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Spatial Light Modulator (SLM.0001 v1.1)

Design of SLM Phase Modulation
for Top Hat Generation




Application Example in a Nutshell



System Detalls

Source
— Gaussian laser beam

Components

— reflective spatial light modulator (SLM) element with subsequent
2f-setup

Detectors

— emulation of visual perception

— electromagnetic field distribution

— efficiency, SNR, uniformity error, stray light evaluation

Modelling/Design

v design of phase-only transmission function by Iterative Fourier
Transform Algorithm (IFTA) to shape a Gaussian beam into a
Top Hat

v' Field Tracing: light diffraction at SLM pixel array
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System lllustrations

output: Top
Hat beam
Fourier lens
reflecti\{e screen
SLM chip _
(SLM-pixel array & /
mirror) _ \
light source
input:
Gaussian beam
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Modeling & Design Results

optimized design of simulated output field
phase distribution in target plane
7 9: SLM.000T_TopHat_SLM-Design_4_FinalTransmission.ca2 =2 ) Il 5: Virtual Screen 2600 after Target Plane #3 (0) (.. | = || & |[s53a]
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resulting merit function values

Sub - Detecior Result
Conversion Efficiency (Classic Field Tracing) 99.062 %
Signal-to-Moise Ratio (Classic Field Tracing) 47644 dB
Uniformity Error (Classic Field Tracing) h. 18154
Maximum Relative Intensity of Stray Light (Classic Field Tracing) 1.1193 %
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Summary

With the build-in tools of VirtualLab such as

e its Iterative Fourier Transform Algoritm (IFTA),
e an assisting Session Editor and

» the Classic Field Tracing simulation engine that provides diverse
options to deal most suitably with diffractive effects

we have

1. generated an optimized phase distribution designed for a
reflective spatial light modulator (SLM) and

2. analyzed the simulated output in its final setup configuration.
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Application Example in Detall

System Parameters



Content Overview

1. First the simulation specifications, the general system and the
evaluation results are shown in detail.

2. This is followed by a step-by-step description of how to setup
such a simulation yourself.

3. The final part gives you the necessary information what is
necessary to export the designed and analyzed data for the
actual usage with the SLM module.
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Context of This Application Example

: SLM.0001
transmit phase values design & simulation of required
to SLM pixels phase values for actuating an

SLM module in order to generate
an arbitrary light pattern

SLM.0003
investigates the influence
of lens aberrations on the
generation of the light
pattern

SLM.0002
demonstrates the effects of
gaps between the SLM
pixels

9 www.LightTrans.com


http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=SLM.0001
http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=SLM.0002
http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=SLM.0003

Design & Simulation Task

For a 2f-setup and a given SLM
we design the required phase
values for the generation of a
rectangular Top Hat (Super
Gaussian) light distribution.

desired output
Super Gaussian beam

l.e. the SLM introduces the light
deflection to generate the Top
Hat shape in the far field and the
Fourier lens focuses the light
and defines the final
working distance.

input

phase values { ll Gauss beam

to be designed
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Specs: Input Laser Beam

R ==& gSingle Mode Gaussian Laser
F Parameter Value & Unit
- wavelength 532 nm

beam radius (1/e?) 3.3 mm

divergence angle of 0.003° x 0.003°
beam intensity (full angle 1/e2)

M2-value 1

-12.015 mm

-15.46002975 mm 1546002975 mm

Light View Zoom: 0.1133574282
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Specs: 2f-Setup & Desired Output Beam

7

Light View | Data View

Light View

12: Desired Ouput Field E=nEcE =

178.29236717 pm

The 2f-setup corresponds to an
ideal lens with

e f=50mm
e f=50mm

Super Gaussian (Top Hat)

STFR2923611T pm

-178.2923611 pm

178.2923611 pm

Zoom: 1.160433827

Desired Beam Profile in Target Plane

Parameter Value & Unit
1/e? radius 100um

edge width (measured 26um

from 90% to 10%

decay of intensity)

desired efficiency > 95%
desired SNR > 30dB

12
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Specs: Design Conditions

« General DOE vs SLM Design
For diffractive optical elements whose structure is put into
some substrate material, the pixel size in x and y direction can
be chosen quite freely. For SLM applications these sizes
are fixed according to the size of the SLM pixels.

 Reflective Setup
In case of a reflective SLM setup, where the SLM is tilted, the
incident light “sees” only the area of tilted SLM-pixels. Thus
the pixel size of the transmission function has to be
adapted for the design as the design and optimization
algorithm assumes perpendicular incident light.
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SLM pixel array top view:

A

»

array size (y)

&
)l

A

array size (X)

For the design the gaps between

the SLM pixels are not regarded.

l.e. here, in SLM.0001 we
assume an area fill factor of
100%o.

Hamamatsu X10468 Value & Unit

array size X xY 792 x 600pixels
pixel pitch X x Y 20um x 20um
area size X xY 15.84mm x 12mm
area fill factor 100% (*)

element tilt o with 10° about the Y

respect to optical axis axis

(*) Actually the Hamamatsu
X10468 has an area fill factor of
98%. The corresponding effect is
the topic of SLM.0002.

