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Modeling and Analysis of Volume Holographic
Gratings



Abstract

Volume holographic gratings have become
powerful devices in the world of optics,
offering distinct advantages over traditional
surface relief gratings. These elements take
advantage of the uniqgue characteristics of
volume holography, allowing for efficient and
precise control of diffractive elements in a
volume.

In this use case, we demonstrate the
modeling of such a grating in VirtualLab
Fusion, based on the configuration from the
publication Barden, Samuel et al., “Volume-
Phase Holographic Gratings and the
Efficiency of Three Simple VPH
Gratings.”(2000).




Modeling Task — Configuration #1

plane wave
 design wavelength: 1064nm
(to be varied from 300nm to 1.1 um)
* incident angle: 9.18°(*)
* linearly polarized along x-axis

performance evaluation of
the first three transmitted
diffraction orders

X

i—'?— sinusoidal volume grating

e substrate material: N-BK7
e substrate thickness: 3mm
« grating thickness: 20um

y

. ) ) ] . ) ¢ grating period: 3.33 MM system parameters: Barden, Samuel et al.,
(*) We realize inclined illumination by . gra’[ing base material: N-BK7 “Volume-Phase Holographic Gratings and the
. . . i : Efficiency of Three Simple VPH Gratings.”, PUBL
rotating the volume grating accordingly. e ref. index modulation: 0.020 ASTRON SOC PAC 112 (2000).




Modeling Task — Configuration #2

performance evaluation of
the first two transmitted
diffraction orders

plane wave
 design wavelength: 532nm
(to be varied from 320nm to 1.1 um)
* incident angle: 18.61°
* linearly polarized along x-axis

X

yl—’z sinusoidal volume grating (*) Note: the thickness of the coating layer

 substrate material: N-BK7 was not given in the paper. Thus, with the

. _ help of the Parametric Optimization tool, a

In this example, a layer of anti- ’ SUb_Strate_thkneSS' 3mm reasonable thickness was chosen for the
reflective (AR) coating is added to the | * grating thickness: 4 um modeling. Find more information under:
first surface of the substrate * grating period: 833.33nm _ _ -

according to the paper. . grating base material: N-BK7 Introduction to the Parametric Optimization

. . Document
“- ref. index modulation: 0.065

» Coating MgF, thickness: 102.6 nm(*)



https://www.lighttrans.com/index.php?id=2679
https://www.lighttrans.com/index.php?id=2679

Connected Modeling Techniques: Volume Grating

Available modeling techniques for microstructures:

Methods Preconditions Accuracy| Speed Comments
Functional : diffraction angles acc. to grating
- low very high - A
Approach equation; manual efficiencies
Thin E!emept smallest features > ~102 high very high inaccurate for larger NA and thick
Approximation elements; x-domain
(TEA) smallest features < ~21 low very high '
_ period < ~ (54 x 52) very high | high rigorous solution; fast for
Fourier Modal structures and periods similar to
Method (FMM) period > ~ (154 x 154) o slow the wavelength; more demanding

for larger periods; k-domain

In this example, the structures are
similar in size to the wavelength of
light. Thus, a rigorous treatment of
the grating is inevitable, as other
solvers like Thin Element
Approximation (TEA) become
inaccurate. Hence, the Fourier
Modal Method (FMM) is used to
calculate the diffraction efficiency
rigorously.




Customized Volume Grating

Preview for Pregrammable Medium (x-y-z-Modulated) — O X
Edit Programmable Medium (x-y-z-Modulated) X
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2; #region Additional using directives -
28
29 #endregion +
3e
78 public class VLModule : VLBaseModule, VirtuallLabAPI.Core.Modules.ISnippetComplex_Double x_Double_y -2 -1 ] 1 2
In this use case, we intend to generate a
79
Sinusoidally modulated Volume grating using the g? public Complex GetLocalDataPoint(double x, double y, double z, double Wavelength) { v < 2 ) 5
. i 8% #region Main method
Programmable Medium. We define the volume odble teeginarypars - 0.0 Cose || e
1 1 " Zg realPart = dn * Math.Cos((x / MediaPeriodX + y / MediaPeriodY + z / MediaPeriodZ) * Math.PI * 2);
grating based on tne 1oliowing rormuia. -
88 return new mplex(realPart, imaginaryPart);
89 #endregion
%8 }

X z 1 4|1 ergton sntoet
n(x, Y, Z) = dn - cos| 27 - (A_ + Al + A—) 2 [, m:egi; ppet body v
X y z <

“&| |[&* | Check Consistency | Validity: @ Cancel Help

Here, A describes the grating period and dn describes the refractive index modulation.




