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Grating Analysis and Smoothly Modulated Grating
Parameters on Lightguides
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In order to control the uniformity and
efficiency in a lightguide device for AR/MR
applications, it is necessary to vary grating
parameters, such as fill factor and grating
height, over certain areas, e.g. in the
expansion and outcoupling grating regions.
For this purpose, VirtualLab Fusion enables
the introduction of smoothly varied grating
parameters inside one region, where the
desired variation can be configured in very
different ways. This also includes a tool to
Investigate the provided diffraction efficiencies
for the specific incident conditions and grating
parameters. This example explains, how to
apply these tools.




lllustration of the Modeling Task

iIntroduction of continuously modulated grating parameters on lightguides (e.g., fill factor)
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General Workflow with Additional Guidance

4 _ _ 7\ The starting point is an existing, executable lightguide system, which has the basic

1. Copflguratlon _Of base geometries (desired distances and positioned grating regions) and grating
optical lightguide setup specifications (orientation, period, orders).
(not part of this use » Construction of a Light Guide [Use Case]
case) - Light Guide Layout Design Tool [Use Case]

2. Application of the The regions for which a modulation of parameters is desired must be configured
Footprint and Grating using real grating structures.
Analysis tool including « How to Set Up a Lightguide with Real Grating Structures [Use Case]
the generation of the « Simulation of 1D-1D Pupil Expander with Real Gratings [Use Case]
optlcal Setup equipped The Footprint and Grating Analysis tool is used to specify the desired range for the
with all requirements for variation of the grating parameters, calculate rigorously the according Rayleigh
the parameter coefficients for the specified conditions of the light-grating interactions and generate
modulation an optical setup where the actual parameter variation can be defined.

» Footprint Analysis of Lightquides for AR/MR Applications [Use Case]

3. Definition of desired

' Note:
?nrggzlgaﬁgr:ameter The grating modulation is defined for individual grating regions.
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Open Footprint and Grating Analysis Tool & Set Optical Setup

Wyrowski VirtualLab Fusion 2021.1 (Build 1.180)
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Footprint and Grating Analysis Tool

[v. 39 Footprint and Grating Analysis™

Optical Setup

@) specify the field of view (FOV)
angles for the analysis.

Set Show

Field of View Angles for Design

= y B i 7 Edit Angle

1 -12.5° -T.5°

2 o 75° =.F Add Angle

3 125° 7.5°

4 1250 vy 2.F Add Angle Range
5 0 0

6 125: o X Remove Angle

7 12.5° 75°

] o 75°

9 125° 7.5°

Efficiency of Zeroth Order

100 % Efficiency of All Other Orders

(2 ] e

[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:
[11/26/2021 14:43:16]:

€

validity: &

Footprint and grating analysis by light path fin] Run the anaIyS|S LS
Extraction of footprint and grating data started
Mew incident direction detected for Incoupling Grating: (0.21467; 0.12748; 0.96833)
Mew incident direction detected for Expansion Grating: [(0.52174; 0.61122; -0.59515)
Mew incident direction detected for Expansion Grating: [-0.46055; 0.61122; -0.64367)
Mew incident direction detected for Qutcoupling Grating: (0.75785; -0.10653; -0.64367)
Mumber of detected different directions at grating regions = 4
Mumber of footprints found for Incoupling Grating: 1
Mumber of footprints found for Expansion Grating: 17
Mumber of footprints found for Qutcoupling Grating: 66
Extraction of footprint data finished.

Mext »

(=2 =]

¥ [mm)]

[ 30; Footprint and Grating Analysis*

Path for Storing Lookup Tables:

Detected Grating Regions with Footprint Data

e_ Footprints and related results |iEs
can be displayed.

N /

PATempVLY

Status Region View I-}e’atmap Raw Data Vary
S hctione tcouping g m | o
sk S = N I [ e L
Light Guide [After Surface Layout) (1) | Surface # 1 m u a %

=* Region # 3: Qutcoupling Grating

Bl Ficld of View #1 [-12.5% -7.5%
Field of View #3 (12.5°, -7.57)
Field of View #£5 [IF, 0%
Field of View #7 [-12.5%, 7.5%
Field of View £#9 [12.5%, 7.5%
Field of View £2 [0, -7.5%
B Ficld of View #4 (-12.5°, 07)
Bl Ficld of View #6 (12.5°, 0%
Field of View £8 (0°, 7.57)

X [mm]

For a general workflow and overview of this tool see the following use case: F‘? Footprint Analysis of Lightguides for AR/MR Applications
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https://www.lighttrans.com/index.php?id=2730
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Selection of Grating Parameters and Associated Ranges

|L 45; ChlUsersh,..\2021-04-27 Footprint Tool.fga™ e
P g
Path for Storing Lockup Tables: C:".Tlemg".

