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Configuration of Grating Structures by
Using Special Media
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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). In the Grating Software
Package, the grating structure can be
configured by using various interfaces
or/and media within a stack. The user
interface to set up the geometry of a
stack is user friendly and can be used
to generate even more complex

Siack Perod s grating structures. In this use case
& (i [Took i Ok | [/ Concal | [ Hele the configuration of grating structures
based on special media is explained.
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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 Structure Settings

First, the thickness and the

material of the substrate (Base

Block) have to be defined.

In VirtualLab grating structures

are defined in a so called

stack.

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

substrate.
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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.
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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.
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Coated Slanted Grating Medium

« In the catalog category “LightTrans
Defined” the coated slanted grating

medium can be found.

* This type of medium enables the
use of slanted grating structures
either with or without an additional
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on a glass substrate.
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Coated Slanted Grating Medium

 Please note: the order of the
interfaces is always counted from Edit Stack
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 T R T
interface) can not be defined here. ,

It is automatically taken from the
material in front of the grating
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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.
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Coated Slanted Grating Medium Parameters

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

The coated slanted grating is a S —
programable medium and defined by =
the following parameters: e [ Q

Catalog Material ~ |2 S

* base material (material of grating)
State of Matter Salid

« fill factor

Index Modulation

« z-extension (grating height along z-

. ] Snippet defines () Index Modulation (®) Index Distribution
direction) Definiion
« slant angle of side walls (left and right) o Ed validty: @
« thickness of coating Paremeters
. . Fill Factor | 0.5]
*  material of coating
ZExtension | 10 |.r|1|
* embedding material (material of grooves) S | 0]
e grating period StanthngleRight | 30
ThicknessOfCoating | 500 rm |
i ngicljaenf:e embedding material
groove :?3; et CoatingMaterial: “Chromium-Cr_(1387+13%_ |5 Load o Edit ':k\ﬁw
EmbeddingMaterial: “Standard Air” 5 load | | J Edit | |Q View
@) Help
Q| d Cancel Help
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Coated Slanted Grating Medium Parameters

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

« As this is a general programmable
medium, the grating period has to
be set in the periodization tab.

* This means also, that the definition
of the grating and its parameters
can easily adapted by adjusting the Periodinz-Direction | sinf o
code, which defines the structure.

Basic Parameters Scaling Perodization

Use Periodization

Period in x-Direction | 10 pm |

Period in y-Direction | Hrf mml
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g 1 X refract}veIndexA{ter = Embeddlngm?terlal.GetComplexT' Temperature [double]
£ |2 < refractiveIndexBefore = BaseMaterial.GetComplexRefr Pressure [double]
t |3 ¢« refractiveIndexCoating = CoatingMaterial.GetComplex MediaPeriodX [double]
EE 4 MediaPeriodY [double]
=il 5 double _tangenslLeft = MathFunctions.Tan(SlantAnglelLeft); :’IE?S;ZTWZMDUHE]
E (7 double _tangensRight = MathFunctions.Tan(SlantAngleRight); y [double]
H 7 double _ridgeWithAtBase = (1-FillFactor) * MediaPeriodX; z [double]
e |8 Wavelength [double]
=
g | g if ) FillFactor [double]
| 18 if z t ) 4 £ tiveTndexBef ) ZExtension [double]
return refractiveIndexBefore; SlantAngleLst [double]
11 } SlantAngleRight [double]
12 else if (z » ZExtension + ThicknessOfCoating) { Thicks ating [double]
13 return refractiveIndexAfter; 1
14 1
15 else {
16 // The following code defines the grating so that the 1
17 // Note that _refractiveIndexCoating = _refractiveIndex
18
19 double positionLeftFlank = z * _tangensLeft;
20 double ridgeWidth = _ridgeWithAtBase + z * _tangensRigh
21
22 if (ridgeWidth < @ || ridgeWidth > MediaPeriodX) { // t,,
= . - - e 3
ald Carcel || Hep
| |5 | Check Consistency | validity: @ Cancel Help
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Advanced Options & Information

* In the propagation menu several
advanced options are available.
- The propagation method tab I Rt
aIIOWS to edlt the accuracy %B;;";FE.TE?;-" Component Propagation Fourier Modal Method ~ /@
settings of the FMM algorithm. [T —r ot o e
»  Either the numbers of considered O || | o Preitoe o i
total orders or evanescent orders Q@
can be set. Fircion
f
- This might be useful, if metallic E Al re—
gratings are considered. O Number of Diffraction Orders
) ) . ® Nqungfi:r;firIIEvanesgntDarﬂers s
 In contrast, in case of dielectric (considenng Al Fropsgatng Qrers
gratings, the default setting will be Number of Evanescent Orders [ 50]3
sufficient. e —
Preview Wavelength 532rm 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 il “S |
Transition Point Decomposition v !
settings can be used to adjust the T orberefovers (s e
discretization of the structure. The S—
default settings are appropriate for @ e
nearly all grating structures. J B Becurscy Facor

 Further, information about the % I ’
number of layers and transition -
points are provided. L

« The Decomposition Preview button “’”B}
provides a depiction of the structure o —
data which are used for the FMM i =
calculation. The refractive index is Carcel | | o

illustrated by a color scale.
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Advanced Options & Information

The decomposition preview of the
defined coated slanted grating.