14
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Compressed Length Regards for Design

* Due to the reflective setup with a tilt angle about the Y axis, the incident
light ,,sees” the SLM's X lengths in a compressed view, perpendicularly

regarded.
Py @ {compressed length
?Q é L= bxpans - cos(a)

* For the design — using the iterative Fourier transform algorithm (IFTA) with
normal incident consideration — this is accommodated for by multiplying the
X lengths of the SLM and its pixels, respectively, with the factor cos(a):

compressed SLM pixel length = 20pum - cos(10°) = 19.696 um
compressed total SLM length = 15.84mm - cos(10°) = 15.600mm
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Assistance for Design & Optimization

E?ﬂ Diffractive Beam Shaper Sessicn Editor EI =l @ ° VlrtuaILab pr0V|deS a SO-Ca”ed
Fields and Ciptimization Region . . .
oot P Session Edltor for bgam shaping
Desired Output Field S which assists you while
Optimztion i configuring the design and
CreaionMethod | Crestorom Desied Output Feld > 10% v optimizing the document.

Optimization Region

e * Mostly, it is used for the design of
Typeof Setp T v a classic diffractive optical

T L element (DOE) whose pixel size
e Is variable and will be determined
£ Rectangular Puclation during the design process.

[] Determine Pixel Size Automatically

Pixel Size | 19.696 um | * | 20 un]

Hanenion fomtue « For an SLM-setup the element's

[] Elligtical Shape piXG' size is a fixed parameter
Diameter | 156mm] x | 2 and therefore has to be specified

manually in the Session Editor.

16 file: SLM.0001_TopHat_SLM-Design_3_DesignDoc.ca2 www.LightTrans.com



Design Results: Phase Transmission Function

T 9 SLM.0001_TopHat_SLM-Design_4_FinalTransmission.ca2 = e
Data View
£ \ [ ] 31408
E Adjacent the
resulting phase
distribution is
S shown in 2w
modulo display.
,fff
£
E -3.1416
-7.8085 mm 77838 mm
Jones Matrix Transmission Phase Zoom: 0.46286 (792; 600}
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Application Example in Detall

Simulations & Results



Design Results: Merit Functions & Output

|L 3: Diffractive Bearn Shaper Design™
Specification  Design
f Conversion Efficiency [%] 98.533‘ |
Signal-to-Moise Ratio [dE] R0.511
Urmiformity Error [%] 42027
[ ] Relative Zeroth Order Intensity [%] 0
[ ] Zercth Order Efficiency [%] 0
Maxamum Relative Intensity of Stray Light [%] 'I.EIEE?J
TIntimal Sremle Factor n v
hyrarems

==

Shaore

) Recalculat
Cutput Field seaiculste

e e i it o T e S L AL e T T ey e e

Show
Light Path

« The characteristic parameters of the i e e
resulting design can be calculated on the e |
Analysis tab. The output field (amplitude) ?

Is shown in false (rainbow) colors. _

« Clicking Show Light Path opens the
system's Light Path Document (LPD). R
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Settings before Simulating in Tilted Setup 1-2

The designed phase data is already inserted into the opened LPD,
automatically. For a reflective SLM setup some adjustments have to
be made:

1. The sampling distance of the designed transmission has to be set
back according to the actual SLM parameters (20pum x 20um) as
the tilted optical element of course has its original pixel size.

2. Furthermore, VirtualLab allows for consideration of optical effects
caused by the rectangular pixel shape.

B i T
E;ation Factor | 3|: % | 3|: \
[ N e

20 file used: SLM.0001_TopHat_SLM-Design_5_FinalReflectiveSetup.lpd www.LightTrans.com



Settings before Simulating in Tilted Setup 3-4

3. Afterwards, the tilted
reflecting setup needs
to be configured by p—_
adding an ideal mirror. % j

Z:0m|

Mirror Inclination V4
Orientation Definition Type | Cartesian Angles ()
H Z-fads Direction Definition
U? [ Angle/fxis | Value
Alpha (Cartesian) ~ -107
Swap $ Beta (Catesian) 0
Order

. A YRS b LS NS ek S | SR

Calculated Transmission }’

1

Pl b L WL le, DS

m‘mﬁhm_j

4. Then, the necessary
tilt angles in both
elements are to be

set.

[

Swap
CIH:If:r¢

[] Use Isolated Translation

Orientation Parameters

Center Point of Rotations

Ref Point to be
u S;n:logerﬁ; F'(::i = Center of Plane of Function

lsolated Orientation Angles

Orientation Definition Type | Cartesian Angles

Z-fods Direction Defintion

Basal Pos'rtioningl Isolated Positioning 'Pos'rtion Information {Absolute)

Posttion and Orientation

Use Isolated Orientation

| Angle | Axis

Value

:[I Alpha (Cartesian) ~

Beta (Catesian)

e g e VN VY A W VI e N ey

21 file used: SLM.0001_TopHat_SLM-Design_5_ FinalReflectiveSetup.lpd
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Settings before Simulating in Tilted Setup 5

T T e A et
&ﬁlculﬁted Transmission Ideal Lens Target Plans ’}
S .,
{ 1 2 3
¢ Z:0m | £: 50 mm 3
3
?_n_e Mirror {7
} =
¢ b
m 3 Input Field Calculated Transmission 2f-Setup Target Plane Virtual Screen
] -)b '__\I r i - & & B & B //-\\
0 1 T 3 600
Z:0m 1Z0m (Z:0m| Z:0m
Ideal Plane Mirror
O ' Diffractive Optics Ment
) Functions
5 Ray Tracing System
Z.0m An.ﬂ.zer >
') 6071 A
an0 Z:0m 0

5. Because the Ideal Lens element is not suited for off-axis non-paraxial
simulations, it has to be exchanged by
o either the later intended lens (see SLM.0003) in order to consider the
associated aberrations
« or —asis demonstrated here — by a 2f-Setup element, which realizes a
perfect aberration free Fourier lens.
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http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=SLM.0003

System's 3D Display

2867 mm
T

‘ Close | | Help |

For illustrational purpose an additional distance was introduced between the
different elements to demonstrate the setup configuration. This is not necessary
for the simulation. (The 2f-Setup element considers already the propagation
distance in front and behind.)
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Higher Sinc Order Evaluations

* The simulation of each SLM pixel
by several data points allowed the
regard of the diffraction effects
caused by the periodic

- structure.

