a
direct way via the Manipulation ribbon.

Snippet Help o x

Lateral Extent via Standard Deviation

Author: Christian Hellmann
Version: 1.0
Last Modified: Thursday, December 15, 2022

Input data: any gridded or gridless data, e.g. complex field data and output data (1d,2d) from other add-ons
Function: determines lateral extent of data using the standard deviation from expected value.

Output: calculated lateral extent values; data view window with indicated extension (optional).

The detector provides the extent measure per subset of the input data array.

Learn more about the lateral extent detectors here

PARAMETER DESCRIPTION

Quantity for Measurement Select on which quantity of complex valued input data the detector function should
be applied.
The following options are available (the options have no effect for real valued input

data): [ ]

- Real Part

- Imaginary Part

- Amplitude

- Squared Amplitude

W o

Lift Data To Positive Values Checked: data is lifted to positive values before the application of the lateral extent
measurement.

Indicate Detected Extent in Checked: provides data view window with extent indicated by graphics add-on.

Output Unchecked: No data view window:

Use Elliptical Region For Checked: : extent is indicated by ellipse.
Indication Unchecked: extent is indicated by rectangular.

The concept can be also used in
add-ons of the universal detector,
e.g., to indicate the measured
extent of a function.
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Light Guide Toolbox: New View Features

R = « The VirtualLab Fusion Light Guide Toolbox
s ot e (s provides a power workflow for the design
; of light guides for AR/VR.
- « We steadily improve the tools for the
- design.
y . « VLF 2023.1 adds new features to some
specialized views:

— Visualization of the regions in detectors behind
light guides (see here) .

— Direct visualization of the uniformity in the exit
pupil.
— Improved and interactive preview of the grating

regions layout in a light guide for faster access
and control of regions and grating parameters.
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Learn More About VirtualLab Fusion Views

Videos

 QOptical System

« Data Arrays

 Positions, Directions &
Wavefront Phase

* Interpolation and Smoothing

 (Graphics Add-ons

 Polarization Ellipses in Data
Array Views

* Visualize Positions in View
Windows

* Visualize Region Boundaries in

View Windows

Use Cases

3D Visualization of the Optical

Setup

 Universal Detector
 View Settings for 2D Data

Arrays
 (Graphics Add-on

« Add Reqgion to Data Array
« Add Point Cloud to Data Array

WYROWSK|
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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Source Power Management

VirtualLab Fusion 2023.1 feature overview



Source Power Management

P

rofile Editor (Modeling Profile: General)

([ LR )  Parameter Overview Position & Size |Power Management

/’” Spectral Parameters

Sources Type of Power Spectrum (®) Discrete O Continuous

Source Power Management

Source Modeling Power 1w

,fxl' Activate Power Management

Components
& Solvers

(< =2]
B

Visualization
& Detectors

Krhe power management and

& various detector add-ons perform
e an integral over the wavelengths.
For discrete spectra, the integral
becomes a sum. For continuous
spectra, the integral is

anlemented with a trapezoid rule)

»{i.Assmtant Global Settings

With the introduction of radiometric and
photometric detector add-ons in VLF 2023.1,
the need for a source power management
became pressing.

Thus, VLF 2023.1 provides a source power
management. The user have access to it via
the Profile Editor in Sources.

Activating the power management and
specifying the source power leads VLF
2023.1 to perform

— an evaluation of the source power for the given
specifications in the source,

— and a subsequent scaling of the amplitude of all
field modes in the source before propagating the
modes through the system to produce the specified
source power for modeling.
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Learn More About Source Power Management

Videos Use Cases
« General Modeling Profile « Universal Detector
« Source - Power Management « Fresnel Curves on a Plane Vlrt‘}ﬁfp}y};ﬂ]ﬂ;ﬁ{g{gfﬂ
Surface
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New Features of Components in VirtualLab Fusion

* VirtualLab Fusion combines sources,
components and detectors to configure optical
systems.

« Components are constructed by surfaces,
stacks on surfaces, and media in between
surfaces.

» Media can describe any spatial refractive index
modulation, including jumps in the modulation
of the index.

 The wavelength dependency of the refractive
index is described in the materials.

« Components come with a specific solver for
modeling.

