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Configuration of Grating Structures with
Two-Dimensional Periodicity



Abstract

Complex optical grating structures are
widely used for several applications such

as spectrometers, near-eye display
systems, etc. VirtualLab Fusion provides
rigorous analysis of arbitrary grating
structures in an easy way by applying the
Fourier modal method (FMM, also known
as RCWA). With the graphical user
Interface, one can set up the geometry of
a stack, so to generate complex grating
structures. This use case is focused on

the configuration of grating structures
which exhibit a two-dimensional
periodicity.
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This Use Case Shows ...

How to configure two-dimensional grating structures in Grating Toolbox by
using

- medium-based definition type

— interface-based definition type

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

« note: In VirtualLab grating structures, which exhibit a two-dimensional
periodicity are called 3D gratings. Consequently, lamellar gratings (1D-
periodicity) are called 2D gratings.




Grating Toolbox Initialization

* Initialization

- Start =
Grating =
General Grating Light Path Diagram
(3D Gratings)
« note: For usage of special type of grating,
e.g. pillar grating, the specific light path
diagram can be chosen directly.
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2D Gratings

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
Volume Grating Light Path Diagram
Programmahble Grating Light Path Diagram
Sampled Grating Light Path Diagram
Transition Poirt List Grating Light Path Diagram
3D Gratings

zeneral Grating Light Path Diagram ]
Fillar Grating Light Path Diagram
LLGA Results
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Grating Structure Settings

* First, the thickness and the material = R —— i

-~ Grating Order Analyzer
Field Inside Component Ar E

of the substrate (Base Block) have e
to be defined. D—— -

* In VirtualLab grating structures are

defined in a so called stack. T | e
« Stacks can be attached to either e || =
one or both sides of the substrate. @ | - o
[ﬁ] ) ) FE ) m < b3 P;? ij::::larsmﬁﬁ Edit Q, View St_z:k Vd Q
Stzi:?( _E§:> Block Base Ij:c_k Stack Stﬂir;:_l?»;se Block _._.ﬂ?j_ﬁ}_.“
Sta7dd< ;e Block
* For example, a stack on the first

Interface Is chosen.




Medium-based Definition Type
(Example: Pillar Grating)



Stack Editor

* |n 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.

Index | z-Distance | z-Position

{

Validity: €3

Period

| Add | Insert || Delete

Stack Periodis | Independent from Interface/Media Period

Stack Period | 0pm| x | 10 pm |

i 0 Mini 0
Fiter by_ X
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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 pillar gratings, can be
described very efficiently.

erby. x|
Q) 7] X 7] Show Preview

Edit Stack

Index | z-Distance | z-Position

MWpm  10pm

Validity: €

Period

Subsequent Medium
Flzne Interface Air in Homogeneous...
= 7/ = 7/ Q

E d Base Block | |7

Flane Interface

'

eneous M Enter your commen

Stack Period is

' Independent from Interface /Media Period

v]
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Pillar Grating Medium

* In the catalog category “LightTrans
Defined” the Chromium Pillars can be
found in the pillar media category.

« This type of medium enables e.g. the
simulation of pillar structure as well as pin
holes on top of a substrate.

* |In this example, rectangular pillars which
consist of chromium are located on a fused
silica substrate.

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

* note: The stack editor will always provide a
cross-sectional view of the x-z plane.

Edit Stack

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

Flane Interface Chromium Pillars (wi...
= 7/ & = 7 Q

Adr in Homogeneous M Enter your commen

E ._._hl Base Block

2 10pm  10pm Flane Interface

>

{

Validity: € Add || Inset || Delete |
Period
Stack Periodis | Dependent from the Period of Medium v | with Index |1 K
Stack Penod 400nm| x 400 nm
=] OK |[ Cancel [[ hHep |




Pillar Grating Medium

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

* The selected interface is highlighted in red.

« 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.

3 3: Optical Setup Editor #3 (Pillar
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Index
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Period
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Add || Insert || Delete|
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Pillar Grating Medium

Edit Stack

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

* |In case of a grating exhibiting a two-
dimensional periodicity the period has to
be defined in x- and y-direction.

