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Spotlight on keynote addresses in SID 2022 (1/4)

< COVID-192 It M&f2| tHet S of mE c|2F0] mf2{CtY Het DISPLAY @ LG Display

New Normal®| A|CH

WEEK

enbbeE i Soo-Yon g Yoon

How has COVID-19 changed our lives and display?

Change in the living space Acceleration of the virtual world Increase in the importance of environment

C|ASE[0]o] AL AlZHO] S715t1, StLi2| o2 A,
o] Chet o Cl2Ed017t 28 S:7t SHE

“environment-conscious” C|AZ8|0]0f
Ciet 2o/do| cf =&

({3 2

Mol Hoto| &t ClA &2 o]2] paradigm shiftZ} O] & 0{ % of gL C}.

0) Rl ket
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Spotlight on keynote addresses in SID 2022 (2/4)

< M=Z2 Ij2{C}Q, “Natural Reality” & 9

E

¢t OLED C|AE1g 0]

LG UHD TV,

1950s 1990s 2000s
o o o [ ) eo oo
Color Flat FHD Slim Curved UHD

Naturalness

Deliver creator’s intentions just the way they are
®

é
- Pixel Dimming
- Perfect Black
- High Color Fidelity

({1

| | ]
Natural Reality
Human-friendly

Consider the user’s health and the environment of use
o

é

- Low Blue Light
- Less Impact on Circadian Rhythm
- Flicker Free

OLED-

X2, 2% OLED C|AE2|0] 2 Natural Reality2] =74
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@ LG Display
Soo-Yong Yoon

Eco-friendly

Co-existence of environment and technology
®

é

- Less Plastic Usage
- High Recycling Rate
- Less Hazardous Substances

SAICH 2}
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Spotlight on keynote addresses in SID 2022 (3/4)

DISPLAY 00 Meta

WEEK

LS Joe O’Keeffe

> AR/VR glasses= 20EE0f 0]0] C}Z MICHe]
VR glesses i | I
! CHE X QI personal deviceZl 2 A2 2 0=
e

> AR/VR 7|2 7| (memory)t 2X|(cognition)E
S AMZI10, M22 82 Al olilE A22 7|0
< Metaverse A|CHO|A{2] AR/VRE| 527

S5 B\ : s' il
oF {;{‘\ ‘ ," ” /-

Metaverse

» A set of virtual spaces where you can create and explore

with other people who aren’t in the same physical space as
you

¢ _ _ 29
X £ AR, VR glasses& metaverse2
0|0{X|= dfLte| E(door)O|2tn BEHSI
AaLc

INRISE
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Spotlight on keynote addresses in SID 2022 (4/4)

< AR/VR glasses 7+¢iS ¢t &id] 7|2 C|2 & 0]

> AR/VR glasses 82 fIsiM M
VR EC} ARO| 7|=HQl @ FAEO| O BICE.

2 MItHe|] c|AZ2{0](a new Gen. of Displays)7t 223},

00 Meta
Joe O’Keeffe

Technological requirements -

W

Wide field of view with resolution to match reality
Brightness to compete with a sunny day

No artifacts for user or neighbor (distortion, uniformity,
rainbows, leakage)

Manage vergence accommodation and eye movement

Size, weight, style, eye-box with efficiency to enable
all day use for all users

Manufacturable (infrastructure available)
See through

* Vergence accommodation: &=&-ZH& &YX

_19_

\—.—" :
\VRYglasses
Wide field of view with resolution to match reality

No artifacts for user (distortion, uniformity,

)

Manage vergence accommodation and eye movement

weight, eye-box with efficiency to enable

all day use for all users

Manufacturable (infrastructure available)

EUp o1A| CH 2k al

& -2.‘. Y] URIVERSILY




Spotlight on keynote addresses in IMID 2022 (1/3)

% Strategic transformation from LCD to OLED APCIAZ20]
iMiD 2022 Joo Sun Choi

0= OLED Mt Gen. 8 TH August 23-26, 2022 / BEXCO, BUSAN, KOREA
& appendix appendix 100"
&F

Motherlglass)

: Glass Efficiency
5 +20%1

Hyundai
IONIQ 6

Manufacturing
innovation
(Gen. 8)

DiverselOLED
application

EEEEEE

2022 2030

({3

CtY$t application= £l€t turning point, “Adieu LCD, Welcome OLED” ?

©)

B VDbl UNINVERSITY
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Spotlight on keynote addresses in IMID 2022 (2/3)

X DIEH% xl'%xl'g gl_l-g-al'E '0|7JJ'§? Premium OLED D 2022 AMMCIAZ 0|
&8 premi i
n Oélisgzagraegl‘;::;ix August 23-26, 2022 / BEXCO, BUSAN, KOREA ‘JOO Sun ChOl

1. Safety 2. Interior design 3. Entertainment
technology technology technology

> TELE9 AR A2 77| 2 Qs Xt oM ELf =
AlZto| 37t, g C|2 S8 0] €8 =7t S7tol=

True*blackcolor.

> M XIo| QA= LI6H true black, fast response

o
Narrowlbezel Highlbrightness ide¥c ‘ time, privacy mode ## OLED 7|&0| &8

> Narrow bezel, multi-lamination 7| =2| A%, Al7| &t
= 2EHe} ME{ 1 A]O} C|AZE|0| & SILEE 0[O0 X|
geflo| Cixtolsts 7|& 2 =2|0|Y FEXE 93

iy QAE|2[o 7=

Premium OLED in

automotive

¢ E| L2 car UX (user experience)& ol A= premium displayZ} &+ L C}.

e oM et

B YOSEL URIVERSI Ty
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Spotlight on keynote addresses in IMID 2022 (3/3)

R

% CHFSE R(reality)0ll CHAE = Q!

