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Co-activation Service Model

Full Spectrum LED Chips Portfolio -
Chip Solution for Various Applications
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Actualize LED Potential

EPISTAR




Lighting Your Life Through Diode Emitting

Advantages of LEDs

* Lower power consumption
* Thinner and lighter

* Simple and flexible design
e Longer lifetime

* Environmentally friendly

* Better viewing experience

f 4-element LEDs Indicator, Signage, Display,Automotive
an
/ (AlGalnP LEDs) interior & exterior, Traffic signal, .....
. _ Mobile-phone, Flash light, LCD
it ) )
' n Nitride LEDs backlight

(InGaN LED:s) (NB, monitor, TV), Lighting
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B2 AF-LEDAKRAIZEER @ 2007
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LED Efficacy (Im/W) and Price (S/KIm) Roadmap

EPISTAR LAB

Next: ~200 Im/W; 500 Im/S vs. ~150 Im/W; 1,000 Im/S @2015 ??

Same performance for cool white and warm white @2020 ??

LED Efficacy
(warm white)

LED Price
(warm white)

LED Efficacy
(cool white)

LED Price
(cool white)

OEM Lamp Price

EPISTAR
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$/klm
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How to Achieve 10x Im/S Improvement... ...

1 . B

$/mm? v Manufacturing improvement
$/pke v New package technologies
e Im/$
Im/W v’ Efficacy improvement
v’ Package improvement
W/pk
/pkg v’ Droop reduction
W/mm?
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LEDIEHRAIER ~ BBV A 22

- e
75¢ Chio |
Heat Sink

WPE=50% .

Geometry of SSL chip. ‘

IEEE Circuits & Devices Vol 20 No 3 pp 28-37 May/June 2004 Page 1 0of 12
50 Im/W 100 Im/W 150lm/W 200 Im/W
WPE~25% WPE ~50% WPE~75% WPE ~100%
Blue Blue Blue Blue
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Application Field for Silicon Materials

EBOGOGEEY

Integrated

Photovoltaic DINEY Microcircuits | Diodes

Solar Module Thin-Film Motherboard Memory
Transistor Digital Circuit
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Application Field for IllI-V Materials

RF Front End  JAcoustic Wave

Laser Diodes | Power
Ilumination Optical Storage PFC / Power 5G PA Mobile Phone
Signals Industry Medical Supply BAW Device

Automotive Projector PV Inverter/
Mobile Application  |i Sensing B,/ HEV/UPS
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EPISTAR

Actualizes LED Potential

Core Technology
Demand pull

Actualizes llI-V semiconductor Potential




EPISTAR LAB

Power Device GaN Driver
In
Frankfurt Light and Building (2017)
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EPISTAR: Frankfurt Light and Building
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EPISTAR: Frankfurt Light and Building

GaN powered Direct AC driver

EPISTAR with high
breakeown voltage and tiny & lesser 6BOM for higher perfarmante.
and robustress.
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EPISTAR: Frankfurt Light and Building

Dim to warm Dim to warm

light module light module
( GaN solution ) ( Silicon solution )
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What is next for EPISTAR?—Ennostar

White/R/G/B LED & Laser Diode

Power Supply Diode Laser Modules - Any Colour You Want

- Motor \aotar: 575, a0Seem Bisa: €40, 470, assnm
0

@ zolt “ij

7 s EPISTAR LAB
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Core Value:lll-V

Power Electronic/ RF

Gas

Wireless
Charger

|e13U310d 1032NPUOIIWAS A-]II S9ZI|eN1dY

Sensor
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Revolution of Display technology

CRT TFT-LCD AM-OLED Micro LED

s | P
o T
a5

g5 - 3 - g2tE)

& %88 /€ DCI-P3, REC2020
CCFL-> White LED - +KSF - QD

BYEME - Bt

REEE - 58
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Mini / Micro LEDE AR E &

e  Micro LED Definition

Mini LED Micro LED

I i

substrate / 7 ? ? ?
H E ; o o ° °
80-200um < 80pm

w/o substrate
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VAN NN A
LED gmifyZYRs E%E

« Vertical :GaAs Conductive Substrate (red ;yellow ....)

P-electrode I—I o
—— + Dicing Saw
e MOW «  Chip size 4 mil to 50 mil
DOV

Buffer _—>

Solder bonding layer

Si substrate

GaAS substrate

P-electrode

N-electrode

« Horizontal Sapphire Insulate Substrate(Green; blue; UV....)

