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Links of Interest

LightTrans website: www.LightTrans.com

Our past webinars: www.LightTrans.com/products-
services/learning/webinars

Find a VirtualLab Fusion distributor in your region:

www.LightTrans.com/company/distributors

You have further questions? Drop us a line at

info@LightTrans.com, for technical questions
support@lighttrans.com

Subscribe to our newsletter:
www.LightTrans.com/newsletter

Connect with us on the following social networks:
— LinkedIn (www.linkedin.com/company/lighttrans)
- Twitter (www.twitter.com/LightTrans)
- YouTube (www.youtube.com/LightTransInternational)

Check out our downloads page to see VirtualLab
in action across a broad range of fields of
application: www.LightTrans.com/resources/downloads

Want to give VirtualLab Fusion a test drive?

Request a trial version:
www.LightTrans.com/resources/trial-software

Interested in purchasing VirtualLab Fusion? Check
out our products, licence model and learn more

about additional evaluation possibilities:
www.LightTrans.com/products-services/virtuallab-
fusion/editions-toolboxes

Latest release (VirtualLab Fusion 2021.1):
www.lighttrans.com/products-services/virtuallab-
fusion/virtuallab-fusion-release-20211.html
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Quick Index:

. Introduction to the teams

« PART 1: Light as an electromagnetic field

« PART 2: The electromagnetic field solvers

e PART 3: The Fourier transform

« PART 4: Optically Anisotropic Media in VirtualLab Fusion

- EXAMPLE 1: Birefringence Effect of Anisotropic Calcite
Crystal

« EXAMPLE 2: Polarization Conversion in Uniaxial Crystals

« EXAMPLE 3: Simulation of Multilayer Birefringent
Reflective Polarizer with VirtualLab Fusion

EXAMPLE 4: Simulation and Analysis of Anisotropic

Coating on Plane and Curved Surface

EXAMPLE 5: Conical Refraction in Biaxial Crystals
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Who We Are
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Founded 1999
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PHOTONICS

Founded 2014

General Distributor of the

Fast Physical Optics Software

VirtualLab Fusion

Developer of the

Fast Physical Optics Software

VirtualLab Fusion

VirtualLabrusion
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Fast Physical Optics Modeling and Design Software
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Fast Physical Optics Modeling and Design Software
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Part 1

Light as an Electromagnetic Field



The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems

- 4
e

Finding the expression of the six-dimensional

vector field that solves Maxwell’s equations

under the conditions imposed by the system in
guestion
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems

- 4
e

Finding the expression of the electromagnetic
field for the system in question
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems

- J
h'd
BWILEY Finding the expression of the electromagnetic
FUNDAMENTALS OF field for the system in question
Second Edition
. // Quantum Optics
/ Electromagnetic
‘ Optics
Wave Optics

. [\Vie. il Ray Optics
B. E. A. Saleh
M. C. Teich

Image reference: “Fundamentals of Photonics”, B. E. A. Saleh and M. C. Teich, 2ndEdition, Wiley
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems

= )
h'd . .
BwILEY Finding the expression of the electromagnetic Physical Optics
FUNDAMENTALS OF field for the system in question
PHOTON ICS Ray Optics
Second Edition
' // Quantum Optics
/ Electromagnetic
‘ Optics
Wave Optics

Ray Optics
B. E. A. Saleh
M. C. Teich

Image reference: “Fundamentals of Photonics”, B. E. A. Saleh and M. C. Teich, 2ndEdition, Wiley

... in VirtualLab Fusion
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The Objective Behind VirtualLab Fusion

To perform physical optics simulations of optical systems

- 4
h'd

@WILEY Finding the expression of the electromagnetic
FUNDAMENTALS OF field for the system in question

PHOTONICS J——— Ray Optics

Second Edltlon

Physical Optics

— Quantum Optics

Important:
no distinction between physical optics and electromagnetic optics.
We never use the scalar approximation!

B. E. A. Saleh

M. C. Teich . . .
.. In VirtualLab Fusion

Image reference: “Fundamentals of Photonics”, B. E. A. Saleh and M. C. Teich, 2ndEdition, Wiley
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Part 2

The Electromagnetic Field Solvers



One Platform, Many Solvers

Fast physical optics simulations...

VirtualLabrusion

... made possible by connecting field solvers!

VirtualLab Fusion acts a software solvina Maxwell’s
platform to connect electromagnetic e uationgfor the whole
field solvers in a seamless, fully .

) system!
non-sequential manner
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

______________
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

Incoming electromagnetic field
(known)
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

Incoming electromagnetic field
(known)

Input plane T'"
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

Incoming electromagnetic field
(known)

Input plane T'"
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Electromagnetic Field Solvers

Region where field solver is going to

be applied

Incoming electromagnetic field
(known)

Input plane T'"

Solver algorithm applied on incoming

\/ field

Output plane Iout
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Electromagnetic Field Solvers

Region where field solver is going to

be applied

Incoming electromagnetic field
(known)

Input plane T'"

Solver algorithm applied on incoming

\/ field

Outgoing electromagnetic field

Output plane Iout
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

Incoming electromagnetic field
(known)

g\v

Input plane T'"
Output plane Iout

Solver algorithm applied on incoming

Outgoing electromagnetic field

field

Region where different field solver is
going to be applied
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Electromagnetic Field Solvers

Region where field solver is going to
be applied

Solver algorithm applied on incoming
field
Incoming electromagnetic field g\\/
(known)

Outgoing electromagnetic field

Input plane T'" [\\j

Output plane Iout Region where different field solver is
going to be applied
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Components & Solvers

2: Optical Setup View #1 (Optical Setup)*
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mponents

- Component from Catalog

- Functional Single Surface
- Index Modulated
- Multiple Surfaces

i~ Light Guide

‘... Spherical Lens
- Single Surface & Coating
- Single Surface & Stack
- Programmable Component
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- Subsystem
[#- Ideal Companents
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ordinate Break
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Lens System
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Position
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Ray Tracing Sy
Analyzer

-

300

Edit Lens Syster Component

Coordinate
Systems

Position /
Orientaticn

@

Structure

Solver  Sampling

Companent Solver Local Plane Interface Approximation (LPIA) ~ | o Edit

-

Solver

——

==
L=

—

Channel
Configuration

lj;

Fourier
Transforms

The LPIA solver works in the spatial domain {(x domain), locally, in a pointwise
manner. The solver follows that

1. theinputfield on the surface is treated as a composition of local plane
waves (LPWs),

2. the part of the surface seen by each LPW is considered a plane interface
{locally), and,

3. the interaction of the LPW with the local plane interface can be modeled by
the Fresnel (or the layer) matrix.

At an arbitrary location on the curved surface, an approximate local boundary
condition is applied, which assumes the interaction of the LPW with the local plane
interface. Thus, the Fresnel matrix (or layer matrix for coatings) can be usedto
connect input and output fields.Learn more about this solver.

(= | Validity: @

Cancel Help

In VirtualLab Fusion,
including a certain type of
component in your system
means, in practice, selecting
an electromagnetic field
solver to model that part of
the system
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Components & Solvers

2 : View #1 (Optical Setup)* Edit Lens Syster Component
|Fi|ter by x | Solver  Sampling
[#- Light Sources
- Components Component Solver | Local Plane Interface Approximation (LPIA) ~ | o~ Edit
- Component from Catalog Coordinate
(- Functional Single Surface Systems The LPIA salver works in the spatial domain (x domain), locally, in a pointwise
[~ Index Modulated manner. The solver follows that
= Muttiple Sufaces Lens System 1 . .
Lrls Eib'em - - 1. the inputfield on the surface is treated aa)'a composition of local plane In V|rtua“_ab FUSIOI’I,
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Spherical Lens Drientation 2. the part ofthe surface seen by each LF"Uq is considered a plane interface |nCIUd|ng a Certaln type Of
- Single Surface & Coating [Undef {locally), and, - .
- Single Surface & Stack Position 3. theinteraction of the LPW with the local piane mterface,carﬂ)e modeleﬂ\by com po nent In you r System
-- Programmable Component @ the Fresnel (or the layer) matrix. \ _ = \ i . B
 Back Box \ means, in practice, selecting
- Subsystem Structure At an arbitrary location on the curved surface, an approximate local boundary \ . .
[+ Ideal Components condition is applied, which assumes the interaction of the LPW with the local plang an eI eCtro m ag n et| C f| el d
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(- Analyzers Analyz connect input and output fields. Learn more about this solver \ SO Ver to mo e t at art 0
- Coondinate Break Q m\\ |‘ p
- Camera Detec?or Solver 1 th e SySte m
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1
— — l‘
I .
— ll
1 [ A
|s= Isr-- The solvers may be implemented
Fourier in the space (x) domain, or in the
Transforms H H
spatial-frequency (k) domain
J
Validity: @ OK || Cancel || Help |
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Why Different Domains?

?
?
[
[
[2
B
?

A order

EI‘runt 6l:|t=.h|nd

one light

Az

r= (mi y’ 2)
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Why Different Domains?

x domain
s 0t 3
_ — ** free-space
Fresnel matrix propaga“on - (front | behind
Local Plane Interface
ET . Approximation
Local Linear Grating one light path
Approximation

Fourier Modal ?
Method 2
i (r)
g r=(2.y.2)
. Runge-Kutta

BPM

idealized
grating
function k domain

idealized lens
functions

Hint: click on the logos for additional documentation on the solvers!


https://www.lighttrans.com/index.php?id=2071
https://www.lighttrans.com/index.php?id=2072
https://www.lighttrans.com/index.php?id=2095
https://www.lighttrans.com/index.php?id=2074
https://www.lighttrans.com/index.php?id=2073
https://www.lighttrans.com/index.php?id=2094
https://www.lighttrans.com/index.php?id=2107
https://www.lighttrans.com/index.php?id=2117

Why Different Domains?

