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How to Configure Ultrashort Pulse Simulations in
VirtualLab Fusion: A Step-by-Step Guide



Abstract

-E{II: Pulse EI@

Field Vector Component At One Point (Equidistant])

Diagram Table  Value at x-Coordinate

_| ﬂ | ﬂ This tutorial presents a workflow for

ﬂ ﬂ specifying, modeling, and detecting
ultrashort pulses within VirtualLab
Fusion. It covers the generation of pulse
spectra, their integration into light
sources, and explores two distinct
strategies for ultrashort pulse modeling.
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Specification of a Pulse Spectrum
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‘19: Gaussian Pulse Spectrum - - : EI@
Pulse Spectra usable for ultrashort pulse
simulations can be specified under £ S
Sources/Pulse Spectra. The current
options are: £
= Gaussian Pulse Spectrum i
= Databased Pulse Spectrum s .
= Programmable Pulse Spectrum )
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Difference between Spectrum and Pulse Spectrum

- ¥ Optical Setup
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Gaussian Plane Quadratic Spherical Super- Stored Custernized Mode Gaussian Type Grid Gaussian  Multimode Black Body Gaussian Homogeneocus Lorentzian | Databased Programmable | Gaussian Pulse Databased  Programmable
Wave Wave Wave Wave Gaussian Wave | Lateral Field Planar Source  Planar Source Planar Source Gaussian Source | Spectrum  Spectrum Spectrum Spectrum | Spectrum Spectrum Spectrum Pulse Spectrurmn Pulse Spectrum
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/
VirtualLab Fusion distinguishes ¥ /“/

between two types of spectra: —T e — —
normal spectra, sampled

equidistantly over wavelength,
and pulse spectra, sampled
equidistantly over time and
frequency but non-equidistantly
over wavelength. Pulse spectra
are required for pulse simulations
and can be identified by the
caption “Pulse Component at .... o
(Non-Equidistant)”.

- 32: Lorentzian Power Spectrum
Field Vector Component At One Point (Equidistant)
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Definition of a Pulse Spectrum: Sampling Points

' Gaussian Pulse 5 pectrum

Pulse Specification

© Definition by PWHM () Definition by 1/e Diameter

Pulse Duration
Carrier Wavelength

Carrier Frequency

10 fs

300 nm

3747405725 THz

Estimated Increase of Time Window 5
Mumerical Settings
Squared Amplitude Truncation (Frequency Domain) 0,01 %

Resulting Size of Angular Frequency Window
Squared Amplitude Truncation (Time Domain)
Resulting Size of Time Window

Resulting Samples

1.010672763 PHz

0.01 %

182.2615729 fs

A0

The number of resulting

here.

sampling points can be seen

The Gaussian Pulse Spectrum automatically generates the spectrum
(in wavelength) of a pulse with a Gaussian-shaped temporal envelope
based on its Pulse Duration and Carrier Wavelength. Additional
numerical parameters, such as the Estimated Increase of Time
Window, influence the spectral sampling rate, which is linked to the
time-domain window size via the Fourier transform.

l 1t Gaussian Pulse Spectrum EI@ l 2: Gaussian Pulse Spectrum EI\EI
Pulse Companent At One Point (Mon-Equidistant) Pulse Component At One Point (Non-Equidistant)
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Definition of a Pulse Spectrum: Window Sizes

