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Diagram Table
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Position / T
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Fiber Mode Calculator

The Fiber Mode Calculator can be
used to calculate linearly polarized
(LP) propagation modes in a
cylindrically symmetric fiber, either
step-index with a single core or
graded-index with an infinite parabolic
profile. The corresponding
polynomials to describe these modes
are Bessel for step-index fibers and
Laguerre for graded-index fibers. This
use case shows how to use the
calculator and the configuration of the
sampling parameters of mode fields.

e P Fiber Mode Calculator

Investigation Aberration Effects on Fiber Modes in Focal Region

Fibers are widely used as sources in
optical systems. Investigating the
effects of the aberrations of the optical
system on the propagation of the fiber
modes is therefore worthwhile. In this
use case, we employ a specific fiber,
either step- or graded-index, as a
source to generate a couple of
propagating modes, and evaluate the
diffraction pattern after the
propagation of said modes through an
aberrated optical system.

* Investigation Aberration Effects on LP
Fiber Modes in Focal Region

Few-Mode Fiber Coupling under Atmospheric Turbulence

Free-space optical communication
uses free space as a medium
between transceivers, e.g., fibers. For
longer propagation distances of the
optical beam in free space, the
atmospheric turbulence effects cannot
be ignored. In this use case, we
reproduce the experiments of Zheng
et al. [Opt. Express 24 (2016)] to
explore the atmospheric turbulence
effects on the coupling efficiency
between the free-space optical beam
and few-mode fibers.

* Few—Mode Fiber Goupling under
Atmospheric Turbulence



https://www.lighttrans.com/index.php?id=2584
https://www.lighttrans.com/index.php?id=2565
https://www.lighttrans.com/index.php?id=2575

RAMEEHEE—TT



BAMEEFEI—T12T

o #iLLY Crystal Plate A R—ARUMNI&> T FEDHEBEETVATLET)Y
EHBENTEET,

o Anisotropic layers 2 TCHDEIZIMASZEMNAIGEEEY . FRIZEITAHRIL
HwliHTHEHBREZEMLEEY., ZEILTEDLLIIZGYFLE,

Media Catalog - Filter: [Homogeneous Anisotropic and Isotropic Media] X | Edit Crystal Plate Component X
Definition Type | Templates v| Content Appearance
[Fite x| wavelengtn 532 nm. @ IndexEllipsoid () Velocity Ellipsoid Lateral Extent 20 mm| * [ 20 mm
“ T
l“‘m'm'm’ L) Optical Axes [[] wave Direction & Eigen Indices
| Sobtomste || Apertue
General Anisotropic Medium Systems
Uniaxial Crystal Q +‘ O L]
oy P
(-0.53244; 0; 0.84647) Thickness [] Waveplate Calculator
Coatings Catalog X
Definition Type Templates .~ Anisotropic Layer Stack — Medium
Category: Template) Erermite Calcite-Crystal_CaCO3_Uniaxial
'
AnEotropic Layer SIack Diagram  Coefficients Calculator - - -
Standard Cont | Load  Edit Q, view
ing Configure Diagram
Orientation
Structure
(0=0°, &=0%) Set
Coating
z MName  |Mo Coating
Solver
X = V4 Q
——
=
=
al [7 Tools fiv| [ Show Preview i Crannet
Channel
Configuration
04 06 08 1 12 14 16 1.8 2 22 24 26 28 3 32 34 36
Vacuum Wavelength A (for a=0°) [um]
F|F
Valid Vacuum Wavelength Range Fourier
= Transforms
Min Wavelength | 2100655221 nm Max. Wavelength 3.71 um
Ql [7 Tools {fw| [ Show Preview Cancel Help | B validit: @ Cancel Help




VirtualLab Fusion D2 A% H

Edit Biaxial Crystal
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Conical Refraction in Biaxial Crystals

When circularly polarized light
propagates through a biaxial crysal
along one of its opfic axes, the
transmitted field evolves into a cone, a
phenomenon which is known as
conical refraction. Several
applications have been developed
based on this effect, such as Bessel
beam generation and optical
tweezers. With the fast-physical-optics
simulation technology in VirtualLab
Fusion, conical refraction from a KGd
crystal is demenstrated

