Tutorial 96.01 Tutorial Lighting Toolbox

This tutorial gives an introduction to the concepts and the usage
of the Lighting Toolbox. Analysis and Design of Grating Cells
Arrays are demonstrated.

Keywords: Lighting Toolbox, grating cells array, shaping, far field source, camera detector
Required Toolboxes: Lighting Toolbox

Related Application Scenarios: 317.01
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General Concept

The Lighting Toolbox provides an innovative light
shaping concept which is based on an array of
grating cells.

VirtualLab™ offers the possibility to design the
grating cell array (GCA) to generate an arbitrary
light pattern at a specified plane.

The designed GCA system can be analyzed by
spatially partial coherent light.

Also a rigorous analysis of the gratings can be
taken into account during the simulation.




General Optical Setup within the Lighting Toolbox

Plate with

Grating Cells Array Camera Detector

Far Field Source

« The VirtualLab™ Lighting Toolbox allows the
design and the analysis of GCA elements in
transmission and reflection mode.




Workflow



General Workflow of GCA Design

1.

Open a Lighting Toolbox LPD and define the
geometry of the system. All system parameters
have to be specified within this LPD.

. Open a GCA design document and define design

parameters including the target light pattern.
The design refers to the LPD.

Start the GCA design. The design results in a
new LPD containing the designhed GCA.

. Use the resulting LPD for further analysis of the

designed GCA element.




Setting up the system geometry



Generate a new Lighting Toolbox LPD
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Light Source

« The Far Field Source
can be edited by
double clicking on the
icon in the Light Path
View.

[ 2 Light Path View (Light Path Diagram 1)

The edit dialog allows
the specification of
spectral and spatial
parameters as well as
the definition of mode
selection and
polarization.

Local Linear Grating




Edit Dialog Far Field Source (Basic)

de Selection | Samping | Ray Selection

{ " Hasic Parameters Spectral Parameters | Spatial Parameters

Medium &t Source Plane
Standard Air in Homogeneous Medium

(5 Load 7 Edit

Source Field: Longitudinal and Lateral Offset
Distance to Input Flane

Lateral Offset

Input Field: Position, Size and Shape

@ Manual Setting Apply Lateral Offset of Source Field
Shape @ Rectangular () Elliptic
Diameter Wmm x 30 mm

@ Relative Edge \Width 0%

7 Absolute Edge Width pp—

Z+{Component of Direction
Direction

e

« The distance between

the Far Field Source
and the light shaping
component is entered
directly in the edit
dialog of the Far Field
Source.

e This distance cannot

be changed within the
LPD.




Edit Dialog Far Field Source (Spatial)

e seons SIS, The Far Field Source
e e I | can be configured with

o i an extended source

o o oo area. The size of this

i o area can be entered on

Programmable Input Databased Input .
‘ the spatial tab.
Programmable Input

e « The source allows to
T specify an additional
o, s comp f/ex-va lued
modulation of the
spherical wave.

« The modulation can be
specified as data based
and/or programmable
Input.

ore Ve

Programming Tools




Edit Dialog Far Field Source (Polarization)

() Global Polarization @ Local Polarization

The Modulation of Ex and Ey is specified at the tabpage
“Spatial Parameters™.

Ok || Cancel || Help

« The Far Field Source
allows either a global
polarization or the
specification of a
ocally polarized field.

« The modulation of the
different field
components can be
specified on the
spatial parameters tab
in case of local
polarization.




Edit Dialog Far Field Source (Mode Selection)

,

meters | Spatial Parameters

Number of Active Modes
Mumber of Lateral Modes
Mumber of Wavelengths
Total Number of Modes

Selection of Wavelengths
Selection Strategy Full Set of Wavelengths

Mumber of Selected \Wavelengths (max: 1)

Selection of Lateral Modes

Selection Strategy Uriform 20 Grid

Lateral Level (maw: 15)

Initial Grid Size @ Automatic

Weight Function

Specification Type @ Constant Weight () User-Defined \Weights

‘wieight Value 1

[ ok || Cancel |[ Help

In order to model an

extended source area, a

set of incoherent
modes has to be
generated by the
source. This can be
done on the mode
selection page.

The user can specify
positions as well as
weights for the modes.




Light Shaper Element

« The Grating Cells Array
is placed on a plate.

ew (Light Path Diagram #1}

The plate can be edited
by double clicking on
the icon in the Light
Path View.

« The plate can be
rotated. This can be
specified in the edit
dialog and will be
considered in the
design.

Light Shaper




Edit Dialog of Plate

« The user can change the
medium as well as the
——— thickness of the plate on
_— s ] which the grating cell

— C ) array is placed on.

Boundary Operators |t iS pOSSibIe to place

(7 Use Operator on First Interface l @ Use Operator on Second Interface ]

o et the operator on the first

(B Load 4 Edit E ¥ Load &/ Edit Q. vie Or On the Second
interface.

By clicking on the edit
Base Block_OPEra] button, the settings of
the GCA operator can

be changed.