Detected Grating Reqions with Footprint Data

The options in this last column
Configure appear only for
regions with real gratings.

Status Region View | Heatmap | Raw Data\/ Wary
= |5 Region # - lncoupiing Graang e m | o
B Aty sl 0 seces n | o Bl
- Ugasie e See e Swce |

Select Grating Parameters to be Varied

*

® | [] Show Only Varied Parameters

1+ Object | Category Parameter

Surface | Scaling z-Direction

Expansion | (Rectangu | Grating Pericd

Grating lar 3
Grating Modulahor_l Depth
Surface) | Lateral Shift
Rotation Angle

Relative Slit Width

= Outer Definition Area .
Outer Definition Area..

From To Steps = Step Size

DDDDDDD§

<]

grating is chosen.

In this example, the fill factor
(relative slit width) of a binary

Validity: 2 |l a

| validity: @

Cancel Help

It is possible to vary one or two grating
parameters at the same time.

The sampling of the parameter space can
be relatively coarse, since afterwards
interpolation techniques will be applied in
between the calculated points.

The table lists all available parameters of
the grating. For the introduction of
modulated grating parameters within a
region, it is not allowed to use a
parameter that changes the light paths
(e.g., such as the period).




Calculation of Lookup Tables

After configuring the desired variation of the

lmmmmIne | B [-] grating parameters, the resulting grating
e — S— S— characteristic can be calculated and stored in
R i o) w | o lookup tables by clicking on Calculate Lookup
G | R een#2 Buparaion Gosgng | Surfece 71 EIEED - I Tables.

s e | o

| b Calculate Lgokup Tables |

= Generate Optical Setup with Modulation Function ... |

Validity: & i




Calculation of Lookup Tables

[ 45 C\Users\...\2021-04-27 Footprint Tool.fga™

(o[ &S]

Path for Storing Lockup Tables: C:".Tlemg".

< define

Detected Grating Reqions with Footprint Data

saving path

Status Region

Light Guide (After Surface Layout) (1) | Surface £1
=» Region #1: Incoupling Grating

Light Guide (After Surface Layout) (1) | Surface #1
= =* Region ¥ 2: Expansion Grating

Light Guide (After Surface Layout) (1) | Surface #1
=» Region # 3: Outcoupling Grating

View | Heatmap| Raw Data

g m o

i m 7 Configure E @
7| m o

The lookup tables are calculated for the defined variation
of the grating parameters and FOV modes determined in

the first step of the Footprint and Grating Analysis tool.
The look up tables are automatically saved to the

specified folder:

Date modified

 Calculate Lookup Tables

[D4/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:

Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:
Process grating parameter variation calculation:

Evaluation finished.

MNA27/2021 1R-AR-IRT | ankiim tahle ertre stared- RaveinhMatrices  Fynancinn Gratina

Generate Optical Setup with Modulation Function ...
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4 Back

Name Type Size

. RayleighMatrices_Expansion Grating_(-0.44791; 0.44534; -0.77527)_532 nm_R-1 22/11/2021 14:.06 DAF 7KB
. RayleighMatrices_Expansion Grating_(0.46055; 0.37108; -0.80635)_532 nm_R0O 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.46055; 0.37108; -0.80635)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.52431; 0.37108; -0.76642)_532 nm_RO 2271172021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.52431; 0.37108; -0.76642)_532 nm_R-1 22/11/2021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_{0.53695; 0.44534; -0.71649)_532 nm_R0 22/11/2021 14:.06 DA File TKB
. RayleighMatrices_Expansion Grating_(0.53695; 0.44534; -0.71649)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.59515)_532 nm_R0O 2271172021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.59515)_532 nm_R-1 221172021 14:06 DA File 7 KB
. RayleighMatrices_Expansion Grating_{0.5671; 0.5671; -0.59732)_532 nm_R0O 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.5671; 0.5671; -0.59732)_532 nm_R-1 22/11/2021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(-041776; 0.5671; -0.70984) 532 nm_R0O 2271172021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.41776; 0.5671; -0.70984)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_{0.49115; 0.49115; -0.71941)_532 nm_R0 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.49115; 0.49115; -0.71941)_532 nm_R-1 2271172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.49372; 0.49115; -0.71765)_532 nm_R0O 22/11/2021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.49372; 0.49115; -0.71765)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.56967; 0.4152; -0.70929)_532 nm_R0 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.56867; 0.4152; -0.70929) 532 nm_R-1 2271172021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.37108; 0.46055; -0.80635)_532 nm_R0O 22/11/2021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_{0.37108; 0.46055; -0.80635)_532 nm_R-1 22/11/2021 14:.06 DA File TKB
. RayleighMatrices_Expansion Grating_(0.44534; 0.53695; -0.71649)_532 nm_R0 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.44534; 0.53695; -0.71649)_532 nm_R-1 2271172021 1406 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.52174; 0.61122; -0.59515)_532 nm_RO 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_{0.52174; 0.61122; -0.59515)_532 nm_R-1 22/11/2021 14:06 DA File 7KB




