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Links of Interest

« LightTrans website: www.LightTrans.com « Check out our downloads page to see VirtualLab
in action across a broad range of fields of
application: www.LightTrans.com/resources/downloads

* Find a VirtualLab Fusion distributor in your region:
www.LightTrans.com/company/distributors

 QOur webinars: www.LightTrans.com/products-

« You have further questions? Drop us a line at services/learning/webinars

info@LightTrans.com, for technical questions
support@lighttrans.com

« Want to give VirtualLab Fusion a test drive?

Request a trial version:

 Subscribe to our newsletter: www.LightTrans.com/resources/trial-software
www.LightTrans.com/newsletter

C £ with the followi 2l networks: * Interested in purchasing VirtualLab Fusion? Check
onnect with Us on the following social Networks. out our products, licence model and learn more

- LinkedIn (www.linkedin.com/company/lighttrans) about additional evaluation possibilities:
- Twitter (www.twitter.com/LightTrans) www.LightTrans.com/products-services/virtuallab-

- YouTube (www.youtube.com/LightTransInternational) fusion/editions-toolboxes
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Course Agenda

Part | Part Il

« Grating construction and modeling « Grating design/optimization
- Grating structure specifications - Optimization of slanted grating for waveguide coupling
- Thin element approximation (TEA) - Parametric optimization tool

- Fourier modal method (FMM, a.k.a. RCWA)
- Specific grating analysis tools

* Rigorous modeling examples « Grating design/optimization
- Blazed grating for spectral separation _ - Design of polarization-independent high-efficiency gratings

- Parameter sweeping tool

Part Il Part IV

* Rigorous modeling examples * Metagratings
- Slanted gratings simulation with varying parameters - Rigorous analysis of nanopillars as metasurface building blocks
- Volume holographic gratings and their sensitivity - Design of a blazed metagrating

- Diffraction property of a passive parity-time (PT) grating
- Analysis of CMOS sensors with microlens array

» Grating within optical system * Metagratings
- Angular-filter volume grating for higher diffraction order suppression - Beam-splitting metagrating design
- Resonant waveguide grating and its angular/spectral property - IFTA for phase profile generation

- Using gratings as test objects in imaging system

« General Q&A
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Optical Design Software and Services

WYROWSK|
VirtualLabrusion
FAST PHYSICAL OPTICS SOFTWARE
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Field Tracing Technologies — Gratings

Field Tracing comprises:

* Application of different crystals & components space  prisms,
electromagnetic field solvers in e Rl
different regions of one system. waveguides lenses &

. & fibers freeforms

+ Interconnection of any type of ~ ,

general and specialized field solver. scatterer - Field ‘ apertures &

beam Fresnel, meta
splitters

Solvers
diffusers ( \ gratings
diffractive diffractive,

lenses
SLM& icro lens & HOE, CGH,

adaptive  gooform DOE
components arrays
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Field Tracing Technologies — Gratings

Aim of this training:

to be able to construct customized crystals & components space  prisms,
grating structure; Components chbes, -

to know grating modeling waveguides lenses &

. & fibers freeforms
technologies; ~ ,
to use helpful tools for grating scatterer - Field ‘ boundaries

problem study and analysis; ' Solvers
and, by applying the above to solve dfusers ( \ gratings
praCticaI prOblemS' . diffractive diffractive,

beam Fresnel, meta

splitters lenses

SLM& icro lens & HOE, CGH,

adaptive  gooform DOE
components arrays
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Part |

- Grating structure specifications - Blazed grating for spectral

- Thin element approximation (TEA) separation

- Fourier modal method (FMM, a.k.a. - Ultra-sparse dielectric nano-wire
RCWA) grid polarizers

- Specific grating analysis tools - Parameter sweeping tool

9 LightTrans International
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Configuration of Grating Structures by Using
Interfaces

E Part \Configuration of Grating Structures by Using Interfaces



This Use Case Shows ...

 How to configure grating structures in Grating Toolbox by using interfaces,
e.g..
— rectangular grating interface
— transition point list interface
— sawtooth grating interface
— sinusoidal grating interface

 How to change advanced options & inspect defined structure before
calculation.

11 LightTrans International



Grating Toolbox Initialization

* [|nitialization ‘_@ B B & o

540
(Grating Laser Lighting Waveguide = = CErsE

— Start 9 ~  Resonator ~

2D Gratings

Eﬁ Update

Grating = S —
General Grating Light Path Diagram Rectangular Grating Light Path Diagram
« note: For usage of special type of S
grating, e.g. with rectangular shape, T.lefu;:i:
the specific light path diagram can S
be chosen directly. e o i e o
30 Gratings

General Grating Light Path Diagram
Pillar Grating Light Path Diagram
LLGA Results

EE‘ LLGA Results Generator
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Grating Structure Settings

* First, the thickness and the material
of the substrate (Base Block) have
to be defined.

* |n VirtualLab grating structures are
defined in a so called stack.

o Stacks can be attached to either
one or both sides of the substrate.

[_:J __________ D}j E:ﬂ

s F——
Stack Base Block Base Block Stack Stacks Base Block

* For example, a stack on the first
interface is chosen.

&

- Grating Order Analyzer
- Field Inside Component An
- Programmable Grating Ang

2: Light Path View (D\user\..\DOELPD #1)*

(=[]
=

Raw Data Detector

iSald_} Boundaries

(- Base Block
Geametry | Base Block Medium
Channels

;r
= ._"f Load
n/

Thickness
\

Edit General Gratlng‘D

Fused Silica in Homogeneous Medium

& Edit

10mm

@ ( Stacks

Catalog Entry

FrrEaf Use Stack on First Interface

Rectangular Grating
3:3 5 Load 7 Edit

[] Use Stack on Second Interface

Tools i«

= —
600
X:0m
Y:0m
Z:0m

. Raw Data Detector
5,

601
X¥:0m
Y:0m
Z:0m

Preview \Wavelength 532 nm
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Stack Editor

In the Stack Editor interfaces can
be added or inserted from catalog.

« The catalog of VirtualLab provides

several types of interfaces. All of
them can be used to define a

grating.

£

Validity: @ | | add || mset || Dol

[ ok ]| Comcl || tep |

Fiter by_.
CL L o -] s o o] [

Index | z-Distance | z-Position Interface Subsequent Medium Com

Period

Stack Periodis | Independent from Interface/Media Period

Stack Period 10 pm
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Rectangular Grating Interface

One possible interface is the rectangular
grating interface.

This type of interface is appropriate for the
configuration of simple binary structures.

In this example, a grating made of silver is
on a glass substrate.

For this purpose, an additional plane
interface was added in order to separate
the grating structure from base block.

In the view of the stack editor, different
materials are indicated by other colors
based on their index of refraction (dark
means higher).

Edit Stack *
LY
[&]
o
(an]
@
wn
(1]
o
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
1 0 mm 0 mm Plane Interface Silver-Ag_(1957+1585 Enter your commen
5 - Rectangular Grating.. || &ir in Homogeneous... E
2 u it
B 7 @] = 72 Q nter your commen
£ >
Validity: @ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface s | with Index |2 =
Stack Period 10 pm
@ [ |Tools 4« 0K Cancel Help
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Rectangular Grating Interface

Please note: the order of the interfaces is
always counted from the surface of the
substrate.

The selected interface is highlighted red in the
view.

Further, the medium in front of the grating
(means behind last interface) can not be
defined here. It is automatically taken from the
material in front of the grating component.

This material can be changed in the Light Path

0 | Ideal Plane Wave - é" ey "1 1 |General Grating 20 None On

1 | General Grating 20 T Air in Homananagys Medi ...

< >
Simulation Engine | Classic Field Tracing V| | P Go! |

Edit Stack

LY
[&]
o
(an]
@
wn
(1]
o
z |
X
Index | z—Dishnc:e| z-Position | Interface | Subsequent Medium | Com
1 0 mm 0 mm Plane Interface Silver-&g_(1957+1985 Enter your commen

Rectangular Grating... | &r in Homogeneous...
B 7 B 7/ Qu Enter your commen

£ >
Validity: @ Add || Inset || Delete |
Period
Stack Periodis | Dependent from the Period of Inteface | with Index |2 B
Stack Period 10 pm
B =
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Rectangular Grating Interface

The Stack Period allows to control
the period of the whole
configuration.

This period is also taken for the
periodic boundary conditions of the
FMM algorithm.

In case of simple grating structures,
it is recommended to choose the
option Dependent from Period of
Interface and select the proper
index of the periodic interface.

Edit Stack *
LY
[&]
o
(an]
@
wn
(1]
o
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
1 0 mm 0 mm Plane Interface Silver-Ag_(1957+1585 Enter your commen
5 - Rectangular Grating.. || &ir in Homogeneous... E
2 - o
B 7 @] = 72 Q nter your commen
£ >
Validity: @ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface s | with Index |2 =
Stack Period 10 pm
@ [ |Tools 4« 0K Cancel Help
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Rectangular Grating Interface Parameters

« The rectangular grating interface is
defined by the following parameters
— slit width (absolute or relative)

— grating period
— modulation depth

* A lateral shift and rotation can be

set optionally.

Period

Optical Axis

slit Width |

| —~——

Modulation Depth

Edit Rectangular Grating Interface

Structure | Height Discortinuties ~ Sealing of Elementary Inteface  Perodization
rSpeciaI Rectangular Grating Values )
Common Grating Values

Extension

Grating Period Maodulation Depth
\, J

Position

Lateral Shif Rotation Angle
G| il [Tools i~ Validity: @ Cancel Help
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Advanced Options & Information

« In the propagation menu several advanced e )
OptionS are available. ;@‘ Component Propagation Fourier Modal Method v
* The propagation method tab allows to edit -y = a— i ] —
. R ane Suriace nusolga l‘BlII‘Ig us 11ICa In FOmMoge....
the accuracy Settlngs Of the FMM algorlthm. k;xg L Fourier Modal Metho Fourier Modal M-:*th(/' ourier Modal Metho
. . Position / Plane Surface Stack Fused_Silica in Homoge
* Either the numbers of considered total Onetaion || | | Fourer Mocl et /
orders or evanescent orders can be set. M;?é“”““’"’
Numerical Parameter Structure Decomposttion
 This might be useful, if metallic gratings ] b O
(O Number of Diffraction Orders

® Number of Evanescent Orders —50‘ hd

(Considering All Propagating Orders)

4

are considered.
Propagation Information

i In Contrast, in Case Of dieIeCtriC gratings, 3 {1;1 g_rgrpagtgbnggrdets (forpsr{penditl:ul?ttfncidenl)
the default setting will be sufficient.

il

Validity: Q Preview \Wavelength 532 nm] 0K Cancel Help
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Advanced Options & Information

The Advanced Seftings tab provides
information about the decomposition of the
structure.

The Layer Decomposition and Transition
Point Decomposition settings can be used
to adjust the discretization of the structure.
The default settings are appropriate for
nearly all grating structures.

Further, information about the number of
layers and transition points are provided.

The Decomposition Preview button
provides a depiction of the structure data
which are used for the FMM calculation.
The refractive index is illustrated by a color
scale.

Edit Fourier Modal Method (RCWA)

Numerical Parameter lStructure Decomposition l

Layer Decomposition
@ Automatic
Accuracy Factor

O Manual

Number of Layers (First Stack)

Overall Thickness

Transition Point Decomposition
(® Automatic
Accuracy Factor

O Manual

Period

Information

Maximum total number of layers: 21
Minimum transition point distance: 40 nm

Remove Redundant Data

Decomposition
Preview

Cancel Help
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Transition Point List Interface



Transition Point List Interface

Another type of interface which can
be used for the configuration of
gratings is the transition point list
interface.

This interface allows to configure a
structure based on height values for
different positions inside the period.

« Again, a plane interface is used to

separate the grating material or
medium from the one of the
substrate.

Edit Stack

Index | z-Distance | z-Position | Interface

| Subsequent Medium |

g ._._hlBase Block| |

1 0 mm 0 mm Plane Interface

Silicon{amorphous]-a- Enter your commen

) ) Transition Paint List..
1M0pm [ 10pm ﬁ 7

£

Air in Homogeneous... E
nter your commen
E 7 9 ! '

Validity: @ Add || Inset || Delete |
Period
Stack Periodis | Dependent from the Period of Interface v | with Index
Stack Period 10 um
O | [ Careol | [ Wb |
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Transition Point List Parameters

* The transition point list interface is

defined by a list which contains the
data of x-positions and heights.

The Upper Limit has to be set to a
value larger than half of the desired
grating period, but is set
automatically in case of periodic
structures.

Edit Transition Point List Interface

Structure ' Height Discontinuities ~ Scaling of Elementary Inteface ~ Periodization

Invert Heights Shift Positions

Inner Definttion Area [l
Size and Shape

Shape (® Rectangular (O Elliptic

Size | 0um| x| 10 um

Effect on Field Outside of Definttion Area

Position of Sumounding Interface Plane

Specification Mode A
Boundary Minimum ~
z-Position -10 pm

5 (] e -

Set Data Array
Show Data Array
=# Add Datum

1 Mew Data Set

Interpolation Method
Constant Interval  ~

Upper Limit

23
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Transition Point List Parameters

The period of this interface has to
be set in the Periodization tab.

Here, the periods in x- and y-
direction can be defined.

The settings of the inner and outer
definition area can be neglected in
this case, because the extension of
the interface is already truncated by
the periodic boundary conditions.

Edit Transition Point List Interface

Structure  Height Discontinuities  Scaling of Elementary Interface
Use Periodization

Periadjzation

= x

Outer Defintion Area [
Size and Shape

Shape (® Rectangular () Elliptic

Size | 3D|.rn| x |

30 |

Effect on Field Outside of Defintion Area

Position of Sumounding Interface Plane

Specification Mode A
Boundary Minimum R
z-Position -1 pm

Edit Inner Definition Ares

B | |Teols -

Valigity: @ Cancel Help
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Advanced Options & Information

Again, the data of the decomposed

structure can be adjusted and
iInvestigated on the advanced
settings tab page.

Decomposition Preview X

Pericd: 10 pm
Thickness of First Stack: 10 pm; Thickness of Base Block: 10mm

Mote: Coordinates are shifted by half a period.
Diagram  Table of Transition Points

Tools i+ Real Part of Refractive Indices

~

X [Um]

Z [pm]

44271..

2.7137...

1.0002...

Edit General Grating 2D Component

ﬁ‘ Component Propagation

Fourier Modal Method v

4

=l

Propagati

[

Validity: @ Preview Wavelengt]

Remove Redundant Data

Coordinate Edit Fourier Modal Method (RCWA)
Systems Interface
3 Plane Surfac|  Numerical Parameter Structure Decomposttion
ﬁ Fourier Modal Layer Decomposition
Position / Plane Surfac! (® Automatic
!
Orientation Fourier Modal Accuracy Factor 1
O Manual
Number of Layers (First Stack)
Structure
Overall Thickness 1 pym
—

Transition Point Decomposition
(@ Automatic

Accuracy Factor

O Manual

Period 2um

Decomposition

L eview
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Sinusoidal Grating Interface



Sinusoidal Grating Interface

« Another type of interface which can
be used for the configuration of g
gratings is the sinusoidal grating o
interface. ;ET

« This interface allows to configure e —
gratings with a smooth shape of a R 5 | ——
sinusoidal function.

 If a single interface is used to
describe the grating structure, the . .
materials are chosen automatically: T =0 1

— material of ridges: material of substrate Stack Periodis | Dependert from the Periodof terace | with Index: i
— material of grooves: material in front of e o
grating G || [Tools 4§+ OK Cancel Help
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Sinusoidal Grating Interface Parameters

— The sinusoidal grating interface is also
defined by the following parameters:
 grating period
* modulation depth
— A lateral shift and rotation can be set
optionally.
— As this is a grating interface (likewise to

the rectangular and sawtooth one) no
periodization has to be chosen.

Edit Sinuscidal Grating Interface

Structure | Height Discontinuities  Scaling of Elementary Inteface  Periodization

Common Grating Values

Extension

Position

Grating Period Modulation Depth

Latera Shi Rotaton Angle

Period Optical Axis

/\/”

- >

Modulation Depth

GE || | Toos i~ Validity: @ Cancel

Help
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Sinusoidal Grating Interface Parameters

The sinusoidal grating interface is
also defined by the following
parameters:

— grating period

— modulation depth
A lateral shift and rotation can be
set optionally.

As this is a grating interface
(likewise to the rectangular and
sawtooth one) no periodization has
to be chosen.

Edit Sinuscidal Grating Interface X

Structure  Height Discontinuities  Scaling of Elemertary Intefface  Periodization

Common Grating Values

Extension

Grating Period Modulation Depth
Position

Latera Shi Rotaton Angle

Gl || |Tools 5§~ Validity: @ Cancel Help
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Advanced Options & Information

« Again, the data of the decomposed
structure can be adjusted and
iInvestigated in the advanced
settings tab.

Pericd: 10 pm
Thickness of First Stack: 1000 nm; Thickness of Base Block: 10 mm
Mote: Coordinates are shifted by half a period.
Diagram  Table of Transition Points
Tools i+ Real Part of Refractive Indices
~ 14611..
E
= 1.2306...
=
w 1.0002...
61 02 03 04 05 06 07 08 09
Z pm
£ >
a

—

Edit General Grating 2D Component

;@‘ Component Propagation Fourier Modal Method
P

.

Coordinate
Systems Interface
: Plane Surfac|
E\?’ Fourier Modal
s Plane Surfac
Pasition /
Orientation Founer Modal
Structure

¥)

Propagation

Validity: @ Preview Wavelengt]

Edit Fourier Modal Method (RCWA)

Numerical Parameter Structure Decomposition

Layer Decomposition
(® Automatic
Accuracy Factor

O Manual

Number of Layers (First Stack)

Overall Thickness

Transition Point Decomposition
(@ Automatic

Accuracy Factor

O Manual

Remove Redundant Data

2 um

Decomposition

L eview
Cance He,,,\b

30

LightTrans International




Advanced Options & Information

 If the number of layers is increased
(e.g. by a factor of 2), the
discretization becomes less rough.

Decomposition Preview X

Pericd: 10 pm
Thickness of First Stack: 1000 nm; Thickness of Base Block: 10 mm
Mote: Coordinates are shifted by half a period.
Diagram  Table of Transition Points
Tools i+ Real Part of Refractive Indices
~ 14611..
E
= 1.2306...
=
w 1.0002...
61 02 03 04 05 06 07 08 09
Z pm
£ >
a

—

Edit General Grating 2D Component

Component Propagation

Fourier Modal Method v

Coordinate
Systems Interface
Plane Surfac|
Fourier Modal
s Plane Surfac
Pasition /
Orientation Founer Modal
Structure
r—
Propagation

Validity: @ Preview Wavelengt

Edit Fourier Modal Method (RCWA)

Numerical Parameter Structure Decomposition

Layer Decomposition
(@ Automatic
Accuracy Factor

O Manual

Number of Layers (First Stack)

Overall Thickness 1pm

Transition Point Decomposition
(® Automatic
Accuracy Factor

O Manual

Period 2 pm

Decomposition

@® Freview
Cancel Help h

Remove Redundant Data
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Sawtooth Grating Interface



Sawtooth Grating Interface

« Another type of interface which can
be used for the configuration of /
gratings is the sawtooth grating
interface. /

« This interface allows to configure

J Base Block

gratings with blazed structure. d |~ o~ E R
 If a single interface is used to
describe the grating structure, the
materials are chosen automatically: 5 >
— material of ridges: material of substrate ety © A | | deet | [ Delee
— material of grooves: material in front of Stack Periodis | Dependent from the Period of Inteface | with Index: |1
grating siack Perod LD
G [ |Tools 0K Cancel Help
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Sawtooth Grating Interface Parameters

The sawtooth grating interface is also
defined by the following parameters:
— grating period
— modulation depth

Further, the direction of the blaze can be
adjusted by setting the inclination.

A lateral shift and rotation can be set
optionally.

As this is a grating interface (likewise to
the rectangular and sinusoidal one) no
periodization has to be chosen.

Edit Sawtooth Grating Interface *

Structure | Height Discontinuties  Scaling of Elementary Inteface  Perodization

Special Sawtooth Grating Values

Inclination (®) Height Increases with x (") Height Decreases with x

Common Grating Values
Extension

Grating Period Modulation Depth

Position

Lateral Shif Rotation Angle

Optical Axis

>

Period

/—\_/__

- >

Modulation Depth

Gi| || | Teols 5§~ Validity: & Cancel Help
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Advanced Options & Information

« Again, the data of the decomposed
structure can be adjusted and
iInvestigated in the advanced
settings.

Period: 10 pm
Thickness of First Stack: 9999398353 nm; Thickness of Base Block: 10 mm
MNote: Coordinates are shifted by half a peried.
Diagram  Table of Transition Points
Tools 1§+ Real Part of Refractive Indices
~ 1.4611...
E
= 1.2306...
=
w 1.0002...
01 02 03 04 05 06 07 08 09
Z[pm
£ >
a

Edit General Grating 2D Component

Coordinate

Component Propagation Fourier Modal Method

.

Systems Interface

Plane Surfac|

Fourier Modal

Plane Surfac

Pasition /
Orientation Founer Modal

0a,

Structure

Ed

Propagation

\

Validity: @ Preview Wavelengt]

Edit Fourier Modal Method (RCWA)

Numerical Parameter Structure Decomposition

Layer Decomposition
(® Automatic
Accuracy Factor

O Manual

Number of Layers (First Stack)

Overall Thickness

Transition Point Decomposition

(@ Automatic

Accuracy Factor

O Manual

Remove Redundant Data

2 um

Decomposition

L eview
Cance He.,,\b
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Remark on the Position of the Detector



Remark on the Detector Position

° |n V”-tu a”_ab the deteCtor iS |OCated = 1: Light Path Editor(D:\user\...\UseCase.ConﬂgurationGrating.Usinglntefaces_Sawé
subsequent to the substrate in air by oo pan | =Z voccrs 98 mavears L Logang 5
default. . T e e

- This is necessary if the grating is included oot G o T
in a complex optical setup. E

* However, the perfect plane and parallel ¢ ;
substrate may cause some interference R Smigeon Engnes
effects, which not occur in reality. )

. . . = 1: Light Path Editor (D:\user\...\UseCase.ConflurationGrating.UsingIntefaces_Sawt,

« Thus, for calculation of just grating o pon | B Dotectors| 90 Alliveors| F tovaimn | |
efficiencies it is appropriate to set the S— —
detector inside the substrate material ier Toe Crommet | idex Tpe ¢
(likewise to most of grating evaluation oot o e B
software). E

« This avoids the undesired influence of : )
those interference effects. Lo SN SRR
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Document Information

title Configuration of Grating Structures by Using Interfaces
document code GRT.0004

version 1.2

edition VirtualLab Fusion Advanced

software version 2020.2 (Build 1.116)

category Feature Use Case

- Configuration of Grating Structures by Using Special Media
further reading - Blazed Grating Analysis by Fourier Modal Method
- Ultrasparse Dielectric Nanowire Grid Polarizers
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Configuration of Grating Structures by Using Special
Media

lay Part \Configuration of Grating Structures by Using Special Media



This Use Case Shows ...

« How to configure grating structures in Grating Toolbox by using special
media, e.g.:
— slanted grating medium
— volume grating medium

 How to change advanced options & inspect defined structure before
calculation.
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Grating Toolbox Initialization

 I|nitialization
- Start =
Grating =
General Grating Light Path Diagram
« note: For usage of special type of
grating, e.g. slanted grating or
volume grating, the specific light
path diagram can be chosen
directly.

e B @ &5 =

540
(Grating Laser Lighting Waveguide = = CErsE

Resonator - 0 | pdate
2D Gratings
l General Grating Light Path Diagram

Rectangular Grating Light Path Diagram

Sawtooth Grating Light Path Diagram
Sinusoidal Grating Light Path Diagram
Triangular Grating Light Path Diagram

Wolume Grating Light Path Diagram
Programmable Grating Light Path Diagram
Sampled Grating Light Path Diagram

Transition Point List Grating Light Path Diagram
3D Gratings

General Grating Light Path Diagram

Pillar Grating Light Path Diagram
LLGA Results
EE‘ LLGA Results Generator
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Grating Structure Settings

= 2: Light Path View (D:\user\..\DOE.LPD #1)* = e

* First, the thickness and the material =

Programmable Grating Anz

of the substrate (Base Block) have et Plneime  Goner Grting 20
to be defined. R

Xi0m

Y:0m AN Y:0m

* |n VirtualLab grating structures are
defined in a so called stack. B ==

aaaaaaaaaaaa

« Stacks can be attached to either o || o e
one or both sides of the substrate. S || e

N

| Use Stack on First Interface Use Stack on nd Interface
e — .
Function Catalog Ent T

Rectangular Gratin Stack

S R R I R P -  Ey—— - R — - < ? = i i

. [£5 Load /A Edit Q, View = 7 Q _
Propagation
] —_ - No rotation about z-fuds v | | Norotation about z- Pocis
i \ S

Stzi:?( Base Block Base Block Stack StECE"'__B;se Block Ejﬁ:|

* For example, a stack on the first = -
interface is chosen.

42 LightTrans International



Stack Editor

« In the Stack Editor interfaces and media
can be added or inserted from catalog.

* In order to define a grating by a special
medium, two plane interfaces have to be
added, which act as boundaries.

r—

- Aspherical Interface

- Combined Interface
nical Imterfa

nterfas

- Rectangular Grating Interface
-~ Sampled Inteface

- Sawtooth Grating Interface

- Sinusocidal Grating Interface
- Transition Point List Interface
- Triangular Grating Intefface
- Zemike Standard Interface

%'z

A
Z-Extension
E i Minimum Urrrnl Maxlrrn.ml Unrn‘
[Fiter by_ x|
@AW ] D o] o | e

Edit Stack

Index | z-Distance | z-Position

£

Interface Subsequent Medium Com

Sk P

>
Validity: € | Add | Inset | Dol
Period
Stack Periodis | Independent from Interface/Media Period
[ oK | (Cancel || Help |
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Stack Editor

 The medium between the two plane
interfaces can be either homogenous or
modulated.

« By using a latter one complex grating
structures, like slanted gratings, can be
described very efficiently.

Definition Type | Templates ~
+ Arin Homogeneous Medium
-~ Aperture Medium

-~ Fiber Medium

- GRIN Medium

- Medium with Inclusions

- Pilar Medium (z-Independert)

-~ Programmable Medium e-z-Modulated)
-~ Sampled Medium Gey-Modulsted)

‘.. Violume Grating Medium

[Fitery x|

a7 X e = 570 v

Edit Stack

| Ok | Cacl || Hep |

Index | z-Distance | z-Position Interface Subsequent Medium

Flane Interface Air in Homogeneous...

E d Base Block

= 7 der 7 9
M0pm  10pm Flane Interface eneous M Enter your commen

'

£

Validity: @ Add || Inset || Delete
Period

Stack Periodis | Independent from Interface/Media Perod |

Stack Period 10 pm
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Coated Slanted Grating Medium

In the catalog category “Templates” the
Slanted Grating Medium can be found.

This type of medium enables the use of
slanted grating structures either with or
without an additional coating.

In this example, a grating made of fused
silica with a coating consisting of
chromium is located on a glass substrate.

In the view of the stack editor, different
materials are indicated by other colors
based on their index of refraction (dark
means higher).

Edit Stack *
A
Q
o
m
@
wn
48]
m
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
, 1 Flane Interface Slanted Grating Med .. e
0 mm 0 mm ter J
i i B /7 @] B /7 Q, nter your commen
2 105pm 105 pm Flane Interface Air in Homogeneous M Enter your commen
£ >
Validity: @ Add Insert Delete

Period

Stack Penod is Dependent from the Perod of Medium w | with Index |1

Stack Period 10 pm

@ [ |Tools 4« 0K Cancel Help
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Coated Slanted Grating Medium

Please note: the order of the interfaces is
always counted from the surface of the
substrate.

The selected interface is highlighted red in the
view.

Further, the medium in front of the grating
(means behind last interface) can not be
defined here. It is automatically taken from the
material in front of the grating component.

This material can be changed in the Optical
Setup Editor.

