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Complex Lightguide System with a 2D Eye Pupil
Expansion and Human Eye Model



Abstract

In order to push the limits in the field of
augmented and mixed reality (AR/MR), the
need for more complex lightguide systems is
constantly increasing. VirtualLab Fusion
provides a set of tools which enable the
design and modeling of such complex
systems. To demonstrate the capabilities of
VirtualLab Fusion, an exemplary lightguide
system with a 2D exit pupil expander in
combination with a slanted grating in the
outcoupler is presented. In addition, the point
spread function (PSF) and modulation
transfer function (MTF) are evaluated by
applying a model of the human eye. Finally,
an assessment of the lateral uniformity in the
eyebox is demonstrated.




Task Description

System based on: Levola, Tapani. Diffractive Optics for
2D Eye Pupil Expander Virtual Reality Displays. Joensuu: University of Joensuu,
idealized grating region 2005.
* 320.49nm period
* rotated by 45°
« diffraction efficiency

Model of Human Eye RO = 50%, R+-1 = 10%
* lens system

* 16.53mm focal Iength\

Source
+ 532nm wavelength
e 1mm x 1 mm diameter

Incoupler
» Iidealized grating region
* 453.24nm period
 diffraction efficiency
T+1 =80%

Outcoupler
» real slanted grating
* 453.118nm period
» fill factor 0.453 —
* slanted angle 35.11°
* height 400nm




Light Guide Component

With the Light Guide Component, systems with regions
with complex shapes can easily be defined. Further,
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 X
Solid  Surface Layouts
Coordinate
Systems
Position /
Orientation
Qe
A
Structure
# | Position | Orientation Surface |Back Medium | Comme
— 1 (0 mm; 0 mm; ([0=0%, =0} {=0%] Plane Surface Fused_Silica in H... Enter cc
"l; 2 (0mm;0mm; 1 mn ([o=0°, =0} {=0° Plane Surface Air in Homogen... Enter c¢
—
Channel
Configuration
P
Fourier < >
Transforms
Plane Conical Cylindrical  Aspherical Polynomial Sampled Programmable
[Tools ﬁ.\ | Add [Rsert DElete
d BB vaicity @ [ ok ]| cacet || Hew



https://www.lighttrans.com/index.php?id=2680
https://www.lighttrans.com/index.php?id=2680

Eye-Pupil-Expander (EPE) Region

Edit Grating Region

Shape Region Channels Grating

3D View: Optical Setup

The shape of each region can be defined
using different approaches. In this
example, in- and outcoupler are
rectangular regions, whereas for the EPE
a polygonal region is used. More

4 &S - S

Polygon Vertices

Name \ x-Coordinate y-Coordinate
#15 2.7 mm -1.35 mm
#2 9.1 mm -1.35mm
#4 11.8 mm 135 mm
#6 135 mm 3.05 mm
#7 135 mm 945 mm
#8 71 mm 945 mm
#10 44 mm 6.75 mm
#13 27 mm 5.05 mm

o5 Append New |
= Insert New

 Remove

f Movellp

4 Move Down

Region Name | Polygon Region |

Region Type |Simple Polygon Region |

Cancel Help

information for region definition under:

| Close Help |

[#* Elexible Reqgion Configuration
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https://www.lighttrans.com/index.php?id=1614
https://www.lighttrans.com/index.php?id=1614

Outcoupling Region

Preview for Outcouple Grating Human Eye Model

Edit Light Guide Component

Solid Surface Layouts

Surface Name | Edit Info
Edit Surface
/uwul

Edit Surface
7 Layout

1| Plane Surface Surface layout containing 1 regions.

2| Plane Surface Surface layout containing 2 regions.

p Edit Surface Layout

Region Type | Period / Edit Region

Simple Polygon Region 320.5 nm

£ [Name of Region ]

_E Add Region

III X

K Remove Region

Gridded
Segmentation

For the outcoupler a slanted grating is used,
whose efﬂmenmes are calculated rlgqrously -
by applying FMM (RCWA). You can find more D1 ey spsorion Ot ofRegononsurece | ok | [ cacel | [ weln
information on how to set this up under:  Tansorms |

| [g

[# How to Set Up a Lightguide with Real Grating Structures

i @ vaiiaity @ ok || cancel || Hep |



https://www.lighttrans.com/index.php?id=2707
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Human Eye Model

In order to evaluate the PSF and MTF accurately, one
possible model of the complex optical system that is
the human eye is used, represented by a sequence of
surfaces and materials. For the configuration, these
surfaces and materials can be loaded from VirtualLab’s
inbuilt catalogs.

