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Optical Design Software and Services

Booth #4545
(German pavilion)

WYROWSK|
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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Physical-Optics System Modeling

# B-dS=0

e fils]

Maxwell-Faraday
aaaaaaaa _ d :

(Faraday's law of fz‘_ E.de= Tt /j‘; Blcd
Ampére's

circuital law (with - 2 d = E JE
e i:B ~de = M.[LJ -dS +;¢'M.m[/};E +dS| VxB=py (J + oy

)

Homogeneous

Solve Maxwell's equations for given
source field and components.
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Physical-Optics System Modeling

~

equations with one field solver,

e.g. FEM, FMM, or FDTD, for
entire system not feasible

~_ because of numerical effort! /
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Physical-Optics System Modeling

~

= n How to obtain a reliable and
= - | fast physical optics solution -

whenever possible?

/
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Connecting Optical Technologies / Maxwell Solvers

Field Solver
Prisms, ...

kB
Field Solver
Lenses, ...

Bl

Field Solver micro-
and nano-
structures
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Connecting Optical Technologies / Maxwell Solvers

Problem:
Application of a single field solver, e.g. crystals & components space  prisms,
FEM or FDTD, to the entire system: o Rirvel
Unrealistic numerical effort waveguides ' lenses &
& fibers ~ freeforms
scatterer Field Bmdarios

beam Fresnel, meta

* Interconnection of different solvers splittors o
SLM& icro lens & HOE, CGH,
and so to solve the complete [Jdaptive “fresform  DOE
system. R

Solution: Solver
« Decomposition of system and diffusers ' ' gratings
application of regional field solvers. o o
diffractive diffractive,
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VirtualLab Fusion — Diffractive Optics Applications

nonlinear free
crystals & compon... space
anisotropic prisms, plates,
components cubes, ...
waveguides & lenses &
4 ] I fibers freeforms
Selection of
" " apertures &
VirtualLab Fusion ‘ Field ‘ poundaries
applications for S
diffusers ratings
metasurfaces grating
/
diffractive beam diffractive, Fresnel,
splitters meta lenses
SLM & adapti
compznzﬁtge micro lens & HOE, CGH, DOE
freeform arrays
9 LightTrans International



General Design Procedure

4 I
: . Metasurface unit cell
Desired phase profile look-ub tabl
OOK-Up table State-of-the-art. exchange
analytically given - theoretical model between several different
ray tracing design - FDTD/FEM/FMM calculation

software programms, e.g., ray
tracer, FDTD solver, and Matlab

IFTA calculation

> Distribution of cells -

// “\\
I \
\ ] A seamless workflow
\ / n .
~- | Postoptimization | <€~ within one platform?

. ]
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Blazed Meta-Grating Composed of
Square Pillars

% P. Lalanne, et al., "Blazed binary subwavelength gratings with efficiencies larger Fig. 2. Scanning-electron micrograph of the blazed binary
than those of conventional échelette gratings,” Opt. Lett. 23, 1081-1083 (1998) subwavelength grating. The horizontal period (along the
x axis) is 1.9 um, and the period in the perpendicular
direction ( y axis) is equal to the sampling period (380 nm).

The maximum pillar aspect ratio is 4.6.



Building Block / Unit Cell Analysis

pillar N2

diameter (d)

L

pitch (D)I

y

S d k-

llllll

TiO, (n=2.30)

m glass (n=1.52)

pillar L

diameter (d) x -

-
pitch (D)
x I

‘ height (H)
z k—
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Building Block / Unit Cell Analysis

transmission amplitude/phase vs. pillar diameter (@633nm)

[glass (n=1'52)] E= 37: Transmission and Phase vs. Pillar Diameter | ]
Mumerical Data Array
: Diagram Table Value at x-Coordinate
] e
. mismatch —
variable -
(aametre) - :
diameter (d) 5 o - e
g w Efficiency T[O; 0] =
= = Unwrapped Phase =
L] oy
= 3
. =t
&
pitch (D) 0.05 0.1 0.15 0.2 0.25 0.3 0.35
380nm - PillarDiameter (Optical Setup Parameter | Global Parameters of Cou. [um]
X
| height (H)
z k 3|

" 545nm LW Blazed Metagrating_01_Single Pillar ...
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Distribution of Cells = Linear Phase

P 36: Phase vs. Pillar Diameter =N E=H 5

Numerical Data Array
gIaSS (n=1 .52) Diagram Table = Value at x-Coordinate
e Desired phase is

variable a linear phase!