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

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

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

Flane Interface Chromium Pillars (wi...
= 7/ & = 7 Q

Flane Interface

E ._._Nl Base Block |

2 10pm  10pm Adr in Homogeneous M Enter your commen

{

>

) Validity: @ Ad || Inset || Delete |
medium. Ferod
Stack Periodis | Dependent from the Period of Medium v | with Index
Stack Period 400nm|  x 400 nm
OK | [ Cocel |[ el ]
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Pillar Grating Medium Parameters

The pillar grating is defined by the following
parameters:

* base material (material of grooves)

« pillar material (material of ridges)

« shape of pillars (either rectangular or elliptic)

« pillar distance in x-direction (horizontal)

« pillar distance in y-direction (vertical)

« row shift (allows a displacement of rows)

« grating period in x- and y-direction

row shift pillar distance in

pillar distance \X\ y-direction
iq x-directioln

' pillar size in
y-directio

pillar size i;l
x-direction
grating pillar

height material

g period in
y-direction

Edit Pillar Medium (z-Independent]

Basic Parameters  Scaling  Periodization

Basze Material
MName [Air C{,
Catalog Material Vdll=]
State of Matter Gas or Vacuum
Fillar Material
Name [Chromium-Cr_(1554) Q
Catalog Material Vdll=]
State of Matter Solid
Fillar Size and Shape
Shape () Rectangular (®) Elliptic
Diameter | 200 nm| x | 200 nm |
Horizonta! Fillar Distance
Vertical Pillar Distance
Row i i
Period 400nm| x 400 nm
ol @ Cancel | [ Help
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Pillar Grating Medium Parameters

« The period of the pillar grating is calculated
based on pillar size and distance
automatically.

* Thus, it cannot be set individually and the
boxes are shown grayed out.

Edit Pillar Medium (z-Independent]

Basic Parameters  Scaling  Periodization

Basze Material
MName [Air O&
Catalog Material v | 2
State of Matter Gas or Vacuum
Fillar Material
Name [Chromium-Cr_(1554) {:}§
Catalog Material v | 2
State of Matter Solid
Fillar Size and Shape
Shape () Rectangular (®) Elliptic
Diameter | Z'I]'Dnm| x | Zﬂll]'nm|
Herizontal Fillar Distance
“ertical Pillar Distance 200 nm
Row i i
Period 400nm| x 400 nm
ol @ Cancel | [ Help
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Advanced Options & Information

* In the propagation menu several advanced
options are available.

 The propagation method tab allows to edit
the accuracy settings of the FMM algorithm.

 Either the numbers of considered total
orders or evanescent orders in each
direction can be set.

» This might be useful, especially if metallic
gratings are considered.

* In contrast, in case of dielectric gratings,
the default setting will be sufficient.

Edit General Grating 2D

Propagation Methods ~ Advanced Settings
Component Propagation Fourier Madal Method w - Edit
Geometry /
Channels
Interface Stack Medium
Plane Interface Stack Fused Silica in Homogen ..
Fourier Modal Metho Fourier Modal Metho Fourier Mogel Metha
Position /
gr[iﬁ:-,{;?[,n Plane Interface Stack
- Fourier Modal Metho
Structure /
Function
$ Parameters to Specify
Propagation (") Number of Diffraction Orders
® Number of Evanescent Orders
(Considering All Propagating Orders)
Mumber of Evanescent Orders X =
Number of Evanescent Orders Y =
Cancel Help
i Bag
Preview Wavelength | 532 nm Cancel Help
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Advanced Options & Information

_The Advgnced Settings tab prow_d_es oron e (BT
iInformation about the decomposition of the ;@. Loy Decampestion
structure. ! || O :
., . . . ) Manual
*  The Layer Decomposition and Transition )2 A
Point Decomposition settings can be used Grenier
to adjust the discretization of the structure. @ e o
. . Transition Point Decomposition
The default settings are appropriate for St/ || © suomate
nearly all grating structures. > e 1
« Further, information about the number of Propagaion
layers and transition points are provided. e
« The Decomposition Preview button e
provides a depiction of the structure data e T
which are used for the FMM calculation. R e
. . . . | Remove undant Data [
The refractive index is illustrated by a color W |
Scal e . Preview Wavelength | 532 nm Cancel Help
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Advanced Options & Information

« The decomposition preview of the defined p—— -

. . . ; Propagation Methods
pillar grating (top view). ﬁ. S

Err (@) Automatic

« VirtualLab suggests a discretization in 2 e Accuracy Fackr 1
layers (1 layer is representing the /@ e
substrate). Gromtapon

1 Overall Thickness 10 pm
Decomposition Preview X
Transttion Point Decomposition
Neote: Coordinates are shifted by half a peried. }
) Structure / (® Automatic
Diagram  Table = Value at fcy) Function
N
Real Part of Refractive Indices Accuracy Factor 1
DO (0 Manual
@
- Propagation
S
u
& : — —
_ Period 400 nm 400 nm
£
= N 1.9321..,
= /
2 Information
(=]
_ 3 * 3 propagating orders (for perpend incident).
o 13~ 13 diffraction orders are used for calculEwag,
a Total number of layers: 2
= Minimum transition point distance: (8 nm; 8 nm)
1.0002...
005 01 015 02 025 03 035 Decomposition
Remove Redundant Data Previow
X [um] ||
Maximum Layer Index: 2 .
Layer Fosition: 0 mm Preview Wavelength | 532 nm Cancel Help
E Layer Index 1 Layer Thickness: 10 pm Close
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Interface-based Definition Type
(Example: Truncated Cone Grating)



Stack Editor

Edit Stack

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

 In the category “2D Grating
Interface” there are two different
Interfaces for definition of 3D
grating structures.