2 domain

4 ordef

! SR 5 % free-space
Fresnel matrix propagation

Local Plane Interface
Approximation

Local Linear Grating
Approximation

one Iight,:,a T
/€

| .

Fourier Modal ?
Method ;

E e(r)
-; r=(z,y,2)
: Runge-Kutta

idealized BPM

grating
function k dom ain idefsrl]ii:grlzns
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Why Different Domains?

in
EJ.A-#

Fourier Modal
Method

Fresnel matrix

layer matrix

idealized
grating
function

as free»spacé
propagation

z domain

k domain

32

Local Linear Grating
Approximation

|

Local Plane Interface
Approximation

One light path o

er)
r=(r.y.2)

Runge-Kutta
BPM

idealized lens

functions
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Why Different Domains?

Although, in general, electromagnetic field solvers have
an integral behaviour, with the resulting high numeri-
cal complexity, the characteristics of some of the most
common optical components mean they can be modeled
with pointwise operators in one of the Fourier domains —
when this happens, it entails a massive computational
advantage!

2z domain

k domain : ~ l
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

+oo oikonR [ I\ As
V4 (p, 2) OC//_OO V" (p', 20) 7 (lkon— E) fdzﬂf

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

+oo oikonR [ I\ As
V4 (p, 2) OC//_OO V" (p', 20) 7 (lkon— E) fdzﬂf
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

oo ikon R 1\ A
Ve oy [[ V00 (ik'on——) B2 g2,

R R/ R

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

oo ikon R N\ A
Ve oy [[ V00 (ikon—ﬁ) B2 g2,y

R R

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

+oo oikonR [ I\ As
V4 (p, 2) OC//_OO V" (p', 20) 7 (lkon— E) fdzﬂf

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain

Rayleigh-Sommerfeld integral:

oo ikon R N\ A
Ve oy [[ V00 (ikon—ﬁ) B2 g2,y

R R

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
too eikonR 7 1\ Az rout _ yin % oik=(r)Az
VU (p, 2) o //_OO V" (P, 20) 7 (1k0n— E) fdzp’ o (R, 2) = V" (K, 20) x e

with R = \/(z — /) + (y — ) + (A2)°

20
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
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20 20
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
too eikonR 7 1\ Az rout _ yin % oik=(r)Az
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Example: Free-Space Propagation

Space domain Spatial-frequency domain
Rayleigh-Sommerfeld integral: Plane-wave propagation operator:
too eikonR 7 1\ Az rout _ yin % oik=(r)Az
VU (p, 2) o //_OO V" (P, 20) 7 (1k0n— E) fdzp’ o (R, 2) = V" (K, 20) x e

20 20
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Why Different Fourier Domains?

Although, in general, electromagnetic field solvers have
an integral behaviour, with the resulting high numeri-
cal complexity, the characteristics of some of the most
common optical components mean they can be modeled
with pointwise operators in one of the Fourier domains —
when this happens, it entails a massive computational

z domain

k domain

advantage!

Conclusion: Whenever this
mathematical property presents
itself, we implement the solver
in the domain where it exhibits
pointwise behaviour!

ont\, behind
Local Plane Interface
Approximation

47
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Free-Space Propagation

Starting point of propagation

Detector plane

- —— -

source field ° > //
S~ Propagation distance Az /
\\ II
(z,)
—1
F F
(kil:? Ay) . \
i ¢ eikz/_\z \\
|
\ /’
\ 7
\ o’
spectrum of ! propagated
source field spectrum
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Free-Space Propagation

Starting point of propagation

Detector plane

-

—-—— o —

source field ° o 7
*\\ 5 Propagation distance Az / Free-space propagation
\ / (propagation in a
(z,y) homogeneous, isotropic
F F-1 medium) always takes place
. & in the k domain — in other
(Kzs ky) — words, we propagate the
,° o oikzAz \\ plane-wave spectrum of the
'\ /I field
\\ ./,
spectrum of ! propagated
source field spectrum
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Propagation Through a System with a Crystal Plate

Camera Detector

Gaussian Wave Crystal Plate
D—+—0LJ =
0 1 601
X0 mm X0 mim
¥: 0 mm e 0 mim
Z: 1 mm Z: 1 mm

Starting point of propagation

o

Detector plane

Propagation distance Az

This refers to propagation
between elements of an

optical system...

xelk=

Free-space propagation
(propagation in a
homogeneous, isotropic
medium) always takes place
in the k domain — in other
words, we propagate the
plane-wave spectrum of the

field

LightTrans International
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Propagation Through a System with a Crystal Plate

Gaussian Wave |’Ery_stgl Plate I - Camera Detector N
| 1 3
f— [ e £ . .. .
EP X ; 1 . E Now the question is in which
U eomml ! Py domain does the crystal plate
| Y Dmm‘ | ¥:0mm show pointwise behavior?
| Z: 1 mm | Z:1 mm )
I I
I I
I |
I I
1 I
| | Detector plane .
! : Starting point of propagation Free'space prOpagatlon
| . .
\ | (propagation in a
\ \ - - = homogeneous, isotropic
\ N ! medium) always takes place
b \\\ === =4 7 Propagation distance A In the k domain — in other
N\ N _— e _—=
S~ __---—77 (z:y) ] J words, we propagate the
F. F.! -
This refers to propagation T plane-wave spectrum of the
xeike 2 field

between elements of an
optical system...

LightTrans International
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Field Solver for an Anisotropic Media

[Fitter py..

4: Optical Setup View £3 (Optical Setup)*

[+~ ldeal Components
[+]- Detectors
[+]- Analyzers

x|

[#- Light Sources
E! Components
Component from Catalog
= Index Modulated & Crystals
- Fiber Element
- GRIN Lens

- Inhomogeneous Medium
H- Multiple Surfaces
t- Single Surface & Coating

H- Single Surface & Function
H- Single Surface & Stack

- Programmable Component
- Subsystem

T oo o [ [

- Coordinate Break

- Camera Detector

- Electromagnetic Field Detector

Gaussian Wave

Crystal Plate
D

]

Edit Crystal Plate Component

Salver

Sampling
ﬁ. Component Solver Layer Matrix [S-Matrix] e / Edit
Coordinate
Systems

—]

g

Position /
Crientation

The layer matrix solver works in the spatial frequency dorain (k domain). It consists of
1

an eigenmode selver for the homogeneous and isotropic r,'1edia on both sides
of the crystal as well as for the anisotropic crystal itself and

@

Structure

Ray Tracing Sy,
Analyzer

g
&

2. an 5-matrix for matching the boundary conditions at all sbirfaces.
1

1
The eigenmode solver computes the field solution in the k domaih for the

media. The 5-matrix algorithm calculates the response of the wholesystem By
matching the boundary conditions in a recursive manner.Learn more about this solver,

O

800

t 1l
[
Tt

Channel

52

Configuration

I

Fourier
Transforms

homogeneous and isotropic or anisetropic medium in the crystal §nd its adjacent”

This solver is implemented in the
spatial-frequency (k) domain

Help |
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Domain of Application of the Solvers

B solver in z domain

(a’/" y) (RN
For solvers implemented in
1 F the space domain, the field-
verse Fourier transform Fourier transform t_racmg sequence would look
like this...
(ka» Fy) -
P
Propagation operator
(z,y)
... While for solvers
implemented in the k domain, colver in & domain
the field-tracing sequence -
would look like this B
(km, ky) %ll>%
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Domain of Application of the Solvers

(z,y)

(K, ky)

(z,9)
... While for solvers
implemented in the k domain,
the field-tracing sequence
would look like this

(ks ky)

For solvers implemented in
the space domain, the field-
tracing sequence would look
like this...

additional Fourier transform

operations!
B
r——| 113 |—
P P
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Layer Matrix [S-Matrix] Solver Characteristics

The layer matrix solver consists of:

1. An eigenmode solver for the homogeneous and isotropic media before and after the crystal surfaces
2. An eigenmode solver for the homogenous and anisotropic media in the crystal itself

3. An S-matrix for matching the boundary conditions at all the surfaces of the crystal

Eigenmode Solver: S-Matrix:

« Computes the field solution in each layer. « Calculates the response of the whole

« Works in spatial-frequency (k) domain. layered system using the boundary

P condition.

« Assumes constant permittivity in each _ _ _
layer. « Works in spatial-frequency (k) domain.

. The layers must have constant thickness  Exhibits unconditional numerical stability
in x-,y- plane (infinite in x & y). =>» potential numerical gain.
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Part 3

The Fourier Transform



Fourier-Transforming an Arbitrary Field

Vi(p,z,w) = [Vi(p,z,w)| exp(ipe(p, z, w)) exp

1

(p,z,w

\

))

Electric Field

Ray Distribution

Y [mm]

Table Value at {x.y)

Phase of Ex-Component [rad]

] 3.1416

-3.1416

Y [mm]

-0.6

-0.4

Optical Path Length [m]

-0.2

X [mm]

0.4

0.6

[ o.10005

0.10003

0.10002
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Fourier-Transforming an Arbitrary Field

Vilp,z,w) = |Vi(p,z,w)| exp(igs(p, z, w)) exp (i

(p,2,w))

\

-] ‘ ; =] | | s S @R
ectric Field ay Distribution
Electric Fiel Ray Distributi
Diagram | Table  Value at fxy) Optical Path Length [m]
Phase of Ex-Component [rad] T 010005
~ 3.1416
E E
E 7..E-08 E ity
= >
-
v
S 0.6 0.4 -0.2 0 02 0.4 0.6 0.10002
X [mm]
X [mm)
fmml The same phase!

