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Fast Physical Optics Modeling and Design Software

VirtualLab Fusion VirtualLabeuson
Physical Optics Software
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Huge Variety of Application Scenarios in Optics & Photonics

Laser material
processmg
Holography

Ultra short

@ optics
optics AR/VR
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Huge Variety of Application Scenarios in Optics & Photonics
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Application scenarios & modeling/design tasks
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Modeling Techniques
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Physical Optics Includes Ray Optics

FUNDAMENTALS OF

PHOTONICS

Quantum Optics

Physical
Optics

Ray Optics
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Physical Optics Modeling: One Universal Solver

Ray Monte Physical

Optics Carlo Ray
Tracing

Optics

Universal physical optics solver:

Fast Slowly Slowly, often practically impossible
A ™
_—_—T T T~ \\;(: \\\\
! \\ \ a I I Quantum Optics
'\' N ' Physical
\ e Optics
S~ e _o-- -7 Ray Optics

K Application scenarios & modeling/design tasks /
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Physical Optics Modeling: One Universal Solver

Ray Monte
Optics Carlo Ray
Tracing

Physical

Optics

Universal physical optics solver:

Fast Slowly Slowly, often practically impossible
A N
T 4 \ BN

lI . \\I " Quantum Optics

| N ' Physical

' o Optics

S - _- Ray Optics

K Application scenarios & modeling/design tasks /
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Physical Optics Modeling by Universal Solver

2@

Components in optical system
-

Universal
Solver

One-size-fits-all
physical-optics solver
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Fast Physical Optics: Connecting Solvers

~

Field Solver

One-size-fits-all
physical-optics solver

Field Solver | ' e’.f-f tﬁr

v

Various specialized
physical-optics solvers

Lenses Field Solver Micro- ;“ B
and Nano- structy

Field Solver
Gratings

Field Solver
Fibers

\_ Components in optical system
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Fast Physical Optics Modeling: Connecting Solvers

Ray Monte
Optics Carlo Ray
Tracing

Physical

Optics

Universal physical optics solver:

Fast Slowly Slowly, often practically impossible
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Fast Physical Optics Modeling: Connecting Solvers

Fast
Ray Monte Physical
Optics Carlo Ray Optics

Tracing

Slowl
Fast y
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Connecting solvers: Optimized speed
for given application scenario

Quantum Optics

Physical
Optics

Ray Optics
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Fast Physical Optics Modeling: Connecting Solvers

As fast as ray tracing

Fast
Ray Monte Physical
Optics Carlo Ray Optics
Tracing
Connecting solvers: Optimized speed
Fast for given application scenario
—

~

Quantum Optics

y
e

Physical
Optics

e Faster than Monte Ray Optics
Carlo ray tracing
K Application scenarios & modeling/design tasks /
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Fast Physical Optics Modeling: Connecting Solvers

Physical optics modeling
solvers can be seamlessly
adapted to application scenario
and design task.

Fast
Physical
Optics

Connecting solvers: Optimized speed
for given application scenario

4 / N

New version 2022.1
Modeling editor and wizard for easy configuration to adapt
physical optics modeling to application scenario

K Application scenarios & modeling/design tasks /
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Fast Physical Optics Modeling: Detectors

Physical optics system
modeling provides
electromagnetic field:

E and H

>

All light quantities can
be calculated from field
without further system
simulations.
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Fast Physical Optics Modeling: Detectors

Physical optics system
modeling provides
electromagnetic field:

E and H

>

Aberrations
Amplitude and Phase
Polarization
Coherence
Radiometry
Photometry

Pulse length

Etc.
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Fast Physical Optics Modeling: Detectors

Physical optics system
modeling provides
electromagnetic field:

E and H

>

Aberrations
Amplitude and Phase
Polarization
Coherence
Radiometry
Photometry

Pulse length

Etc.
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Fast Physical Optics Modeling: Radiometry Detectors

_ : * Intensity
Physical optics system e Irradiance
modeling provides Poynting vector: « Energy density
electromagnetic field: S =(5.,85,,5.) :> - Radiant intensity
E and H « Radiance

 Flux
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VirtualLab Fusion: New in Version 2022.1