B 3: Virtual Screen 2600 after Target Plane 23 (0) (... | = || = ||nEim
Light View Data View

1.4451 mm

» The resulting diffraction orders are

modulated by a sinc function (so-
| W 1 called higher sinc orders), due to
the rectangular structure of each
pixel.

-14462 mm

= e This intensity modulation affects
-1.4654 mim 1.4645 mm the achievable uniformity error.
Locally Polarized Harmonic Fielc Amplitude  Zoom: 0.08  (3390: 2618) During the IFTA design process it
IS possible to compensate this
effect.
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System'‘s Simulation Results

The result of system Visual Perception Amplitude in False Colors
Slmulatlon exhlblts that the Eg:[:’ﬁ:ﬁ:al’;;r:::;ﬁﬂ]aﬁerﬁrgetF’Iane#i(l])(.‘.EI@ Ihg;:ir:;ars;rei:‘:Maﬁenargetprane#a(m(...EI@

desired requirements . a

169.2 pm
210,61 pm

« efficiency > 95%
« SNR>30dB
are easily met.

17176 pm

2003 pm

193,58 pm 19293 m 72,5 m 68.48 pm
s T ([ i e e | o
Sub - Detector Result
Conversion Efficiency (Classic Field Tracing) 99.062 %
Signal-to-Moise Ratio (Classic Field Tracing) 47.644 dB
Uniformity Error (Classic Field Tracing) h. 1815 %
Maximum Relative Intensity of Stray Light (Classic Field Tracing) 1.1193 %
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Summary

With the build-in tools of VirtualLab such as

e its Iterative Fourier Transform Algoritm (IFTA),
e an assisting Session Editor and

» the Classic Field Tracing simulation engine that provides diverse
options to deal most suitably with diffractive effects

we have

1. generated an optimized phase distribution designed for a
reflective spatial light modulator (SLM) and

2. analyzed the simulated output in its final setup configuration.
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Step by Step Instructions

General approach for setting pp an SLM
system and performing the design, including
optimization & analysis



Design & Analysis Procedure

Check the basic conditions according to the utilized SLM module.

Specify input and desired output field.

(ZD 3. In case of non-normal incidence, calculate the according size of the compressed

) appearing SLM pixels.

"g 4. Define the whole setup by configuring the diffractive beam shaping session editor for
assisted transmission design & optimization.

5. Do a geometric pre-design followed by the final iterative design & optimization.
Generate the Light Path Diagram and configure the aperture size and final sampling
size of the SLM.

» 2. Convert the Light Path Diagram, insert an ideal plane mirror element. Then adjust

(>/_) the orientation of this mirror and the transmission element.

:EI 3. Exchange the id_eal Ie_ns by th_e intended 1f/2f-setup element, adjus_t the distances

= and select the diffractive rotation operator for all affected propagations.

< 4 Seta pixelation factor in the transmission element for diffraction regard due to the
rectangular SLM pixels.

5. Perform the simulation.
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D1: Given Facts — Due to SLM Geometry

* Due to the fixed size of the SLM-
pixels the maximum extension of
the resulting output field is
predetermined. The adjacent
formula calculates this extension.

« These constrictions are
considered automatically by the
settings of the diffractive beam
shaping session editor of
VirtualLab.

» The total size of the SLM is fixed
either. Thus the achievable
target field resolution follows
directly and can be calculated by
the second adjacent formula.

Diameter of the output field D, (for
1f/2f-setups with Az = f):

A
Doyt = 2Az - tan | arcsin
out ( <Z5Xtransnout>>

AzA

0 Xtrans

paraxial & ngye = 1 2| Doyt =

Sampling distance of the output field
OXout:

A
0Xout = Az - tan | arcsin [ ————
out ( (Dtransnout>>

paraxial & ngye = 1 2|0Xoyut =

A...wavelength; §xirans-.-SLM pixel size; Diraps---Size of designed transmission (in case of a
beam shaping application = SLM diameter); n,;... refractive index of outer material

29
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D1: Achievable Output Field Parameters

The given SLM allows

o atotal output field size of

AzA B 50mm - 532nm
0Xtrans 20pum

~ 1.33mm

Doyt =

e and an achievable resolution in the target plane in x and y
direction of

B AzA _50mm-532nm 168
fourx = h T T {584amm 0

AzA B 50mm - 532nm
Dirans B 12mm

OXouty = ~ 2.22um.
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D2: Input Field

Edit Gaussian Wave x

i Ers I Spectral Parameters I
Spatial Parameters Polarization Mode Selection Sampling

[] Generate Cross Section

Hemite Gaussian Mode e
Order [:-| | 0
M*2 Parameter 1 1
Reference Wavelength (Vacuum) 5 -

Select Achromatic Parameter:

(®) ‘\naist Radius (1/&72) 33mm| = 33mm l

-
Halt-Angle Divergence 0.002940156526°
O (e e

uuuuuuuuuuuu

(O Rayleigh Length 64.30816541m 64.30816541 m

Astigmatism

(Offset between y- and x-Plane

Copy to x- and y-Values

Default Parameter Cancel Help

* For the generation of the
iInput field VirtualLab‘s
source models can be used.