[ Gaussian Pulse Spectrum x | By definition, a Gaussian extends into infinity. As this cannot be
Pulse Specification represented in the software, the function needs to be truncated. This
© Detintion by FHHM O Detintion by 1/e Diameter deter_mlnes the window sizes in spectral and time domain and hence
Sulse Duration one also influences the sampling rate.
Carrier Wavelength 300 nm
Carrier Frequency 374.7405725 THz
EStimatEd |nErEESE DfTimE'l.lllllinde‘- 5 .l:G.WSianpmsespmmmPulie Component At One Point (Non-Equidistant) E"E@ lu:ﬁauss‘ran Pu'sespectmmpulse Component At One Point (Non-Equidistant) EI\EI
Mumerical Settings ' :
Squared Amplitude Truncation (Frequency Domain) 0.01 % B .
Resulting Size of Angular Frequency Window 1.010672763 PHz % ) % i
Squared Amplitude Truncation Time Domain) 0.01 % E‘ 31 é S
Resulting Size of Time Window 182.2615729 fs % - g -
Resulting Samples 29 g %;’
Help <° < °
. Oj? 0,'?5 0;3 O.ISS 0?9 O.IBS ‘II O.:SS O.lY 0.l75 O.lB O.:}S 0:9 O.;BS ; 1.;)5 1:1
The number of resulting Wavelength ] wWaelength
sampling points can be seen , ,
here Squared Amplitude Truncation Squared Amplitude Truncation
' (Frequency Domain): 0.01% (Frequency Domain): 0.00001%




Include Pulse into Source

Source

Component
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Edit Gaussian Wave *
Spatial Parameters Polarization Mode Selection Samplin
Basic Parameters Spectral Parameters I
Power Spectrum Type Single Wavelength ~

Single Wavelength
Triplet of Wavelengths

Spectral Values

Wavelength 532 nm W q

Default Parameters

Gl e

Spatial Parameters

Edit Gaussian Wave

Basic Parameters

Power Spectrum Type

Spectral Values

Wavelength

332 nm

Polarization

Mode Selection

Sampling

Spectral Parameters

List of Wavelengths ~

Electric Field Strength

(Amplitude)

Get Diagram

Cancel

Cancel

Add Datapoint

Load From Diagra

Help

Edit Gaussian Wave

Spatial Parameters

Basic Parameters

Power Spectrum Type

Spectral Values

Wavelength

(1 P 5 P

487.6259728 nm
492.3820723 nm
457.1381718 nm
501.8942713 nm
506.6503708 nm
511.40684704 nm
516.16256%% nm
520.91866%4 nm
525.674768% nm

Palarization

Mode Selection

Sampling

Spectral Parameters

List of Wavelengths ~

Electric Field Strength

(Amplitude) (Phase)
432.8693733 nm

161.1240716 mV/m
239.9496066 mV/m
338.2134078 mV/m
4524925198 mV/m
5761750116 mVim
7000521712 mV/m
813.5635513 mV/m
9064309936 mV/m
G70.2987156 mV/im

Load From File

Save To File

Default Parameters

Add Datapoint

Load From Diagram

Show Diagram

Ok Cancel Help




Source

Component Detector

- . . E) . R
Determine Simulation Strategy
In VirtualLab Fusion, pulse systems can be Edit Plane Wave .
SImUIated In tWO WayS: Basic Parameters Spectral Parameters
Spatial Parameters Palarization Mode Selection sampling
° Strategy 1: Selection of Active Modes
Full Set of Spectral and Lateral Modes election Strategy FUl St of Spectral and Lateral Mode =

A pre-configured mode where all

wavelengths are simulated simultaneously.

It offers an easy setup but less flexibility.

Strategy 2:

Single Mode Selection

Used with a Parameter Run document to
simulate wavelengths sequentially. Users
can dynamically adjust the number of
wavelengths, and this strategy supports
distributed computing (DC).

Mumber of Spectral Modes [m

Mumber of Lateral Modes [max]

Full Set of S5pectral and Lateral Modes
Spedctral Selection Ordered by Index
Spedral Selection Uniform in Index

Single Mode Selection P

Mumber of Active Modes
Mumber of Lateral Modes
Mumber of Spectral Modes

Total Mumber of Modes

29

29




Note: Time Shift & Residuals

All time-domain pulse detector add-ons require Optical Path Length
(OPL) information.

» Strategy 1: The detector add-ons automatically calculate the
OPL — no further action is needed.