* (Conical Refraction in Biaxial Crystals

Polarization Conversion in Uniaxial Crystals

 Polarization Conversion in Uniaxial
Crystals

When a linesrly polarized besm is focused
snd then propagsted through s uniaxis!
crystal, even when along the optic axis,
complicated conversions may tske place
between different polsrization companents.
Such an effect can be utiized for .g.
generstion of optical vortices. Teking calcite
crystal as an example, the conversion of
polerization in unisxisl crystals is
demonstrated in VirtusiLsb Fusion. The
optical vortices generated within the process
are visuslized

Simulation of Multilayer Birefringent Reflective Polarizer

* Simulation of Multilayer Birefringent
Reflective Polarizer

Multilayer birefringent reflective palsrizers
hsve big sdvantsges in liguid crystal display
(LCD) spplications. They can recycle the
backlight sc ss to improve the optical
efficiency of LCD. In this use case, we
repraduce the experiments in Li et. al. J.
Display Technel 5, 335-340 (2008) to explore
the relationship between the number of
siernate birefringent layers and the Bragg
reflaction condition in VirtuslLsb Fusion. Then
M the varistion of the refisctance efficiency with

different wavelengths and incident angles is
further investigsted.
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Simulation of Multiple Light Sources with

VirtualLab Fusion

Demonstration of van Cittert—Zernike

Theorem

Modeling of an Array of Vertical Cavity

Surface Emitting Laser Diodes

Simulation of Multiple Light Sources with VirtualLab Fusion

Being able to include multiple light
sources in a system is fundamental
for many applications, like imaging or
illumination. VirtualLab Fusion
provides advanced options to tackle
this kind of challenges. In this
document, we provide a brief
overview of how to set up multiple
light sources and give several
simulation examples.

Demonstration of van Cittert-Zernike Theorem

YYoung's double-slit experiment was carried
out with a spatially extended, partially
coherent source. In this document, we use the
Multiple Light Source to set up the extended
source so that the disturbances at the slits are
a mixture of incoherent and coherent
radiation, and the vibrations are therefore
partially correlated. The characteristic blurred
interference fringe is obtained, and the van
Cittert-Zernike theorem, which studies how
the complex degree of coherence varies with
propagation distance, is demonstrated.

Modeling of an Array of Vertical Cavity Surface Emitting Laser Diodes

Arrays of vertical cavity surface
womeews emitting laser (VCSEL) diodes are of
interest for various applications, e.g
beam splitters and pattern generators.
In order to be able to investigate
optical systems with this kind of light
source an appropriate source model is
required. In this document it is shown
how a VCSEL array source can be
modeled in VirtualLab Fusion.
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Modeling of VCSEL Source by Two

Uncorrelated Laguerre—Gaussian Modes

Modeling of VCSEL Source by Two Uncorrelated Laguerre-Gaussian Modes

Wertical cavity surfsce emitting lsser (VCSEL)
diodes are of interest for numeraus
spplications, such ss opfical sensors and
pattem generstors. In ordsr to ba sbls to
investigate thesz kinds of setups in VirusiLab
Fusion, an sppropriate source model is
required. In this use case, we demonstrated
how to achieve the desired intensity
distribution of & specific VCSEL source via

it optiri of two d
Gaussian modes with the help of the multiple
light source.
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Advanced Simulation of Microlens Array with VirtualLab Fusion

Microlens arrays are getting more and
more attention in various optical
applications, such as digital
projectors, optical diffusers, and 3D
imaging. VirtualLab Fusion applies an
advanced field tracing algorithm to
simulate this multi-channel situation

Advanced Simulation of Microlens Array with
VirtualLab Fusion VESINE W M wevro i

Investigation of Propagated Light Behind a Microlens Array

e =3
=T With the advent of modem technologies in the

ares of opticsl projection systems and laser
material processing units, the requast of more

[ ] [ ] [ ] [ ] |
— - specialized opfical companents becomes.
| more and more pressing One fype of
‘ sompanant that is fraquently usad in these
areas are microlens amays. To fully
L . I |:: understand the optical charscteristics of such
companants. the simulation of the propagated
Microlens Array | | e
. 3 array is necessary. In this use case we
investigate the field sfter the component in the
neer field, the focal zone, and the far field.

Simulation of a Shack-Hartmann Sensor

For any kind of design process for modem
— —- = optical spplicaticns. infarmation on the energy
density and the phase of an incoming fieid are
from ceiticel value. The wevefront of the incident
light can be deformed &3 it propagates through
8 system becsuse of various reasons. A quite
somman tool to messure this deformation is the
so-called Shack-Hartmann Sensor. which uses
& micralens armay to visuslize the wevefrant of
sn incaming field through the displacaments of
the cormespanding spots in the focal plane. In
this uss case we demonstrsts this behavior by
propsgting fields with variously shsped
wavefronts (s plane wave and two spherical
waves with ifferent values of the numerical
sparture) through & microiens amay.