 For the intended incident
laser beam light distribution
we use the Gaussian Wave
model from the Sources
ribbon

— on Spectral Parameters tab
specify the wavelength

— on Spatial Parameters tab
specify the 1/e? waist radius

31
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D2: Output Field

. For the generation of the output field
Basic Par=meters Spectral Parameters I i ¢
Polarizatio!‘n ModepSelection Sampling VlrtléaILab S Source mOdeIS Can be
used.

[] Generate Cross Section

* For the definition of the desired target

Ty () Isotropic (Rot-Symm.) @) Separable (Rect-Symm.) . . . . .
— — - - light field distribution we use the
Waist Radius .
— ﬁ Super-Ga_USSIan Wave model from the
defined at ® 1e2) (50% O Fraction 13.53352832 % Sources rlbbon
ﬂ — On ,Spectral Parameters® tab
Edge Steepness / Order specify the wavelength
Edge Width 26 pm 26 pm O ; ;
— On Spatial Parameters tab speci
Edge Maximum p p fy
Edge Minimum b Separable (ReCt-Symm)
Order | 10.40650168| * | 10.40650168]

e 1/e2 waist radius

Percentage Values Referto O Amplitude @ Sauared Amplitude * edge width (should be larger
than the single target spot
radius resulting by the optical
setup without the beam
shaping element)

Default Parameter Cancel Help
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D3: Incident Angle

o parameters of the utilized Hamamatsu SLM X10468:
— pixel size in X & y-direction: 6xiraps = 20um
— full diameter in x & y-direction: (Derans x; Diransy) = (15.84; 12.00)mm

e calculate the compressed SLM pixels as they appear if one looks at
the SLM at the intended incident Cartesian angle of ¢ = 10°:

0Xtrans,design = 0Xtrans * €0s(a) = 20pm - cos(10°) = 19.696 um

Dirans,design = Dirans * cos(a) = 15.84mm - cos(10°) = 15.600mm

These adapted sizes should be used for the design!
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Overview of Setup for IFTA Design Process

illuminating beam

intensity

transmissive beam shaper

represented by phase-only

transmission function

with compressed pixels in x- target
direction according to tilt angle plane

f=50mm ¢  f=50mm

~ pd ~
7 ~N 7

N

2f-setup

surrounding medium: vacuum

Top Hat intensity
(free of speckles)

34
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D4: Configuring the Session Editor

E{‘: 1: Diffractive Beam Shaper Sessicn Editor

Fields and Ciptimization Region

Input Field

Desired Cutput Field

Optimization Region
Creation Method

Optimization Region

Propagation

Type of Setup

Focal Length

(=] & |

Set Show

Set Show

Create from Desired Output Field = 10% ]

-#2f-Setup w

Pixelation of Resulting Transmission

Rectangular Pixelation

[] Determine Pixel Size Automatically

20 uﬂ]

Pixel Size | 19.696 um | * |
Transmission Aperture
[ Elliptical Shape:
Diameter | 15.6mm| x | 12mm|
N
N
Mesct =
——

NN

/

set the created illuminating and
target light distribution.

choose an option for the
optimization region

set the focal length
specify a fixed pixel size
according to the SLM

parameters and associated
adaptions

specify the effective SLM
aperture size

(The session editor will increase
this aperture size automatically
just for the optimization process
for a more accurate design.)

then click Next =

35
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D4: Check via Parameter Overview

E 1: Diffractive Beam Shaper Sessicn Editor EI' = '@

The following parameters will be used for the design:
Sampling of Input Field

Sampling Points 1585| x 1201
Sampling Distance 15,696 pm| x 20 pm

Array Size | N8 mm| x | 2402 mm|

Sampling of Desired Cutput Field

| Sampling Foints 1585] x 1201
Sampling Distance | 852.07 nm| x | 1.1074 ym|
Array Size | 1.3505 mm| X | 133 mm|
Sampling of Transmission N
Sampling Points | 1585 x | 1201
Sampling Distance | 19,696 |.r|1| x | 20 ym
Array Size | 3218 mm| X | 2402 mm

Create Optimization
Document

= Back Mext =

 The aperture size is increase
automatically during the
optimization process for a
more accurate design. Later
the correct aperture size will
be re-adjusted again.

e Click Create Optimization
Document.
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D5: Geometric Pre-Design

1. For a good starting point for the Iterative Fourier Transform
Algorithm (IFTA) a pre-design based on geometrical optics beam
shaping is performed.

2. Choose Cartesian Separability in case of a rectangular target
pattern.

3. Start this initial design.

|L 11: Diffractive Beam Shaper Design® || @ |&|

Specification| Desian JAnalysis

1 Design Methed | Geometrical Optics Beam Shaping w Transmission e
2 Assumed Separability Type | Cartesian Separability v
3 Start Design
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D5: IFTA — Number of Phase Levels

| 11: Diffractive Beam Shaper Design®

Input Field

wiavelength

() Constant Input Field

Propagation

Type of Propagation

Focal Length

Limit Scale Factor According
L] to Goal Efficiency

1f-/-Setup o

(®) Arbitrary Input Field Set Show Embed Erame Width I:l
o Fixelation Factor

Transmission

Simulate Pixelation
Sampling Paints | 1603 x | 1201
Sampling Distance | 19.696 I-ITI| = | 20 I-l11|

Sampling Points 1609 x 1201
Type of Continuous Phase-Oriy v S
Transmission INuous Fhase-Un Sampling Distance 239.358624 nmx 1.107410491 pm
Number of — Field Size 1.350528026 mmx 1.33mm
Quantization Levels -
Qutput Field Requirements
Desired Output Field Set Show [] Limit Stray Light

Maxamum Relative Intensity 2%
Optimization Region Set Show of Stray Light
Create Optimization Region from Desired Output Field
H [] Limit Feature Size
Mlow Phase Freedom
Minimum Feature Size 1 um

Mlow Scale Freedom

Maximum Stray Light Intensity

100 %
Ul s

for Higher Frequencies

(=1

In case your SLM
allows only few usable
phase levels, you
should set the
corresponding number
on the Specification tab
after selecting the
transmission type
~,Quantized Phase-
Only*.