—— | |
pillar ]
[diameterm)g - -

Unwrapped FPhase [rad]
3

1
T T T T T T
0.05 o1 015 0.2 0.25 0.3 0.35
PillarDiameter (Optical Jetup Parameter|| Global Pasgmeters of ling S...

v \" AN ~
- T

i d 118nm 179nm 201nm 247nm 293nm
pitch (D)
. 38om | [ f=dD  0.31 047 053 065 0.7
_ Ay 0.20m 0.69m 0.98m 1.40m 1.73m
height (H)
Z k >l Selection of pillar diameters follows from P. Lalanne, et al., Opt.
545nm Lett. 23, 1081-1083 (1998)
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Distribution of Cells = Linear Phase

period (5D)
H B

]

]

period (5D)

P 36: Phase vs. Pillar Diameter =N E=H 5

MNumerical Data Array

Diagram Table Value at x-Coordinate

Ukwrapped Phasg [rad]
] 1 4 5 &

] 1
T T T T T T
0.05 o1 015 0.2 0.25 0.3 0.35
PillarDiameter (Optical Jetup Parameter|| Global Pasgmeters of ling S...

#1 zz #3 #4 #5
d 118nm 179nm 201nm 247nm 293nm
f=d/D 0.31 0.47 0.53 0.65 0.77
AY 0.20m 0.697 0.98n 1.40m 1.73m

Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)
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Performance Evaluation: Transmitted Phase Distribution

EEE o
1
B I
1
HE E N ]
=R I N a
a 2
~ ~ ! directly behind the gratin
3y 0 b o | N _. y 9 9
% % 1 = 10: Including Evanescent Waves
aQ B o | Neoto ooy
I Diagram Table Value at (x.y)
[ ] [ ] . - Phase of "Component Ex" [rad]
~ o 3.14
HEE o [ [ i
-
EEE o
-2.5 -2 -1.5 -1 -0.5 0 05 1 1.5 2 25
x u x -
| §

I

] L]
[, omom |
y D=380nm 7
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Performance Evaluation: Transmitted Phase Distribution

period (5D)

x

period (5D)

L

e

|

(G
g
3

directly b

5um behind the grating (evanescent waves damped)

E= ©: Excluding Evanescent Waves

=)

Numerical Data Array

E< 10: Including Evanes|

Diagram Table Value at (xy)

Phase of “Component Ex" [rad]

0.5

Y [pm]
0

3.4

0

-3.14
2.5 i 5 -0.5 0 0.5 1 1.5 2 25

linear phase with 5 levels

Y [um]

Diagram Table Value at (x.y)

P 3.14

o 0

= : ) -3.14
250 55 s gl g5 g gs a5 2 a5

Phase of "Component Ex" [rad]

X [um]

L_.___li Blazed Metagrating_02_Initial Blazed Grating
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Performance Evaluation: Diffraction Efficiency

HEHBE ]
HEE s
H B BN I /7
_— -
=== _— — — grating performance evaluation
@ / Efficiency
_'§ H H B ] /7 TE-polarization 80.2%
S 'm o N > TM-polarization 74.2%
E B B _ / Average 77.2%
... 5 - / Same average efficiency value reported in
P. Lalanne, et al., Opt. Lett. 23, 1081-1083 (1998)
HEN ]
X H EHBN x S

‘ sk
y D=380nm

2

L_.___lﬁ Blazed Metagrating_02_Initial Blazed Grating
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Post-Optimization of Metagrating

downhill simplex optimization with FMM/RCWA for grating analysis

E 39: Parametric Optimization (Downhill Sirmplex) = | =l | (S
Mumerical Data Array

Diagram Table Value at x-Coordinate

a0

- varying pillar positions
- - varying pillar diameters
- 10 variables in total

Average Efficiency [%)]

A5 50 5 100 125 150 175 200 225

Simulation Step
< »

x

period (5D)

L

L_.___li Blazed Metagrating_03_Parametric Optimization

N
O
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Post-Optimization: Initial vs. Optimized Structure