Simulation of a Shack—Hartmann Sensor
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VirtualLab Fusion T T X5LWNVETY U #EDFERAEZERIELET,

Edit Simulation Settings (Ray Tracing) X
Ray Selection Edit Simulation Settings (Field Tracing) X
Selection Method -
(® x-y-Grid (O) Hexapolar (O Random Information About Predefined A Level e
nformation About Predefined Accuracy Levels = 5 : -
i All diffraction effects in system included B
Number of Rays | 3 ] 52 X 35 ) ) ) i ) Learn more about modeling levels.
VirtualLab Fusion provides a seamless workflow from ray to full physical optics -
Info: For regular x-y ray selection 961 rays will be used. modeling: Oversampling Factor Gridless Data 1
By Ortice Oversampling Factor Gridded Data 1
" 1 ® Ray tracing with 3D view in system . . y 1 T
Unselect Rays with an Associated Energy Smaller than 01% H o Ray tracing with relevant detectors Fourier Transform Selection Accuracy Factor 1‘ 25605 H
[] Include Diffraction-Induced Contribution to Ray Direction [ | . . . . Learn more about accuracy settings.
Physical Optics by Field Tracing:
Learn more about ray generation. Cancel Help
o Level 1: Diffraction effects are neglected.
Cancel Help o Level 2 Diffraction effects in focal regions are included.
o Level 3: Full physical optics modeling with automatic modeling settings.
o Customized: All settings can be adjusted by user.
.

Modeling Analyzer: Gives full insight into the change of the fields along its path
through the system.

Learn more about modeling levels.
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Seamless Transition from Ray to Physical

Optic

Generation of Rays for Ray Tracing

Information About Predefined Accuracy Levels X

VirtualLab Fusion provides a seamless workflow from ray to full physical optics
modeling:
Ray Optics:

o Ray tracing with 3D view in system
o Ray tracing with relevant detectors

Physical Optics by Field Tracing:

Level 1: Diffraction effects are neglected.
Level 2: ion effects in focal regions are included.

Level 3: Full physical optics modeling with automatic modeling settings.
Customized: Al settings can be adjusted by user.

Modeling Analyzer: Gives full insight into the change of the fields along its path
through the system.

Leamn more about modeling levels

Edit Simulation Settings (Ray Tracing) X

Ray Selection

Selection Method
® x-y-Grid (O Hexapolar (O Random

Number of Rays 35 x

Info: For regular x-y ray selection 961 rays will be used.

Unselect Rays with an Associated Energy Smaller than
[ Include Diffraction-Induced Contribution to Ray Direction n

Learn more about ray generation.
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Spectral Parameters
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Ince Gaussian Modes

Vortex Array Laser Beam Generation

from Ince Gaussian Beam

Focusing of an Ince—Gaussian Beam

Ince Gaussian Modes

Apart from Hermite- snd Laguerre-Gaussian
modes there is & third kind of rigorous and
orthogansl solutian family for the parasis!
wava equation - the so-called Ince Geussian
modes, These solutions are defined in
elliptical coordinates and have the benefit of
allwing for @ transition betwesn Hermite- and
Laguerre-Gaussisn mades by means of an
— — elliptical parameter. These mades have
1 advantages in the sres of opticsl tveszers
and particle-trapping applications. This use
case presents the Ince-Gaussian Beam
] Source in VirtusiLab Fusion and shows haw
to define an indhvidusl made

Vortex Array Laser Beam Generation from Ince Gaussian Beam

Ince-Gaussian modes are the third complete family
of exact and orthogonal solutions of the paraxial
wave equation alongside the Hermite-Gaussian
and Laguerre-Gaussian modes. Ince-Gaussian

modes have a diversiform transverse pattem. In
this document, following in the steps of Chu et al.
[Opt. Express 16, 19934-19949 (2008)), a Dove
prism-embedded unbalanced Mach-Zehnder
interferometer is used to simulate the generation of
vortex array laser beams based on Ince-Gaussian
modes, The resulting vortex array laser beam
generated by the proposed interferometric setup
maintains its beam profile during propagation, aiso
through a focus. Thus, the proposed vortex array
laser beams hold great promise for application in
optical tweezers and atom traps In the form of two-
dimensional amays.