Calculation of Lookup Tables

% 45 CAUs 1-04-27 F int Tool.fga™ [=] 1 H 1 H H
s EEEE By clicking on the button with the magnifying
Path forStorng Lookup Tables:  CiTemol show lookup glass, the data for specific orders and directions
Detected Grating Reqions with Footprint Data . . . 1.
Status Region View| Heatmap| Raw Data table Can be InveStlgated In detall'
Light Guide (After Surf Layout) (1) | Surf 21 B 01
e e () 1rca m | o \/
e T portece ot (1 Surfece &1 m |[ o Corfioure | 3 e —— v
Light Guide (After Surface Layout) (1) | Surface #1 == m elect Lookup lables to -how
-IE F{egl-ilclnnea‘.f[ 3 Srutgoui:ﬁg Eﬁii?‘lé )| Surface tl. o
Awailable Lookup Tables
# | Show Direction Wavelength | Order | &
1 L (0.46055,0.37108; -0.80635)  532nm  R-1
2 ] (0.46055; 0.37108; -0.80635) 532 nm RO
b Caloulste Lockup Tables 3| [0 (-0521750.37108:-0.76817)  532nm  R-1
%ﬁigﬁ%%} :IIEE%% Emcess gr:tt!ng param:tter var!:tt@nn ca:cu::tt@on: ?1;'»1 ~ 4 |:| (-0.52175; 0.37108; -0.76817) R3Z nm RO
e E rocess gratin Arameter vanation Calculation: [ -
[04/27/2021 16:45:35]: Process grating Earameter wvariation calculation: 15 % 5 D (0.53695; 0.44534; -0.71645) 532 nm R-1
(047272021 16:45:35]: P i et jati lculation: 20 % . N7
Pz e 6| O (05%35,04450071645)  52om RO
(047272021 16:45:35]: Process grating parameter variation calculation: 30 % ! D (-0.44535; 0.44534; -0.77675) 32 nm R -1
[04/27/2021 16:45:35] P ati eter variation calculation: 35 % ) Jp——
P, oo g b vakon o £ 0| O (083 0us2607767%)  E2om RO
[04/27/2021 16:45:35]: Process grating parameter variation calculation: 45 % g |:| (061122 0.52174; -0.59515) E32 nm R-1
04/27/2021 16:45:35]: P i et jati lculation: 50 %
%114;2?,#2&21 15:45:35}: Process arating parameter variation calculation: 55 7 10 [] (061122, 0.52174; -0.59515) 532 nm RO
[04/27/2021 16:45:35] P - eter variation calculation: 60 % A A =4 TEReT i
GeiaEs Poce gang oot vatson ot 80 ] O (037108052174-076817)  52om R
[04/27/2021 16:45:35]: Process grating parameter variation calculation: 100 % 12 |:| (-0.37108; 0.52174, -0.76817) R3Z nm RO
04/27/2021 16:45:35]: Evaluation finished.
Fm;;wmn m-.ﬁ-qrj- Lol |n‘:i|'lj2tf:fnin§nrir|' RendsinhMatriras Fynansion Gratinn (1 G871 1 4162 171124 5% am Rdda Y 13| [ (0.4152; 0.4152; -0.80046) 532 nm R-1
Generate Optical Setup with Modulation Function ... 14 D (0.4152; 0.4152; -0.80346) 532 nm RO v
Valgiy: 47 « Back validity: @ |H Cancel Help
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Investigation of Grating Behavior