E=. 61: Blazed Meta-Grating - Initial =] &
Mumerical Data Array
Diagram Table Value at {xy) .
Efficiency
Amplitude of "Refractive Indices”
TE-polarization 80.2%
- S B TM-polarization 74.2%
= - 1650 Average 77.2%
1.0003
= 40: Blazed Meta-Grating - Optimized |- B | [
Mumerical Data Array
Diagram Table Value at fxy)
Amplitude of "Refractive Indices”
s Efficiency
= TE-polarization 85.5%
= 1.6501
> TM-polarization 87.0%
1.0003
00 04 06 08 1 12 14 16 18 Average 86.3%
X [pm]
L_.___li Blazed Metagrating_04_Optimized Blazed Grating
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Design of Meta-Grating as Large-Angle Spot Projector



Design Task

How to design diffractive beam splitters 7
that work beyond paraxial condition, W
especially with good uniformity and l

zeroth-order diffraction under control?
~60°

input beam
wavelength 940nm

beam splitting grating
- splitting into 3% 3 spots
- period 2x2um
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Desired Phase Profile Design (IFTA)

With differently random phase distributions
as starting points, IFTA calculates different

H 64: Phase-Transmission #1
Numeri

Diagram  Table Value at (xy)

Phase of Tra

Y [um]

1

J B 65: Phase-Only Transmission £2

Numerical Data Arr]

B, 66: Phase-Only Transmission #3

Numerical Datg

Diagram  Table Value at {xy)

¥ [pm]

Phase of Transmissio

X [um)

Diagram Table Value at (xy)

Y [um]

Phase of Transmis|

X [pm]

possible design results.

7

E:'. 67: Phase-Only Transmission #4

Numerical Data Array

Diagram Table Value at (xy)

Y [um]

-0.5 0
X [pm]

Phase of Transmission [rad]

0.5

N
B E‘_;Bs:Phase-OMyTransmission 25 | = | (=] EQ
Numerical Data Array
Diagram Table Value at (xy)
Phase of Transmission [rad]
- 3.14
[¥s]
o
E
= =05 0
=
[y
o
T T T 3.14
0.5 0 0.5
X [pm]
7
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Building Block / Unit Cell Analysis

selected
I parameter range I
™~ = I
nanopillar B=. 27: Transmission Efficiency and Phase vs. Pillar Diameter =N EcE <"
. Numerical Data Array
dlrrlljgrl;[sclsrq d diameter Diagram  Table Value at x Coordinate
U=400nm 0 T | B
—
I 8 -
_ x
5 ., H=465nm = / -
. . 5 ° |=== Efficiency T[O: 0] -
"nanopillar height = e / L3
\ j B. = Phase =
, , 5 < 7/ =
single nanopillar as the 2 ~
building block of the metasurface o / |
0.05 0.1 0.15 0.2 0.25 0.3 035
PillarDiameter (Optical Setup Parameter | Global Parameters of Cou... [pm]

L_.___li 2D Metagrating_01_Single Pillar Analysis ...
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Distribution of Cells

phase-diameter map / library

el |

metasurface structure

E 23: Initial Structure

(E=0 H=R =
Numerical Data Array

E 2T: Transmission Efficiency and Phase vs. Pillar Diameter
Mumerical Data Array
phase_0n|y transmi Ssion Diagram Table ~Value at x-Coordinate oy
E‘_'.BS: Phase-Only Transmission #3 | = | (=] E
Numerical Data Array —
Diagram Table Value at {x.y) =
o g | 4
Phase of Transmission [rad] — J
g
3.14 /"é == Efficiency T[0; 0]
/” =
-~ & _ |=== Phase
5 =
""" sl
5 [
£ o [~
E 0 v =<
= S
\\
I L ‘\ I T I T L
_ . N, - _ -
0.05 0. G.\\ 0.2 0.25 0.3 0.35
. . . S ,
T T T -3.14 PillarDiameter (Optical Setup Parah’x{ter | Global Parameters of Couw... [um]
05 0 0.5 S
\\~ ’f
X [um] T — -

Table Value at fcy)

Amplitude of "Refractive Indices”

2.4001

1.0003
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Performance Evaluation: Initial Design

top view of initial metagrating

;ﬂ 29: Top View of Initial Metagrating Structure

Numerical Data Array

[ [E ]mes]

Diagram  Table = Value at fcy)