« Laser scribe and break
«  Chip size 04x08 mil to 50x50 mil

p-Cladding Layer

i

p-Cladding Layer

Active Layer

Active Layer

n-Cladding Layer n-Cladding Layer

Al;0; Substrate Al,0; Substrate AlL,O, Substrate
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Fundaments of LED

1. Epitaxy: lattice constant match <0.1% 2. wavelength depend on bandgap energy Eg
A=1240/Eg (nm)

Dangling bond

L Lattice
constant

R[

1, Lattice
l> constant

| p

Fig. 5.12. Iustration of two crystals with mismatched lattice constant resulting in
dislocations at or near the interface between the two semiconductors.
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LED Materials

EPISTAR LAB
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Fig. 11.4. Room-temperature bandgap energy wversus lattice constant of common

elemental and binary compound semiconductors.
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Blue LED Materials

[ AIN -V Nitrides d200
6.0 T=300 K =
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Lattice constannt ag (A)

Bandgap energyversus lattice constant of III-V nitride seraiconductors at room teraperature.

o EAEM meet : Sapphire BEEIE - F—(ETEFRZ0/E5EM!
e Sapphire Substrate; but.............
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Mini / Micro LEDE AN E K

EPISTAR LAB

e  Micro LED Definition

Mini LED
* Local dimming backlight
chip size 1012 to 0509
* Signage
chip 0509; 0408; 0406; 0305; 0204 ?.. <——=>
80-200um

Mini LED: (mil)

1. Flip chip
2. With substrate

Micro LED

D
< B80pm
wio substrate

Micro LED:

1. Flip chip or Vertical

* Signage; TV
chip 3458; 2454; 2040; 1530;1020 ..

(um)

EPISTAR

25
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Mini / Micro LEDE A ER

e  Micro LED Definition

Mini LED Micro LED
* Local dimming backlight o * Signage; TV
chip size 1012 to 0509 _ chip 3458; 2454; 2040; 1530;1020 ..
« Signage AN
chip 0509; 0408; 0406; 0305; 0204 ?.. <——=> —
80-200um < 80pm
wio substrate

Mini LED: (mil) Mlcro LED: (um)
- ERZ1E Epilayer stress REXIEENR - EXReouml EHEIATIZEE M
« g Kchipsize crack

Reefhiteoumz PR ~ BHR/NR~HAT]

LUINES Epilayer BE
- B#IIEREOERE 8 sapphire A LI EE
BT e m AR
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LEDZR /R &% fE 8 EY

Pixel application

PKG on PCB PKG on PCB

uLED

: uPKG on PCB
low efficiency
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Mini LED TV in the Pricing Trend

5"
4K / ~2500[& 8K/~2500[E&

SEC 75~85”

Skyworth 86”

b = SEC 65”
=) / B ; > LG 65” 8K/~2500[&
4K / ~288[E = ~ o
8 Skyworth 75" Mi 82" LG 65” SEC 75~85” 8K/ ~2500[E
= ~ A 4K /~1200E  4K/~1500[
T ak/~252E 8K / ~1000[& / B / = L
'g_ 2500 8K / ~2500[&
0
c
.‘3
=< R ”
= — SEC 55~65
S il ; 4K/~1500[%
- Mi 65~75” TCL 65~75”
' 4K / ~240[= 4K / ~750[&
TCL 55~65”
4K/ ~2000E POB COB

Dimming Zone (zone number)
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Micro LEDHA & FB

First Target Market of most

customers/competitors
....but may not be profitable

EPISTAR

Transparent Auto AR/VR/Wearable

29

Special Application

AUTO—-> The most likely profitable market
AR/VR/Wearable—> next generation
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Definition of lllumination

lllumination -- Cambridge Dictionary

1: the act of supplying with light (any lights).

2: an observable property and effect of light, may also refer to Lighting, the use of light sources
Definition of illumination — Merriam Webster

1 : the action of illuminating or state of being illuminated:

a : spiritual or intellectual enlightenment

b (1) :alighting up

(2) : decorative lighting or lighting effects
c : decoration by the art of illuminating
2 : the luminous flux per unit area on an intercepting surface at any given point

*JEIR IRBMY) 2k MRS RER= EBERR lllumination.
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Smart Lighting Application

hie Affisocial Network /Summer Boois ( \
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Smart Lighting Application

faF K BB RPN R RE

. |deal product
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Light of these wavelengths is, of
course, not visible b0 the human

eye and, as wavelength increases,
is able to penetrabe further into
and even through the human
bady.
The ial "healing”
identifieds..