» Strategy 2: Users must manually compute the OPL. The
Optical Path Length Analyzer simplifies this process. Enable
Evaluate Phase by Optical Path Length and Residuals of Fit to
calculate the necessary information (see next page).

*58; Optical Setup View £57 (Pulse Propagation) =N ECR (<
Default ~ | E

Filter by... X
| |

& Light Sources Source Component Detector

[#- Components ~

[+~ Ideal Components 0 ) E] = | 603
£

E

+- Detectors
- Analyzers Z0mm Z:0mm

Coating Analyzer

Distartion Analyzer

Field Curvature Analyzer

Field Inside Component Analyzeg €

Focal Length Analyzer

(302

- Parameter Variation Analyzer U
- Coordinate Break
- Camera Detector
- Universal Detectar

Optical Path Length
Analyzer

[=][=]

Edit Optical Path Length Analyzer

Select Part of Optical Setup to Analyze

Fram Light Source

To Detectar “Detector” (#&03)

Select Cutput
|:| Evaluate Optical Path Length

H Evaluate Phase by Optical Path Length
Fit I: Time 5hift without Dispersion

[] Linear Fit [ Residuals of Fit

Fit Il: Time Shift by Regression

[] Linear Fit [ ] Residuals of Fit

Fit Ill: Time Shift with Dispersion

[] Linear Fit B Residuals of Fit

Frequency Sampling

0 Automatic Sampling () Manual Sampling

Crversampling Factor (Freguencies)

1=

L3

Help




Time Shift & Residuals

i : . : | E:'l‘ﬁ‘. Phase vs. Frequency v (Residuals of Linear Fits) - "Optical Path Length Analyzer” (... i
2] 57 Optical Setup Editor £57 (Pulse Propagation) = e et s e[ (ed| residuals
Diagram Table Value at x-Coordinate
~=H al c 2
‘ *ﬂ{. Path . . Detectors ":‘#' Analyzers __b Logging =R >
5
Start Element Target Element Linkage Q =
Index Element Mame Ref. Type Medium Index Element Mame Propagation N E '
0 | Source - Vacuum in Homogensous... 3 | Component Automatic Propagz E &5
3 | Component T Airin Homogeneous Med... fj I
£ 3
53
L o
B
BB Tools i~ Cimulation Engine  202: Optical Path Length Analyzer e p Go! -

0.52 0.54 0.56 0.58 0.6 0.62

Frequency v [PHz]

The OPL Analyzer outputs the required time shift information in
the Detector Results panel. You can change the Simulation
Engine to Optical Path Length Analyzer in the Optical Setup time shift (including dispersion)
Editor.

| Detector Results

\
Note: For this analyzer to function, the source needs to be setto ~ wemme oeess  soopser V
Full Set of Spectral and Lateral Modes back again.
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Strategy 1 — Simulate All Modes Together

Source

Component

Detector

Z0mm Z0mm
When using Full Set of Spectral and Lateral Modes in it UiversalDetector X |
the source, the Universal Detector can be set up with ﬁ Detector Window (cDomain) _ Gridiess Data  Add-ons
detector add-ons like in any other system. Afterwards, &
Systems Electromagnetic Field Quantities fos

simply press the P - button and the rest is handled
automatically.

While in theory all detector add-ons can be used, we
also have an entire category for detector add-ons
specialized on analyzing pulses. You can find them by
clicking of the Load button. More information under:
Universal Detector

We introduce new detector add-ons even between
releases, so always press Synchronize From Web
() to stay up to date!

.

Position /
Crientation

l

ey d

dvo

Detector
Parameters

lﬂ?

