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Angular-Filtering Volume Gratings for Suppressing
Higher Diffraction Orders



Abstract

Holographic volume gratings, which are
usually made by two-/mult-beam
Interference, are known for their
wavelength and angle sensitivities.
Because of that, they can be designed to
work as angular stop filters. In this
example, following the work of Bang et
al., construct volume gratings, analyze
the angular sensitivities of them, and then
use one of the grating as a angular filter
In a beam-splitting DOE system. The
supression of the undesired higher
diffraction orders are shown in the
simulation.




Modeling Task

input field
wavelength A=532nm
fundamental Gaussian
waist radius 200 um

‘ beam-splitting DOE
- one beam to 2x2 beams

four-level structure
fused silica
(top view)

input
field

On the holographic volume grating, we show
- how to analysis its angular sensitivity, and
- how to use it as an angular filter in e.g. a DOE beam-
splitting system to get rid of the undesired higher diffraction
design orders.
orders

holographic volume grating
- thickness 2mm/ 50 um

... - constructing angles +5°/+10°
- refractive index modulation

. ) 0.0035/0.017

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
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The FMM / RCWA is used to calculate
the transmittance and reflectance of
the holographic volume grating.
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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
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The FMM / RCWA is used to calculate
the transmittance and reflectance of
the holographic volume grating.
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Original Beam-Splitting DOE System

input field
wavelength A=532nm
fundamental Gaussian
waist radius 200 um

018 higher order
(undesired)

beam-splitting DOE -
one beam to 2x2 beams
four-level structure
fused silica

0.09

Y [mm]
0

(top view)




Angular Filtering Effect of Volume Grating

input field
wavelength A=532nm
fundamental Gaussian
waist radius 200 um

DO?

holographic volume grating
... - thickness 50um
- constructing angles +10°
- refractive index modulation 0.017

Chromatic Fields Set

Data for Wavelength of 532 nm [(V/m)~2]

0.4

Y [mm]
0

higher orders
effectively
supressed




Angular Filtering Effect of Volume Grating

input field

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

DOE/

transmittance vs
incidence angle

A )

holographic volume grating
- thickness 50um
- constructing angles £10°

Numerical Data Array

Chromatic Fields Set

Data for Wavelength of 532 nm [(V/m)~2]
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The specially designed angular
response helps supress certain
diffraction orders at the o 23
corresponding angles.

higher orders
effectively
supressed




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.

i holograpic volume ‘ ‘

grating in this example

Edit Grating Component X ‘

®

Coordinate
Systems

&

Position /
Orientation

@

Structure

g

ver

R |

=2
el

——

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. Itis 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 - ] gout

2 Edit Fourier Modal Method (RCWA)

Numerical Parameter = Structure Decomposition

G Number of Orders

1

E°”t i (®) Number of Diffraction Orders
S I
1

e Number of Evanescent Orders
(Considering All Propagating Orders)

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

the FMM calculation.

e S VRSN s A VI e



Peek into VirtualLab Fusion

configuration of volume gratings

Edit Volume Grating Medium

Basic Parameters Scaling  Periodization

Holographic Material
Name |Acry| ic {

Catalog Material v

State of Matter Solid

Interfferogram  Index Modulation

Directions are defined in (® Vacuum (O Holographic Materi

Representation of Direction | Cartesian Angles e

| Append | | Edit | | Delete |

Test Period x-Direction 0636
(defines k space discretization) I 20538

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

Edit Grating Component

Position /

Orientation

Solver

e

=2
=1

P i B

Channel
Configuration

Component Size | 3mm| x I 3mm| 8]
Reference Surface (all Channels)
Plane Interface

th:: 7 Edit @ J1EW

Aperture Yes

Grating Stack
(® 1D-Periodic (Lamellar) (O 2D-Periodic

1 —

: Angular Filtering Grating 10° IZ? Load | | / Edit | Q; View |
1

1 ® On Front Side of Reference Surface (O On Back Side of Reference Surface 4]

Homogeneous Medium Behind Surface
Acrylic in Homogeneous Medium

(5 Load 7 Edit | Q, View |

convenient inclusion of
e.g. the volume grating
into general system for
further investigation
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Workflow in VirtualLab Fusion

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

[Use Case]

Basic Parameters Scaling Periodization

Holographic Material

« Rigorous analysis of holographic volume gratings —— Ze
— Rigorous Simulation of Holographic Generated Volume m
Grating [Use Case] T — R

Representation of Direction Cartesian Angles v

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

« Grating modeling within complex system 1
— Modeling of Gratings within Optical System - Discussion at
Examples [Use Case]

Append Edit Delete

Ttpotxlrecion [ Soewim)
(defines k space discretization) 20636 um

Structure Period x-Direction: 3.0636 pm
Structure Period z-Direction: 179.13 nm
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https://www.lighttrans.com/index.php?id=534
https://www.lighttrans.com/index.php?id=258
https://www.lighttrans.com/index.php?id=2162

VirtualLab Fusion Technologies

nonlinear free
crystals & components SPace risms,
y P
anisotropic plates,

" components @ cubes, ...
waveguides lenses &
& fibers freeforms
J

apertures &
boundaries

o scatterer Fleld
Solver

diffusers gratings
diffractive diffractive,
beam Fresnel, meta

splitters lenses
P SLM & micro lens & HOE, CGH,
adaptive freeform DOE
components arrays
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