III
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Fourier-Transforming an Arbitrary Field

B

Electric Field

EeE=]

Vilp,z,w) = |Vilp,z,w)| exp(igs(p,z,w)) exp(i <p\,z,w>)

Ray Distribution

Y (mm]

Y [mm]
0

Optical Path Length [m]

0.10005

0.10003
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Fourier-Transforming an Arbitrary Field

+ Direct discretization of Fourier integral — DFT (Discrete Fourier
Transform): numerical complexity ~ N?

B

Electric Field

EeE=]

Vilp,z,w) = |Vilp,z,w)| exp(igs(p,z,w)) exp(i <p\,z,w>)

Ray Distribution

Y (mm]

Y [mm]
0

Optical Path Length [m]

0.10005

0.10003
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Fourier-Transforming an Arbitrary Field

+ Direct discretization of Fourier integral — DFT (Discrete Fourier
Transform): numerical complexity ~ N2

« Numerical trick in Fast Fourier Transform (FFT) brings down
computational effortto ~ Nlog N —~ N

Vilp, z,w) = [Vi(p,z,w)| exp (ipe(p, 2, w)) exp(i (p\fsz))

B

Electric Field

: S
Ray Distribution

Y (mm]

agram | Table  Value at fxy)

Phase of Ex-Component [rad]

Y [mm]

Optical Path Length [m]

0.10005

0.10003

0.10002
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Fourier-Transforming an Arbitrary Field

+ Direct discretization of Fourier integral — DFT (Discrete Fourier
Transform): numerical complexity ~ N2

* Numerical trick in Fast Fourier Tr
computational effort to ~ N log

(FFT) brings down

This already means pointwise operation, right?
Job done! v

J

Vilp,z,w) = |Vilp,z,w)| exp(igs(p,z,w)) exp(i <p\,z,w>>

B

Electric Field

[e=r=]
Ray Distribution

agram | Table

Value at fcy)

Phase of Ex-Component [rad]

Y [mm]

Optical Path Length [m]

0.10005

0.10003

0.10002
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Fourier-Transforming an Arbitrary Field

+ Direct discretization of Fourier integral — DFT (Discrete Fourier
Transform): numerical complexity ~ N2

* Numerical trick in Fast Fourier Tr
computational effort to ~ N log

(FFT) brings down

This already means pointwise operation, right?
Job done! x

J

Vilp,z,w) = |Vilp,z,w)| exp(igs(p,z,w)) exp(i <p\,z,w>>

B

Electric Field

[e=r=]
Ray Distribution

agram | Table

Value at fcy)

Phase of Ex-Component [rad]

Y [mm]

Optical Path Length [m]

0.10005

0.10003

0.10002
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Fourier-Transforming an Arbitrary Field

+ Direct discretization of Fourier integral — DFT (Discrete Fourier
Transform): numerical complexity ~ N2

« Numerical trick in Fast Fourier Transform (FFT) brings down
computational effortto ~ Nlog N —~ N

The FFT requires fulfilment of the Nyquist-Shannon sampling
theorem = wrapped phase must be well resolved!

4

Huge sample number N

\

4 )

J

Vilp,z,w) = |Vilp,z,w)| exp(igs(p,z,w)) exp(i <p\,z,w>>

B

Electric Field

[e=r=]
Ray Distribution

agram | Table

Value at fcy)

Phase of Ex-Component [rad]

Y [mm]

Optical Path Length [m]

0.10005

0.10003

0.10002
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Modeling the Propagation Through an Aperture

Spherical wave

Aperture

Field after the aperture

Amplitude of £, Component [V/m]

1.42

3.2mm
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Results of Fourier Transform

Amplitude of E, Component [V/m]

Vip)

1.4

3.24 mm

channels

Increasing NA |

E, Component [uV/m] .66 E, Component [1 x 1078V/m|] 3.3 E, Component [1 x 107°V/m] 7.23 E, Component [1x 107°V/m] 1.23 E, Component [1 x 107°V/m] 1.87

0 0 0 0 0
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Results of Fourier Transform

V‘f(p) Amplitude of E, Component [V/m|
(p,w) I
Fi _ For strong wavefront

£ phase Fourier

(K, w) —% 3
o transform performs 1:1

channels mapping!
N /

E, Component [uV/m] .66 E, Component [1 x 1078V/m|] 3.3 E, Component [1 x 107°V/m] 7.23 E, Component [1 x 10 °W/m] 1.87
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Results of Fourier Transform

Amplitude of E, Component [V/m]

Viip) m
(Pa w) 1.4
F
(K, w) =
channels
0

ncreasing NA

E, Component [1x 107°V/m] 1.23 E, Component [1 x 107°V/m] 1.87

Ll ke

E, Component [uV/m] .66 E, Component [1 x 1078V/m|] 3.3 E, Component [1 x 107°V/m] 7.23

—
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Results of Fourier Transform

V1ip)
(p,w)
F
(K, w) . -
P
channels |

s ——————

(

.

ncreasing NA\

Amplitude of £, Component [V/m] This behaviour can be used to\
1l develop an approximate algorithm
to compute the Fourier transform
that is extremely accurate when
the field exhibits this behaviour,

and extremely fast

E, Component [uV/m] .66 E, Component [1 x 1078V/m|] 3.3 E, Component [1 x 107°V/m] 7.23

E, Component [1x 107°V/m] 1.23

L

E, Component [1 x 107°V/m] 1.87

A
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Results of Fourier Transform

V1ip)
(p,w)
F
(K, w) . -
P
channels |

s ——————

.

Amplitude of £, Component [V/m] This behaviour can be used to\
1 develop an approximate algorithm
to compute the Fourier transform
that is extremely accurate when
the field exhibits this behaviour,

and extremely fast

|

( . . -
\pomtmse Fourier transform/
ncreasing NA

E, Component [uV/m] .66 E, Component [1 x 1078V/m|] 3.3 E, Component [1 x 107°V/m] 7.23

E, Component [1x 107°V/m] 1.23

L

E, Component [1 x 107°V/m] 1.87
A
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Types of Fourier Transform Algorithms in VirtualLab Fusion

» Fast Fourier Transform (FFT)
- Fast for weak wavefront phase

« Semianalytical Fourier transform (SFT)
- Fast for wavefront phase with medium local gradient

* Pointwise Fourier transform (PFT)
— Accurate for strong wavefront phase

‘ Combination of Fourier transform algorithms
essential for fast physical optics!
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Available Fourier Transform Techniques in VirtualLab Fusion

(p,w)
F F!
K K
P

(k,w)
(. F ... fast Fourier transform (FFT) h (. F_': inverse fast Fourier transform (IFFT) h
. FSeM: semi-analytical Fourier transform (SFT) o F_bSeM: inverse semi-analytical Fourier transform (ISFT)
\- .7-'2: homeomorphic Fourier transform (HFT) y \ .7-‘;1’“: inverse homeomorphic Fourier transform (IHFT) y
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References to Our Fourier Transform Publications

« Theory and algorithm of the homeomorphic Fourier
transform for optical simulations, Z. Wang et al,
Optics Express, 28, 7, 2020

« Application of the semi-analytical Fourier transform to
electromagnetic modeling, Z. Wang et al, Optics
Express, 27, 11, 2019
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Part 4

Optically Anisotropic Media in VirtualLab Fusion

R see the full Application Use Case



https://www.lighttrans.com/use-cases/feature-use-cases/optically-anisotropic-media-in-virtuallab-fusion.html
https://www.lighttrans.com/use-cases/feature-use-cases/optically-anisotropic-media-in-virtuallab-fusion.html

Anisotropic Media in Catalog

- lj "Ed > Optical Setup
Start Sources Functions Catalogs Windows Optical Setup Tools

|y

Stacks Surfaces

e wf @@ @ ¥ ?|@

Boundary Coatings Components Detedors Light Materialsj Media

Responses Sources Media Catalog x
Catalogs Definition Type Templates v | Content Appearance
Filter by... X | wavelength @ IndexEllipsoid () Velocity Ellipsoid

Air in Homogeneous Medium Optical Axes [] Wave Direction & Eigen Indices
Aperture Medium
Biaxial Crystal
Fiber Medium (0.0, 1} Q { O k2
General Anisotropic Medium €3
GRIN Medium

In the new version three different S i

Pillar Medium (General)

kinds of anisotropic media can be e sy
found in the media catalog: [ -
. Uniaxial Crystal oot
» Biaxial Crystal
» General Anisotropic Media s

5
\I(Y
< >
Q2 B Tools {§w | [ Show Preview Close Help

75 LightTrans International



Defining the Anisotropic Media

Edit Biaxial Crystal
Material of Principal Index a
Name |Index d_1.5_Abbe 50_dPgF 0
Catalog Material

State of Matter Solid

Material of Principal Index B

Name |Index_d_1.55_Abbe_60__dPgF_0
Catalog Material

State of Matter Solid

Material of Principal Index y

Name |Index_d_1.7_Abbe_50__dPgF_0
Catalog Material

State of Matter Solid

% Edit Uniaxial Crystal

Material of Ordinary Refractive Index
Q Name |Index_d_1.5_Abbe_50__dPgF_0

W /

Catalog Material

State of Matter Solid

Material of Extraordinary Refractive Index

Q Name |Index_d_1.7_Abbe_60__dPgF 0
v / l_:; Catalog Material
Edit General Anisotropic Medium X olid
Algorithms
Snippet for Permittivity Tensor Validity: o
2K Cancel
Snippet for Permeability Tensor / Edit validity: @

Help

The Biaxial Crystal is defined by
the principal indices of three
directions

The Uniaxial Crystal is defined by
the ordinary and extraordinary
refractive indices

General Anisotropic Media can be
set up by directly defining the
permittivity tensor

Q | OK
Valid Vacuum Wavelength Range
Minimum | 1pm| Maximum | 100 km|
Q, oK Cancel Help
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Preview of the Anisotropic Medium

The preview of an anisotropic

medium can be displayed through

index ellipsoid or velocity
ellipsoid, which makes it easy
and intuitive to study the
properties of the media.