Edit Electromagnetic Field Detector (Focus)

Detector Window and Resolution Detector Function Detector Add-ons

[] evaluate Field in k-Domain

Edit Electromagnetic Field Detector (Focus)

Detector Window and Resolution Detector Function Detector Add-ons

Show Original Detector Output

Coordinate Field Components Coordinate "
Systems Systems Poynting Vector / Edit | validity: @ F X
Ex-Component Ey-Component Ez-Component
/@ Hx-Component Hy-Component Hz-Component /@ e 7 Edit | validity: @ ? X
Position / Position /
Orientation Field Quantities Orientation [“] Energy Density / Edit | validity: @ s
(O Amplitude Only (® Amplitude and Phase
Wavefront Phase \| Extract
Parameters Parameters
OQutput
Fa I:: Interpolation Method t Neighbor v = I;
Fr:S.pace Color Table Q! I Fr:S.pace
Propagation Propagation
[[] show Polarization Ellipse:
Calculate detector
Calculate field by quantities AFTER
Show coherent modes separately | Add.. Fe
=
| validit: @ oK Cancel | vaiidit: @ Cancel Help
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VirtualLab Fusion: New in Version 2022.1

Edit Electromagnetic Field Detector (Focus) Edit Electromagnetic Field Detector (Focus) X
Detector Window and Resolution Detector Function Detector Add-ons Detector Window and Resolution Detector Function Detector Add-ons
[] evaluate Field in k-Domain Show Original Detector Output
Cc;or:!inate Field Components Ccs’ordinate o
ystems ystems Poynting Vector / Edit | validity: @
Ex-Component Ey-Component Ez-Component
/@ Hx-Component Hy-Component Hz-Component /@ rad e 7 Edit Validity.o 7 X
Position / Position /
Orientation Field Quantities Orientation Energy Density Z Edit | validity: @ s
(O Amplitude Only (® Amplitude and Phase
| . — — A ‘l
Detector
Parameters
i jor furth lerati
I || « Major further acceleration
Free Space
Propagation .
of modeling speed
« Unmatched flexibility in Calculate detector
detect luati quantities AFTER
(=, Add .. _Fv
|
| validit: @ oK Cancel Help | vaiidit: @ Cancel Help
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Setup for Demonstrations: Focusing Gaussian Beam

detector
+ E Field
* Poynting Vector
* Energy Density

Gaussian beam . :;rtaeii;?ce
« wavelength 532nm Y
* linearly polarized in x

spherical phase transmission

Example #1 with NA = 0.025
Example #2 with NA = 0.93

www.LightTrans.com



Focal Plane: NA= 0.025 (Scaling per Component)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:
(15=, 1Syl [5z])

E=: 6: Electromagnetic Field
Electromagnetic Field

Diagram Table  Value at (xy)

Squared Amplitude of “Ex-Component” [1E6 (V/m)?]

-

X [um]

¥ fum)
-10 0 10 20

-20

E=: 6: Electromagnetic Field
Electromagnetic Field

=, 6: Electromagnetic Field
Electromagnetic Field

Diagram Table  Value at (xy)

Squared Amplitude of “Ey-Component” [(V/m)?]

X [um]

¥ fum)
-10 0 10 20

-20

0.5

Diagram  Table  Value at (xy)

Squared Amplitude of “Ez-Component” [1E2 (V/m)?]

9.93

4,97

Y [um]
0

= 11: Poynting Vector

Numerical Data Array

Diagram Table  Value at (xy)

Poynting Vector (X-Component) [1E-8 W/m?]

5.44

Y [um)

X [um]

=, 11: Poynting Vector

Numerical Data Array

Diagram  Table  Value at (xy)

Poynting Vector (Y-Component) [1E-8 W/m?]

-20 -10 0 10 20

X [um)

Y[um]
10 0 10 20

-20

[o]® el

= 3: Z-Component of Poynting Vector
Numerical Data Array

Diagram Table  Value at (xy)

Poynting Vector (Z-Component) [1E3 W/m?]