"= 5: Light Path Editor (Light Path Diagram #5] == ER =
oo path ‘ [ Sl ‘ 2 ® Anal ‘ 5 Logging
Start Element Target Element Linkage
Index Tvpe Channel Mecium Index Type Frapagation Method OnfOF
T Fomogeneous TIeas -
0 |ldeal Plane \Wave - =B /2 C\a 1 | General Grating 20 MNone On
1 | General Grating 2D T rin Hi 2 us Medi
Edit.

< >
Simulation Engine | Classic Field Tracing v| [pea |

Edit Stack

. | Base Block

Index | z-Distance | z-Position |

Interface

| Subsequent Medium | Com

1 0 mm 0 mm

£

Plane Interface

Slanted Grating Mediu Enter your commen

Flane Interface

= 7/ &

Air in Homogeneous...

E 7 9

Validity: @ Add || Inset || Delete |
Period

Stack Periodis | Dependent from the Period of Medium v | with Index |1 =
Stack Period 10 pm

OK || Cancel [[ Help |
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Coated Slanted Grating Medium

The Stack Period allows to control the
period of the whole configuration.

This period is also taken for the periodic
boundary conditions of the FMM algorithm.

In case of simple grating structures, it is
recommended to choose the option
Dependent from Period of Medium and
select the proper index of the periodic
medium.

Further, the distance between both
interfaces is controlled by the grating
height, automatically.

A
Q
o
m
@
wn
48]
m
Fd |
X

]
=)
=

Index | z-Distance | z-Position Interface Subsequent Medium

, 1 i i Flane Interface Slanted Grating Med ..
um umim L_;_: j @ L_;': _,r} 'Ck’

2 105pm 105 pm

Enter your commen

Flane Interface Air in Homogeneous M Enter your commen

£ >

Validity: @ Add Insert Delete
(" Period

Stack Penod is Dependent from the Perod of Medium w | with Index |1

Stack Period 10 pm

\.

@ [ |Tools 4« 0K Cancel Help
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Coated Slanted Grating Medium Parameters

The slanted grating is defined by the
following parameters:

grating material (material of ridges)

material of grooves

fill factor (ether referring to top or bottom)
z-extension (grating height along z-direction)
slant angle of side walls (left and right)
material of coating

thickness of coating for each side individually
grating period

embedding material

groove
. width

Edit Slanted Grating Medium

Basic Parameters  Scaling  Periodization

Grating Material
Name |FusedSiIica q
|Catalog Material ~ | rdlir=;
State of Matter Solid -
Groove Material
MName |Air q
Catalog Material v |2 S
State of Matter Gas or Vacuum bl
Fill Factor 50 %| Refers to ... @) Bottom () Top
z-E i 10 pm
Slant Angle Left 40°| |= | Slant Angle Right -
pr— -
Apply Coating
Coating Material
Name |Chromium Q,
Catalog Material v |2 S
State of Matter Solid o
Coating Thickness

Carcd | | Hep
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Coated Slanted Grating Medium Parameters

* As this grating is based on a
medium definition type, the grating (oo =)
period has to be set in the s St
periodization tab. e
Q [d Cancel
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Advanced Options & Information

« In the propagation menu several advanced e )
OptionS are available. ;@‘ Component Propagation Fourier Modal Method v
* The propagation method tab allows to edit -y = a— i ] —
. R ane Suriace nusolga l‘BlII‘Ig us 11ICa In FOmMoge....
the accuracy Settlngs Of the FMM algorlthm. k;xg L Fourier Modal Metho Fourier Modal M-:*th(/' ourier Modal Metho
. . Position / Plane Surface Stack Fused_Silica in Homoge
* Either the numbers of considered total Onetaion || | | Fourer Mocl et /
orders or evanescent orders can be set. M;?é“”““’"’
Numerical Parameter Structure Decomposttion
 This might be useful, if metallic gratings ] b O
(O Number of Diffraction Orders

® Number of Evanescent Orders —50‘ hd

(Considering All Propagating Orders)

4

are considered.
Propagation Information

i In Contrast, in Case Of dieIeCtriC gratings, 3 {1;1 g_rgrpagtgbnggrdets (forpsr{penditl:ul?ttfncidenl)
the default setting will be sufficient.

il

Validity: Q Preview \Wavelength 532 nm] 0K Cancel Help
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Advanced Options & Information

The Advanced Settings tab provides
information about the decomposition of the
structure.

The Layer Decomposition and Transition
Point Decomposition settings can be used
to adjust the discretization of the structure.
The default settings are appropriate for
nearly all grating structures.

Further, information about the number of
layers and transition points are provided.

The Decomposition Preview button
provides a depiction of the structure data
which are used for the FMM calculation.
The refractive index is illustrated by a color
scale.

Edit Fourier Modal Method (RCWA)

Numerical Parameter lStructune Decomposition l

Layer Decomposition
(@) Automatic
Accuracy Factor

O Manual

Number of Layers (First St

Overall Thickness

Transition Point Decomposition
(@) Automatic
Accuracy Factor

O Manual

Period

Information

ack)

Maximum total number of layers: 21
Minimum transition point distance: 40 nm

Remove Redundant Data

Decomposition
Preview

Cancel Help
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Advanced Options & Information

Edit General Grating 2D Component X

 The decomposition preview of the defined
Coated Slanted grating_ ﬁ Component Propagation Fourier Modal Method v

Coordinate Edit Fourier Modal Method (RCWA) X

« VirtualLab suggests a discretization in 51 Sivtem B e —
layers (1 layer is representing the /@ " |t e pecorposton

Plane Surfac (® Automatic

b t t Position / 2
SU S ra e Orientation Founier Modal Accuracy Factor 1
Ot

Period: 10pum ) Number of Layers (First Stack)
Thickness of First Stack: 10.5 pm; Thickness of Base Elock: 10 mm
Mote: Coordinates are shifted by half a period. Structure
Diagram  Table of Transiion Poirts — Overall Thickness 1m
Tools i+ Real Part of Refractive Indices Transition Point Decomposition
-~ 2.9788... (® Automatic
Propagation Accuracy Factor 1
oo
\ O Manual
©
= <\
= 1.9805... |
= \
& ~
\\ o -
o™
Information
o Maximum total number of layers: 21
1.0002... Qimum transition point distance: 40 nm
0.002 0.004 0.006 0.008 0.01 J‘ o
Z[mm] Decomposition
< > Remove Redundant Da P oty
= Close Validity: @ Preview \Wavelengt| b
[eee] Cance el
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Advanced Options & Information

If the numbers of layers and transition
points are increased (e.g. by a factor of 2),
the discretization becomes less rough.
(because a medium is sampled both
values have to be increased)

Period: 10 pm
Thickness of First Stack: 10.5 pm; Thickness of Base Block: 10 mm

MNote: Coordinates are shifted by half a peried.

Diagram  Table of Transition Points

Real Part of Refractive Indices

Tools 1§+

~ 2.9788...

E
x
-
o™
& 1.0002...
0.002 0.004 0.006 0.008 0.01
Z [mm]
< >
o

1.9895.. \

Edit General Grating 2D Component

#

Component Propagation

Fourier Modal Method

.

Coordinate
Systems Interface
Plane Surfac
E\? Fourier Modal
s Plane Surfac
Pasition /
Orientation Founer Modal
Structure
r—

4

Propagation

—

Validity: @ Preview Wavelengt

Edit Fourier Modal Method (RCWA)

Numerical Parameter Structure Decomposition

Layer Decomposition
(@ Automatic
Accuracy Factor

O Manual

2

Number of Layers (First Stack)

Overall Thickness

Transition Point Decomposition
(® Automatic
Accuracy Factor

O Manual

Period

Information

Remove Redundant D2

(I

Maximum total number of layers: 2
Qimum transition point distance: 40 nm

Decomposition

Preview
Helpb

Carce
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Volume Grating Medium



Volume Grating Medium

- -
« Another type of medium which can =
be used for the configuration of g
gratings is the volume grating @
. [1V]
medium. ET
« This interface allows to configure a e —
modulations of the refractive index, R [
WhiCh WaS e.g. generated by 2 105 pm 0.5 pm Flane Interface Air in Homogeneous M Enter your commen
holographic exposure.
« Again, two plane interfaces are . >
used as boundaries of the medium. Ve O st
GA| ([ |Teols 5§ - oK Cancel Help
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Volume Grating Medium Parameters

- -
« In order to describe volume grating r— .

Basic Parameters  Scaling  Periodization

VirtualLab simulates the interference —
pattern of a certain number on impinging Neme  [Acrylc a
WaveS Catalog Material v|[2

State of Matter Solid

« First, a holographic medium has to be
chosen, that provides the initial index of

Interferogram  Index Modulation

. Directions are defined in (®) Vacuum () Holographic Material
refra Ctl O n . Reprezentation of Direction Cartesian Angles ~
« Further, the period and orientation of the No. [ Power Factor | Alpha | Alpha (Quant.) [ Dir. | Wavelength (Vacuum) [ Wavelength (Medium)
index modulation are controlled by the .t
angle of incidence (alpha) and wavelength
of reference and signal wave. ——— ’
« Moreover, by introducing a quantized k- Tes P xDrasion | i
space respectively incidence angle, the B —
numerical effort can be reduced e T e S
significantly. Q| B N =
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Volume Grating Medium Parameters

* The resulting period of the volume
grating can be found either in the
setting or stack dialog.

Edit Stack

Index | z-Distance | z-Position Interface Subsequent Medium
Plane Interface Welume Grating Med_.,

= 7 Bp E 72 Q

Flane Interface

E .| Base Block

2 105pm 105pm Air in Homogeneous M Enter your commen

£

>

Validity: @ Ad || inset || Delete |
Period
Stack Periodis | Dependert from the Period of Medium w| with Index [1 EH
Stack Period 8333333333 nm
Ok |[ Cancel || Heb |

Edit Velurne Grating Medium

Basic Parameters  Scaling  Periodization

Holographic Material

MName |.Eu:ry|ic

|Cata|og Material

State of Matter Solid

Interferogram  Index Modulation

Directions are defined in (®) Vacuum

Representation of Direction |Cartesiar1 Angles

v|

“|[ZIE

() Holographic Material

No. | Power Factor | Alpha | Alpha (Quant.) | Dir. | Wavelength (Vacuum) | Wavelength (Medium)

407 306726147
0 o -+

| Aopend | | Edit | | Delete |

532 nm 355.8411042 nm
355.8411042 nm

Test Penod x-Direction | 10 um
(defines k space discretization)
Structure Period - Direction: 5333333332 nm
Structure Period z-Direction: 3. 716248314 pm
OK || Camcel || Hep

57

LightTrans International



Advanced Options & Information

Again, the data of the decomposed
structure can be adjusted and
iInvestigated on the advanced
settings tab page.

Decomposition Preview X

Period: 833.3333333 nm
Thickness of First Stack: 10.5 pm; Thickness of Base Elock: 10 mm

Mote: Coordinates are shifted by half a period.
Diagram  Table of Transition Points

Tools i+ Real Part of Refractive Indices

0.8

0.6

X [Um]
0.4

0.2

0.002 0.004 0.006 0.003 0.01
Z [mm]

o

/R

Edit General Grating 2D Component

®

Coordinate
Systems

&

Pasition /
Orientation

w
g
@

|

_'_|U
:
=l

Component Propagation

Fourier Modal Method v

Interface

Fourier Modal

Plane Surfac!

Fourier Modal

Validity: @

Preview Wavelengt|

Remove Redundant Da

Edit Fourier Modal Method (RCWA)

Plane Surfac|  Numerical Parameter Structure Decomposttion

Layer Decomposition
(® Automatic
Accuracy Factor

O Manual

Number of Layers (First Stack)

Overall Thickness

Transition Point Decomposition
(@ Automatic

Accuracy Factor

O Manual

Period

Information

Maximum total number of layers: 21
Qimum transition point distance: 40 nm

2um

1um

Decomposition

®  Preview

Cancel Helpb
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Advanced Options & Information

If the numbers of layers and transition

points are increased (e.g. by a factor of 2),

the discretization becomes smoother, at
the expense of an increased numerical

effort.

Decomposition Preview X

Pericd: 833.3333333 nm
Thickness of First Stack: 10.5 pm; Thickness of Base Block: 10 mm
MNote: Coordinates are shifted by half a peried.
Diagram  Table of Transition Points
Tools 1§+ Real Part of Refractive Indices
= ' 15
=
=]
E
= = 1.25
= o
o
=
1
0.002 0.004 0.006 0.008 0.0
Z [mm]
£ >
a

Edit General Grating 2D Component

|

_'_|U
:
=l

Preview Wavelengt|

Validity: @

ﬁ‘ Component Propagation Fourier Modal Method v # Edit
Coordinate Edit Fourier Modal Method (RCWA) X
Systems Interface
Plane Surfac{  Numerical Parameter Structure Decomposition
ﬁ Fourier Modal Layer Decompostion
Position / Plane Surfac (® Automatic
Orientation Fourier Modal Accuracy Factor 2
O Manual
Number of Layers (First Stack)
Structure

Overall Thickness 1um

Transition Point Decomposition
(® Automatic

()

Accuracy Factor
O Manual

Period 2pm

Information

Maximum total number of layers: 2
Qimum transition point distance: 40 nm

Decomposition

[] Remove Redundant D3 @® FPreview

Carce \b
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Remark on the Position of the Detector



Remark on the Detector Position

° |n V”-tu a”_ab the deteCtor iS |OCated = 1: Light Path Editor(D:\user\...\UseCase.ConﬂgurationGrating.Usinglntefaces_Sawé
subsequent to the substrate in air by oo pan | =Z voccrs 98 mavears L Logang 5
default. . T e e

- This is necessary if the grating is included oot G o T
in a complex optical setup. E

* However, the perfect plane and parallel ¢ ;
substrate may cause some interference R Smigeon Engnes
effects, which not occur in reality. )

. . . = 1: Light Path Editor (D:\user\...\UseCase.ConflurationGrating.UsingIntefaces_Sawt,

« Thus, for calculation of just grating o pon | B Dotectors| 90 Alliveors| F tovaimn | |
efficiencies it is appropriate to set the S— —
detector inside the substrate material ier Toe Crommet | idex Tpe ¢
(likewise to most of grating evaluation oot o e B
software). E

« This avoids the undesired influence of : )
those interference effects. Lo SN SRR
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Document Information

title Configuration of Grating Structures by Using Special Media
document code GRT.0005

version 1.2

edition VirtualLab Fusion Advanced

software version 2020.2 (Build 1.116)

category Feature Use Case

- Configuration of Grating Structures by Using Interfaces
- Rigorous Simulation of Holographic Generated Volume Grating

further reading
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Grating Specification

Edit Stack

<&

J Base Block =

| Index | z- Distance

z-Position Interface Subsequent Medium Cna
Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comn

2 107.37nm 107.21nm Sinusoidal Grating Inte Titanium_Dioxide-TiO. Enter your comn
3 693%2nm 1767 nm  Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comn
4 10731 nm 28401 nm Sinusoidal Grating Inte Titanium_Dioxide-TiO. Enter your comn
5 69392nm 3534nm  Sinusoidal Grating Inte Silicon_Dioxide-Si0O2- Enter your comn
6 107.31nm 460.72nm Sinusoidal Grating Inte Titanium_Dioxide-TiO. Enter your comn
7 689392nm 530.11nm Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comn
2 107.31nm 63742nm Sinusoidal Grating Inte Titanium_Dioxide-TiO. Enter your comn w
< >
Validity: @ Add Insert Delete
Period
Stack Period is Independent from Irterface/Media Period v
Stack Penod 2 um
&) [ied] [Tooks i+ Corcel | | Hap

For the demonstration of the
Grating Order Analyzer for 1D
gratings we use a sinusoidal
grating with HR coating.

The grating parameters can be
specified within the stack that can
be accessed in the edit dialog of
the grating component.
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Grating Order Analyzer Settings

 After the grating structure has been
defined you can configure the
Grating Order Analyzer.

« Various output options can be

S peC|f| ed . ’ |§ .4:.Optical Setup View #3 (C:\Us:si\...\Grating Order Analyzer.Ipd)* E@
. . . . . Granng Order Analyzer I E
¢ ThIS IS done th rough the edlt dlalog ?;Ig:::;:b?:gﬁz?mtzz;a i Ideal Pi_ang‘u"."ave Slnusagﬁltr:;g . Raw Data Detector
of the analyzer which is opened by | " = - . -
double clicking it element in the
optical setup view. PR
@ i
double ~~ — —
click n
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General Settings

* In the General tab, you can select whether
s transmission and/or reflection shall be analyzed.
 In addition you can specify whether you would like to
SR evaluate the summed transmission, absorption and
R reflection values, and whether you would like to show
Polar Diagram in x-z-Plane .
a polar diagram.
Cancel Help
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Single Orders Settings

Edit Grating Order Analyzer

Ganera

Order Selection Strategy
Selection Strategy  Order Range

X Y
Minimum Order [ -1|:

Maximum Order | D| =

Coordinates
Spherical Angles [] Cartesian Angles

[[] Wave Vector Components [ ] Positions

Efficiencies

Rayleigh Coefficients

M Ex L] Ey LE
JTE ™

* In the Single Orders tab you can select whether

information for single orders shall be logged.

« This option is very helpful if you would like to use the
parameter run or the parametric optimization of
VirtualLab Fusion to analyze and optimize the grating

for specific orders.
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Single Orders Settings

Edit Grating Order Analyzer

General Single Orders
Order Selection Strategy

Selection Strategy  Order Range b

X Y
Minimum Order | 1] =

Maximum Order |

Coordinates
Spherical Angles [] Cartesian Angles

[[] Wave Vector Components  [_| Positions

Efficiencies
Rayleigh Coefficients
Ex (] Ey &z
]TE i

Parameter

Description

Order Selection
Strategy

Coordinates

Efficiencies

Rayleigh
Coefficients

The user can define which order shall be evaluated. The user
can define whether to analyze All orders, analyze only those
orders which have an efficiency Above a Given Threshold or
calculate only orders in a manually defined Order Range.
Depending on the selection strategy the user has to define
additional parameters.

Logging of the coordinates of the orders is also supported. The
user can specify whether to show the coordinates in Spherical
Angles, Cartesian Angles, Wave Vector Components or
Positions. For the Position calculation a z-distance between the
grating and the screen has to be specified.

The user can select whether efficiencies shall be logged.

In addition it is possible to log the Rayleigh coefficients. The
user can select to show the coefficient E,, Ey, E,, TEor TM.
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Outputs in Detector Tab

Date/Time Detector Sub - Detector Result
12 Overall Reflection Efficiency 46.719 %
1" . Overall Transmission Efficiency 53.281 %
03/24/2019 09:11:50 Grating Order Analyzer #800 : = = T
10 Overzll Reflection and Transmission Efficiency 100 %
9 Absorption 0%
8 Spherical Angle Theta R[-1; 0] 18.44°
7 Spherical Angle Pt R[-1; 0] 0
6 Efficiency R[-1: 0] 15446 %
5 T Grating Order Analyzer £300 Rayleigh coefficient Ex R[-1: 0] 121.05- exp(-1.695-i) mVim
2812 - i it
4 (Results for Individual Orders) Spherical Angle Theta R[0: 0] o
3 Spherical Angle Phi R[0; 0] 0*
2 Efficiency R[D; 0] 2948 %
1 Rayleigh coefficient Ex RI(; 0] 541.74 - exp(-0.11644 - i) mVim

[UESEERECI Detector Results

 If the Grating Order Analyzer is processed within the Optical Setup, the single
order output values are logged into the detector results tab.

 These values are also available in the parameter run and the parametric
optimization.

69 LightTrans International



Outputs in Polar Diagram

11 6: Polar Diagram - Grating Order Analyzer #800 | — || & @

Diagram  Table

« The polar diagram output of the Grating Order
Analyzer plots the efficiencies of both the reflected
and the transmitted orders versus the angles in the x-
z-plane.

It also provides a table of all angles and efficiencies
of the displayed orders.

— Tra_r-srr:iFtec Orders s Reflected Orders

e |ncident Wave
o ee
T+4 60.271° 36834 %
R-3 71.612°| 0.80371 %
R-2 392487 6.3375 %
R-1 18.44° 15446 %
RO 0 29348 %
R+1 -18.44° 1.5446 %
R+2 -39.244° 6.3375 %
R+3 -71612°| 0.80371 %
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Polar Diagram Settings

T E T You can zoom into the polar diagram with the mouse
wheel, the Property Browser and the ribbon.

* You can configure which orders are shown by right-
clicking on the diagram.

Select Diffraction Orders to Show X
Incident Wave [] Transmitted Orders Reflected Orders v General
Window Size 400, 420
v y-fouis
Minimum Angle 71.612 Maximum Angle 71.612° :
| Angle [ HINHA] g Mo %

e Transmitted Orders === Reflected Orders " =
e [nCident Wave v
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Outputs in Order Collection

#§2 5: Reflection Result - Grating Order Analyzer #8...| = || =

Diagram  Table

Order # Y [1E-6)

-0.5

1

05

0

-1

Grating Efficiencies

Efficiency [%]

29.35

15.075

The Grating Order Collection object is used to
visualize the calculated grating efficiencies or the
Rayleigh coefficients over different coordinates.

The user can configure the data that shall be shown
by setting diverse options via the property browser.

#§ 5: Reflection Result - Grating Order Analyzer #8..| — || =

Grong Efcioces

Diagram Table
Order | Order#X | Order#Y
-3.0) -

(-2.0)
(-1.0) [
00 |
(1.0

SN S =1 S

Efficiency
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Order Collection Settings

5: Reflection Result - Grating Order Analyzer #800

View Data Amay Selections
v General
Coordinate Type  Order Number
Data to Show Efficiency
v Order Selection Strategy
Strategy Above Efficiency Threshold
Efficiency Threshol: 1TE-08 %

Coordinate Type
The type of the coordinates.

Option

Description

Coordinate Type

Data to Show

Order Selection
Strategy

This property can be used to define the coordinates over
which the data shall be visualized. Currently the order
collection supports the visualization over Cartesian Angles,
Spherical Angles, Wave Number Vectors and Positions.

It is possible to select the different data values that should be
shown. The user can select to display the efficiency or the
Rayleigh coefficient over the selected coordinate type. For
Rayleigh coefficients E,, E,, E,, TM and TE are supported.

The user can define which order shall be displayed. The user
can define whether to show All, show only orders which have
an efficiency Above a Given Threshold or show only orders
for a manually defined Order Range. Depending on the
selection strategy the user has to define additional
parameters.
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Order Collection Settings

5: Reflection Result - Grating Order Analyzer #800

oo o Lo Josersy - B o |1y the View tab of the property browser, the user can
Window Size 3 agn .
TneToSwle  Fase set up additional view parameters.

v Color Lookup Table

Eﬁli;i’f::%l?ﬂe — « Most important for the customization of the view are
o the color settings.

Format of color scale Standard

v Labeh = * The user can select the background color for the view
T w as well as the color lookup table that shall be used to
o oumix define the colors for the displayed data values.

Xioi o F23:23

v Y-foas

Format of v-0vis Frvineerninn
Dot Size
The dot size for visualization
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Example of Customized Order Collection Settings

-

- »
. 5: Reflection Result - Grating Order Analyzer #8...| = | & |jsti3m
5: Reflection Result - Grating Order Analyzer #800 F& 9 Iyz | H |
Datato Show View Data Aray Selections Order Collection Grating Efficiencies
v Genera Diagram  Table
Coordinate Type ~ Order Number ®==sz-——___|
Data to Show : Hficiency @ ======== e =l ———‘--.—;\ : ———————————————————————— i > EﬁiEiEﬂC‘j [96]
v Order Selection Strategy N ~
Strategy Above Efficiency Threshold RS \\
Efficiency Thresholi 1E-08 % M . - 29,35
\
\ \\
S \
\\ \
\ AN __ n
\\ \\ e =
\ S
\\ AN ﬁ
\ \\\ —
\ \sN - = =
\ ~—
\\ -——_> ;Q_- o :‘.[}?3
\ D
\ =
\ =
\ O 5
X .
\
\
\
\ =
AN - 0.8
\
A Y
2 0 2
Coordinate Type e
The type of the coordinates. Sseo " Order # X
i settings
result
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Example of Customized Order Collection Settings

5: Reflection Result - Grating Order Analyzer #800
Datato Show View Data Aray Selections

v General
Coordinate Type Cartesian Angle 0---=: _____

Data to Show Rayleigh coefficient Ex & ~>«— -~ ==«

v Order Selection Strategy TSN S
Strategy Above Efficiency Threshold \‘\ *
Efficiency Threshol: 1E-08 % ‘\\

\\

Data to Show

Which kind of data (efficiency. Rayleigh coefficients) is

to be shown. .

settings

42 5: Reflection Result - Grating Order Analyzer#ﬂ...| S| |2 H%'

Order Collection Rayleigh Coefficients

Diagram Table

| > Real Part of Rayleigh coefficient Ex [V/m]

LA 0.54
—_ 2
g o
iy
LLJ
it
D
et
=
. I X o ,145
--> =4 0.195
=
<L
=
=
tn
-
o L
u 9
o
' -0.15
-50 0 50

Carte;ian Angle Alpha []

= -
-
- -
e e

result
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Example of Customized Order Collection Settings

- - - ——
5: Reflection Result — Grating Order Analyzer 28...| — | (=) 1%'
5: Reflection Result - Grating Order Analyzer #3800 + : 9 _ lyz _ | |
Datato Show View Data Aray Selections Order Collection Grating Efficiencies
v i General Diagram Table
Coordinate Type  Position ®=sz-——____
Distance Tm D s S ——— 1 > Efficiency in a distance of 1 m [9]
Data to Show Hficiency @ ===—===== "‘::—-—— S
v Order Selection S >
Strategy Order Range S . 29.35
Minimum Order  (-3: -3) N \\
Maximum Order (3: 3) AN SN
\\ \\
\\ \\
\\ \\
\\ \\\
\‘ \~~~ E
\ -y = 15.075
\\ o~
\
\
\
\
\Y
\
\
\
AY
\
\\
\ 0.8
\
\
\
\\
General oo
i settings
result
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Visualization of Conical Diffraction

5 o R » Within the positions and orientation
definition of the grating the user can
define an arbitrary orientation.

e This is done in the Position /

Fircion || lcnain/ Rasin Orientation tab within the edit dialog
Orientation Definition Type | Spherical Angles v () .

= 2 . of the grating.

— [ ﬁmﬁi;ﬁi S E— » For this use case we use Theta =
swap o | [ ] i coerca) | | 40° and Phi = 400_

L Rotation About Z-Axis

Z-Axis Rotation Angle 0"

Preview \Wavelength 632.8 nm Cancel Help
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Efficiencies vs. Diffraction Order Number

i

“$; 7: Reflection Result — Grating Order Analyzer #8...| = || & ||s3m|

Order Collection Grating Efficiencies

7: Reflection Result - Grating Order Analyzer #800
Datato Show View Data Aray Selections

v Diagram  Table

Coordinate Type _ Order Number |

Data to Show Efficiency E.:.'.'Icier".t:,l' [%6]
v Order Selection Strategy

Strategy Above Hfficiency Threshold

Efficiency Threshol: 1TE-08 %

Order # Y [1E-6)

=1 0 1 2 3

=

Coordinate Type
The type of the coordinates. Order # X

settings

result
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Efficiencies vs. Diffraction Order Position

7: Reflection Result - Grating Order Analyzer #800
Datato Show View Data Aray Selections

W

Coordinate Type Position

Distance 1m “$: 7: Reflection Result - Grating Order Analyzer #300 E=n WMol ™™
Data to Show Efficiency Order Collecti Grating Efficienci

v Order Selechon Strategy = ECauN o =
Strategy Above Efficiency Threshold Diagram Table

Efficiency Threshol: 1TE-08 %

Efficiency in a distance of 1 m [%6]

y [m]

Coordinate Type
The type of the coordinates.

i settings

result
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Efficiencies vs. Diffraction Order Cartesian Angle

7: Reflection Result - Grating Order Analyzer #800
Datato Show View Data Aray Selections

W

Coordinate Type __Cartesian Angle ] .