This Hamamatsu SLM
provides practically 8bit
for the phase level
representation. Thus it
is almost continuous.
For the final data export
the actual numbers are
regarded later.
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D5: IFTA — Compensate Sinc Modulation

PL 11: Diffractive Beam Shaper Design™

Input Field

wiavelength

() Constant Input Field

Propagation
1f-/-Setup

Type of Propagation

Focal Length

Due to rectangular
pixels the generated
intensity distribution
will exhibit a
modulation

(®) Arbitrary Input Field Set Shaow Embed Frame Width I:l .
according to a broad
: 3 1 . .
o Fixelation Factor
Transmission s = Sinc function.
Simulate Pixelation Exactly
Sampling Paints | 1603 x | 1201
. . Output Plane Sampli
Sampling Distance | 19.696 I-ITI| = | 20 I-l11| Aot . .
Sampling Points By checking the option
Type of ) - ) ) . . .
Transmission Continuous Phase-Onty Sampling Distance 839.358624 nmx 1.107410491 Simulate Pixelation
Number of Field Size 1.350528026 mmx 1.33mm H
e o Levele 16 Exactly VirtualLab
analytically calculates
Qutput Field Requirements .
this effect and
Desired Output Field Set Show [] Limit Stray Light .
_ _ _ compensates It
o ) Maximum Relative Intensity 2%
Optimization Region Set Shaow of Stray Light d u I‘I n g th e d es | g n
Create Optimization Region from Desired Output Field
H [] Limit Feature Size
Mlow Phase Freedom
Minimum Feature Size 1 um
AIT_"_‘ S‘f:: 'I:FT:Ed;m . - Maximum Stray Light Intensity
imit Scale Factor According — : : 0
to Goal Efficiency Ul %
O 1 for Higher Frequencies
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D5: IFTA — Design Settings

| 11: Diffractive Beam Shaper Design®

Specification Analysis

(ﬂ

Design Method | kerative Fourier Transform Algorithm Approach

~ Transmission el

Design Steps

Mumber of [terations

[] Generate Initial Transmission

Method  Backw. Prop. Signal Field (Random Phase)

Signal Phase Synthesis

SNR Optimization for Phase-Only

Transmission

Soft Intreduction of Transmissien Constraint

Soft Quantization

SNR Optimization for Quantized
Transmission

Logging

[] Omit Final Transmission Projection
Soft Intreduction of Transmissien Constraint
[] Create Transmission Animation

[] Create Output Field Animation

[D Show Final Transmissien and Output Field

N

Progress in current design step

Ensble
t L] Logging

_— Change to IFTA

Approach and

— deactivate Generate

Initial Transmission in
order to use the
previously calculated
one as initial
transmission.

~ Adjust the design steps.

™~ Deactivate Show Final
Transmission and
Output Field as well as
Enable Logging in order
to reduce the
computation time.

Start Design 1— Start Design.
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IFTA — Pre-Analysis

[ 14: Diffractive Beam Shaper Design™ | B (|eEEm|| B=odwarws E=8 EoR =)

View Data View
Specification Design

................... o N |

Conversion Efficiency [#] 98.593256587 %h"-t-'f#t Fictd Recalculate
Signal-to-Noise Ratio [dE] 50.91149712 HP e
Umiformity Error [%] 4 02735306

22312 ym

] Relative Feroth Order Intensity [%] 0 LigSI'I':DlPﬁth gn
[] Zeroth Order Efficiency [] 0 g
[ Maximum Relative Intensity of Stray Light [%] 1.038743729 ), e e hn

Globaly Polarized Hamanic Fir Amplitude  Zoom: 0511 (1585; 1201)

« After the finished design process, review the results on the Analysis tab.
« the output field can be displayed e.g. in false (rainbow) colors.

 Because the IFTA uses larger fields during the design of a beam shaper in
order to control the phase values appropriately (and thus also higher
sampling), the IFTA's analysis results will vary slightly from a later simulation
of the whole system.
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Al: Get Full System — LPD

 Then click Show Light Path to get
the corresponding Light Path
Diagram (LPD).

* ltis a Diffractive Optics Toolbox
LPD which we will later convert to
a Start Toolbox LPD to have more
options.

) O

L/
S\ 7
X0m
Y0m

=Y=T-1
=l

E 24: Light Path View (Light Path Diagram #23)*

Input Field Calculated Transmission

[=[=]=d

Virtual Screen

() (), N
- O——© &
2 3 600
X:0m X0m X0m
Y:0m Y:0m Y:0m
Z: 50 mm Z: 50 mm Z0m
Diffractive Optics Merit
Functions

« Initially, the IFTA will always output a transmissive on-axis system.
* Thus, we will modify the system slightly for the final simulation of the actual

geometry, later.

« First, we do the final preparations regarding the designed phase

transmission data.
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Al: Apply SLM Aperture

 Now, we have to extract that transmission area that corresponds to the
actual SLM pixel numbers.