Free Space
Propagation

7]
j

T Pulse Evaluation (Point)

Lateral Extent via Full Width x% Maximum (FWx3:h)

Spectrum Evaluation (Line)

Mew Load Cuplicate

(]
Elly

. Catalog of Detector Add-ons

Definition Type

LightTrans Defined

<]

[+ Export

&)- Field Evaluation

-- Lateral Extent Measurement
-- Photometry

E| Pulse Evaluation

Pulse Evaluation (Ling)

@

A validity: &

@) Assistant

Ca

QI Pulse Evaluation [Point)
ulse Evaluation [Rectangle}

pectrum Evaluation (Line)
;- Spectrum Evaluation (Point)

-- Radiometry
- Region Indication

Spectrum Evaluation [Rectangle)

Cancel

Help
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https://www.lighttrans.com/index.php?id=3057

Strategy 2 — Set Up the Parameter Run

The Single Mode Selection can be combined with
a Parameter Run to simulate each wavelengths
individually. Select Mode Index (Spectral) as
variable parameter.

If a simulation requires a high but unknown
number of wavelengths (e.g. for accurate
modeling of angular dispersion from a structure),
the source can be defined with an excess of
wavelengths and then be refined by simulating
only a subset (e.g., every eighth, fourth, or
second wavelength) until convergence is
achieved using the Step Size column. Since the
Parameter Run saves results, already simulated
wavelengths will not be calculated twice.

This technique also supports Distributed
Computing for enhanced performance. See:
Usage of Distributed Computing

H * 37: Parameter Run

Parameter Specihcabon
Set up the parameter(s) to be varied.

SN HOR =5

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.

Usage Mode Standard ~

Filter by...

# | ] Show Only Varied Parameters

1|2|* Parameter
System Temperature
Air Pressure

-l "Gaussian Wave™ (#0)

Material {Vacuum} | Constant Absarption...
Material [Macuum) | Constant Refractive In...

= [empty]

Polarization Angle

Vary
O
O

=l Medium at "-" Output (Vacuum in Homogeneous Medium)

From

To

Steps Step Size

Original Value

IMnde Index (Spectral)

24

24

Distance to Input Plane
Lateral Offset X

Lateral Offset ¥
Oversampling Factor
Field Size Factor
Relative Edge Width

Mirclar W

Joo0o0oO0o0eo 0o

< Back

Mext =

Show *
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https://www.lighttrans.com/index.php?id=3243

Strategy 2 — Wavefront Phase

T * 12: S5TF Setup
Specificabion of Delecting Devices

o) o ] ‘

This page allows you to select one or more detecting devices (detectors, analyzers, and the 30 system view). At least one detecting device =2

U Detector

selected.
[C] Profile: Ray Results [C] Detectars [ System: 3D
B Profile: General B Detectors [[] Modeling Analyzer
Detector Edit Dialog
“Universal Detector” (¥ 614) _ Open
Analyzer Edit Dialog
“Optical Path Length Analyzer” [# 801) n Open

(] Classic Field Tracing
validity: &

Mext =

Strategy 2 requires the Parameter Run to provide the
field and the wavefront phase. Please ensure that only
Universal Detectors with an Electromagnetic Field
Quantities add-on is active and that said add-on provides
the Wavefront Phase.

Coordinate
Systems

/@

Position /
Orientation

dvo

Detector
Parameters

l,j;

Free Space
Propagation

Field Quantities
Detector Window (k-Domain)

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

Data from Universal Detector

For strategy 2 detector add-
ons are applied later in the
process, hence here they
need to be deactivated or

8 | Electromagnetic Field Quantities

Pulse Evaluation (Line)

Spectrum Evaluation (Line) deleted_
Edit Electromagnetic Field Quantity Visualization Settings >
Field Components & Domain
Ex Ey Ez Hx Hy Hz
Compaonents )
'
Domain B Space (x-Domain) Fourier (k-Cromain)

Amplitude & Phase

() Amplitude Q) 2mplitude/Phase (w/o Wavefront Phase)

B Wavefront Phase

[_] Wavefront Phase w/o Spherical Part

Polarization Ellipses
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Strategy 2 — Extract Data from Parameter Run

Change combined
output to 2D Data
Array/Set of Data Arrays
(or 1D Data Array /Set
of Data Arrays in case
the detector is set up to
detect 1D fields) and
double-click the column
you like to extract the
field and wavefront
phase.