Preview for Clremre

In the Content tab, the user
can select between the
index/velocity ellipsoid of the

anisotropic medium

In the Appearance tab, the
user can show the
wireframe of the selected
ellipsoid and edit its density

LB pd = - e g ) -

Content  Appearance

Optical Axis

16025

The half-lengths of the
principal axes equal the
refractive indices of the

normal modes

Preview for Calcite-Crystal_CaC03_Uniaxial — O >

Content Appearance

Set the directions of
the principal axes of
the index ellipse

)

Close Help

Close Help
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Preconfigured Crystals

VirtualLab Fusion comes with a
series of pre-configurated crystal
media which can be accessed
from the media catalog. The user
also can import & export his own
defined media to the catalog.

Media Catalog

+- Aperture Media
=1 Crystals

[#- GRIN Media

+- Homogeneous Media

+- Pillar Media

+- Sampled Media (x-y-Modulated)
+- Samples for Programmable Media
+- Volume Grating Media

BismuthMolybdate-Crystal_Bi2(MoO
Calcite-Crystal_CaCO3_Uniaxial
CaMoO4-Crystal_Uniaxial
LYSO:Ce-Crystal_Lu(x)Y(2-x)SiO5_Biax
MagnesiumFluoride-Crystal_MgF2_l
Quartz-Crystal_SiO2_Uniaxial
Rutile-Crystal_TiO2_Uniaxial
Titanium(lY)-Oxide-Crystal_TiO2_Uni
YAIO3_Nd-doped1.14%-Crystal-Biaxi
YAIO3_undoped-Crystal-Biaxial
ZnWO4-Crystal-Biaxial

>

allZ X Tools {f v

Wavelength @ Index Ellipsoid () Velocity Ellipsoid

[] Optical Axes [[] wave Direction & Eigen Indices

Q<+

‘NIQ

(-0.34714; 0; 0.93781)

P

Show Preview Close Help
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Anisotropic Coatings

Anisotropic coatings can be found in the coating catalog

and applied to all optical surfaces in VirtualLab Fusion.

edia Catalog - Filter: [Homogeneous Aniso

Coatings Catalog

X
Definition Type Templates ~  Anisotropic Layer Stack
(Category: Template)
AnisatropicLuyerStack i Dlag'am Coefficients Calculator !
e e 20 ) GRG! e e Configure Diagram
- <
£
g
é - Define Stack of Anisotropic Layers X
- o
&
- Index: ¢ _
2 Coating
— 3 - | Layers
04 06 08 1 12 14 S z
Vacuum -
Index Thickness Distance Medium Orientation
Biaxial Crystal ([p=0", 6=07;
Valid Vacuum Wavelength Range L L-J | &0 / I
Min Wavelength 2 0mm Air in Homogeneous | N/A
a7 K I
A coating can alternate layers
of ISotropic or anisotropic .,m Delete o e
homogeneous media
Maximum Wavelength
T — 830 nm
Q 5 oK Cancel Help

Definition Type | LightTrans Defined

~ | Content Appearance

F

hl—-—-———-“1 Wavelength

Y ——

l\—\ Crystals

l [ Optical Axis [ Wave Direction & Eigen Indices

BismuthMolybdate-Crystal_Bi2(MoO|
Calcite-Crystal_CaCO3_Uniaxial

(@ Index Ellipsoid () Velocity Ellipsoid

X

CaMoO4-Crystal_Uniaxial
LYSO:Ce-Crystal_Lupg¥(2-x)SiOS_Biax
MagnesiumFluoride-Crystal_MgF2_l
Quartz-Crystal_SiO2_Uniaxial
Rutile-Crystal_TiO2_Uniaxial
Titanium(lY)-Oxide-Crystal_TiO2_Uni
YAIO3_Nd-doped1.14%-Crystal-Bi
YAIO3_undoped-Crystal-Biaxial
ZnW04-Crystal-Biaxial

) weﬂomr wm mm mm Definition Type Templates

[Fitter by..

[ S |
L g ﬂm?gmoMmm '
' Biaxial Crystal

I General Anisotropic Medium I

[ Optical Axes

-Q+OZZ

Media Catalog - Filter: [Homogeneous Anisotrapic and Isotropic Media]

~ | Content Appearance

X‘ Wavelength __saznm

[] Wave Direction & Eigen Indices

X

(@ Index Ellipsoid () Velocity Ellipsoid

Uniaxial Crystal
L L e N

choose from the predefined
anisotropic media, a previously
defined media from the catalog
or use a template medium and
customize the parameters; the
preview of the medium is
shown on the right

(-0.53244; ©; 0.84647)

Q4 Ol

®

Cancel Help
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Anisotropic Crystal Plate

2: Optical Setup View #1 (Optical Setup)

i=- Components
Component from Catalog

E\“ Index Modulated & Crystals
. - Crystal Plate

- Fiber Element

- GRIN Lens
i Inhomogeneous Medium Compol
E\“ Multiple Surfaces
E\»» Single Surface & Coating
@-- Single Surface & Function
E\“ Single Surface & Stack
Programmable Component
Subsystem
[+~ ldeal Components
- Detectors
[+- Analyzers
Coordinate Break
Camera Detector
Electromagnetic Field Detector

lFMter by... le )
{

[+~ Light Sources
i

PPy
St

Position / ] -
i e | Calcite-Crystal_CaCO3_Uniaxial I
I
|
n 1 | Load I  Edit Q, View
Media Catalog - Filter: [Homogeneous Anisotropic and Isotropic Media] x Orientation I- - -l
Definition Type | LightTrans Defined ~| Content Appearance [o=0¢, &=07) Set I
b -y Wavelength 532 nm (@ Index Ellipsoid (O Velocity Ellipsoid ==l
L 1
Coati
JJ 5 Crystals 1 [ Optical Axis [[] Wave Direction & Eigen Indices LEnR
i+ BismuthMolybdate-Crystal_ o =
l _Bl thMlDUtCY\B'z(MOI
I i Calcite-Crystal_CaCO3_Uniaxial I Mame Mo Coa,
-+ CaMoO4-Crystal_Uniaxial L] . .
1 - :so:c:,cry:aLL:mvch—a?slwohiJ:i;xl ] Q + IO “ Set orie ntatl on Of X
‘ ! q::nn:sclum uoride- ryf al_Magke_| I
i -Crystal_SiO2_Uniaxial
I - Rutile-Crystal_TiO2_Uniaxial I th e C ryStaI p I ate
I - Titanium(IV)-Oxide-Crystal_TiO2_Uni l
i+ YAIO3_Nd-doped1.14%-Crystal-Biaxi [
I H VAI03_ur|doped—Clxs!ul-waiul &
L L. ZnWO4-Crystal-Biaxial
™ Momogencons Media
1.6628
media also provided
: : @ Corcel || e
in the Media Catalog
| < > [
Q|2 X Tools {fw| [ Show Preview Cancel Help

The Crystal Plate component
can be found in Components
- Index Modulated & Crystals
- Crystal Plate

®

Coordinate
Systems

il

Edit Crystal Plate Component

x
Lateral Extent 20mm| = | 20 mm A
Aperture
Thickness Waveplate Calculator

- T -
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Anisotropic Stratified Media Component

) 50: Optical Setup View #49 (Optical Setup)
[ Filter by... X |

[+~ Light Sources
EI Components
Component from Catalog
~ Index Modulated & Crystals
~ Multiple Surfaces
E Single Surface & Coating
| Curved Surface
Off-Axis Parabolic Mirror (Wedge Type)

- Plane Surface
- - Stratified Media F
[+ Single Surface & Functidn

~ Single Surface & Stack
Programmable Component
Subsystem

[+~ Ideal Components

:]" Detectors

H- Analyzers

-~ Coordinate Break
-~ Camera Detector

- Electromagnetic Field Detector

i+

[

- pr—— PSSPSS P

The Stratified Media
component can be found in
Components = Single
Surface&Coating -2 Stratified
Media