S —————— e From the information of the Ic_)oku p_table_s (Rayleigh
N —— matrix per wavelength, direction, diffraction order and
Diagram Table  Value at x-Coordinate value of grating parameters) the efficiency values for
2 T Efficiency T different polarization states are derived and displayed.
-e- Efficiency TM
o
= |-+ Efficiency LC Select Lookup Tables to Show X ‘
Efficiency RC
5 Efficiency Unpolarized Available Lookup Tables
I # | Show | Direction | Wavelength | Order | A
n*-; 1 Il {046055; 0.37108; -0.80635) 532 nm R -1
o 2| O (046055:037108: -080635) 532 nm RO
= o 3| O (-052175,037108;-076817) 532 nm R-1
d K4 [0 (052175037108;-076817)  532nm RO
> 5 [  (053695;044534;-0.71649) 532 nm R-1
2 6| [J (053695;044534;-071649)  532nm RO
2 o 7| O (-044535:044534; -077675) 532 nm R-1
& [T 1 |-044535,044534;-077675)  532nm RO
ol i T | |061122,052174;:-059515) 532 nm R-1
L7 10——J(061122:052174; -059515)  532nm RO
/{ 11| [0 (-037108:052174;-076817) 532 nm R-1
L et 2/ O (037108;052174;-076817)  532nm RO
w 15 20 25 30 35 4 4 s s @ e |selectand show the efficiencies |3 [ 0415204152 -080846) 532 nm R-1
Expansion Grating | Surface #1 (Rectangular Grating Surface) | Rela] Of certain incident direction’ «d 0 (041050415 SO0} ik RO IE¥
wavelength, grating order

| alidity: @ |I| Cancel Help
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Investigation of Grating Behavior

rEﬂ:EFﬁciencies_ExpansionGrating_(O.ﬁ‘lTZZ; 0.52174; -0.59515)_532 nm_R-1 E@@‘ The e_ﬂ:lc_lency Of the gratmg IS Sh_own for _dlﬁ:erent
Numerical Data Array polarization states (TE, TM, left circular, right
circular polarization, as well as unpolarized light).

Diagram Table Value at x-Coordinate

© = with interoolated data In the simulation of the full lightguide, the local
8 ] efiiciency Lc P occurring polarization states of the incident light
g |7 e will be considered automatically.
= -e- Efficiency Unpolarlzed
I8
< Note: In case of two varied grating parameters,
- \ the result are 2D color plots.
g 2 = o &
% oo ! ‘_I] - B H @ ¥ Data Array r
é " Start Sources Functions Catalogs Windows View Manipulations Detectors l
o \ Coordinate and Array - Array ~ Operations Value Lateral Array Size Sam’,’_
- Interpolation Settings |Subsets ~ Operations ~ with Constant ~ Scaling ~ Displacement ~ Manipulations ~ Manipulz
_ e gt = i S e - AR = e e S J o /
1I0 1|5 2I0 2|5 3.0 3|5 4I0 4I5 slo 5I5 slo sls ?Io ?Is 80 85 90 The interpolation of the data was

Expansion Grating | Surface #1 (Rectangular Grating Surface) | Relative Slit Width [36] switched to cubic via ManipUIationS >
Coordinate and Interpolation Settings.
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Load Rayleigh Matrices from Lookup Tables

-

Bl 46: C:\Temp\RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.59515)_532 nm_R-1.da

fola =]

Numerical Data Array

Diagram

0.3 0.4 0.5 0.6 0.7

Amplitude of “Subsets #0, #1, #2, #3" [V/m]

0.2

Table Value at x-Coordinate
- M1
- M12
- M21
M22
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Expansion Grating | Surface #1 (Rectangular Grating Surface) | Relative Slit Width [%]

The Rayleigh matrices saved in the defined folder
can be loaded in VirtualLab Fusion and reveal the
complex-valued entries of this 2x2 matrices.

Name

Date modified

Type Size

. RayleighMatrices_Expansion Grating_(-0.44791; 0.44534; -0.77527)_532 nm_R-1 221172021 14:.06 DA File 7 KB
. RayleighMatrices_Expansion Grating_(0.46055; 0.37108; -0.80635)_532 nm_R0O 221172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.46055; 0.37108; -0.80635)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.52431; 0.37108; -0.76642)_532 nm_RO 221172021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.52431; 0.37108; -0.76642)_532 nm_R-1 221172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.53695; 0.44534; -0.71649)_532 nm_R0 22/11/2021 14:.06 DA File TKB
. RayleighMatrices_Expansion Grating_(0.53695; 0.44534; -0.71649)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
Eouloighbdotioco. 7[ Cancion I’"r:‘rinnJ’ﬂ 1122 052174 [ ‘?ﬂ‘ﬂﬁ\:?i') nmipn 1120201 1406 AL wil'a
RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.59515)_532 nm_R-1 221172021 14:06 DA File 7 KB
ayleighMatrices_expansion Grating_(U.ob /1, USb/ Ty -U.58752) 532 nm_KU 22T 20T T4Ub DA Hile KB