Iﬂ

X [um]

Y [um]
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Focal Plane: NA= 0.025 (Unified Scaling)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:
(15=, 1Syl [5z])

E=: 6: Electromagnetic Field
Electromagnetic Field

Diagram Table  Value at (xy)

Squared Amplitude of “Ex-Component” [1E6 (V/m)?]

-

X [um]

Y [um]

E=: 6: Electromagnetic Field
Electromagnetic Field

=, 6: Electromagnetic Field
Electromagnetic Field

Diagram Table  Value at (xy)

Squared Amplitude of “Ey-Component” [1E6 (V/m)?]

Diagram  Table  Value at (xy)

Squared Amplitude of “Ez-Component” [1E6 (V/m)?]

= 3: X-Component of Poynting Vector
Numerical Data Array

Numerical Data Array

Diagram Table  Value at (xy)

Poynting Vector (X-Component) [1E3 W/m?]

o
«
=)
o
o
o
=

X [um]

Y [um]

Diagram Table  Value at (xy)

Poynting Vector (Y-Component) [1E3 W/m?]

c .
&
-20 -10 0 10 20

Y [pm]
-10 0 10

-20

2.88

1.44

200
o
&
o
i o E o 1.08
= =
o
o
0
0
X [um]
I, 3: Y-Component of Poynting Vector 1B, 3: Z-Component of Poynting Vector =2 S

Numerical Data Array

Diagram Table  Value at (xy)

Poynting Vector (Z-Component) [1E3 W/m?]

- ]

X [um]

Y [um]
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Focal Plane: NA= 0.025

-20

10 20

-10 0
X [um]

B 183 Energy Density at Detector Plane o |- 8
Numerical Data Array
Diagram Table  Value at (x)
Energy Density [1E-6 (V/m)?]
9.61
5 4.8
>
IR E36

g Energy Density at Detector Plane

Chromatic Fields Set

Energy Density

We X |Em‘2 + ’EUP + ’E2|2

E? for 532 nm [1E3 (V/m)?]

= Intensity at Detector Plane

Numerical Data Array

Value at (xy)
Poynting Vector (Length) [1E3 W/m?]

Diagram Table

Y [bm]

-20

2.88
5 1.44
>
0
-20 -10 0 10 20
X [pum]
Irradiance

E.=5.

2.88
1.44
0
-10 0 10 20
X [um]

Intensity
Iworr = ||S]
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Focal Plane: NA= 0.93 (Scaling per Component)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:
(15=, 1Syl [5z])

Y [um]
0

Poynting Vector (X-Component) [mW/m?]

0.733

0.366

Y (um

Poynting Vector (Y-Component) [mW/m?]

0.519

0.259

[ 1: Electromagnetic Field o [0 ] IX: 1: Electromagnetic Field = EoE <= B, 1: Electromagnetic Field E=mEcE
Electromagnetic Field Electromagnetic Field Electromagnetic Field
Diagram Table  Value at (xy) Diagram Table  Value at (xy) Diagram Table  Value at (xy)
Squared Amplitude of “Ex-Component” [1E8 (V/m)?] Squared Amplitude of “Ey-Component” [(V/m)’] Squared Amplitude of “Ez-Component” [1E8 (V/m)’]
4.51 1 5.76
~ ~ ~
ENS 2.26 Eo 05 E o 288
> > >
o o &
0 0 0
-2 -1 0 1 2 -2 -1 0 1 2 -1 0 1 2
X [um] X [um] X [pm]
= 15: Poynting Vector =3 HCh ™<= E=: 15: Poynting Vector B 2: Poynting Vector o|@
Numerical Data Array Numerical Data Array Numerical Data Array
Diagram Table  Value at (xy) Diagram Table  Value at (xy) Diagram Table  Value at (xy)

Poynting Vector (Z-Component) [W/mm?]

