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iS¢ Enabling the Metaverse through mass manufacturing

of industry-standard optical waveguide combiners
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High Quality Waveguides Beyond Wafer Scale SCHOTT oorrommm

« Quality and costs are essential if AR glasses want to be the ‘next big thing’

* In 2022, we presented a viable path beyond wafer-scale for AR waveguide
optics mass manufacturing

« ‘basic’ proof-of-concept & entire value chain that can produce AR waveguide
optics in high-volume via large scale nano-imprint, means low costs

* Now, replication and image quality are in the focus

« Goal: further establish the new approach towards high-volume and low-cost
manufacturing of waveguides for enabling the Metaverse

www.LightTrans.com
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Complete Value Chain of Pioneers SCHOTT sacrrommn
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Fast Physical Optics Modeling & Design
Software

\ Large Area High-Precision Gratings

. ) . Accuracy in grating periodicity across large areas
VirtualLab Fusion operates with a breakthrough ying gp y g

technology for optical modeling & design
based on physical optics

Capable of designing & delivering non-periodic gratings

A powerful platform for innovative
developments: LIDAR, AR/MR/VR
Glasses, Laser Systems, Gratings,
meta lenses, etc.
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Pioneering — responsibly —together Leaders of Large-Area Nanoimprinting
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World’s largest-area, commercially available,

Founder Otto Schott is fully integrated nanoimprinting machine

considered the inventor of
optical glass and became the
pioneer of an entire industry.

Cost-effective mass manufacturing of nano/micron
structures via large-area nanoimprinting

Always opening up new markets and applications with a

: . S : Enabling Smarter Future
pioneering spirit and passion — for more than 130 years.

Global market leader in automated optical
metrology & characterization solutions for AR
waveguides and displays throughout the entire

product life-cycle from R&D to high volume _
manufacturing www.LightTrans.com




Design of Waveguide — Lateral Layout
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orlentatlpn of grating lines grating lines
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blazed grating

Specifications:

« 1D-1D pupil expansion
« FOV: 35°x18°

e eye-box: 15mm x 8mm
« eye-relief: 5mm

e substrate: Schott
Realview 1.9

« 1D-periodic gratings

* Index of grating
material: 1.88

www.LightTrans.com



Design of Waveguide — Grating Parameters
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Pupil Expander:

Outcoupler:

3D View: Optical Setup

e period: 415nm

* width of grating
113-246nm (s

* Height: 50-100
variation)

period: 293.45nm
width of grating ridge:

smooth vpariation
of ridge width & height

INnCc

b

upler:
e period: 415nm

laze angle: 29.9°

(smooth variation)
Height: 50nm (constant)

www.LightTrans.com
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Simulation Results of Optimized Device ‘\\L\;i“TTRANS

calculated irradiance in eye-box for central

racing result for central direction of the FOV direction

30 View Radiometric Data (Irradiance)

Y [mm]
0

Y

q’z

7 6 5 -4 3 2 1 0 1 2 3 < 5 6 7
X [mm]
(for illustration just light hitting the eyebox is (including polarization effects & rigorously calculated grating
shown) responses)

7 www.LightTrans.com



Simulation Results of Optimized Device

analysis by using angular
checkerboard:

one box: 5°x B6°

whole range: 45°x 30°

H T: Angle-Dependent Efficiency EI@
Mumerical Data Array [Equidistant)
Diagram Table  Value at fy)
Efficiency [%5]
mean efficiency: 0.62% [| 137
= angular uniformity error: 80.2%
BO° '% ° 0.685
0
-20 15 -10 5 i} 5 10 15 20 ]

Angld X [7]

45°

www.LightTrans.com



Waveguide Optics Mastering l‘ I H
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Complete AR master with:

* Dblazed input grating

« fill factor modulated expander grating

» depth and fill factor modulated output grating

9 www.LightTrans.com



Waveguide Optics Mastering L‘ I H
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outcoupler:

incoupler:

« fill factor modulation from
17% (top) to 56% (bottom)
« depth modulation from
72 nm (top) to 92 nm
(bottom).
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AFM scan of blazed input
grating showing the sharp

profile with 29 degrees blaze
angle.

www.LightTrans.com



SCHOTT

Surface topology impacts waveguide performance!