» This extraction is automatically done, if we click Next on the Diffractive
Beam Shaper Session Editor — Window.

« Afterwards click Extract to get the designed transmission function including
the specified aperture.

Data View

’E 1: Diffractive Beam Shaper Session Editor | = | =] |&|-‘ 31406

Do Postprocessing for IFTA Optimization Document:

5: Diffractive Beam Shaper Design e

BExtract Transmission

Extract Modulated Part of Transmission Extract

R i T e N e S 21476
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Al: Adjust Sampling Distance

* We re-adjust the sampling distance in x-direction, as this was only needed for
the IFTA design. (In the total system regard the SLM has its original pixel size
and its intended tilted orientation.)

e This re-adjustment of the
sampling distance is done
via the Property Browser,
in the Data tab.

* This action would not be
necessary if the whole
design would have been
according to an on-axis
setup (transmissive or
reflective with a beam
splitting cube).

Property Browser

m View  Point Manipulation

+ Physical Parameter
Complex Amplituc Jones Matrix Transmission
Jones Matrix [(1). {0): (0). (1)1

+ Representshon of Field
Is Complex True
|s Periodic Transr False
Precision Float

 Sampling of Field
Array Size (15.599 mm: 12 mm})
Sampling Distanc {19.696 ypm; 20 pm)
Sampling Points  {752; 600)

* Spherical Phase
Has Spherical Phi False

Array Size
Size of Array

Property Browser VirtualLab Explarer

Property Browser

Data  View  Point Manipulation
+ Physical Parameter
Complex Amplituc Jones Matrix Transmission
Jones Matrix [(1). {0): (0). (1)1
 Representshon of Field
Is Complex True
|s Periodic Transr False
Precision Float
 Sampling of Feld
Array Size (1584 mm: 12 mm)
(20 ym: 20 pm)
Sampling Points  {752; 600)
 Spherical Phase
Has Spherical Phi False

Sampling Distance
Distance between Sampling Points

Property Browser VirtualLab Explarer
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Al: Exchange Transmission Function

 Then exchange the stored
transmission in the LPD
with the adjusted one.

24: Light Path View (Light Path Diagrar #23)* .-f?
3

double click 3}

Input I_:iell:l Calculated Transmission ;

.

X 0m
Y- 0m
Z:0m

ﬂumﬂwnh{I

|
{

Stored Transmission
Type Of Transmission Continuous Phase-Only Transmission w
Function
Geometry /
Channels = 213
Embedding and Pixelation
T
%& Embedding Frame Vidth o = | 0}
—
Pasition / : :
Orientation Pixelation Factor ‘I| x | 'I|
= Scale Emors
% [] Impose Linear Scale Error by Scale Factor
Function
s/
s NP o el T e N T e R L W
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A2: Convert to Starter Toolbox LPD

» Click the Tools button of the light path editor of the Diffractive Optics
Toolbox LPD and click Convert to Starter Toolbox LPD.

« By this you are getting the full select tree list of optical elements to insert.

A T et e e LT

b
¥
@ ITDD|S f;"l ?f jalaiDcth Diagram #21) (=R EER =)
¢ =
5] Parameter Overview b
- Input Field Calculated Transmission Ideal Lens Target Plane Virtual Screen
). ), ), ), N
- : ,_ O ) O -
4 Synchronize Detector Sampling... 0 1 2 3 600
X0m X0m X0m X0m
Y.0m Y.0m Y.0m Y.0m
g . . . Z0m Z: 50 mm Z: 50 mm Z0m
SImU|at|Dn SEﬁlngS"' Diffractive Optics Merit
Show Simulation Repart
|
601

| Convert to Starter Toolbox LFD
Create Mew Parameter Run

Create Mew Parametric Optimization
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A2: Ajustments for Actual Sytems‘s Geometry

24: SLM.000T_TopHat_SLM-Design_5_FinalReflectiveSetup.lpd

=8

Edit Ideal Plane Mirror

e Light Sources
&~ Coordinate Break
[+~ Components

deal Components
- Stored Function

t- Beam Spliters
H- Diffusers

t- Jones Matrices
t- Manipulators
=I- Mimors

or IO o O O e OO e O |

Ml

Geometry /
Channels

ke

Position /
Orientaticn

- Programmable Function

t- Apertures and Lenses

t- (Grating Transmissions

----- Ideal Plane Mimar

Miror Inclination

Orientation Definition Type | Cartesian Angles

—_

o Ideal Spherical Miror

Input Field

)

]

Calculated Transmission

6

zZ
Idéal Plane rl.:_nlur
4

L SPAL AT P R

|

i Ay

{

J

{

o Z-Feis Direction Definition 3
F Angle | Axis Value E
e |

Y

Swap $ Beta (Cartesian) 07 }:
Order 2
%

L Rotation About 7-Awis 3
Z-Axis Rotation Angle v

i
é
i

1. Insert an Ideal Plane Mirror in front

of the Calculated Transmission.

N

Basal Posttioning

Pasition /
Orientation

&7

Function

lsolated Positioning

Position Infarmation (Absol

Posttion and Crientation

[] Use Isolated Translation

Orientation Parameters

Center Point of Rotations

Reference Point to be
Used as Center Point

Tilt the mirror element at 10°.

3. In order to overlap the transmission
element and the mirror plane, it has
to be tilted via Isolated Positioning

at the inverse angle (-10°).

