MO.002 Import of and simulation of
diffraction at user defined phase plates.

Example for the import of a user defined phase plate from ASCII
or bitmap data and the simulation of the diffraction at this plate.

Keywords: Diffractive Optics, Diffractive Optical Elements, Diffusers, Beam Splitters, Beam
Shapers, Phase Plates, Kinoforms, Computer Generated Hologram (CGH)

Required Toolboxes: Starter Toolbox; Diffractive Optics Toolbox

Related Tutorials: -
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Modeling Task
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Modeling Task

llluminating Beam Parameters

||D) 24: Tlluminating Beam
Light View | Data View
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Wavelength: 532 nm

Laser Beam
Diameter (1/e?): 500 pm

=1.3986 mm

-1.3886 mm 1.3986 mm
Zoom: 25478

Light View




Modeling Task

User Defined Phase Plate

Phase Modulation stored in
MO.002_Diffraction_At_User_D
efined_Phase_Plates_01.bmp
and MO.002_Diffraction_At
_User_Defined_Phase_Plates_0
2.txt files

Sampling Distance: 5 pm
Period: 160 x 160 pm




Import of Used Defined Phase Plate

« Used defined phase plates can be imported from
ASCII or bitmap files (.bmp, .jpg, .png formats are
supported).

« Both Imports will be shown on the following
transparencies.




Import from Bitmap File

Click Import in main

File | Edit View Source Function Manipulation Propagation Detector  System  Design  Solutions  Exe

1 MNew v |-
&5 Open.. Ctrl+ 0 m e n u .

= Save Ctrl+5

Ctrl+ShiftsS Se | ect | m po rt ﬁ |te r

[ N import... Ctrl--Shift--T

Bitmaps (*.bmp; *.jpg;
7'<Jpeg; 7'\’p”g)

o Select file

MO.oo2_Diffraction_At_

‘ Organize ~ ews ~ B New Folder

Favorite Links £l e e robe f‘o d h |
&MO.UGZ Diffraction_At_User Defined Phase Plates 01.bmp : U S e r_ D e I n e —_— P a S e_ P at

1=l Recent Places

e es_o1.bmp.

& Computer

B Pictures I' | b

B i « Click Open button.
% Recently Changed
E Searches

& Public Bitmaps (*bmp: *jog: *jpeq: *ong
ASCIl text ("ba)

Plain Text File (*ptf)

Folders A Structure file (~xml)
ZEMAK (*.zmx

File name: MO .002_Diffraction_At_User_Defined_Phase_Pl Bitmaps (" bmp; *jpag; *jpeg;* ~

Results in

g




Import of Bitmap File

Image Import Type

RGE (False Color)
" RGB (Real Color)

Results in

g

Depending on the physical
meaning of the data stored in
the bitmap different
interpretations are supported.

For the import of amplitude
and phase masks select
Monochromatic (LUT based).

It is recommended to use grey
scale bitmaps.

Click OK button.




Import of Bitmap File

Import Bitmap Workspace\MO.002 Diffraction_... e

Color Mapping
Wectorial Component [ Ex - l

Field Quantity | Phase vﬂ 3.14159
Start Value 211415927 SE-4
End Value 0

, -3.14059

oI ) e e

[[] Use Middle Color |

Preview

Wavelength 532 nm [ 0K ] [ Cancel ] [ Help

This dialog is responsible
for the interpretation of
the colors in the bitmap.

Select Field Quantity Phase
to indicate that an import
of a phase plate should be
done.

Select the value range of
the phase corresponding
with the minimum and
maximum color of the
color scale. Since this is a
binary phase plate the
value range will be from
—T...0




Import of Bitmap File

« The bitmap import
requires the specification
of a color scale defining

o o oot pcior.. the colors used in the
T bitmap. The color scale is

Wectorial Component [ Ex

T 314159 a linear color change
o — between two or three user
iz defined colors. To use a

4058 color scale of three user

D -165 pm 155 ym § .
_Dusewemm B defined colors the option

Use Middle Color must be
Wavelength 532 nm [ 0K ]I Cancel ][ Help SEleCted.

Click the Preview button to
Results in get a preview of the

‘ imported bitmap.

« Click OK button to import.