¥ [pum]
06 08 1.2 1.4 1.6 1.8

0.4

0.2

02 04 06 038

1
X [pm]

1.2

Amplitude of "Refractive Indices”

3.8

2.4001

1.0003
1.4 1.6 1.8

pillar height=465nm

diffraction efficiencies

—I—: 16: Transmmission Result — Grating Order Analyz... EI@

Order Collection

(Grating Efficiencies

Diagram | Table

Efficiency [95]

A l 11.8
B
s
=
(k)
(su]
)
2 5.9
o
=
‘n
a
=
L)
iLa
v 0

-40 20 0 20 40

Cartesian Angle Alpha [°]

LY

&

~

Overall 79.4%
efficiency

Uniformity 22.7%
error (PV)

Uniformity 16.7%
error (RMS)

L_.___lﬁ 2D Metagrating 03 Initial Metagrating
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Post-Optimization of Metagrating (Pv Uniformity Error)

initial structure

Eﬂ 29: Top View of Initial Metagrating Structure IEI@

Numerical Data Array

downhill simplex optimization with FMM/RCWA for grating analysis

Diagram Table = Value at (xy) i i
Amplitude of "Refractive Indices” E E& PEFEr‘I"IE‘triC Dp‘t|m|zﬂt|ﬂ‘n | = || IEI ||ﬁ|
i Mumerical Data Array
; Diagram Table Value at x-Coordinate
E - g i
s - 2.4001 - O [ =
> _ _':; oo e | T — ol g
[=1 Qi =
é s -5 S
. & 2 =
. 5 = Summed Efficiency of Selected Orders . -
o - . =
1.0003 g — L m— I Orrmiy Error I\P".."-] _-;:I‘
0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 G =} d:_H
X [um] = | o
by | o =
g S
. . E E I..lI | T l =
- keep pillar positions z AN G
- varying pillar diameters -
. . T T T T T T T T i
- 25 variables in total S0 100 150 200 250 300 350 400 500
Simulation Step
L_.___li 2D Metagrating 04 Parametric Optimization
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Post-Optimization of Metagrating (RMS Uniformity Error)

initial structure
=S EoB

Eﬂ 29: Top View of Initial Metagrating Structure

Numerical Data Array

Diagram  Table Value at fcy)

Amplitude of "Refractive Indices”

38

1.2 1.4 1.6 1.8

24001

¥ [um]

02 04 06 08 1

1.0003

0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
X pml

- keep pillar positions
- varying pillar diameters
- 25 variables in total

downhill simplex optimization with FMM/RCWA for grating analysis

Eﬂ 28: Parametric Optimization

(o | E s

Mumencal Data Array

summed Efficiency of Selected... [%3]

Diagram Table Value at x-Coordinate

80

718,

40

20

== Summed Efficiency of Selected Orders

Uniformity Error (RMS)

S0 100 150 200 250 300 350 400 450 500

Simulation Step

L_.___li 2D Metagrating 04 Parametric Optimization
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Cross-Platform Simulation and Optimization

A
.

r r VirtualLabrusion

batch file
xml files

MATLAB

opt|SLang

ultiobjective g
n u| idisci ||nary opllm on. rohuslness evaluation,
ility analysis and Robust Design Optimization 4
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Evaluation of Optimized Metasurface Design

top view of optimized metagrating
;ﬂ 30: Top View of Optimized Metagrating Structure EI@

Numerical Data Array

Diagram  Table = Value at fcy)

Amplitude of "Refractive Indices” |

7 38 diffraction efficiencies :
= —I—: 23: Transmission Result — Grating Order Analyz... EI@
- (Grating Efficiencies
- Diagram  Table
e Efficiency [95]
= o o
— Y
E
S 2.4001 —
g T
3 &
. El Overall 79.7%
S '; efficiency
= ‘i
° t Uniformity 3.1%
[ i
S error (PV)
9 ;
1.0003 : i 0
02 04 06 08 1 12 14 16 18 40 -20 0 20 40 Unlformlty 2.3%
X [um] Cartesian &ngle Alpha [°] error (RMS)

pillar height=465nm

L_.___lﬁ 2D Metagrating 05 Optimized Metagrating
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Modeling a VCSEL-Based Spot Projector



