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Flexible Region Definition



Abstract

In VirtualLab Fusion, the concept of

“region” (understood as a finite area defined
on a plane, occasionally also 1D) is used

for several purposes across the software:

to determine the desired optimization region
for the IFTA or the evaluation area for

the Diffractive Optics Merit Functions detector,
but also to define grating regions on the
surfaces of light guides to perform the
function, for instance, of couplers. To cover all
of the above without restricting our users, the
configuration of regions in VirtualLab Fusion
IS extremely flexible, with several off-the-shelf
options as well as importing capabilities. In
this use case we go over the process of
region configuration in detalil.




Region Definition
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Create New 2D Region

Region Type Elliptic Region |:| Spectral Domain

)

Definition of Unrotated Ellipse

Region Name Elliptic Region

QSignal Regions

There are multiple different
templates for new regions.

geometrical parameters of the region
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A preview
according to

the current

Center X Omm  CenterY 0 mm
Half Axis X Smm  Half Axis Y 2.5 mm o~
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[ Keep Aspect Ratio £ o
validity: @) =
e
Rotation Angle 0* 4 2 0 2 4
X [mm]
"
/ Extrapolation Mode: e —— —
Values QOutside Domain are All"Outside Region
| ok | cancel Help

settings is
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Define how to handle points outside the region.

Note: In the Light Guide component, it is possible to generate and configure the
regions directly in the component itself.

displayed
here.
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Simple Regions

Create New 2D Region

Region Type Rectangular Region Spectral Domain

Region Name Rectangular Region

Definition of Unrotated Rectangle
Center X 0mm Center Y 0 mm
Width S mm Height 5mm

[_J Keep Aspect Ratio

Validity: O

Y [mm]

Rotation Angle

Extrapolation Mode:

Values Outside Domainare All'Outside Region’

X [mm]

OK

New Rectangular Region

New Elliptic Region

New Simple Polygon Region

New Sampled Region

New Composed Region

Simple rectangular and

elliptical regions can be
directly defined from the
template.

Help

n 4: Two-Dimensional Region

2D Region

Y [mm)]

m

Rectangular, elliptical, and
polygonal regions are
defined analytically by their
parameters, allowing for
arbitrary zooming without
pixelation. Alternatively,
they can also be converted
into sampled data.
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Simple Region Rotation

Create New 2D Region

Region Type Elliptic Region

Definition of Unrotated Ellipse

Center X 0 mm

v (] Spectral Domain

Center Y 0 mm

Region Name Elliptic Region

Half Axis X 5mm  Half Axis ¥ 2.5 mm o~
- ) =
|_J Keep Aspect Ratio £ o
Validity: @ >
g
Rotation Angle 0* 4 -2 0 4
X [mm]
Extrapolation Mode: : . ——
Values Outside Domain are Al Qutside Region
Cancel Help

Create New 2D Region

Region Type Elliptic Region

Definition of Unrotated Ellipse

Center X —C'I'M"I'I

Half Axis X —Srr‘lrn

v (] Spectral Domain

Center Y —Dmm

Half Axis ¥ 2.5 mm

[_] Keep Aspect Ratio

Validity: @

Rotation Angle

30°

Extrapolation Mode:
Values Outside Domain are

All "Qutside Region’

Region Name Elliptic Region

¥ [mm]

25

-2.5

X [mm)]

Cancel

Help

The simple rectangular and
elliptical regions can be rotated to

any desired angle (in the plane).




Polygon Regions

Create New 2D Region

Region Type Simple Polygon Regior

Polygon Vertices

Name x-Coordinate y-Coordinate
- -2.5mm -1.4434 mm
B 2.5 mm -1.4434 mm
C 0 mm 2.8868 mm

== Append New

=" Insert New

X Remove

-EL Move Down

Spectral Domain

Region Name Polygon Region

Y [mm]

Transform v X [mm]
validity: @
Extrapolation Mode:
Values Outside Domainare All ‘Outside Region
counterclockwise
definition

Type in positions of
polygon vertices in
successive sequence to
construct simple polygon
regions. Vertices are
defined counter-
clockwise.

Example regions generated

g Hexagon Region

2D Region

by polygon vertices: From top

Y [mm]

left, counter-clockwise: a
hexagon, triangle and
trapezoid/irregular
quadrilateral.

2D Region

]

Y [mm




Polygon Region Transform

Y [mm]

The Transform tools enable easy scaling,

rotation and translation of a given polygon.