Fi ing of an Ince-G, ian Beam

I ian modes sre s well-k exact
and orthogonal solution family for the paraxial
wave equation. This kind of source mode can
be sdvantageous for different applicstions in
the aress of opficsl tweezers and particle
trapping. In this use case we demonstrate the
focal properties of the Ince Gaussisn Besm
Source in VirtuslLab Fusion by propagsting
the modes through 8 GRIN medium. This

e e e e medium represents & thermal lens, an effect

which can be encountered often in
spplications for high-energy lsser beams.
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\ \ % 4= \ . Layer Definition Process Data
L <O7§ ODEQE§1TL asl/fho m&ﬂmhstrata

2—F (Y [EHBRE T ) _f
HED R TR Hd5(THYELL f |

Coating
Layers

° J: U 1§ l, \ “b'd_ < . J: L) _I%_ L \/ \0771——7 Index | Thickness | Distance Material

Titanium Dioxide-TiO2-ThinFilm
URERMLET N
'/ o 2 40564 nm £4.65 nm | Magnesium_Fluoride-MgF2-ThinFilm
3 34433 nm 59,083 nm | Titanium_Dioxide-TiO2-ThinFilm
4 116873 nmi 21521 nm | Magnesium_Fluaride-MgF2-ThinFilm
Append Insert Delete Layer Tools -

Wavelength Range of Materials

Minimum Wavelength  Maximum Wavelength

380.11 nm 710,19 nm

Q, Ay Cancel Help
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Laser Beam Calculator

Laser Beam Calculator G, EAKA D
E—KIZ FWHM, HWHM, &V
1/e BEREFERTAENTESLHELD

2735V ELT=,

Hermite Gaussian Mode
Laguerre Gaussian Mode

1/e* Waist Radius, Divergence Half Angle
1/e Waist Diameter, Divergence Full Angle
FWHM Waist and Divergence Angle
HWHM Waist and Divergence Angle

J.® Type

4
1
]
1
]
]
]
]

Fundamental Gaussian Mode -~

Parameters | 1/ Waist Radius, Divergence Half &ngle ~

M* Parameter | '||

Reference Wavelength [Vacuum) | 532 nm|
(®) Waist Radius 1/e* | 100 pm|
C‘J Half Angle of Divergence 1/e° | 0.09702507271*
() Rayleigh Length | 5905249348 mm|
Longitudinal Waist Distance | 0 mm|
Beam Radius 1/e? [z =0} | 100 pm|
Phase Radius (z=0) | ~inf mm |

Close Help
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Mumerical Data Array

Diagram Table  Value at x-Coordinate
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Real Part of Field U [V/m]
0.4 06 08

0.2

-

=

[= @] =]

Mumerical Data Array

Diagram

Table
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Lateral Array Size Sampling Miscellaneous Create Dimension
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General _9 Savitzky-Golay Filter

”
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Window Size | 5 |
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[Limit Period J[ZZ
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(® 1D-Periodic (Lamellar)

o
(=]
=}
=
=
=
1}
=3
m

Base Block
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Polarization Analyzer |& TE {RItH &
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Polarization Analyzer

W

801

Detector Results

Date/Time Detector Sub - Detector Result
4 Efficiency for TM-Palarization | 9649453751 %
3 Efficiency for TE-Polarization | 9649458751 %
04/07/2021 22:03:56 | “Polarization Analyzer” (# 801)
2 Polarization Contrast 1
1 Average Efficiency 8648458751 %

Dretector Results SIS IS

Edit Polarization Analyzer
Analyzed Output
(®) Transmission () Reflection
Analyzed Orders

Selection Strategy | All

Polarization Refers to TE-TM Coordinate System
Cutput
Efficiency for TM-Polarization Polarization Contrast
Efficiency for TE-Polarization Average Efficiency

|:| Vary Wavelength and/or Incident Angles

Cancel
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Materials Catalog

Definition Type | LightTrans Defined ~
Filter by...
El Coating_Materials Y

- Aluminium_Oxide-&1203-ThinFih
- Aluminum-Al-ThinFilm

- Cadmium_Sulphide-CdS-ThinFilr
- Cerium_Fluoride-CeF3-ThinFilm
- Cerium_Oxide-Ce O2-ThinFilm
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Lanthanum_Oxide-La203-ThinFilm
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