. RayleighMatrices_Expansion Grating_(0.5671; 0.5671; -0.59732)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-041776; 0.5671; -0.70984) 532 nm_R0O 221172021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.41776; 0.5671; -0.70984)_532 nm_R-1 221172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.49115; 0.49115; -0.71941)_532 nm_R0 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.49115; 0.49115; -0.71941)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.49372; 0.49115; -0.71765)_532 nm_R0O 221172021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.49372; 0.49115; -0.71765)_532 nm_R-1 221172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.56967; 0.4152; -0.70929)_532 nm_R0O 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(-0.56867; 0.4152; -0.70929) 532 nm_R-1 2271172021 1406 DA File 7 KB
. RayleighMatrices_Expansion Grating_(0.37108; 0.46055; -0.80635)_532 nm_R0O 221172021 14:06 DA File 7 KB
. RayleighMatrices_Expansion Grating_(0.37108; 0.46055; -0.80635)_532 nm_R-1 22/11/2021 14:.06 DA File TKB
. RayleighMatrices_Expansion Grating_(0.44534; 0.53695; -0.71649)_532 nm_R0 22/11/2021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.44534; 0.53695; -0.71649)_532 nm_R-1 221172021 14:.06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.52174; 0.61122; -0.59515)_532 nm_RO 221172021 14:06 DA File 7KB
. RayleighMatrices_Expansion Grating_(0.52174; 0.61122; -0.59515)_532 nm_R-1 22/11/2021 14:06 DA File 7KB
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Load Rayleigh Matrices from Lookup Tables

B, 46: C:\Temp\RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.58515)_532 nm_R-1.da =N o
Numerical Data Array
Diagram Table  Value at x-Coordinate
- M1
— |- M2
=1
B - M21 <
5 M22 ;
3 : w /
#
o
: \!\‘w‘ﬂ.’-
= 0
% ©
o
&
o \
8 ©
5
n
s \ ::l 46: C:\Temp\RayleighMatrices_Expansion Grating_(0.61122; 0.52174; -0.59515)_532 nm_R-1.da o=
- L=_ Lo
% o Numerical Data Array
% Diagram Table Value at x-Coordinate
2o
o

0.1

10 15 20 25 30 3
Expansion Grating | Sur{

BO- 548 -

A A*

Phase of “Subsets #0, #1, #2, #3" [rad]

M - M1 %

- M12
- M21

o
M22

TN AN
IR~ AN

X

i/

1

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 as
Expansion Grating | Surface #1 (Rectangular Grating Surface) | Relative Slit Width [3]

%0

Multigraph Subset
Mode Settings

Subset Selection

Sources Functions Catalogs Windows View
Re Im _[h. Mo Interpolation = ‘“—1
ﬁ Q & Pixelated View e -
el Automatic

2
}ﬁntﬂy

J\ Method of Object Scaling -

Value Scaling

')

Data Array ™

Manipulations -

1:““ Show Legené

The response of a specific grating (with given period,
shape, material, etc.) is defined by a complex-valued
2x2 matrix (Rayleigh matrix) per wavelength, incident
direction and diffraction order. The Rayleigh matrices
provide the fully vectorial response of the grating, which
means that all polarization effects are included. This
stands in contrast to a treatment purely reliant on
calculation of the efficiencies — energy magnitudes that
do not contain all the vectorial field information and
which can miss relevant physical effects, such as
influences cause by changing polarization states.
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Generation of Updated Optical System

[ 45 C\Users\...\2021-04-27 Footprint Tool.fga™

Path for Storing Lockup Tables: C:".Tlemg".

Detected Grating Reqions with Footprint Data

Status Region
Light Guide (After Surface Layout) (1) | Surface £1
=» Region #1: Incoupling Grating
mm, | Light Guide (After Surface Layout) (1) | Surface #1
H =* Region ¥ 2: Expansion Grating

Light Guide (After Surface Layout) (1) | Surface #1
=» Region # 3: Outcoupling Grating

View | Heatmap| Raw Data

Fo|| m [ o
i B
Y| m go

Wary

Caonfigure ﬁ @

 Calculate Lookup Tables

[D4/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:
[04/27/2021 16:45:35]:

[04/27/2021 16:45:35]:
MNA27/2021 1R-AR-IRT | ankoin tahle ertre etared: RaveinhMatrices  Fynancinn Gratinn (0 BR71- 04187 171134 RA1%rm R-1 da

Valigity: 4°

Process grating parameter variation calculation: 5 %
Process grating parameter variation calculation: 10 %
Process grating parameter variation calculation: 15 %
Process grating parameter variation calculation: 20 %
Process grating parameter variation calculation: 25 %
Process grating parameter variation calculation: 30 %
Process grating parameter variation calculation: 35 %
Process grating parameter variation calculation: 40 %
Process grating parameter variation calculation: 45 %
Process grating parameter variation calculation: 50 %
Process grating parameter variation calculation: 55 %
Process grating parameter variation calculation: 60 %
Process grating parameter variation calculation: 65 %
Process grating parameter variation calculation: 100 %
Evaluation finished.