Edit Lens System Component

Coordinate
Systems
Position / Index ]Distance I Position lType IHomogeneous Medium| Comment
Orientation 1 Omm Omm Conical Interface Cornea in Homogeneou Cornea
2 520pm 520pum  Conical Interface Aqueous in Homogenec Aqueous
3 15mm 202mm Conical Interface Aqueous in Homogenec Enter your comr
4 16mm 362mm Plane Interface Aqueous in Homogenec Pupil
Structure 5 100pm 372mm Conical Interface Lens_HumanEye in Hom Lens
6 37mm 742mm Conical Interface Vitreous in Homogeneo Vitreous
Solver
—f—
.
- < >
Channel
Configuration . ‘ . ‘ ) ‘ ‘
tF Plane Conical Cylindrical  Aspherical Polynomial Sampled Programmable
Fourier - -
Transforms Tools ﬁvJ Add IRSErE UEIELE
Ej J validity: @ | ok || cancel } ’ Help




Summary — Components...

e

... of Optical System

... in VirtualLab Fusion

Model/Solver/Detected Value

1. Source

Plane Wave source

Truncated Ideal Plane Wave

2. Incoupler

Idealized grating in Rectangular Region

|dealized Rayleigh Matrices

3. Eye Pupil Expansion

Idealized grating in Polygonal Region

Idealized Rayleigh Matrices

4. Outcoupler

Slanted grating in Rectangular Region

Fourier Modal Method (FMM)/RCWA

5. Eye

Lens System Component, PSF&MTF Detector,
Camera Detector, Uniformity Detector

Local Plane Interface Approximation
& energy density measurement




Field at Different Positions/Planes in the System

VirtualLab Fusion can calculate the electromagnetic field after the lightguide

and in the focal spot.

3 19: After Lightguide

Chromatic Fields Set

n 20: Foca

| Spot

Chromatic Fields Set

Full propagation
through the lightguide,
including complex
grating configurations
and diffraction
efficiency calculations
at real gratings by FMM
is performed in a few
seconds!
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@ field after lightguide

@® field in focal plane




MTF & PSF — Calculation

Chromatic Fields Set

here

Y [um]

-20

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

Numerical Data Array

Depending on the user’s choice, the
MTF & PSF can be calculated either
coherently or incoherently, according
to the coherence properties of the
actual light source.

Diagram Table  Value at (xy)
MTF (normalized)

~

Line Density Y [1E2 cycles/mm]
0

-4 =2 0 2 4
Line Density X [1E2 cycles/mm]

0.978

0.489

Chromatic Fields Set

Y [um)

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

40.9

20.4

Numerical Data Array

Diagram Table  Value at (xy)
MTF (normalized)

~

0.978

0.489

Line Density Y [1E2 cycles/mm]
0

-4 -2 0 2 4
o Line Density X [1E2 cycles/mm]
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Lateral Uniformity Evaluation after the Lightguide

Edit Uniformity Detector

Detector Window and Resolution Detector Function

ﬁ Coherence Parameters
Coordinate Summation Type Coherent Summation v

Systems

/g‘ Pupil Parameters

Position / Shape (® Elliptical (O Rectangular
Orientation Size 12 B e
—

v Bl

‘ ‘ (®) Pupil Positions from Central Rays (O Pupil Positions on Grid
Detector
Parameters

i Shape, size and number of pupils
_q considered for evaluation can be defined.
More information under:

Uniformity Detector for Lightguide
Systems

Note: The dashed circles are just for illustration
of the pupils, these are not shown in the
simulation result.

result of Uniformity Detector

X
result of Camera Detector
I3 19: Atter Lightguide [E=8|EcR *<)|
=
é o

Value for Pupil around (-3.97 mm; -4.15 mm)
Value for Pupil around (-3.97 mm; -145 mm)
Value for Pupil around (-1.27 mm; -4.15 mm)
Value for Pupil around (-3.97 mm; 1.25 mm)
Value for Pupil around (-1.27 mm; -145 mm)
Value for Pupil around (143 mm; -4.15 mm)
Value for Pupil around (-3.97 mm; 3.84 mm)
Value for Pupil around (-1.27 mm; 1.25 mm)
Value for Pupil around (143 mm; -145 mm)
Value for Pupil around (4.12 mm; 4.15 mm)

Value for Pupil around (-1.27 mm:; 3.94 mm)

Value for Pupil around (143 mm; 1.25 mm)

Value for Pupil around (412 mm; -145 mm)

Value for Pupil around (143 mm; 3.4 mm)

Value for Pupil around (4.12 mm; 1.25 mm)

Value for Pupil around (4.12 mm; 3.4 mm)
Minimum

Maximum

0.0122 (V/m)*
0.000566 (V/m)*
0.0109 (V/m)y
0.000533 (V/m)?
0.00038 (V/m})*
0.00943 (V/m)?
0.000282 (V/m)*
0.000375 (V/m)*
0.000317 (V/m)*
0.00797 (V/m)?
0.000227 (V/m)*
0.000312 (V/m)?
0.000264 (V/m)*
0.000189 (V/m)*
0.00026 (V/m})*
0.000158 (V/m)*
0.000158 (V/m)*
0.0122 (V/m)*

Uniformity Error

974 %

Arithmetic Mean

Standard Deviation

0.00277 (V/m)*
0.0172 (V/m)*
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VirtualLab Fusion Technologies

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

lenses &

waveguides @
& fibers ~ @ freeforms
- apertures &
scatterer

Field @ boundaries

Solvers @
diffusers ( gratings
diffractive diffractive,

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

title Complex Lightguide System with a 2D Eye Pupil Expansion and Human Eye Model
document code LIG.0011

document version 1.0

software version  2021.1 (Build 1.180)

 VirtualLab Fusion Advanced
Light Guide Toolbox Silver Edition

category Application Use Case

software edition

- Uniformity Detector for Lightquide Systems

- Construction of a Light Guide

- Light Guide Layout Design Tool

- Simulation of Lightguide with 1D-1D Pupil Expander and Real Gratings
- Flexible Region Configuration

- How to Set Up a Lightguide with Real Grating Structures

further reading
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