Data to Show Bfficiency “f: 7: Reflection Result - Grating Order Analyzer #8300 =Rl <=
v Order Selection Strategy : : T

Strategy Above Hiiciency Threshold Order Collection Grating Efficiencies

Efficiency Threshol: 1TE-08 % Diagram Table

Efficiency [%6]

°]

Cartesi..,

-60 -40 -20 0 20 40 60

Cartesian Angle Alpha [°]

General

result
settings
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Document Information

title Grating Order Analyzer
document code GRT.0002
version 1.1
toolbox(es) Grating Toolbox
category Feature Use Case
- Analysis of Blazed Grating by Fourier Modal Method
further reading - Optimization of Lightquide Coupling Grating for Single Incidence

Direction
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Thin-Element Approximation vs. Fourier Modal
Method for Grating Modeling

@ Part \TEAvs FMM for Grating Modeling



Modeling Task

sinusoidal profile

input plane wave
wavelength A=532nm
polarization in TE

L.

Sihk-

grating parameters
grating period d
grating height h

sawtooth profile

Sihk

For both the sinusoidal and the blazed gratings, we
analyze the gratings with TEA and FMM, and
compare/analyze the results from both methods.
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Sinusoidal Grating — Efficiency vs. Height (TEA Only)

sinusoidal profile

>lhle

fixed period d=1um
fixed TE polarization
varying height h

It is often efficient to use TEA as a fast design tool for
searching proper grating parameters. However, the
limitation of the method shall be noticed.

B & Efficiency V.. Modulation depth E=RCR =

Numerical Data Array

Diagram  Table Value at x-Coordinate

fAt h=815nm, the zeroth\
diffraction order is ;

— +1 order

completely supressed, i

as predicted by TEA. J To have symmetric
diffraction effect
without zeroth order,
we pick up h=815nm
as the grating height.

— (0 order

80

60

Efficiency [%]
40

20

1.5 2 25 ) 35
Modulation Depth [pm]

os A 1
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Sinusoidal Grating — Transmitted Phase Profiles

sinusoidal profile

>lhle

fixed period d=1um
fixed TE polarization
fixed height h=815nm

phase behind grating (TEA)

[

B 18: Phase calculated by TEA (o] &3
Light View Data View
0
proportional to the
sinusoidal profile
I T }! T T — 1 T T
1.2 04 0 04 12
Position [pm]
> X
Locally Polarized Harmonic Field - Ey Phase Zoom:1 (512; 1)

phase behind grating (FMM)

B 19: Phase calculated by FMM
Light View Data View

1 M

Phase

v

(=5 E=n =™

.

[

I L] 1

-1.2 -0.4 0 0.4

Position [um]

T T
1.2

> X

Locally Polarized Hamonic Field - Ey

Phase Zoom: 1

(512; 1)
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Sinusoidal Grating — Transmitted Phase Profiles

sinusoidal profile

>lhle

fixed period d=1um
fixed TE polarization
fixed height h=815nm

phase behind grating (TEA)

B 18: Phase calculated by TEA (o] &3
Light View Data View
0
@
=
=
[«
4
T T T T — T T
-1.2 -0.4 0 0.4 1.2
Position [pm]
> X
Locally Polarized Harmonic Field - Ey Phase Zoom:1 (512; 1)

unwrapped phase (FMM)

B 20 Unwiap Phse oo e |
N
Dagam Tabe Vakeatxd — NOt proportional to
phase behi m the sinusoidal profile
-
Bl 19: Phase calculated =
Light View Data View T
3 k é i
=
- § o~ }
5
14 = -
-1 1 0.5 1] 0.5 1
X [pm]
3 - ] —4 ]
1 1 I 1 | | I
-12 -0.4 0 0.4 1.2
Position [um]
> X
Locally Polarized Hammonic Field - By Phase Zoom: 1 (512; 1)

87

LightTrans International



Sinusoidal Grating — Diffraction Efficiencies

sinusoidal profile

>lhle

fixed period d=1um
fixed TE polarization
fixed height h=815nm

diffraction efficiencies (TEA)

Diagram  Table

+20°

# 11: Diffraction Efficiencies [TEA]

13 11: Diffraction Efficiencies [TEA]
Diagram Table

Crder Angle Efficiency
| [ 100 %
T-2 -45.181° 12617 %
T-1 20773  24188%

T+2 45.181° 12617 %

T0 0
T+1 20773 24.188°%

20 +30°
+60°
%
A +40°
10 % +20
+2 T+
o
200
T-2 T,
-A0°
50"
+30° -80°
ed Orders Incident Wave

(=8 =)

diffraction efficiencies (FMM)

Diagram  Table

! 12: Diffraction Efficiencies [FMM]

= o)

H 12: Diffraction Efficiencies [FMM]

Diagram Table

Order Angle Efficiency
| 0" 100 %
T-2 -45.181° 17879 %
T-1 -20.773° 2316 %
TO iy

T+1 20773° 2316 %
T+2 45.181° 17.879 %
R-1 321317 0134 %
RO 0% 0.13547 %
R+1 -32131° 013314 %

-3

5 == Reflected Crders
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Sinusoidal Grating — Efficiencies vs. Period

sinusoidal profile

diffraction efficiencies — 0'" order
’ E 31: Zerath Order Efficiency vs. Period EIIE'

Mumerical Data Array

Diagram  Table Value at x-Coordinate

h\ _—YTY
- TEA
g ©
5 5
J§:. Ly
X ) TEA prediction
2 K1 becomes reliable.
‘ s |
z >lhle o -L >
varying period d / s 8 10
fixed TE polarization d [uml
fixed height h=815nm For fixed height, TEA

predicts no zeroth
diffraction order regardless
of the grating period.

diffraction efficiencies — 1st order

E 32: First Order Efficiency vs. Period EIIE'

Mumerical Data Array

Efficiency [1st Order] [%4]

30

20

10

Diagram  Table Value at x-Coordinate

- FRAM
- TEA

TEA prediction
becomes reliable.

4 b 2 10
Grating Period [pm]
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Sinusoidal Grating — Phase Profiles at Selected Periods

sinusoidal profile |18 Phase calculated by TEA Lo B | | B 20: Unwrap Phase =5 Hon . . . . st
Lot Ve, D Vo Noreic Dt diffraction efficiencies — 1st order
Diagram  Table ~Value at xCoordinate P
E 32: First Order Efficiency vs. Period EI
T o Mumerical Data Array
g L Diagram  Table Value at x-Coordinate
0- s Db B
E 2] B S H
T i % S 1 pm E - FNM
& : : w—TEA
N 5 ™ z 24 HQi
LE Y, FMM 5 :
1.2 04 0 04 12 N _0'5 c; 0'5 ] S o
Position [um] 2 2 = E E
] I 42: Period:5um_TEA =N =R B 41: Period:Sum_FMM === =
X . ) B Light View Data View Light View  Data View = : :
I B ] 5 2t :
= : :
(] » N
Z | y : :
9”7 |6 | ”,—7:,‘ E
- — 0 . i " T T
perlpd d=1pum or 5|_,|m s " &L N 10
fixed TE polarization = = Grating Period [umi
fixed height h=815nm
e -
TEA FMM
T T T T T T T -3 T T T T T T T
5 2 0 2 6 5 2 0 2 6
Position [um] Position [pm]
Locally Polarized Hamonic Field - Ey Phase Zoom: 1 {512 1) Locally Polarized Hammonic Field - By Phase Zoom: 1 (512 1)
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Blazed Grating — Efficiency vs. Height (TEA Only)

sawtooth profile
(blazed grating)

>lhle

fixed period d=1pum
fixed TE polarization
varying height h

It is often efficient to use TEA as a fast design tool for
searching proper grating parameters. However, the
limitation of the method shall be noticed.

B 26: Efficiency V.S. Modulation depth ===
MNumerical Data Array
Diagram Table Value at x-Coordinate
™ =\ — +2 order
e \ — +1 order
\
\ - 0 order
.\ At h=1064nm, the )
~ \ ffici f the -1st g
: \ efficiency of the -1s Eanins i
S g Y order reaches its
- \ maximal, as
& \ predicted by TEA. )
05 15 2 25 3 35

Modulation Depth [pm]

To maximize the
diffraction efficiency of
the -1st order, we pick
up h=1064nm as the
grating height.
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Blazed Grating — Transmitted Phase Profiles

sawtooth profile
(blazed grating)

>lhle

fixed period d=1um
fixed TE polarization
fixed height h=1064nm

phase behind grating (TEA)

[

r.allPhasecalculatedbyTEA =REcR =
Light View Data View
3 -4
1 -
proportional to the
sawtooth profile
E -" I I .HT I I 1 1
-1.2 04 0 04 1.2
Position [um]
> X
Locally Polarized Harmonic Field - Ey Phase Zoom:1 (153; 1)

phase behind grating (FMM)

Bl 29: Phase calculated by FMM
Light View Data View

[ o |
not proportional to ]

the sawtooth profile
2 o-
=
.2 -
Ll ] 1 1 ] 1 ]
-1.2 -0.4 0 0.4 1.2
Position [pm]
> X
Locally Polarized Hammonic Field - Ey Phase Zoom:1 (165; 1)
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Blazed Grating — Diffraction Efficiencies

sawtooth profile
(blazed grating)

>lhle
fixed period d=1um
fixed TE polarization
fixed height h=1064nm

diffraction efficiencies (TEA)
=N [HoR ===

13 15: Diffraction Efficiencies [TEA]
Diagram  Table

A 15: Diffraction Efficiencies [TEA]
Diagram Table

Order Angle Efficiency

o 100 %

T-2

°| 2.0244E-05 %
5 == |ncident Wave

"l 2.8782E-05%

T+1

20773 6.7497E-06 %

*| 2.2755E-06 %

diffraction efficiencies (FMM)

3! 16: Diffraction Efficiencies [FMM)]
Diagram | Table

1 16: Diffraction Efficiencies [FMM]
Diagram Table

Order Angle Efficiency
| 1 100 %
T-2

31875 %

5 = Reflected Orders

[= ]2 s

T+2 45.181° 13.708 %
R-1 32.131°| 0.00025035 %
RO 0°| 0.0091654 %
R+1 -32.131° 010521 %
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Blazed Grating — Efficiencies vs. Period

sawtooth profile

(blazed grating) diffraction efficiencies — 0" order diffraction efficiencies — 15t order
’ E 44: Zeroth Order Efficiency vs. Period E@ ’ E 46: First Order Efficiency vs. Period EIIE'
MNumerical Data Array Mumerical Data Array
Diagram Table Value at x-Coordinate Diagram  Table Value at x-Coordinate
] - FNM 7
i w - TEA i | >
TEA prediction
becomes reliable.

50
50

TEA prediction
becomes reliable.

| > - FMM
>|hle - HL* o - TEA
varying period d - ! . 10 s
fixed TE polarization o [umi Grating Period [umi]
fixed height h=1064nm For fixed height, TEA
predicts no zeroth
diffraction order regardless

of the grating period.

Efficiency [Oth Crder] [%6]

25
25

Efficiency [1st Order] [%4]
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Sinusoidal Grating — Phase Profiles at Selected Periods

sawtooth profile
(blazed grating)

>lhle

period d=1pm or 18um
fixed TE polarization
fixed height h=1064nm

B 23: Period: 1 um_TEA
Light View Data View

Phase
o
1

-0.4 0 0.4
Position [pum]

B 22 Period: 1 um_FMM
Light View Data View

0.5 =

Phase
1

(BN EoR ==

6- =
=

-0.4 0 0.4
Position [pum]

Phase

B 38 Period: 13 um_TEA
Light View Data View

Locally Polarized Harmonic Field - Ey

Position [pum]

[

Phase Zoom:1

Light View Data View

Phase

T L}

-20

Locally Polarized Hamonic Field - Phase Zoom: 1.0024814

B 35: Period: 18 um_FMM

FMM

ESSEoR

T T T T
-12 -4 0 4

Position [pm]

20

(405: 1)

el

(==

diffraction efficiencies — 1st order

Diagram  Table

E 46: First Order Efficiency vs. Period EIIE'
Mumerical Data Array
Walue at x-Coordinate

H ]

—

18 um
/
4
Y
-
/.
/ .
' []
4 .
2 :
/ .
/ [
/ :
4 .
’ :
/ .
P .
'/' .
e -

PR w FhAN
A .
’,a’ — T?,ﬂ'-.
T T
10 15
Grating Period [pm]
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Peek into VirtualLab Fusion

diffraction efficiency analysis and
visualization in polar diagram

scanning of diffraction efficiency vs. specific parameter(s)

Results
Start the parameter run and analyze its results

oo |

Use Already Calculated Results for Next Run

Detector Subdetector Combined Output ) 10] 11

\aried Parameters Grating Period (Sawtooth.. |Data Array 225pum 25um 2.75 pm
Efficiency T[-1: 0] Data Array 97.220576 %

Grating Order Anal - z r

2300 Efficiency T[0; 0] Data Array 2.8782345E-05 % 287823450 |

g‘ﬂl d? for Individual Rayleigh coefficient TM T[-.. | Data Array 7621176 i) mVim xp(-2.7621176 i

Rayleigh coefficient TM T[0. 8237175 1) Vim sxp(-2.8237175 4

Diagram Table Value at x-Coordinate

ok Create Output from Selection % 2 +80° _80°

é = e Transmitted Orders s Reflected Orders

= =— |ncident Wave
R - TEA
Al —_— FMM

different methods to model EE AR R
. Grating Period [pm]
gratings — TEA or FMM e
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Workflow in VirtualLab Fusion

« Construct grating structure

— Configuration of Grating Structures by Using

=)o e
Interfaces [Use Case]
« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case] __
» Check influence from different parameters with e | AP 2 m =
Parameter Run D sm mm o wm we ww

— Usage of the Parameter Run Document [Use Case]

/]I

ra 72.897 73082% 73233% Ti3H Y
o~ T4BeB Y TBTE1Y 7614%  TA3B2% 52085 %

< Back Show *

97 LightTrans International


https://www.lighttrans.com/index.php?id=1327
https://www.lighttrans.com/index.php?id=593
https://www.lighttrans.com/index.php?id=1596

Document Information

title

document code
version

edition

software version

Thin Element Approximation (TEA) vs. Fourier Modal Method (FMM) for
Grating Modeling

GRT.0019

2.0

VirtualLab Fusion Advanced
2020.1 (Build 1.202)

category Application Use Case
further reading - Anal_v3|S of Slanted Gratings for Lightguide Coupling
- Grating Order Analyzer
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Parameter Run Document

 The Parameter Run document allows the variation of the numerical parameters of an Optical
Setup.

 Itcan be usede.q.
— to investigate the system’s sensitivity for parameter tolerances
— to optimize parameters
— to evaluate the changing profile of a beam in the vicinity of a focus

* One or multiple parameters can be varied.
 Detector results are recorded within the Parameter Run document.

» A copy of the original Optical Setup is stored in the Parameter Run document.
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New Parameter Run

» To generate a new Parameter Run an open and activated Optical Setup window is required.

A new Parameter Run document can be generated via
— ribbon

— Optical Setup Tools ngﬂ"“—‘*w

b
Parameter Cverview L

Generate Sequence 3
Toggle Light Source

Insert Element into Light Path Diagram

Bxclude Blement from Light Path Diagram
BExchange Blements in Light Path Diagram

BEddslf

Split Component
Sort Table Entries

’:}cx Delete Al Linkages
! j ‘Ed E@ = o Catalog Support 3
) Import/Export Elements 3
File Start Sources Functions Catalogs Windows Dptical Setup Tools port/Bxp
= Find Focus Posttion
i ODM New Parametric Optimization - EA (3 D h}: Optimize Detector Positions
ot > e 3 Optimize Detector Positions . - i 8 Synchronize Detector Samoli
Go! Simulation Parameter ; Use Parameter = B TICTIRNIZE: LIELSCON JamHrg.-..

Settings Overview J| Parameter Run 3% Find Focus Posttion Coupling Systen

Simulation Settings

“_

Execution Parameters Parameter Variation View

Show Simulation Report

iz Create New Parameter Run

-
R £ New Farametnc IMIZation
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Parameter Specification Page

2 5: Parameter Run Example EI@
Parameter Specification
Set up the parameter(s) to be varied.
You can select one or more parameters which shall be varied as well as the resulting number of iterations. Several modes are available specifying how the parameters are
varied per iteration.
Usage Mode | Standard ~
X | [] Show Only Varied Parameters
1|2|= Object Category Parameter Vary From To Steps Step Size Original Value
‘wavelength 210.0655221 nm 371 pm 2 3.495534478 pm
ldeal Plane Wave #0 ‘Weight ™
Palarization Angle O
Sawtooth Grating #1
Basal Positioning | Distance Before O
\window Size Scaling X 1
Virtual Screen #600 ‘Window Size Scaling Y ™
Resolution Scaling X O
Resolution Scaling Y O
Basal Positioning | Distance Before O
\window Size Scaling X 1
Virtual Screen #601 ‘window Size Scaling Y O
Resolution Scaling X O
Resolution Scaling Y O
< Back Next = Show =

« This page allows you to select the parameters that should be varied.
« The parameter range and the number of steps can be specified.

« Four different Usage Modes (Standard, Programmable, Scanning, Random) will be Explained
later.
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Parameter Specification Page

You can

« filter for specific parameters

« show only the ones that are already set for variation

« fold/unfold the parameter list for a clearer representation by using the first three columns

> 5: Parameter Run Example EI@

Parameter Specification
Set up the parameter(s) to be varied.

fou can select one or more parameters which shall be varied as well as the resulting number of iterations. Several modes are available specifying how the parameters are
varied per iteration.

Usage Mode | Standard ~
* |E Show Only Varied Parameters l
12 Object Category Parameter Vary From To Steps Step Size Original Value
= ‘wavelength ] 210.0655221 nm 371 ym 2 3459934478 pm
ldeal Plane Wave #0 ‘weight d
Polarization Angle d
Sawtooth Grating #1
= Basal Positioning | Distance Before O
‘window Size Scaling X O
Virtual Screen #600 ‘window Size Scaling Y O
Resolution Scaling X d
Resolution Scaling Y d
= Basal Positioning | Distance Before d
‘Window Size Scaling X O
Virtual Sereen #601 ‘wiindow Size Scaling Y O
Resolution Scaling X O
Resolution Scaling Y O
< Back et = Show
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Usage Modes

 Standard Mode:

Linear variation of all selected parameters between minimum and maximum value.

* Programmable Mode:
Customized parameter values per variation step. A table with the parameter values per
variation step is filled by a snippet.

* Scanning Mode:
Scan of parameter space — all possible parameter combinations are simulated.

« Random Mode:
Random variation of parameters between minimum and maximum value. Sometimes also
called Monte-Carlo-Simulation. A seed can be used for reproducible results.

104 LightTrans International



Usage Modes

R  lllustration of the different usage modes for
L EELEETRTEREDCCIEY ':"" " the parameter run. A two-dimensional
,0’ parameter space defined by two
IIIIIIIIIIIIIIIIIIIII‘ EEEENE .
gs® "Ea, parameters X, and X, is shown.
K M S - Red: Resulting parameter sets for the
X IllllliIIII:’:’:.I.IIIII“‘IIII standard mode.
2 ____;_____:_'.:_____‘.____‘___ »  Green: Example how the parameter sets
camm ."’.‘ S Emmr can be generated by a snippet in the
IIIIIIII:"IIIIIIII“IIIIIIII programmable mOde.
------,o:-----------------“-  Blue: Resulting parameter sets for the
Ill”:’lllllllll”llllllllllll Scanninngde.
R « Grey: Some randomly generated
* parameter sets.
X1
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Detecting Devices Specification Page

T 3: Parameter Run from 1: Light Path Editor (Light Path Diagram #1)* [=][E ==

Detecting Devices Specthcabon
Set up the detecting devices whose results you want to analyze

This page allows you to select one or more detecting devices (detectors, analyzers, or virtual screens). At least one detecting device must be selected.
If you click on the "Open” button of one detecting device, the corresponding edit diglog is displayed.

In the upper part you can select the simulation engine(s) that shall be executed in the parameter run. Furthermore you can select the detectors that shall be
evaluated by the selected simulation engine(s).

Unified Field Tracing

Deteching Device Edit Dialog
Virtual Screen #600
Virtual Screen #601 Open

In the lower part you can select the analyzers that shall be executed in the parameter run. They are independent from the simulation engine(s) selected
above.

Analyzer Edit Dialog
Grating Efficiency Analyzer (2D) #2800 Open

< Back ][ Mesct = ] [ Show LFD

« This page allows to select which simulation engines, detectors, screens and analyzers are
evaluated.

» The detecting devices can be configured after clicking Open to get to the edit dialog.
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Results Page

Starts and

2 5: Parameter Run Example
Resulis

Start the parameter run and analyze its results

stops the —— ', c

parameter
variation.

In the Property Browser you can change the formatting of the shown physical

Use Cached Results for Next Run

=

Detector
\aried Farameters

(Grating Efficiency Analyzer
(200 #2800

Virtual Screen #600 after 5.
Virtual Screen #6071 after 5.

Subdetector Combined Output
Wwavelength (ldeal Flane...| Data Array
Ahsorption Data Array
Owverall Reflection and Tra_. | Dats Array
Overall Reflection Efficiency | Data Array
Crwverall Transmission Effici.. | Data Array
2D Data Ama ~ | | &
2D Data Ama ~ || &

Harmaonic Field manic Field \
Harmonic Figld Harmo jeld

mb Create Output from Selection

< Back

L

Show r

Simulation results:
Double click on a
document to view it in
a separate window.

Property Browser

EE 5 Parameter Run Example
General
w General

After Parameter Run Finished Do Mothing

Always Plot versus lteration Step  False
Mo Logging During Parameter Fun  False

Sort Rows True
* Format of Numbers
Format of Complex Numbers itude / Phase
Number of Digits 10
Show Physical Units True

values (number of digits and whether physical units are shown) so that you can | After Parameter Run Finished
better export them to e.g. spread sheet programs via copy & paste.

The action to be done when the parameter run has finished.
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Optical Setups within Parameter Run

Displays the optical setup:
 initial

__ _ — y _ _ « from i '

il s ] Parameter Run rowski Virt on (Znd Generation Technolo ate [Bui 4.0, -

T Wy ki Vi (2nd G Technolegy Update [Build 7.4.0.49]) O ro an |terat|0n
File Start Sources Functions Catalogs Windows Parameter '@
’ After Completion |Do Nothing - g x
Go! Show Optical Mo Logging  Create Output  Delete

Setup ~ During Execution from Selection Results
Execution Optical Setup Result Table
E=rlE =
Resulls General
Start the parameter run and analyze its results v General
After Parameter Run Finis Do Mothing
False
False
[+ Use Cached Results for Next Run True
v
Iteration Step Amplitude / Phase
Detector Subdetecior Combined Oulput 1 2 ;“
Varied Parameters Wavelength (ldeal Plane W | Data Array 371 um e
Absorption Diata Array 0% 0%
Grating Efficiency Analyzer Overall Reflection and Tra.. | Data Array 100 % 100 %
(20) 7200 Overall Reflection Efficiency | Data Array 2TEETTTEI L 2127007061 %
Overall Transmission Effici... | Data Array 91.23732224 % 57.87299294 %
Virtual Screen #6500 after 5. 20 Data Ama v Harmonic Field Harmonic Field
Virtual Screen #6071 after S.. 2D Data Ama ~ || /| Harmenic Field  Harmenic Field
ok Create Output from Selection
After Parameter Run Finished
EI et > Show * The action to be done when the parameter run has finished.
VirtualLab Explorer
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Logging of Parameter Run Results

E =" | = Parameter Run Wyrowski VirtualLab Fusion (2nd Generation Technology Update [Build 7.4.0.49]) - 0O x
Start Sources Functions Catalogs Windows Parameter Run o -
e K

Go! Show Optical MNo L-:--;I:élil1-;l Create Qutput Delete
Setup ~ During Execution Jfrom Selection Results

b After Completion | Do Mothing - =2 [ EY

—a

Execution Optical Setup Result Table
Property Browser
T 5 P eter Run Ex | =)
2 e e EI@ EE 5 Parameter Run Example
Resulls General
Start the parameter run and analyze its results v General
After Parameter Run Finished Do Mothing
b Go! > Mo Logging During Parameter Run ~ False
Use Cached Results for Next Run Sort Rows True
v Format of Numbers
Iteration Step Format of Complex Mumbers Amplitude / Phase
Detector Subdetecior Combined Oulput 1 2 Mumber of Digits 10
= = Show Physical Units True
Varied Parameters Wavelength (ldeal Plane W | Data Array 210.0655221 nm 371 um
Absorption Diata Array 0% 0%
Grating Efficiency Analyzer Overall Reflection and Tra.. | Data Array 100 % 100 %
(2D) #&00 Dverall Reflection Efficiency | Data Array BTE2ETTIEI Y, 2127007061 %
Overall Transmission Effici.. | Data Array 91.23732224 % 97.872992%4 %
Virtual Screen 600 after S.. 20 Data Ama ~ || Harmonic Field Harmonic Field
Virtual Screen #6071 after 5. 20 Data Ama ~ || o/ | Harmenic Field  Harmonic Field
it Create Output from Selection
After Parameter Run Finished
The action to be done when the parameter run has finished.
< Back Show *
VirtualLab Explorer

For time critical simulations
especially for Parameter Runs
with many iterations, the
simulation time can be reduced
by deactivating the logging.

Thus the results are only shown
after all iterations are finished.

In order to see the results of a
running Parameter Run
document that have been
produced so far, you can
duplicate the document via the
Windows ribbon; then
VirtualLab creates a Paramter
Run document of the current
status with all already
calculated results.
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Display of Parameter Run Results

v Lj lﬂ = Parameter Run

)
|
b After Completion | Do Mothing - = éo

Go! Show Optical
Setup ~

Sources Functions Catalogs Windows Parameter Run

Execution Optical Setup

e

i

Mo Logging  Create Qutput] Delete
During Execution from Selectiory Results

Result Table

1

2 5: Parameter Run Example

Resulis
Start the parameter run and analyze its results

b Gol
Use Cached Results for Next Run

Subdetector Combined Output
Wavelength (Ideal Plane ... | Data Array

Absorption
Overall Reflection and Tra.. | Data Array

Detector
Varied Parameters

Data Array

Grating Efficiency Analyzer
(20) #E00 Overall Reflection Efficiency | Data Array
Overall Transmission Effici.. | Data Array

20 Data Ama ~ ||

20 Data Ama ~ || /.

Virtual Screen #600 after S..
Virtual Screen #6071 after 5.

Iteration Step

1
0%

100 %
B.TR26TTTEI %
91.23732224 %
Harmonic Field

Harmonic Field

2

371 pm

0%

100 %
2127007061 %
97 87295254 %

Harmenic Field

Harmenic: Field

it Create Output from Selection

< Back

Show

Property Browser

EE 5 Parameter Run Example

General

Amplitude ' Phasze

Format of Complex Mumbers

Number ot Ligits 10
Show Physical Units True

After Parameter Run Finished
The action to be done when the parameter run has finished.

VirtualLab Explorer

It is possible to delete the
results in order to save a
smaller Parameter Run
document (e.g. for email
sending).

(Sometimes the saving or
opening of a Parameter Run
document with many and/or
huge results takes longer than
the simulation of all iterations.)

The user can select different
orders for the display of the
results.

There are different options to
display compex numbers.
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Saving (& Shutdownd) after Parameter Run Completion?

Allows you to save the results
after the simulation has
finished and then shut down

- Parameter Bun Whyrowskida ab Fusion (2nd Generation Technology Update [Build 7.4.0.49]) - A %

- your computer.

B SHE

File Start Sources Functions Catalogs Windows

n
’ After Completion | Do Nothing < g x

Go! Show Optical Mo Logging  Create Qutput  Delete
Setup During Execution from Selection Results

Result Table

Optical Setup

lun Example

Start the parameter run and analyze its results 4
After Parameter Bun Finished Do Mathin
Always Plot versus lterstion Step  False
Mo Logging During Parameter Run  False
Use Cached Results for Next Run Sort Rows True
v Format of Numbers
Format of Complex Mumbers Amplitude / Phase
Detector Subdetecior Combined Output Number of Digits 10
= Show Physical Units True
Varied Parameters Wavelength (ldeal Plane W | Data Array 371 um
Absorption Diata Array 0% 0%
Grating Efficiency Analyzer Overall Reflection and Tra.. | Data Array 100 % 100 %
(20) 7200 Overall Reflection Efficiency | Data Array 2TEETTTEI L 2127007061 %
Overall Transmission Effici... | Data Array 91.23732224 % 57.87299294 %
Virtual Screen #6500 after 5. 20 Data Ama v Harmonic Field Harmonic Field
Virtual Screen #6071 after S.. 2D Data Ama ~ || /| Harmenic Field  Harmenic Field
ok Create Output from Selection
After Parameter Run Finished
EI et > The action to be done when the parameter run has finished.