 VLF 2023.1 provides some new features for
components.
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New Features of Components in VirtualLab Fusion |

Edit Material Data

Material Name N-BK7_Schott
Edit Microstructure Component
Refractive Index Absorption Additional Infformation Temperature Data
i Ch | O t
Define Absorption by Solid annel Operator
| © Sampled Absorption Coefficient 1 o ®
< ! Operator Specified by ... Complex Surface Response Stack
Absorption Coefficient
Ciconear sy o — L3 Coordinate
Internal Transmittance Systems
(O Programmable J YS! Grating Stack
~ Sampled Grating [ Load / Edit Q, View
Data . : i |
(O On Front Side of Base Surface (®) On Back Side of Base Surface
Position /
Wavelength | Absorption Coeffident Set Data Array Orientation . - —
300 nm Method for Stack Analysis Advanced Thin Element Approximation ~
310 nm 55452 m™ Show Data Array
= (O Accuracy Factor
320 nm 26157 m
334 nm 99385 m™ =# Add Datum (@ sampling Distance 10 pm| 10 pm
350 nm 33353 m™ Structure
Ea 19772 m™ = New Data Set
370 nm 093075 m™ —m—
380 nm 068585 m™ ='—I‘__
390 nm 044244 m™ — Ml
400 nm 032129 m™ Channel
405 nm 028098 m™ Configuration
-1 =
420 nm 0.28098 m-‘ Upper Limit
436 nm 032129 m 2.675 ym 7 |z
460 nm 028098 m™' =
The Sampled Absorption Data are Non Equidistant Free Space
.50 the Interpolation Method used is Linear Interpolation Propagation
Domain of Definition
Vacuum Wavelength Range 300nm to 2,675 um
Usable Vacuum Wavelength Range i | I 300.09 nm to L 2,5007_3,_m_|_
i BB validit: @ [oc ]| cances Help
‘ a d i~ Validity: 'S i | Ok 1 Cancel Help

The proper sampling of the field behind a
microstructure component is crucial. VLF
2023.1 gives direct access to this sampling.

Absorption can now also be defined using
sampled data representing Absorption
Indices and Internal Transmittance.
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New Features of Components in VirtualLab Fusion li

Companents Catalog - iter: [Elements for General Optical Setup] J{

R ﬁ Surfaces Catalog X
D £

achromats
Aspheres Definition Type  LightTrans Defined ~ L
e |t @aQ+B:: /

- asphericon SBA™ Aicons -
asphericon SPA™ Beamexpanders Filter by... *
asphericon SPA™ High NA
asphericon SPA™ Low-NA
asphericon SPA™ UV grade fused siica
Cylindrica Lenses
Fundtions |
Ideal Lens (Lens Equation)
Idealized Lens [Collimation Mode]
eslized Lens [Focusing Mode] |
Mirtor e inx-Plane
Rotate and Shift Field inxy-Plane

Set Spherical Phase Radius
a':::fi f -~ Sine Period Varied by Exponential F
-~ Sine Period Varied by Linear Functic
-~ Sine Period Varied by Random Func
-~ 5ine Period Varied by Sine Function
Rotational Symmetric Programmed Surfi
Special Asphere Formula Surfaces
¥-Modulated Surfaces

2D Grating Surfaces
Aspherical Surfaces
Axicon Surfaces (,
Lens Arrays
M

single Lenses

300 pm

@ [/ Tools iffv| [ Show Preview Close Help

Functions  Catalogs ~ Windows  Help

P B X X R (KR

ngle Phase Spherical Stop Zernike & Seidel | Rectangular Sawtooth Sinuscidal Trianguler [l Region Region
location  Phase Aberrations Grating  Grating Grating  Grating | 20) (1D} ¥

Transmission Fi s Si | Re 5
£dit 2D Region| Fonsmission Function - X Bis (2500 fter [=fe = Snippet Help o x
I leciic eld ¢ Domain Equdstard)
PN ey Dhagram [Tabe | vaue st oot ¥ ‘ A
Region Type [] spectral Domain g Polygonal Pyramid
|
me Author: Wyrowski Photonics GmbH
subregions Version: 1.1 |
Y Rectangular Region | Rectangular Regios = . N -
Th t allows to defi i with a polygonal b
2| Elitic Region Eliptic Region ] New Subregion & Tools | B Show Previen e snippet allows to define a pyramid with a polygonal base.
3 Delete Subregion E° S - Apex
* = _
E=° 05
& Move Doun 2 4 0 1 2 - Polygonal
Composition Mode Ze(inmmy 2 Base
Union (OR) v
< > Validity: @
2 2 s
Extrapolation Mode: = s
Values Outside Domainare | All‘Outside Region e °
PARAMETER DESCRIPTION
Cancel Help Polygonal Base  Base of the pyramid. Has to be a convex polygon.
Apex The apex of the pyramid. Its (xy) coordinates have to lie within Polygonal_Base.

Automatic Center If activated, the polygonal base will be centered automatically to the origin of the surface coordinate system

The new General Aperture with Soft Edge |

| ~

combines the creation of general 2d regions with A new pyramid surface, defined by polygonal

the concept of soft edges to ensure correct region as base, is added in VLF 2023.1
sampling of fields passing through such apertures.
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New Features

of Components in VirtualLab Fusion llI

Preview for Slanted Grating Medium with Rounded Edg.. — O X

| Preview for Shifted and Rotated Medium - O X

Extension and Section Plane  vfiew Parameters

View Range [x y,2) 2um 100 nm 2 um
Section Plane () xy-Plane © z-Plane () zy-Plane
y-Position of Section Plane ‘ ' | ﬂ
Diagram Tahble ]E

Real Part of "Refractive Index”

14611
1.2307
°
1.0003
0.5 0 0.5

Z[um]

¥ [um]
4] 0.5

5

Extension and Section Plane  vfiew Parameters

View Range [x y,2) 2um 2um 2 um
Section Plane © xy-Plane () e-Plane () zy-Plane
z-Position of Section Plane ' ﬂ
Diagram Tahble ]E

Real Part of "Refractive Index”

2.8641

2.1626

14611
0.5 0 0.5

X fum]

0.5

¥ [um]
4]

-0.5

Close Help

New media in VLF 2023.1:
« Slanted Grating with rounded edges

 Medium to shift and rotate another medium

Basic Parameters Scaling Periodization

Holographic Material

MName |Vacuum
Catalog Material

State of Matter Gas or Vacuum

Interferogram  |ndex Modulation
Directions are defined in @ Vacuum

Representation of Direction Cartesian Angles

(O Holographic Material

v |

No. | Weight ' o | a(Quant) | | B(Quant. | Dir. | A (Vacuum) | A (Medium)

[ ' -+ 500nm 500 nm

2 1 2* 2866 0 0O =+ 500nm 500 nm

Append Edit Delete
Edit Plane Wave %

Limit Period x-Directi ﬁ
(defines k space discrefzation) L
Structure Period x-Directyn: 10 pm;  Structure Perif  Wavelength Weight l 1]
Structure Period z-Directio®g 399.75 pm

Q,

Direction
Cartesian Angles

[ Positive z-Direction

Ve [ oJfeee [ o]

Cancel Help

More options to configure the volume grating
medium.
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New Features of Components

in VirtualLab Fusion IV

Import to Numerical Data Array

Imports text and images into a Data Array

QJE Import Harmonic Field Data from Bitmap File
e
Imports various image formats (BMP, PG, PNG, TIF)

JJE Import a Chromatic Fields Set from Bitmap File
e
Imports various image formats (BMP, JPG, PNG, TIF)

\j? Import Harmonic Field Data from Text
= Imports various text formats (ASCI, Field Information, PTF,
Code V)
R ];I Import Old VirtualLab Files
"D Imports obsolete VirtualLab documents (CA, DGR,
DIAGRAM, PWF, OPS, RF)

ﬁ Import optiSLang Results

i Imports an Optical Setup and the associated parameters
optimized by optiSLang

[ :;I Import ‘Zemax OpticStudio ®' Lens File
Imports optical setups from "Zemax OpticStudio®'

— — —
Import "Zemax OpticStudio ' Beam File

Imports beam files in binary format from 'Zemax
OpticStudio®"

Zemax OpticStudio®' Lens File ~

‘Zemax OpticStudic®' Lens Files (*zmx, *.zos, *.zar)

| ATETEED | | AL riEn |

More types of Zemax OpticStudio® Lens Files
can be imported.

The following parameters are now available
for Parameter Extraction in Parameter Run
and Optimization:

Materials: Parameter of the dispersion
formulas

Crystal Plate Component: Orientation

Pillar Medium (z-Independent):
constant refractive index

Light sources: Jones vector

Microstructure Component: Accuracy
Factor

Periodic Aperture: Aperture settings
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Process Logging

VirtualLab Fusion 2023.1 feature overview



Extended Process Logging

Profile Editer (Modeling Profile: General) X
System  Free Space Propagation  Light Path Finder
General
i p Detailed ~
Sources Process Logging Level
Maone
Environment Detailed
(i-{:" Air Pressure
Compaonents System Temperature 20°C
& Solvers
(<>
Wisualization
& Detectors
&
Other Settings
5] 28: Optical Setup Editor #28 (Process Logging)* =N o |

-o% path

I:. Detectors = [~a @ Analyzers . Logging

[10/20/2022 11:07:50]
[10/20/2022 11:07:50]
[10/20/2022 11:
[10/20/2022 11:
[10/20/2022 11:

[10/20/2022 11
[10/20/2022 11:

[10/20/2022 11:
[10/20/2022 11
[10/20/2022 11:
[10/20/2022 11:07:54]
[10/20/2022 11:07:55]

[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 114
[10/20/2022 11:07:
[10/20/2022 11:0;
[10/20/2022 11:
[10/20/2022 11
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]
[10/20/2022 11:07:55]

1
]
]
]
]

-------- Propagation to Camera Detector #605 --------
“Ideal Beam Splitter” #2 [Output x]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.8595448
Fast Fourier Transform (gridded data, (1539; 1563) sampling points) (Duration = 00:00:00.3511333)
Pointwise Transformation Index (PTI) = 0.0015193 (pointwise Fourier transform used if larger than 1)
Phase Upgrade finished Duration = 00:00:00.1156918
Conversion from equidistant data to non-equidistant data Duration = 00:00:00.2124700
“Ideal Beam Splitter” #2 [Output k]
Free space propagation in k-domal
“Camera Detector" #605 [Input k]
[Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.9380307

s SoroTUT.2304641)
Pointwise Transformation Index (PTI) = 1E-05 (pointwise Fourier transform used if larger than 1)
“Camera Detector” #605 [Input x]

-------- Propagation to Camera Detector #605 --------
“Ideal Beam Splitter” #2 [Output x]

Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.0687826
Fagtiourer Trancfarm (mriddod dota (169 0000 comppling pointal (Dyeatinn — 000000 0121208
Pointwise Transformation Index (PTI; 5 (pointwise Fourier transform used if larger than 1)

Conversion from equidistant data to non-equidistant data Duration = 00:00:00.0149589
“Ideal Beam Splitter” #2 [Output k]

Free space propagation in k-domain (Duration = 00:00:00.0018077)
“Camera Detector” #605 [Input k]

Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.1096427

Inverse Fast Fourier Transform (gridded data, (609; 761) sampling points) (Duration = 00:00:00.0575992)

Pointwise Transformation Index (PTI) = 1E-05 (pointwise Fourier transform used if larger than 1)

“Camera Detector” #605 [Input x]

BB | Tooks v

Simulation Engine | Profile: General

P Got

Process logging delivers transparency in
optical modeling and design.

The more modeling steps are included in the
logging the more modeling characteristics and
behavior can be understood.

VLF 2023.1 adds more operations in the
logging, e.g., data conversions which can be
sometimes time consuming.

The automatic selection of the pointwise
Fourier transform algorithm constitute a key
technology in VirtualLab Fusion.

We introduce with VLF 2023.1 a new criterion,
the Pointwise Transformation Index (PTI) to
judge the switching point between FFT and
PFT algorithms. The logging provides the PTI
values to provide maximum flexibility.
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System Modeling Analyzer

VirtualLab Fusion 2023.1 feature overview



System Modeling Analyzer

O-Ed = Optical Setup
Start Sources Functions Catalogs Windows Help Profile Editing & Run Layout Tools
P & =y 2y 0 | B
s * d ) i
Go!  Ray Resi Source to Component: Between Components: To Detectors: Paraxial
Profi -8 | Pointwiser  Pointwise v Pointwis: ssumption
Executior inder I

nnnnnnnnnnnn

Edit Modeling Analyzer X
Detector Window (k-Domain) Gridless Data Add-ons
Field Quantities Detector Window [x-Domain)
Select Field Data Which |s Provided to Detector Add-Ons

Ex Ey Ex Hx Hy Hz

Components

Domain Space [x-Domain) Fourier (k-Domain)

Configure Field Data Visualization by Electromagnetic Field .E.

Quantity Add-On

»{il,ﬂ\ssistant Cancel Help

Besides the process logging, the
System Modeling Analyzer provides
deep insight into the modeling steps by
generating a set of data arrays with all
modeling results per step.

In VLF 2023.1 the Universal Detector is
used to provide the fields per step. That
gives access to the fields in x- and k
domain.

Dependent on the modeling settings in
the profile the Modeling Analyzer now
also provides gridless field data without
interpolation on demand.
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Expert Modus

VirtualLab Fusion 2023.1 feature overview



Manipulations of Data Arrays in

Expert Modus

VLF 2021 1 - BO-5d s Data Array
. .
Start Sources Functions Catalogs Windows View Manipulations Detectors
H = . FF
) F Mumerical FFT -
Creat Create Mumerical Forward: Backward:
Animation Data Array X—k k—x
Conversion Fourier Transform (Space]
VLF 2023.1.1:
. . .
- O-& - v Data Array
Start Sources Functions Catalogs Windows Help Manipulations Detectors
-1 . e
FH = 2 F F 2 & B
= 0= = F Numerica IFET- | 5 s
Create  Create Numerical [ Forward: Backward: Add Point  Add  Add Polarization || Expert
Animation Data Array Reduct —k k—x Cloud  Region Ellipses
Conversior Fourier Transf: p Graphics Add-ons More
BHocsas -
El s s
e % h % E . 28R
Coordinateand  Eat  Amy Gueste esteNumerial Dimension Dimension | Forward: Backward
Interpolation Setings Subsets - Oper Arimation Data Ay sepsion= | x~k  Kk-x

« With VLF 2023.1 we change our concept of
the availability of ribbons.

« Dependent of the type of data in a data
array view selected ribbons are available.
That helps to reduce the number of ribbons
to the most important ones for the special
type of data.

 However, it also limits the manipulations
which are available for the data type.

* InVLF 2023.1 we give this restriction up to
offer our users the maximum flexibility for
data manipulations.

« To this end VLF 2023.1 offers the Expert
Modus which provides all available
manipulations independent of the data type.
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VLF Calculators

VirtualLab Fusion 2023.1 feature overview



The Small Helpers: New Calculators

[F] 47: Spherical Lens Calculator

Lens Definition maging

Mertices of the Surfaces

Principal Points

Focal Points

Center Thickness

Effsctive Focal Length

.Front'Back Focal Length

Distance: Principal Points to Each Other
.Distance: Front Vertex to Front Principal Point
Distance: Back Vertex to Back Principal Point

Pl AL NI

Embedding Medium

Lens Medium

Sources Functions Catalogs

by, \Jf fe-
R ¥
Diffractive Gratings Laser

Optics = - Resonators =
ABCD Law Calculator

Coherence Time & Length Calculator
Debye-Wolf Integral Calculator
Diffraction Angle Calculator
Direction Converter

Fiber Mode Calculator

Fresnel Effects Calculator

Laser Beam Calculator

Memory Calculator ]

Air in Homogeneous Medium = Indexof N-BK7_Schott in Homogeneous M. = ndex of
Embedding Medium: Medium:
=] i w = W
Sload | A Edit | Q Viev T Fload | A Edit | Q Viev =
Design Wavelength 532 nm Effective Focal Length 100 mm St
[Frunt Focal Length S717mm  Set ] [ Back Focal Length 100mm  Set ]
ViPy 2.3299 mm 1.4701 mm VaPy 0mm
a Help

Medulation Depth Calculator

Rigorous Analysis of Slanted Gratings

Spherical Lens Calculator ]

Vector & Coordinate System Viewer

Waveplate Calculator

11: Memory Calculator

Sampling Points [

53623 * | 12212

validity: @

Precision Double Precision
() Real-Valued (@ Complex-Valued
(O Globally Polarized (@) Locally Polarized

Such a field requires 243.82 MB of memory.

Close Help

Our customers appreciate the Calculators
in VirtualLab Fusion.

We add new calculators with most major
releases.

VLF 2023.1 adds a new feature to the
Spherical Lens Calculator for lens design
with the lens maker’s formula.

Then VLF 2023.1 adds a Memory
Calculator to give a fast understanding of
the usage of memory in your PC
dependent of the data type and the
number of sampling points.
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VirtualLab Fusion 2023.1 — The Feature Firework

* VirtualLab Fusion 2023.1 provides amazing
new features for:

» Higher Speed

» Easier Use

» More Physics

» Deeper Transparency
» Better Control

Do not miss the webinar series on VLF 2023.1!

Register Now!

WYROWSKI
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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