'
E Scale Factor

Y [mm]

n
0

Edit 2D Region

Region Type Simple Polygon Region

() Spectral Domain

Region Name Polygon Region

Polygon Vertices

Name x-Coordinate

y-Coordinate

A -2.5mm -1.4434 mm
B 2.5mm -1.4434 mm
C 0mm 2.8868 mm

== Append New
= Insert New

X Remove

Y [mm]

-I;l Move Down

Transform  {f§ v ‘

ctrapolation Mode:
Values Outside Domain are

AIIM

Scale (Keep Center)
/Rotate (Around Center)
Shift (Translate)

1
| Rotation Angle (

(5]
w

X [mm]

Y [mm]

www.lighttrans.com



Sampled Region

Create New 2D Region

Region Type Sampled Region v Spectral Domain Region Name Sampled Region
Sampled Region Data |
[ set | Show
7 Load...
% Import.. -
3
| Select from Documents... {\ UcHTTRANS
o
0 0 0
X [m]
validity: @)
Extrapolation Mode: ) )
Values Outside Domain are | All Outside Region
oK Cancel Help
‘L

Real-valued data arrays containing a single data set
can be selected from among the open documents or
otherwise imported to construct specific regions.
Bitmaps can also be used after conversion into data
arrays. Please note that region definition uses a binary
criterion (a given point is either inside or outside the
region), for non-binary data, values equal to zero are
assumed to be outside the region, all others, inside.

n T: LightTrans Logo

2D Region

Y [m]

015

01

0.05

0.05

0.1

015

-0.15  -0.1 -0.05 0 0.05 0.1 0.15
X [m]

In this case, the
imported region
displays pixelation in
accordance with the

sampling parameters
of the object used in

Its creation.




Composed Regions

Create New 2D Region

Region Type Composed Region

Subregions

T R e M
{Rectangular Region [ERERRTIE
2 | Rectangular Region Rectangular Re
3 | Rectangular Region Rectangular Re
4 Rectangular Region Rectangular Re|
S| Rectangular Region Rectangular Re|
6| Rectangular Region Rectangular Re

n 12: Checkerboard Shape

2D Region

Extrapolation Mode:

Values Outside Domainare  All ‘Outside

More complex shapes like a donut-like or checkerboard region can be generated using the Composed Region

Y [mm]

-20

-10

0

X [mm]

10

20

Create New 2D Region

Region Type Composed Region

Subregions

# Type Name
1Elliptic Region /[SRSENN

2 | Elliptic Region Inner Ring

Extrapolation Mode:
Values Outside Domain are

All 'Outside

type, which combines multiple individual regions using logical operators.

n 10: Donut Shape

2D Region

Y [mm]




Regions Composed Using Different Logical Operators

Create New 2D Region

RegionType Composed Region

Subregions

# [Type Name

i} Elliptic Region | Elliptic Region

2 |Sampled Region Sampled Region

-

Extrapolation Mode:
Values Outside Domain are

(] Spectral Domain

/ Edit Subregion
] New Subregion

¥ Delete Subregion

@.L Move Down

CompositionMode

Union (OR) v

Intersection (AND
| Antivalence (XOR)
Difference

All 'Outside Region’

V Tmamal

We demonstrate the effect of different operators on the combination of an
(analytically defined) ellipse and a sampled region representing the LightTrans

logo:

Intersection (AND)

Union (OR)

-0,.00.0....

.. 0. 0 0.. O..

Difference B-A

Y [m]
-0,.00.0....

-0.. 0.. 0 0. O..
X [m]

Exclusive or (XOR)

—

The result of the Difference
mode depends on the order
of the subregions, which can
be adjusted using Move Up
and Move Down.\

ﬁ Move Up
N
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Used as Optimization Region

Regions can be used
In any lterative
Fourier Transform
Algorithm (IFTA)
Optimization to define
the Optimization
Region.

[ *9: iterative Fourier Transform Algorithm Optimization = | B |
Specification Design Analysis
Input Field Propagation
Wavelength 531.85 nm Type of Propagation 1f-/2f-Setup
© Constant Input Field Focal Length 100 mm
Set
e Embed Frame Width 0
= Pixelation Factor L
Transmission
@ Simulate Pixelation Exactly
Sampling Points 400 x 400
; > Output Plane Sampling
Sampling Distance 2.65um x 2.65 pym
) Sampling Points 400 400
Type of Quantized Phase-Only ” : -~ -
Transmission Sampling Distance 50.175 pm x 50.175 ym
Number of = Field Size 20.07 mm x 20.07 mm
Quantization Levels -
Output Field Requirements
Desired Output Field Set Show @ Limit Stray Light
e = Maximum Relative Intensity 10%
Optimization Region l , Set ] Show of Stray Light
() Sample Optimization] =~ Load... -
B \ ] Select from Documents... ) Limit Feature Size
B Allow Phase Freedom
Minimum Feature Size 1 um

B Allow Scale Freedom

® Limit Scale Factor According
to Goal Efficiency

Maximum Stray Light Intensity
for Higher Frequencies

Region documents that are

currently open can be

selected as the Optimization

Region for the design.