Edit Stratified Media Component X Define Stack of Anisotropic Layers X
. SN\
Component Size 20 mml x | 20 mm i Index: 4 I
Reference Surface (ll Channels) 2 [N Coating
Coordinate 3] X ! Layers
Systems Plane Surface 4 = 52 \
(= Lozd & Edit £l Index | Thickness Distance Medium Orientation
e ]Ca!clte-crvstal 7] ——— 7
Position / Aperture = / q
Orientation ‘________________——-______| m | Fused_Silica in Homc, N/A
= Coating
1 . 1
@ | Name Anisotropic Layer Stack 1
| - 1
Structure (] 7 Q X 1
R o o o oy o o e e o]
Coating Orientation - Automatic Decision v Append etk Delete Layer Tools
H g Medium Rahind Ciufara / of N
Airin H M Media Catalog - Filter: [Homogeneous Anisotropic ropic Media] X
Solver st tea sy Definition Type | LightTrans Defined ¥ Content Appearance gl ety An isotro p i C an d
L_? Load Filter by L Wavelength | 532 nm} @ Index Ellipsoid (O Velocity Ellipsoid p
—pm— L!—m = ——— . .
& Crystals . .
=It: I e olnMoMEMA CIYs L A0 ‘IE Optical Axis [[] wave Direction & Eigen Indices IS Ot ro p I C I aye rS Can
«—— I Calcite-Crystal_CaCO3_Uniaxial . .
Channel CaMo04-Crystal_Uniaxial N < 2 b d f d h
Configuration l LYSO:Ce-Crystal_Lup)¥(2-)SiOS5_Biax Q + €y e e I n e I n t e
| MagnesiumFluoride-Crystal_MgF2_t
Quartz-Crystal_SiO2_Uniaxial
i I Rutile-Crystal_TiO2_Uniaxial Sal I le CO l I I po n e nt
F I Titanium(IY)-Oxide-Crystal_TiO2_Uni
I YAIO3_Nd-doped1.14%-Crystal-Biaxi
Fourier I YAIO3_undoped-Crystal-Biaxial
ZnWO4-Crystal-Biaxial
Transforms #- Homogeneous Media
- N B
B vaicit: D A
YY
< >
Al 7] B Tools v [ Show Preview E Cancel Help
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Anisotropic Surfaces

2: Optical Setup View #1 (Optical Setup)*

[Filter by...

[#- Light Sources

E\" Components

Component from Catalog
\E Index Modulated & Crystals
\E Multiple Surfaces

E Single Surface & Coati
. L Curved Surface

- Off-Axis Parabolic
- Plane Surface

i - Stratified Media
\E Single Surface & Function
\E Single Surface & Stack
Programmable Component
Subsystem

+- |deal Components

t- Detectors

t- Analyzers

- Coordinate Break

-~ Camera Detector

- Electromagnetic Field Detector

rror (Wedge Type)

x|

Edit Curved Surface Component

Coordinate
Systems

i

Position /
Orientation

@,

Structure

4

Solver

—m—

=
==

—

Channel
Configuration

[F

Fourier
Transforms

[ Load

Surface Specification

Conical Surface

]l e

Homogeneous Medium Behind Surface
N-BK7_Schott_2015 in Homogeneous
Medium

(£ Load / Edit Q, view

Edit Conical Surface

Structure

Height Discontinuities Scaling Coating Periodization

Name

\Anisotfopic Layer Stack

Q X ‘

=] validity: @

oK Cance

The anisotropic coatings can also be

attached to the surfaces.

Coatings Catalog

Definition Type | Templates

«~ | Anisotropic Layer Stack

Filter by...

l (Category: Template)
X

-~ Anisotropic Layer Stack
‘. Standard Coating

{
Diagram Coefficients Calc?

’
‘ance [%a]
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Waveplate Calculator

Edit Crystal Plate Component

;ﬁ_ Lateral Extent 20mm| = | 20 mm| i |

Coordinate Aperture Yes ]

Systems -
Thickness B mm || ‘Waveplate Calculator | |

---—-_--_'
Medium

-

Position /

Orientation Calcite-Crystal_CaC03_Uniaxial

)

Crientation

Structure
(0-079-0) [==t]

Coating

-

Name  |Mo Coating

Vi Q, X

Solver

——

==
—

e

Channel
Configuration

|

Fourier
Transforms

The Crystal Plate Component as
well as the Calculator Section of
the Main Window allows access
to the Waveplate Calculator

which can be used to determine . 3
the thickness and retardation of @ = Dlu@ }ég =

a Waveplate With g IVen Mixed Reality ~  ~ - Optics ~ - Resonators ~ Guides ~ SH
. . ABCD Law Calculator
characteristics.

Wyrowski VirtualLab Fusion 2021.1 (Build 1.176)1

—

Coherence Time & Length Calculator

Debye-Wolf Integral Calculator

Diffraction Angle Calculator

Direction Converter

| 58] vaioy: @ ok || cancel || Help

Fiber Mode Calculator

Calculation of Waveplate Thickness > ‘
Fresnel Effects Calculator
Design Waveiengtn
Retardation Laser Beam Calculator
Lo NE T ~ | Wavelength Fraction | Modulation Depth Calculator
Medium Rigorous Analysis of Slanted Gratings
Calcite-Crystal_CaCO3_Uniaxial
Spherical Lens Calculator
L Loed W Edrt Q View

Vector & Coordinate System Viewer
- s -

[4] Use Minimum Thickness

Calculated Thickness

Waveplate Calculator |
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Example 01

Birefringence Effect of Anisotropic Calcite Crystal

R see the full Application Use Case



https://www.lighttrans.com/use-cases/application/birefringence-effect-of-anisotropic-calcite-crystal.html
https://www.lighttrans.com/use-cases/application/birefringence-effect-of-anisotropic-calcite-crystal.html

System Building Blocks

Gaussian Wave Calcite Block (10mm) Raw Data Detector

0 2 e00
X0 mm X0 mm
Y: 0 mm Y: 0 mm
L0 mm 220 mm

The orientation of the optic axis
(marked in red) of the crystal needs
to be adjusted in order for the
birefringence to be observed.

XA

Edit Raw Data Detector

Detector Window and Resolution Detector Function

General  Graphic Tools

[] sample Linear Phase [] sample Quadratic Phase

Coordinate
Systems
™ Light and Data View
/@~ (O Light View (®) Data View

Pasition /
Orientation Use Cubic Interpolation

Edit Crystal Plate Compenent

[ Use for One-Dimensional Fields [l Copy fram ... ‘

The source is linearly polarized. A
Raw Data Detector is used to
analyze the polarization state of

e

Edit Gaussian Wave *
Easic Parameters Spectral Parameters Spatial Parameters
Polarization Maode Selection sampling Ray Selection

(®) Global Polarization
-

________________________ -
: Polarization Input :
: Type of Polarization | Linearly Polarized v :
I 1
I angle :

() - )

Lateral Extent 20 mm| * | 20 mm the OUtpUt fleld .
Coordinate Aperture
Systems
E; _ Thickness Waveplate Calculator
Position / MEd.iU"” .
Orientation Calcite-Crystal_CaC0O3_Uniaxia
@ [ Load / Edit Q, view
Fe==——== -
Orientati ]
:1- -‘1': 807 225’- 1’ Set
m« contmg
;;r The orientation of the crystal is set
t‘ -
Cramet to Y=80°; Z=45°. Accordingly, the
— detector is also rotated 45° around
lj; the Z axis, to adapt the polarization
Tanstoms of the output field.
= (&8 valicity: @ oK Cancel Help ‘
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Birefringence Effect in Uniaxial Crystals

/

uniaxial calcite crystal

linearly polarized /

Gaussian wave

329.3902867 pm

-323.814778 pm

-535.2063718 pm

555.522962 pm

When a beam which propagates along the optic axis of the crystal

extraordinary beam  (and whose field vector therefore lies in the perpendicular plane to

the optic axis) impinges on the crystal, it will not “see” the
birefringence, and will pass through the crystal at a single velocity.
However, when the beam propagates at an angle with respect to
the optic axis, it will be refracted into two different modes (ordinary
and extraordinary) as it enters the crystal. The two modes

ordinary beam propagate with different velocities inside the crystal and their

polarization is perpendicular to each other. This is the
phenomenon known as double refraction or birefringence.

03983

324.0029105 pm

329.3902867 pm

0.196

The polarization states of
the ordinary beam and the
extraordinary beam are
perpendicular to each other.

00000000

-323.814778 pm

6.53E-13

-535.2083718 ym 5421415424 ym

Field tracing result on the detector plane; please note that, the detector window is rotated to adapt the polarization direction.
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Birefringence for Different Initial Polarization States

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

Usage Mode | Standard e

[Fitter by..

12

Object

Category

Parameter

Optical Setup Para...

Enwironment

Air Pressure

“Gaussian Wave” (#0)

Medium at "-" Qutput (Air in Homogen...

Material (Air} | Constant Absorptio...

Polarization Angle

WRiEF0CE 10 INPUL Plaie me e m
Lateral Offset X

Lateral Offset ¥

Number of Rays X

Number of Rays Y

Oversampling Factor

[}

&

ﬂ—i&ﬂw-_xg—gs_n-.g_a =10 e e e e
2E+303 mm

100000

o 180°

-1E+303mm  1E+303 mm
-1E+303 mm  1E+

101

1

1
1
1
1

Polarization angle
varies from 0° to 180°

e i . e e e e

18

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.

omm
Eal
3

Field tracing results from
parameter run, the animation

of the varying results is

available in the sample file.
Please note that the detector is
rotated 45° to adjust the

polarization direction.

With the orientation of the crystal fixed, the polarization angle of the incident Gaussian
wave is scanned with a Parameter Run. As the field tracing results show, the incident
beam is distributed into two normal polarization states inside the crystal. When the incident
polarization is perpendicular to the optic axis (here, Polarization Angle 135°) only the
ordinary beam will propagate inside the crystal. When the incident polarization lies along
the projection of the optic axis on the entrance plane of the crystal, however, only be the
extraordinary beam will be observed (here, Polarization Angle 45°).

