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History of VR, AR head mounted display
1830's 1965
Stereoscope Sutherland
Phillips
Scuba VR

Ultimate Display

1939 ’
WMaster
1

eMagin
t 3DVisor
2014
Google 2015
1991 Cardboard View-Master VR
Virtuality s
SD Pods

1957
Heilig
Sensorama

Samsung
1995 Gear VR
Nintendo i
Virtual Boy
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History of VR, AR head mounted display

=2 ¢ | e | | &

Olympus FMD-700 (HMD) | | ©°°gle Glass Explorer Oculus Rift Magic Leap One
QDTechEx @
1995 2011 2016 2018
-
- o (% o
D= Foiden ‘ = a > )
Kopin Golden-I MS Hololens HTC Vive Focus Oculus Quest

History of VR, AR head mounted display

Qualcomwn
Children Young Families Professionals Fitness Enthusiasts
Playing Adults Exploring  Communicating ~ Working Thriving

Kids chasing virtual A young man exploring Families virtually Architects collaborating Group running
characters in more Rome and seeing brought together with on a shared design with a virtual trainer
interactive and the Colosseum as life-like communication to improve efficiency to motivate them
immersive games originally built
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History of VR, AR head mounted display

Desired AR Smart Glasses

HMD optics
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HMD optics

HMD optics
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HMD optics

Micro-displa_y_,,_—“""/

Half mirror
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Microdisplay | ens

BS Spherical
Mirror
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[Half mirror-based HMD]

Micro-display : LCD, LCoS, DMD, OLED
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[Prism-based HMD]




HMD optics

Beam splitter (half-mirror)
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Holographic optical element

(a) Transflective Mirrors

Geometric Waveguide with
Transflective Mirror Array

(b)

Surface relief
oratings Intermediate region

Planar waveguide (reflective surface)

W Diffractive Waveguide with '
Surface Relief Gratings
()

Planar wan weguide (reflective surface)
NN 75
™~ / «
‘ \\
Planar waveguide (reflective surface) v VYeY
@ Diffractive Waveguide with “’
Volumetric Holographic Gratings S 12-
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Holographic optical element

© Microsoft - HoloLens

Holographic optical element

© Holographic head mounted display

Mirros

Micro Displays

* Holographic Optical Elements
Optical Waveguide Substrates

are thicker than this picture
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Holographic optical element

» Holographic optical
element = diffraction
grating

 Field of view : 43 X 29
degrees

-15-

Holographic optical element

e o

Holographic T
optical "

element 7 =

[Goggle Glass]

[Microsoft HoloLens] [Magic Leap]
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Holographic optical element

@ Diffracted optical element (DOE)

output plane

o|0|X| Z2 MM

Linear Flat-Top beam

« '\ ﬂ
Circular Flat-Top beam Square Flat-Top beam

Gaussian beam

Beamforming
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Holographic optical element

[Hologram recording] [Hologram readout]

Reference wave
Reconstructed wave

Reference wave

Photopolymer

Hologram lens

Holographic optical element

Reference wave
Reconstructed wave

Reference wave

Photopolymer

Hologram lens

[Hologram recording] [Hologram readout]
el i
f HOE ¥ Light Guide Plate (Glass) :ll HOE E
E o NN 1 a E
! /

Micro-display Eye

-20-
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Holographic optical element

* Protective Film Type

/

» Substrate Type

Light-Sensitive Photopolymer
Refractive Index Modulation

Layer Thickness

Wavelength Response

Light Sensitivity

Bleaching Properties

VvHOE Type (Reflection & Transmission)

* Substrate Protection (optional)

« o s e e e

Holographic optical element

Head-up display

« Holographic Optical Elements
Optical Waveguide Substrates
are thicker than this picture

=922 -
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Holographic optical element

Digital HOE

Amplitude and phase of
target optical component

Reference
beam olymer
\~
v
) Signal beam
from lens-array

Discretizing, segmenting,
Displaying and Prlntlng !
beam

Lens-array
HOE

Reconstructed

Reflected light

s

DDHOE fabricated by hologram printer

* DDHOE : digitally designed holographic optical element

=% =

- 3062 -



Holographic optical element

L X (Z2 =) (6] 0
S Photoresist_ _ Photopolyrr]e_er Photopolyr_ngr
(no color selectivity) (color selectivity) (color selectivity)
Ao Cl~Eg 0| ot Aot 123 1EH
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Applications

© Holographic head mounted display

Digil.ens & BMW partner on a Smart Motocycle Helmet

DIGILENS 8§

1
DIGILENS e

&
S g
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Applications

@ Conventional head-up display

Virtual image distance

Windshield

Picture Generating Unit
(PGU)
Virtual image

Magnifier
(free-form mirror)

Diffuser

Applications

@ Conventional head-up display

VieweL

Windshield
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Applications

© Holographic heap-up display

Windshield

Viewer Wﬁ( Film
{ PGl
Reflective Diffuser ‘

Applications
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Applications

Applications
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Applications
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E-mail: holowave999@wku.ac.kr
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