Select a 2D Region

16: 2D Region 'Ellipti

14: 2D Region ‘Composed Region’
15: 2D Region 'Rectangular Region’
11: 2D Region 'Composed Region’

Cancel
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Used as Evaluation Region

Edit Diffractive Optics Merit Functions Detector X
A,ﬂ/ﬁ Detector Window and Resolution Detector Function Reg Ion docu ments th at are
. . . , /v Vectorial Component Ex-Component v
The lefl’aCtlve OpthS Coordinate Seelc:cted Merit Functions Currently Open can be

Systems

Merit Functions | (Womnetaen selected as the Evaluation

Detector can also use || .- E’”m Region for the design.
a custom region as its || o= Wi Select a 2D Region x
Evaluation Region Cro 16: 2D Region ‘Elliptic Region’
used for the || —e, | o resrequmenmens 15 2D Reglon ‘Rectangular Region’

. ‘ ) ) Sot 11: 2D Region '"Composed Region’
calculation of the ,l: et
- - Evaluation Region Mode  Arbitrary Evaluation Region v
merit functions. || resse

Propagation Evaluation Region Set

@ Allow Scale Freedom | = Load...
\j Select from Documents...

Signal Type

B Efficiency Related to Incident Field of Optical System

coce

H [ OK Cancel Help
.
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Used in Light Guide Component

Edit Light Guide Component

Regions specifically for light guides

Solid Surface Layouts . . .
;ﬁ can be defined inside the Surface
Surface Name | Edit Info
cg:;tﬂ;:te 1| Plane Surface /E:;;ﬁ'm“ Surface layout containing 2 regions. Layout tab Of the nght G UIde
! 2| Plane Surface /f:;tozﬁace Surface layout containing O regions. Com ponent_
Position / Edit Surface Layout X
Crientation
= Edit Grating Region
@ Shape Region Channels Grating
Structure | E] d S Spectral Domain Region Name Elliptic Region
A " |&  Load.. RegionType Elliptic Region
='I,__, 50 mm |7 Select from Documents...
R ol o m— Definition nr 8| pse
@;“;mon # | Name of Region Region Type 7  Edit Center X omm  CenterY 0mm
Centered Rectangle Front ‘ Rectangular Region ‘ 400 nm Half Axis X Smm  Half Axis Y 2.5 mm ~
o 2 | Decentered Rectangle Front Rectangular Region 400 nm ..E Add —
* — (] Keep Aspect Ratio E -
Free Space 3 Femcie Validity: @ > N
Propagation [ ; b
S Oaplicate Rotation Angle [ 4 > 0 > 4
Gridded You can also X tmm)
Segmentation .
load regions
= validity: @@ th at were
() Apply Absorption Outside of Region on Surface E] Cancel Help deﬁ ned e arl |er
In the main
menu . Validity'.o OK Cancel Help
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Segmented Gridding (Light Guide Optical Setup Only)

It is possible to break up a
rectangular or polygonal grating
region using an equidistant grid so
that the grating parameters of each
individual region can be modified
independently from the others. This
can only be done for regions in the
Light Guide Component.

Edit Surface Layout X
-
50 mm
e |
# | Name of Region Region Type Period / Edit
B Example Region | Rectangular Region
-E  Add
¥ Remove
=3 Duplicate
Gridded

Segmentation o

Segment #4
Segment #5
Segment #6
Segment #7
Segment #8

Region Type

Simple Polygon Region
Simple Polygon Region
Simple Polygon Region
Simple Polygon Region
Simple Polygon Region

Period

| Simple Polygon Region

400 nm
400 nm
400 nm
400 nm
400 nm

Parameters for Equidistant Segmentation

Equidistant Segmentation

MNumber of Tiles Segmentation Angle

Horizontal Vertical (i =
Jo 2f2

Align With Sides
Prefix for the Segment Names

Segment

Preview

Y [mm]

X [mm]

Smallest Region Index: 2

[ OK l Cancel

Help
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Gridded Segmentation — Options

Number of Tiles Parameters for Equidistant Segmentation

Horontal  Vertica “  The angle for the segmentation is

Equidistant Segmentation

Number of Tiles Segmentation Angle / also CUStom |Zab|e . For
[———L_| Horizontal Vertical o ks . — .
] rectangular regions it is possible

to automatically detect and align
e — with the rotation of the rectangle.

95 a

Align With Sides

Y [mm]
0

Preview

Ifno. 1 is already
2 | used somewhere, it
starts with the next

No. 2 is already
counted.

Y [mm)]
0

X [mm] E
\number. =
Number of Tiles controls the | |
number of subdivisions in the WO 0 2
grid. The indexes will consider X [mm]
. H H H M Smallest Region Index: 2
preylou_SIy eXIStmg_ regions (_If 1 In case of an axially parallel segmentation
region is present, it starts with | i of rectangles the counting order goes
#2, and so on). { e re differently (along x- then y-coordinates).
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