Edit Stored Function

lute)

Use |solated Orientation

Center of Plane of Function

Isolated Crientation Angles

[

Swap t

Orientation Definition Type | Cartesian Angles w ()
Z-uis Direction Definition
| Angle / Axis Value
Alpha (Cartesian) - -107
Beta (Cartesian) -~ 07

Order

gt g L T it St
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A3: Set 2f-Setup

i Y e P e
(Zﬁlculﬁted Transmission Ideal Lens Target Plane :L
!~ O——@——— O
q 1 2 3 3
Z:0m Z: 50 mm Z: 50 mm 3
3 S b
ffne Mirror {
¢y H
I i
4 2
m 3
S

InFEField
™
"

0

Idgal F‘Ia_ne Mirror

5

Z:0m

Calculated Transmission

~

1

Z0m

2f-Setup Target Plane Virtual Screen
~@-—O——<
4 3 600
Z.0m Z:0m
Diffractive Optics Merit
. Functions
Ray Tracing System
Analyzer i
{ 601
A —
200 Z:0m

Because the Ideal Lens element is not appropriate for off-axis non-paraxial

simulations it has to be exchanged by

« either the later intended lens in order to consider the associated aberrations

e or-—asis demonstrated here — by a 2f-Setup element, which realizes a
perfect aberration free Fourier lens.
l.e. the 2f-Setup element provides a perfect focus the deviated light to the
intended positions on a plane screen, and thus compensates the non-
paraxiallity. The propagation distance before and after the element are
considered via a parameter setting in its edit dialog.
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A3: Selection of Rotation Operator

Desired 1: SLM.0001_TopHat_SLM-Design_5_FinalReflectiveSetup.lpd* (=] = S
i a ( _
Propagatlon / D»Q{- Path Ii ; Detectors @' Analyzers 3 Logging d bl =i,
/ Start Element Target Element |' k Linkage
Index Type Channel Medium Index Type C IC ' Method On/OF A
v 0| Input Field - Wacuum in Homogeneous... 4| |deal Plane Mirror I]Au‘tnmati{: Propagation Operator On —
v 4| |deal Plane Mirror R Wacuum in Homogeneous... 1| Calculated Transmission | Automatic Propagation Operator On —
o 1| Calculated Transmission T Wacuum in Homogeneous... 5 | 2-Setup Combined SP\W/Fresnel Operator On =
v 5| 2f-Setup T Vacuum in Homogeneous._ 3| Target Flane / Combined SPW/Fresnel Operator On —
3| Target Plans 0 Wacuum in Homogeneous... ]
I L4 >
: G| | Teols j~ [ Bess Automatic  Simustioffengine | Ciassic Field Tracing v| [ b Go
2nd Step: |
W|th I Edit Propagation
| ROtatI on I Free Space Operator || Rotation Operator
Operator ‘é

Edit

* As we are dealing with diffractive effects in the
tilted planes, for the concerned elements the Concel | | Help
Diffractive Rotation Operator should be used.

 The smaller the SLM pixels, thus the stronger
the diffraction effects, the more important is this
selection.
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A4: Simulation of Pixelated Transmission

By default, VirtualLab simulates each designed transmission pixel by one data point
(simulation pixel).

If the effect of rectangular transition (SLM) pixels should be considered each transition
pixel needs to be represented by more than one data point.

Here we simulate each of the transition pixel areas by 3x3 data points by introducing
an according Pixelation Factor.

Still, we do not consider gaps between the SLM pixels. Such can be regarded with a
special component which is introduced in SLM.0002.

This consideration increases the computational effort and the size of the outgoing

fl e I d S b Edit Stored Function x

Stored Transmission

d O u b | e ;E;n;t?;r;l'ransmission Continuous Phase-Only Transmission ~

CI | Ck "'"*x_i e Set Show

Channels

Calculated Transmission ; Embedding and Pixslation
.I’
Q E Embedding Frame Width
—_— .
Pasition / = e
[-‘: 1 ;5 Orientation Pixelation Factor
-
L
Z:0m H Scale Emors

o

[] Impose Linear Scale Error by Scale Factor

Function

A e i et Tt W e S L
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http://www.lighttrans.com/documents_search.html?tx_abdownloads_pi1[sword]=SLM.0002

A5. Simulation of Complete Setup

1 I 3: Virtual Screen #600 after Target Plane 23 (0) (.. | = || 1= |[m2dm]

Light View Data View

15743 ym

-165.08 pm

-187.43 pm
< >

18479 pm o

Locally Polarized Harmonic - Amplitude  Zoom: 0.71282  (3390; 2618)

Classic Field Tracing exhibits

1.

3.

the amplitude modulation within
the Top Hat (rainbow color
scheme)

the higher sinc orders due to the
rectangular transmission pixels
(inverse rainbow color scheme)

different merit function values.

I 3: Virtual Screen #600 after Target Plane #3 (0) (.. [ = || =] |[widm]
2 Light View Data View
b -
E -
&
=
=t
I M
E
E
o
0
=
= -
! — .
-1.4654 mm 1.4645 mm
Locally Polarized Harmonic Fiele Amplitude  Zoom: 0.08  (3350; 2618)

3

Sub - Detecior Result

Conversion Efficiency (Classic Field 99,062 %
Signal-to-Moise Ratio (Classic Field Tracing) 47644 dB
Uniformity Error (Classic Field Tracing) h 7575 %
Maximum Relative Intensity of Stray Light 11193 %
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Options & Regards Concerning Mirroring

Different Geometries, Screens & Fabrications



Consider Mirroring

Regarding the geometry of a desired setup, the user has to consider different issues
when designing such a beam shaping element. For example:

» which side of the element the structure should be placed on
» if the setup is transmissive or reflective

« whether the target pattern should be seen on a transparent screen looking into the
light or on an opaque screen

 how to pass on the data for further usage (manufacturer/SLM input) (what are the
needed coordinate systems)

So the user might need to

e design with a mirrored pattern and/or

e use a -1 z-scaling (inversion) or a -1 x-scaling (mirroring) of the structure

to avoid mirroring effects. VirtualLab provides all necessary tools for such regards.