Index | z-Distance | z-Position

{

Validity: €3

Period

| Add | Insert || Delete

Stack Periodis | Independent from Interface/Media Period

Stack Period 10 pm

1 Extension | mm]  Minimom | Maximum | O]

[ =]
@ [Tools | [ Show Preview [Cok ][ Comeel | [ Heb | I OK || Cancel || Help
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Truncated Cone Grating

In this example, the “Truncated Cone
Grating Interface” is used.

This type of interface enables e.g. the
simulation of anti-reflective structures with
a circular shape.

In this example, cones which are made of
fused silica located on a substrate of the
same material.

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

note: The Stack Editor will always provide
a cross-sectional view of the x-z plane.

Edit Stack *
LY
[&]
o
(a]
@
wn
1]
o
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
N Truncated Cone Gra...| &ir in Homogeneous... £
1 0 mm 0 mm - ter ) }
i i B 7 @ = /7 6 nter your commen
£ >
Validity: @ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface ~ | with Index |1 =
Stack Penod Spm| x 5 pm
GHl| [ |Teols 5§« oK Cancel Help
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Truncated Cone Grating

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

* The selected interface is highlighted in red.

« 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.

= T ( cal Setup (. | |
-8 Path ‘ I:E Deleciors ‘ [*3= ® Analyzers ‘ L Logging ‘
Start Element arget Element ——
Inclex Type Channsl Medum lndex T Propagation Method OalOF
e i
0 Ideal Plane Wave - 27 1 Pillar Grati g Nare
1 | Fillar Grating T |Fused SIMCa n Homogene
< >
Simulation Engine | Ciassic Field Tracing o [pee ]

Edit Stack

Index | z-Distance | z-Position |

Interface

| Subsequent Medium |

Com

2 1 0 mm 0 mm

{

Validity: €

Period

runcated Cone Gra...| Air in Homogeneous...

T,
B /7 B / Q. Enter your commen

>

Stack Periodis | Dependent from the Period of Interface

Stack Period

5 pm

x

Add || Insert || Delete |
] viodes [T ]
5 pm

oK || Cancel || Help |
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Truncated Cone Grating

Further, the material of the cones is
automatically taken from the material
subsequent to the interface.

In this example, this means, that the
material of the substrate (base block) is
used.

If the grating structure is made of a
different material, an additional plane
Interface has to be added in order to
separate the grating structure from base
block.

Afterwards, the material between the
truncated cone and the plane interface can
be chosen as desired.

Edit Stack *
LY
[&]
o
(a]
@
wn
1]
o
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
N Truncated Cone Gra...| &ir in Homogeneous... £
1 0 mm 0 mm - ter ) }
i i B 7 @ = 7 9 nter your commen
£ >
Validity: @ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface ~ | with Index |1 =
Stack Penod Spm| x 5 pm
GHl| [ |Teols 5§« oK Cancel Help
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Truncated Cone Grating

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

* In case of a grating exhibiting a two-
dimensional periodicity the period has to
be defined in x- and y-direction.

« 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 the Period of Interface
and select the proper index of the periodic
Interface.

Edit Stack *
LY
[&]
o
(a]
@
wn
1]
o
Fd |
X
Index | z-Distance | z-Position Interface Subsequent Medium Com
N Truncated Cone Gra...| &ir in Homogeneous... £
1 0 mm 0 mm - ter ) }
i i B 7 @ = 7 9 nter your commen
£ >
Validity: @ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface ~ | with Index |1 =
Stack Penod Spm| x 5 pm
GHl| [ |Teols 5§« oK Cancel Help
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Truncated Cone Grating Parameters