VirtualLab Explorer
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Results Page — Combined Outputs

The results for each (sub-)detector can be combined into a Data Array, Animation, Harmonic Fields Set or Ray
Distribution. Which combined outputs are available depends on the type and dimensionality of the original

documents.

Create the combined output —
or stop the creation if it takes
too long. Clicking/Double
clicking on a cell in the

Detector or Subdetector

column is a shortcut to

selecting the whole row and
start the output creation with

the current combined output. =

T 5: Parameter Run Example

Resulis
Start the parameter run and analyze its results

b Gol
IUse Cached Results for Mext Run

=~

e

Detector Subdetector
Waried Parameters
Absorption

Grating Efficiency Analyzer
(200 #2800

Wirtual Screen #600 after 5.
Virtual Screen #6071 after 5.

Wavelength (ldeal Plane '/

Cwverall Reflection and Tra...
Overall Reflection Efficiency

Overall Transmission Effici...

Combined Output
Data Array

Diata Array

Data Array

Data Array

Data Array

2D Data Ara ~ || &
2D Data Ama ~ || &

1 2
..... 21DDEE.5221nm
.................................... in 0
100 % 100 %
BT626TTTRI % 2127007061 %
9123737224 7% 57 BTXR0254 %
Harmonic Field  Harmenic Field

i Field Harmonic Field

el |7k Create Output from Selection

Select the results to
combine.

Clicking on a cell in
the Detector or
Subdetector column
selects the whole row.

< Back Show *

Choose the desired
combined output.
Several combined
outputs can be
configured by clicking
on the pencil icon.
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Parallelization & Amount of Data

* The execution of the different iterations of a Parameter Run simulation is very well
parallelized. Thus it represents a very efficient method to simulate many different settings
very fast.

« But in case already one simulation is extremely memory consuming, parallel executions are
out of the question. They would not be possible or slow down the whole process if VirtualLab
may swap such large data on hard disc instead of keeping it in the RAM.

* Then the parallelization should be switched off for Parameter Run Loop.
« VirtualLab will still do parallel computations, as parallelization is also used within single

system simulations.
m;mxwm,—xw
Multi Core Processing
Use Multiple Cores Mumber of Cores To Use 7
[ ] Use Multiple Cores for Parameter Run Loop
e A e meeren,, e,
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Document Information

title Usage of the Parameter Run Document
document code MISC.0071

version 2.0

toolbox(es) Starter Toolbox

category Feature Use Case

- Programming a Scanning Parameter Run
further reading - Application of the Programmable Mode of a Parameter Run
- Tolerance Analysis of a Fiber-Coupling Setup
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@HTTRANS .

GRT.0001

Analysis of Blazed Grating by Fourier Modal Method

E Part \Analysis of Blazed Grating by Fourier Modal Method



Modeling Task

depth
1. 5pm
_ sawtooth
input plane wave grating \ i ggg?}?n

- incident angle () 30-50°
- wavelength 450-600nm
- linear polarization along x axis

How to evaluate the
efficiency of a specific
diffraction order?

o/

air
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Results from Single FMM Simulation

11 12: Polar Diagram — Grating Order Analyzer #200
Diagram  Table

+B0° -80°

m—— Transmitted Orders s Reflected Orders Incident Wave

result table (transmission)

order collection
display of efficiency or other quantity with
respect to e.qg. diffraction order, angle, etc.

polar diagram
used for projected visualization of grating
efficiencies for transmission and reflection

angle efficiency
Oth order -26.107° 6.1579%
1st order 9.6014° 93.266 %
2"d order 50.682° 0.57293%

e o |[E =
Order Collection Grating Efficiencies
Diagram  Tahble
Efficiency [%6]
— 93.266
L
- O
=
o 46,92
A
i
=
° 3
i 0.57293
0 0.5 1 1.5 2
Order # X
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Parameter Scanning (1D)

=} 15: Efficiency T[+1; 0] of Grating Order Analyzer #800 (Res... | = || = |[u3m] E=, 17: Efficiency T[+1; 0] of Grating Order Analyzer #800 (Res... | = || = [jnt3m]
Mumerical Data Array MNumerical Data Array

Diagram Table Value at x-Coordinate Diagram Table Value at x-Coordinate

L

an
R o 3
—_ O -
o (=]
O z
— —
o )
| = c
B = e
2 M
= =
L L

u

=

il T T T T T T T
046 048 05 052 054 056 0.58 32 34 36 38 40 42 44 46 48

Wavelength [ideal Plane Wave #0) [pm] [Spherical Angle Theta]{Sawtcoth Grating #1 | Basal Po... [°]

parameter variation (@ 6=40°) parameter variation (@ 21=532nm)
- wavelength from 450nm to 600nm - incidence angle theta from 30° to 50°
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Parameter Scanning (2D)

L’

E 19: Efficiency T[+1; 0] of Grating Order Analyzer #800 (Res... ! = |i = lﬁ
Numerical Data Array

Diagram Table Value at (xy)

Efficiency T[+1; 0] [36]

Spherical Angle Theta (Saw... [?]

046 048 0.5 052 0.54 056 0.58 0.6
Wavelength (Ideal Plane Wave #0) [pm)

parameter variation
- wavelength from 450nm to 600nm
- incidence angle theta from 30° to 50°

VirtualLab allows to plot the
efficiencies also as 1D multigraphs.

b Nomencal Each curve is associated with one
incident angle.
Diagram  Table ~Value at x-Coordinde— J
/
g
£ 2
y
1o
g
¥ -
:"; [
g
Sie
! ! ' . : ' L |
0.46 0.48 0.5 0.52 0.54 0.56 0.58
Wavelength (Ideal Plane Wave #0) [pm]
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Document Information

title Analysis of Blazed Grating by Fourier Modal Method
document code GRT.0001
version 1.1
toolbox(es) Grating Toolbox
category Feature Use Case
- Grating Order Analyzer
further reading - Optimization of Lightquide Coupling Grating for Single Incidence

Direction
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@HTTRANS .

Ultra-Sparse Dielectric Nano-Wire Grid Polarizers

E Part \Ultrasparse Dielectric Nanowire Grid



Modeling Task

wavelength
[854, 1708nm] reflectance?
A TE with respect to wavelength,
T™M ~ polarization and incident angle,
for different nanowire structures
il -
X
— S y
d=854nm Fd z
Nanowire No. #1 #2 #3 Parameters are taken from
reference paper: J. W. Yoon
refractive index n 10 7.07 3.16 et al., Opt. Express 23,
_ 28849-28856 (2015).
height h 269nm  270nm  292nm
filling factor F 0.01 0.02 0.1
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Parameter Scanning (1D)

Fourier modal method (FMM) simulation in VirtualLab Fusion

B! 65: Reflectance vs Wavelength (TE) | [<E E= 72: Reflectance vs. Wavelength (TM) o5 =)
Numerical Data Array Numerical Data Array
D - :
iagram  Table Value at x-Coordinate agram  Table Value at x-Coordinate reference results from
= S the literature
o ] o 0 - =
W s ° (a) )
= = ,
I I 4
8 2 © ° = Nanowire #1 o = (.01 100 s,
C 8 o ] w— Nanowire #2 2 § °°== 0.02 50
g+ {Dp s e Q |/ ===01 10
3] B i = Nanowire #3 c _10 10%
() DO O j—— g = -
S= . = : 5] I
O o | - Nanowire #1 D < 1 R
o o = Nanowire #2 o .4 “9__}
] =i = 20 1%
i == Nanowire #3 = % ~TM
T T T T T T T T T T T T T T T T o ‘--.-_.__._._---—-—-—- ------
1 1.1 1.2 1.3 1.4 15 1.6 1.7 1 1.1 1.2 13 14 15 1.6 1.7 &S 30— =" 01% -
= .
m -
/
Wavelength (um) Wavelength (um) N - L
T Lt T T TS U
T T 1% 16 18
Nanowire No. #Hl— #2 — #3 — " Wavelength (1/A)

refractive index n 10 7.07 3.16
height h 269nm  270nm  292nm
filling factor F 0.01 0.02 0.1
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Parameter Scanning (2D)

Fourier modal method (FMM) simulation in VirtualLab Fusion, for TE polarization

B 74: Nanowire #1 o [@ B2 76: Nanowire #3 o | & 3]
Numerical Data Array Numerical Data Array
Diagam  Table Value at fxy) Diagram  Table Value at {xy)
Efficiency R[O; 0] [%] Efficiency R[0; 0] [%]
~ 100 iz 100
— 2 — @
E = —=:
= z .
® =
Z2 < =
= " z "
5 = 50 5 - 50
2 i
= =
‘é, i B
= s
g~ -
= o > o
o 0 < 0
20 40 20 40
Rotation #1 (about Y-Axi... [*] Rotation #1 (about Y-Axi... [°]
o~ \
Nanowire No. — #1 #2 #3
refractive index n 10 7.07 3.16
height A 269nm | 270nm | 292nm
filling factor F 0.01 0.02 0.1

Wavelength (A/A)

20

reference results from the literature

(©)

30 40 500 10 20 50
Angle of incidence (deg.)

1.0
0.9
0.8
07
0.6
0.5
0.4
0.3
0.2
0.1
0.0
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Visualization of Field Inside Grating

Fourier modal method (FMM) simulation in VirtualLab Fusion @1045nm
-

Re{E,} e{E,}
!-I reference results from the literature
—
- TE ™
[animation] [animation]
F=01,
£ =10
Nanowire No. #1 #2 r#3 )
refractive index n 10 7.07 3.16
height h 269nm 270nm 292nm
filling factor F 0.01 0.02 | 0.1 )
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Peek into VirtualLab Fusion

analysis of diffraction efficiency vs. specific parameter(s)

2 93: C:\Users\...\Ultra-Sparse Nanowire #3_Reflectance vs Wavelength TE.run

Results
Start the parameter run and analyze its results

b Go!
[/] Use Cached Resulis for Next Run

<

wk Create Output from Selection

Detector ' Subdetector Combined Ouiput | 1
e Wavelength (Ideal Plane W_.| Data Array m 862,62 nm
Grating Order Analyzer #8... | Efficiency RID; 0] Data Array 32093%  35.446°

=} 76: Nanowire #3

Numerical Data Array

Diagram

two-dimensional diffraction
efficiency analysis

Wavelength (Ideal Plane Wave #0) [um)]

Table Value at (xy)

16 1.7

1

1.4

Efficiency R[0; 0] [%]

20 40
Rotation #1 (about Y-Axi... [°]

100

50

visualization of field inside grating

o= Re{E,}

*

=

L]

=]

- TE
[animation]
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Workflow in VirtualLab Fusion

Construct grating structure

— Configuration of Grating Structures by Using
Interfaces [Use Case]

— Configuration of Grating Structures by Using
Special Media [Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case]

Check influence from different parameters with
Parameter Run

— Usage of the Parameter Run Document [Use Case]
Calculate field inside grating structure

-tance vs Wavelength TE.run

[o[& )

Combined Outpd |

Iteration Step
1 2 3 4 5

ane W._.| Data Amray B8 e2c3om 871250m 879.880m 88851 nm
Data Array 32093% 35446% 3B412% 41814% 45745%
Edit Field Inside Component Analyzer: FMM X

Vectorial Component
[[] Ex-Component
[[] Hx-Component

x-z-Region

[[] Ez-Component

[] Hy-Component [] Hz-Component

Number of Periods |

3

z-Range

Sampling

Sampling Points

Whole Component v

x-Direction z-Direction
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Document Information

title Ultra-Sparse Dielectric Nano-Wire Grid Polarizers
document code GRT.0006

version 2.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.202)

category Application Use Case

- Grating order analyzer
further reading - Rigorous Analysis and Design of Anti-Reflective Moth-Eye Structures
- Rigorous Analysis of Nanopillar Metasurface Building Block
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Part Il

- Slanted gratings simulation with - Angular-filter volume grating for
varying parameters higher diffraction order suppression

- Volume holographic gratings and - Resonant waveguide grating and its
their sensitivity angular/spectral property

- Diffraction property of a passive - Using gratings as test objects in
parity-time (PT) grating Imaging system

- Analysis of CMOS sensors with
microlens array
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@HTTRANS .

Analysis of Slanted Gratings for Lightguide Coupling

&y Part INAnalysis of Slanted Gratings for Lightguide Coupling



Modeling Task

How to calculate the diffraction
efficiencies of the coupling grating,
with varying grating parameters?

7 .

n=1.5

slanted grating
- period: 596.92nm
- relative depth

to be varied [ - fill factor
- slant angle

input plane wave
- wavelength: 633nm
- angle of incidence: 45°
- TE polarized

131 LightTrans International



Diffraction Efficiency vs. Relative Depth

c/p =fill factor

80

QJ
Efficiency [%]
40 60

20

1

wfzii\\\&&“ rﬁ%
0.6 1 1.2 14

T
0.2 04 . 0.8

simulation by Fourier modal
method (FMM), also known as
RCWA, in VirtualLab Fusion

Relative Depth (Depth / Wavelength) 100 ]
80 —
P M 60—
(%) 4|]_"
Grating Parameter Value & Unit 20
x relative depth to be varied S e e e B R
o 0 02 04 06 08 1 1.2 14
! . slant angle ¢ -30 Figure from J. Michael Miller, et al.,
y fill factor c/p 50% Appl. Opt. 36, 5717-5727 (1997)
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Diffraction Efficiency vs. Slant Angle

c/p =fill factor

LT

ke,

Efficiency [%]

simulation by Fourier modal
method (FMM), also known as
RCWA, in VirtualLab Fusion

-55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5
Slant Angle [°]

Grating Parameter Value & Unit
y relative depth 1.0581 P
_ 60 50 40 30 20 -10 0
l_, - slant angle ¢ to be varled Figure from J. Michael Miller, et al.,
y fill factor c/p 50% Appl. Opt. 36, 5717-5727 (1997)
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Diffraction Efficiency vs. Fill Factor

c/p =fill factor

T

Efficiency [%]

- simulation by Fourier modal
method (FMM), also known as
RCWA, in VirtualLab Fusion

10 20 30 40

50 60 70 80 90 ff"?"'g"
Fill Factor [%]

Grating Parameter

Value & Unit

relative depth 1.0581 .
X 0 010203 040506070809 1 °
l_, 2 slantangle ¢ -0 Figure from J. Michael Miller, et al.,
y fill factor c/p to be varied Appl. Opt. 36, 5717-5727 (1997)
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Diffraction Efficiency vs. Angle of Incidence

slanted grating

(fixed parameters

taken from reference)

- period: 596.92nm ) ) . .. .

- relative depth 1.0581 Grating diffraction efficiency is usually

- fill factor 50% sensitive to the angle of incidence.
- slant angle -30°

80

Efficiency [%5]

60

input plane wave

- wavelength: 633nm

- angle of incidence: 45%10°
- TE polarized .

40

36 38 40 42 44 4i 48 50 a2 54

Angle of Incidence [*]
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Peek into VirtualLab Fusion

Edit Stack X

convenient definition
for slanted gratings

Edit Slanted Grating Medium

Basic Parameters  Scaling Periodization
Grating Material hterface Subsequent Medium Com Diagram  Table  Value at x Coordnate
P . erface Slanted Grating Med_ e
Name |Nm-Dtsperswe Material (n=1.5) @ ;@ et a m S
|Ddi'ledbyCmdﬂ Refractive Index v| | 1,5] terface Air in Homogeneous M Enter your commen 8 i 1
State of Matier | Sold v] -
- ' sy
Groove Material E
i 2
Name |Air é 2
Catalog Material v
State of Matter | Gias or Vacuum v =
Fill Factor Refers to . @ Bottom O Top - :
2 Extension 0.2 0.4 0.6 0.8 1 1.2 1.4
Slant Angle Left [=] Stant Angle Right Relative Depth (Depth / Wavelength)
[ Apply Coating
(@l [OKk ]| Concel | Heb | rigorous diffraction efficiency calculation and visualization
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Workflow in VirtualLab Fusion

« Configuration of lightguide coupling grating structure [«
— Advanced Configuration of Slanted Grating [Use Case]
— Configuration of Grating Structures by Using Special Media

[Use Case]
— Configuration of Grating Structures by Using Interfaces [Use e e el e foee
k ESZ:E‘Fﬁmencyvs. Angle of Incidence ’E“ =
C a S e] Numerical Data Array

Diagram Table Value at x-Coordinate

« Analyze coupling grating diffraction efficiency

— Customized Detector for Lightguide Coupling Grating
Evaluation [Use Case]

« Check efficiency by scanning over specific parameter
— Usage of Parameter Run [Use Case]

80

Efficiency [%]
60

40

T T T
40 45 50
Angle of Incidence [°]
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Document Information

title Analysis of Slanted Gratings for Lightguide Coupling
document code GRT.0009

version 2.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.202)

category Application Use Case

- Parametric Optimization and Tolerance Analysis of Slanted Gratings
- Configuration of Grating Structures by Using Special Media

further reading

138 LightTrans International


https://www.lighttrans.com/index.php?id=668
https://www.lighttrans.com/index.php?id=534

@HTTRANS .

Rigorous Simulation of Holographic Generated
Volume Grating

@ Part II\Holographic Volume Grating



Modeling Task

z-period
292.5nm

x-period
507.6nm

-1st order reflection?
%

holographic volume
grating generated by
two-beam interference
(640um, 59.9° angle)

~ exposure process, with
refractive index
modulation of 0.01
based on fused silica

incident angle
around 60°
(to be varied)

input wavelength
around 640nm
(to be varied)

thickness
70um
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Diffraction Efficiency vs. Wavelength

Efficiency R[-1; 0] [%]

60

40

20

-1st order reflection

FWHM 3.45nm —> <

= T T T |
0.635 0.64 Q645

Wavelength (Ideal Plane Wave $0) [pm]

\4
shift of wavelength dependent
reflection due to locally increased
effective refraction index

rigorous FMM analysis
for varying wavelength

-1st order reflection?

<«

incident angle
fixed at 59.9°

wavelength varying
from 630 to 650nm

292.5nm

i

wug'/05

—

N

70um
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Diffraction Efficiency vs. Angle of Incidence

N -1st order reflection | | 292.5nm
rigorous FMM analysis —
2 for varying incident angle
E 3
2 ~
= o
= . 2
:.:l o \‘ 3
z T FWHM
5 — < 0.55°
2 -1st order reflection?
5 < angle varyingx
from 58.8 to 60.8° ¥/ -
=1 I T T i L ":'
-60.5 -60 -58.5 -59

Cartesian Angle Alpha (Volume Grating #1... [*]

ﬁﬁ
N

70um

wavelength
fixed at 644 nm
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Document Information

title Rigorous Simulation of Holographic Generated Volume Grating
document code GRT.0003

version 1.1

toolbox(es) Grating Toolbox

category Application Use Case

further reading - Configuration of Grating Structures by Using Special Media
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@HTTRANS .

Diffraction Property of a Passive Parity-Time Grating

@ Part Il\Passive PT Symmetry Grating



Modeling Task

.

How does the diffraction property of
the grating depends on the incidence
angle, and the separation (s)
between the grating stripes?

input plane wave

- wavelength 1550nm
- polarization TM or TE
- incidence angle
varying from -89 to 89°

passive parity-time grating

mm - periodd=1550nm

- materials n,=3.673 (lossless),
n,=1.45+2.03i (lossy)

- widths of stripes d,=d,=0.25d

- varying separation (s) between stripes
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Stripe Separation (s=0.375d) — TM Polarization

asymmetric i (a)

grating | ( ﬁ
structure 69°|° =L 10: Transmission Efficiency - TM (0.375 Period Separation) lillﬂllél
- < Q// Mumerical Data Array
. / Diagram Table Value at x-Coordinate

15

S \\7:7\ == Efficiency T[+1; 0]
-30° . 750/0 == Efficiency T[-1; 0]
= $=0.375d ' u

TM Polarization TM Polarization .

30° B A
]\ E
=

x B

N
Subsets #0, #1 [%]
10

With proper stripe separation, a | m— » 5=0375d °
clear contrast can be seen for "0 6 40 20 0 20 40 60 80 O

the diffraction behavior when the Angle [] x 5
incidence direction is flipped. T—>z
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Stripe Separation (s=0.375d) — TM Polarization

Fig.5(b) from X. Zhu, et al.,
Appl. Phys. Lett. 109, 111101 (2016)

asymmetric i (a)
grating ‘ DS —— 1 order
structure 69"‘0 E=} 10: Transmission Efficiency - TM (0.375 Period Se g +1 order
. )Q/// Mumerical Data &rr E 0.104
77777 iagram  Table Walue at x-Coordinate £
. Diag Table Value at x-Coordinat =
Do = "5
30° NN 2 D87
O %% 2
Lo L (]
1 | §=0.375d = 1= b\
TM Polarization B & = : (b)
x B T 60 30 0 30 60
E - Incident angle (degree) . //\°|°
L ] T T s
s L:I : N\\S
9o
With proper stripe separation, a )  1s=03754 °
l I I )
clear contrast can be seen for 80 -60 40 20 0 20 40 60 80 :
. . . z X
the diffraction behavior when the Angle [7]
incidence direction is flipped. I\—>z
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Stripe Separation (s=0.375d) — TE Polarization

asymmetric . (a) H'I'I:Transmic-n Efficiency - TE (0.375 Period Separation) @lﬂ“ﬂl
grating . Mumerical Data Array
structure | Diagram  Table = VYalue at x-Coordinate
B -
————— S w Efficiency T[+1; 0] . (b)
. o == Efficiency T[-1; 0] TE Polarization [l
° . \7;\\ T L //,\»\°|°
-30 B 6 = P
o | s=0.375d T m_
TE Polarization . E - . \}0\\
x B 2 0 Sy
| z o $=0.375d
‘ .
. L
. . [
For TE polarization, the contrast/ | s 6 -4 -2 o 20 40 6 80 | S,
asymmetry of the diffraction Angle [
effect is no longer obvious.
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Stripe Separation (s=0.25d) — TM Polarization

H 62: Transrnission Efficiency - TM (0.25 Pericd Separation) = | =l | (S
: Mumerical Data Array
symmetric
g rati ng . (a) Diagram Table Value at x-Coordinate . (b)
| oo - TM Polarization .
|

structure el . = Efficiency T[+1; 0] _
. oYy | = Efficiency T[-1; 0] 30° «X\//@’\o

T = n
. B N, - R
-30 RS s < NS
s p B oz B
o S=U. bt o S=U.
TM Polarization O E - |
w X .

X . o
T—) z ]
No asymmetric diffraction effect

is seen when the stripe
separation is evenly designed.

Angle [7]

149 LightTrans International



Stripe Separation (s=0.25d) — TE Polarization

symmetric i (a)

grating
structure . |
pol°
. <
Il

. B N,
-30 . 7\40/0
.+ s§=0.25d
H

TE Polarization

L

H 66: Transrission Efficiency - TE (0.25 Pericd Separation)

Mumerical Data Array

oo |

Diagram  Table = VYalue at x-Coordinate

Subsets #0, #1 [%]

m= Efficiency T[+1; 0]
== Efficiency T[-1; 0]

No asymmetric diffraction effect
is seen when the stripe
separation is evenly designed,
regardless of polarization.

Angle [7]

(b)
TE Polarization

-
30?\\ . < Xﬂo

-

O

/N

N oY

(@)} V/4

Q A
N

2
I
o

>

X
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Peek into VirtualLab Fusion

Edit Stack bt
| x~
Edit Programmable Medium (x-y-z-Modulated) X 8
Basic Parameters  Scaling  Periodization a
caee ket @ parameter scanning for
Nome[Vacium 8 performance analysis
Cataog Vitera 9
Z 0 - |
State of Matier e . T Grating_01a_Angular Scan_TM.run = E ||

. nterface Subseguent Medium Com e
Index Modulation “terface Passive PT Grating... a
Snippet defines (O Index Modulation (® Index Di..';«trib@ = 7 Qh

Definition

terface Wacuum in Homogenet Enter your commen:
7 Edit Validity: @ N — ults for Next Run
Parameters Iteration Step
Loeslose Refiactvelnden | 367 - | o A, Subdetector Combined Ouiput | 175 176 | 177 | 178 179
Rotation #1 (about Y-Axis).. | Data Array g 86 ar 8a* 85

LossyRefractiveindex [ 1 « [ 209 Ap Cficiency TE1: 01 Data Array [ 0%l 0%l 0%l 0% 0%
LosslessStripeltidth 25 Efficiency T[D: 0] Diata Array 024 % bB287 % 34604 % 16179 % 042397 %
LossyStripelifidth 25 Efficiency T[+1: 0] Data Array 12483% 047169% 038557 % 023836% 011679 %
StripeDistance 375
EmbeddingMaterial: “Air" [Q View

flexible and customizable o

9 definition of gratings for

[ ][ e | = specific investigation e
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Workflow in VirtualLab Fusion

« Construct grating structure

— Configuration of Grating Structures by Using
Special Media [Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case]

x

* Check influence from different parameters with
Parameter Run
— Usage of the Parameter Run Document [Use Case]

J Base Block

1dex | z-Distance | z-Position Interface Subsequent Medium Com

Plane Interface Passive PT Grating M« Enter your commen

200nm 200 nm Plane Interface ‘Wacuum in Homogeneo Enter your commen
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https://www.lighttrans.com/index.php?id=534
https://www.lighttrans.com/index.php?id=593
https://www.lighttrans.com/index.php?id=1596

Document Information

title Diffraction Property of a Passive Parity-Time Grating
document code GRT.0018

version 1.2

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.202)

category Application Use Case

- Ultra-Sparse Dielectric Nano-Wire Grid Polarizers
- Rigorous Analysis of Nanopillar Metasurface Building Block

further reading
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@HTTRANS .

How to Work with the Programmable Medium



Where to Find the Programmable Medium: Catalog

B -548 -

File Start Sources Functions Catallgs Windows

Definition Type | Templates v | Extension and Section Plane  View Parameters
J F .ﬁt' @ View Range (x, y. 2) 1mm

o S e

Media Catalog

Note that the Programmable
Material is also accessible at

- Airin Homogeneous Medium — i —
It Programmable Medium (x-y-z-Modulate
Boundary Coatings Components Detectors Interfaces Light Materials Stack| | - Aperture Medium o Y
Responses Sources - Fiber Medium Scaling  Periodization
Catalogs - Medium with Inclusions < [
ame Vacuum Q
- Pillar Medium (z-Independe |
Programmable Medium (x-y Catalog Material v| 7] [S]
a X State of Matter Gas or Vacuum ¥
de" Global Parameters Snippet Help  Advanced Settings
§ [1 1 [double realPart - 0.0; -?-empe;m; [[d;uble]‘ Index Modulation
: [ PV TSI = A s Snippet defines @ Index Modulation O Index Distribution
i O T ¥ o]
il A [ [R—— INSERT YOUR CODE HERE **ssssxxssssx z [double;
g P ‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, / Wavelength [double] Validityio
7
.(% 8 ‘ return new Complex(realPart, imaginaryPart);
’Q\ 3* | Check Consistency | Validity: !1 ‘ﬂ Cancel Help

any point during the
construction of a system when
a medium must be entered for
the configuration!
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Writing the Code

Source Code Editor

1 double realPart = 0.0;
double imaginaryPart = 0.9;

[ Snippet Body [ Main Function
0O SN OY WY B

“#3| |(3* | Check Consistency | Validity: it Bl

Temperature [double]
Pressure [double]

x [double]

y [double]

z [double]
Wavelength [double]

Cancel Help

The panel on the right shows a list of
available independent parameters.

BaseMaterial refers to the material which is
used to define the dispersion (wavelength-
dependence) of the refractive index of the
medium.

Temperature and Pressure are parameters
whose value is fixed in the configuration of
the optical system.

X, y and z span the volume of the medium.
Any inhomogeneity in the medium will be
simulated by programming a function which
depends on at least one of these three
parameters.

The parameter Wavelength permits the user
to access the value of the wavelength.
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Base Material, Scaling & Periodization

Edit Programmable Medium (x-y-z-Modulated)

{ Basic Parameters | Scaling  Periodization

Base Material

Name iVacuum

Catalog Material

State of Matter Gas or Vacuum

Index Modulation

Snippet defines (® Index Modulation

Definition

/ Edit

X
‘ Change the Base
Material (subsequently
_ accessible in the code of
Q the Programmable
= Medium) here. Use a

Material from the
Catalog, a constant value
of n, or a custom
material!