0.558
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Birefringence for Varying Crystal Thickness

By varying the thickness of the crystal, the shift of the
P 7 extraordinary beams is observable. As the field tracing
ot A 85 o e st results show, the thicker the calcite crystal, the larger the
lateral separation between the two beams!

You can select one or mo

Usage Mode | Standard ~
[Fitter by,

I T S _— » Crystal thickness I 0558
T st oot [t . varies from 100fm to '
| ek : f
s Companert Size X L 10mm
. M 3t el -t |
;Tnicmess = 100 fm 10mm 100 101010101 pm 1omm |
= T O ) (e s s T o Ry Y T —— |
- -Raw Data o Lateral Shift X O -1E+303 mm  1E+303 mm 1 2E+303 mm omm
Detector (% 600} Basal Positioning (Relative) Lateral Shift ¥ O -1E+303mm 1E+303 mm 1 2E+303 mm 0mm
" - EEESEEEEEmomEaS
< Back || Mext> || Show v
Field tracing results from
parameter run, the animation
of the varying results is
available in the sample file.
To be noticed, the detector
window is rotated to adapt
0

the polarization direction.

ters
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VirtualLab Fusion Technologies

nonlinear free

crystals &  components SPaC€  prisms,
anisotropic plates

components @ cubes, ...

/ extraordinary beam waveguides @

uniaxial calcite crystal & fibers

lenses &
freeforms
_ apertures &
scatterer Field boundaries
9 Solver

/ ordinary beam diffusers
linearly polarized
Gaussian wave
diffractive diffractive,

gratings

beam Fresnel, meta

splitters lenses
SLM & micro lens & HOE, CGH,

adaptive  geatorm DOE
components 5 aug

# lidealized component
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Example 02

Polarization Conversion in Uniaxial Crystals

R see the full Application Use Case



https://www.lighttrans.com/use-cases/application/polarization-conversion-in-uniaxial-crystals.html
https://www.lighttrans.com/use-cases/application/polarization-conversion-in-uniaxial-crystals.html

Modeling Task

input field

- fundamental Gaussian
- wavelength 633nm
diameter (waist) 3mm

«—
opt. axis

calcite crystal

refractive indicies
n, = 1.6558
ne = 1.4852 polarizer #2

lens #1 lens #2 (x/y direction)

polarizer #1
(x direction)

What is the field behind the 7
second polarizer, when it is -
either along x or y direction?
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System Building Blocks — Source

Edit Gaussian Wave

Maode Selection Sampling
Spectral Parameters

Ray Selection
Spatial Parameters

Polarization
Basic Parameters

[[] Generate Cross Section

Hermite Gaussian Mode v
Order D| ‘ 0
M*2 Parameter
Reference Wavelength (Vacuum) 633 nm ~

Select Achromatic Parameter:

(@ Waist Radius (1/e2) 1.5mm| x | 1.5 mm

e Half-Angle Divergence 00769426577° 0.00769426577"
(1/e22) - -

() Rayleigh Length 11.16983366 m 11.16983366 m

Astigmatism

Offset between y- and x-Plane 0 mm.

Copy to x- and y-Values

Default Parameters

= Basic-Farametery Spectral Parameters
Polarization : Mode Selection

(®) Global Polarization
Polarization Input

Type of Polarization | Linearly Polarized

Angle &

Normalized Jones Vector

()

Sampling

Calcite Crystal

|

Lens #2

@

Polarizer #2 Camera Detector

Spatial Parameters
Ray Selection

6

Z 30 mm

4

Z24mm

5 604
Z0mm Z0mm

Electromagnetic Field
Detector

603

Z20mm

The 15t polarizer changes the
Gaussian wave into x polarized. We
assume this as the starting point for
our system, so the corresponding
polarization state (linearly polarized
along x) is directly defined in the
source.
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System

Building Blocks — Uniaxial Calcite Crystal

e ——————
Gaussian Wave Lens #1 : Calcite Crystal E Lens #2 Polarizer #2 Camera Detector
- , 1 i
DO — @@
0 2 : 6 1 4 5 \ 604
Z0mm l___';'j.“-..mm.____} Z:24 mm Z20 mm Z0mm
e N\
Edit Crystal Plate Component /’ X Electromagnetic Field
/’ \D.etector
| Lateral Extent l/ | 20mm| x| 20 mm i | ' L_/J
/ 603
Coordinate Aperture U
Sustems Vi Z20mm
ickness [f] Waveplate Calculator
N aatt L Son] Qumepecisir | -
Medium
Oﬁ?jﬁ?;n :I Calcite-Crystal_CaC03_Uniaxial E
@ II [ Load / Edit Q, view :
LT Lo Lo Lol T F] 2
cracture Orientation Edit Uniaxial Crystal %

{0=0",8=07) /

_ Material of Ordinary Refractive Index Il
:\[ﬂ“\ Coating Name |Calcite_nO é]

Name  |Mo Coating r-""]
solver = Catalog Material v: :_,
Use the Crystal Plate Component to e
model the calcite crystal, then select | sanemse
Uniaxial Calcite Crystal from the Q
Template catalog and define the v| [/ &
ordinary and extraordinary refractive St
indices, respectively.

oK Cancel Help

Edit Material Data X
Material Name Calcite_nO

Seliagduelnder Lbserphom=Soefficem —O'ddrliunal Information Temperature Data

[} . . . age
Py i 1. Select suitable definition
: Programmable v |l method
:O Sampled Dispersion : T
el —

Data

Define the refractive index
according to the formula

Tips: after configuring the
material, use the Save tab to save
the new material to the User
Defined material catalog and load
it easily for the next simulation.

ST NSNS Y bty A A v L

Uniaxial Calcite Crystal

* Thickness: 6mm
* Ordinary refractive index

= 269705+0'0192064 0.015162412)1/2
o = (2. 2 —00182 )
« Extraordinary refractive index
= (2.18438 + 0.0087309 0.00244111%)1/2
me = (2. 2 -001018 )

with A in micrometers.

Parameters follow from Y. Izdebskaya et al., Opt. Express 17, 18196-18208 (2009)
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Results

polarizer #1
(x direction)

Aad

calcite crystal

polarizer #2

Physical-optics simulation of complete
system includes birefringence and

interference effects.

\

/[

I 3: Polarizer along X

Chromatic Fields Set

| o

i

Y (mm]

Experimental measurements from Y. lzdebskaya
et al., Opt. Express 17, 18196-18208 (2009)

polarizer #2 in x direction

-1

X [mm]

0.91

0.46

6.3E-09

n 9: Polarizer along Y

Y [mm]

== x|
Chromatic Fields Set
polarizer #2 in y direction
] 05
0.25
2.6E-38
1 0 1
X [mm)]

LightTrans International
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Results

polarizer #1
(x direction)

Visualization of phase
distribution reveals a

phase dislocation/vortex
phase.

Aad

calcite crystal

—> =
N

polarizer #2

<, 38: "Electromagnetic Field Detector” (2603) aft... | = || =[]

Electric Field

Diagram

Y [mm]

Tahla  Valua at ixvi

phase in selected region

3.14
5
0
™ -3.14
04 -0.2

-08 -06 -0.
X [mm]

0.6 04

0.8

i

I 3: Polarizer along X ||| @0|
Chromatic Fields Set

polarizer #2 in x direction
[] 0.91

0.46

6.3E-09

n 9: Polarizer along Y

Chromatic Fields Set

Y [mm]

polarizer #2 in y direction

[] 05

X [mm)]

LightTrans International
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VirtualLab Fusion Technologies

nonlinear free
crystals &  components SPaC€  prisms,
components

0

scatterer -

waveguides
& fibers

Field

diffusers

Solver

diffractive l .
beam Fresnel, meta

@ cubes, ...

lenses &

a freeforms

apertures &
boundaries

gratings

diffractive,
splitters lenses
SLM & micro lens & HOE, CGH,
adaptive  geatorm DOE
components arrays

# lidealized component
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Example 03

Simulation of Multilayer Birefringent Reflective
Polarizer with VirtualLab Fusion

R see the full Application Use Case



https://www.lighttrans.com/use-cases/application/simulation-of-multilayer-birefringent-reflective-polarizer-with-virtuallab-fusion.html
https://www.lighttrans.com/use-cases/application/simulation-of-multilayer-birefringent-reflective-polarizer-with-virtuallab-fusion.html

Task Description

Plane Wave
- wavelength: 400~700nm
- varying angle: 0~85°

Multilayer Stack

- A: birefringent layer
(BLO38)

- B: isotropic layer
(NOAS81)

Multi-stack Reflective

Polarizer Stack 2

How would the reflectance/transmittance
efficiency change with the variation of the
wavelength and angle of incidence?

Detector Plane
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Modeling of the Multilayer Stack

r—--____—---___‘

. 1 .
Plane Wave : Multilayer Stack 1 Efficiency
1 1
— i | .
! 1
1

1 1 608
—‘{‘—) 1

[JRNS F T, 1, R X:0mm

Y: 0 mm Y:0mm

Z0mm Z0Omm

A Stratified Media Component is used to
model the multilayer stack.