Creation of Transmission

The screen shot shows the
imported phase distribution.

e = The result of the import is a
complex amplitude of a light
N distribution. This is visible in
the status bar (Globally
Polarized Harmonic Field) and
4959958364 in the appearance of the Light
View.

To use the imported phase
distribution as the phase

Gotal Poltecd Homse rois Tfeee Zoom 605575 3232 modulation of a phase plate a
Jones Matrix Transmission must
be created.

-3.1405927




Creation of Transmission

« To convertinto a Jones Matrix
Transmission click in the main
menu
Edit->Conversion—>Jones

s Voo e T Matrix Transmission.

ion  Manipulation  Propagation  Detector  System  Design  Sol
Copy v A? AZ | Ex, By combined S KXY Pane -
Selection & 0 El'“ﬂ' Nt 9|:|? IN- & 8 O

Spherical Phase Radius

Wave Parameters...

Jenes Matrix Transmission

Spatial Signal Region

Angular Spectrum of Signal Regien
Change Precision...

Local Plane Waves Field...

@ Create Diagram...

Create Equidistant Data Array

Results in

g




Creation of Transmission

The screen shot shows the

converted Jones Matrix
e | Transmission.

This is visible in the status bar.

|Jones Matrie Transmission Fhase |Zoom: 75313 | 32x32




Import from ASCII File

Click Import in main

File | Edit View Source Function Manipulation Propagation Detector  System  Design  Solutions  Exe
1 MNew »

&5 Open.. Ctrl+ 0 m e I"I u .

= Save Ctrl+5

— Select import filter ASCII

Import... Ctrl+Shift+1

text (*.txt, *.csv)

Select file
%mp:d MO.oo2_Diffraction_At_
uv| |« VL Samples carch .
A A iimm— User_Defined_Phase_Plat

‘ Organize ~

Favorite Links
i MO.002 Diffraction_At User Defined Phase Plates 02.bd e 5_02 .tXt .

= Recent Places
E Documents

e oo Click Open button.

1% Computer
B Pictures

p Music

- ) All Supported Import Formats (*.ca; .bmp; *jpg; *.jpeg; *.png; "t *.csv; *.ptf; *zmx)
(I Recently Changed Complex Amplitude [VL1] (".c2)

I Searches . .
|, Public ASCI text (”td csv}
Plain Text File (*.ptf)
Zemax (*.zmx)

Folders ~

File name: MO.002_Diffraction_At_User_Defined_Phass_PI ASCI| text (" bt -

g

Results in

g




Import from ASCII File

Impoert from ASCI-File C\VL_Samples\MO.2_Pha

se_Plate.bdt

S

T Ty

Complex Ampl. Type ITransmi sssss ;I

| 532 nm

wavelength

IFIoat Precision 'l v Complex Data

— Properties of Imported ASCII file
Field Quantity

IPhase vl [ Transpose
[V Skip Header Lines I DE:
¥ Skip Lines Starting with Iﬂ

Decimal Separator I (dot) ‘I
Column Separator Itab hd I

[~ Other

—Preview

=165 um

31416

-3.1406

Preview of Fi rsthesn{ImpnrtedFI

-

U

1416

Select the physical
interpretation of the ASCII
data to import (Complex
Amplitude Type: Transmission).

The data can be stored in
VIRTUALLAB™ in double, float
or integer precision. The user
can select if Complex Data or
just real part should be
stored. Use these settings to
save RAM memory.
Depending on these settings
probably not all data can be
stored in the computer with
sufficient accuracy.




Import from ASCII File

The Field Quantity allows to
select if the data should be
imported as squared
S EE— - amplitude, amplitude,
T phase, real part or

Complex Ampl. Type ITransmi sssss 'l

T imaginary part.
[Foat Precision ~| ¥ Complex Data
VIRTUALLAB™ can’t
- i interpret header lines. You

can skip a defined humber
¥ Skip Header Lines

s I —r— of header lines or all header

A ————-U lines starting with a special

- o o character.

Select the character that
separates the columns. All
data lines have to end with
carriage return.




Import from ASCII File

The table in the right lower
corner gives you an preview
of the imported numbers at
the beginning of the ASCII
(S —————— file. Numbers that can’t be

Complex Ampl. Type ITransmi sssss 'l

v [ interpreted are marked red.
e e Additionally a warning
message will appear.