E Generate Optical Setup with Modulation Function ...

L

4 Back

Finally, an adapted optical system can be generated,
where the real grating structures have been replaced
by the calculated lookup tables, which enable the
configuration of the continuously modulated
parameters.

The Optical Setup with modulated grating regions is
first generated with an interpolated variation from a
finite set of local positions. The user can configure the
desired sampling and interpolation before the Optical
Setup is generated. This can also be modified later,

including setting a programmable modulation).

Select & Configure Grating Regions *
# | Modulate Region Feints X | Points
1 Light Guide (After Surface Layout) (1)|Surface #1 1 1
=» Region # 2: Expansion Grating
Validity: @ Cancel
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Generation of Updated Optical System

..
..
-
..

Light Sounces
Components
Ideal Components
Detectors
Camera Detector

Electromagnetic Field De

Plane Wave

[L)-

o]

Scanning Source
>
500

Grating Channel
Analyzer

-

801

=

1

vt Guide (After
face Layout) Camera Detector
-l
600
| [ :-1000 pm |

In the resulting optical setup, the option to use the modulated
grating parameters has been activated and the corresponding
lookup tables have already been loaded into the system.

¥ 5
Z0

Ray T1

Edit Light Guide Component

Solid  Suface Layouts

Region Type Pericd

# ‘ MName of Region

1| Incoupling Grating Rectangular Region
pd Expansion Grating

3| Outcoupling Grating I

380 nm

[] Apply Absorption Outside of Region on Surface

Surface Name | Edit Info
1 Plane Surface | &7 a\t‘ﬁ: Surface layout containing 3 regions.
h 2| Plane Surface | & aﬂﬂ‘?:m Surface layout containing 0 regions.
Edit Surface Layout

OK

T T

Validity: @

0K

| e |

Help

Edit Grating Region
Shape Region Channels  Grating
(® 2D Grating (Invariant in y-Direction)

Grating Period 268.7nm

Orientation (Rotation about z-Axis)
Order Selection  Efficiencies

() Constant

() Programmable

(0 3D Grating

(®) From Real Gratings

Use Modulated Grating Parameters within Region
Grating Stack

Binary Grating

Grating Parameter Modulation Function

Mumber of parameters in modulation function: 1

=¥ Relative Slit \width (from 10 % to 50 %)

Modulation defined by Sampled Data (Spline Interpolation)

Lookup Table
Mumber of entries within lockup table: 26
=} Number of different wavelength(s): 1
=» Number of different direction vector(s): 18

= Loz & Edit

3

./ Edit

Validity: A

OK | Cancel || Help
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Configuration of Grating Modulation

R “| The parameter modulation in the region can be configured in
(© 2D Graing(nriantiny-Dictio) O30 Graing detail by clicking on Edit. Here you can also find the local
S = o positions, that were chosen in the Generate OS dialog.

Orientation (Retation about z-Auxis)
Edit Grating Parameter Modulation Function x

COrder Selection  Efficiencies
[] Define Grating Parameter Function for Two Grating Parameters

() Constant () Programmable (®) From Real Gratings
Settings for Grating Parameter #1
[] Use Modulated Grating Parameters within Region
Name [Relative Siit Width |
Grating Stack
Proy Percent ~
Binary Grating & Lozd | | 2 Edt perty | e |
Minimum | 10°%]
Mazimum | 50 ‘E,|

Grating Parameter Modulation Function
MNumber of parameters in modulation function: 1
=+ Relative Slit \Width (from 10 % to 80 %) ‘

Modulation defined by Sampled Data (Spline Interpolation)

Medulation Defined by (®) Sampled Data () Programmable Function

Lockup Table 5 xComarate | y-Coortinse | Relsive Sit vidh

= Number of different wavelengthis): 1
=» Number of different direction vector(s): 18

Number of entries within lookup table: 36 7 Edit 12557 mm e :