Edit Stratified Media Component *
;ﬁ‘ Component Size 20mm| x | 20 mm ﬂ
Reference Surface (all Channels)
Coordinate
Systems Plane Surface
|€ __:; oed _/)'--'W E@'i:'
Position / Aperture
Crientation —— e ————————
|| Coating 1
1 1
1 .
@ : e == onxlapmpiack l Define Stack of Anisotropic Layers X
Structure ll |L3| 7 Q :
Tmmmemeo—e———can e — m Sibstee
oating Orientation ~ Front Side Application Index: ! ?
Homogeneous Medium Behind Surface _ Coating
Solver NOA81 in Homogeneous Medium Layers
I — load 2 Edit
;’I_’ . . Thickness | Distance Medium |  Orientation | A
-B= || Select Anisotropic Layer Stack from | sssem 5o om0 Unisial cost (0=0' 6507
Channel 87.58nm| 16 'm | NOA81 in Homogene N/A
wmumon || the Template catalog and use the R R o
~{~ || tool tabs to edit the layers. 8758nm| 32626 nm | NOAB1 in Homogens N/A
7555 nm 1| BLO38_Uniaxial_Cryst| (0=0%, 8=90%)
Fourier 6 87.58 nm 2 nm | NOA81 in Homogene N/A
s 7 7555 nm 4 nm | BLO38_Uniaxial_Cryst| (0=0°, 6=90°)
s B738nm| 65252 nm | NOAST in Homogene /A vi' 'R
= - ¥ | T 1
% validity: @ o] Cancel 1 | Append Insert Delete LayerTools v | I
1
1

WavelengtrTR:nge of Materials

Minimum Wavelength

400.1111667 nm

Q

Maximum Wavelength

1.000269477 um

™ )
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Number of Periodic Layers to Establish Bragg Condition

normal
incidence

Detector Plane

* When the unpolarized plane wave hits the reflective polarizer, one direction of linear polarized light will
X pass through while the other component will be reflected back and depolarized, then it will be reflected
again for another cycle. After several cycles, more and more light will be able to pass through the
polarizer and therefore the energy efficiency is enhanced.
* In order to achieve the highest possible efficiency, the aim is to fulfill the Bragg reflection condition.
Therefore, a minimum number of periodic layers is required. We used a Parameter Run to scan the
wavelength range and calculate the efficiency with 20 layers, 50 layers, and 100 layers respectively.

Define Stack of Anisotropic Layers

AT s

Index: 4
| Coat
Laye

2 3
3 P
4

68 nn -Bmfg_Unlaxial_Cryst_{oﬁ

87.58 nmv 326.26 niv VNOA81 inHomogene NS o T TS ———
75.55 nm 401.81 nm | BLO38_Uniaxi
8758nm| 48939 nm| N/ Cance| Help

Configure Layer Sequence Replication X
Layer Sequence
_______________________ .

Jindex of First Layer 1541

1 1

| 1Index of Last Layer 2 : 1

1 I

1 ]

1 1

INo. of Replications 1d :_:

E 1 number of layers

Mumerical Data Array

layer 1 and layer 2
repeated 10 times, i.e.,20
layers are used overall.

v

Layer Tools v

” Append Repeated Layer Sequence

OO TTTI007 I Oceoar 7 |

Help

Diagram  Table

Walue at x-Coordinate

80

- 20 Layers

— 50 Layers

1 — 100 Layers

60

Efficiencies [%]

40

20

—

As the number of layers increases,
the reflectance within the desired
bandwidth becomes higher and

£ flatter.

0.51

0.53 0.54 0.55 0.56 0.57
Wavelength (“Plane Wave" (*¥0)) [pm]

0.58

0.59

1.0

0.8

0.6
R

0.4

0.2

0

0.50 0.55 0.60
Wavelength (pum)

simulation result compare with Li

et. al. J. Display Technol. 5, 335-
340 (2009)

LightTrans International




Number of Periodic Layers to Establish Bragg Condition

Considering the material cost and fabrication
complexity will also increase with more layers,

a minimum of 50 layers can be used to P 250 Layers oo s
o oo 0 MNumerical Data Array

achieve acceptable reflectivity and bandwidth. o S T —

- Li2009

\\

=
@

Efficiencies [%]
40

20

T T T
0.5 0.52 0.53 0.54 0.55 0.56 0.57 0.58 0.59
Wavelength ("Plane Wave" (#0)) [pm]
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Modeling of Multi-Stack Reflective Polarizer

Nine stacks in the reflective polarizer,
each stack with 50 alternate layers,
hence 450 layers in total.

Edit Stratified Media Component *
;ﬁ Component Size 20m|n| x | 20 mm ﬂ
Reference Surface (all Channels)
Coordinate
Systems Plane Surface
kg B iowi Zi e
Position / Aperture
Crientation e
|| Coating M
@ : Nome [Arisoiropic Layer Stack ~ Define Stack of Anisotropic Layers
1
1 = 7
Structi
Coating Orientation ‘-—-ant Side Application Index: 1 | i
2 N coating
Homogeneous Medium Behind Surface 3 f ‘_‘ Layers
Solver NOA81 in Homogeneous Medium 4 \ = ‘|‘
S |7 Load Z kit Index | Thickness Medium |  Orientation | A
=N 443 11264 nm | m | BLO38_Uniaxial_Cryst| (0=0°, 6=90%) |
.c_na ‘—I 444 13057 nm m | NOA81 in Homogene| N/A
nnel |
445 112,64 nm 7| BLO38_Uniaxial_Cryst| (0=0%, 6=90%)
446 13057 nm | 3 7| NOAB1 in Homogene N/A j
447 11264 nm m | BLO38_Uniaxial_Cryst| (0=0%, =907 |
e 448 13057 nm 1| NOA81 in Homogene N/A ‘
. . . | 3 PR | - =
Configure Layer Sequence Replication X0 449 11264 nm | 51038 _Uniaxial_Cryst) (p=0°, 8=90°) |
I 450 13057 nm 1 | NOA81 in Homogene| N/A | v
ayer Sequence | I — - —— - = g
ﬂ 1 1_S | Append Insert rOriete == == = AT o= =T ———1
| Ind&x of First Layer 1 .
! — I e Append Repeated Layer Sequence
: Index of Last Layer 50/~ : Wwele:\gmamge of Materials P P b
1 ] Janfimum Wavelength  Maximum Wavelenglh mm = m e mmc e = —m e e e =]
: 1 8-~
” n - -
| No.of Replications ol Js 400.1111667 nm 1.000269477 ym
| 1
]
P |
{ o] o [ || ot | [ e
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Expanded Bandwidth by the Multi-Stack Method

normal The reflection efficiencies of single-stack and multi-stack structures were calculated
incidence under wavelength scanning. The simulation shows that, compared with the single
stack, an expanded bandwidth is achieved through the multi-stack method.

.~ =

B, 3: single stack vs multi-stack o | & =

MNumerical Data Array

Stack 2

Diagram Table  Value at x-Coordinate

— Single Stack M
= Multi Stack

80

Detector Plane

\‘
(%
60
—

10 - Multi-stack structure achieves

OB W reflectance ~ 100% for a much g

06 broader bandwidth when

R :
" compared to a single stack. o
0.2
0
04 06 08 10 T T T T 1 1 1 1 1 T T
Wavelength (um) 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

simulation result compare with Li Wavelength (“Plane Wave” (#0)) [pm]
et. al. J. Display Technol. 5, 335-
340 (2009)
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Investigation of Reflectance Efficiency with Different Incident Angle

Incident with
an angle

)

Detector Plane

1=
0.8
0.6
R
0.4

0.2

0

0.4 0.6 0.8 1
Wavelength (um)

simulation result compare with Li

et. al. J. Display Technol. 5, 335-
340 (2009)

To achieve a wide-view LCD, the reflective polarizer should also be designed for

oblique incidence. Therefore, the performance of the reflective polarizer at
different incident angles is further investigated.

E 4: efficiency vs. incident angle

Numerical Data Array

[E=H EoR ==

Diagram Table

Value at x-Coordinate

o
w

— Normal Incidence

-

L

For the application of a wide-view
LCD reflectance remains quite high
in the visible region even at 85°
incident angle.

—TT

— 30deg
11— 60 deg
85 deg \
_i' T T T T T T T T L] L L l
0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

Wavelength (“Plane Wave” (£0)) [um]

0.85 0.9 0.95
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Example 04

Simulation and Analysis of Anisotropic Coating on
Plane and Curved Surface

R see the full Application Use Case



https://www.lighttrans.com/use-cases/feature-use-cases/simulation-and-analysis-of-anisotropic-coating-on-plane-and-curved-surface.html
https://www.lighttrans.com/use-cases/feature-use-cases/simulation-and-analysis-of-anisotropic-coating-on-plane-and-curved-surface.html

Quarter-Wave Plate Coating on Plane Surface

anisotropic coating

- lambda/4 wave plate detectors
- Calcite crystal (uniaxial) - perpendicular to
2 2 . .
© Mpe = (Ape + 22 4 Dot yos beam directions

AZ_CO’e AZ_Eo'e

plane wave ;

- wavelength: 532nm /

- polarization state: linearly
polarized along x

- off-axis angle: 0°, 15°, 30°

_____
- ~~a
~

How does the polarization
state of the input field with
different incident angles
change after passing through
the quarter-wave coating?

-

geeeeli/
.
kaaee‘.

