G.007 Coated Slanted Grating

A coated slanted grating is generated with the Programmable
Medium of VirtualLab™. The reflectance of this grating is then
analyzed in the Parameter Run for different orientations of the
grating.
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Required Toolboxes: Grating Toolbox
Related Application Scenarios: G.014

Related Tutorials: G.001a
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Modeling Task

Coated Slanted Grating
Period 10 pm:

Thickness: 10 pm
Slant Angle: 20°

|deal Plane Wave
IHlumination

Rotate about y-Axis

Diffraction Pattern




Parameters of a Slanted Coated Grating

a — Slant angle 1 — Embedding Material
a/b - Fill factor 2 — Base Material

d — Thickness of coating 3 — Coating Material

z — Z-extension of grating

a+b  — Period of grating
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Modeling in VirtualLab™

As a coated slanted grating cannot be described as
h(x), it must be modeled as Programmable Medium.

The snippet G.007_COMPLETELY_COATED_SLANTED
_GRATING.sNP is used to model the surface profile
and the coating of the grating. The snippet allows the
specification of the grating parameters.

A further snippet G.007_PARTLY_COATED_SLANTED
_GRATING.sNP specifies a slanted grating where the
sides of the “ridges” are not coated.

To analyze this medium rigorously with the Grating
Toolbox, it is placed in the first stack of a grating
component.




Changing the Parameters of the Grating

The parameters of the grating can be adjusted in the edit dialog of the
programmable medium
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Changing the Parameters of the Grating

=
Edit Programmable Medium [J{—y—z—MDduIated-

=
Edit Programmable Medium [J{—y—z—MDduIated-

Basic Parameters |Scaling I F‘en'odization|

rBase Material
Mame |Fused Silica

Q’V-IBW

[Catalog Material

State of Matter

L

| Basic Parameters I Scaling | Perindization |

Use Pericdization

Pericd in x-Direction

Period in y-Direction

Index Modulation

Snippet defines () Index Modulation @ Index Distribution

double slitWidth = FilFactor * MediaPerodX,; -
Complex refractivelndexAfter = EmbeddingMaterial GetComplexRefractiveindex(Wavelengt [
Complex refractivelndexBefore = BaseMaterial GetComplexRefractive index{Wavelenagth); |=
Complex refractivelndexCoating = CoatingMaterial GetComplexRefractivelndex(Wavelength|

double centerPosition = z * Math. Tan(SlantAngle);
double distance ToCenterPosttion = {x - slitWidth / 2 - centerPosition) % MediaPeriodX; // T
if (distance ToCenterPosition < 0) {

distance ToCenterPosition += MediaPerodX;

i

if (distance ToCenterPosttion > MediaPerodX / 2) { // f this is the case than the next center _
dAistanraTaCantarPneitinn -= Madiz Parind¥-
1 | m | 3

Source Code Editor

FillFactar ] Programming Tools

ThicknessCOfCoating Look for Snippets at
ZExtension www.lighttrans.com.
Ask for Customized
Snippets by E-Mail.

Pericd in z-Direction
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Changing the Parameters of the Grating
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Edit Programmable Medium [x-y—z-ModuIated-
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Index Modulation

Snippet defines () Index Modulation @ Index Distribution

Source Code | Global Parameters

Global Parameters

Variable Name

| Maximum

Slantfngle
FillFactor

double slitWidth = FilFactor * MediaPeriodX; -
Complex refractive IndexAfter = EmbeddingMaterial GetComplexRefracti (Wavelengt _‘

Complex refractiveIndexBefore = BaseMaterial GetComplexRefractiveIndex(Wavelength), |=

(Complex refractiveIndexCoating = CoatingM;

ial GetComplexRefractivelndex(Wavelengtt| |
double centerPosition =z * Math. Tan(SlantAngle);
double distance ToCenterPosition = {x - slitWidth / 2 - centerPosition) % MediaPeriodX; // T
if (distance ToCenterPosition < 0) {
distance ToCenterPosition += MediaPeriodX;
H

if (distance ToCenterPosition > MediaPeriodX / 2) { // if this is the case than the next center _
distanraTnlCartarPneitinn -= Madiz Parind¥-
| i |
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Adjusting Number of Layers and Transition Points

« Set the number of
e S —— layers and transition
points so that the
coating is resolved.

Owerall Thickness

« You may check this
with the
Decomposition Preview

are
Total number of layers: 150
Minimum transition point distance: 66.667 nm

Remove Redundant Data

Preview Wavelength 532 nm OK | [ Camcel |[ Help |




Varying Cartesian Angles

,

Position of this Element's Input fds with Respect to
Reference Element 0: Ideal Plane Wave

Reference Output Channel

Preview \Wavelength

« On the Position /
Orientation tab of the
component dialog,
you can specify that
the Cartesian Angles
shall be varied

Changing the
Cartesian angle a
means a rotation
about the y-axis.




Parameter Run (Variation of )

m 41: Parameter Run from 37: Light Path Editor (Coated_Slanted_Grating.lpd #37)

Parameter Specihication
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.
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Parameter Run (Variation of a)

a

m 41: Parameter Run from 37: Light Path Editor (Coated_Slanted_Grating.lpd #37)

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

fou can 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 dialog is displayed.

Detecting Device Edit Dialog
Virtual Screen #2601 u Open
Grating Efficiency Analyzer (20) #3800 Open

[ Show LFD

Results in




Parameter Run (Variation of )

m 42: G007 _Coated_Slanted_Grating_Alpha_Variation.run
Resulis
Start the parameter run and analyze its results
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Sample Results

You can see the
direction of the
incident wave as
well as direction
and efficiencies of
the reflected

~1 < orders for different
e T s T — e incident angles.

B 5 0= -0 [ 45: o - 80 (==
Diagram | Table Diagram | Table

-60°
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Sample Results

Due to the
coating, the
transmitted orders
can be neglected.

The angle a
specifies the

por i Mo i orientation of the
e T T T e grating relative to
[ITEs e S5 the incident wave.
Thus the angle of
the incident wave
relative to the
grating has the
/- opposite angle
than a.

=— |ncident Wave




Back reflection for a = + 70°

« One can clearly see that for an angle a of +70° there
is quite a strong reflection back into the direction of
the incident beam as in this case the light
propagates perpendicular to the side walls of the
grating.

T\TP




Back reflection for a = - 40°

« One can clearly see that for an angle a of -40° there
is quite a strong reflection back into the direction of
the incident beam as in this case the light reflected
on the side walls of the grating propagates
perpendicular to the base of the grating.




Conclusion

« VIRTUALLAB™ enables the rigorous simulation of
light diffraction at user defined gratings.

 User defined surface and index modulations can
be modeled by the Programmable Interface and
the Programmable Medium, respectively.

« The Programmable Medium allows the definition
of global parameters that can be varied in the
Parameter Run.
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