Default
Parameters

— Properties of Imported ASCII file
Field Quantity

P - T H If an interpretation of the
gl S o ‘ ASCII file is possible, a
e sl review of the imported
Column Separator fb | = p p
i data can be displayed by

J clicking the Preview button.
Resultsin ¢ Click the Ok button to start

‘ the import.

[~ Other




Import of ASCII File

« The screen shot shows the
phase of the imported
transmission.

”m 3 Tranzmizzion Phase
Data View |

165 um 155 um -3.1406

|Jones Matrix Transmission |F"hase |Zoon1: 7.625 | 2x32 4




Periodic Phase Plate Transmission

O vt A A Phase plates can be periodic

File  Edit . ‘_‘“]
B = Show Property Browser F4 Or non pe”OdIC-

\ + m Show Spherical Phase Factor
Hide Numerical Artifacts In case Of pe”OdlC phase

Field Quantity .
plates only one period must
be imported.

Interpolation

Activate the Property
Browser.

|3[:J;mnsrission Plhasz.a _— ~|_Rename | x| ) .
P e it Activate the window

containing the imported
— transmission and set the
;;m: o switch Is Periodic
= Transmission inside the
Property Browser to “True”.

Jones Matrix [(1). {0): (0). (N
E Representation of Field

Is Periodic Transmissiofi T3

155 um -3.1406

|Phase |Zcom:7'.625 |3\2x3\2 4




Adjustment of Phase Plate Diameter

The Sampling Distance of
the phase plate
transmission will be set to
the default sampling
R =] distance after import

Data |V\ew I Pairt Manipulationl

e e (typically 10 x 10 pm).

Jones Matrix [(1). {0): (0). (11
E Representation of Field

o Change the Sampling

S Ko o Distance or the Array Size
= in the Property Browser to

the desired values.

Has Spherical Phase Rz False

The Array Size is equal to
the period in case of
periodic phase plates.

825 um 77.5um -3.1406

Jones Matrix Transmission |Phase |Zucm. 75313 | 32x32 4

Set the Array Size to 160 x
160 pm.




Simulation of Diffraction at Phase Plate

« The diffraction at the phase plate can be
simulated by a light path diagram or by simple
Fourier optics models located in main menu.

« Both methods will be explained in the following.

« The simulation using the light path diagram
requires the Starter Toolbox.




Simulation of Diffraction at Phase Plate

LightTrans Virtuallab™

File Edit View | Source | Function Manipulation

Propagation  Detector System Design  Solutions wecution

0 & | ([E]

Basic Source Models

EN + &

Partially Coherent Source Models — »

Power Spectra

Super Gaussian Wave...

Spherical Wave...
Quadratic Wave...
Stored Lateral Field...

Plane Wave (Local Plane Waves Field)...

Spherical Wave (Local Plane Waves Field)...

Results in

e

The simulation of the
diffraction at the phase plate
can be done using Fourier
optics models located in
main menu.

Click Gaussian Wave source in
main menu to generate the
illuminating beam.




Simulation of Diffraction at Phase Plate

Generate Gaussian Wave ﬁ ® The i”uminating beam has an
bosc Pt | SoccmlPaanees | 1/e? diameter of 500 x 500 pm.

Spatial Parameters | Polarization I Mode Selection I Sampling

[ Generate Cross Section The GGUSSian Wave dialog
[Hemte Gaussan e E allows to enter the Waist
r aussian Variation (X-Dimension] . .

. — ";‘flm . Radius. So enter a radius of 250

M*2 Parameter I 1 x I 1 X 250 IJm.

Reference Wavelength (Vacuum) Im CliCk Ok tO generate the
Select AcamaiPacamee harmonic field that represents

(¢ \aist Radius (1/6"2) || 250um x| 250 pm

(—}(-!I?Ii::%ngleDiveranDB Iw Iw the i”uminating beam.

" Rayleigh Length | 369.08mm | 369.08 mm

r—Astigmatism
Offset between y- and x-Plane

culator | ICop;.-tox-and y-Values

Results in

g

Default Parameters | Ok I Cancel | Help |




Simulation of Diffraction at Phase Plate

« This is the intensity distribution
of the illuminating beam.

|||>9 4: Tuminating Beam Intensity
Light View | Data View |

E
E
o
@
=
o

-1 3986 mm

-1.3986 mm 1.3986 mm
Zoom: 25478

Light View




Simulation of Diffraction at Phase Plate

"D) 4: Tluminating Bearn Intensity
Light View l Data View |

1.3986 mm

-1.3986 mm

1.3986 mm

- SEq‘i

21416

77.5um -3.1406

Zoom: 2.5478

[

S
=
=
]

Phase |Zoom:7.5313 | 32x32

« The simulation of light propagation through the phase plate can be
modeled by multiplying the illuminating beam field and the phase

plate transmission.

The multiplication can be done by activating the windows containing
the illuminating beam field and the phase plate transmission one after
another, followed by pressing the “*’ key.

Results in

=




Simulation of Diffraction at Phase Plate

An interpolation of the
transmission could be
necessary.

VIRTUALLAB™ will ask which
Interpolation Type should be
Choose Transmission Interpolation R
The sampling parameters of the operands do not match. used' Use Contl”uous for
Select the Interpolation Type for the transmission! . . .
_ transmission with smooth
Interpolation Type .
{: coninuoss phase and amplitude
* pixelated . s
modulation and pixelated for
transmissions consisting of
rectangular pixels.

ox |

Select pixelated in this example,
then press OK.

Results in

g




Simulation of Diffraction at Phase Plate

”D) 10: Field after Phase Plate "D) 10: Field after Phase Plate
Light View Data View Light View Data View

4
I I w 05
6.1928E-13

-1.3875 mm 1.3875 mm

21416

- w SEJ
-3.1408

-1.3875 mm 1.3875 mm

1.36875 mm
13878 mm

-1.3675 mm
=1.3875 mm

|Globalry Polarized Complex /| Amplitude | Zoom: 0.48468 555x 559 2 |G\obalh' Polarized Complex AmDI|Phase ‘Zcom: 0.43784 505x 555 ¢

« The left screen shot shows the amplitude and the right screen shot
shows the phase of the field behind the phase plate, i.e. after
multiplication with the phase plate transmission.

« The phase view shows that the phase plate transmission was
replicated periodically during multiplication.




Simulation of Diffraction at Phase Plate

« The next step is the
propagation of the field behind

the phase plate into the target
plane.

The simulation can be done by

— the 2f-Setup function in the
nsmission Generators 3 z‘ = yw

LightTrans VirtualLab™

File Edit View Source | F

uncti
05 H (Bl E T
J
F
Al

es Matrix Multiplication  » ofl | @ f\ % 0| m a I n m e n u .

urier Transform (Space) 3 | F Forward:ix-> k

BCD Matrix Simulation... .
2f - Setup... I

N +% ERE

ol

ral
on
ol

Results in

g




Simulation of Diffraction at Phase Plate

« Set a Focal Length of 100 mm.
« Click the Ok button.

2f Setup
Distance to Lens I 100 mm
Focal Length I ]

[~ Simulate Pixelation Exactly

ok |f cancel |  Hebp
)

Results in

g




Simulation of Diffraction at Phase Plate

« Simulated intensity in target
plane (focal plane of 2f-setup).

||D) 11: Intensity Target Plane
Light View | Data View |

E
E
@
-+
o4
=
[T}

-5.3248 mm

-5.3248 mm 5.3248 mm
Zoom: 0.26373

Light View




Simulation of Diffraction at Phase Plate

File | Edit

iew  Source  Function  Manip

ID) cpen

QQ | L. < VL Samples

5l RecentPlaces
E| Documen ts

Bl Desktop

& Computer

B Pictures

B Music

% Recently Changed
Searches

I Public

Folders

File name: DO.008_Generation_of_DOE_Fabrication_Data_ ~,

i | D008 Generation_of DOE_Fabrication _Data 01.lpd :

~

The simulation can be also
done using a light path
diagram.

The following simulation

requires the Starter
Toolbox.

Load the file
MO.oo2_Diffraction_At_Us
er_Defined_Phase_Plates_
03.lpd.

The file can be found in the
VL_Samples folder of this

tutorial.
Results in

g




Simulation of Diffraction at Phase Plate

[ 12: Light Path View (C:\VL_Samples\MQ.2_Diffraction_at_User_Defined_Phase_Plates.lpd #12) = B <= A A store d transm | SS | on

- Light Seurces
- Components gE==

- Ideal Components iS Used in the |Ight

- Virtual Screen

% Detecors path diagram for the

&1 Analyzers

GaussianWave [ Stored Transmissid 2f-Setup Virtual Screen

O—— simulation of the

600 imported phase plate.

* Double click on
“Stored Transmission”.

Om Om
Relative Relative

[ 12: Light Path Editor (C:\VL_Samples\MO.2_Diffraction_at_User_Defined_Phase_Plates.|pd £12)

D».(’_' Path l’:. Detectors | [+2/" @ Analyzers

Start Element Target Element Linkage

Type Channel Medlum Type Fropagation Method
(Gaussian Wave - Standard Air Stored Transmission Combined SPwiFresnel Operator
Stored Transmission T Standard Air 2H-Setup Combined SPwiFresnel Operator
H-Setup T Standard Air

Results in

Light Path Tools | 3] SRS giulation Type ; |Light Path Diagram




Simulation of Diffraction at Phase Plate

« The Type of Transmission
Function is used to distinguish
S —— between transmission with
bl continuous amplitude and
phase modulation and
‘E:j::;"i:;:'“’“‘l’“ Tal transmissions containing
rectangular pixels and discrete
— amplitude and phase levels.

e e e I 1 The Set and Show buttons allow
ook Prane |V Somac | Mmboret to set and display the
= transmission used for

pil 4

pi /8 SimU|ati0n.

Harmonic Field Stored Transmission Operator

Pixelation Factor I 1 % I




Simulation of Diffraction at Phase Plate

[ 12: Light Path View (C:\VL_Samples\MQ.2_Diffraction_at_User_Defined_Phase_Plates.lpd #12) = B <=

- Light Seurces .
--Ec;n;rgzrenr;znem i o Cl |Ck GOI tO Sta rt

Vitual Screen the simulation of

- Detectors
& Analyzers

Gaussian Wave Stored Transmission 2f-Setup Virtual Screen the System .

1 2 600
Om Om Om
Relative Relative Relative

[ 12: Light Path Editor (C:\VL_Samples\MO.2_Diffraction_at_User_Defined_Phase_Plates.|pd £12)

D».(’_' Path l’:. Detectors | [+2/" @ Analyzers

Start Element Target Element Linkage

Type Channel Medlum Type Fropagation Method
(Gaussian Wave - Standard Air Stored Transmission Combined SPwiFresnel Operator
Stored Transmission T Standard Air 2H-Setup Combined SPwiFresnel Operator
H-Setup T Standard Air

Results in

4|Light e SRS gimulation Type : |Light Path Diagram




Simulation Results

”m 11: Qutput Intensity
Light View l Data View ]

E
E
@
=+
o
]
i

-5.3248 mm

-5.3248 mm 5.3248 mm

Light View Zoom: 026373

||D 10: Stored Transmission
Data View ]

3.1416

- w 5E_4
-3.1406

-B25um T7.5um

Jones Matrix Transmission Phase |foom: 7625 32x 32

Intensity in Target Plane
Generated by Phase Plate

Imported Phase Plate




Conclusion

« VIRTUALLAB™ supports the import of a user
defined phase plate from bitmap or ASClII files.

« A stored transmission component can be used to
model a phase plate.

« The light path diagram allows the user to
simulate the diffraction at a phase plate.




	Example for the import of a user defined phase plate from ASCII or bitmap data and the simulation of the diffraction at this plate.�
	Modeling Task
	Modeling Task
	Modeling Task
	Import of Used Defined Phase Plate
	Import from Bitmap File
	Import of Bitmap File
	Import of Bitmap File
	Import of Bitmap File
	Creation of Transmission
	Creation of Transmission
	Creation of Transmission
	Import from ASCII File
	Import from ASCII File
	Import from ASCII File
	Import from ASCII File
	Import of ASCII File
	Periodic Phase Plate Transmission
	Adjustment of Phase Plate Diameter
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation of Diffraction at Phase Plate
	Simulation Results
	Conclusion