(O Index Distribution

The option Index
Modulation adds the
value of the refractive
index of the Base
Material to the value
computed by the current
snippet. Index
Distribution directly
defines the value of the
refractive index.

Ticking the option Use

Periodization activates

additional global

parameters in the

Help snippet!

Edit Programmable Medium (x-y-z-Modulated)

Basic Parameters Scaling Periodization

[+ Use Periodization

Period in x-Direction l

+nf mml

Period in y-Direction |

+nf mrnl

Period in z-Direction [

+nf mml

BaseMaterial [Material)
Temperature [double]
Pressure [double]
MediaPeriodX [double]
MediaPeriodY [double]
MediaPeriodZ [double]
x [double]

y [double]

z [double]

Wavelength [double]

e ||t
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Document Information

title How to Work with the Programmable Medium and Example (Thermal Lens)
document code CZT.0104
version 1.0
toolbox(es) Starter Toolbox
category Feature Use Case

- How to Work with the Programmable Material and Example (Linear
further reading Dependence)

- Gaussian Beam Focused by a Thermal Lens
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@HTTRANS .

Analysis of CMOS Sensors with Microlens Array

E Part INCMOS Sensor with Microlens



Modeling Task

4um (fixed)
. . i pemmmm > How does the field behind
i '”pﬂﬂte‘;'vi'vﬂ > the microlens array
- wavelength 532nm —'/I behave — is the focusing
- [Inearpolarization > p. ¥ function still valid?
along x !
X i
L., - |

I-__i___-__—

What is the field
distribution like on the
final pixel array?

2.0~1.6um
(varying)

[
[<——>

fused silica

-
~ -
~ -
N e ———————

geometry parameters adapted from Y. Huo, et al., Opt. Express 18, 5861-5872 (2010)
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Modeling Task

4um (fixed)
. . i pemmmm > How does the field behind
i '”pﬂﬂte‘;'vi'vﬂ > the microlens array
- wavelength 532nm —'/I behave — is the focusing
- [Inearpolarization > p. ¥ function still valid?
along x !
X i
L. - -

I-—__i___-__—

modeled as
absorption material

What is the field
distribution like on the
final pixel array?

2.0~1.6um
(varying)

[
[<——>

microlens array
varying radius of curvature
according to the period

fused silica

~ -
-~ -
______________________________

geometry parameters adapted from Y. Huo, et al., Opt. Express 18, 5861-5872 (2010)
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Microlens for 2um

Pixel (x-z Simulation)

A

radius 1.66um
(by ray-optics)

fused silica

ray-optics design

FMM / RCWA simulation (x-z)

B 3: 2um Pixe E=N =R 1

Numerical Data Array

Diagram Table Value at fxy)

Squared Amplitude of "Ex" [(V/m)*2]

2.2

X [pm]

LS IR EOHaND 2 E a3

z [um]

It is often helpful to make a
2D (x-z) simulation first so

’.12:2umPixel =N =R
3D View 2D View
o QRO s
X
1pm

to get a fast understanding

of the situation.
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Microlens for 1.8um Pixel (x-z Simulation)

FMM / RCWA simulation (x-z)
B, 6 1.8um Pixel =N EER ™<=
Numerical Data Array
X Diagram Table Value at (xy)
—
Squared Amplitude of “Ex" [(V/m)~2]
Z
> — . . [ 21
ray-optics design
> I B r.wmum Pixel =8 =N S -
3D View 2D View
0 Q4 O.s E . 1.05
— 1.8um =
radius 1.64um f - _
(by ray-optics) fused silica )
0
05 1 15 2 25 3 35 4
z [um]
X
LZ
1pm ‘
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Microlens for 1.6 um Pixel (x-z Simulation)

A

radius 1.61um
(by ray-optics)

fused silica

ray-optics design

FMM / RCWA simulation (x-z)

B 9: 1.6um Pixel

Numerical Data Array

==~

Diagram

B 21: 1.6um Pixel
3D View 2D View

Ray-optics predicts good
focus without consideration
of diffraction.

T

Table Value at (x.y)

Squared Amplitude of “Ex" [(V/m)*2]

z [pm]

the fo

0.95

The rigorous simulation
shows a clear shift of

cal position.
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3D Simulation and Results Comparison

— >
[ X
L
] Z
> —>
_
2.0~j .6um
(varying)
fused silica
S

[ check the results ] Ug:vj:

on this plane

y

2um period

B 26: 2um Pixel
Light View  Data View

6 pm

6 pm

oo ]

6 pm

Zoom: 1.2646

1.8 um period

B 49: 1.8um Pixel
Light View Data View

54 pm

-54 pm

(o[ ]

Zoom: 1.2646

1.6um period

B 50: 1.6um Pixel
Light View  Data View

4.8 pm

(o @ )

4.8 pm

Zoom: 1.2646
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3D Simulation and Results Comparison

[ same scaling for all the result pictures ]

.6 um period

1.8um period

m period

20

2.0~1.6um
(varying)

a

Light spots are barely
confined, and crosstalk may
LightTrans International

happen for smaller pixels.

Each spot is well
confined within the

corresponding pixel area.

fused silica

check the results
on this plane

|
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Peek into VirtualLab Fusion

flexible definition of micro-/nanostructures

Edit Stack X
x " " . " . . " .
5 convenient setting and visualization of field inside structrue
ﬂ% r \
o Edit Field Inside Component Analyzer: FMM X ‘ H 9: 1.6um Pixel F"ﬁ
g Vectorial Component Numerical Data Array
o [] Ey-Component [[] Ez-Component Diagram Table Value at (y)
2 [] Hx-Component [] Hy-Component [] Hz-Component : )
z Squared Amplitude of "Ex" [(V/m)*2]
Index | z-Distance | z-Position Interface Subsequent Medium Com et g : M1 1.9
» 1 0 Conical Interface MNon-Dispersive Materi Enter your commen RS T I ]
2 Plane Interface Fused_Silica in Homot Enter your commen z-Range Whole Component v
3 Plane Interface Programmable Mediun Enter your commen
4 Plane Interface Fused_Silica in Homot Enter your commen’ Sampling
5 Plane Interface Fused_Silica in Homo: Enter your commen x-Direction z-Direction e
(O Sampling Points '
(® Sampling Distance ‘ 10 nm_‘ x [ 10nm
< >
Validity: (V] Add Insert Delete
Padod _ 05 1 15 2 25 3 35 4 0
Z [pm]
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Workflow in VirtualLab Fusion

« Construct grating structure

— Configuration of Grating Structures by Using
Interfaces [Use Case]

— Configuration of Grating Structures by Using

. H Edit Field Inside C t Anal :FMM X
SDeC|a| Medla [Use Case] it Field Inside Component Analyzer
Vectorial Component
[] Ey-Component [[] Ez-Component
[] Hx-Component [] Hy-Component [[] Hz-Component
« Calculate field inside grating structure e Fegon

Number of Periods l 1|

z-Range Whole Component v
Sampling

x-Direction z-Direction
() Sampling Points
(® Sampling Distance 1Dnm] X [ 10 nm
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https://www.lighttrans.com/index.php?id=1327
https://www.lighttrans.com/index.php?id=534

Document Information

title Analysis of CMOS Sensors with Microlens Array
document code GRT.0026

version 1.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 3.4)

category Application Use Case

- Ultra-Sparse Dielectric Nano-Wire Grid Polarizers
further reading - Configuration of Grating Structures by Using Interfaces
- Configuration of Grating Structures by Using Special Media
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@HTTRANS .

Modeling of Gratings within Optical System —
Discussion at Examples

&y Part INGrating Modeling within System at Examples



Grating Modeling in VirtualLab Fusion — An Overview

e | Ezomml Setup View #1 (Optical Setup)* \EHE\@W
,j T "t' Light Sources x‘ E
‘3“’ ; : ii;ggdluﬁs'g:‘l“ GaussianWave ~ Sphericallens | Grating |  Camera Detector
= vty o——HH—
- e ’ e DT
& Holographic Optical Blement e el -
A i Microstructure =
E; Sianted Gr ;Egiag;jab\ecr)mpmem
« Single grating analysis « Grating modeling within system
- Via the main window “Gratings” menu, — In a general optical setup, a grating
one can enter a special evaluation component can be inserted in any
environment for gratings only. position of the system.
— It helps analyze and visualize grating — This enables the modeling of gratings
diffraction properties, like the diffraction within a system and so to evaluate the
angles and efficiencies. system performance, with the possible

effects of the grating considered.
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Grating Modeling in VirtualLab Fusion — An Overview

Optical Setup Tools

@ % .§ §e2 mnl'@ )é =] L'—":J Q

8388
Microscopy  Virtual and More  Calculators | Diffractive Gratings Laser Light Light
Mixed Reality ~  ~ - Optics ~ v lesonators ~ Guides

& Calculators 2D Gratings
General Grating Optical Setup
Rectangular Grating Optical Setup
Sawtooth Grating Optical Setup
Sinusoidal Grating Optical Setup
Triangular Grating Optical Setup
@ Slanted Grating Optical Setup

=

« Single grating analysis

ﬁ About VirtualLab

;@ License Informatior

ing ~ fg’Update Information

License

2: Optical Setup View #1 (Optical Setup)™

I tero

xl\

- Light Sources
[=- Components
Component from Catalog

- Functional Single Surface
- Index Modulated
- Multiple Sufaces
- Single Surface & Coating
= Single Surface & Stack

Diffractive Lens

Holographic Optical Element

Microstructure
Programmable Component
Black Box
Subsystem

Both ways of modelingcan |
often be used together, for
example, optimize the grating
structure itself first and then
insert it into a system.

Diffractive Optical Element (DOE)

Gaussian Wave  Spherical Lens

0 2
X: 0 mm
¥:0 mm
Z0mm

Grating modeling within system

172

LightTrans International




Grating Alignment in System

« Attaching grating stack
— To describe the grating within a system,

a grating stack is always attached to a
reference virtual surface (planar only).

— The reference surface can be
visualized in the 3D system view and
help align the grating.

Stack orientation

— A grating stack can be attached onto
either the front or back side of the
reference surface.

Coordinate
ystems

= i

Position /
Orientation

Edit Grating Component X

Component Size l

Reference Surface (all Channels) . - .
display size (not truncating)

ARN

Stacks Catalog

Definition Type | LightTrans Defined ¥

X]

=J- Single Gratings

Metagrating

Pillar Grating

Programmable Grating

Rectangular Grating

Sampled Grating

Sinusoidal Grating

Slanted Grating

Slanted Grating With Rounded Edges
Transition Point List Grating

Tranaudar Gralin

Plane Interface N
\\
N -
= ; \ / Eﬁ]
attached onto ...
Aperture A
i e a
| Grating Stack :
1
I @ 1D-Periodic (Lamellar) O 2D-Periodic i
1
I 1
: Grating Period 6 ym [ | :
I 1
I = T
lI Rectangular Grating \ Load / Edit Q_ View :
1
1
: (O) On Front Side of Reference Surface (@) On Back Side of Reference Surface i | |'
L SN ———————— \
X
~
Q
o
om /
[0)]
17}
@
o
I
F
Index | z-Distance | z-Position Interface Subsequent Medium
[ 1| 0mm [0mm | Sawiooth Grating Inerface | Standard Airin Homogencous Medium _|E}

L.
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Grating Alignment in System

1 1 preview of a rectangular grating (3 xperiod)
° AttaChlng gratlng StaCk reference when attached on the back side
— To describe the grating within a system, surface ~g;" ‘
a grating stack is always attached to a E—
reference virtual surface (planar only). @rin ron) || grating medium e —
n=1.
— The reference surface can be
visualized in the 3D system view and e e e o
help align the grating. 2 500nm 500nm Rectangular Grating In Non-Dispersive Materi Enter your commen
e Stack orientation ... and after changing it to the front side
Edit Stack X reference
— A grating stack can be attached onto | — surface
either the front or back side of the | cll
reference Surface grating 1m§?<’:lium (medium behind n=2.0)
. n=1.
[
— One must pay attention to the o |
embedding medium setting when R
changing this option.
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Grating Alignment in System

« Lateral positioning

— When modeling the interaction of a
general field with gratings in a system,
the lateral position of the grating must
be considered.

- For example, the effect may be very
different whether a laser beam is
(tightly) focused on the stripe or the air
gap of a linear grating.

— The lateral position of gratings can be
adjusted either

* in the stack settings (options may differ
for different gratings), or
 via the component positioning options.

Edit Rectangular Grating Interface

Structure  Height Discontinuities Scaling of Elementary Interfface  Periodization

Special Rectangular Grating Values
Relative Sit Width ~| |

Common Grating Values
Extension

20%

Grating Period 7.5um| Modulation Depth 100 nm

Options for lateral

rLaleraI Shift l -1.875 ym : Rotation Angle 0 Sh|ft are ava”ab'e for

1
Lo o o e e e i e o

The whole grating
component can be
laterally shifted, as

a general option.

Edit Grating Component

e.g. the rectangular
grating interface

Basal Posttioning  Isolated Posttioning  Posttion Information (Absolute)
Posttion and Orientation

Use Isolated Translation [[] Use Isolated Orientation

Translation Parameters

Translation Directions
Axes Selection Axes of the Intemal Coordinate System v Axes

Tensilion Yalues, _ _ o o e e e —_——
rDelta X
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Handling of Substrate, Fresnel Loss, and Diffraction Angle

« Single grating analysis
— As a convention, the effect of substrate

is often omitted for e.g. the diffraction
efficiency calculation.

« Grating modeling within system

— But, any realistic grating structure rests
on a substrate and we use a plane
surface component together with a
free-space in between to model it.

— The plane surface modeling includes
the Fresnel loss, but is not coupled with
the FMM calculation of grating stacks.

- It also help handle the diffraction
angles in different media.

ating_06_Interaction with Focused Gaussian.os)* = H =] @
=
F------- ------------------ N
ALL12-25 1 Grating Substrate Surface : Coordinate Break
— I  Em—] ——
I 1 | | 1 "
R B
I i L L T \_/
2 H 3 4 Q| : z

X:0mm : X:0 mm * X:0 mm 1 ] X:0mm ¥

Y:0 mm 1 Y: 0 mm Y:0 mm " I ) mm

ZZ0mm : 2217 mm Z100 pm | o : mm

’
________________________ 1
””‘
Edit Plane Surface Component €==m========"="""""" X ‘ I_I
B
Component Size \ 2mm| x 2 mml i |
|7 Reference Surface (sl Channels)
Coordinate
Systems Plane Interface
= Vi Go
Paosition / Aperture
Orientation
Homogeneous Medium Behind Surface

@ Air in Homogeneous Medium
Structure 5 Load # Edit Q, Vie

o
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Grating Order Channel Selection

o D i re Cti O n S Edit Grating Component
— Input field may illuminate the grating ﬁg SRR Greing Ovder Gharnch
. . For llumination From Front Side
from either front or bac_k side and may e || [ oo oo -
get reflected or transmitted. ’ L EAUT ) [v]4 =
IMTGR |3
. . . : : T (++) -2 :
+ Diffraction order selection /E i@iTes 1 & | diffraction
. . . . select the orders in - 1Tw 0 | orderindex
— For a direction combination, there the system modeling |} 4T T
might be multiple diffraction orders. Ve | (gl = y
] . Structure = e Order m——
— It is not always needed consider all the A | [Fomoere| (oo Wi~
diffraction orders and we suggest to i amiton b B S
. Use |Direction |Order Number
use only those of interests. Sclver
« Remark
— Selection of the grating order channels
does not affect the number of
diffraction orders in FMM calculation.
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Angular Response of Grating

 Diffraction property dependency

- For a given grating, its diffraction

property is related to the input field.

With different wavelength / polarization,
the diffraction efficiency differs, and the
same for different input angles.

To resolve the angle-dependent
diffraction behavior, one may need to
specify the sampling points k-domain
(equivalent to angular space).

For a given input field, VirtualLab
Fusion automatically determines the
angular range.

Edit Grating Component

Solver Sampling

[

: Number of Sampling Points for Look-Up Table

B-Operator Scheme Grati rlg_Order Channels (k-domain)
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Example #1: Imaging Formation of a Grating Object



Substrate Handling

grating object
- thin chromium
on substrate J

- duty cycle 50%
- period d=7.5um

1 period d

chromium
rd

LBOIlIS pasny
-

input field

- Gaussian profile
wavelength 632.8nm
- polarized along x
waist radius S50pm
(on grating

front surface)

|_»| see the full Application Use Case

For the consideration of substrate, we
use a plane surface component to model the front
surface of the substrate layer,

set the medium behind to fused silica, and

set the distance to the next component to 500um,
equal to the thickness of the substrate.

Gaussian Wave

Coordinate
Systems

Position /
Orientation

Structure

Edit Plane Surface Component

Component Size [ 25mm

2A5mm‘ x |

Reference Surface (all Channels)
Plane Interface

= d
Aperture

Homogeneous Medium Behind Suface
Fused_Silica in Homogeneous Medium

[ Load / Edit

< |

Thorlabs 352110-B  Fourier Plair

1 3 5
: Z: 500 pm Z:336 mm Z:538 mm
1
Grating Object
g
600

8

image
plane
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Grating Configuration and Alignment

Edit Grating Component

< Following the sketch of the setup, we

S l T | ] D - set the grating on the back side of the
LY | Refeence Sutace @l Crarel) reference surface, and
e i ke - use a rectangular grating stack to represent
/Q i ZE 5B the chromium stripes.
Position / Aperture es Ne Edit Stack X
Orientation
— Grating Stack
. . Grating Period 75m a
grating object - Structure i
- thin chromium period d Rectangular Graling Gload | [/ Edt | [QView
on substrate I '\:ﬂ/\ (O On Front Side of Reference Surface (@ On Back Side of Reference Surface i |
- period d=7.5pum |5, chromium
c | Index | 2-Distance | z-Position | Interface | Subsequent Medium | Com
§ [ 1 0mm 0mm Plane Interface ] Cbrf)nium—Cr_(1997+1 Enter your commen
5 1
S’ F
]
1
1
1
1
A\
A\
A
input field
- Gaussian profile .
- wavelength 632.8nm Image
- polarized along x plane
- waist radius S0um
(on grating
front surface)
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Grating Configuration and Alignment

grating object
- thin chromium
on substrate

- duty cycle 50%
- period d=7.5um

input field

- Gaussian profile
wavelength 632.8nm

- polarized along x
- waist radius S0um
(on grating

front surface)

LBOIlIS pasny

center

1 period d

1

1 .

chromium

|/

1

1

Edit Stack X

Interface Subsequent Medium Com
Chromium-Cr_(1957+1 Enter your commen

Air in Homogeneous..
Enter your commen

Index | z-Distance | 2-Position |
Plane Interface

1 0 mm 0 mm
5 - lRectangular Grating.
E /7 @

directly behind grating

n 3: With Lateral Shift in Grating Setting
Chromatic Fields Set

=N oH =<~

7 Q

Edit Rectangular Grating Interface

Structure  Height Discontinuities  Scaling of Elementary Inteface  Periodization
Special Rectangular Grating Values

Relative Sit Widh

Common Grating Values

Extension

Grating Pericd Modulation Depth
Posttion

Lateral Shift 1.875um|  Rotation Angle

Y [um]

-20 -10 10 20
X [§m]
< >

We use an additional
lateral shift for the
grating to obtain a

centered illumination.

1
center

image
plane
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Grating Configuration and Alignment

Flt Steck - directly behind grating
I 4: No Lateral Shift in Grating Setting [ B3] ‘
X Chromatic Fields Set
center "
: : : Attention shall be paid to
Index | z-Distance | 2-Position | Interface Subsequent Medium Com .
» 1 0 mm 0 mm Plane Interface Chromium-Cr_(1397+1 Enter your commen E the Iate ral pos |t|0n Of the
2 0 mm 0mm Rectangular Grating In Air in Homogeneous M Enter your commen > . .
grating object R grating: it has an
thin chromium p Edit Rectangular Grating Interface X . fI h
on substrate I Structure Height Discontinuities  Scaling of Elementary Interface  Periodization . I r? u e n Ce W e n
duty cycle 50% Specia Rectangular Grating Values illuminated by general
period d=7.5um |, chromium Relative Sit Wicth v i i i y g )
2 2 -0 o fields with limited sizes.
8 I Common Grating Values L
Extension
% ' Grating Prid Modulaion Degt ‘ . ’
T Posson center

! Lateral Shift Omm|  Rotation Angle

\

\

\ a = o T N e L~

\

\

input field

Gaussian profile

wavelength 632.8nm image
polarized along x plane
waist radius S0um

(on grating
front surface)

183 LightTrans International



Grating Order Channel Selection

ray tracing
system
analysis

It is not always needed to consider all

the diffraction orders in a system, we

- use ray tracing system analyzer to help
visualize and determine the acceptance of the
imaging system, and

- choose only those diffraction orders that can

grating object | — enter the imaging system.
thin chromium =y
on substrate I Edit Grating Component X
- duty cycle 50% =
period d=7.5um | chromium Suface Channels | Grating Order Chamnels
% < For llumination From Front Side
3 1 Coordinate Use |Direction | Order Number ~
% - M [T (v |4
Y | M Tem |3
¢ =N EEE
i " M T =,
\ il M [Tes |0
v v = M [T+ +1
\ M (Tes) |2
. \ » M [T+ +3 -
input field M e -

- Gaussian profile
wavelength 632.8nm
polarized along x
waist radius S0um
(on grating

front surface)

Add Order RamweOrdel" [Tools ¢+

For lllumination From Back Side

Use | Direction |Order Number

Chang—J

Configuration
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Example #2: Angular Sensitivity Testing for a
Waveguide Resonant Grating



Grating Configuration and Alignment

aspherical lens
- fx=25mm

input field
fundamental Gaussian
- beam diameter 2mm

wavelength A=632.8nm
polarization along y (TE)

|7’| see the full Application Use Case

175nm]

S

364nm

substrate
medium ...

Following the sketch of the setup, we

set the grating on the front side of the reference
surface, and

use a rectangular grating interface, with two plane
interfaces, to construct the resonant waveguide grating.

Edit Grating Component

Edit Stack

ped

wavequide layer
(.----------------.g_ ________ y_ _______________>

(not substrate)

R, [

‘ F eguide Grating

(® On Front Side of Reference Surface

S Grating Period
Sol

Homogeneous Medium Behind Surface

(O On Back Side of Reference Surface i |

;ﬁ Component Size 2mm
Reference Surface (all Channels) Index] z-Distance [ z-Position l Interface ‘ Subsequent Medium | Com
Coordinate 4 = =
| Systems Plane Interface L 1 0 mm 0 mm Plane Interface MNon-Dispersive Materi Enter your commen
. 2 364nm 364nm Plane Interface Non-Dispersive Materi Enter your commen
L Losd 7 Edit 3 0mm 364nm Rectangular Grating In Air in Homogeneous M Enter your commen
Pasition / Aperture
Orientation
Grating Stack
(® 1D-Periodic (Lamellar) O 2D-Periodic
350 nm

Gt |0 | [ |
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Substrate Handling

aspherical lens _
- f=25mm 5 ) Substrate is modeled

| by a separate plane —
‘ surface component. =

input field

- fundamental Gaussian
- beam diameter 2mm

- wavelength A=632.8nm

2
- polarization along y (TE) \/_
__________ -
ave ALL12-25 Grating : Substrate Surface :CeordinateBreak
4
C e O
] 2 3 H 4 I 5
1
X:0mm X:0mm o 1 X:0mm 1 X:0mm ¥
é Y:0mm Y:0mm 1 Y:0mm 1 Y:0mm
; z0mm 7:2217 mm 1 | z100um 1 zomm

Edit Stack X

e e e e Y e NS it

175nm sub;trate
medium ... . R
Pam— - waveguide layer g 1" Resonant waveguide
364nm (not substrate) layer shall be included in

Index | z-Distance | z-Position | Interface | Subseguent Medium | Com the gratlng_St_aCk and
> | 1 0 mm 0 mm Plane Interface Non-Dispersive Materi Enter your commen mOdeled W|th|n FMM

2 364nm 364nm Plane Interface Non-Dispersive Materi Enter your commen’

| 3 Omm 364nm Rectangular Grating In Air in Homogeneous M Enter your commen'
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Angular Response of Resonant Waveguide Grating

I3 14: 201 Sampling Points along Kx [ - =]
aspherical lens a Chromatic Fields Set
fe ff=25 mm a;", ;“* Data for Wavelength of 632.8 nm [1E-4 (V/m)*2]
input field L 75
fundamental Gaussian ".!
- beam diameter 2mm
wavelength A=632.8nm
polarization along y (TE)
X —
3.75
yo L»z A high enough sampling
350nm1 points in k-domain ensures
the resolution of the angular
< 2: Transmittance \E g 0
aod Dy sensitive effect.
Diagram  Table ~Value at (xy)
Efficiency T[O; 0] [%6] | |
100 Edit Grating Component X
substrate
N 175nm ] medium . Solver Sampling
— B-Operator Scheme Grating Order Channels (k-domain)
_ - 364nm Coordinate Number of Sampling Points for Look-Up Table | 201 x | 1
Systems

Output Field Sampling

&

Cartesian Angle Beta ("Rectangular G... [°]

\I Pasition /
H Orientation
———\ Ihe grating shows stropg _
Cartesian Angle Alpha (“Rectangular. resonance effeCt at a tllt @
angle a around 12°. -
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Angular Response of Resonant Waveguide Grating

input field

- fundamental Gaussian

- beam diameter 2mm

- wavelength A=632.8nm
- polarization along y (TE)

aspherical lens

X

y@T—)z

f.g=25mm

350 nmI

E 2: Transmittance

Numerical Data Array

(o] & ]

Diagram Table Value at (x.y)

Efficiency T[O; 0] [%6]

Cartesian Angle Beta ("Rectangular G... [°]

50

T
5

T T
10 15

Cartesian Angle Alpha (“Rectangular... [?]

175nm ]

o
)

e
364nm

substrate

medium ...

Edit Grating Component

Coordinate
Systems

b

Position /
Orientation

@

Solver Sampling

B-Operator Scheme Grating Order Channels (k-domain)

Number of Sampling Points for Look-Up Table

Output Field Sampling

n 13: 51 Sampling Points along Kx E]@
Chromatic Fields Set
Data for Wavelength of 632.8 nm [1E-4 (V/m)~2]
7.5
o
o~
o
E
E O 3.75
>
=
(=]
oy
0
10

Unproper sampling may
lead to unresolved results
and missing effects.

l

51) = | 1]
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Example #3: Design Polarization-Independent
Gratings and Usage in Ultrashort Pulse System



Gratings for Ultrashort Pulse Application

Gratings can often be
designed / optimized

% d separately.
fd

ultrashort
pulse input

general optical setup containing two (or more) grating components
' 11: Optical Setup View #10 (C:\Users\...\Example #3b_Polarization Independent Grating Modeling in System.os)

{ Fiter by x|
38 Light Sources
-
EEJ, E::rg:::ner.ts Ex-Polanzed Gaussian A )
- Detectors Pulse Plane Surface Grating Plane Surface Grating Detecto
D [ S i
- Coordinate Break A
- Camera Detector 0 'y 1 2 3 4
- Blectromagnetic Field De ¥ ‘\{(: omm [¥ X:0 mm X:-22.111 mm X: G, X: 8.8444
! Y&Dmm Y:0mm Y:0mm Y; Y:0mm
Ey-Polarized Gaussian10 mm Z1mm Z25mm Z:10 mn

Pulse v

B N
D ’ Camera Detector

500 ! W Then, insert the
? L optimized gratings for
system evaluation.

|7’| see the full Application Use Case
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Design and Modeling Workflow

Isolate the grating for careful
design / optimization.

single grating analysis
gle grating analy B
-
Optical Setup ‘,—’
"
Optical Setup Tools k—’—
= _” vy | &8 About VirualLab
: g 3528 I"@ Q 22 License Information
Laser Light Light st

etry Hucroscopy Virtual and More Calculatots Dlﬁracnvem
Mixed Reality = ¥ Resonators ~ Guides ~ Shaping ~

'5.0 Update Information

License

cs & Caleulators

parametrlc optlmlzatlon

Welcome to the Optimization Document
This document enables you to handle parametric optimization within VirtualLab.