Edit Dialog of GCA Operator |

On the functional

Edit Grating Cells Arra

Functional Definition Norder Configuration d Eﬁ n iti O n p a ge ’ th e S i Ze

Mumber of Grating Cell
Cell Size

Grating Cells Parameter

(

and the number of cells
can be configured.

‘ A table at the bottom of

ris

-6.1875 mm -6.0625 mm

S the dialog shows the

Lateral Shift 967.29 nm 1.0668 pm

Rotation Angle -36.913° -53.006°

e T ’ parameters for all cells.

Lateral Shift 13518 nm 2537 nm
Ratation Angle -45. 7547 -45.267

Grating Period 2.5473 pm 2.7974 pm

o | o ttuym —ntn The parameters can be

Ratation Angle -19.71z -24.325%°
Grating Period 2.3496 pm 2.1699 pm

R edited directly or set
1 from a given data array.

fZrmtime DOim T AQGLC - FCTAT avmn

Table Tools

3 [ ok || cancel || Hebp




Edit Dialog of GCA Operator Il

== ° Ihesecond page allows
to specify which orders
. T of the gratings are to be
gt e Cofoans considered during the
simulation.

Method to evaluate Rayleigh Coefficients [Constarrt Coefliciert - ]]

The constant Rayleigh Coefficient [1,0] will be used for all considered orders.
The order number as well as the wavelength of the incident light is not used for the
calculation of the Rayleigh Coefficient.

It is also possible to
specify different
weights for the orders
by selecting other
methods for the
definition of the
Rayleigh coefficients.

3 [ ok || cancel || Hebp




Order Configuration of GCA Simulation

« The following methods for the evaluation of the
Rayleigh coefficients are available:

— Constant Coefficient: constant weight 1 is used.

— Simple Look Up Table: real valued weights specified by
the user for each order are used for the simulation.

— Rigorous Look Up Table: weights that have been
computed with the LLGA result generator (requires the
Grating Toolbox) are used. For that purpose, the GCA
is analyzed with the LLGA analyzer first. The output of
the analyzer is the LLGA result generator that uses the
information of the GCA and that can evaluate the
Rayleigh coefficients by the usage of FMM or TEA.




Camera Detector

« The camera detector
defines the target
plane of the system.

The detector can be

edited by double

clicking on the icon in
the Light Path View.

The distance between
GCA element and
target plane can be

entered directly in the
LPD View.




Camera Detector : Size and Resolution

Detector Window and Resolutio

Detector Window Size

@ Manual Setting

@ Rectangular

Size 24 857 mm x

Detector Resolution

@ Manual Setting

Sampling Distance

« On the first page of
the edit dialog of the
Camera Detector the
window size and
resolution can be
specified.

In the current version,
the Camera Detector
only supports manual
specification of these
parameters.




Camera Detector : Parameters

Detector Window and Resolution |IDEtECtDI' FLII'ICliDnI

Handling of Coherence

The Camera Detector
supports two modii to
evaluate the incident

field.

In Standard Mode, the
coherent modes after
the GCA are interpreted
coherently.

The Incoherent
Approximation
evaluates the incident
coherent modes by
incoherent
superposition.




Design of the GCA



Create Design Document

« To create a GCA design document, select a
Lighting Toolbox LPD and select the menu item
Design =» New Grating Cells Array Design.

wtor  Syste l l o Solutions  Execution ras indow  Hel
New IFTA Optimization

Far Field Source Light Shaper

Results in

L~




GCA Design Document: Lighting Setup

[ &: Grating Cells Array Design of Light Path Editer (Light Path ... | = | & [w&ds]
. Lighting Setup BDesign

« On the page Lighting
S : Setup a short
Positions and Orientations summa ry Of 9 | |

Relative Orientation of GCA Relative Position of Detector

s ooirrmErw et St ru Ct ure p aram Ete IS

Psi i A

= TR of the base system is
: given.

Modulated Far Field Source

Grating Cells Amay

Number of Grating Cells 0] = 00 By preSS“']g on the

Grating Cell Size

Array Size ;; : ;; ShOW /n/.t/'Q/LPD
g button the initial
system can be viewed.

Show Initial LPD




GCA Design Document: Design

 For the design, the
([ 6: Grating Cells Array Design of Light Path Editor (Light Path ... | = | =1 (s3] .
| design wavelength has

Design Parameters

\Wavelength 532 nm to be SpeCiﬁed.

Signal Field

Variability of Spot Positions — % Al SO the ta rget patte '

Ty Import..

EA  Select from Documents...

£ s R e o in the detector plane
needs to be defined.

The pattern can be
specified by a data array.
The data array can be
loaded or imported or
selected from an open
VirtualLab™ document.




Set Target Pattern

he user can load the
data array from file. The
file extension is *.da.

The import of data
&l arrays is guided by a
e wizard. ASCII, bltrnap

and jpeg are supported
formats.

If the data array is
already available as
VirtualLab™ document
it could be selected
directed with the select
option.