0.863
0.432

Y [um]
-1 0 1 2

-2
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Focal Plane: NA= 0.93 (Unified Scaling)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:
(15=, 1Syl [5z])

E=. 1: Electromagnetic Field o=|[-E-]) I 1: Electromagnetic Field o=|[-E-] = 1: Electromagnetic Field E=NEoR
Electromagnetic Field Electromagnetic Field Electromagnetic Field
Diagram Table  Value at (xy) Diagram Table  Value at (xy) Diagram Table  Value at (xy)
Squared Amplitude of “Ex-Component” [1E8 (V/m)?] Squared Amplitude of “Ey-Component” [1E8 (V/m)?] Squared Amplitude of “Ez-Component” [1E8 (V/m)?]
5.76 5.76
~
s E 2.88 E o 288
> = >
‘ : o
0 0
-2 -1 0 1 2
X [um] X [um] X [um]
B 2: Poynting Vector =0 B 2 Poynting Vactor =8 Eon | B 2: Poynting Vector =8 E
Numerical Data Array Numerical Data Array Numerical Data Array
Diagram Table  Value at (xy) Diagram Table  Value at (xy) Diagram Table  Value at (xy)
Poynting Vector (X-Component) [W/mm?] Poynting Vector (Y-Component) [W/mm?] Poynting Vector (Z-Component) [W/mm?]
0.863 0.863 0.863
~
= = =
5 0.432 5 0432 E o 0.432
> > >
Y > O
0

X [um]

X [um]
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Focal Plane: NA= 0.93

E 212: C:\Users\...\Energy_Density.da
Numerical Data Array

Diagram Table Value at (xy)

Energy Density [1E-3 (V/m)?]

Y [pm]

3.07

1.54

n 210: Irradiance at Detector Plane

Chromatic Fields Set

Y [um]

Irradiance for 532 nm [W/mm?]

0.863
o~
o 0.432
o
0
-2 -1 0 1 2
X [um]

B 211: Intensity at Detector Plane || ==
Numerical Data Array
Diagram Table  Value at (xy)
Poynting Vector (Length) [W/mm?]

0.863

5 0432

>

0

Energy Density

We X |Em‘2 + ’EUP + ’E2|2

Irradiance

Intensity
Iworr = ||S]
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Setup for Demonstrations: Divergent Gaussian Beam

detector
* E Field
* Poynting Vector
* Energy Density
Gaussian beam :rrtadna_rtwce
» wavelength 532nm niensity
* linearly polarized in x

spherical phase transmission

Example #1 with NA = 0.025
Example #2 with NA = 0.93
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Behind Focal Plane: NA= 0.93 (Scaling per Component)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:
(15=, 1Syl [5z])

= 1: Electromagnetic Field

Electromagnetic Field

B=: 1: Electromagnetic Field

Electromagnetic Field

E=. 1: Electromagnetic Field
Electromagnetic Field

Diagram Table  Value at (xy)

Diagram Table  Value at (xy) Diagram Table  Value at (xy)
Squared Amplitude of “Ex-Component” [(V/m)?] Squared Amplitude of “Ey-Component” [(V/m)?] Squared Amplitude of “Ez-Component” [(V/m)*]
1 1 46
0
=1
n
E E E
E 0.5 £ o 0.5 E 23
> > >
w
=
n
0 0 o
-15 -10 -5 (] 5 10 15
X [mm]
=, 16: Poynting Vector [, 16: Poynting Vector [, 2: Poynting Vector
Numerical Data Array Numerical Data Array Numerical Data Array
Diagram  Table  Value at (xy) Diagram Table  Value at (xy) Diagram Table  Value at (xy)
Poynting Vector (X-Component) [mW/m?] Poynting Vector (Y-Component) [mW/m?] Poynting Vector (Z-Component) [ [mW/m?]
635 254
I
° o
n
z T w E
E 317 £ o 127 £2O
’ ’ w ’
w
o
2 5
n
0 (]
-15 -10 -5 0 5 10 15
X [mm] X[mm]
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Behind Focal Plane: NA= 0.93 (Unified Scaling)

Electric field square amplitudes:

(1B, | Ey|*, | B )

Amplitudes Poynting vector:

(15z1, 1Syl, 15=1)

= 1: Electromagnetic Field

Electromagnetic Field

B=: 1: Electromagnetic Field

Electromagnetic Field

E=. 1: Electromagnetic Field

0
[2

Electromagnetic Field

Y (mm]

Diagram Table  Value at (xy)

Squared Amplitude of “Ex-Component” [(V/m)*]

X [mm]

46

Y (mm]

10

10

15

Diagram Table Value at (xy)

Squared Amplitude of "Ey-Component® [(V/m)*]

46

23

0
-15 -10 5 0 5 10 15

X [mm]

¥ (mm]

Diagram Table  Value at (xy)

Squared Amplitude of “Ez-Component” [(V/m)*]

46

X [mm]

=, 16: Poynting Vector

Numerical Data Array

Y [mm]

Diagram Table  Value at (xy)

Poynting Vector (X-Component) [mW/m?]