Grating Order Analyzer

Ideal Plane Wave General Grating 2D Raw Data Detector
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Y:0mm ¥ Y:0mm
Z0mm Z0mm

"\ _Raw Data Detector
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/800"
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Grating Order Analyzer

The Grating Order Analyzer can be used to
iInvestigate the efficiency of the diffraction orders
of a given grating. Find more information under:

Grating Order Analyzer

Edit Grating Order Analyzer

General  single Orders

Output for Evaluated Directions

[[] order Collections [] Transmission

[~] Single Order Output [] Reflection

[] Incident wave

General Output
[[] Summed Transmission, Absorption, and Reflection

[[] Polar Diagram (Angle a Only)

Edit Grating Order Analyzer

General Single Orders

Order Selection Strategy

Selection Strategy | Order Range ~
X Y

Minimum Order | 1|: . e

Maximum Order | 3| = ofs

Coordinates
[[] Spherical Angles [] Cartesian Angles

[[] wave Vector Components  [_] Positions

Rayleigh Coefficients
D Ex [Jey ez
D TE I:l ™



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

Parameter Run

The grating performance is evaluated by varying
the wavelength of the impinging light. Such a
variation of parameters can be achieved using a
Parameter Run.

Usaqge of the Parameter Run Document

1% * 20: Parameter Run

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

(=S HoR ==

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 w
|F ter by... X | [] Show Only Varied Parameters
1.2.'. Object = Category | Parameter | Vary | To | Steps | Step Size | Original Va ~
= Optical | Environmen | System Temperature | O
_Setl.p Pa... _t | Air Pressure _ O
= Medium at | Material (Air) | Constan...| [
“Ideal “-" Qutput... | Material (Air) | Partial P...| [
Plane | =
Wave® Wavelength | & | 300090m | tium [ 81 | 9.9989nm | 1.064
(=0)  Weight _ O
Polarization Angle O
=] Rl Spherical Angle Theta O
Positioning |Spherical Angle Phi ]
) _ (Relative) | Angle Zeta | ]
G‘;r:;‘i’n;" Medium at |Material (N-BK7 Schot.. | [
20 (£ 1) {;: Output | Material (N-8K7_Schot.. | []
BK7 Schott | Material (N-BK7_Schot... ]
in  Material (N-BK7_Schot... | O
HOMOQEN... | paterial IN-RKT Sehat. | [ 7
< >
< Back Next > Show *
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Efficiency vs. Wavelength — Configuration #1

Mumerical Data Array (Equidistant)

Diagram Table  Value at x-Coordinate

=

— Efficiency T[+2; 0]

— Efficiency T[+3; 0]

Efficiency

= ||— Efficiency T[+1: 0] \

Wavelength [um]

T T T T T T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

The resulting diffraction efficiencies of the three

orders are in perfect agreement with the results of
the article.

0.2
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0.0
300 500 700 900 1100
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Result from the paper: Barden, Samuel et al., “Volume-Phase Holographic
Gratings and the Efficiency of Three Simple VPH Gratings.”, PUBL ASTRON
SOC PAC 112 (2000).

Note: The colored areas were added to highlight the discussed results.




Efficiency vs. Wavelength — Configuration #2

m=, 16 Efficiency vs. Wavelength | | . 1 .0
MNumerical Data Array (Equidistant) RCWA MODELS
Diagram Table  Value at x-Coordinate ,.E v=1200 I/mm
— Efficiency T[+1; 0] — 0-8 1
o — Efficiency T[+2; 0] >_ —— VPHI
O 0.6 - — — SR, Trans.
) = — - SR, Refl.
> ° L
;. O 04
™
2 L] 0.2
. . . . . . . . 0.0
320nm 0.4 0.5 0.6 Q7 0.8 0.9 1 1.1
Wavelength ("ldeal Plane Wave" (#0)) [pm] 300 500 700 900 1 1 00

WAVELENGTH (nm)

Despite the unspecified thickness of the anti-reflective

coating, the results obtained in VirtualLab Fusion are in Result from the paper: Barden, Samuel et al., “Volume-Phase Holographic

good agreement with the values given in the pub|icati0n_ Gratings and the Efficiency of Three Simple VPH Gratings.”, PUBL ASTRON
SOC PAC 112 (2000).

Note: The material data for MgF, available in VirtualLab Fusion is only valid Note: The colored areas were added to highlight the discussed results.

for wavelength range from 320nm and upwards.
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document version
required packages
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further reading

Modeling and Analysis of Volume Holographic Gratings

GRT.0037

1.0

Grating Package
2023.2 (Build 2.30)
Application Use Case

Grating Order Analyzer
Usage of the Parameter Run Document
Holographically Generated Volume Grating

Anqular-Filtering Volume Gratings for Suppressing Higher Diffraction Orders

How to Work with the Programmable Medium
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