The pillar grating is a programable interface
and defined by the following parameters:

height of cones

height factor (e.g. allows to invert the structure
diameter at the top

diameter at the bottom (base)

grating period in x- and y-direction

the materials are automatically set

Edit Programnmable Interface

Interface Specification
Algorithms

Snippet for Height Profile
(®) Numerical Gradient Calculation

() User-Defined Gradient Calculation

Structure  Height Discontinuities  Scaling of Elementary Inteface

./ Edit

Accuracy Factor

Periodization

Parameters
Height
HeightFactor

BaseDiameter

TopDiameter

Inner Defintion Area |l
Size and Shape

Shape (®) Rectangular

O Elliptic

Size | 5|.rn| P | 5pm

Effect on Field Outside of Definttion Area

Position of Sumounding Interface Flane

Specification Mode A
Boundary Minimum ~

z-Position -4ym

' | [Tools ¢~

OK

Cancel Help:
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Truncated Cone Grating Parameters

o
o AS th I S IS a. g e n e ral p rog ram m ab | e Structure  Height Discontinuities  Scaling of Elementary Interface  Periodization

Use Pericdization

interface, the grating period has to be set S N E—
In the periodization tab. e

Size and Shape

Shape (®) Rectangular () Elliptic

 This means also, that the definition of the T T
grating and its parameters can easily T
adapted by adjusting the code, which oo S i e
defines the structure. Sposifcoion Hode n

Boundary Minimum ~
Source Code Editor m} X =-Position 4 m
"y

Source Code  Global Parameters  Snippet Help  Advanced Settings 0 z-Position
5 [g // return value of profileHeight 7 x:gtzg:g::;ﬂggtﬂ:} Edit Inner Definition Area
§ ] double profileHeight = @.@; x [double]
= ] y [double]
£ |12 // radius of base and top surface :Eigmgdﬂd“h‘egl "
- 12 double baseRadius = Math.Abs(BaseDiameter/2); B:;geD\aame?;r[[SSuhi]a]
§ 13 double topRadius = Math.Abs({TopDiameter/2); TopDiameter [double]
B 14 [/ distance of point (x,y) from (©,8)
£ 15 double r = Math.Sqri(x*x+y*y);
B |16

17 [/ define profileHeight

18 17

19 // case 1: TopDiameter equals (or greater than) BaseDiameter

28 if(topRadius »= baseRadius){

21 // point is inside (for outside the profileHeight - @ is set

22 if(r<=baseRadius){

23 profileHeight = Height;

24 }

25

26 elsef

27 // case 2: BaseDiamter and TopDiamter are different

28 // compute height of side walls and cut off at © and Height,

29 || profileeight - Nelght (hasstacius - 1) / (baseRadivs - topta

4 3

1

5] = Check Consistency | Validity: !2 Cancel Help lg Tools f;' Cancel He“)
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Advanced Options & Information

Again, in the propagation menu several
advanced options are available.

The propagation method tab allows to edit
the accuracy settings of the FMM algorithm.

Either the numbers of considered total
orders or evanescent orders in each
direction can be set.

This might be useful, especially if metallic
gratings are considered.

In contrast, in case of dielectric gratings,
the default setting will be sufficient.

Edit General Grating 2D x

Propagation Methods ~ Advanced Settings
Component Propagation Fourier Madal Method w - Edit
Geometry /
Channels
Interface Stack Medium
. Plane Interface Stack Fused Silica in Homogen ..
Fourier Modal Metho Fourier Modal Metho Fourier Mogel Metha
Position /
gr[iﬁ:-,{;?[,n Plane Interface Stack
- Fourier Modal Metho
Structure /
Function
Fourier Modal Method
$ Parameters to Specify
Propagation (") Number of Diffraction Orders
® Number of Evanescent Orders
(Considering All Propagating Orders)
Mumber of Evanescent Orders X =
Mumber of Evanescent Orders =
Cancel Help
i Bag
Preview Wavelength | 532 nm Cancel Help
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Advanced Options & Information

- :
. _The Advgnced Settings tab prow_d_es ot s (T
Information about the decomposition of the ;@. Layer Decormpostion
structure. ! || O 1
« The Layer Decomposition and Transition /& R
Point Decomposition settings can be used Grenier
to adjust the discretization of the structure. @ TDP”:“S
The default settings are appropriate for o) || e
nearly all grating structures. > T ‘
* Further, information about the number of Propagatr
layers and transition points are provided. .
« The Decomposition Preview button S
provides a depiction of the structure data e e
which are used for the FMM calculation. e et o—
The refractive index is illustrated by a color ”""""”\L
scale. Proview evclengt | sizm Cancel | [ elp
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Advanced Options & Information

« The decomposition preview of the defined

. . . Propagation Methods
pl”ar gratlng (top VIeW) . ;@‘ Layer Decomposition

Err (@) Automatic

« VirtualLab suggests a discretization in 21 e Accuracy Fackr 1
layers (1 layer is representing the e
substrate). Coninor