= 16: Poynting Vector

Numerical Data Array

¥ [mm]

15

10

10

Diagram Table  Value at (xy)

Poynting Vector (Y-Component) [mW/m’]

6.35

3.18

0
-15 -10 -5 [ 5 10 15

X [mm]

=, 16: Poynting Vector

Numerical Data Array

Y [mm]

15

10

10

15

Diagram Table  Value at (xy)

Poynting Vector (Z-Component) [mW/m?]

6.35

3.18

0
-15 -10 -5 0 5 10 15

X [mm]
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Behind Focal Plane: NA= 0.93

E 193: Energy Density at Detector Plane
Numerical Data Array

n 35: Irradiance at Detector Plane

Chromatic Fields Set

Diagram Table Value at (xy)
Energy Density [1E-11 (V/m)?]
2.21
E
£ 121
e
0
-10 0 10
X [mm]

Y [mm]

Irradiance for 532 nm [mW/m?]

0.136
0.0681
0
-50 -25 0 25 50
X [mm]

H 34: Intensity at Detector Plane

Numerical Data Array

Diagram Table

Y [mm]

Energy Density
We X |Em‘2 + ’EUP + |E2|2

Irradiance

E,: z

Value at (xy)
Poynting Vector (Length) [mW/m?]

0.413
0.207
0
-50 -25 0 25 50
X [mm]

Intensity
Iworr = ||S]
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High-NA Pulse Focusing

gaussian pulse

center-wavelength 800nm
Smmx5mm

5fs pulse duration

linearly polarized in x

lens
« NA=0.68

B, 25: Intensity oo

Numerical Data Array

Diagram Table  Value at (xy)

Poynting Vector (Length) [1E3 W/m?]

3.65

1.83

Y [um]

Intensity for central wavelength
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Point Extraction

=} 25 Intensity

Numerical Data Array

Diagram Table

pr

. 35: Spectrum

[ [® |

r

B 27: Pulse in Time Domain || (=

Pulse Component At One Point

Intensity [1E3 W/m?*]

Diagram

=
)

25

1k

0.5

Pulse Component At One Point

Table Value at x-Coordinate

T T T T

0.6 0.8 1 1.2
Wavelength [pm]

Diagram

Intensity [1E2 W/m?]

Table Value at x-Coordinate

Value at (xy)

Poynting Vector (Length) [1E3 W/m?]

-0.1 0
Time [ps]

0.1

= Eh ~= :
Intensity at 800nm
3.65
B 36: Spectrum E]@ B 17: Pulse in Time Domain lE' (=} @
Pulse Component At One Point Pulse Component At One Point
Diagram Table  Value at x-Coordinate E] Diagram Table  Value at x-Coordinate E]
- <
o
0 -
o~
E . E-
= F o
2, Z 3
Zz 23
c =
U - b
= =
wn
) ° V\
T T T T 1 T
0.6 0.8 1 1.2 -0.1 0 0.1
Wavelength [pm] Time [ps]
< >

N
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Summary

Fast
Physical
Optics

¢ FaSt phyS|Ca| OpthS SOftwa re Physical optics modeling solvers can
be seamlessly adapted to application

most flexible in modeling and  scenarioand desion taskc
. As fast as possible. for given scenario
d eS I g n . and accuracy requirements

. 4 / ™
« Example of flexibility: Any A4 ——
detector function can be T S A

calculated from one system S T |
mOdellng In a pOStproceSSIng K Application scenarios&mo<~j;e-l}r-1—g5/—design tasks /

step! /\
* New in VirtualLab Fusion Physical
version 2022.1 - mmer 2022

Optics

Ray Optics

www.LightTrans.com
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