. ]
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System Building Blocks — Source

Edit Scanning Source x [
— I Scanning Source I Lambda/4 Plane Plate Raw Data Detector
Basic Parameters Specific Parameters Ray Selection Polarization Mode Selection 1 | —
D =
Intensity Distribution 'l :
Coordinate I 0 I < 601
Systems From Crw_grﬂti_cﬁcllsiet - - o o a
r -y - -_— — - [y -——‘ ————— %0 mm %: 0 mm
I (®) Constant 1 : ¥Y:0mm ¥Y:0mm
| R i Z: 25 mm Z0mm
\ Number of Directions 1| = 3
Position / 1 ‘
Orientation 1 Wavelength _ 532 nm| I
I I
I - : I
: Central Direction 0| | 15 1 Edit Scanning Source >
|
iinies I @ Field of View | 7] ) -
Parameters { Basic Parameters Specific Parameters Ray Selection Polarization  Mode Selection
—-—-—--—-———————---——----—---—'
O Angular Pitch 15° 7 e o e e ™ o i g
1 Polarization Input (]
Source Plane Configuration Coordinate I Type of Polarization | Linearly Polarized ~ |
Systems 1 |
Mode Coordinate System defined by () Direction of Mode (@) Source Plane 1 " ||
] Angle o 1
|
gy g P oy o, e
Position /
Ry QOrientation
S N S N NI W S VU W U s SOV

MNormalized Jones Vector

A Scanning Source is used to model the input plane e (Jx ) ] ( )
waves. It is a convenient tool for the specification of e

several directions simultaneously and for
polarization management. I W

23

ly
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System Building Blocks — Coating on Surfaces

Scanning Source

Raw Data Detector

Define Stack of Anisotropic Layers x D
SN substrate 0
Index: 4 |
2 [ coating
3 ] X | Layers
4 a4
. [ - - -
Ir'n:h!xlI Thickness Distance Medium Orientation
Calcite-Crystal CaC...
] 7617068 nm | 7617068 nm 3 2 Q (=007 ¢=207) ./
1 =
e XV
Definition Type | LightTrans Defined v~ |  Content Appearance
“ - ———— - i my Wavelength (@ Index Ellipsaid () Velocity Ellipsoid
L
JJ 5 Crstals 1 [ Optical Axis [[] wave Direction & Eigen Indices
I BismuthMolybdate-Crystal_Bi2(MoO/| I
I - Calcite-Crystal_CaCO3_Uniaxial I
- CaMoQ4-Crystal_Uniaxial R A
l ?--LVSO:C=—Crystal,Lupt}V(Z—x)S\OS,Biax ' Q ‘-I_' O T3]
-+ MagnesiumFluoride-Crystal_MgF2_{ I
‘ - Quartz-Crystal_SiO2_Uniaxial I
I Rutile-Crystal_TiO2_Uniaxial I
I Titanium(lY)-Oxide-Crystal_TiO2_Uni| I
i+ YAIO3_Nd-doped1.14%-Crystal-Biaxi [
I - YAIO3_undoped-Crystal-Biaxial
L L. ZnWO4-Crystal-Biaxial
M Momegencous Media T ™
1.6628

choose from the predefined
anisotropic media or use a
template medium and
customize the parameters, the
preview of the medium is
shown on the right

z

¢

>

Tools i Show Preview Cancel Help

L ——————— -_— .

With the help of the Waveplate Calculator, the thickness of

601

the coating layers can be calculated to achieve the desired
retardation between the field components.

7: Waveplate Calculator

Design Wavelength

Retardation

Quarter Wave

Medium

[ Load
[[] Use Minimum Thickness

Absolute Retardation

Calculated Thickness

validity: @

~ | Phase Difference

Calcite-Crystal_CaCO3_Uniaxial

=)o =

532 nm|

1.570796327 rad

~ |

/ Edit Q, view
| 1570796327 rad|
| 7617068705 nm| il
Close Help
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Polarization Conversion at a Quarter-Wave Plate

quarter-wave

plate
T —
circular
polarization
out
In the idealized situation, when linearly
i - polarized light impinges on a gquarter-wave plate at
45° to the optic axis, the transmitted light is
divided into two equal electric field components.
|' i One of these is retarded by a quarter wavelength
gg‘f;:zaﬁon and the overlap of both beams at the exit plane of

the plate generates circularly polarized light. And
z vice versa: if the incident light is circularly

|< Somssesmnm assorsimm polarized, it will be transformed into linearly

polarized light.

in

-3.002929688 mm
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Influence of Fresnel Effect Deviation

2.997070313 mm

-3.002929688 mm

off-axis angle: 0°, 15

-3.002929688 mm 2.997070313 mm

plane wave
linearly polarized along x

o’ 30°

=

Define Stack of Anisotropic Layers

2 | Coating

Layers

118.6481 nm 301

99.68587 nm ['01430663

combination of

isotropic AR coating
and anisotropic layer

A ol

ith Range of Materials

7 | Titanium_Dioxide-TiC) M/A
7 | Aluminium_Owxide-A1Z N/A

7 | Aluminium_Cndde-AlZ MN/&

m | Titanium_Dioxide-TiC| M/&
m | Magnesium_Fluoride| M/&

Wavelength  Maximum Wavelength

=

710 nm

Orientation

7 | Uniaxial Crystal ¥:90% 72 45°

However, when a real quarter-wave coating is configured, the two divided
electric field components will face different refraction indices inside the
crystal.

Hence, the Fresnel effect when leaving the crystal will differ for the two
electromagnetic field components as well, and the polarization state of the
transmitted light will form an ellipse instead of a perfect circle.

In order to eliminate this influence, an additional anti-reflection coating is
applied together with the crystal coating. Then the perfect circularly
polarized light is observed.

E, after real structured quarter-wave plate with & without AR coating
] 0.683 c 0.708
E
£ -
1 = 3
1 o &
1 = =
1 & @
1 P ™
I _
I 0333 0.334
i £
2 £ E
2 z
= =
EH o
s ]
EH o
= o
S o
o ™
- -3,002929688 mm 2.887070313 mm 0 -3.002529688 mm 2.987070313 mm ’
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Quarter-Wave Plate Coating on Plane Surface

2.997070313 mm

-3.002929688 mm

linearly polarized along x
off-axis angle: 0°, 15°, 30°

-3.002829688 mm

plane wave

TS

2.997070313 mm

2.997070313 mm

-3.002929688 mm

.
E, |

29970703132 mm

n
u

-3.002828688 mm

0.708

0,254

2.987070313 mm

-3.002929688 mm

-3.002929688 mm

2.987070313 mm

0.705

0,352

2.997070313 mm

-3.002929688 mm

E, after real structured quarter-wave plate with 0°, 15° and 30° of incidence

-3.0025929688 mm 2.997070373 mm

Another additional effect that might influence the polarization
conversion is the angle of incidence. Due to the projection of the
components of the field on the plane of the plate, the resulting
polarization state will become more elliptical with increasing angle.

0.604

0.347
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Quarter-Wave Plate Coating on Curved Surface

2.997070313 mm

-3.002929688 mm

plane wave
linearly polarized along x
off-axis angle: 0°, 15°, 30°

If a quarter-wavelength coating is applied to a curved surface
instead, which curvature allows the light to propagate along the
normal vector of the surface, the effect of different projections of
the field components can be avoided. This results in perfect
circular polarization for all angles of incidence.

E, after real quarter-wave coating on curved surface with 0°, 15° and 30° of incidence

] o708 0.708 0.708

2.997070313 mm
2.997070313 mm

2.997070313 mm

0.354 0.354 0.354

-3.002929688 mm
-3.002929688 mm
-3.002928688 mm

-3.002929638 mm 2.997070313 mm - -3.002929888 mm 2.897070313 mm - -3.002929688 mm 2997070313 mm
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Example 05

Conical Refraction in Biaxial Crystals

R see the full Application Use Case



https://www.lighttrans.com/use-cases/application/conical-refraction-in-biaxial-crystals.html
https://www.lighttrans.com/use-cases/application/conical-refraction-in-biaxial-crystals.html

Modeling Task

£ 70.3 mm

| 15 mm | 30 mm | N|
[ I< 0 g i
Z
> T
<
z
Ay—
>
input field KGd crystal
fundamental Gaussian refractive indicies
- wavelength 632 nm n. = 2.013 >
- circularly polarized n; = 2.045 "
n; = 2.086
crystalline orientation
X =(0.74, ?6 01-68 What is the field after being
y=u, 1,

focused and propagating

7 =(-0.67,0,0.74) -
through a biaxial crystal?
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Simulation Results

units)

S S —. S

Radial distance (mm)

B, 47: 1D (Radial) Intensity Distribution =N Ech=|
Numerical Data Array
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P
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@
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Radial Distance [mm)]
Field Distributions in Image Plane
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2
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Experimental measurements
from C. F. Phelan et al., Opt.
Express 17, 12891-12899 (2009)

Both the E, and E,, components of
-~ the field distributions in the focal
image plane are in double-ring
patterns, with missing parts on the
right and left, respectively.
Consequently, in the summed
squared amplitude, a complete

double-ring pattern is observed.
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Summary — Components...

O T

... of Optical System

... in VirtualLab Fusion

Source Model/Component Solver

1. Source Gaussian Source
2. Lens Ideal Lens
3. KGd Crystal Crystal Plate Layer Matrix [S-Matrix]
4. Detector Camera Detector -
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VirtualLab Fusion Technologies

nonlinear free
cr_ystals & components SPace prisms,
anisotropic olates,
components @ cubes, ...
waveguides @ lenses &
& fibers

a freeforms

_ apertures &
scatterer Field boundaries
Solver

diffusers ( \ gratings
diffractive diffractive,
beam Fresnel, meta

splitters lenses
SLM&  micro lens & HOE, CGH,
adaptive  feaform DOE
components

arrays

# lidealized component
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