ass made of ideas

Reference thickness Reduced thickness Wedge

Reference plane

TTV
Accumulation R - Vl
—— of angular errors
Loc_:al.slope iy @each bounce Reference plane
variation
/ Local Slope Ve

—

Reference plane

N s A rra iy f+hicknecc dictribiition
NON-UunNImormity or thickness aistriputic

" www.LightTrans.com



Technical

vs. optical glass production for panels

SCHOTT

glass made of ideas

Down-Draw

Molten glass

Annealing
Furnace

Roller

Glass Ribbon

MELTING

Reaction gases

are released

Electrode

Determine optical properties

REFINING

Bubble

arise

Minimise bubble count

MIXING, CASTING

Minimise

// striae

Homogenization
of the glass
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Manufacturing scaling advantage
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Single eyepiece Master Upscaling
Master ‘ (Mor

photonics proprietary) Upscaled Submaster

290 mm

300 mm

» Masters can be tedious & complex to originate, ol !de in wafer

format

30 waveguides

» Upscaling of masters is essential to increase throughput

13 www.LightTrans.com



Manufacturing scaling advantage
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Single eyepiece Master Upscaling
Master - (Morphotonics proprietary) ‘

290 mm

300 mm

» Masters can be tedious & complex to originate, ol
format

» Upscaling of masters is needed to increase throu

* Roll-to-Plate (R2P) NIL can replicate multiple sca
grouped together

R2P Imprint
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Characterization of Imprinted Waveguides
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Grating period determined by high-end Littrow diffractometer

1) single waveguide

Sample with
grating

Rotation

)stage
) .

\ /
W Camera

Beamsplitter

Light
source

.
@ B OPTOFIDELITY

¥ coardinate [mm)

o -6 1@ 30 S0 PO

Output grating

a 11w

293.3603

293.3629

283.3617

3- 203.3515  293.3611 293.3706

o - 2893.3553 293.3603 293.3648

27 2933662  293.3632 293.3635

“14.0 -11.0 8.0 5.0

2E0.0000
360.0000
Expansion grating ‘ .
293.3665 293.3642 293.3563 2933971 fnpur granng
2933663 2033678 2933633  203.3679  293.3630 320.0000
293.3655 293.3607 293.3631 293.3698 293.3592
- 300.0000

293.3597

3.0 10 40 70 10,0 13.0 150
¥ coordinate [mm]
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Homogeneity of Imprinted Waveguides @ @ OPTOFIDELITY

Grating period determined by high-end Littrow diffractometer

1) single waveguide
2) wafer (30 waveguides)

/

Design Master Imprint sample 1 Imprint sample 2
Upper right corner Lower left corner (same sample)
200x200 mm apart
Incoupler 415 nm 414.97 nm 414.8 nm 414.98 nm
Expander  293.45nm 293.43nmz=2pm 293.35nm +9 pm Not measured
(standard deviation) (standard deviation)
Outcoupler 415 nm 415.01 nmz=7 pm 414.88 nm £ 47 pm 414.88 nm = 21 pm (standard deviation)

(standard deviation)

(standard deviation)
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Homogeneity of Imprinted Waveguides @ @ OPTOFIDELITY

Grating period determined by high-end | = = = = -
1) single waveguide =L -
2) wafer (30 waveguides)

3) R2P imprint (270 waveguides)

P

Design Master H1 H2

Incoupler 415 41497 41498 414.97 414.96
Expander 293.45  293.43 293.47 293.46  293.44
+2pm +9pm +9pm +7pm

Outcoupler 415 41501 415.00 415.00 415.02
+7pm *17pm +15pm £20pm

17 (all values in nm unless denoted differently) www.LightTrans.com



Repetition Quality of Imprinted Waveguides
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_____________________ \
Grating period determined by high-end | = = = = = = = = = =/ = = = = - == == ‘\
1) single waveguide | - - - - - \N101
2) wafer (30 waveguides) Run2|=|=l=l=== N runs
3) R2P imprint (270 waveguides) s FEEEE
4) 101 repetitions Run 11|=E|=I=l=l=1= \\
| ==
Run50| = = = = = = \
| FIEEEE
Run 70 L e
-----
Run101 =~ - = = -
Design  Master H1 R4 R5 R6
Incoupler 415 414.97 41498 41497 41496 41497 41498 41495 41496 41496 414.91
Expander  293.45 293.43 29347 29346 29344 29344 29344 29344 29344 29345 293.46
+2pm +9pm +7pm +7pm +6pm +6pm +6 pm +6pm +9pm
Outcoupler 415 415.01 415.00 415.00 415.02 41499 41498 41499 41499 41499 415.00
+7 pm +17pm +£15pm +20pm 16pm *+26pm +£19pm +20pm +18pm *24pm

