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Lightguide with 2D-Periodic Grating Structures
(Diamond-Shaped) Based on Patent by Wave Optics



Abstract

Most innovative AR & MR devices
nowadays are based on lightguide or
waveguide systems in combination with
microstructures to couple light in and out.
VirtualLab Fusion is capable of detailed
modeling of such devices by applying our
unique physical optics approach,
Including all effects (e.g. coherence,
polarization and diffraction). We
demonstrate this capability by modeling a
device mentioned in patent
W02018/178626, consisting of complex
1D- and 2D-perodic grating structures.




Modeling Task: Approach from Patent WO2018/178626
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Task Description

| ¢

[ NPNAN

|

Source

|

Plane Wave

Incoupler

532nm wavelength
2mm x 2mm diameter
linearly polarized in x-direction

Incoupler

slanted grating
400nm period
fill factor: 50%
height: 400nm

Eye Pupil Expander & Outcoupler

2D grating

461.88nm x 800nm period
fill factor: 65%

angle: 30°

slanted grating with constant
fill factor




Light Guide Component

With the Light Guide Component, systems with
regions with complex shapes can easily be
defined. Furthermore, these regions can be
equipped with idealized or real grating structures
to act as incoupler, outcoupler or exit pupil
expanders. More information under:

[#* Construction of a Light Guide

Edit Light Guide Component

Coordinate
Systems

Position /

Solid  Surface Layouts

| 30 mm |

# |Position | Orientation Surface

| Back Medium

IComme

1 (0mm; 0 mm; ([o=0° 6=0") {=0%) Plane Interface

2 (0mm;0mm; 1 mn ([o=0°, 8=0°} {=0% Plane Interface

Non-Dispersive... Enter cc

Air in Homogen... Enter cc

Fourier < >
Transforms
| ¢ b 1 3 & ¢
Plane  Conical  Cylindrical ~Aspherical Polynomial ~Sampled Programmable
Tools v | [ aaa | R DEEE
d B8] vaiigit: 4° || [ok ]| cacet || Hew
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Lightguide Layout

Geometric layout exhibits 2 gratings: 30 Views Lightguide
« Grating 1 incoupler: lamellar (1D-periodic), e.g.,
slanted grating

« Grating 2 EPE & outcoupler: crossed grating
(2D-periodic, non-orthogonal)

3D View: Lightguide

I Close ll Help l




Grating #1: 1D-Periodic Grating with Slanted Ridges

1D-periodic grating structure with slanted ridges,
using an inbuilt modulated medium.

Available parameters:

« period: 400nm

« z-extension (modulation depth along z-axis): 400nm
« fill factor (at bottom or top in non-parallel case): 50%
« slant angles of sidewalls: 40°

Grating Material

Name |Fused Silica @

| Catalog Material v
State of Matter Solid - |

Groove Material

Mame |.Nr @

|Catalog Material v]
State of Matter | Gas or Vacuum ~]

Fill Factor Refers to .. @ Bottom () Top
- Exrin
Siant Angle Lef [=] stant Angle Right

[ Apply Costing

Edit Stack x

General  Additional Parameters

Index | z-Distance | z-Position Interface Subsequent Medium Comi
2 1 0 mm 0 mm Flane Interface Slanted Grating Mediu Enter yvour commen
2 400nm 400 nm Flane Interface Adr in Homogeneous M Enter your commen

£ >

Validity: @ Add || Inset || Delete |

Period

Stack Periodis | Dependent from the Period of Medium v | with Index

Stack Period 400 nm

K] Cancl || e |




Grating #2: 2D-Periodic Grating with Diamond-Shaped Profile

Diamond-shaped (rhomboid) grating structure with ol
non-orthogonal 2D period, realized by a
customized interface.

Available parameters:
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« period (in direction of diamond): (461.88nm, 800nm)
* Modulation depth:100nm
« fill factor: 65%

angle of diamond grid: 30°

Edit Programmable Interface =

Structure  Height Discortinuities  Scaling of Elementary Interface  Periodization
Interface Specification
Algorithms

Snippet for Height Profile Walidity: 9
(® Mumerical Gradient Calculation Accuracy Factor

(O User-Defined Gradient Calculation

Parameters

DiamandPerniod Z-Extension

FillFactor

| Close H Help
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Summary — Components...

i

EPE & Outcoupler

Incoupler

ny

... of Optical System

... in VirtualLab Fusion

Model/Solver/Detected Value

1. Source

Plane Wave source

Truncated ideal plane waves

2. Incoupler

Slanted grating in Rectangular Region

|dealized Rayleigh matrices

3. Eye Pupil Expansion
& Outcoupler

2D grating in Polygonal Region

Fourier Modal Method (FMM)/RCWA

4. Eye

Camera Detector

Energy density measurement




Detailed Analysis of System and Propagating Diffraction Orders

'I:li}.iti{c:ISetupEditor#'l (f:l:ers\...\ughtguideuEiD-PeriodicGratingﬁtructg;‘s(Diamond-Shaped).os)* E@ Val‘IOUS deteCtOI‘S and ana|yzel‘S are avallable |n
~ Path B, . Detectors | [+S @ Analyzers Loggin ; . . . .
: - - | VirtualLab Fusion in order to enable detailed
Index Element Name Ref."r:'z: Medium Index a“;EIrfmr_:rl:ulte:ame Propagation Method - Z::‘Oﬂ‘ Calar investigation Of the WhOIe System. In this use
e —— T —— case, Camera Detector, Grating Channel
B Analyzer, and Ray Tracing System Analyzer are
E:ﬂ:i::g System Analyzer malnly Ut|||Zed.
801: Grating Channel Analyzer
BB |Tools i « Simulation Engine | Field Tracing ~ b Go!