Validity: 4' | OK || Cancel || Help

Interpolation Method: (®) Spline Interpolation (") Nearest Neighbor Interpolation (Voronei)

[ok ] concel | tel
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Modulation Based on Sampled Positions or a Grid

Edit Grating Parameter Modulation Function

[] Define Grating Parameter Function for Two Grating Parameters

Settings for Grating Parameter 1

Name | Relative Siit Width |
Property Percentage ~
Minimum | 1[‘.'3';|
Maximum | 50 3';|
Maodulation Defined by (®) Sampled Data

O P“’QM

1 -5.1152 mm 0%

# x-Coordinate | y-Coordinate | Relative Slit Width /

./ Edit Data Point
_E Add Data Point
¥ Remove Data Point

4, Load From Data

Ilnterpolation Method: (® Spline Interpalation () Nearest Meighbor Interpolation [Voronoi]l/

Q, view | ||E

One possibility to configure the lateral modulation is by
using local positions (support points).

For each position (or support point), a certain value of the
grating parameter can be set.

Points can be added or removed. For an automatic
equidistant grid of points, please repeat the steps covered
in slide #15.

In between the support points, an interpolation of the data
of the grating parameter(s) is used. There are two options:
- Spline interpolation
- Nearest neighbor (hard boundaries)

18



Modulation Based on Sampled Positions or a Grid

Edit Grating Parameter Modulation Function

[] Define Grating Parameter Function for Two Grating Parameters

Settings for Grating Parameter 1

|f Edit Data Point |

E Add Data Paint |

|E—l

‘X Remove Data Point |

Load From Data

Name | Relative Siit Width |

Property | Percentage ~ |

Minimum | 10%

Maximum | 90 ‘Id,|

Modulation Defined by (®) Sampled Data (") Programmable Fungti

# | w-Coordinate | y-Coordinate | Relative Slit Width A
1 -8.126% mm 0%
2 | 47822 mm  -B.1265 mm 0%
3 | -3057Tmm  -B.1269 mm 0%
4 -1.332 mm -8.1269 mm 0%
5 353.11 um -8.126% mm 0%
6 21182 mm  -B.126% mm 0%
7 38434 mm -8.1269 mm 0%
8 5.5685 mm -8.1269 mm 0%
9 7.2936 mm -8.1269 mm 0%
10 [ 9.0187mm  -8.1265 mm 0%
11 | -65074mm  -7.2664 mm 0%
12 | -47823mm  -7.2664 mm 0% v

Interpolation Method: (® Spline Interpalation

() Nearest Meighbor Interpelation [Voronoi)

Select & Configure Grating Regions *

+

Modulate | Region

= Light Guide (After Surface Layout) (1)|Surface £1
=» Region # 2. Expansion Grating

| Points X | Points ¥ | Use Spline |
L

—

Validity: @ [ ok ]| cCamesl | Heb

[k ] |

Cancel | Help

continuing from slide #15:

Entering a certain number of points during the generation
of the new optical setup will result in an equidistant grid of
sampled positions (in the rectangular box that fits the
regarding arbitrary shaped grating region). For each
position, the according grating parameter can be set.
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Modulation Based on Sampled Positions or a Grid

Edit Grating Parameter Modulation Function ¥ . .
* Now, the modulation of the grating parameter can be
[] Define Grating Parameter Function for Two Grating Parameters . . ..
Seings for Grting Parameter 1 adapted by changing the values at the given positions.
Name | Relative Siit Width |
Property Percentage w H H H H H ! H .
| « By clicking on View, the resulting variation is shown:
Minimum 0%
Maximum | 90 %
Modulation Defined by (®) Sampled Data (") Programmable Function
? T cContinat Ty Contints | Fsivs S vidh ~ [/ EditDota Poin spline interpolated: nearest neighbor:
-8. mm %
2 A T7823 mm -2126% mm 0% ;HE Add Data Paint Show Grating Parameter Variation Function Show Grating Parameter Variation Function
3 -3.0571 -8.1269 0%
4 1332 I:: 2.1269 22 a0 % x Remove Data Point Selected Parameter to Show Relative Slit Width Selected Parameter to Show Relative Slit Width
5 393.17 pm -8.1265 mm 0% Relative Slit \Width Relative Slit Width
6 | 2112mm  -2.1263mm 50 % g Lod from Datn ,
7 | 3843%mm  -81263mm 30 % % oo
3 55685 mm  -8.1269 mm 40%
9 7.2936 mm -8.1269 mm | A
10 [ 3.0187mm  -8.1263 mm 0%
11 | -65074mm  -7.2664 mm 50% E E -
12 | -47823mm  -7.2664 mm 0% v /W g - § o
E w
Ilnterpnlation Method: (® Spline Interpalation () Nearest Meighbor Interpolation wﬂmﬂni)l/ g g :
6 4 2 0 2 4 6 3
C),) AL ]E Cancel Help Left Side [mm] Left Side [mm]
10% 10%
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Modulation Based on Analytical Description