Modeling Task

VCSEL array _
model: multi-mode Gaussian be?m splitter
(LG00, LGO1) aspherical period: 6.5um
wavelength: 1 um lens* diffraction orders: 7x7 detector

size: 400x400um plane

no. of VCSELs: 11 x 11
full divergence angle: 20°

light distribution
2.84mm 500mm

* The aspherical lens in the document is designed with Zemax OpticStudio®

32 LightTrans International



VirtualLab Fusion Technologies

nonlinear free
beam splitter crystals & components SP3C€  prisms,
anisotropic plates,
aspherical components @ cubes, ...
lens
waveguides lenses &
VCSEL array & fibers . : freeforms
tt i apertures &
scatterer Field boundaries
Solver

@ gratings

diffractive,
Fresnel, meta

diffusers (
diffractive
beam

splitters lenses
SLM&  nicro lens & HOE, CGH,
adaptive  goaform DOE
components arrays
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Source Modeling: Mode Decomposition for VCSEL

flttlng aCCOrdlng to real_ Bl 5: Measured Far-Field Irradiance e v E@
World measu rement? Diagram Table ~Value at x-Coordinate
Source
Source 2 <
modes E
« Laser = 7 q
« Laser diode 5 . = 2 4 6 s

- LED

¥ [mm]
0

¥ [mm]
0

Y [mm]
4]

« OLED 3 |
= -
(= —
. Lam ,
a
- E =
. - _° —_ _ S
* Natural light o1 of 01 £, s
atural li o1 o, 01§ Pl
g° B ' gg
<3 <3 z3
@ o
3 g zs E
< o mg
003 0 0039 005 0 005

¥ [mm]
¥ lmml Y [mm]

Mode (0, 0) Mode (0, 1) Sum
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Source Modeling: Mode Decomposition for VCSEL

Initial test source

Edit Multimode Gaussian Source

Polarization Mode Selection Sampling
Basic Parameters Spectral Parameters
[] Generate Cross Section
Parameters of Fundamental Mode
Type Laguerre Gaussian Mode
Reference Wavelength (Vacuum) 940 nm

Select Achromatic Parameter:

(O Waist Radius (1/e°2) 1.4484
Hali-Angle Divergence ]

® (1le2) 11.669°|

(O Rayleigh Length 0131 pm

Multimode Parameters
[ Coherent Accumulation of Modes

Ray Selection

Spatial Parameters

fitting according to real-

world measurement?

E 5: Measured Far-Field Irradiance

Numerical Data Array

(=& )]

Diagram Table Value at x-Coordinate

o

0.8

Maximum Order | D| x ‘

Radial Order | Angular Order | Active | Weight
o oM =
0 1 50

Default Parameter

Cancel

Help

E=, 4: Far-Field Irradiance (20)

Numerical Data Array

Lo & s

0.6

Diagram

Y [mm]

Table Value at fxy)

Irradiance of Mode #0 [1E-8 W/m~2]

[4¥]

nanna

04

E 8: Far-Field Irradiance (1D)

Numerical Data Array

Diagram Table Value at x-Coordinate

Irradiance of Mode #0 [W/m* 2]

0.8

06

0.4

02
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Source Modeling: Mode Decomposition for VCSEL

Initial test source

Edit Multimode Gaussian Source

Polarization Mode Selection Sampling Ray Selection
Basic Parameters Spectral Parameters Spatial Parameters
[] Generate Cross Section
Parameters of Fundamental Mode
Type [].ag.um Gaussian Mode v }
Reference Wavelength (Vacuum) 940 nm V
Select Achromatic Parameter:
O Waist Radius (1/e"2) 1.4484 ym
® {-ﬁf—%ﬂe Divergence 11.669°

(O Rayleigh Length 7.0131 im

Multimode Parameters
[[] Coherent Accumulation of Modes

Maximum Order [ 0] x | 1]

Radial Order | Angular Order | Active
0 0
0

50
11 M 50

parametric optimization
(downhill simplex)

pr— [Cok ]| cancel || Hep |

After parametric optimization

Edit Multimode Gaussian Source X ‘
Polarization Mode Selection Sampling Ray Selection
Basic Parameters Speciral Parameters Spatial Parameters

] Generate Cross Section
Parameters of Fundamental Mode
Type [].ag.m Gaussian Mode v}
Reference Wavelength (Vacuum) 940 nm et
Select Achromatic Parameter:
O Waist Radius (1/e"2) 21114 m
® fdpoe Overeree
O Rayleigh Length 14.903 pm
Multimode Parameters
[] Coherent Accumulation of Modes
Maximum Order | 0] x | 1]
Radial Order | Angular Order  Active \eight |
0 0 55.981
0 1 53.895