For the presented point-symmetric target pattern for an SLM system, no special
considerations were needed.
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Data Export for SLM Application



Bitmap Export

After the design, the transmission data needs to be transferred to the SLM.
A common method is to convert the data into the bitmap (BMP) file format
and to actuate the SLM via graphics/display driver.

For such BMP export the following steps should be considered:

1.

o g kW

if quantization levels were introduced during the IFTA design, it can be
done now according to the SLM's number of recognizable levels

multiply with imported SLM-Phase-Correction file (if SLM manufacturer
provides such)

move Phase to Real Part
lift Positive
normalize max. value to 1

multiply separately Real Part by the number of recognizable levels,
e.g. 255 (= 0 to 255)

export to BMP (File > Export) — namely Real Part in Black White from O to
the number of recognizable SLM levels
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Export: 1. Introduce Quantization Levels

The quantization can by applied either during or after the design.

1.

The introduction of equidistant data (e.g. phase) levels during the
IFTA design & optimization causes a longer computational time.

But for a smaller number of quantization levels, this option should
be used as this process is done very smoothly by a smart
algorithm (soft introduction).

If the SLM recognizes a large number of levels (i.e. almost
continuous, e.g. 200) then a hard quantization can be applied
afterwards via the interface with hardly a change of the
transmission, thus almost unchanged merit function values.

—> This is done via Manipulation ribbon > Quantization > Hard
Quantization

56

www.LightTrans.com



Export: 2. SLM Phase Correction

« Typically SLMs are not totally flat, that's why some manufacturer
provide a specific phase correction function, which should be
multiplied by the designed transmission function.

« Import the correction function and multiply it with the calculated
transmission, using the “*” button on your keyboard or via
Manipulation ribbon > Array - Array Operations > Multiplication

Details about Data Import in VirtualLab can be found in Tutorial 337.01.
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Export: 3. Phase to Real Part

Move Phase to Real Part via:

Manipulation ribbon > Field Quantity Operation > Move: Phase
to Real Part

ﬂ 4: Stored Transmission
Data View

599 mm

-6.017 mm

Jones Matrix Transmission

Phase

3.1408

-5E-4

-3.1416

Zoom: 0.35585 (792; 6D0)

7] 5: Move Phase to Real Part (4) [E=N E=R =
Data View
31416

£

£

o

@

[*3}

-3E-6

-6.01 mm

-7.93 mm 7.91 mm

-3.1416

Jones Matrix Transmission Real Part om: 0.31187 (792; 600y
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Ift Positiv

4. L

Export

lons >

ipulat

bbon > Amplitude / Real Part Man

lation ri

Ipu
ve

Via Man

Lift Pos

7 5: Move Phase to Real Part (4:)

Data View

7.91 mm

-7.93 mm

B[ : -

4 2 g

[n] [¥<] e [=]1 m
I ]
=

b P

~ E

o

S

T

o

&

s

& 8

v = B

2 E &

g 8 p

£ s i

= = =

S W 66’5 wuw 10'9 B

H o 5

4 2 -

L w
g B 2 2
0 o o 7 m

Real Part  Zoom: 0.31187

Jones Matrix Transmission
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Export: 5. Normalize

Via Manipulation ribbon > Amplitude / Real Part Manipulation >

Normalize

7 5: Move Phase to Real Part (4:)
Data View

599 mm

-6.017 mm

-7.93 mm

7.91 mm

31418

-5E-6

-3.1416

Jones Matrix Transmission Real Part  Zoom: 0.31187 (752 600)

7| 7: Normalize (6:)
Data View

-6.01 mm

-7.83 mm

Jones Matrix Transmission

Real Part  Zoom: 034596 (792; 600)
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Export: 6. Adjust Maximum Value

Via Manipulation ribbon > Operation with Constant > Multiply

Constant

,ﬂ T: Normalize (6:)
Data View

Multiply Constant X

(®) Operate Complex () Operate Separately
Real Par

Representation Real Part / Imaginary Pat -~

Cancel Help

5.99 mm

-6.01 mm

-7.83 mm 7.81 mm 0

Jones Matrix Transmission Real Part  Zoom: 0.34556 (752 600)

7] & Multiply Constant (7:)
Data View

-6.01 mm

-7.83 mm

Jones Matrix Transmission

127.5
7.91 mm
0
Real Part  Zoom: 032826 (792; 600)
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Export: 7. BMP Export

Via File menu > Export > Export as Image

Export Image

Color Mapping
Vectorial Component | Ex

Field Quantity Real Part “
[] Adapt Min | Max Values to Field Extrema
Start Value | 0

End Value | 255
—

[] Color from \wavelength

[] Use Middle Color I8

Fraiiz

Carcel | [ Heb

In the following export dialog change file format to .BMP.
- Now the bitmap data can be transferred to the SLM module!
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Further Readings



Further Readings

o Get Started Videos
— Introduction to the Light Path Diagram
— Introduction to the Parameter Run
— Introduction to Parametric Optimization

 Documents Related with This Application Example
— Tutorial 337: Introduction to the Data Array Import
— SLM.0002: Simulation of Light Diffraction at Pixels of an SLM

— SLM.0003: Investigation of Lens Aberrations in an SLM-based
Beam Shaping Setup
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