2 * 12: SSTF Setup

Resulis
Start the parameter run and analyze its results

[= |l & ]

Local Executiaon

b co {Parallel Iterations: 8) o]
@ Use Already Calculated Results for MNext Run
Iteration Step
Detector Subdetector Combined Output 53 34 55 56 57
Varied Parameters Mode Index (Spactral) ("Ga... | Data Array 53 54 55 56 57
“Universal Detector” (# 614) (Profile: General) D Data Amray - ,/7 i Array 2D Data Array 2D Data Array 2D Data Array 2D Data Array 2D Data
“Universal Detector” (# 614) (Wavefront Phase) (Pr... 20 Data Amay Array 2D Data Array 2D Data Array 2D Data Array 20D Data Array 2D Data

Diagram  Table

3

ks Create Qutput from Selecti

2

¥ [mm]
-2 -1 4] 1

-3

m 39 "Universal Detector” (#603) (Profile:
Mode Index (Spectral) ("Gaussian Wave™ (# 0}) ¢

Value at fry)

ode Index (Spectral) ("Gaussian... EIIEI

Electric Field (x-Domain, Equidistant)

Amplitude of “Ex-Component” [V/m]

0.1
0.0
0

0 1 2 3

X [mm]

-3 -2 =1l

0...

5...

Y [um]

Table

40

20

-20

-40

. “Universal Detector” (#614) (Wavefront Phase) (Profile: General) vs. Mode Index (5. = || & |3
*x (Spectral) ("Gaussian Pulse Source™ (# 0)) of 25 ¥ Mumerical Data Array (Equidistant)
Value at y)
Wavefront Phase [rad]
11.1...
0]
-11.1..
-40 -20 0 20 40
X [um]
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Strategy 2 — Apply Detector Add-on in Main Window

- M Data Array
Start Sources Functions Catalogs Windows Help View Manipulations Detectors
E. &
Apply Detector
Add-on -
Add-ons
-
Catalog of Detector Add-ons X Apply Detector Add-on X
Definition Type  LightTrans Defined ~ MNew Add-on Pulse Evaluation (Point)
i Bxport A Edit | validity: @
[+ Field Evaluation
i Lateral Extent Measurement Position of Evaluation 0 mm 0 mm
[l Photametry
- Pulse Evaluation (] Show Pulse With Carrier Frequency
Pulse Evaluation [Line] —
& Pulse Evaluation (Point} . 10
Pulse Evaluation [Rectangle) Oversampling Factor
Spectrum Evaluation [Line)
Spectrum Evaluation [Point]
i Spectrum Evaluation (Rectangle)
2~ Radiometry As Separate Window || (@) Read Me
[+ Region Indication —1 R : @’I
Wave Front Data (Optional)
Set
Medium to Use Detector In
Air in Homogeneouws Medium
= : _—
e Help |=F Load _/’ Edit Q}VIEL;
= [e- oK C
iy ancel Help

Detector add-ons are available
under Detectors/Apply Detector
Add-on. Add-ons specialized for
ultrashort pulses can be found in
the Pulse Evaluation section.

Here e.g., the Pulse Evaluation
(Point) add-on is shown. While
the parameters obviously depend
on the add-on, they always have
a section where the Wave Front
Data can be included.
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Strategy 2 — Include Time Shift & Residuals

rF'Ivataseinsert OPL Parameter O x |
A new window will pop up to
include OPL information. Here, Sl st
the already calculated time shift Time Shift 1199671214 ns
and residuals can be included. o - ele

/

E:: 43: Phase vs. Frequency v (Residuals of Linear Fits) - "Optical Path Length Analyzer” (... EI@

Mumerical Data Array (Mon-Equidistant)

Diagram Table  Value at x-Coordinate
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Frequency v [PHz]
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