18 (all values in nm unless denoted differently)
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Homogeneity and Reproducibility of Waveguides
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Incoupler Period Average

Expander Period Average

Cutcoupler Period Average
41 5.08 T T T T T T T T T T T T T T T T T T T T T
- - 415.04 4 4
293.47 -
415.02 1 T B - 415.02 4 T
P — E [ = -
E i . E 293 .46 . E -
= I T M ; = a d — 415,00 / & -
o T . - \ , - ]
g 414.96 - o1, B 293.45 ] ‘ - - ke » .-
o ) 1 © N =
a o S T & e o 414.98 -
. . i —
414.90 - : 293.44 L
- 414 .96 - J
I—'l— Homogeneity 283.45 - |—.— Homogeneity i —&— Homogeneaity
[ @ Reproducitility] ’ |- Reproducibility & Reproducihility
41 4.84 T T T T T T T T T T T T T T 414.94 T T T T T T T
H1 HX H3I Rl R? R3 R4 RS BRs H1 H2> H3: R E2 R3Z R4 RS BR& H1 H2> H3 R1 B> R3I R4 RS R&
Samples Samples Samples
35 Incoupler Crientation 3.0, E 12 Expander Origntation 5.0. 8 Cutcoupler Orientation 5.0.
—i— Homogeneily . @ Homageneity @ Homogeneity
’g 304 e Reproducibility { g ﬁ 10| ® Reproducibility| i 'g 7 | ® Reproducibility
g = ! e @ 5 6 ]
o 251 ® 7 LN L . o
A c Co i LN J
g 20 £ A 5§ ° @ < g
& | » i T 5] S _ — i = e
= w - = ,’ L » L = A4 B -] b
& 151 . a ® . 3 — h
= » P s 4 ./ i 2 kE &
g 104 . . < 2 5] ]
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& I 5] ] 5
w 5] g i w0 W ]
U T T T T T T 0 T T T T T T T T 0 T T T T T T T
H1 H2 H3 R1 R2 R3 R4 RS5 BERs& H1 H2 H3 R1 R2 R3 R4 RS Rs H1 H2 H3 R1 R2 R3 R4 RS R&

Samples

Samples
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Angular Uniformity Measurements @ 8 OPTOFIDELITY

checkerboard contrast and luminance uniformity measured on IEC63145 standard with OptoProjector:

b simulation result: o
@
Z]:
K . | e . * very high | blue:
. o 5 q homogeneity and 7 i il
. Y | reproducibility 5 e
8 o T R R e e N e * just negligible H EEEE==
s g g fluctuations T
2 2 Run 50 |=|l=ll=1=
5] 2 | * good agreement m
O temgen | 2 e with simulation =
M H2 H3 RI Rz R3 R4 RS R6 MU M2 H3 RIOR2 RS RE RS RS result Run 101[= =
Samples Samples
20
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Measured MTF
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MTF measured with camera and telescope objective:

100

80 -

60 - & Mean Value .

40-

20+

Modulation Transfer Function

@ Homogeneity -

- ® Reproducibility

H1 HZ H3 R1 R2 R3 R4 R5 RG6
Samples

Spatial Frequency (cy/mm)

imprinted waveguide exhibit a comparable MTF (a) and a decent MTF 40 value

21
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f AR waveguides help to trigger the
adoption of smart glasses towards the metaverse?

\ * successful transition to high-volume manufacturing or AR waveguides,
display-oriented, high-quality focused
"+ high-index squared glass enable the increase the production volume

~ « together with complex design, high-end mastering and in-depth quality
Inspection, large area nanoimprint proves that mass production is feasible

« end-to-end supply chain and cooperation of different disciplines is key |

o |
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