Organic

Inorganic
R R R
Paradigm shift l I I 19
What’s the next  to cross-

R(reality)? industry
ecosystem

2. Backplane

Glass

% Vision of Samsung’s Micro display
Key challenges 2022
q I

Red LED Waveguide Early

material solution

({1

e A 7|E= : Micro display

2023

stage construction

_22_

iMiD 2022 Pnmsunc RSP MBS

August 23-26, 2022 / BEXCO, BUSAN, KOREA J O O S u n C h O I

AR/NVR/IMR/XR S O{[{ ¢t RO| XI2| &2X| of| =%

A
== T

QA X| 2k, micro displayE Ct¥Fst ROl CHSH 7| =X 9l

—_

SZHME T 4 AS HOR OIS

oy

Light source®} backplane0| 7% Z= st H}E
Ho=z 0%

Bt N, C|2E2 o], E2[8, &<t S Chet 4+
Zorete| Y 2+

2024 2025 2026

Mass Expanding Commercialization
production capacity

Micro displayOllA] C|AZ 0] A paradigm H3l7} S8]| SEHE A 27
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What is the display backplane?

® Display frontplane: “Display media” - the layer that makes the image you see (LC, OLED, color filter, etc.)

® Display backplane: “Logic media” (TFTs, backlight, etc.)
- An array of TFTs that control which pixels in the frontplane turn on and off

Pixel
electrode

Frontplane—_~

- //\\ )
//
.-—'/'/
Backplane “Flexible
substrate
‘ Sem conductor
Da!a line
- Importance in combination of frontplane & backplane * OLED: organic light emitting diode

* L C: liquid crystal

* TET: thin film transistor

: A& 0]e] 8 =2t CtAFet frontplane /O 2t Hetet backplane ME{ O] R |
0| = O|aliot7| fIoiM, TFTL| 7| =Xl S5 He|et &&=z TFTS0f| cliet B ZX| 0] EHXH

-9 - * Z2X: FlexEnable

ﬂ=l A1I Lli ok El




TFT operation

® TFT:. Switching (on/off) device for active-matrix LCD, OLED

Display on / off depending on TFT operation

i Ib(A) T
Storage capacitor
On-state
Gateline Off-state }l*
Dataline R
) 3 (+)
Substrate VG (V)
Transfer curve of TFT
\ J
4 N
[Channel layer ]
Carrier path -
. Darin
/
e — . Gate insulator
Gate yau Bl AN insulating role of
ON/OFF switching "'""LA D— capacitor
1 l
== ' =27k
M2 =E 0 hERTEr SR 20 278 H!
\

* LCD: liquid crystal display
* Vg, Ip: gate voltage, drain current

o) Rl 18 ki

3 I_'-' VAL URIVERSITY




Where is TFT?

Head-tracking
system

-

ClASe o] =i & &%}
> TFT!!

Color ' Haue [ Backlight Front : Encapsulation
\ filter " °'2"12€" crystal TFT Polarizer 7, cover Polarizer glass OLED  TFT /

G

SAICH 2}

VAL URIVERSITY

— 96 - * AMOLED: active matrix organic light emitting diode
* UHD: ultra high definition




TFT in LCD & OLED

TFT technology

TFT-LCD AMOLED

~2.5mm
A <1.0 mm
A
o ~—_
TFT o LC P
AEEEpEENEEEEEEEN EEEEEEEEEEN EEEN u raanic laver
: — . LTPS TFT ——9 y
I- : EEEEm IIIlllllIIIlIllllllllllllllllllllll:
TFT Glass £
TFT Glass
: Y
D) Back Light
. A

A\

~50% ) TFT Process Portion ~70% ’

* CF: color filter

(0) Fala L8 fegm|
- 27 - * LTPS: low-temperature polycrystalline silicon

- b .2'1. Y] URIVERSILY




Usages of TFTS in display backplane

s Controlling the current by gate bias

¢ Switching TFT used in active-matrix LCD, OLED

¢ Driving TFT used in OLED
< LCD Backplane >

< OLED Backplane >

CStorage

Driving TFT
« OLED 2t 2%t
- CHEE2 AlZH2 AKX

olo
AT

« MY (a-Si>>Oxide>>LTPS)

* V,, uniformity &%t

LCD /

Switching TFT

« LCD 2t OLED Ct /U2

- R A2 HA

olo
N =

« MY (a-Si>>Oxide>>LTPS)

« On/off current ratio 2%t

Compensation circuit

*V,,: threshold voltage * a-Si: amorphous silicon

« Driving TFT variation 2 2f \
—

_28_

OLED
\
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101, micro-LED & QD CIAEdI0]

TFT Backplane

rlo
2 I

d

< OLED backplane >

Driving TFT

ol A =] =
- HHo gYV|E =2

- MR A2 AN AS

* Vy, uniformity S 28

[

Switching TFT
« A9l on/offE A7 (driving

TFTE ASAIEA 279)

. ThEEO] AIZHE K U

AN O

« MY (a-Si>>Oxide>>LTPS)

« On/off current ratio =2 &

Compensation circuit
« Driving TFT variation = 2

09— @) