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September 2023, Release of VirtualLab Fusion 2023.2

The New VirtualLab Fusion 2023

Overview of new features of version 2023.2



General Information

Version 2023.2 (Build 1.242)
Update Service 3'd quarter of 2023 is required.
Install Type Standalone Installation

VirtualLab Fusion 2023.2 is installed in parallel to your existing VirtualLab
Fusion installations.
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The New VirtualLab Fusion 2023.2

Major development directions



Major Development Directions of VirtualLab Fusion 2023.2

« VirtualLab Fusion enables optical modeling
by combining different modeling techniques
on one software platform.

« The development of VirtualLab Fusion never
stops. VLF 2023.2* provides: % VirtualLabruson
- Higher Speed &
— Easier Use
— More Physics
— Deeper Transparency
— Better Control

*Qur customers often refer to VirtualLab Fusion as VLF. Therefore, in
this feature overview we use VLF 2023.2 for VirtualLab Fusion 2023.2
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Higher Speed

Major development directions of VirtualLab Fusion 2023.2



Higher Speed by VirtualLab Fusion 2023.2

« With VLF 2023.2 the Distributed Computing
Package is released as a new member of the
VirtualLab Fusion product family.

This package enables the use of computers in a

network and the automatic distribution of IV;“"“",L““”
simulation tasks. Depending on the task, the time cfr:;',ulifﬁg

required to obtain the results is significantly
reduced.

The workflow to configure your simulation in
VirtualLab Fusion is unchanged.

Simply define the clients on available computers in
your network and get your results much faster.

 VLF 2023.2 also makes better use of multicore
processors for parallel calculations.

« In addition, the visualization of large 2D as well
as 3D data is improved, to provide a more
performant and fluid user experience.

Package

VirtualLab rusion

vvvvvvvv
9
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Easier Use

Major development directions of VirtualLab Fusion 2023.2



Easier Use of VirtualLab Fusion 2023.2

« VLF 2023.2 comes with a variety of improvements 'iz‘:ﬁ - ; h
for our Data Views. This includes new features for s s Hesn Gk
the visualization of 1D and 2D data as well as the € Update Predefined Add-ons
3 D SySte m d ata' -r FaL:Ot:rt:IsExtentvia Full Width 20% Maximum (FiWx M)

Lateral Extent via Full Width 30% Maximum (FWxHM)

 Regions are a central data object in VirtualLab

Fusion. With VLF 2023.2 we enable new options Apely Desecir Adon 8
for editing polygon regions and also make the ﬁw“
usage of regions (e.g., in the surface layout of the e —— =
lightguide component) more user-friendly. (Ut Data to Postve Vlues

Indicate Detected Extension in Qutput

« Isotropic as well as anisotropic Coatings are
defined by a sequence of layers. In VLF 2023.2,
the layer sequences can be adapted even more Wave Front Data (Optiona)

[[] Use Elliptical Regionfor Indication

J As Separate Window @) Read Me

user-friendly.

* VLF 2023.2 enables an easier usage of Detector
Add-ons inside the universal detector as well in 5 Load kit Q view
the main window of VirtualLab Fusion. ox
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More Physics

Major development directions of VirtualLab Fusion 2023.2



More Physics in VirtualLab Fusion 2023.2

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

In VLF 2023.2, the Parameter Variation Analyzer is
available, which allows to configure an internal
parameter sweep and to evaluate the combined result
for the analysis of multi configurations.

The Field Inside Grating Analyzer now supports the
evaluation of 2D periodic grating structures, too.

The Multimode Fiber Coupling Detector also
provides the efficiency per mode in VLF 2023.2.

Edit Parameter Variation Analyzer

Configure Parameter Used Engines: Profile: Ray Results
Variation Indices of Used Detecting Devices: 600

Evaluate Results
Snippet | 7 Edit | validity: @

[ Evaluate Average Value

Expected Mean Value 1.3 um

j As Separate Window &) Read Me

OK Cancel Help

Edit Multimede Fiber Coupling Efficiency Detector

Systems

wh;’_,\f Core Diameter 100 pm
H e Y Y e

Detector Window and Resolution Detector Fundtion

Made Type Linearly Palarized Bessel

Coordinate [I:I Calculate Efficiencies per Mode ]

I:I Efficiency Related to Source Field

i-\\_ﬂr‘uuv-_-‘““vmv\ﬂhwu.f
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Deeper Transparency

Major development directions of VirtualLab Fusion 2023.2



Deeper Transparency of VirtualLab Fusion 2023.2

The Process Logging in VirtualLab Fusion now
provides much more detailed information about the
process during the simulation of an optical setup.

The user gets details about both the decision and the
decision criteria (PTI) of the automatic Fourier
transform selection during propagation.

In addition, the logging provides information about the
selected sampling and the calculation times per
algorithm step.

VLF 2023.2 enables the following features to access
and control the process logging:

— option to temporary suspend the logging during simulation

- select the logging level directly on the logging tab

— option to search within a specific logging information using a full
text search

306.65, Dy = -306.67, C=0
Pointwise Transformation Index (PTI) = 0.64033 (pointwise Fourier transform used if larger than 1)
Phase Upgrade finished Duration = 00:00:00.5329719
Conversion from equidistant data to non-equidistant data Duration = 00:00:00.5732325
Surface #2 of “Initial Lens (Edmund_65254)" #1 [Output k]
Free space propagation in k-domain (Duration = 00:00:00)
“Fiber Coupling Efficiency” #602 [Input k]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.1412224
Inverse Fast Fourier Transform (gridded data, (233; 233) sampling points) (Duration = 00:00:00.0157412)
Pointwise Transformation Index (PTI) = 6.1749e-05 (pointwise Fourier transform used if larger than 1)
“Fiber Coupling Efficiency” #602 [Input x]

-------- Propagation to Camera Detector #603 --------
Surface #2 of "Initial Lens (Edmund_65254)" #1 [Qutput x]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.2040352
Semi-Analytical Fourier Transform (gridded data, (97; 97) sampling points) (Duration = 00:00:00.1265471)
Quadratic phase factors for the Semi-Analvtical Fourier Transform (scaled by the wave number) [1/m1: Dx = -

%] * 13: Optical Setup Editor #13 (Tolerance analysis of fiber coupling lens_01_Designed.os) =N R ==
. e =
"‘\‘ Path -(:_. Detectors +3F @ Analyzers 2y Logging =
Semi-Analytical Fourier Transform (gridded data, (97; 97) sampling points) (Duration = 00:00:00.1762833)
Quadratic phase factors for the Semi-Analytical Fourier Transform (scaled by the wave number) [1/m?]: Dx = - =

Hide Time Stamps

Detailed Logging

G Tools i« Simulation Engine  Profile: General v | el
~o® path Sttt} [*2® Anal ™3 I =P
~ Pat e Detectors a nalyzers ~ Logging

[2023-09-13 13:10:53]
than 1)

[2023-09-13 15:10:53]
[2023-09-13 13:10:53]

[2023-09-13 15:10:5 Surfa(_e'i;wmgal ns

Pointwise Transformation Index (PTI) = 0.64033 (pointwise Fourier transform used if larger

Phase Upgrade finished Duration = 00:00:00.3507052
Conversion from equidistant data to non-equidistant data Duration = 00:00:00.3896707
und_65254)" #1 [Qufput k]

[ suspend Logging

T

)
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Better Control

Major development directions of VirtualLab Fusion 2023.2



Better Control of VirtualLab Fusion 2023.2

* InVLF 2023.1, we have already introduced the ot St T St ve s
Profile Editing Tools to more conveniently (e comentsetigs ) ot Conturation
configure the modeling parameters of a complex et g
system.

« The layout of the profile editing tool has been e [ e ———— & w
further optimized to provide a more intuitive T
overview of the various parameters that can be S I R e I
adjusted. e ”

- In addition, the tool for Paraxial Assumptions \ / S e
has been simplified and the application to e
detectors within the underlying systems is more
clearly communicated. ; S

« Moreover, new parameters for the Parameter
Extraction (e.g., parameters of the GRIN media Comporerts Gy @ O
and more parameter for the volume grating @ sasistort
medium) are available, which allow their use in a
parameter run or parametric optimization.
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New VirtualLab Fusion Product Family



New VirtualLab Fusion Product Family - General

« With VLF 2023.2 we offer different
configurations of VirtualLab Fusion. We
distinguish between the platform (VirtualLab

Fusion Standard) and additional packages,
which can be combined as needed.

« The following packages are available: Vi;?ﬁlﬂL&bFUSION
© Grating Package
© Diffractive Optics Package
© Flat Lens Package
© Light Shaping Package
© AR/VR/XR Package

© Distributed Computing Package
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VirtualLab Fusion — Grating Package

Previously, the VirtualLab Fusion platform was
offered in two editions:

— VirtualLab Fusion Basic
- VirtualLab Fusion Advanced

With VLF 2023.2, all VirtualLab Fusion Advanced
features are now included in the Grating
Package.

This includes:

— Fourier Modal Method (FMM aka RCWA), which
IS a rigorous vectorial solver to analyze 1D and
2D-periodic structures
This modeling technique is also used for grating
components in VLF, as well as diffractive lenses.

— Advanced simulation of micro lens arrays (MLA),
including channel decomposition techniques

VirtualLab rusion

VirtualLab Fusion
B Crating
o Package

sorTwARE

of 2D and 3D gratings

QPTICAL MOD!

vvvvvvvv

ooooooooo

Rigorous analysis and design
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VirtualLab Fusion — Diffractive Optics & Flat Lens Package

* In previous versions, we offered the Diffractive
Optics Toolbox in silver and gold version.

« With VLF 2023.2 the Diffractive Optics Toolbox
Silver is renamed to Diffractive Optics Package.

« The Diffractive Optics Package provides the
iterative Fourier transform algorithm (IFTA) for
designing beam splitters and diffusers.

« The Flat Lens Package includes all additional
features of the old Diffractive Optics Toolbox Gold,
l.e. the modeling of diffractive lenses by local
linear grating approximation and the modeling of
meta-lenses by specialized solvers. W

« The Flat Lens Package can be ordered
independently of the Diffractive Optics Package.

VirtualLab Fusion
: Flat Lens
Package

Advanced simulation of
diffractive and meta lenses

VirtualLab Fusjon
%8 Optics Package

Design of diffractive and
micro optical elements

FUSION
G SOFTWARE

FUSION
G SOFTWARE

mow.
NVirtuallab
SR T
ey
NVirtuallLab
S T

wwwwwwww
NICS
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VirtualLab Fusion — AR/VR/XR Package

« For modeling and designing waveguides (or
lightguides) with grating couplers (i.e. surface
relief and holographic gratings), the Light Guide
Toolbox has been provided so far.

« This toolbox was offered as silver and gold
edition.

* InVLF 2023.2, the Light Guide Toolbox is
renamed to the AR/VR/XR Package which
contains all features of the silver and the gold
edition of the former toolbox*.

VirtualLab Fysion
& AR/VR/XR
Package

Modeling of light-guide-based
display systems

FUSION

aeTical

VirtualLab

--------
uuuuuuuuu

*Note: All users of the previous Light Guide Toolbox silver will automatically receive the new AR/VR/XR Package as well.
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VirtualLab Fusion — Distributed Computing Package

« With VLF 2023.2 we release the Distributed
Computing Package as a new member of the
VirtualLab Fusion product family.

 The Distributed Computing Package allows
you to use network resources to speed up your
simulations.

* Your workflow for modeling remains unchanged
— the time for complex simulations is just
shortened.

USION

VirtualLab Fusion
Distributed
Computing

Package

w..ow.
VirtualLab¢

--------

ooooooooo
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The All-new VirtualLab Fusion 2023.2

Feature Overview



Distributed Computing with VirtualLab Fusion

VirtualLab Fusion 2023.2 feature overview



Distributed Computing with VirtualLab Fusion

With VLF 2023.2 we release the Distributed
Computing Package as a new member of the
VirtualLab Fusion product family.

The Distributed Computing Package allows
you to use network resources to speed up your
simulations.

In VLF 2023.2, we mainly distribute individual
iterations of parameter runs via the network.

The user only needs to configure the number of
clients on computers in the network before
starting the parameter run.

In the user interface of the parameter run, the
currently configured execution location is
displayed and in case of enabled distributed
computing, the user can also see how many
clients are used for calculation.

B 1% Parameter Run - Tolerancing

Results
Start the parameter run and analyze its results

B Gol

BN HoW =55

Distributed Computing
[Mumiber of Clients: 23) o]

Detector Subdetector

Distance Before ["Fiber
Varied Parameters

Lateral Shift X {"Fiber End”...

Iteration Step
Combined Qutput 1 2 3 4 5
Data Array ra 1435 mm 1485 mm 1485mm 1.485mm 1485
Data Array rd -10 um 9.5 um -9 um 8.5 um -Bum 7.5

ks Create Output from Selection

< Back Show r ]
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Distributed Computing with VirtualLab Fusion

VLF 2023.2 provides an intuitive user interface to
start a server for distributed computing and
configure the clients on the network.

A single click on "Start Server" will start the server
in your VLF instance.

You can easily launch an arbitrary number of
clients on multiple machines simultaneously by
using a tool provided in the user interface.

In addition, the user interface provides a tabular
listing of all connected clients and their current
status.

It is even possible to add and remove clients
during a running simulation.

For transparency, VLF 2023.2 also provides a
logging window where the user can see which
simulation was run on which client and when the
results were returned.

o

Distributed Computing

Server Tools

@ Stop Server -E]- 4+ Add Clients on Remote Machine | Start File Watcher

Clients
Status Hast Machine Clients CPU RAM Active  Disconnect
B itosc.nighttrans2.locl 2 of 2) T2%  363% x
I itooc.lighttrans2.local 2 of 2) 75%  168% X

ws-lt-014. lighttrans2.local (4 of 5) 03 % 36 % =

B t::c.ignttrans2.docal {1 of 1) 6% | 1.2% x
I 777 lighttrans2.local {2 of 2) s6% 114% X

Mumber optical setups inqueue: 0

Logging

[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[8/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[8/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[9/13/2023 4:36:41 PM] Parameter Run [Parameter Run
[8/13/2023 4:36:41 PM] Parameter Run [Parameter Run

- Tolerancing) [Iteration Step 45] [Profile:
- Tolerancing) [lteration Step 38] [Profile:
- Tolerancing) [lteration Step 31] (Profile:
- Tolerancing) [Iteration Step 33] (Profile:
- Tolerancing) [lteration Step 35] [Profile:
- Tolerancing) [Iteration Step 46] (Profile:
- Tolerancing) [lteration Step 47] (Profile:
- Tolerancing] [lteration Step 32] [Profile:
- Tolerancing) [Iteration Step 40] (Profile:
- Tolerancing) [lteration Step 34] [Profile:
- Tolerancing) [lteration Step 41] [Profile:
- Tolerancing) [Iteration Step 48] (Profile:
- Tolerancing) [lteration Step 42] [Profile:
- Tolerancing) [lteration Step 43] (Profile:
- Tolerancing) [Iteration Step 507 (Profile:
- Tolerancing) [lteration Step 43] [Profile:
- Tolerancing) [Iteration Step 51] (Profile:

[C] Disable Logging

General] added to
General) started o
General) finished
General] finished
General) started o
General] added to
General) added to
General) finished
General] started o
General) finished
General) started o
General] added to
General) started o
General) added to
General] added to
General) started o
General] added to

Clear

24
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Learn More About Distributed Computing with VirtualLab Fusion

Use Cases

ON

N SOFTWARE

 Test Image Simulation of an AR Wavequide * LrtualLabyus
« Coherence Measurement with White Light Interferometry >
 Diffraction Effects in Interferometer with Podium Sample

More examples & use cases coming soon!

25 www.lighttrans.com
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Higher Modeling Speed

VirtualLab Fusion 2023.2 feature overview



Higher Modeling Speed in VLF 2023.2

The modeling algorithms in VLF 2023.2 are
further optimized and deliver higher modeling
speed.

VLF 2023.2 makes better use of multicore
processors for parallel computing.

In addition, the performance of visualization of
large 2D data is improved.

The 3D system view now uses a smarter and
less demanding surface representation, which
enables a higher performance for visualization
and reduces file sizes if the CAD data is
exported.

In VLF 2023.2, the performance of the S-Matrix
solver for evaluation the effect of anisotropic
coating was improved.

28
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Higher Modeling Speed in VLF 2023.2

Source Code Editor (Read-only) (] X

i VirtualLab FUSion prOVideS Customization Of Source Code Global Parameters Snippet Help Advanced Settings

system building blocks via the build-in snippet ! | =

27 #region Additional using directives .
teCh nOIOgy' :/:~ #endregion [—,e:,i‘i:”m‘]el ;mrjb
* Here, the user only needs to implement a small ‘

piece of source code to realize the structure he L AL R S
like to have, in case it is not available as a built- sregton Hatn nethod

1n1t1311 e list of detector results

In deflnltlon. :2 L1 t<Detect tObject> detectorResults = new List<Detect

74 // extract wavelength information from data arrays

public class VLModule : VLBaseModule, VirtuallLabAPI.Core.Modules.ISnippet Ele

List<double> wavelengths = VL Detectors.ReadWavelengthInformation(Input

[ ] With VLF 2023.2 the just-in-time Compilation Of E; //calcu}ate 1r‘rad1:=mce per mode y ertiode - Leutacer » |
such snippets is much more performant.

9 try {
80 //next we sum up over all alpha modes to calculate the irradiance
81 icFieldsSetBase irradiance = tal 3 .Calculat

« This results in an increase in speed and a | =2
decrease in physical memory when such a
CUStom SyStem bUIIdIng bIOCk IS Used In your Sé //set correct type of CFS and flag whether spectrum is d%scre te

88 irradiance.TypeOfChromaticFieldsSet = C IsSetType.Radion

Si m u |ati0n ;l‘; irradiance.TsDiscreteSnectrum = (ParentSvstem != 'I'I\ ? ((Parpnf( v
[ 4

s YL Check Consistency = Validity: !; Bl oK ] Cancel Help
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Data Views

VirtualLab Fusion 2023.2 feature overview



Selected Data Views in VirtualLab Fusion 2023.2

3D System View

TR 56: “Universal Detector (Full)” (#600) (Profile: General)

Set of Objects Electric Field (X-Domain, Equidistant)

[o | o s

Diagram Table  Value at ()

Amplitude of “Ex-Component” [V/m]

¥ [(um]
0

69.128

34564

[ 11: “Universel Detector” (2 600) (Profile General)
Positions Directions & Wavetront Prase

um)

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

Mumerical Data Array

Diagram  Table

Wavefront Phase [1ES rad]

-2.3625

-2.3703

{mm]

-2.3781

B 43 Univeral Detecor (8520 Brofe: Gener)

Data Array (gridless):
positions only

B 52: "Universal Detector (Full)” (£600) (Profile: General)

Set of Cbjects Electric Field {X-Domain, Equidistant)

(=l o =]

Diagram Table  Value at (xy)

Amplitude of "Ex-Component” [kv/m]

Position in Section [um]

0.24492
0
£ -
o 0.12245
I -
o
-5..E06
E S
E
z
=
£
<

60

Set of Data Arrays (gridded):

field values

Data Array (gridless):
field values

I3 45: Irradiance - “Universal Detector (Full)” (£ 600): Irradiance (Profile: General) =

Radiometric Data (Irradiance)

X [um]

Data Array (gridded):
field values

Radiometric Data View

31
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Selected Data Views in VirtualLab Fusion 2023.2

* In most cases, optical simulations produce 1D
or 2D result data. VLF 2023.2 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 results similar to ray optics.

« Data Array: The universal visualization tool for
1D and 2D gridded and gridless data.

« Set of Data Arrays: In optical modeling, we
often deal with multiple modes and
wavelengths. In this case, several Data Arrays
are combined in one Set of Data Arrays.

 Radiometric Data: Energy quantities, e.g.,
irradiance, can be visualized according to the
color perception of the human eye by the
concepts of colorimetry.
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System 3D View: Length Measurement Tool

 VLF 2023.2 provides a new tool to measure
lengths in the System 3D view.

 |In order to use this feature, the new Full-Size

Rulers have to be activated in the view setting.

Then the measuring tool becomes available in
the toolbar of the 3D view.

« The measuring tool can be easily controlled
with the mouse.

| Edit View Settings X

Color Scheme

Geometry @ Global Coordinate System
Geometry Markers @ Tool Bar
Perspective

Ba @ View Cube
I Rulers Full-Size vI

Reset All E | vaidit: @

BB 10: C:\Users\..\System 3D Result_ FilterRays.rays [ -E- ]
3D View 2D View
o [mm]
. QQ+ O .
=
10
L 5531 mm J17.62 mm
f
]
10
F1s
b x
F-20 t’—»z
16.73 mm [mm]
|-10 -5 0 5 10 | 115 120 125 [3p E |40
L 1 1 1 1 L 1 1 1 1 1 | P P TP P TP PR PN PR P P P P P P P PR P P P P P P P P P P )
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System 3D View: Tool to Filter Blocked Rays

* Inthe System 3D view, the rays are typically
drawn until they are blocked.

 VLF 2023.2 provides a new option to filter rays
that are blocked by an aperture of the system,
what results in a more descriptive result.

—
T 1: Result 30 View
3D View 2D View

™ Show All Wavelengths | @ Color by Wavelength Stride L3 xy-Plane ¥ xy-Plane (Rear) P ‘ﬂjl [
] ~ | Ray Thick % % ox-| % Lf@]
™ Show All Incoherent Modes @ Color by Table ] y.Imckness 5% zc-Plane §2 zx-Plane (Rear) Filter Copy View Copy View
=) Show All Coherent Modes 84 Single Color | B & zy-Plane T4 zy-Plane (Rear) | Blocked Rays]| to Clipboard ~ Settings
Harmonic Field Selection Value Visualization | N Options 3D View Filter Copy
\
Filter for Blocked Rays \ X
@ Filter Blocked Rays \

Filter Boundary 5: "Aperture” (¥ 4) — Surface #1 (Back Panel)

@ Cancel Help
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Data Array View: Preview Option for Color Lookup Tables

Color Table Definition

Color Definition

Color Edit
(255; 0; 0) /
(255; 255; 64) y 4
(255; 255; 255) | /
(64; 255; 255) V4

(0; 64; 128) y4

@ Interpolate Colors

Mapping Function

Unique Name:
Bright Site

Marker Colors
Color1  Transparent
Color 2

Highlighting Color

Suggest Marker Colors

Cancel Help

20

Y [pm]

-20

40

-40

[‘:. o | @ | =

Electric Field (x-Domain, Equidistant)
at (y)
Amplitude of “Ex-Component” [kV/m]
H 0.11571

0.057856
7...E-07

0 0 20 40

X [um]

For the display of 2D data, VLF uses color lookup
tables (LUTs) to encode the values of the data in
the view.

A lot of pre-defined color lookup tables are
available, and in addition, the user can also
customize existing color LUTs or even define new
LUTSs.

In former version it was necessary to save a LUT
after editing in order to apply it to the underlying
data.

With VLF 2023.2, we provide a preview within the
edit dialog of the LUTs, which applies the adapted
configuration directly to the underlying view.
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Data Array View: Hide Numerical Artifacts

([ Jerz ff':‘;’;‘ B B P oot A {]) @0 « VLF 2023.2 provides a new view option to

iagram in Pixelate ack an W K Calos el u::;a ic S::cﬁr;n . - i i I i i i
Componen | ¢ | oamin ki slackima (0PI Atomit s 'm hide numerical artifacts for the visualization
Subset Selection | Data Quantity Value Visualization Of phase Values Of CompleX'Valued 1D and
2D data.
Sl « The option can easily be activated in the
view ribbon of the data array.
Phase with artifacts Phase without artifacts - The threshold for the detection of artifacts
3.1415 LQ 3.1415 .

° can be set in the property browser.
= ° |Propert\,' Browser {
0 §. ° 0 E 24: “Universal Detector” (# 600) (Profile: General) 3
o View  Object Selections é
= > General §
> Colors b
5 v Data g
0 Auto Scaling of Data True ]
3.1416 g 3.1416 D:IS[JB_,'EC! ?ata Range [-3.1416 rad; 3.1415 rad] }1
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1 Feld Quantity :hali:eeﬁ ;5
X [mm] X [mm] Hide Phase Artifacts True | }
Phase Artifacts Threshold 0.1% 3
LT e
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Data Array View: New Zoom Options

Y [um]

» VLF 2023.2 provides an option to automatically
center the view for Data Arrays and Set of Data
Arrays.

£, Zoom In
N S | Unified Max Extension E

oom Qut

) Data Restricted Zoom True To
af Zoom Tools ~ PhNical Scale =
Zoom & Aspect Ratio

* For a Set of Data Arrays, it is now also possible to \
display the various data on a uniform maximum e S —
extension without any problems. oo ‘L
QT Zoom Tools ~ -
Amplitude of “Ex-Component” [kV/m] | Amplitude of “Ex-Component” [kV/m]
E8] Centerto Origin I 0.17... -
0.08 E 0.08...
.208 -0.206 -0.204 -O;(Z(;:lm] -0.2 -0.198 -0.196 -0.194
1..E-8 I 1..E-8
-0.08 -0.06 -0.04 -0.02 0 0.02 -60 -40 -20 0 20 40 60
X [mm] X [um]
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Data Array View: Improved Configuration of Axis Options

?
e Im " I £
Re 2 m;/".\ % | <"Il=\'z [/) Show Range Marker ¥
A9 Real-Valued Automatic Axes Range _D Show Point Marker é
A Smoothing » Scaling ~ Base Options ~J Marker ~ 3
Data Quantity Descending Coordinates (x-Axis) H
Transposed View
Logarithmic Scaling (x-Axis)
Logarithmic Scaling (y-Axis)
- 49: 1D Data Amay
\
Diagram T
< 4
E w
R
g
5
£
3
4 3 -2 1 1] 4
X [um]

* VLF 2023.2 now allows you to change axis labels for
data fields directly via the property browser.

« For 1D data arrays, there are now new options to
configure the axis options directly via corresponding
buttons in the view ribbon.

Amplitude of “Ex-Component” [kV/m]
‘ :j;r:l?:?nz:mnerofﬂcks ispm:spml g 2460
Desc:lsptior? I J:no'thet F)esuiption forY é "
) ;?j,::\r:.r::r:n;;mbemfn:ks f—Sum;Suml W,J <% |

-2 0 2 4
My Description for X [um]
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Data Array View: New Global Options for Markers

The 1D/2D data view in VirtualLab Fusion
allow the usage of

— Point Marker
— Line Marker (only for 2D data)
— Rectangle Marker

These tools are used to highlight parts of
the data and measure values or
guantities at specific points or in
highlighted areas.

With VLF 2023.2, the thickness of the
markers can be adapted via global
settings.

- General View Settings
Font
Display of Numbers
Source Code Editor
=I Document Windows
+ 1D Views
+] 3D Views
Legacy Documents
Sampling Dialog
=] Performance
RAM Consumption
Multi-Core
Optional Dialogs

Default Color Tables:

Real Part / Real
Data

Visualization of Undefined Values

Initial Color for Undefined Values in 2D Views .

Marker Line Thickness

Imaginary Part | Amplitude Phase

Squared
Amplitude

A e i o gt e e P

:
}
!

;

File Hand) e e P e et

aaaaaaaaaaaa

Marker Thickness: 3

X [mm]

=N Eol |

1

B 4 20 Data == o]

°°°°°°°°° Marker Thickness: 10

o

]
02

Y [mm

X [mm]
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Data Array View: Revised Multigraph Options

| Configuration of the Subset Graphs per y-Axis X
|
Graphs
| —
Subset Description Physical Property Ordinate @ Collor \ Q \ Symbol @ Dash Patterm @
1| Wavelength # 1: 473 nm; Ex-Component | Electric Field Strength | Left-Hand _ ®
2| Wavelength # 2: 532 nm; Ex-Component | Electric Field Strength | Left-Hand = - _ ® ——
3| Wavelength # 3: 635 nm; Ex-Component | Electric Field Strength | Left-Hand _ o]
Ordinates
Ordinate Visible Rename? Description
Left Axis v 7 Subsets #1, #2, #3
Right Axis X
Legend
Visible Alignment & = (o]
Opacity 100 % =
B=: 32: 1D Data - Mulitgraph o[- B S
Numerical Data Array (Equidistant)
Diagram Table  Value at x-Coordinate
validity: @

60

40

Amplitude of “Subsets #1, #2, #3* [V/m]

&

-o- Wavelength # 1: 473 nm; Ex-Component
-~ Wavelength # 2: 532 nm; Ex-Component

-»- Wavelength # 3: 635 nm; Ex-Component

-0.1

-0.05 0 0.05
X [mm]

0.1

For the display of different 1D curves in a
single view VLF offers the multi graph.

The dialog to configure the options for the
view was improved and now provides a
more user-friendly interface to all important
view options.

Within the new dialog for the multi graph
view options, the user can now easily
synchronize colors, dash patterns, symbols
and more.

In addition, the appearance (position and
transparency) of the legend can be
customized directly.
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Data Array View: Improvements 1D View

Amplitude of Field U [V/m]

02 04 06 08

VLF 2023.2 allows to zoom directly into
the profile line extracted from 2D data.

For 1D data views, the rectangle
marker provides a new option to
highlight the center of the selected
range. This option can be activated in
the property browser.

{P'ouer'. Brow 3
BE & Extra é
View ?
¢
- $
% True ?
- Range ¢
L alse {
§
! {
True 3
L [-32.444 pm; 158.03 pm] i
nate 105 z
True I é
R i e e

e

-0.2 -015  -01 -0.05 0 0.0! 0.1 0.15
Position in Section [mm]

T o oo fo® =

Numerical Data Array (Equidistant)

Y [mm]

Diagram Table  Value at (xy)

Amplitude of Field U [v/m]

Am... [V/m]

E 7: Super Gaussian

Numerical Data Array (Equidistant)

Diagram Table  Value at (xy)

Amplitude of Field U [v/m]

=
0.5 E 0.5
-
0 0
e >
| z
0.05 0.1 0.15 0.2 0.25 03 035 0.4 0.45 o 04

Position in Section [mm]

Zoom directly
iIn1D profile

41

www.lighttrans.com




Data Array View: Configuration of Graphic Add-ons

=)

[E=; 22: # (Data with Graphic Add-ons)
Electric Field (x-Domain, Equidistant)

Diagram Table

Value at (xy)
Amplitude of “Ex-Component” [kV/m]

l 0.11...

5 0.05...
>

7..E-7

 InVLF 2023.1 we have introduced the graphic add-ons
to the data visualization for 1D and 2D data.

« There can be any number of graphic add-ons per data

array.

« With VLF 2023.2, the user can now edit the list of
graphic add-ons, i.e., rearrange and also delete graphic

add-ons from the list.

-40 -20 0 20 40 r 3
Edit List of Graphics Add-ons X
X [um]
Index Up/Down Name Subsets Delete
v #1: Ex-Component
2 = Point Cloud from Ray Distribution y 4
Start Sources Functions Catalogs Windows Help View Manipulations Detectors [&J
% B D FF s & @ [Bw R «
H . . ; F Numerical FFT ~ o"e - 3 Percentage
Create  Create Numerical Dimension | Forward: Backward: Add Point Add Add Polarizatiof Edit J§Expert
Animation Data Array Reduction ~ x—=k k—x Cloud Region Ellipses List
Conversion Fourier Transform (Space) Graphics Add-ons More OK Cancel Help

www.lighttrans.com

42



Data Arrays: New Manipulation Actions

Start Sources Functions Catalogs Windows Help Vie Manipulations . . .
« Them lat f dat
7 OB m oom | . 2 7 9 |2 A € manipuliaton or data IS an
o oy cm [ A (B , A ) | O’ Cm : .
Coordinate and Edit  Array- Array  Operations  Field Quantity Value Lateral Array Size amplin Selection Related Miscellaneous |  Create Create t t t V L F
Interpolation Settings Subsets v Operations ~ with Constant + Operations » Scaling v Displacement » Manipulations ~ Manipulations +  Operations ~ - Animation Harmonic Fie I I I I p O r an S e p I n .
General \‘a Fill Elliptical Selection ]

rH35:DataArraycreatedfrom”34:GaussianWave" o | &3] ’Ez::::lEr:t::is‘:LfS:Ieu::ISelecnon ' ¢ |n VLF 2023-2, We prOVide a Set Of

»
Numerical Data Array (Equidistant)

e new manipulation tools for 1D and

Amplitude of Field U [V/m] i 2 D d ata arrays:

m Normalize According to Elliptical Selection >

— Selection related operations work now
also for elliptical markers

— Remove numerical artifacts from the
data (not only in the display)

— Convert real valued data to complex
valued data

— Extrude 1D data arrays to 2D data
arrays

Y [mm]

-0.4 -0.2 0 0.2 0.4

X [mm)]
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Preview of Isotropic Media

VLF provides a preview for all
available system buildings.

In VLF 2023.2, we re-developed the
preview for isotropic media
(distribution of refractive index in xyz).

The new preview provides the
distribution of the refractive index over
the screen pixels automatically, i.e. it
IS no longer necessary to specify
sampling parameters.

It also enables mouse-controlled
zoom into the data.

Additionally, the user can also easily
select the quantity as well as the view
range to be displayed.

Old Media Preview

Preview for Pillar Medium (General) - a X
Extension and Section Plane  vijew Parameters
View Range (x,y,2) 30 um 30 ym 30 ym
O e Omptare O 2pine New Media Preview
2-Position of Saction Plane ’T Preview for Pillar Medium (General) - m] X
Content Appearance Value at (xy,2)
Diagram Table Wavelength 532nm  Refractive Index n En ent
Real Part of “Refractive Index” Section Plane xy-Plane ang | A
Position of Section Plane
* - M 24
=
wn
E
z° -
>
wn —_—
E
é o 1.7001
=
wn
T
-10 0 10
=
X [um]
1.0003
0 10
x [pum]
o Help
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Preview for Stacks and Lens System Component

Edit Lens System Component (Objective Lens)

Coordinate
Systems
gsition/ \ Index“ Distance \ Position | Type \ Homogeneous Mediun’} Comment
Orientation ‘ 1 Omm Omm Conical Interface F_SILICA_MISC in Homo Zemax Inter
| 2 5.6249 mm 5.6249 m Conical Interface CAF2_MISC in Homogel Zemax Inter
@ : 3 58111 mm 11,436 mi Conical Interface Air (ZEMAX) in Homoge Zemax Inter
- 4 962um 12.398 mt Conical Interface F_SILICA_MISC in Homo Zemax Inter
SHichae ‘ 5 9104 um 13.308 mi Conical Interface CAF2_MISC in Homogel Zemax Inter
|| 6 23792 mm 15.688 mi Conical Interface Air (ZEMAX) in Homoge Zemax Interi
7 1.1185 mm 16.806 mr Conical Interface F_SILICA_MISC in Homo Zemax Interi
| 2 1.2646 mm 12,071 m: Conical Interface CAF2_MISC in Homogel Zemax Inter
9 4.8927 mm 22.9632 mi Conical Interface Air (ZEMAX) in Homoge Zemax Interl
Solver - 10 2,0188 mm 24,982 mi Conical Interface CAF2_MISC in Homoge! Zemax Inter
11 7.6088 mm 32.591 mr Conical Interface F_SILICA_MISC in Homo Zemax Inter
;’l—’ *I‘ 12 1.3191 mm 33.91 mm Conical Interface Air (ZEMAX) in Homoge Zemax Inter
— 13 AANim DA N1 e Famical lnbadaca FACY MAICF in Unmmnmn: Tamaw lnbadt
Channel
Configuration . ‘ . . ] Q l
Plane Conical Cylindrical Aspherical Polynomial Sampled Programmable
[
.,L’i@;:i:!‘f Tools ¢f+ Add

- validity: @

Cancel Help

* InVLF 2023.2, the user can easily change
the color lookup table for the structure
preview of stacks and the preview
included in the Lens System Component.

Edit View Settings for Preview

Lateral View Settings
© Show z-x-Plane

(O Show z-y-Plane

ICoIorTable I I Tricolor

Media Visualization

@ Draw Media

Preview Wavelength

Minimum Shown Refractive Index

Maximum Shown Refractive Index

Cancel

532 nm

08

Help

Management of Color Tables

Predefined Color Tables

Customized Color Table Menu

B Astro Colors (Deep)
. Astro Colors (Medium)
B Astro Colors (Pale)

I | sright Site

. Cold Colers

. Contour Lines

I l Contour Rainbow

B Dok Site

User-Defined Color Tables

Wl 1094045088
119832132
Wl 1549557384
I Midnight Sun (Log)
. Reverse Rainbow 1

I | Tricolor

Midnight Sun

Black and White

II Rainbow

B et

|I. Logarithmic Rainbow

||l Logarithmic Unicon
] White and Mint

M rce

Help
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Improvements Physical Properties

In VLF 2023.2, the concept of physical properties is completely re-implemented.

The user directly benefits from a categorized selection of physical properties provided in the corresponding
dialogs.

In addition, it is now possible to define your own physical properties within snippets and modules and
assign it to a data array.

VLF 2023.1

Edit Coordinate and Interpolation Settings X

VLF 2023.2

Edit Coordinate and Interpolation Settings X
X-Axis y-Axis

x-Axis y-Axis

Description X Description Y

Description ¥

Phi‘sical Property Length -
>

tion Method  Mearest Neighbor

Description X

Physical Property | Length v | Physical Property Length

k-Domain Magnetic Field Strength)®
Interpolation Method g

Line Density
Logarithmic Level
Luminance
Luminous Energy

Physical Property [Length -]
Nearest Neighbor v r
Interpolation Method

rpolation Method
Miscellaneous
Dimensions mensions Base Quantities and Reciprocals

Dimensions jons

Sampling Distance mpling Distance v 100 nm e
Luminous Energy Density Z Sampling Distance g Distance v 100 nm

Positioning
Start Coordinate

() Equals minimum bo

Extrapolation Mode:
Outside Values are  EaY

g

Luminous Flux

Luminous Intensity
Magnetic Field Strength
(Magnetic Field Strength)®
Per Volume

Percentage

Power

Power per Area

(Power per Area)*

Power per Solid Angle
Power per Solid Angle and per Area
Power per Volume
Pressure

Spectral Radiant Energy
Spectral Radiant Energy Density
Spectral Radiant Flux
Spectral Radiant Intensity
Temperature

Temporal Frequency

Time

Volume per Energy
(Volume per Energy)®
Wave Number

sitioning

Equals minimum boundary of first interval

art Coordinate v -15 pym

ok | cancel Help

Radiometry

Positioning

Photometry

Start Coordinate

() Equals minimum bo

Environment
Densities

Dimensionless

Energy / Power

K Fields

»
»
»
13
»
»
»
13
»

llluminance

Luminance

Luminous Energy
Luminous Energy Density

Luminous Flux

b um

erval

|

Extrapolation Mode:
Outside Values are QU

i)

al to the Nearest Border Data Point

OK Cancel

Help
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Optical Setup

VirtualLab Fusion 2023.2 feature overview



Optical Setup View — Changes of User Interface

VLF 2023.1

E e * InVLF 2023.2, the visualization
= L : :
! o within the optical system view
s has been improved to give a

more compact overview about
elements and their positions.

Movable Mirror

2

VLF 2023.2

E 10: Optical Setup View #9 (C:\Users\...\Laser-Based Michelson Interferometer.os)

=== ° Thereis anew option for the

Universal Detector

Gaussian Wave

o

Ideal Beam Splitter

Movable Mirror

g

X:0mm x:0mm |¥
Y:0mm Y:0mm
Z20mm Z21 mm

Show Comments

Paste Optical Setup Elements  Ctrl+V

Improve Node Locations

Show Position Controls
Show Only z-Positions

—

advanced position control

L] setting that causes the optical
setup view to display position

controls only when the position
settings are different from zero.

| Advanced Position Control Settings

Show Absolute Positions if Possible

Info for Input CS

Include Isolated Positioning

|Posit|on Only

z-Position Only
Position Only
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Optical Setup Tools — Combine Components

(- Light Sources

(+- Components

() Ideal Components

[+ Detectors

(- Analyzers
Coordinate Break
Camera Detector
Universal Detector

14: Optical Setup View #13 (C:\Users\..\OS_CombineComponents.os)

Gaussian Wave Surface #1

Gaussian Wave

D)

Surface #2

[O—[}—[)

(o[l
=

Surface #3 Surface #4 Surface #5 Surface #6 Universal Detector

[ E—E—] o -

In VLF 2023.2, a new option in the
context menu of components allows
combining multiple surfaces and lens
systems to a single component.

The user can select which component is
to be combined into a lens system

Cancel Help

OK
4

8 9 | 10 |p
X: 0mm X:0mm X: 0 mm
Y:0 mm Y: 0 mm Y:0mm
Z0mm Z12 mm Z9mm

Lens System

Lens System

Lens System

X:0 mm X:0mm X:0mm X:0mm X:0mm X:0mm X:0mm
Y:0mm Y:0mm Y:0mm Y:0mm ¥:0mm Y:0 mm Y:0mm
Z0mm Z2mm Z12mm Z:54794 mm Z9mm Z:25mm Z:1222 mm
| M Split Component
[I0] Combine Components - — S
Combine Components x
3 Turn Copiponent
- Please choose the separations between the components.
. Comgfofent Tools {Grouped colors mark combinable components, resp.)
_| Combine Components x
Please choose the separations between the components. Index and Name of C c
(Grouped colors mark combinable companents, resp.) RETT T )
O
Index and Name of C S ‘Combinat #3: Surface #2 &2 .84
O
#2: Surface #1 #4: Surface #3
O #2.43 ]
#3: Surface #2 #5: Surface #4
a ]
#4; Surface #3 #6: Surface #5 5.
g #4925 O
#5: Surface #4 #7:Surface #6
a
#6: Surface #5
O 3G oK Cancel Hel
#7: Surtace #6 Al p J

N—

component via a user-friendly edit

dialog.

Gaussian Wave

@___

Universal Detector

X:0mm
Y:0mm
Z12.22 mm

o

Lens System

Lens System

Universal Detector

X:0mm X:0mm X:0mm
Y:0mm Y:0mm Y:0mm
Z0mm Z:54794 mm 221222 mm
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Components

VirtualLab Fusion 2023.2 feature overview



Duplicate Surface(s) @ Lens System & Light Guide Component

Edit Light Guide Component (Light Guide (After Surface Layout)) X
Solid  Surface Layouts
Q ORNC NI
"2

Coordinate
Systems H
o i
Position / y

Orientation x t z
m 10 mm

—_—
L # | Position ‘ Orientation | Surface Back Medium Comme
1 (0O mm: 0 mm: ([(p=0°, =07 {=0° Plane Surface S-LAH79_Ohara... Enterc
— —
F!It‘ 2 (0 mm;: 0 mm; 500} ([p=0°, 8=0°]: Z=0' Plane Surface Vacuum in Hom... Enter ¢
-l
Channel
Configuration

IJ-' I.‘F 5

Free Space

Propagation . ‘ . . ] Q l

Plane Conical Cylindrical  Aspherical Polynomial Sampled Programmable
Tools ﬁ".l Add
el Add Surface from Catalog
= Validi Duplicate Selected Surface(s) oK Cancel Help
- Remove All Surfaces
Synchronize Definition Areas

* The configuration of components is an
important step when setting up an optical

system.

« With VLF 2023.2, we provide a new tool for the
lens system and light guide component, which
allows to duplicate selected surface(s).

* For light guide components also the surface
layout is duplicated (i.e. configured regions).

Edit dialog of lens system

Tools ff~

Add Surface from Catalog

I Duplicate Selected Surface(s)... I

Remove All Surfaces

Synchronize Definition Areas

Apply Coating to All Surfaces...
Remove All Coatings

Append Component from Catalog
Append Spread Sheet

Import 'Zemax OpticStudio ©” Lens File

Add Insert Delete

OK Cancel Help
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Improved Edit Options for Isotropic and Anisotropic Coatings

* In VLF an optical coating is
described by a sequence of coating
layers.

» Further, it is distinguished between
isotropic and anisotropic coating
layers.

 InVLF 2023.2, the user can change
the position of a layer in the edit
dialogs of the coatings by simply
clicking the newly introduced "up"
or "down" buttons.

» The selected layer will be reordered
according to your action.

Edit Parameters of Coating X

............................................

Index: 1
§ | Coating
a Layers
: Define Stack of Anisotropic Layers X
Index Thickness Distance Material
siliconForCoati ;
1 13386nm| 13386 nm M na c m Substrate
= 7 Index: 4
2 72232nm|  856.18 nm | silicaForCoating 2 | S | Coating
pE— : 3 x Layers
3 31941 nm 56 pm | siliconForCoating 4 = Do
4 573.29 nm 1.7489 pm | silicaForCoating :
g 551.08 nm 23 1 e — Index Thickness Distance Medium Orientation
6 232.07 nm 2.532 pm | silicaForCoating BLO38 Uniaxial Crv |
7 340.96 nm 2873 pm | siliconForCoating 1 5769 nm gl & 7 Q (8=90". 9=0) 4
Append Insert Delete 4 @7 2 | 66.88 nm NOAS1 in Homogene_ N/A
3 5769 nm BLO38_Uniaxial_Cryst| (6=90", o=0"
Wavelength Range of Materials < 66.88 nm 4914 NOAS1 in Homogene N/A
Minimum Wavelength  Maximum Wavelength 5 5769 nm BLO38_Uniaxial_Cryst| (6=90", o=0"
- 6 66.88 nm NOAS1 in Homogene N/A
1pm 100 km .
7 5769 nm 1314 nm | BLO38_Uniaxial_Cryst| (6=90", o=0")
Append | Insert Delete + 3§ Layer Tools
Q = oK Cancel [ —u—0->—
Wavelength Range of Materials
Minimum Wavelength  Maximum Wavelength
Q, g oK Cancel Help
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GRIN Medium: New GRIN Profile Definitions

VLF 2023.1
Edit Grin Medium X

e * The GRIN medium offers several
— T possibilities to define the profile of
Name |MNon-Dispersive Material (n=1) Q .

— | ORI Medium X the refractive index distribution.

Basic Parameters Scaling Periodization

Base Material b In VLF 2023.2, We have added
8 new formulas to describe the
. refractive index distribution of a

State of Matter Solid

© Rotational Symmetry  (O) Cylindrical Symmetry

al i 2 Y ] Define Profile b h G R I N fi ber'
on(r)=ng+ Y n' on(r)’ =ng+ Y ns' y
i=1 i=1 © Cylindrical Symmetry Rotation Angle a 0

, . « In addition, the edit dialog of the
O n(r) = ng(1 g’ 2) [square Root of Polynomial | n(s) = \[Tln ir Zﬂx-‘:“ G RIN medlum haS been
= = Er i=1

Polynomial

with s = |zcosa + ysinal restructured and now offers a more

Power Law Index Profile

x. . L 'J - - - - -
: | _ intuitive selection of available
Maximum Order N = 2
Parameter [Unit] Value L] .
Gradient constant g [mm~*(-1)] 0.1 Parameter [Unit] | Value p rOfI IeS .
ns [mm™] 0
nz [mm™ 0

Calculate g from GRIN
Lens Parameters

Q ‘ oK Cancel Help Invalidity Substitute 1 H
Q ‘ oK Cancel Help
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Learn More About Components in VirtualLab Fusion

Use Cases

PTICAL MODELING AND DESIG! N SOFTWARE

 Construction and Modeling of a Graded-Index Lens — V}ft}lalLabFugoN

« Modeling of Graded-Index (GRIN) Multimode Fiber
o Stratified Media Component
 Absorption in a CIGS Solar Cell
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Regions

VirtualLab Fusion 2023.2 feature overview



Regions in VirtualLab Fusion

N EES - « In VLF, Regions are used to define areas

“ Start Sources Functions Catalogs Windows Help View Manipulations Detectors

CENE X B ¥ 2 | % &% % ¥ with various shapes, e.g., to define signal
T e o o Dot e fuersoms | g g Goang ong | @) ) windows in diffractive optics designs.

Lens Phase Phase Dislocation Phase Aberrations

Transmissien Functions Signal Regions

B— e * InVLF 2023.1 we have started to apply
the region concept in many more
scenarios.

<+ Regions define 1D and 2D areas where
s e certain operations are to be performed,
P e.g., evaluation area of a detector or

5m If Axis o~
_ . ags .
pre— == Clreep Apecth E o definition area of a gratlng
: Validity: @ > "
- g 4 2 0 2 4
X [mm]
Extrapolation Mode:
Values Outside Domainare  Periodically Continued
oK elp
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Improved Editing of Polygon Regions

In the editing dialog of polygon regions in VLF
2023.2 there is a new collection of tools that

allow to transform this type of regions.

The offered tools enable an easy scaling,
rotation and translation of a given polygon.

Y [mm]

Y [mm]

X [mm]

Edit 2D Region

Region Type Simple Polygon Region

Polygon Vertices

Name x-Coordinate y-Coordinate
A -2.5mm -1.4434 mm
B 2.5mm -1.4434 mm
C 0mm 2.8868 mm

Region Name Polygon Region

() Spectral Domain

Transform  {f§ v

Scale (Keep Center)

/Rotate (Around Center)

Values Outside Domain are A“M (Shm (Translate)

X [mm]

Y [mm]

X [mm]

www.lighttrans.com
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Duplicate (Grating) Region in Surface Layout

Edit Surface Layout X * Within the light guide components of VLF, the
user can specify the layout of the surfaces,
which contain all the grating regions that are

- used for guiding the light through the
= < . component.
« The user can add new regions, edit existing
", e o e e £ e regions or delete a grating region.
Ry i i ; :d *  InVLF 2023.2, a new option enables a simple
— duplicate function for a selected region.

o « The duplication, copies the shape and size of
Shge—on the region together with all other setting, like
configured grating structures, channels and
diffraction orders.

(] Apply Absorption Outside of Region on Surface oK Cancel Help
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Learn More About Regions in VirtualLab Fusion

Use Cases

ON

N WARE

 Flexible Reqgion Configuration e e
« Add Reqgion to Data Array 1

* Lightquide with Butterfly Eye-Pupil Expander based on Patent by
Microsoft
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Parametric Optimization

VirtualLab Fusion 2023.2 feature overview



Parametric Optimization

* In parametric optimization of VLF, all
intermediate results of the

- — optimization process are provided in

= S I = tabular form.

Optimizer Logging Target Function Value 3.8449¢-06 NaN NaN _8.9608e-05 8.4129¢-11 5.18e-09
Parameter Constraints Radius of Back Surface ('Spherical L.. | 21.948mm  -5.0519 mm  6.9481 mm 14448 mm 18198 mm  10.698 mm

o T R R o e * InVLF 2023.2, values in the table are
highlighted by color, if the merits or
constraints are (not) fulfilled:

— red: parameters constraints are not

Optimization Results
Start or stop the optimization routine. The results are shown in the table.

fulfilled
s , | — green: merit constraints are fulfilled
TR =T ~ orange (hlled): optimum result
T 0 * |In addition, the user can select via the
[y - 42 sample Cptimization property browser that only the valid
General E . . .
 cenera ;{ optimization steps are shown (e.g.
w3 ot versus Simulation Ste True §
e P j ranges of parameters are not
No Logging D?.lrimh g_otirnwization False ¢ V|0|ated).
Show Only Valid Simulation Steps False I 3
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Learn More About Parametric Optimization in VirtualLab Fusion

Use Cases

« Parametric Optimization of Slanted Grating * LrtualLabyus
 Rigorous Analysis and Design of Anti-Reflective Moth-Eye Structures >
 Optimization of Lightquide with Continuous Modulated Grating Reqgion

ON

N SOFTWARE

More examples & use cases coming soon!
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Detector Add-ons
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Universal Detector — Detector Add-ons

Edit Universal Detector

#

Coordinate
Systems

-
Position /
Orientation

7]
dvo

Detector
Parameters

%

—

Free Space
Propagation

Field Quantities Detector Window (x-Domain)
Detector Window (k-Domain) Gridless Data Add-ons
Data from Universal Detector
Electromagnetic Field Quantities
v Poynting Vector n
v Irradiance n
% llluminance e
'@ Lateral Extent via Sum of Squares Percentage 'ﬁ‘ x

New Load @

Lﬂ Valldlt',:o

@) Assistant | oK Cancel

Help

Detector add-ons can be used for further
evaluations inside the universal detector.

VLF provides a set of pre-defined detector add-
on that can be updated via internet, triggered
by the synchronize button in the universal
detector.

In VLF 2023.2, a new category for export add-
ons is provided, which enable the export of
results to the following formats:

- text (CSV)

— picture (BMP, PNF, TIFF)

- raw data (VLF formats)
VLF 2023.2 also offers a new option to

duplicate a selected detector add-on, which
simplifies the workflow for the user.
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Post-Processing: Application of Detector Add-Ons

[ Apply Detector Add-on X )

« Detector add-ons can be used PR

EIther |n the u nlve rsal deteCtor OI’ In I‘:tv;:id-on Laoteral Extent via Sum of Squares Percentage

. [ Validity:

pOSt-proceSSIng . 2 7 Quantity for Measurement 2%
« To simplify the use of detector add- . (] i Data to Positve Values

ons in the main window, VLF Y e peretogeVae %03

2023 . 2 nOW Oﬂ:e I’S the pOSS| bl I |ty tO @ Updiate Predefined Add-ons [_) Search Symmetrically in Detector Window

deﬁne favorites for deteCtor add' h Lateral Extent via Full Width 20% Maximum (FWx%M) e e

OI’]S . Lateral Extent via Full Width 50% Maximum (FWxHM)K Wave Front Data (Optional)

Lateral Extent via Sum of Squares Percentage (90%) Set

« This way you can facilitate the et to Use Detector

access to the detector add-ons with A in Homageneous Medium

a concrete preset for your daily 5 Losd 7 Q view

work. oK Cancel Help

Y
Name Your Favoritd ¢ (] X
Name Lateral Extent via Sum of Squares Percentage (90%
Cancel Help
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Learn More About Detector Add-ons in VirtualLab Fusion

Use Cases

VirtualLabrusion

 Universal Detector
 Design and Analysis of Intraocular Diffractive Lens
 Visualize Grating Reqions in Lightguide Results

PTICAL MODELING AND DESIG! N SOFTWARE
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Customization (Modules & Snippets)
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Improvements for Customization (Modules & Snippets)

Source Code Editor VL F 2023 ) 1 o x

Source Code Global Parameters Snippet Help  Advanced Settings

General Parameters

Variable Name

Boundary Response
Complex Value

Data Array 1D

(N Data Array 2D

Global Surfaces

Variable Name Data Array Gridless

Double Array 1D
Double Array 2D
Double Value
Double Vector 2D
Double Vector 3D
Integer Value
Integer Vector 2D
Material

- 0 Check Consistency  Valid

Source Code Editor O X
Source Code Global Parameters Snippet Help Advanced Settings
Global Materigs
Variable Name Type | | Description
Variable.Double Double Value Edit @ Value: 500 mm (Allowed range: 0 mm ... 1 m)
Variable.Material Material Edit B  value: Air
VariablecMedium Medium ~ Edit @ Value: Air in Homogeneous Medium
Global M,m.\ Variable Surface Surface Edit @ Value: Plane Surface

500 mm (Allowed range: O mm ... 1 m)

Region 1D
Region 2D
Stack
String

Surface

In VLF 2023.2, the handling of global
parameters in snippets was unified.

All snippets now have access to all
type of VLF data (like surfaces and
materials).

The user interface offers these data
types similar to the basic data types
(like double or int) by selection in a
dropdown menu.

With VLF 2023.2, the
VirtualLab.Progamming.dll provides
the new class VL. OpticalSetups
which enables an easy access to
parameter of optical setups and
results of parameter runs.
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Detectors & Analyzers
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New: Parameter Variation Analyzer

Edit Parameter Variation Analyzer

X

1 58: Edit Parameter Variation = ()
Parameter Specification
Set up the parameter(s) to be varied.
Center Wavelengtly 532 nm You can select one or more parameters which shall be varied as well as the resulting number of iterations. Several modes are
available specifying how the parameters are varied per iteration.
Sampling Points 2115 1315
Usage Mode Standard
X () Show Only Varied Parameters
12 * Object Category Parameter Vary From To Steps Step Size Original Va
Simulati... |Profile:RayR.... (J
Optical | Settings | profile: RayR..| [
Setup
=) | parameter | Environme | System Tem... O
[) As Separate Window (@) Read Me nt Air Pressure O
Medium at | Material (Ain..| (J
Source Code Editor o x % O
400 nm 600 nm 21 10nm
Source Code  Global Parameters Snippet Help Advanced Settings 0O
31 =
é; — il Center.Wavelengtt O
68 class VLModule : VLBaseModule, VirtuallLabAPI.Core.Modules.ISnippet . g.Foint l. D
69 m
70 blic List<DetectorResultObject> GetData(VirtualLabAPI.Core.Parameter
71
72 #region Main method Next > oK
74 ParameterVariation.StartParameterRun();
75
76 string searchString_detectorName = ""; // enter detector na
77 string searchString_subDetectorName = ""; // enter sub-detecto
78
79 // Get the first results for the specified detector/sub-detector t
80 List¢PhysicalvalueBase> physicalValues = ParameterVariation.GetPhy
81
82 // Return the list with the new results
83 ret List<Dete es ject>() {
84 new DetectorResultObject(physicalvalues, "Result")
85 }s
6 #endreg
o -
4
My [  Check Consistency validit: 4 [l [ o Cancel Help

In VLF 2023.2, the all-new
Parameter Variation Analyzer
can be added to any system.

This analyzer internally performs
a user-configured parameter run,
and via a snippet the user can
access the results of the
parameter run and perform user-
defined evaluations on them.

This enables advanced multiple
configuration and tolerance
analysis for your optical setup.

The Parameter Variation Analyzer
benefits from the distributed
computing techniques of VLF.
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Improvements Multimode Fiber Coupling Detector

Edit Multimode Fiber Coupling Efficiency Detector X
Detector Window and Resolution Detector Function
In VLF 2023.2, the MUItImOde Flber Coupllng ﬁ‘ Mode Type Linearly Polarized Bessel
ff h 1 d h Coordinate I Calculate Effi Mod I
Detector offers the option to detect the cordinste. || [ Caluate Eficiencies per Mode
= H (] Efficiency Helated to Source Field
efficiency per fiber mode as well. E |
Core Diamet 100 pm
The total fiber coupling efficiency as well the
. . .. . Orientation Name BKT Schott
7 _>Cl
fiber coupling efficiency per single mode are
Catgflog Material L_}
logged to the detector result table. do .
Detector ate of Matter Solid
Parameters
Cladding Material
=1 Name |Fused_Silica
Fre_e. e Catalog Material L_J
agation
/ State of Matter Solid
Detector Results [/ sMaximum Azimuthal Index 3E
Date/Time Detector Sub - Detector w Result
of Coupling Efficiency (Azimuthal Order L = 0; Radial OrderM = 1) | 20755% )/“iaximum Radial Index 2[F
8 Coupling Efficiency (Azimuthal Order L = 0; Radial Order M = 2) 30.231 %
7 Coupling Efficiency (Azimuthal Order L = 1; Radial Order M = 1} | 1.0507e-15%
3 RS TR “Multimode Fiber Coupling Efficiency” (# 602) Coupling Efficiency (Azimuthal Order L = 1; Radial Order M = 2} | 9.3472e-16 %
5 R Effiiencies per Mode (Profile: General) Coupling Efficiency (Azimuthal Order L = 2; Radial Order M = 1) | 1.4334¢-24%
4 Coupling Efficiency (Azimuthal Order L = 2; Radial Order M = 2} | 1,862e-24 %
3 Coupling Efficiency (Azimuthal Order L = 3; Radial Order M = 1) | 6.8109e-16%
] Coupling Efficiency (Azimuthal Order L = 3; Radial Order M = 2) | 7.2422¢-16% J { oK Cancel Heip
1 2023-09-1511:30:27 | “Multimode Fiber Coupling Efficiency” (# 602) (Profile: General) | Multimode Fiber Coupling Efficiency (Wavelength of 600 nm) 50.986 % )
ko e e S Y e e RS N R
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Field Inside Component Analyzer: FMM

Amplitude of “Ex” [V/m]

1.3197

Edit Field Inside Component Analyzer: FMM X

In VLF 2023.2, the Field Inside Grating
Analyzer supports the evaluation of the
- field inside 1D and 2D-periodic structures.

Vectorial Component
B cx-Component () Ey-Component () Ez-Component
(] Hx-Component (C] Hy-Component (] Hz-Component

X [um]

Evaluated Modes

8 Forward Propagating @ Backward Propagating
x-z-Region
Shabier of Periods 1 0.01.. Amplitude of “z = -375 nm”
Amplitude of “z = -250 nm”
z-Range Whole Component o
Amplitude of “z = -125 nm
o
sampling Amplitude of “z = 0 mm”
o
x-Direction z-Direction
© Sampling Points ‘ 51 }—?—{‘ X 51 f;‘

(O) Sampling Distance

Edit General Grating Component X

I () 1D-Periodic (Lamellar) I I © 2D-Periodic
Base Block \
i

0.2 0.1 0 0.1 0.2 ey
x [um]
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Process Logging
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Process Logging During Simulation

The process logging in VirtualLab Fusion now provides
much more detailed information about the process
during the simulation of an optical setup.

The user gets details about both the decision and the
decision criteria (PTI) of the automatic Fourier
transform selection during propagation.

In addition, the logging provides information about the
selected sampling and the calculation times per
algorithm step.

VLF 2023.2 enables the following features to access
and control the process logging:

— option to temporary suspend the logging during
simulation

- select the logging level directly on the logging tab

— option to search within a specific logging information
using a full text search

E *13: Optical Setup Editor #13 (Tolerance analysis of fiber coupling lens_01_Designed.os)

”‘\" Path li:— Detectors <5 @ Analyzers 3 Logging

== =]
3];

Semi-Analytical Fourier Transform (gridded data, (97; 97) sampling points) (Duration = 00:00:00.1762835)
Quadratic phase factors for the Semi-Analytical Fourier Transform (scaled by the wave number) [1/m®]: Dx = -
306.65, Dy = -306.67, C=0
Pointwise Transformation Index (PTI) = 0.84033 (pointwise Fourier transform used if larger than 1)
Phase Upgrade finished Duration = 00:00:00.5329719
Conversion from equidistant data to non-equidistant data Duration = 00:00:00.5732325
Surface #2 of “Initial Lens (Edmund_85254)" #1 [Output k]
Free space propagation in k-domain (Duration = 00:00:00)
“Fiber Coupling Efficiency” #602 [Input k]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.1415224
Inverse Fast Fourier Transform (gridded data, (233; 233) sampling points) (Duration = 00:00:00.0157412)
Pointwise Transformation Index (PTI) = 6.1749e-05 (pointwise Fourier transform used if larger than 1)
“Fiber Coupling Efficiency” #602 [Input x]

———————— Propagation to Camera Detector #6503 -—-—-
Surface #2 of “Initial Lens (Edmund_85254)" #1 [Output x]
Conversion from non-equidistant data to equidistant data finished Duration = 00:00:00.2040352
Semi-Analytical Fourier Transform (gridded data, (97; 97) sampling points) (Duration = 00:00:00.1265471)
Quadratic phase factors for the Semi-Analytical Fourier Transform (scaled by the wave number) [1/m®]: Dx = -

>
Hide Time Stamps

Detailed Logging ~

GEl  Tools i+

Simulation Engine  Profile: General

"0\'. Path I(:— Detectors g ] Analyzers 3 Logging

=B

[2022-09-13 15:10:53]
than 1)

[2022-09-13 15:10:53] Phase Upgrade finished Duration = 00:00:00.3507052
[2023-09-13 15:10:53] Conversion from equidistant data to non-equidistant data Duration = 00:00:00.3896707

[2023-09-13 15:10:5 Surfac&w ns und 65254)" #1 [Qutput k]

Pointwise Transformation Index (PTI) = 0.64033 (pointwise Fourier transform used if larger

[C) Suspend Logging

S

e
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Profile Editing Tools

VirtualLab Fusion 2023.2 feature overview



Improved Layout of Profile Editing Tools

In VLF 2023.1, we introduced the
profile editing tools.

The configuration dialog was
redesigned in VLF 2023.2 which
results in a more logical organization
of the information of parameters that
are currently present in the optical
system and the setting which shall be
applied.

In addition, the option to neglect
diffraction-induced divergence was
removed.

VLF 2023.1 =

Profile Editing Tool: Speed vs. Accuracy

Tool Configuration Analysis: Actual Settings
Speed Accuracy
Accuracy Level Nyquist ' of2 eyt
Period Evaluation
Power P‘omon for Field Size 99,9999 %
Estimation
Gridless Sampling Factor ' 1 - | -
01 1 10 100 A A
Gridless Sampling Values 1089

Speed  Accuracy

Yes Mix No
Enforce Pointwise Fourier Transform Beyond \/
10000 2 Sampling Values ? Oves ONo o Q
Neglect Diffraction-Induced Divergence Smaller Than
0.05° Full Angle ? OvYes QNo VLF 2023 2
Limit Gridded Sampling to Maxim| Profile Editing Tool: Speed vs. Accuracy ) X
1000 2 Sampling Value:
ﬁ\nalysis: Current Settings N Tool Configuration
>4 "
M Assistant Apply Speed Accuracy

Accuracy Level Nyquist ' =

Accuracy Level s <
Period Evaluation

Power Portion for Field Size

Estimation Silicci
S ling Fack Gridless Sampling Factor ' 1
R s 0.1 1 10 100

Gridless Sampling Values 1089

Speed  Accuracy

All Some None
Enforce Pointwise Fourier Transform Beyond \/
Q ; 10000 2 Sampling Values ? O ves ONo
Limit Gridded Sampling to Maximum of \/
o 1000 2 Sampling Values? Oves ©No
& Assistant Apply oK ] Cancel Help
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Improved Layout of Profile Editing Tools

Edit Paraxial Assumptions

Tool Configuration
Propagation

Neglect Diffraction-Induced © ves
Divergence (Full Angle) Smaller Than 0.05° ?

Detector Field Component Calculation

Apply Paraxial Approximation (Transversal Field © ves
Components Only)?

&) Assistant Apply

Edit Paraxial Assumptions

VLF 2023.1 .

Analysis: Actual Settings
Yes Mix No
QO No 0 o

Sl \/| - 2023.2

Analysis: Current Settings Tool Configuration
All Some | None
Detector Field Component Calculation
Q Q Apply Paraxial Approximation (Transversal Field O Yes y
Components Only)? B
& Assistant Apply oK Cancel
3
E /Ei
}
r \
#- Light Sources Universal Detector
+- Components S
+)- Ideal Components e 75972, 1
+- Detectors — ¢
4 Analyzers ; ;:‘;mm Camera Detector 3
Coordinate Break e | 600 }
Camera Detector e — J

Universal Detector

Gaussian Wave

X:20 T
©: 90°

Movable Mirror

Ideal Beam Spliger - y ,}
1% s

i

Z:20mm :
20 ¢

g

Help

In VLF 2023.2, the tool for paraxial
assumptions was improved and simplified.

The option to neglect diffraction-induced
divergence was removed.

Furthermore, there are now additional
identifiers for the field component
calculation settings.

This option affects only universal
detectors, and if other detectors are
present, a warning for paraxial
assumptions is displayed in the profile
editing tool.
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Learn More About Profile Editor And Profile Editing Tools in VirtualLab Fusion

Use Cases

 Profile Editor
e Configuring Your Simulation in VirtualLab Fusion

ION

OPTICAL MODELING AND DESIG N SOFTWARE

More examples & use cases coming soon!
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Parameter Extraction

—

Parameter Overview O
[ x
1|2]° Object Category Parameter Value
= v 'Proﬁle: Ray Results (Detectors) | Numb... ' 31
Profile: Ray Results (Detectors) | Numb... | 31
>Proﬁ|e: Ray Results (Detectors) | Energ... ‘ 0.1%
Profile: Ray Results (System View) | Nu... | 1
Simulation Settings Profile: Ray Results (System View) | Nu... ‘ 1
ga‘:t;;‘ae'tse:t"'p vProﬁle: Ray Results (System View) | Ene... ‘ 0.1%
Energy Threshold 0.01%
Maximum Level 100
Channel Resolution Accuracy 1
= B ‘ System Temperature 20°C
Air Pressure 101.33 kPa
= . Medium at “-" Output (Air in ' Material (Air) | Constant Absorption Co... 0
Homogeneous Medium) Material (Air) | Partial Pressure of Wate... ‘ 0Pa
~Gaussian ' -Wavelength 635 nm
Wave" (#0) Weight 1
Polarization Angle 0°
Distance to Input Plane Omm
(7] Show Minimum and Maximum Allowed Values T] Cancel Help

 New parameters are available for parameter

overview and parameter run:
- parameters of GRIN media
- additional parameters for volume grating
— diffraction orders of grating component

 VLF 2023.2 enables the deactivation of

parameter extraction* for all kind of coatings.

@@ {Tools uf'] }

>

—

}

Parameter Overview... L

Configure Parameter Extrgtion... Performance Critical Objects to be Excluded from Parameter Extraction O X

By
iy
rr

i

Generate Sequence 4

. o . “Lens #17 (# 11) — Coating of Surface #2 (Aspherical Surface)
Toggle Light Source... B Lens #2 (Surface #1) w Lambda/4 Plate” (# 19) — Coating of Surface #1 (Plane Surface)
Insert Element into OpticRl Setup... (] “Lens System - semitrans Mirror™ (# 22) — Coating of Surface #1 (Conical Surface)

Exclude Element from Opfcal Setup...

Selection Tools OK Cancel Help

*Note: In case, the number of extracted parameter is large, the performance
in parameter run is maybe reduced.




New XML Format for Files Generated by VirtualLab Fusion

In VLF 2023.2, a new file format is available
for saving VirtualLab Fusion files to disk.

In previous VLF versions, the files were
stored using external technology. In VLF
2023.2, our own technology was
iImplemented, which is exactly tailored to our
needs.

Now, files can be saved in both formats. The
new format can be activated in the Global
Options dialog.

Saving in the new file format is a preview
feature for upcoming versions of VLF. Try it
out and contact support@lighttrans.com or
your local distributor for feedback and
guestions.

=] Default Settings

Maodeling Profile
Coordinate Systems
-1 General View Settings
Font
Display of Numbers
Source Code Editor
=I Document Windows
+| 1D Views
2D Views
+ 3D Views
Legacy Documents
Sampling Dialog

=] Performance

RAM Consumption
Multi-Core

Optional Dialogs
[File Handling

Classic Field Tracing

ResetAll v [H

Edit Global Options (Current Global Options.options @ DASCM\VLUserData\2023.2)

Import of Zemax OpticStudio® Lens Files

O Full Import (Requires a Valid License of Zemax OpticStudio ®)

(O simple and Limited Import

Path for "Zemax OpticStudio @'

User Data

Path for User Settings
(User-Defined Catalogs etc)

Path for Temporary Files

OptiSLang Program Path

[ Automatic Saving

I [] Use New File Formatl

CAUsers\..\ZEMAX

DASCM\VLUserData)

CATemp)

CiProgram Files

In one of the next versions, the new file format will replace the current one
[which is no longer supported by Microsoft).

Cancel

Help



mailto:support@lighttrans.com

VirtualLab Fusion 2023.2 — The Feature Firework

 VirtualLab Fusion 2023.2 provides
amazing new features for:

VirtualLab rusion

— Higher Speed

— Easier Use

— More Physics

- Deeper Transparency
— Better Control
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