Insert the optimized grating

back into system evaluation.

{ Fiter by x| oo
(- Components ) ) \s~
I8 O Ee—— e Phas I Grating 1 Plane Sur
) Detectors ulse ane Surface : rating ! ane Surface
&)+ Analyzers Db—v‘—{:»I:lb i b[ —1 DDi-
i Coordinate Break Y 1 ' 1
0 1 1 &2 3
- Camera Detector : 3 ‘ o= |
.- Blectromagnetic Field De ! :omm [¥ x:omm| A %2211 mm
' VOmm Y:0 mm ,' Y:0mm
Ey-Polarized Gaussnan-w mm Zimm 4 Z:25mm
Pulse I
| > ' \ !
B \ I
- H ‘Camera Detector ,'
I
/]
/]
1
4
4
/
/
’
/
/
/
/
%
e
’
’
7’
’/
’f
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Exchange Gratings between Different Setups

general optical setup containing gratings

= 11: 0y etup

example: optimized grating structure e i

Edit Stack X
Ex-Polarized Gaussian
Pulse Plane Surface : Gnnmg | Plane Surface
-
D=
L — ]
: vnmmo‘ (Y0 mm] [y 57111mm\
Edit Grating Component <— -’ X

Component Size [ 20mm] x [ 20|m|] i |
Reference Surface (all Channels)
Plane Interface

Index | z-Distance | z-Position | Interface | Subsequent Medium | Cor
» 1

Omm Omm

Coordinate
Systems
Rectangular Grating In Air in Homogeneous M Enter your comme 'h‘
Position /
At
Structure

Yes No
@® 1D-Periodic (Lamellar) O 2D-Periodic
Grating Period 800 nm a
' (G ]} s |
R Grati - | Edit View
Save to Catalog: Specify Name and Categories X " ,f’—
< - Anor cial s ;4 A poncia snoc P =
i ad Name [Pol-independent Grating | | Check Sacs Catoiog ="
e @/ | T —
Period II Categories
I Pulse Gratings [Fiterby x|
Sacklfermdls Dependent from) (- My Stacks
B Pd:eGmngs
Stack period 800} Pol-Independent Grating

—la
@ il e -

alx]

[Cok ] cancel | Hep |

Rectangular Grating Interface liur in H
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Document Information

title Modeling of Gratings within Optical System — Discussion at Examples
document code MISC.0005
version 1.0
edition VirtualLab Fusion Advanced
software version 2020.1 (Build 2.8)
category Feature Use Case
- Configuration of Grating Structures by Using Interfaces
further reading - Configuration of Grating Structures by Using Special Media

- VirtualLab Fusion Technology — FMM / RCWA [S-Matrix]
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@HTTRANS .

Angular-Filtering Volume Gratings for Suppressing
Higher Diffraction Orders

&y Part INAngular-Filtering Volume Gratings



Modeling Task

On the holographic volume grating, we show

input field o S~
wavelength A=532nm - how to analysis its angular sensitivity, and
fundamental Gaussian - how to use it as an angular filter in e.g. a DOE beam-
waist radius 200pm splitting system to get rid of the undesired higher diffraction

design orders.
orders
e W ~ . holographic volume grating
| . beam-splitting DOE - thickness 2mm /50pum
Y 7 | - onebeamto 2x2beams ... - constructing angles +5°/+10°

four-level structure refractive index modulation
T fused silica 0.0035/0.017
(top view) h

input
field

DOE

volume grating parameters from K. Bang, et al., Opt. Lett. 44, 2133-2136 (2019)
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Grating Angular Transmittance Analysis (5° Design)

input field
- wavelength A=532nm
plane wave

incidence angle
from -10 to +10°

volume grating

thickness 2mm
constructing angle £5°
refractive index
modulation 0.0035

transmittance vs angle

e

Numerical Data Array

B 55: Transmittance E]

Diagram Table Value at x-Coordinate

(=]

(=]
—
w |
-

Efficiency T[0; 0] [%]
50

7k

T T T T T T L E—
-8 -6 -4 -2 0 2 4 6
Rotation #1 (about Y-Axis) (Volume Grating #1 | Basal Po

"

reflectance vs angle

B, 56: Reflectance =R EcE ==

Numerical Data Array

The FMM / RCWA is used to calculate
the transmittance and reflectance of
the holographic volume grating.

Diagram

(=]

—

Efficiency R[O; O] [%)]
50 75

25

o

S

Table Value at x-Coordinate

ol

-8 -6 -4 =2 0 2 4 6 8
Rotation #1 (about Y-Axis) (Volume Grating #1 | Basal Positi... [°]

197

LightTrans International




Grating Angular Transmittance Analysis (10° Design)

input field
- wavelength A=532nm
plane wave

incidence angle
from -20 to +20°

volume grating

thickness 50um
constructing angle £10°
refractive index
modulation 0.017

transmittance vs angle

-

E 60: Transmittance

Numerical Data Array

[o][& )

o

Diagram Table Value at x-Coordinate

™

75

Efficiency T[O; O] [%]
50

25

U

Mvvvu

reflectance vs angle

P

U

=15

-10

=3
Rotation #1 (about Y-Axis) (Volume Grating #1 | Basal Po

0

5

10

The FMM / RCWA is used to calculate
the transmittance and reflectance of
the holographic volume grating.

E<. 61: Reflectance

Numerical Data Array

==~

Diagram

o

o

—

Efficiency R[0; O] [%]
50 5

5

Table Value at x-Coordinate

o)

A

A

T T T T

-15 -10 S 0

T T T ‘
S 10 15

Rotation #1 (about Y-Axis) (Volume Grating #1 | Basal Positi... [°]
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Original Beam-Splitting DOE System

input field

- wavelength A=532nm

- fundamental Gaussian

- waist radius 200um e

beam-splitting DOE

- one beam to 2x2 beams
- four-level structure

- fused silica

(top view)

Data for Wavelength of 532 nm [(v/m)* &~ -7
7/
027
(121
o~
£ o 0.135
>
o
™
0
LR R I
X [mm]

™~

~

higher order
(undesired)
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Angular Filtering Effect of Volume Grating

input field

- wavelength A=532nm
- fundamental Gaussian
- waist radius 200um

- Chromatic Fields Set

) Data for Wavelength of 532 nm [(V/m)*2]
DOE ' higher orders
- 0.2 effectively
! A ) ) supressed
holographic volume grating o~
... - thickness 50um
- constructing angles £10° _
- refractive index modulation 0.017 E o 0.1
>
o
m
) 0
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Angular Filtering Effect of Vo

lume Grating

input field

- wavelength A=532nm
- fundamental Gaussian
- waist radius 200um

DO\?

A Y

[ 4

holographic volume grating
... - thickness 50pm

- constructing angles £10°

Numerical Datz Array

Diagram  Table Value at x-Coordinate

PN N

Efficiency T[O; 0] [%]
50

25

transmittance vs o4 w w

T T T T T T T
-15 -10 &5 0o 5 10 15

in Cld ence a ng | e Rotation #1 (about Y-Axis) (Volume Grating #1 | Basal Positi.. [°]

Z
Chromatic Fields Set
Data for Wavelength of 532 nm [(V/m)*2]
0.2
L1t ]
o~
E =} 0.1
-
o
The specially designed angular §

response helps supress certain
diffraction o_rders at the X [mmi
corresponding angles.

higher orders
effectively
supressed
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Note on Simulation Settings

« FMM / RCWA simulation setting

— The refractive index of the holohraphic
volume grating, in this example, varies
only along the z-axis, but there is no
transverse variation.

— For such cases, there is no need to

expand the electromagnetic field into
multiple spatial frequency components
in the FMM / RCWA calculation.

> Z

holograpic volume
grating in this example

Edit Grating Component X ‘

®

Coordinate
Systems

Z;
—

Position /
Orientation

(@

Solver

e I

=
==

—

Channel
Configuration

[

Fourier
Transforms

Solver Sampling

Component Solver

FMM/RCWA [S-Matrix] v

The FMM / RCWA solver works in the spatial frequency domain (k-domain). It
consists of

1. an eigenmode solver for each periodically modulated layer and
2. an S-matrix for matching the boundary conditions between the layers

The eigenmode solver computes the field solution in the k domain for the
periodically modulated medium in each layer. The S-matrix algorithm calculates the
response of the whole layer system by matching the boundary conditions in a
recursive manner. It is well-known for its unconditional numerical stability since,
unlike the traditional transfer matrix, it avoids the exponentially growing functions in
the calculation steps. Learn more about this solver

| S+*).
En T b TR out

="} Edit Fourier Modal Method (RCWA)

Numerical Parameter  Structure Decomposition

r Number of Orders
(@ Number of Diffraction Orders

0O Number of Evanescent Orders
(Considering All Propagating Orders)

out
EL'_

The number of spatial
frequencies is set to 3, the
allowed minimum value in

the FMM calculation.
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Peek into VirtualLab Fusion

. : : Edit Grating C t X
configuration of volume gratings s |
Edit Volume Grating Medium c ot Size { 3mm| , [ 3nm1| A
asic Parameters | Scalng | Pesodzation Reference Surface (all Channels)
Coordinate
Holographic Material Systems Plane Interface
Name |Acrylic {11 | .
i : |7 Lozd o Eoit Bl Ve
Catalog Material vl |
State of Matter Solid gmt:n i o e
— Grating Stack
Intedferogram | index Modulation @ _@3 llzrf-’eriodic (Lamellar) (O 2D-Periodic . ) )
| e i | convenient inclusion of
Directions are defined in (® Vacuum (O Holographic Materi Structure : Ry s 3.0636 ym a : th | t
) ; I Angular Filtering Grating 10° (55 Load Z Edit | | Q View i e'g' € volume gra Ing
R ion of Directi gsi v :
opreoniaton of Diection  [imtotniales | | © On Front Side of Reference Surfoce O On Bock Side of Reference Suroce I | into general system for
No. | Power Factor | Alpha | Alpha (Quant) | Dir. | Wavelength (Vacuum) | Wavelength (M | /YN || === == e e e e e e e H

L 0 = 532 nm 355.84 nn Solver Homogeneous Medium Behind Surface further inveStigation

-10° Acrylic in Homogeneous Medium

- i
| Append | Edit | Delete | Configuration

. N 1 £
;ng :ﬂmrﬂc?rﬂeﬂzaﬁm) I 3.0636 m

Structure Period x-Direction: 3.0636 pm
Structure Period z-Direction: 179.13 nm
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Workflow in VirtualLab Fusion

Construct grating structures using special media
— Configuration of Grating Structures by Using Special Media

[Use Case]

Rigorous analysis of holographic volume gratings

- Rigorous Simulation of Holographic Generated Volume
Grating [Use Case]

Grating modeling within complex system

— Modeling of Gratings within Optical System - Discussion at
Examples [Use Case]

Edit Volume Grating Medium

Basic Parameters Scaling Periodization

Holographic Matenial

Name |Acrylic L
Catalog Material v| |2 &

State of Matter Solid

Interferogram  index Modulation
Directions are defined in ® Vacuum (O Holographic Material

Representation of Direction Cartesian Angles v

No. | Power Factor | Alpha | Alpha (Quant.) | Dir. | Wavelength (Vacuum) | Wavelength (Medium)

1 0 0 + 532 nm 355,84 nm

2 1 -10° -10° + 532 nm 355.84 nm

Append Edit Delete

Test Period x-Direction |
(defines k space discretization) 20050 Jﬁ‘

Structure Period x-Direction: 3.0636 pm
Structure Period z-Direction: 179.13 nm

204

LightTrans International


https://www.lighttrans.com/index.php?id=534
https://www.lighttrans.com/index.php?id=258
https://www.lighttrans.com/index.php?id=2162

Document Information

title

document code
version

edition

software version
category

further reading

Angular-Filtering Volume Gratings for Suppressing Higher Diffraction
Orders

GRT.0025

1.1

VirtualLab Fusion Advanced
2020.2 (Build 1.116)
Application Use Case

Rigorous Simulation of Holographic Generated Volume Grating

Modeling of Gratings within Optical System - Discussion at Examples
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Part Il

- Optimization of slanted grating for
waveguide coupling

- Parametric optimization tool

- Design of polarization-independent
high-efficiency gratings

- Design of anti-reflection moth-eye
structures
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Parametric Optimization and Tolerance Analysis of
Slanted Gratings

E Part IINOptimization of Slanted Gratings



Modeling Task

episulfide
slant angle material
(p —n n=1.716 @532nm
— 1
- /
. / > T,
input plane wave A
wavelength 532nm / T_1
linearly polaried
along y direction /
period / filling factor
d=405nm (fixed) /I c/d="?
depth X

How to optimize the T, order diffraction
efficiency, by adjusting the slant angle ¢,
grating depth h, and filling factor ¢/d?

" g

¥ L=

rounded

. slope edges
_ deviation

@ = (¢q ‘|.'”§02)/2

In addition, how to evaluate the grating performance
with the slope deviation and the rounded edges due to
the fabrication technique taken into account?
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Parametric Optimization for 1st Order

d=405nm

)
- O

initial structure

|

h=500nm

c/d=50%

H 28 Efficiency T[+1; 0] of Grating Order Analyzer #800 vs. Simulation Step EI@

Numerical Data Array

Diagram  Table Walue at x-Coordinate

80

40

T., efficiency [%]

20

3 10 15 20 25 30 33 40 43 30 55 60

optimization setup

Order

Efficiency

+1

11.551%
72.795%
11.551%

parametric optimization — downhill simplex
method — with rigorous Fourier modal method
(FMM) used for grating efficiency calculation

optimized structure

L
p=34°

I

d=405nm

AR

c/d=57%

h=324nm

Order Efficiency

-1
0
+1

3.257%
0.365%
93.659%
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Results — Tolerance Analysis

The fabricated slanted gratings often shows K — s i, =
a deviation from the perfect parallel grating Dogram Table _ Vaue a xCoordinate

lines. Such slope deviations should be taken
into account for the tolerance analysis.

Slightly higher efficiency is due to additional
parameters introduced in the tolerance analysis.

95

Efficiency T[+1; 0] [%]

o LOVerd0 e T N
fixed average slant angle : : ; : : ; : : .
(p — ((,01 4+ (pz)/z — 340 35 36 37 38 39 40 41 42 43
fixed filling factor (average) S EREE 0 [
c/ld=57%
varying ¢, from 34 to 44° Rigorous simulation with Fourier modal method
(FMM), for tolerance analysis over 50 steps, takes
30 seconds.
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Results — Tolerance Analysis

The fabricated slanted gratings often shows == 4: Tolerance Analysis ESN EoR ™55
a deviation from the perfect parallel grating § et
. agram  Table | Value at x-Coordinate
lines. The rounded edges should be taken =
into account for the tolerance analysis. £ o
?:r .. | over 85%
- fixed average slant angle j zlt} 3|5 3|0 3|5 4'0 4.5 sl{} 5'5 GI[} 5l5
p=34°
- fixed filling factor TETEEE GelgP e laln)
c/d=57% . . —
- varying rfrom 15nm 70nm Rigorous simulation with Integral Method (IM), for

tolerance analysis over 30 steps, takes 9 seconds.

h=324nm
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Peek into VirtualLab Fusion

flexible and easy settings of slanted gratings

Edit Stack

s

parametric optimization of grating parameters

" Slznted Grating_02_Parametric |

e .L...E.....lI .3
pecifications
‘. the constraints which shall be considered during optimization.
Edit Slanted Grating Medium X = - - —
—onstraint Name  Use | Weight | Constraint Type | Value 1 | Value 2 | Start Value Contribution
Basic Parameters Scaling Periodization Stack #1 | M | 1|Range 20 % 80 % 50 % 0%
Stack #1 | M 1 Range 200 nm 1 pm 500 nm 0%
Grating Material Stack #1 1 | 1/ Range o a0 o 0%
- . - Efficiency T[+1; b 3 2, ~
Index | z-Distance | z-Position Name [Non-Dispersive Material (n=1.716) - bt LUk i L
| Defined by Constant Refractive Index v|[ 171
324 nm State of Matier | Sold vl
Groove Material
Name |Vacuum @
Target Function Value 0.78233
- Catalog Material v| “ T |
e —— < Back Next > Show
of S e -
P = State of Matter  Gas or Vacuum |
Perod

Stack Periodis | Dependent from the Period of Medium £ fac Relers to_. @ Botom O Top

o S st [ 5t [2] somsnrin [ ]
[ Apply Coating
Q. ld [ OK ]| Cancel || Help |
212

LightTrans International



Workflow in VirtualLab Fusion

« Construct grating structure

— Configuration of Grating Structures by Using X
Special Media [Use Case]

— Advanced Configuration of Slanted Gratings [Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case] e T —

=AWALN
« Optimize grating parameters with Parametric
Optimization

« Tolerance analysis with Parameter Run
— Usage of the Parameter Run Document [Use Case]
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Document Information

title Parametric Optimization and Tolerance Analysis of Slanted Gratings
document code GRT.0007
version 1.2
edition VirtualLab Fusion Advanced
software version 2020.1 (Build 1.202)
category Application Use Case
- Analysis of Slanted Gratings for Lightguide Coupling
further reading - Optimization of Lightquide Coupling Grating for Single Incidence
Direction
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Analysis and Design of Highly Efficient
Polarization Independent Transmission Gratings

&y Part [INHighly Efficient Polarization Independent Gratings



Design Task

input plane wave k—

- wavelength 1060nm
- unpolarized %d
(averaging TE and TM)
- Littrow configuration fd -1st order

Oth order

air

reference: T. Clausnitzer, et al., ,Highly efficient polarization
independent transmission gratings for pulse stretching and
compression,“Proc. SPIE 5252, 174-182 (2003)

How to optimized the grating structure parameters
so to maximize the diffraction efficiency of -1st
transmission order, for unpolarized input light?

Parameter Value Range
grating depth h 0.1-10um
7 grating period d 550-1350nm
u fill factor f 20-80%
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Rigorous Analysis of Grating Property vs. Parameters



Diffraction Efficiency @ Different Grating Periods

E=. 28: 1350nm Period [TE]
MNumerical Data Array

(oo )

(oo )

E=. 27: 1350nm Period [TM]
MNumerical Data Array
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=} 25: 795nm Period [TE]
MNumerical Data Array

(oo )

E=. 24: 795nm Periad [TM]
MNumerical Data Array

Diagram  Table = Value at bey)

Efficiency Ey-Direction [
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=, 31: 550nm Period [TE]
MNumerical Data Array

(oo )

(oo )

E=. 30: 550nm Period [TM]
MNumerical Data Array
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Considerations on Grating Period Choice

Large period leads to higher Similar analysis can be found in

diffraction orders in the T. Clausnitzer, et al., Proc. SPIE
substrate, and causes additional 5252, 174-182 (2003).

\ mOdU|atiOn in the efﬁCiency. ) =NE=E = =k 27: 1350nm Period [TM] . =2E=E == B, 25: 795nm Period [TE] . === == B, 24: 795nm Period [TM] . [E=N{EcR =
} TE o VIEﬂa::;LE -Direction [3%] E o val:f::r::; Ey-Direction [36] TE o V'Eﬁa:‘:;E -Direction [%)]
c \ o5 ; o7 C - 2 ; 59
Bl i S 5.

To ensure -15t transmission = £F I~ EF

order exist (in air)andto  g| * 3¢ o z= 3

avoid higher diffraction G| : : 1 o i,

orders (in Substrate), the Mcdulat\onD:pth(RE‘.‘ [pm] Modulation Depth (Re... [pm] MudulatlonD:pth(Re...[pm] Medulation Depth (Re... [um]

grating period follows

<. 28: 1060nm Period [TE] =R == =2 27: 1060nm Period [TM] (=R (EcE === B, 31: 550nm Period [TE) E=RE=E === =, 30: 550nm Period [TM] =N ===
MNumerical Data Array Numerical Data Array Numerical Data Array Numerical Data Array
A 2 d 3 A 2 Dagam | Table  Value t (xy) Diagram  Table  Value at bx) Diagiam  Table  Value at ixy) Diagram  Table  Value at fxy)
< < n E Efficiency Ey-Direction [%] TE Efficiency Ex-Direction [%] Efficiency Ey-Direction [%] TE Efficiency Ex-Direction [%] TM
c = o8 S 83 = %0
_ = _ c . _ =
o g g 3 F3
where n is the refractive S| ’ 3| :
o 5 o 8 o o 8 o
. — | & g won e g
index of the substrate. || g o Wl
= = = =
Sl & E S o\ = g <
= £ £ = 2 2
) 3 3 ()] 3 3
o ‘g 0 € g o o« 0 z g o
5 5 5
Modulation Depth (Re... [um] Modulation Dej plh (Re... [um] Modulation Depth (Re... [pm] Modulation Depth (Re... [um]
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Polarization-Dependent Diffraction Property

diffraction efficiency analysis for given period 1060nm

= 28: 1060nm Period [TE]
Mumerical Data Array

=R EON &>

Diagram  Table Value at {xy)

Efficiency Ey-Direction [96]

60 30

Relative Slit Width (Rectan... [%)
40

20

Modulation Depth (Re... [pm]

a3
E 49
0
5

E= 27: 1060nm Period [TM]
Mumerical Data Array

=R EON &>

Diagram  Table Value at {xy)

Efficiency Ex-Direction [96]

40 60 30

Relative Slit Width (Rectan... [%)

20

5

Modulation Depth (Re... [pm]

8g

diffraction efficiencies vs. grating depth
(grating period=1060nm, fill factor=50%)

H 19: 1060nm Period, 50% Fill Factor
Mumerical Data Array

(o ][5 ]s]

Parameter Value
grating depth h 0.1-10um
grating period d 1060 nm
fill factor f 20-80%

Diagram Table Value at x-Coordinate

40 60 g0

Subsets #0, #1 [%)]

20

= Efficiency [TE]
== Efficiency [TM]

1 2 2] 4 o

6

Modulation Depth [pm]

7 8 8
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Polarization-Dependent Diffraction Property

diffraction efficiency analysis for given period 795nm

B 25: 795nm Period [TE]
Mumerical Data Array

=R EON &>

Diagram  Table Value at {xy)

Efficiency Ey-Direction [96]

= 24: 795nm Period [TM]
Numerical Data Array

= o )

Diagram  Table Walue at fxy)

Efficiency Ex-Direction [%]

analysis of diffraction efficiency
with fixed fill factor 50%

B e % - + E=, 25: 795nm Period, 50% Fill Factor =R
= = Mumerical Data Array
E o E Diagram  Table Value at x-Coordinate
€ 4 -
% 48 % 49,5
= < - z
= 2 —
£ g 0 & 0 3 2
5 . =3
3 b #
Modulation Depth (Re... [pm] Modulation Depth (Re... [pm] E S',
2
[
i == Efficiency [TE]
Parameter Value = Efficiency [TM]
grating depth h 0.1-10um L R
] ] wModulation Depth [pm]
grating period d 795nm
fill factor f 20-80%
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Polarization-Dependent Diffraction Property

diffraction efficiencies vs. grating depth diffraction efficiencies vs. grating depth
(grating period=1060 nm, fill factor=50%) (grating period=795nm, fill factor=50%)
’ B 19: 1060nm Period, 50% Fill Factar =nE=R =" ’ B 25: 795nm Period, 50% Fill Factor =nE=R ="
Mumencal Data Array Mumencal Data Array
Diagram  Table Value at x-Coordinate Diagram  Table Value at x-Coordinate
2 | i 2 Y AY
5 8 | : 5 8 |
g ' ; g -
g 2 | ! 2o i i r N
3 | ' z i | One could simultaneously
8 i i = Efficiency [TE] 8 i i - Efficia maXImIZG the TE and TM
o NINS | e M NS~ #q (diffraction efficiencies by
T vz 2 4 5 & 7 2| proper choice of grating
Modulation Depth [pm] Modulation Depth [pm] .
parameters, e.g., perlod,

_ ) depth, and fill factor.
When grating period changes from 1060nm to 795nm . J

- the TE peak efficiency position shifts toward right i.e. larger grating depth;
- the TM peak efficiency position shifts toward left i.e. smaller grating depth.
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Grating Design by Parametric Optimization



2D Parametric Optimization with Fixed Period

We use fixed period of 1060 nm, with grating depth and fill factor
as variables, and try to optimize the averaged diffraction efficiency.

=
o0

60

40

Relative Slit Wwidth (Rectan... [%)

20

5

Modulation Depth (Re... [um]

93

0

80

60

40

Relative Slit Width (Rectan... [%)]

20

5

Modulation Depth (Re... [pm]

E=: 28: 1060nm Period [TE] [r= =] E=: 27: 1060nm Period [TM] [r= =]
Numerical Data Array Numerical Data Array
Diagram  Table Value at fcy) Diagram Table Value at (y)
Efficiency Ey-Direction [36] TE Efficiency Ex-Direction [%6] TM

99

49,5

The average diffraction efficiency can be
defined as

1
navg _ 5 (nTE + 77TM) ’
and it is to be maximized within the
following parameter range

Parameter Value Range
grating depth h 0.5-3.5um
fill factor f 30-70%

grating period d

1060 nm (fixed)

To keep a relatively low aspect ratio, we
defined a reduced variation range of the
grating depth and fill factor for design.
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2D Parametric Optimization — Design #1

H 23 1080nm Period [Average TE/TM]

(= e =]

MNumerical Data Array

Diagram Table Value at bey)

Average Efficiency [a]

Relative Slit Width (Rectan... [%]

initial parameters

Parameter Value
\
\_\ grating depth h 0.5um
fill factor f 30%

grating period d 1060 nm (fixed)

parametric optimization — downhill simplex

grating period d 1060 nm (fixed)

E 2: Parametric Optimization - 1 'E“E‘ E
Numerical Data Array
Diagram Table Value at x-Coordinate . .
= > optimized parameters
s )y
1 Parameter Value
- \
= \\A grating depth h 2.22pm
é fill factor f 59%

T T T T T T T
30 35 40 45 50 25 60
Simulation Step
>

Diffraction efficiency in each optimization step is

calculated using Fourier modal method

(FMM, also known as RCWA).
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2D Parametric Optimization — Design #2

B 23: 1060nm Period [Average TE/TM] =2 ]

MNumerical Data Array

Diagram

Rehative slit Width (Rectan... [%]

~

Table Walue at (<y)

Average Efficiency [a]

60 80

N
\iO

~

fs
7

Modulation Depth (Re... [pm]

initial parameters

Parameter Value

grating depth h 3.5um
fill factor f 70%
grating period d 1060 nm (fixed)

parametric optimization — downhill simplex

P= 4: Parametric Optimization £2 E=m Eol =<=

Numerical Data Array

Average Efficiency (%]

Diagram Table Value at x-Coordinate

o

= O
p
1
I
\
A
-,

a0

80

70

g 5 10 15 20 25 30 35 40 45 50
Simulation Step
< >

Diffraction efficiency in each optimization step is
calculated using Fourier modal method
(FMM, also known as RCWA).

optimized parameters

Parameter Value

grating depth h 2.56um

fill factor f 66 %

grating period d 1060 nm (fixed)

The same resulting parameters
can be found in T. Clausnitzer, et
al., Proc. SPIE 5252, 174-182
(2003).
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Fabrication Tolerance Analysis — Design #2

;ﬂg: Tolarance Analysis of Design®2 EI@

MNumerical Data Array

Diagram  Table Value at (ey)

Average Efficiency [%5]

- = Diffraction efficiency
$ within the region around
optimized parameters 2 the design parameters
= efficiency value clipped
Parameter Value = ( }(/, PP
g above 95% only)
grating depth h 2.56um 5 o6 s
fill factor f 66% 2
grating period d 1060 nm (fixed) Ei%
.:gi
E 85
2.2 2.4 2.6 2.8 3 3.2 34
Modulation Depth (Rectangular Grating #1 | Stack #2 (R... [um]
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3D Parametric Optimization with Varying Grating Period

Parameter Value Range Initial Value
grating depth h 0.5-3.5um 3.5um -\i

. _ 0 i 0, . . . . . .
fill factor f 30-70% : 70% parametric optimization — downhill simplex
grating period d 800-1096nm  : 1060nm [-.