GCA Design Document: Design

« Variability of Spots
Position option and
Apply Random Lateral
e Shift at Each Grating Cell
e = = option introduces a
random shift of all spots
in the target plane. This
(o) reduces pixel effects.

s Array Design of Light Path Editor (Light Path .. | o | & [we)

) Baply Random Lateral Shifiat Each Grating Celi i

By pressing on the GO
button the design is
performed and a new
Light Path Diagram will
be shown.




Analysis of the designed GCA system




Resulting System (Field Tracing)

e

m 8: Light Path View (Light Path Diagram #7)
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»
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m T: Light Path Editor (Light Path Diagram #7)

D‘.<- Path lf_:. Detectors ' Analyzers

Start Element
Type Channal Medium

Target Element

Typs

Far Field Source - Standard Air in Homogen...

Light Shaper

Light Shaper T Standard Air in Homogen .

< |

Q] (Tool i)

Simulation Type :

Field Tracing

Results in
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Field Tracing Result

m 12: Result of Camera Detector
Chromatic Fields Set

oo e |

« The result of the
camera detector is a
chromatic fields set.

 The following view
modes are available :

Real Color Mode

% Surmmation Maode (False Colaor)
B  Single Wavelength Mode

« The view mode can be
changed via context
menu, toolbar or
property browser.




Resulting System (Ray Tracing)

.

m 15: Light Path View (Light Path Diagram £14)
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Dm ''®
Relative
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m 14: Light Path Editor (Light Path Diagram #14)
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Start Element
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Target Element

Type
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Light Shaper

Light Shaper
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<

Light Path Tools +

Simulation Type :[[ Ray Tracing

Results in
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Ray Tracing Result (3D view of rays)

(=R




Ray Tracing Result (2D view of spots)
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Enhanced Analysis of the designed GCA
system



LLGA Analyzer

o VirtualLab™ also offers the possibility to use the
Grating Toolbox for rigorous analysis of the
efficiencies of the gratings within the GCA array.

« Therefore the LLGA Analyzer has to be triggered.

« The minimum/maximum orders entered in the
GCA edit dialog are used to generate a look up
table. (\M»ermﬂ”‘w“r

Results in

£-




LLGA Result Generator

m 17: Result Generator for Local Linear Grating Appr... E =]

Additional Grating Parameters

Grating Type Sawtooth Grating ']

Mumber of Height Levels 16

Maodulation Depth 1 pm

Performance Settings
Number of Bvanescent Orders 10

-

IJse TEA Mode for Periods Larger than

[7] Keep Already Calculated Results

5 ‘\wavelengths

Save Results into C:\ProgramData'\Light Trans GmbH\VirtualLab(TM)\ [ ... |

(.

The LLGA result
generator can be used
to calculate the
efficiencies of the
gratings within the GCA
with FMM or TEA.

Several setting for the
gratings to simulate can
be specified (see
manual).

Pressing the GO! button

triggers the analysis of
the gratings.




LLGA Result Generator

After the LLGA result
generator has finished,
- the results can be set
O T = : into the GCA operator
i e G by clicking on the set
e button within the GCA
— E edit dialog.

ook Tt ot _ Alternatively, the results
Number of Wavelengihs in LUT:1

[ad:eﬁ] can be loaded from

XML file.

The information of the
LLGA result generator
which is set are

oK [ Coea | (o displayed on the bottom

of the edit form.

Edit Grating Cells Arra




Fabrication Export



GCA Edit Dialog : Fabrication Export

FEcit Gratesy Colt (i X ¢ TO ex p O rt th e G CA
| Functional Defintion florder Configuration p a r a m et e rS th e E X p O /,l.

General Settings

Number of Grating Cells 100 x : button in the edit

Cell Size

— x dialog of the GCA
: , operator needs to be

-6.1875mm | -6.0625mm | -5.9375mm || |
23373 pm 1.8106 pm

L]
520.8 nm 93624 nm 12322 nm Cl I C|<ed °

-31.393° -56.207° -39.969°

2.0478 um 2.0209 um 2.1624 ym
529.73 132.63 576.4 M
sl @Sml_sdm « The following formats
2.3819 pm 24489 pm 20644 pm
1.8597 pm 24304 pm 1.1808 pm . | b | .
-53.728° 73.078° -61.486°
3424 um 3204pm| 22407 pm a re a Va I a e °
2.3481 um 1.7377 ym 1.9404 pm
-70.549° -64.862° -67.369°
IOIRDY

L — CSV (comma
seperated values)

o] Lo s — GDSII (binary layers)




Fabrication Export Dialog

ne fabrication export
lows the
vecification of the
‘ grating type.
Gran Ty Savtot Gatng If binary masks shall

Calculate Binary Masks

Mumber of Discrete Height Levels I e be Ca | Cu | ated ) th e
e e Sorse GDSII export is

[7] Text File (*.csv) [7] GDSII Data (*.gds) available.

e ] The CSV format
contains all grating
parameters in matrix
form.
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