Decomposition Preview X

&

Mumber of Layers (First Stack)

Overall Thickness 4 pm

@

Transttion Point Decomposition
Mote: Coordinates are shifted by half a period. Shchee @ Automatic
Diagram  Table = Value at fxy) Function
Real Part of Refractive Indices Accuracy Factor 1
L () Manual
=
= Propagation
n
= ” Period 5pm 5 pm
El 1.2306...
- —
o~ Information
= 27 * 27 propagating orders (for perpemisylar incident).
_ 37 * 37 diffraction orders are used for calculm
Total number of layers: 21
= Minimum transition point distance: (100 nm; 100 nm)
1.0002...
WU R 2 a8 2E 4 s Remove Redundant Data Deo;rr;“lpiﬁ':hnn
X [um] |I
Maximum Layer Index: 21 .
Layer Position: 0 Preview Wavelength 532 nm Cancel Help
E Layer Index 1= L:;:FTrﬁsc:‘kll?enss ?[I;[\) nm Close |
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Advanced Options & Information

« By browsing through the different layers,
the decomposed structure can be
Investigated in detall.

Decompesition Preview *

MNote: Coordinates are shifted by half a period.

Diagram  Table ~Value at fx.y) '\Q

Real Part of Refractive Indices )Q(

05 IN1S 2 25 3 35 4 45

@5 1 15 2 25 3 35 4 45
X [pm]

¥ [um]
05 1 15 2 25 3 35 4 45

05 1 15 2\ 25 3 35 4 45

05 1 15 2 25 3 35 4 45
X [um]
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Advanced Options & Information

» |f the numbers of layers and transition
points are increased (e.g. by a factor of 2),
the discretization becomes smoother, at
the expense of increased numerical effort.

Decomposition Preview *

Edit General Grating 3D x

Geometry /
Channels

e

Position /
Ornientation

Propagation Methods  Advanced Settings

Layer Decomposition

(@) Automatic

Accuracy Factor 2
() Manual

Mumber of Layers (First Stack)

Overall Thickness 4 pm
Transttion Point Decomposition
(® Automatic

Accuracy Factor 2
() Manual

Period 5pm 5 pm

Information

27 * 27 propagating orders (for perperm
37 * 37 diffraction orders are used for calcu
Total number of layers: 41

Minimum transition point distance: (50 nm; 50 nm)

Remove Redundant Data

lar incident).

Decompaosition
Preview

Mote: Coordinates are shifted by half a period.
Diagram  Table Value at fry) @
Real Part of Refractive Indices
Structure /
1.4611... Function
[Ty
-
-
L
Propagation
[1a]
£
£z 1.2306..
=
™~
u
[=]
1.0002...
05 1 1.5 2 25 3 35 4 45
X [pm]
Maximum Layer Index: 41
Layer Position: 0 mm Preview \Wavelength
]g Layer Index 1 Layer Thickness: 100 nm Close g |

532 nm

QK Cancel Help
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Remark on the Detector Position

In VirtualLab the detector is located
subsequent to the substrate in air by
default.

This is necessary if the grating is included
In a complex optical setup.

However, the perfect plane and parallel
substrate may cause some interference
effects, which not occur in reality.

Thus, for calculation of just grating
efficiencies it is appropriate to set the
detector inside the substrate material
(likewise to most of grating evaluation
software).

This avoids the undesired influence of
those interference effects.

>

B 1: Light Path Editor (D:\user\...\UseCase.ConﬁgurationGrating.UsingIntefaces_Saw@

'

r

".‘(. Path Ii:_— Detectors | [*2/ @ Analyzers :g‘ Logging E

4

2

Start Element Target Elemai}i

Indax Type Channs/ Madium Indiax Type ?;

0 |ldeal Plane Wave - Air in Homogeneous Medi . 1 | General Grating 20 ci

1 | General Grating 2D T Air in Homogeneous Medi . b

y

E

N 3

?

@ Tools 4+ Simulation Engine%
Brer—mn o b e e ]

'

E 1: Light Path Editor {D:\user\...\UseCase.ConﬁgurationGrating.UsingIntefaces_Saw@

Fd

2

"C{. Path -i:, Deteciors | [*3 @ Analjzers 3 Logging E

b

Start Element Target Elemalill

Indax Tipe Channel Mefi Index Tipe &

=

Ideal Plane \Wave

i
Air in Homomeous Medi ..

1

General Grating 20 3

1 | General Grating 20

T

Fused_5ilica in Homogen ..

SRR o R

Bl | |Teols i«

e — e

™

Simulation Engine
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