S z N E= 8: Parametric Optimization 3D EI@

\ Mumerical Data Array

Diagram  Table Value at x-Coordinate

\
\

\

\‘ =

o
~
1\ ~
f \ A
N [ \\
\ '

sl g .
2 optimized parameters
A S =X
£ Parameter Value
2| grating depth h 2.58um
§ fill factor f 67 %
'C\') s 10 5 20 25 30 33 4 4 s grating period d 1024nm
™ - -
Simulation Step
d \ /h < v
800\\ S5 Diffraction efficiency in each optlmlzatlon step is
7096,7,77 05 calculated using Fourier modal method

(FMM, also known as RCWA).
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Fabrication Tolerance Analysis

E 3: Telerance Analysis of 30 Optimized Design E@
Mumerical Data Array
Dizgram Table Value at {xy)
Average Efficiency [%6]

_ ] 2 Diffraction efficiency

$ within the region around
optimized parameters 2 the design parameters

5 . .

o efficiency value clipped
Parameter Value £ ; }(/, PP

£ above 95% only)
grating depth h 2.58um = i

\ _3. 96.5

fill factor f 67 %
grating period d 1024 nm (fixed) %

%

E g5

2.2 24 2.6 2.8 3 3.2 3.4
Modulation Depth (Rectangular Grating #1 | Stack #2 (R... [pm]
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Peek into VirtualLab Fusion

intuitive grating parameters specification

Edit Rectangular Grating Interface >

Structure  Height Discontinuities  Scaling of Elementary Interface  Periodization
Special Rectangular Grating Values

special detector for polarization-
related quantity analysis

| ER—— | | 0 Edit Polarization Analyzer *
Analyzed Channel
D::mmon.Eratlng Values ations (® Transmission () Reflection
Bxension fy the constraints which shall be considered during optimization.
Grating Period Modulation Depth Pt
Selection Straty Order Range
Position Constraint Name| Use | \Weight | Constraint Type | Value 1 | Value2 | Start Value Canf on il | e |
- [ om] o 7 [Z=E B TR | 00wl ikl it x v
Lateral Shit [ 0mn| Rowmionmge [ 0] [P0 = 1 Range 500nm|_ 35um|  35um
Stack #2 1 1|Range 0% 70 % 70% Minimum Order | A1 Ii” | 3E||
Efficiency Bx- ] )
olarizatio - M Orde 1= |-
.LF«.nlal‘:IESIEI-'?E}Cﬂ Efficiency Ey- | [] aximum Order | | I
Average %) 1| Target Value 100 % 32383 %
Output
[+] Efficiency Ex-Direction [ Polarization Contrast
[+] Efficiency Ey-Direction Average Efficiency
[ ] Vary \wavelength gnd/or Incident Angles
Target Funcion Value 0.031034 Update
| < Back || Next> | | Show *
parametric optimization tools with friendly user interface
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Workflow in VirtualLab Fusion

Construct grating structure

— Configuration of Grating Structures by Using
Interfaces [Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case]

« Search for initial solutions with Parameter Run
— Usage of the Parameter Run Document [Use Case]

* Find final design with Parametric Optimization

73_Period=1060nm_2DEfficiencyScan.run [r= =]

------ Its

lteration Step

etector Combined Ouiput 1 2 3 4
ation Depth (Rectan.. | Data Array ra 100 nm 100 nm 100 nm 100 nm 1

e St Width (Rectan.. | Data Array 7 0% 2428% 28571% 32857% 37
2= Efficiency Brmiven 7 132292 % | 0.41235%| 049063 %] 0.55(
.ricy Ex-Direction D /| 0070209% 011235% 016112% 021291% 026
-ncy Ey-Direction o /| 03916% 052349% 086352 % 076835% 083
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https://www.lighttrans.com/index.php?id=1327
https://www.lighttrans.com/index.php?id=593
https://www.lighttrans.com/index.php?id=1596

Document Information

title

document code
version

edition

software version
category

further reading

Analysis and Design of Highly Efficient Polarization Independent
Transmission Gratings

GRT.0015

1.2

VirtualLab Fusion Advanced
2020.1 (Build 1.202)
Application Use Case

Ultra-Sparse Dielectric Nano-Wire Grid Polarizers

Rigorous Analysis of Nanopillar Metasurface Building Block

Parametric Optimization and Tolerance Analysis of Slanted Gratings

232

LightTrans International


https://www.lighttrans.com/index.php?id=577
https://www.lighttrans.com/index.php?id=1643
https://www.lighttrans.com/index.php?id=668
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Rigorous Analysis and Design of Anti-Reflective
Moth-Eye Structures

&y Part lINRigorous Analysis and Design of AR Moth-Eye



Design Task

N
top diameter base diameter
T (=period, in this case)

~
Tl

input plane wave height

- wavelength 532nm
- normal incidence

How to optimize the anti-reflection
moth-eye structural parameters, so
to minimize the reflection from the
air-PMMA interface?

anti-reflection
moth-eye structure
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Scanning over Parameter Space for Initial Solutions

varying from
10to 120nm |,
top diameter

-
>

base diameter
fixed at 125nm

b
reflection="?

Awe—

eight

varying from
50 to 500nm

E= 51: Initial Solution Search

Mumerical Data Array

Diagram

TopDiameter (AR Math-E... [pm]

Table VWalue at (xy)
Reflection Efficiency [%]
(calculated by FMM / RCWA)

o

o

&

=

S

L]

. ngw . /

3 initial solution #2
&

(=]

01 015 02 025 03 035 04 045 05
Height (AR Moth-Eye #1 | Stack #1 (Stack) | I... [pm]

—> relatively higher
aspect ratio and
maybe not the first
choice for fabrication

\ relatively smaller aspect ratio and
therefore preferable for fabrication
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Parametric Optimization for Initial Solution #1

emRC—— parametric optimization by downhill simplex method

Numerical Data Array

Degn Tobe Vote o ) (each iteration calculated by FMM / RCWA)

Reflection Efficiency [%]
(calculated by Fourier Modal Method)

E=; 55: Parametric Optimization === final design #1
Mumerical Data Array
Diagram  Table Value at x-Coordinate

TopDiameter (AR Moth-E... [pm]
002 004 006 008 01 O..

2 %)

\
\
\

A
[1E

— — —
0..101 015 02 025 03 035 04 045 05
Hefght (AR Moth-Eye #1 | Stack #1 (Stack) | I... (um] s

kY

Owverall Reflection Efficie...

Simulation Step

(logarithmic scale)

A
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Performance Analysis of Final Design #1

with : . .
moth-eve reflection efficiency vs. angle
y (at 532nm wavelength)
reflection efficiency vs. wavelength E=. 62: Performance Analysis vs. Angle E=8 =l Tx
(at normal incidence) humerical Data Array
\Q) Diagram  Table Value at x-Coordinate
g E=, 58: Performance Analysis vs. Wavelength === : : :
g — eTlecton ICIENCY (WITNO oth-EYye,
év Numerical Data Array Reflection Effi (without Moth-Eye)
éo Diagram  Table  Value at xCoordinate == Reflection Efficiency (with Moth-Eye)
" =
== Reflection Efficiency (without Moth-Eye) g
| === Reflection Efficiency {with Moth-Eye) ®
® = =
incidence angle = a | | | | | gty
0 to 80° = o

( 10 20 3I0 tll{) 5I0 70
th t o -.--—__ Spherical Angle The
withou . . . . .
_ 0.45 0.5 .55 0.6 .65 .
moth-eye Wavelength [um] Design #1 does not suppress
reflection effectively for
incidence over 50°.
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Parametric Optimization for Initial Solution #2

B 51: Initial Solution Search
Numerical Data Array

parametric optimization by downhill simplex method
(each iteration calculated by FMM / RCWA)

=i 98: Parametric Optimization

Mumerical Data Array

70nm

_>|

Diagram  Table Value at (xy)
Reflection Efficiency [%]
(calculated by FMM / RCWA)
B 341
P =1
El
S o
w
£ 8
g
3 1.7
=~ O
z - el
g3 initial solution #2
E S
B o
o ©
2 e l 0.01
.. 01 @15 02 025 03 035 04 045 05
Height (/R Moth-Eye #1 | Stack #1 (Stack) | ... [pm]
I
I
I
I
I
v
____________________________ 4

N e e

A}
\

Cwyerall Reflection E1‘ficieﬁt‘:;.r [%a]
0

Diagram  Table Value at x-Coordinate

Oy 0. 01

0.

1E-05

" . . . . . — Q"

> 10 15 20 25 30 35

. ) Simulation Step
(logarithmic scale)

oo ) |

final design #2

[ ————
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Performance Analysis of Final Design #2

with : ..
moth-eve reflection efficiency vs. angle
y (at 532nm wavelength)
reflection efficiency vs. wavelength E=, 94 Performance Analysis vs. Angle o= sl
(at normal incidence) bnEres Jes DR
\Q, Diagram Table Value at x-Coordinate
AQ =l 80: Performance Analysis vs. Wavelength =N =R
é’b Numerical Data Array == Reflection Efficiency (without Moth-Eye)
é) Diagram  Table Value at x-Coordinate == Reflection Efficiency (with Moth-Eye)

== Reflection Efficiency (without Moth-Eye)
| === Reflection Efficiency {with Moth-Eye)

incidence angle

0 to 80°

Subsets #0, #1 [%4]

Subsets #0, #1 [%)]

‘ - '\ 1I0 2'{] 3I0 4:0 5I{} I
f .

. = Spherical Angle Theta [°]

without

_ 0.45 0.5 0.55 0.6 0.65 . . .
moth-eye T ——— Despite of the higher aspect ratio,

design #2 suppresses reflection
better for higher incidence angles.
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Peek into VirtualLab Fusion

grating structure editor with preview

Edit Stack X

parametric optimization tools
with flexible variable and merit function definition

Preview for Truncated Cone Grating Interface Constraint Host Constraint Name

Use | Weight | Constraint Type | Value 1 | Value2 | Start Value Contribution
AR Moth-Eye | Stack #1 % 1| Range 300 nm| 400 nm 350 nm 0%
#1 %
o e Slackt:I % 1| Range 30nm| 110nm 70 nm 0%
» 1 _Omm Omm T Grating Order 155 %] 1| Target Value 0% 001108 % 100 %
Analyzer #800
Overall O

L4
ity @ Target Function Value 12163E-08
L |‘M”M>||M'I
L&f
Z-Extension
Extens 15 A 1 A
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Workflow in VirtualLab Fusion

Construct grating structure

Edit Stack

— Configuration of Grating Structures by Using
Interfaces [Use Case]

— Configuration of Grating Structures by Using
Special Media [Use Case]

* Analyze grating diffraction efficiency =

z-Distance

z-Pos

ition

Interface Subsequent Medium

El N
:e ,_lBase Block|

Truncated Cone Gratir Air in Homogeneous M Enter your co

— Grating Order Analyzer [Use Case]

Search for initial solutions with Parameter Run
— Usage of the Parameter Run Document [Use Case]

Find final design with Parametric Optimization
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Document Information

title Rigorous Analysis and Design of Anti-Reflective Moth-Eye Structures
document code GRT.0011
version 1.0
toolbox(es) Grating Toolbox
category Application Use Case

- Parametric Optimization and Tolerance Analysis of Slanted Gratings
further reading - Optimization of Lightquide Coupling Grating for Single Incidence

Direction
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Part IV

Rigorous analysis of nanopillars as
metasurface building blocks

Design of a blazed metagrating
Beam-splitting metagrating design
IFTA for phase profile generation
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Rigorous Analysis of Nanopillar Metasurface Building
Block

&y Part IV\Rigorous Analysis of Nanopillar Metasurface Building Block



Modeling Task

f_l/\\ metalens

parameters from M. Khorasaninejad,
Nano Lett. 2016, 16, 7229-7234

Nanopillars No.  #1 (405nm)  #2 (532nm)  #3 (660nm)

U 180nm 250nm 350nm
i H 400nm 600nm 600nm
\,, D (variable) 80-155nm 100-220nm 100-320nm

™~
nanopillar
D diameter
unit cell i i i
_ U g By varying the nanopillar diameter, the
dimension = 0y :
» metasurface building block is supposed to
o "’ nanopillar have phase modulation covering 2. How to
1€ ) height, evaluate such nanopillar structure rigorously?
| J

single nanopillar as the
building block of the metasurface
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Nanopillar Analysis vs. Pillar Diameter

nanopillar

#1

nanopillar #2

nanopillar #3

[ped] @seyd

H 41: Analysis of Nanopillar @660nm
Mumernical Data Array

Diagram Table Value at x-Coordinate

o 7 d
o /
s g ~
& /
8 P
=2 o
==
: !
= |
| - Efficiency Av'
= Fhaze V
T T T
5 10 15 20

[teration Step

[pea] aseyd

B2 26: Analysis of Nanopillar @405nm [ ] B 35: Analysis of Nanopillar ®532nm
Mumernical Data Array Mumerical Data Array
Diagram Table Value at x-Coordinate Diagram  Table Value at x-Coordinate
¥ g X 3 X g
5 ,/“ : 5
:E o / g E = /
g 7z V n= & ¥ P
o | _/ [= 3 '/
| - Efficiency ™| m— Efficiency
== Phase == Phaze <L/
T T T T T T T
5 10 15 20 25 30 5 10 15 20
lteration Step lteration Step
Nanopillars No.  #1 (405nm)  #2 (532nm)  #3 (660nm)

U
H
D (variable)

180nm
400nm
80-155nm

250nm
600nm
100-220nm

350nm
600nm
100-320nm

246

LightTrans International




Nanopillar Analysis vs. Pillar Diameter

- The phase modulation covers 2r range, and it
changes almost linearly with pillar diameter,

which enables convenient phase control.

- The transmission efficiency remains above 90%
for varying pillar diameter over the design range.

Nanopillars No.  #1 (405nm)  #2 (532nm)  #3 (660nm)

U 180nm 250nm 350nm
H 400nm 600nm 600nm
D (variable) 80-155nm 100-220nm  100-320nm

nanopillar #2

;:.l 35 Analysis of Nanopillar @332nmm

Mumerical Data Array

B=n BON )

Diagram Table Value at x-Coordinate

Efficiency [%a]

40

60

F

—
0
[ped] aseyd

20

|| Efficiency

== Phase

i T
]

10

15 20

lteration Step
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Appendix: Refractive Index of TiO,

a
3.5 -1.5
'\. 10
o Ju m N
on n ® k
- |
*
304 Wqg m
c - . -.

- |

- e B 405nm
~263i ¢ - 3 4 05

Y- Photon Energy(eV)

25 | ° 532nm
~2.43 7 e
PP b ° figure from R. C. Devlin, M.

m ® Khorasaninejad, W.-T. Chen, J. Oh,

—T— .m— 0.0 F. Capasso, arXiv:1603.02735 (2016)
400 600 800
Wavelength (nm)
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Peek into VirtualLab Fusion

flexible pillar structure definition

Edit Stack *
ﬁ E=. & Analysis of Nanopillar @532nm o[ B ]
D Mumerical Data Array
E Diagram Table = Value at x-Coordinate
o Edit Grating Crder Analyzer o
w
[4Y] General  Single Orders © =
m e ’
Order Selection Strateqgy = i
z E =3 =
i E= - =
X Selection Strategy | Order Range = / o ®
Index | z-Distance | z-Pasition Interface Subsequent Medium Com % s // g
3 1 0 mm 0 mm Plane Interface Mon-Dispersive Materi Enter yvour commen X E / =
2 600nm  &DDnm Programmable Interfac Air in Homoegenecus M Enter your commen Minimum Order | D| = | o :
S |- amplitude ~
Source Code Editor O x Mazximum Order | D| = | w— Phase / :
Source Code  GGlobal Parameters  Snippet Help  Advanced Settings 0.1Iz 0.1I4 0.1IG 0.1IS 0.I2
& [1 B [double height - @.0; E:;tt:ggzzmzzx EEEE:Z} Coordinates Diameter (Nanopillar @532nm #1 | Stack #1 (Progr... [um]
g |2 ¥ [double] [ ] Sphericzal Angles [] Cartesian Ang
e f// convert to radial distance y [double]
& |a double rho = Math.Sgrt(x * x +y * y); Diameter [double] [] Wave Vector Components [ ] Positions .
|5 | [z <o * piameten Heigh doute] access to full vectorial
6 {
3|7 height - Height; and complex-valued
g8 } Efficiencies . .
5 o S information
18 return height; Rayleigh Coefficients
b Ex B Ey )=
customized structure LITE LI
via programming
Gl | [0
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Workflow in VirtualLab Fusion

« Construct grating structure

s

— Configuration of Grating Structures by Using

Interfaces [Use Case] £

. . . . il

— Configuration of Grating Structures by Using @
Special Media [Use Case] @

* Analyze grating diffraction efficiency ] e s =
— Gratlnq Order Analvzer [Use Case] N 2 GDIT:Im E;Drr[;r:m Pr::am:lablelrﬂerhc m[:r;.;ip;:;::mmen: Em:::z::zzz:

* Check influence from specific parameters with
Parameter Run

< >

— Usage of the Parameter Run Document [Use Case] Vaidy: @ 3| [ et | [ e |
Period
Stack Periodis | Dependent fromthe Period of Inteface | with Index
Stack Period 250nm| x 250 nm
OK_ || Concel || Hep |
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Document Information

title Rigorous Analysis of Nanopillar Metasurface Building Block
document code GRT.0012

version 1.2

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.202)

category Application Use Case

- Ultra-Sparse Dielectric Nano-Wire Grid Polarizers
further reading - Investigation of Polarization State of Diffraction Orders
- Rigorous Analysis and Design of Anti-Reflective Moth-Eye Structures
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Metagrating Construction — Discussion at Examples

E Part IV\Metagrating Construction at Examples



Metagrating Construction and Modeling

* VirtualLab Fusion provides

— Pillar Medium (General) for the
construction of metagrating — and other
proper structures — by the composition
of circular / rectangular nanopillars;

- Fourier modal method (FMM) for the
rigorous analysis of the performance of
the composed metagratings, in terms
of diffraction efficiency, polarization
sensitivity, and so on.

[ !
p=

Fiber Gratings Interferometry Microscopy  Virtual anc

Shaping ~ Coupling ~

Windows Optical Setup Tools

@ L | @ About VirtualLab
,% License Informat
ides ~ Shaping ~ ‘&o Update Informat

Focus Topics & Calculators

Edit Pillar Medium (General)

Basic Parameters Scaling Periodization

Embedding Material
Name | Air
Catalog Material

State of Matter

Pillar Material
Name Fused_Silica
Catalog Material

State of Matter Solid

Pillar Geometry  Pillar Distribution
Height
Side \Wall Slope Angle
Shape
Definition Mode of Diameters

Round Edges
Edge Radius (Bottom)

T

O Squared @) Circular
Half Height v

[[] Rounding via Diameter Percentage

Edge Radius (Top) 10 nm
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Media around Grating Component

« Media in front and behind grating

— The medium in front and that behind
the grating shall be set in the optical
setup editor.

— The media shall be configured
according the actual situation under
iInvestigation.

— As a convention for grating efficiency
analysis, the Fresnel loss between the
substrate and the surrounding medium
Is usually neglected.

grating

same for the substrate
and the medium
behind grating

I,air pom fused silica \
1
[

- = =
1: Optical Setup Editor #1 (Mcta?'tating Optical Setup (3D))* \\\
I (PN
'—0{' Path .:.I‘ Detectors | [*4f% @ Analyzers AT \ Lo
\ 1
¥ Joet
Shh{fleml T,a, get El
Index Element Name Ref."bl)e Medium Indaex,/ Ele
0 |Ideal Plane \Wave - Air in Homogeneous Medi . ,/‘I Metagrat
1 | Metagrating T Fused_Silica in Homogen..
Tools i/«
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Materials inside Grating Stack

« Grating stack

— The metagrating stack is constructed
by the Pillar Medium (General) and two

plane interfaces that press it from both |
sides.

Index z-Distance‘ z-Position ‘ Interface
1 0 mm 0 mm Plane Interface
2 545 nm Plane Interface

| Subsequent Medium ‘
Pillar Medium (Genera Enter your commen
Air in Homogeneous M Enter your commen’

— The pillar regions are filled by the
specified pillar material, while the rest
filled by the embedding material.

I
I
1
1
1
1
1
1
1
1
1
1
\
\
\

\ ‘E‘ditPiilarMedium(General) » air I fused silica
‘\‘ ‘{iasﬁc Parameters Scaling Periodization

- BOth the plllar and embedding ‘\‘ ‘I'EnTb'echEEin;;-'aT"""""'“------'“""-----------------li
. . . \‘ iName Air a :
materials can be defined independently \ | A |
from the media in front or behind the “\,E_____ft_af_"‘_"ja_“ff____fﬂ_sff_v_aju_u'_"_____________________________j
grating.
!Narne Non-Dispersive Material (n=2.3) Q l
I: Defined by Constant Refractive Index v E
l! State of Matter S-o_l-id___ v .:
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Single Pillar Geometry Configuration

Edit Pillar Medium (General)

Basic Parameters Scaling  Periodization

Embedding Material
Name |Air Q,
Catalog Material v |2 &
State of Matter Gas or Vacuum
Pillar Matenal
Name  Non-Dispersive Material (n=2.3) Q
Defined by Constant Refractive Index v

Seeoftor NN all pillars with the

Pillar Geometry  Pillar Distribution same he|g ht
Side Wall Slope Angle
Shape (O Squared (@ Circular
Definition Mode of Diameters Half Height v
Round Edges Haff Height meter Percentage
coe Radvs Gotam) [ TorT—— ageais (o

round edges for e.g.
tolerance consideration

N
7

slope angle

S
?

e
*\ pillar height --,

3
“1

D (definition mode “Top”)

D (deflnltlon mode “Half Helght”)

D (definition mode “Bottom”)

-~

A\ 4
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Distribution of Pillars

Name

Non-Dispersive Material (n=3.8)

Defined by Constant Refractive Index

State of Matter Solid

Pillar Geometry Fillar Distribution

x-Paosition y-Position Diameter A
1
2/|-800 nm -400 nm 238 nm
3(-800 nm 0 mm 240 nm
4|-800 nm 400 nm 210 nm
5|-800 nm 800 nm 202 nm
6|-400 nm -800 nm 207 nm
7|-400 nm -400 nm 251 nm
8|(-400 nm 0 mm 143 nm
9(-400 nm 400 nm 187 nm
10| -400 nm 800 nm 196 nm
11(0 mm -800 nm 205 nm “
< il o o >
Table Tools §+| “%ylmport Diameter Data | <€============ add pillars by imported data
ot PddPller o add a single pillar manually
¥ Remove Cument Pillar Del
O Reset 0K Cancel Help
Add Equidistant Pillars. €=====f==== add pillars on an equidistant grid
Set Common Diameter_
## Configure Parameter Vanation_

Pillar Distribution

— One can specify the pillar diameter at
an arbitrary lateral position (X, y).

— Pillars can be added
* one by one manually;
e on an equidistant grid at once;

« According to an imported array that
defines the lateral position and
diameter of each pillar.

— Pillar positions can be arbitrarily varied
either directly, or as deviations from
their original positions.
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Numerical Parameter Setting

« Number of spatial frequencies

— To obtain converged result from FMM /

RCWA simulation, enough number of
spatial frequencies should be used.

For metagratings, which is usually
composed by an array (1D or 2D) of
pillars, we recommend to perform
convergence test to ensure the
numerical convergence.

For 1D metagratings (e.g. blazed
metagrating), the required number of
spatial frequencies should be check
separated for x and y directions.

Edit General Grating 3D Component

: Lé %
Coordinate
Systems

Position /
Orientation

Structure

w

Propagation

Propagation Methods

Advanced Settings

Component Propagation Fourier Modal Method v 7 Edit
Interface Stack Medium
Plane Interface Stack Non-Dispersive Material (

Fourier Modal Metho

Fourier Modal Metho

Fourier Modal

| Metho

Plane Interface

Fourier Modal Metho

Stack

Non-Dispersive Material (

number of spatial
frequencies

[

Fourier Modal Method

Parameters to Specify

@ Number of Diffraction Orders

o) Number of Evanescent Orders
(Considering All Propagating Orders)

Number of Diffraction Orders X 5|
Number of Diffraction Orders Y 7K
Cance el
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Example #1: One-Dimensional Blazed Metagrating



Media and Materials Configuration

: Optical Setup Editor #1 (C:\Users\... etagrati
D"Odv—.-.: Path l:g Detectors

-1

[+3 ® Analyzers N OL

<

Start Element Targe The med|um
o B L AL ... T behind grating is
0 Ideal Plane Wave Air in Homogeneous Medi_.._ 1 |Blaze
1 | Blazed Metagrating T I'Non-Dispersive Material (. | set the same as

with n=1.52.

Simulation Engine | Classic Field Tracing

Edit Pillar Medium (General)
Basic Parameters  Scaling  Periodization

Embedding Material

Name |Air

a

7@

Pillar Geometry  Pillar Distribution

|7’| see the full Application Use Case

The pillar material is set
with n=2.3 for TiO,, at
the given wavelength.
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Pillar Geometry and Distribution

top view side view HAMW\E&?%MM“WNMWF
Piler Geometry _ Pillar Distrbution In this case, following the
Height reference, we use square pillars
Side Wll Slope Angle with pre-calculated height, and
#1 Soge [ © Squored | O Circular defined their positions and
4 diameters manually.
A, MState B %MAWNWWAAP\JM,M_Q\JM
#3
Pillar Geometry Pillar Distribution
#4 x-Position y-Position Side Length
#5 ; -380 nm 0mm 247 nm
: 3/0mm 0mm 201 nm
4 4380 nm 0mm 179 nm
U Vdi(ily:o 5| 760 nm 0 mm 118 nm
[ ! T T
Sl u e
Y z
#1 #2 #3 #4 #5 Table Tools iffw | | “taimport Diameter Data
D 118nm 179nm 201nm 247nm 293nm Validity: @
f=D/u  0.31 0.47 0.53 0.65 0.77 oK ]| Cancel || Heb
AyY 0.20m 0.69m 0.98m 1.40m 1.73n

Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)
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Number of Spatial Frequencies

side view

top view

Edit General Grating 3D Component

Component Propagation  Fourier Modal Method

v [ZEt]

i Propagation Methods ~ Advanced Settings
Coordinate
Systems

Medium

Non-Dispersive Matenial (.

In the FMM calculation, more
spatial frequencies are used
along the x direction since the
grating period along x is 5 times
of that along y direction.

Fourier Modal Method X

Parameters to Specify

(® Number of Diffraction Orders

ONuﬁ:grof_EvamwtOr_das

(Considering All Propagating Orders)

r== = - - e e e 1

'thmbu'ofDifhcﬁmOrdusX -ag]
. = 1

Lt it SO WD

[ O ] | Camcel | | Hep |
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Example #2: Two-Dimensional Beam-Splitting
Metagrating



Media and Materials Configuration

400nm

U=
n=

|7’| see the full Application Use Case

%] 3: Optical Setup Editor #3 (C:\Users\...\Metagrating Construction Example #2_Beam-Splitting

| D«C(. Path ‘ l::: Detectors ‘ [+3 ® Analyzers 3 Loggin

<

Start Element Target Elemer
|Index | ElementName | Ref. Type Medium ______ Index | Element|
0 | ldeal Plane \Wave - 1 Non-Dispersive Material (.. : 1 | Metagrating
|7 1 VMetagraﬁng i Air in Homogeneous Medi .

BB |Tools |

Simulation Engine | 801: Grating Analysis (Customized)

The medium in front of
the grating is set the
same as the substrate,
with n=1.5, and, in this
way, the incident light is
assumed from inside the
substrate.

Edit Pillar Medium (General) X
Basic Parameters  Scaling  Periodization
Embedding Material
Name |Air Q
Catalog Mater v [7] &
State of Matter Gas or Vacuum g
e
:N’“ o Dispersi Moteial (=33 &1 The pillar material is
(T =t c L setwith n=3.8 for the
Seteoflorer = given wavelength.

Pillar Geometry  Pillar Distribution
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Pillar Geometry and Distribution

metagrating (top-view) i -
~ perio d2x2 um Pillar Geometry  Pillar Distribution
- unit cell 400x400nm Height 465 m
- substrate glass n=1.5 Side Wall Slope Angle [ 90
- circular pillar n=3.8 Shape O Squared { @ Circular |

o00000000000000

000000000000

G 00000000000

0000000000000 00 [[] Round Edges
N NN NN NN NNNN NN

Circular pillars are chosen for
this case, and their positions
and diameters are defined by
imported data (calculated
based on IFTA design).