The Grating Channel Analyzer, for
instance, provides detailed information
of the propagating diffraction orders
within the lightguide. Based on its
output it becomes obvious, that with

Propagating orders for Component #2 (Lightguide); Surface #1; Region #1 (Grating1)

Orders in Plus-Plus Direction: ((1: 0))

with energy threshold 0.001%

Propagating orders for Component #2 (Lightguide); Surface #1; Region #2 (Grating2)

Qrders in Minus-Plus Direction: ((-2; -2), (-2; 0, (-2; 2), (-1; -3), (-1; =13, (-1; 1), (0; -4), (0; -2), (0; @), (0; 2, (1; =31, (1; -1, (1; 1), (2 -2), (2; 00, (2; 20
Orders in Minus-Minus Direction: ((-1; -1), (-1; 1), (0 -2, (0 @), (1; =13, (1; 13

Propagating orders for Component #2 (Lightguide); surface #1; Region #1 (Grating1)

lower energy threshold in the

Crders in Plus-Plus Direction: ((1; 0))

simulation, additional propagating

Propagating orders for Component #2 (Lightguide); Surface #1; Region #2 (Grating2)

with energy threshold 0.0001%

orders are appearing (even if the

TiririesaRius Dl

orE

Orders in Mllnus Minus Direction: {(-1: 1) (-1 ‘I]|;D 31] (0; -2, (Q; -1), (0; 0, (1:-1), (1;: 1))

ection: ({-2; -2) (2 0, (-2, 2), (-1 -3), (-0 -1, (=15 73, ( 1; 3)f (0 -4), |[D -3) |(D 2]|G ‘I|[D, 0y, (@ 23, (15 -3), (0 -1, (0 1],_(2 -2, (200, (2 2))

contributed amount of energy is low).

10



Result: Rays in System

only light hitting the “eye-box” (camera detector):

10 mm
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Result: Field Tracing with Energy Threshold 0.001%

transmitted light:

n 22: Transmitted Light

Chromatic Fields Set

Y [mm]
0

reflected light:

I 23: Reflected Light

Chromatic Fields Set

Y [mm)]
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Result: Field Tracing with Energy Threshold 0.001%

transmitted light:

3 22: Transmitted Light E=n =
Chromatic Fields Set
Data for Wavelength of 532 nm [1E-3 (V/m)?]
1.802...
(o]
<
od
E
E © 0.895...
>
i
kil
e
5 0 5
0.01..
X [mm]

reflected light:

ol 23: Reflected Light

Chromatic Fields Set

Y [mm]
0

Data for Wavelength of 532 nm [1E-3 (V/m)?]

X [mm]

1.802...

0.895...

-0.01...

13




Result: Field Tracing with Energy Threshold 0.0001%

transmitted light: reflected light:

I 21: Reflected Light =N I 21: Reflected Light oo ]

Chromatic Fields Set Chromatic Fields Set

o o
E E
E © E ©
> >

9
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Result: Field Tracing with Energy Threshold 0.0001%

transmitted light:

reflected light:

& 20: Transmitted Light

Chromatic Fields Set

e[ 5] I 21: Reflected Light

Chromatic Fields Set

Y [mm]
0

Data for Wavelength of 532 nm [1E-3 (V/m)?]

1.069...

0.530...

Y [mm]
0

-0.0

Higher orders are allowed to
propagate with lower energy

threshold; therefore, the interference

effects can be observed (assumed
light source is fully coherent).

Data for Wavelength of 532 nm [1E-3 (V/m)?]

1.068...

0.530...

-0.00...
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VirtualLab Fusion Technologies

nonlinear free _
crystals & components SPace prisms,
anisotropic plates,
components cubes, ...

Field @ boundaries

Solvers @
diffusers ( gratings
diffractive diffractive,

waveguides @ @ lenses &
& fibers ~ freeforms
- apertures &
scatterer

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive  fraeform DOE
components arrays
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Document Information

title

document code
document version
software version

software edition

category

further reading

Lightguide with 2D-Periodic Grating Structures (Diamond-Shaped) Based on Patent by
Wave Optics

LIG.0012
2.0
2021.1 (Build 1.180)

VirtualLab Fusion Advanced

Light Guide Toolbox Gold Edition

Application Use Case

Grating Analysis and Smoothly Modulated Grating Parameters on Lightquides

Uniformity Detector for Lightguide Systems

Light Guide Layout Design Tool

Flexible Region Configuration

How to Set Up a Lightguide with Real Grating Structures
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