Defaut Parameter [ ok ]| Cocel | Hep |
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Source Modeling: Mode Decomposition for VCSEL

After parametric optimization

Edit Multimode Gaussian Source X ‘
Polarization Mode Selection Sampling Ray Selection
Basic Parameters Spectral Parameters Spatial Parameters

[] Generate Cross Section
Parameters of Fundamental Mode
Type Laguere Gaussian Mode v
Reference Wavelength (Vacuum) 940 nm v

Select Achromatic Parameter:

(O Waist Radius (1/e"2) 21114
® l(-l?rmle Divergence IE
(O Rayleigh Length 14.903 u

Multimode Parameters
[] Coherent Accumulation of Modes

Maximum Order | D| x | 1
Radial Order | Angular Order | Active Weight
0] il % EE3
0 1 53.895

Default Parameter Cancel Help

H 4: Far-Field Irradiance i”£|

Numerical Data Array

Diagram  Table Value at {xy)

Irradiance of Mode #0 [pW/m#2]

0.041297
wn
€
E © 0.020649
-

X [mm]
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Source Modeling: Mode Decomposition for VCSEL

After parametric optimization

Edit Multimode Gaussian Source X ‘

Polarization Mode Selection Sampling Ray Selection Numerical Data Mw
Basic Parameters Spectral Parameters Spatial Parameters =
_ Diagram Table Value at x-Coordinate
[] Generate Cross Section
Parameters of Fundamental Mode J Si lati
Tape |Laguene Gaussin Mode 7 — Simulation
Referance Wavelength (Vacusn) o v - Measurement
Select Achromatic Parameter: =
(O Vaist Radius (1/e°2) 21114 m ‘—‘E
© (gt oo =
(O Rayleigh Length 14.503 pm E
ﬁ o
*
b
Multimode Parameters E
[] Coherent Accumulation of Modes e
Maximum Order | 0] x | 1] =
Radial Order | Angular Order | Active|  Weight |
0 0 55,981

0 1| M 538%

Default Parameter [ Ok || Cancel || Hep
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Source Modeling

beam splitter

lens*

diffraction orders: 7x7 detector
plane

VCSEL array

0.8

06

0.5
,4% S cross segtion
sketch of the VCSEL array far field pattern of ' e
a Slngle VCSEL X [m] . 70.0;oordi:ate [m;ms 3
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Simulation with the On-Axis VCSEL Unit

(+2, +3) order

beam splitter
aspherical period: 6.5um

lens diffraction orders: 7x7 detector
VCSEL source plane
position: (0, 0) /\
’ .3: Dot Pattern
Ray Distribution
Position \

2.84mm 500mm :5 | . . V.

(‘3, '1) Order L - - . » L] Ly

— The lens collimates the input beam. ) *o
— The beam splitter diffracts the ‘e

collimated beam into different orders. y e,
0 0.[2
X [m]

L_.___li Dot Projector Principle_01a/b/c ...
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Simulation with an Off-axis VCSEL Unit

beam splitter (+2, +3) order

aspherical period: 6.5um
lens diffraction orders: 7x7 detector
VCSEL source plane
position: (120um, 80um) /\
B8 &: Dot Pattern
Ray Distribution
Position
7 .
- ® .
2.84mm 500mm 2l
. . L] [ . . .
('3, '1) Order . L . . L] - -
L E < 1 . «a & 8 = » .
\

— For off-axis VCSEL unit, the lens
collimates the input beam with an angle
regarding to the mode’s position.

— The spot pattern is shifted from the on-
axis case, with respect to the angle. X m]

L_.___li Dot Projector Principle_02a/b/c ...
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Simulation with Complete VCSEL Array

aspherical
lens

beam splitter detector

plane

VCSEL array

u 35: Complete Dot Pattern

=N HoR &5

Ray Distribution

2.84mm 500mm

simulation results

TR -
The beam splitter duplicates el
the pattern of the VCSEL . -t
array with lateral shifts on 2 o
the detector plane. _
field tracing ray tracing

Position
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Optical Design Software and Services

Booth #4545
(German pavilion)

WYROWSK|
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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