000000000000 State of Matter Solid v

00 0000000000000 Pillar Geometry Pillar Distribution

y oooooooo.oooo.o x-Paosition

00000000000 O -
® 00000000000
00 0000000000000 2|-800 nm
0000000000000 00 Validity: @ 3|-800 nm
4-800 nm
Q4 5/-800 nm
6
8

9-400 nm
10| -400 nm
11/ 0 mm

<

Validity: @

Qd

Table Tools f w» l “#3Import Diameter Data I

y-Position Diameter
-400 nm 438 nm
0 mm 240 nm
400 nm 210 nm
800 nm 202 nm
-800 nm 207 nm
-400 nm 251 nm
0 mm 143 nm
400 nm 187 nm
800 nm 196 nm
-800 nm 205 nm

: & Load.

ll 4 Import...

1] p=
:j Select from Documents... Cancel Help

265

LightTrans International



Document Information

title Metagrating Construction — Discussion at Examples
document code GRT.0022

version 1.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 2.8)

category Feature Use Case

- Configuration of Grating Structures by Using Interfaces
further reading - Configuration of Grating Structures by Using Special Media
- VirtualLab Fusion Technology — FMM / RCWA [S-Matrix]
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Modeling and Design of Blazed Metagratings

@ Part V\Blazed Metagrating



Modeling Task

top view side view

input field
- wavelength A=633nm
- x- and y-polarization

AN V4

d

grating period
along x

N
/

-l 2

unit cell

dimension
S U ke ety
Yy z

How to design a metagrating
with optimized 1st order

diffraction efficiency, by

- selecting the proper unit cells /
building blocks, and

- arranging them and optimize their
positions within one grating period?

grating parameters and design method follows P. Lalanne, et al., Opt. Lett. 23, 1081-1083 (1998)
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Unit Cell Analysis (Index Matched)

First, we assume a periodic replication of the same transmission amplitude/phase vs. pillar diameter (@633nm)
square pillars and vary the pillar diameter (D). " A ——

m= 12! Efficiency and Phase vs. Pillar Diameter

Mumernical Data Array

top view side view

Diagram | Table Value at x-Coordinate

Efficiency T[C; O] [%]
B0 80
i )
\ '
£ g
[peJ] aseyd paddesmun

'| Phase transmission is
| what we will use later. | /

~

40

20

mm Efficiency T[0; 0] |
== Unwrapped Phase |

0.05 0.1 0.15 0.2 0.25 0.2 0.25

PillarDiameter (Optical Setup Parameter | Global Parameters of Co... [pm]
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Unit Cell Analysis (Index Matched)

First, we assume a periodic replication of the same Fig. 1 from P. Lalanne, et al.,

square pillars and vary the pillar diameter (D).

top view side view

u

Opt. Lett. 23, 1081-1083 (1998) .

7 T T T T T T T T T 25

A5

{05

_1 1 1 1 1 1 ] 1 1 Il 0
0 01 02 03 04 05 06 07 08 09 1

fill factor

Fig. 1. Crosses, phases of the transmitted zeroth order for
a 487-nm-thick grating composed of a 380-nm-period array
of square pillars etched in TiOs2. Dotted curves, n values
of all the propagating modes supported by the biperiodic
structure. The uppermost curve (n varies from 1 to 2.3)
corresponds to the grating effective index. Numerical
results were obtained by the modal method of Ref. 10 with
square truncation (17 orders are retained along each axis).
Solid curve, phases of a plane wave transmitted through a
487-nm-thick homogeneous dielectric film whose refractive
index is equal to the n value of the fundamental mode.

phase vs. pillar diameter (@633nm)

MNumerical Data Array

Unwrapped Phase [rad]

0.1 0.2 0.3
Pillar Diameter [pm]

VirtualLab Fusion simulation
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Choosing Unit Cell (TiO,-Glass Interface)

In practice, the substrate is in a different material transmission amplitude/phase vs. pillar diameter (@633nm)
as the pillars. Here, we consider glass substrate. A T [N - o ==
Mumerical Data Array
top view side view : _
N Diagram Table Value at x-Coordinate
ol W N v R =
T Kk
L]
l ) :
3 2
5 2 E
. =3 == Efficiency T[0; 0] z
E = Unwrapped Phase =
= 2 -
@ = @
- :
- =
=

0.05 a1 015 0.2 0.25 0.3 0.35

PillarDiameter (Optical Setup Parameter | Global Parameters of Cou. [pm]
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Selection of Pillar Diameters

In practice, the substrate is in a different material P 36: Phase vz PilarDiameter o, SRS >
as the pillars. Here, we consider glass substrate. Diagram Table  Value ot x Coordinate

top view side view

w4

N3
D
T

Unwrapped FPhase [rad]
3

[]
-3 Kk
]
H B R 3 =
]
]

0.65 D.I'I l}.'; 3 D.Il2 0.25 0.3 D.éS
. . PillarDiameter (Optical Jetup Parameter|| Global Pasgmeters of ling S... [|
/ \ —————

H B #1 #2 #3 #4 #5

e . . . : D 118 nm 179nm 201nm 247nm 293nm
_ f=D/u 0.31 0.47 0.53 0.65 0.77
‘ ko=
Y =380 Am - AY 0.20m 0.697 0.98n 1.40m 1.73m

Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)
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Blazed Metagrating Construction

top view side view E=. 36: Phase vs. Pillar Diameter o =N ==
. . . Diagram Table = Value at x-Coordinate
Tm m = . I
| mmm SR
LY . RN
. . . 005 ol1/ 015 \0.2 OW\
PillarDiameter (Optical Jetup Parameter|| Global Pasgmeters of ling S... [|
5 ] \ < O~
H EH N
N #1 #2 #3 #4 #5
e HEN 1; o D 118nm 179nm 201nm 247nm 293nm
- lass
HEN ey =Dl 0.31 0.47 0.53 0.65 0.77
) Chule B A 0.207 0.697 0.987 1.40m 1.73n
Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)
273 LightTrans International



Performance Analysis of Initial Design

input field : :
Wave.engtha=633nm ] grating performance evaluation

x- and y-polarization

Efficiency
y-polarization (TE) 80.2%
x-polarization (TM) 74.2%

average 77.2%

The same average efficiency value is reported in
P. Lalanne, et al., Opt. Lett. 23, 1081-1083 (1998)

#1 #2 #3 #4 #5
D 118 nm 179nm 201nm 247nm 293nm
o f=D/u  0.31 0.47 0.53 0.65 0.77
Lz AY 0.207 0.697 0.987 1.401 1.731

Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)
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Visualization of Transmitted Field

\’

input field :
- wavelength A=633nm -

x-polarization

evanescent waves
included

| directly at pillar-substrate interface

Light View Data View

1 ) |
e 0, - -
-2.8508 pm 2.8508 pm
z Locally Polarized Harmonic Field - Ex Phase Zoom:7.0267 (75:21)
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Visualization of Transmitted Field

‘l’ 5um behind interface (evanescent waves damped)

Light View Data View

input field
wavelength A=633nm
- x-polarization

-2.8508 pm 28508 um

Locally Polarized Hamonic Field - Ex five discrete phase
levels from five pillars
with different diameters

276 LightTrans International



Further Optimization of Metagrating

vary pillar height downhill simplex optimization with FMM/RCWA for grating analysis

B! 7: Parametric Optimization E=R(EcR(===

Mumerical Data Array

Diagram Table  Value at x-Coordinate

\
85

80

- vary pillar positions
- vary pillar diameters

Awverage Efficiency [%)]
75

7o

4

LIRRRL IR

65

30 100 150 200 250 300

Simulation Step

8

N I
~
L

277 LightTrans International



Performance Analysis of Optimized Design

optimized grating

;ﬂ 40: QOptimnized Grating (Top View) El@
Mumerical Data Array
Diagram Table  Value at [y
Amplitude of "Refractive Index"
(within one grating period)
2.3
=
= 1.7
-
]
0.8 06 -04 -02 0 02 04 06 08
X [pm]
Bl 38: Initial Design (Top View) =] -E )
Mumerical Data Array
Diagram Table  Value at {xy)
Amplitude of "Refractive Index"
(in one grating period)
202
1.7

¥ [pm]

0.8 0.6 -04

0.2 0 0.2 04

X [um]

0.6

0.8

Efficiency
y-polarization (TE) 90.0%
x-polarization (TM)  89.7 %
average 89.8% ~—
N

After optimization, the

resulting grating shows

approx. 10 percentage
points increase in the 15t
order diffraction efficiency.

initial grating design

Efficiency
y-polarization (TE) 80.2%
x-polarization (TM) 74.2%
average 77.2%
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Peek into VirtualLab Fusion

flexible distribution of unit cells / pillars

Edit Pillar Medium (General)

Basic Parameters  Scaling  Periodization

Embedding Material
Name Air
Catalog Matenal

State of Matter Gas or Vacuum

Pillar Material
Name  Non-Dispersive Material (n=2.3)

Defined by Constant Refractive Index

State of Matter Solid

Pillar Geometry Pillar Distribution

< |

inbuilt parametric optimization tools

[& 4 cAUsers\..\Blazed Metagrating_03_Parametric Optimization.opt

Parameter Selection
Select the parameters which shall be varied during optimization.

You can select one or more parameter which shall be varied within the optimization

RSN OB

X | Show Only Varied Parameters

12

v 23

v

Object Categor

Parameter
Medium #1 (Pillar Medium (General)) | Height of Pillars
Medium #1 (Pillar Medium (General)) | Position X of Pillar #1
Medium #1 (Pillar Medium (General)) | Position X of Pillar #2
Medium #1 (Pillar Medium (General)) | Position X of Pillar #3

Vary = Original Value

e

x-Position y-Position Side Length
J-760om  [Omm  [283om |
2|-380 nm 0 mm 247 nm
3/0mm 0mm 201 nm
4380 nm 0 mm 179 nm
5| 760 nm 0 mm 118 nm

:ﬂ 6: Periodically Replicated (5:)
Numerical Data Array

F‘@@ fledium (General)) | Position X of Pillar #4

fledium (General)) | Position X of Pillar #5
Hedium (General)) | Side Length of Pillar #1

Diagram  Table Value at {xy)

Amplitude of "Refractive Indices”

Y [pm)
0.25090.75 1

0.5 1 1.5 2 25 3 3.5 4

X [pm]

metagrating top-view

Hedium (General)) | Side Length of Pillar #2
fledium (General)) | Side Length of Pillar #3
Hedium (General)) | Side Length of Pillar #4
2.3 Hedium (General)) | Side Length of Pillar #5

RENERRRNERREEA

< Back Next > Show »

5.5
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Workflow in VirtualLab Fusion

Analyze metasurface unit cell

— Rigorous Analysis of Nanopillar Metasurface
Building Block [Use Case]

Construct metagratings
— Metagrating Construction - Discussion at Examples

[Use Case]

« Analyze grating diffraction efficiency
— Grating Order Analyzer [Use Case]

Edit Pillar Medium (General) >4

Basic Parameters  Scaling Periodization

Embedding Materal

Name |Air ol
Catalog Material v |2 S
State of Matter Gas or Vacuum
Pillar Material
Name | Non-Dispersive Material (n=2.3) Q,
Defined by Constant Refractive Index v
State of Matter Solid ¥

Pillar Geometry Pillar Distribution

« Parametric optimization of grating structure e o e
. L _ _ d 760  Jomem  [8em |
— Parametric Optimization [Tutorial Video] B e i
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https://www.lighttrans.com/index.php?id=1643
https://www.lighttrans.com/index.php?id=2166
https://www.lighttrans.com/index.php?id=593
https://youtu.be/HqV-LzsXKzA

Document Information

title Modeling and Design of Blazed Metagratings
document code GRT.0020

version 1.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.238)

category Application Use Case

- Rigorous Analysis of Nanopillar Metasurface Building Block

- Design of 2D Non-Paraxial Beam-Splitting Metagrating

- Analysis and Design of Highly Efficient Polarization Independent
Transmission Gratings

further reading
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Design of 2D Non-Paraxial Beam-Splitting
Metagrating

&y Part IV\Beam-Splitting Metagrating



Design Task

metagrating (top-view)
- period 2x2um

- unit cell 400x400nm

- substrate glass n=1.5

- ircul ill =3.8 . .
s How to design a metagrating
o.cs0e-ceee.cns that spllts.the input into 3x3
::::EE:::EE:::E beams, with
Gccceecscenccce - uniform power distribution into the
00 0000000000000
srrssriisiiiis i 33 beams, and

Y IR IRRY] - high overall transmission power of

| T e 33 beams?

input field

- wavelength A=940nm y
- x-polarization
X Z

283 LightTrans International



Phase-Only Transmission Design (IFTA)

With differently random phase distributions
as starting points, IFTA (iterative Fourier
transform algorithm) calculates different
possible design results.

Bl 68: Phase-Only Transmission £5

E=, 65: Phase-Only Transmission 22
Numerical Data Array

=

Diagram Table Value at (xy)

Phase of Transmission [rad]

¥ [um]
0 0.5

05

-0.5 0 0.5
X [um)

o=

B 66: Phase-Only Transmission 3
Numerical Data Array

Diagram Table Value at (xy)

Phase of Transmission [rad]

w"

X [pm]

Y [um]
0 05

-05

E 67: Phase-Only Transmission #4
MNumerical Data Array

s

Numerical Data Array

o[- e

Diagram  Table Value at {xy)

Diagram Table Value at (x.y)

Phase of Transmission [rad]

Y [um]
0 0.5

-0.5

-0.5 0 0.5
X [pm]

Phase of Transmission [rad]

¥ [pm]

-0.5 0 0.5
X [um]

-3.14
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Phase-Only Transmission Design (IFTA)

With differently random phase distributions

as starting points, IFTA (iterative Fourier
transform algorithm) calculates different

possible design results.

Select one of
the results for
further design

—

7

E=, 65: Phase-Only Transmission 22
Numerical Data Array

[=

Diagram Table Value at fcy)

Phase of Transmission [rad]

¥ [um]
0 0.5

05

-0.5 0 0.5
X [um)

o=

B 66: Phase-Only Transmission 3
Numerical Data Array

Bl 67: Phase-Only Transmission #4

MNumerical Data Array

=}

Diagram Table Value at (xy)

Phase of Transmission [rad]

-0.5 0 0.5

X [pm]

Y [um]
0 05

-05

Diagram Table Value at (x.y)

¥ [um]

-0.5 0
X [pm]

Phase of Transmission [rad]

0.5

0.5

E:; 68: Phase-Only Transmission 5 [~ |- ;E;E
| Numerical Data Array
Diagram Table Value at (cy)
Phase of Transmission [rad]
= 3.14

¥y

o
E
= L= 0
=
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Metasurface Unit Cell Analysis

unit cell
dimension

U=400nm

N

d

n=1.5

L, H=465nm

| nanopillar height 1

J

single nanopillar as the

building block of the metasurface

nanopillar
diameter

selected pillar
. diameter range

= “1

E=} 27: Transmission Efficiency and Phase vs. Pillar Diameter E'
Numerical Data Array

Diagram Table Value at x-Coordinate

o

oo un
g
g2 -
& == Efficiency T[0: 0] =
= e w -

=== Phase =

g o a
@ v f—
S n
=
(1]

L=

(3" —

0.05 01 0.15 0.2 0.25 0.3 0.35

PillarDiameter (Optical Setup Parameter | Global Parameters of Cou... [um]
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Unit Cell Parameter Range Selection

selected pillar

. diameter range |
| 1

EZ?:Transmbsion Efficiency and Phase vs. Pillar Diameter
Numerical Data Array

S = =Y
S
\§

Diagram  Table = Value at x-Coordinate

N

(=3
-
g
S g |
s == Efficiency T[0: 0] I
=
=== Phase
ge 1
sk
o I —_—
=
w
o
N __/ M
T T T T T T .
0.05 0.1 0.15 02 025 03 035

PillarDiameter (Optical Setup Parameter | Global Parameters of Cou... [pm]

[pea] aseyd

y

ay Size

Sampling

ulations * Manipulations ~

~
“—-—_———-—)

] &

Selection Related Temporal Sampling Quantization

Operations ~ of Real Part -
% Fill Range Selection »
Clear Range Selection >
’h Clear Inverse of Range Selection >

1y

E Extract Range Selection

-

B=. 52: Extract Phase (51:)
Numerical Data Array

-
] -
Creat
Hamonic Data Amray
Catalogs Windows View Manipulations Detectors
of R A @)
Operations Field Quantity Value Phase Lateral Aray S
— with Constant ~ |Operations ¥ Scaling ~ Manipulations ~ Displacement ~ Manipulat
~~o
*\\ | Extract General
\\\ ﬁ Amplitude
N o

~“~-_____.> Q_ Phase -\\
Re Real Part \
1
= It imaginary Part '
L N Al 1
1
1
]
]
1

1

7

/

4
7’

022 024 O..

Diagram Table Value at x-Coordinate
—1

=)

s

-_:- o~

ui

o

=

D~

=2

£

@

8 o

=

=)

L -

S

T

o

B

2 °

]

=

= 0
T T T T T T
006 008 01 012 014 016 018 0.2
Diameter of Pillar #1 ("Unit Cell” #1 | Stack #2 (Metagratin... [pm]

phase vs pillar diameter within
the selected parameter range
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Phase vs Pillar Diameter and Its Inverse

phase value vs pillar diameter

(result from last step) pillar diameter vs phase value
P<l 52: Phase vs Pillar Diameter E=N(Ec ™ Bl 54: Pillar Diameter vs Phase (o] @ |«
Numerical Data Array Numerical Data Array

Diagram Table Value at x-Coordinate Diagram  Table Value at x-Coordinate

—_— FH —_— wn

2 E S

o inverse -

= (TR B

2~ = ©

[} c

£ e

8 —

o O r umn . . .

= 5 The relation is inversed to have phase
% = = value as the variable, preparing for the
e A=l construction of metagrating according
B vs s . o .

2 : to given phase transmission design.
g o 3 —

T T T T T T T T T T T L= ‘ T T T T T T T T T T T
006 008 01 012 014 016 018 02 022 024 O0.. AR R T M s 1 15 2 25 3
Diameter of Pillar #1 (“Unit Cell" #1 | Stack #2 (Metagratin... [um] Phase of Rayleigh coefficient Ex T[0; 0] [rad]

In this example, function inversion can be done with the VirtualLab C# Module: Appx_01_Calculate Inverse of 1D Function.cs
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Metagrating Construction

phase-diameter map / library

E::,Z‘.’: Transmission Efficiency and Phase vs. Pillar Diameter S| |@] metagratlng (top VIeW)
MNumerical Data Array E=% 23: Initial Structure F==EcE
Numerical Data Array
L] L] Da am hagram able alue fx.
phase_only transmlSSlon iagram  Table Value at x-Coordinate Diogram | Tablo | Vake 2 6y) —
Amplitude of "Refractive Indices”
— [ -
<. 68: Phase-Only Transmission £5 o] & = 18
Numerical Data Array _ /
Diagram Table Value at {xy) 1 f . i i i
Phase of Transmission [rad] = ’_‘__——' - -%~~~
o3 1 /
i< == Efficiency T[0: 0] /
'—.
& _ |=== Phase
5 2 /
R-pall M-
_ r Sss o / 2.400
£ o Sso
= ™~ ~
= ™~
A
] So
I L \\I T I T L
0.05 0.1 [}.'Pi\ 0.2 0.25 0.3 0.35
~
. 1 . -3.14 PillarDiameter (Optical Setup Dara‘met\er | Global Parameters of Couw... [um]
-0.5 0 0.5 Sso
Seo P
X [pm] DR T i
1.000:

In this example, pillar distribution can be done with the VirtualLab C# Module: Appx_02_Calculate Pillar Diameters from Phase Profile.cs
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Evaluation of Initial Metasurface Design

initial metagrating (top-view)

-

B! 35: Initial Design o &
MNumerical Data Array
Diagram Table Value at (xy) Twllki““-‘i
Amplitude of “Refractive Indices” d |ﬁract|0n eﬁ:ICIenCIeS "|I \
] 38 #f% 38 Transmission Result — Grating Order Analyz... | = || = |@ '\ \\
R —
Diagram Table
Efficiency [9e]
A H 11.86
£ 2.4001 =
= s
-
=2 c g3
= >93 overall 79.6%
2 efficiency
=
S uniformity 25.3%
¥ 0 error (PV)
0003
bl s s uniformity 16.9%
Cartesian Angle Alpha [] error (RMS)
< >
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Parametric Optimization

initial metagrating
B 35: Inital Design (=] [~

Numerical Data Array

— =, 46: Parametric Optimization o[BS

Amplitude of “Refractive Indices”

downhill simplex optimization with FMM/RCWA for grating analysis

Numerical Data Array

38
Diagram Table Value at x-Coordinate
i LY e v— = o= ,
. == Summed Efficiency
1.0003 = Uniformity Error (PV)

02 04 06 08 1 1.2 14 16 18
X [pm]

14 16 18

il

o
T o =
= oc
>
®
© i
© o
o
= D
o
~ )
o o

40

Summed Efficiency [%]
(%] (Ad) 10413 Aiuuiojiun

20
ol

- keep pillar positions
- vary pillar diameters
(25 variables) J S0 100 150 200 250 300 350 400 450 500

Simulation Step
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Evaluation of Optimized Metagrating Design

optimized metagrating (top-view)

B, 31: Optimized Design E=8 EoH =<
Numerical Data Array

Diagram  Table Value at (x.y) Twll_ki“"-‘k
Amplitude of “Refractive Indices” dlﬂ:raCtlon eﬁ:ICIenCIeS "| \
[] 38 = 41: Transmission Result — Grating Order Analyz... = |E\@ '\ \\
Grating Efficiencies T
Diagram Table
Efficiency [%6]
A a
g 2.4001 E o
= 2
2
o
z ° overall 80.0%
2 efficiency
£t o
S uniformity 3.1%
v R error (PV)
1.0003
2 14 1, A uniformity 2.2%
X [um] Cartesian Angle Alpha [°] error (RMS)
< >
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Peek into VirtualLab Fusion

flexible definition of 2D
metagrating surface

35: Initial Design
B g

=N Hon ==

Numerical Data Array

Diagram  Table ~Value at (xy)

¥ [um

Amplitude of “Refractive Indices”

2.4001

1.0003

lon-Dispersive Matenal (n=3.8
Defined by Constant Refractive Index v ‘ 3.8‘
State of Matter Solid 2
Pillar Geometry Pillar Distribution
x-Position y-Paosition Diameter A
1 216.21 nm
2|-800 nm -400 nm 24362 nm
3/-800 nm 0 mm 240.39 nm
4/-800 nm 400 nm 208.05 nm
5|-800 nm 800 nm 202.96 nm
6| -400 nm -800 nm 209.68 nm
7 -400 nm -400 nm 240.81 nm
8|-400 nm 0 mm 136.07 nm
9| -400 nm 400 nm 188.99 nm
10| -400 nm 800 nm 197.18 nm
110 mm -800 nm 206.26 nm w
Dt e Pt -
Table Tools '« glmpoﬂ Diameter Data ]
&F Load..
Validity
v @ Y Import...
alld ] Select from Documents... | Concel Help

g Metagrating_04b_Optimizing Pillar Diameters.opt

he results are shown in the table.

=)o)

Subdetector

Function Value

r of Pillar #1 (Metagrating #1

Diameter of Pillar #2 (Metagrating #1

er of Pillar #3 (Metagrating #1

of Pillar #4 (Metagrating #1

Diameter of Pillar #5 (Metagrating #1

Diamete

r of Pillar #6 (Metagrating #1

Diameter of Pillar #7 (Metagrating #1
Diameter of Pillar #8 (Metagrating #1
of Pillar #3 (Metagrating #1
er of Pillar #10 (Metagrating #1

of Pillar #11 (Metagrating #1

of Pillar 12 (Metagrating #1
of Pillar #13 (Metagrating #1
Diameter of Pillar #14 (Metagrating #1
of Pillar #15 (Metagrating #1

illar £16 (Metagrating #1
illar #17 (Metagrating #1

Simulation Step A
1 /. 3 4 5 6
018377 020019 0.18909 023442 035584 051472 0231
211nm 2321 nm 211 nm 211 nm 211 nm 211 nm 211r
238 nm 238nm 261.8nm 238 nm 238 nm 238 nm 2381
240 nm 240 nm 240 nm 264 nm 240 nm 240 nm 2401
210 nm 210 nm 210 nm 210 nm 231 nm 210 nm 210«
202 nm 202 nm 202 nm 202 nm 202nm  222.2 nm 2021
207 nm 207 nm 207 nm 207 nm 207 nm 207nm 2277t
251 nm 251 nm 251 nm 251 nm 251 nm 251 nm 2511
143 nm 143nm 143 nm 143 nm 143nm 143 nm 1431
187 nm 187 nm 187 nm 187 nm 187 nm 187 nm 1871
196 nm 196 nm 196 nm 196 nm 196 nm 196 nm 1961
205 nm 205 nm 205 nm 205 nm 205 nm 205 nm 2051
195 nm 195 nm 195 nm 195 nm 195 nm 195 nm 1951
175 nm 175nm 175 nm 175 nm 175 nm 175 nm 1751
176 nm 176 nm 176 nm 176 nm 176 nm 176 nm 1761
198 nm 198 nm 198 nm 198 nm 198 nm 198 nm 1981
205 nm 205 nm 205 nm 205 nm 205 nm 205 nm 2051
196 nm 196 nm 196 nm 196 nm 196 nm 196 nm 196'\«
>
<Back Show »

parametric optimization of
metagrating structure
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Workflow in VirtualLab Fusion

* Analyze metasurface unit cell
— Rigorous Analysis of Nanopillar Metasurface
Building Block [Use Case]

Construct metagratings
— Metagrating Construction - Discussion at Examples

Name |Non-Dispersive Material (n=3.8)
Defined by Constant Refractive Index v 38
State of Matter Solid ™

Pillar Geometry Fillar Distribution

x-Position y-Position Diameter A
[Use Casel e ———
3 (-800 nm 0mm 240.39 nm
« Analyze grating diffraction efficiency B = e
€ |-400 nm -800 nm 209.68 nm
— Grating Order Analyzer [Use Case] o i Bl
9|-400 nm 400 nm 132:99 ::
« Parametric optimization of grating structure Homn w@om 20625 )
— Parametric Optimization [Tutorial Video] Table Toos .| [impan Dt st |
Validity: € :: I::ﬁ
ald ] Select from Documents... Cancel Help
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Document Information

title Design of 2D Non-Paraxial Beam-Splitting Metagrating
document code GRT.0021

version 1.0

edition VirtualLab Fusion Advanced

software version 2020.1 (Build 1.238)

category Application Use Case

- Rigorous Analysis of Nanopillar Metasurface Building Block
- Modeling and Design of Blazed Metagratings

further reading
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Appendix A: Fourier Transforms



Documentation on Fourier Transforms/Modeling Levels

« Theory and algorithm of the homeomorphic Fourier transform for optical
simulations, Z. Wang et al, Optics Express, 28, 7, 2020

« Application of the semi-analytical Fourier transform to electromagnetic
modeling, Z. Wang et al, Optics Express, 27, 11, 2019

« Seamless Transition from Ray to Physical Optics (link to LightTrans
website)

« Field Tracing Accuracy Settings (link to LightTrans website)

« Step-by-Step Field Tracing with Modeling Analyzer (link to LightTrans
website)
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Appendix B: Programming in VirtualLab Fusion



Useful Links for Programming with VirtualLab Fusion

»  Cross-Platform Optical Modeling and Design with VirtualLab Fusion and MATLAB

»  Cross-Platform Optical Modeling and Design with VirtualLab Fusion and Python

*  Application of the Programmable Mode of a Parameter Run

*  Coupling of Parameters in VirtualLab Fusion

Automatized Detector Positioning by using Parameter Coupling

. Programming an Axicon Transmission Function

. Programming an Anamorphic Surface

. How to Work with the Programmable Medium and Example (Thermal Lens)

. Programmable Grating Analyzer

. Programming a Degree of Coherence Detector
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« Materials used for the course
VirtualLab Fusion Applications, Technology & Workflows:

Grating Modeling and Design
October 2021, online

« Copyright LightTrans International GmbH, Jena, Germany
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