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SHAPING LIGHT AS NEEDED

Holography for
Augmented Reality
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Luminit’s Background

Founded in 2006, Luminit is a global provider of innovative light management solutions for the
lighting, display, automotive, aerospace, biomedical, and machine vision industries.

« Privately held, profitable small business

- 80 employees, US manufacturing

« Diversity in both customers and market segments
- Differentiated high performance product

- Holography is our core technology




First Application of Holography to Lighting and Displays

Light Shaping Diffusers (LSD)
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Mimic Diffuser Function with Surface Relief
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Holographic Recording:
» Creates pseudo-random pattern
» Can be symmetrical or asymmetrical

Surface Relief:
»No loss from scattering sites

»No particles = no wavelength dependence




LSD is Manufactured Roll-to-Roll

Shipping >100k R2R linear ft/month
Class 100 operation
Existing US manufacturing facility

UV embossing process
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Holographic mastering

Ideal for Large Area, Flexible,
and Uniform Products




Holography and LSD is Pervasive
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Augmented Reality Requires Many Subsystems

* Mechanical wearable
e User input method

e Software/GUI

* Microdisplay

* Optical combiner

* Electrical (battery, wireless comm.)

None of these subsystems has a well-defined
dominant design, or a clear technology leader.




Optical Combiners Have Many Requirements

Image Source
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High transparency
High efficiency

Thin

Lightweight

Renders virtual image
Curvable

Low cost

Wide field of view
Large eyebox
Full-color

Won’t limit resolution
Etc...



Volume Holographic Components Have the Best Trade-offs

+ High transparency with high efficiency (diffractive)
+ Thin (10’s of micron active layer) and lightweight
+ Thermoformable — photopolymer based

+ Roll-to-roll manufacturable

+ RGB sensitive in a single component/layer

— Requires expensive tools/lasers

— Requires extensive customization

— No manufacturing capacity in the world
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Breadth of Holographic Expertise at Luminit

* Transmission — Reflection — Guided

* Photopolymer —DCG - PTR - PTP

* Monochrome — Three-color — Infrared
* Imaging — Non-imaging

* Volumetric —Surface

* Masters — Copies

* Interferometric — Computer Generated
* Functional — Aesthetic

 2D-3D




Holographic Components Mimic Conventional Optics

Light Shaping Volume Holographic
piffusers o= Optical Elements
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Lenses Combiners

Green Interference Filter

Surface Relief

Gratings Filters



How To: Master with Two Beams = Replicate with One

Transmission Reflection

Wavefronts from

optical ystem —— —>Replication allows for lower

)

Wavefronts from
optical system

g y ¥ cost, less vibration sensitive,
g rapid recording of optical
copies of a pristine master.

Waveronte fom —>Replication is compatible

i} _ptealsysem with roll-to-roll manufacturing

e y Rl techniques.

) — —=>O0Only Luminit has installed

:K capacity of roll-to-roll
e holographic replication

 Wavefronts machines.

from Master

[ Active material ‘learns’ the function you write into it. ]




HOE Prototyping and Mastering

* 6 Optical Tables for Hologram recording
* 4inR&D
e 2in Production Mastering
 RGB laser recording

* High power (gas) system for large-area
(automotive head-up display, HUD)

* Multiple low power solid state

* Multiple tunable systems to match
consumer electronics LED and LD binning
requirements

e Automated Test and Measure

 Mechanical design, 3D printing, injection
molding capability




HOE Mass Production

*  HOE mass production capability worldwide was
negligible until today
 Luminitis currently bringing-up capacity to meet
AR industry’s needs
*  Current capacity 20,000 AR units/mo
* Planto doublein early 2018
* R2R thermal and optical post-processing

* R2Rinspection

[ Combined expertise in roll-to-roll manufacturing and holography are required. ]
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Luminit THC Advantage

Holography has been waiting for its ‘killer app’, which has arrived in AR...

Hologram Characteristics

* Efficiently renders virtual image

* Extremely transparent (>90%)

* Extremely thin (¥*25um +
substrate)

e Complex production

* Diverse solutions possible
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Luminit Advantages

Broadest experience in industry
In-house design, mastering, gas
and solid state lasers, mfg
Production ramping up

Right sized for this nascent AR
industry

Luminit technology and manufacturing capabilities give us a highly
differentiated advantage in holography for displays.
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Conclusions

* Augmented Reality places many complex and conflicting
requirements on the optical subsystem

* Photopolymer based holographic optical elements have the
best potential to simultaneously meet these specs

* Luminitis the only full-service provider of holographic design
and prototyping = straight through to production

Transparent Holographic Components (THC) for AR & HUD
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Any Questions?

THANK YOU FOR YOUR TIME!
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