VirtualLab suggests a
discretization in 51 layers (1 layer
IS representing the substrate)

Decomposition Preview
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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)

Decomposition Preview

I

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
Tools 1§+ Real Part of Refractive Indices
~ 2.9788...
oo
o
E
= 1.98095...
=
-
(o]
w 1.0002...
0.002 0.004 0.006 0.008 0.01
Z [mm]
£ >
a

Edit General Grating 2D

Propagation Methods ~ Advanced Settings

Layer Decomposition

[(®) Automatic

Overall Thickness

Geometry /
Liziss Accuracy Factor 2
() Manual
Mumber of Layers (First Stack)
Pasition /
Qrientation

10.5 m

@

ransition Point Decomposition

Structure / Mutomatic
Function © A
Accuracy Factor
$ (O Manual
Propagation
Period 10 pm
Information

37 propagating orders (for perpendicular incident).
87 diffraction orders are used for calculation.
Total number of layers: 101

inimum transition point distance: 100 nm
Remoave Redundant Data

Decomposition

Preview Wavelength QK

Cancel

16




Volume Grating Medium



Volume Grating Medium

« Another type of medium which can

be used for the configuration of
gratings is the volume grating g
medium. m
@
« This interface allows to configure k:
a modulations of the refractive =

Indexl WhICh WaS e'g' generated Index | z-Distance | z-Pesition Interface Subsequent Medium Com

by holographic exposure. q | o o

Plane Interface Volume Grating Med._.,|

= 7 = 7 9
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« Again, two plane interfaces are
used as boundaries of the
medium.
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Volume Grating Medium Parameters

In order to describe volume grating
VirtualLab simulates the
interference pattern of a certain
number on impinging waves.

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

Further, the period and orientation of
the index modulation are controlled
by the angle of incidence (alpha)
and wavelength of reference and
signal wave.

Moreover, by introducing a
guantized k-space respectively
incidence angle, the numerical effort
can be reduced significantly.

(pls. also see further documentation
concerning volume gratings).

Edit Volume Grating Medium x

Basic Parameters  Scaling  Periodization

Halographic Material
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Catalog Material

State of Matter Solid
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Directions are defined in (® Vacuum () Holographic Material
Representation of Direction Cartesian Angles ~
No. | Power Factor | Alpha | Alpha (Quant.) | Dir. | Wavelength (Vacuum) | Wavelength (Medium)
1 I o o614 > 532 nm 355.8411042 nm
2 1 0" 0" - 532 nm 3558411042 nm
£ >
Append Edit Delete
Test Period x-Direction | 10 um
\ (defines k space discretization)
Structure Period x-Direction: 833.3333333 nm
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QA oK Cancel Help

19



Volume Grating Medium

Parameters

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

Edit Stack
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Interferogram  |ndex Modulation

Directions are defined in (® Vacuum () Holographic Material

Representation of Direction Cartesian Angles ~

No. | Power Factor | Alpha | Alpha (Quant.) | Dir. | Wavelength (Vacuum) | Wavelength (Medium)
40" 39676147 » 532 nm 355.8411042 nm
0 0 -+ 355.8411042 nm

(Append | | Edt || Delets |

Test Period x-Direction | 10 um

(defines k space discretization)

Structure Period x-Direction: 833.3333333 nm
Structure Period z-Direction: 3.716248314 pm

0K || Cancel || Help
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Advanced Options & Information

Again, the data of the
decomposed structure can be
adjusted and investigated on the
advanced settings tab page.
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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
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Thickness of First Stack: 10.5 pm; Thickness of Base Block: 10 mm

MNote: Coordinates are shifted by half a peried.
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Remark on the Position of the Detector



Remark on the Detector Position

* In VirtualLab the detector is located

. . = 1: Light Path Editor (D:\user\...\UseCase.ConfigurationGrating.Usinglntefaces_Saw‘;
subsequent to the substrate in air & pan | 52T Detectors | (2@ Analyzers| & Logging | |
by defaUIt' Start Element TﬂrgetEIemeli;

. . . . . dndex Type Channel Medizrn Index Tipe

[ ] ThIS IS necessary If the gratlng IS 0 |ldeal Plane Wave = Air in Homogeneous Medi . 1 |General Grating2D§
. . . 1 | General Grating 20 T Air in Homogeneous Medi ... ¥
included in a complex optical setup. 1
 However, the perfect plane and - {
parallel substrate may cause some |@ wwea- St o

Interference effects, which not
occur in reality.

° ThUS, for Calcul ation Of jUSt grating = 1: Light Path Editor (D:\user\...\UseCase.Conf rationGrating.Usinglntefaces_Sawé
efficiencies it is appropriate to set oG o | =Gy Deiocurs | R0 e | S tosoms |
the detector inside the substrate . e - | ot
material (likewise to most of grating | —t=ren o ek deeees
evaluation software). ?

« This avoids the undesired influence |« *;
of those interference effects. o | e i Erne;
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