Redlight 630- 700nm
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fERBRIB- R A EH EPISTAR LAB

| EPISTAR LAB_
FAL M .
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Range

Mear |18
Hanga

I._-:':r Beam \}
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RICIE
*_ i) 70~100m

30~50m
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FE R EA R IR - S BT 2 4 (AL IMNER)

. T—
DI type (Diffused lllumination) FTIR type (Frustrated Total Internal Reflection)

an flluminator
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FEFREARIE - ROk s Y/ F BV ENE RIS

1) TOF¥%{ilf(Time of Flight)-3DV

b= U RS(RE)®
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LED X8 /=77 HAVER

UViRE
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LED K E/EE[E AT

EPISTAR LAB

UV-C UV-B UV-A Blue Green Red Deep Red IR
Products\Wavelength(nm) ~ 100-280 280-315 315-400 410-470 510-550 610-640 660  740-1100 1100-1550
A. UV B/ UV 3 7K 28 v v Y
, : v
BT g/ MEEH
5. 4525 3L/ M 6 A
\ v v
[T e 3
C. MMyEE % V' |(880,940)| (1550)
D. F=/4 I8 A% g3 \Y v v
EAIBEEEH \Y; \Y; v
E R BIRE v v v v v
F. R BRI () v v
LI = (415) (660)
. v v
LFE =E =
G aRSER (415) (660)
Epistar &, D X o 0 0 0 0 o D

EPISTAR
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UV LED EEZERAKRWE T 5 EER? EPISTAR LAB
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(Z0xr 3 ST

Liquids Applied UV LED Exposure Liquids harden
Inks, Coating , Causes chemical final productis UV
Adhesives reaction cured
Prints Coating Adhesives Others
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Micro LED RZKFE FANR B BA  #58

* General lighting?
Concerns: Efficiency, P&P, Interconnection yield, probing cost,

e 3D printing (Stereo Lithography Apparatus)?
Concern: Converging optics, heat dissipating

* i-Line lithography?
Concern: Collimating optics, heat dissipating

* UVC direct writing (Maskless Lithography)?
Concern: Collimating optics, heat dissipating

* IR image sensor array?
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New Packaging Concept for General Lighting

* No probing

e PCBis nolonger available

*  Wire bonding is no longer applicable
* Panel level Massive Packaging

* Mass transfer

* Panel level encapsulation

 Allow NGs

* Requires micro lens array
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3D Printing
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— liquid forming material
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13" gptical module 1
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solidification |
1
i
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1

l.Input image via LED

2.Focus light by lens and light spot differentiate at different depth
3.Cured position away from the light source

4 Throughput increased
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i-Line UVA Light Source

® Micro LED array with embedded parabolic lens for collimated rays

. -“parabolic mesa

R - =

optical component:
For collimated
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u-Collimated LED Array for Maskless Application

EPISTAR LAB

Light-Emitting Layer

Total Internal Reflection of Light

from Shaped Sidewalls

P Contact

The emission angle from the chip is 4x improved over a standard LED (half-angle of
60° vs. 15°). The control of light generated is essential for the fabrication of high-
density arrays. The Lambertian emission from a standard LED structure results in

overlap between the light produced by pixels.

EPISTAR

49
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Micro LED RZKFE FANR B BA  #58

—

-

———
p——

Heartbeat Signal

0 65 1 15 2 25 3

Time (s)

Lensless Sensor Lensless Image

HEE NG R M BEEREISR (@) Remote Sensing ¢ (b) Contact Sensing

Institute ITRI Rice Univ. Hitachi
Modulation Amplitude Amplitude Amplitude
Focal Length <1 mm 0.5 mm (VIS)/5 mm (NIR) ~2 mm

Reconstructed Image
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EPISTAR LAB

- LED KRREAZEEEBENIZR
 EPISTAR —K¥)R
Provide Full Spectrum Products

Integrate LED Chip for Every Application
Actualize LED Potential
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EPISTAR

Thank You!
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