Edit Grating Parameter Modulation Function

[] Define Grating Parameter Function for Two Grating Parameters

Settings for Grating Parameter 1

Name | Relative Siit Width |

Property Percentage ~

Minimum | 1[‘.'3';|

Maximum | 50 3';|

Modulation Defined by (") Sampled Data I (®) Programmable Function

Validity: @

Q, view | ||E OK Cancel

Help

The second possibility for defining a smooth modulation of
the grating parameters is the application of an analytical
modulation function.

In this example, we demonstrate a linear variation in the
horizontal direction of the EPE grating region, as this is the
expected main direction of light propagation.

The function and its parameters can be configured by
clicking on Edit.
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Modulation Based on Mathematical Description

Source Code Editor

Source Code  Global Parameters  Snippet Help  Advanced Settings

1 — |x [double]
76 L~ y [double]
27 #region Additional using directives
23
29 #endregion
38
31 public class VLModule : ISnippetArrayDouble Double x Double y {

32

33 public double[] GetData{double x, double y) {
34

35 #region Main method

36 double[] returnValue = new double[2];

37

38 // Add information about the parameter variation here.
39 returnValue[@] = 8;

48 returnValue[l] = 8;

41

432 return returnvValue;

43 #endregion

44 }

45

£ #region Snippet body

Import snippet |,

Hion =
Cancel Help

NIE &*| | Check Consistency | Validity: 1 ||l

In this example, a snippet for
a linear modulation is
provided alongside this
document.

Import the snippet by using
the import button.

In more general, a function
has to be defined, that
provides the desired grating
parameter for the current
position (X,y).

22



Modulation Based on Mathematical Description

Source Code Editor

Source Code  Global Parameters  Snippet Help  Advanced Settings

43
44
45
46
a7
43
49
se
51
52
53
54
55
56
57
58

o O O
[ B B s S W TR =y W

e e B 1
B @O

d

-

mpi

&

public double[] GetData(double x, double y)} {
#region Main method

J/definition of the function
VectorD P1P2 = EndPositionLine - StartPositionlLine;
double angle = (-1) * Math.Atan2(P1P2.¥, P1P2.X);

//setting the orientation of the modulation

Matrix2x2D rotationMatrix = Matrix2x2D.RotationMatrix{angle);

VectorD positionInLineCS = rotationMatrix * new VectorD(x, ¥);

double relPos = {positionInLineCs.X - StartPositionlLine.X) / P1P2.Abs();

//initialization the dimension of expected parameters
double[] returnValue = new double[1];

//setting the grating parameters
if (relPos < @) {
returnValue[8] = 8;

else if (relPos » 1) {
returnValue[8] = ValueAtEndPosition;

¥
else {

returnValue[8] = ValueAtStartPosition + (ValueAtEndPosition - ValueAtStartPosition) *

}

return returnValue;
#endregion

¥

#region Snippet body

Check Consistency | Validity: i i |

Value & StartPosition [douEIe:

ValueAt EndPosition [double]

Cancel

Help

* In this example, the resulting
modulation is defined by:

= starting position

» end position

» the grating parameter at
the stating position

» the grating parameter at
the end position

« Between the two defined
positions the grating
parameter is increased or
decreased linearly.
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Modulation Based on Mathematical Description

et rting Paremeter Hoduation Function *| '« The modulation has been configured and can be modified by
e e P e e e changing the defined variables of start and end position and the
INgs Tar \arating Farameter R
Name [Reiatve St Vidth | value range of the varied parameter.
Property Percentage e
Mirimum | 10%] » By clicking on View, the resulting smooth modulation of the
Hesimam | 0% corresponding grating parameter is shown:
Modulation Defined by (") Sampled Data (®) Programmable Function Show Grating Parameter Variation Function e
o Edit | valicity: @ Selected Parameter to Show HRelative Sit Viidth T
StartPositionLine [ || 5 o] Relative Slit Width
EndPositionLine | 5mm| | 5 mm| 90%
ValueAtStartPosition | 10 %]
ValueAEndPosition | 90 %]
E 507
£ -4 -2 0 2 4 & ]
G, yiew | 1@ OK Cancel Help Left Side [mm] I
! 10%
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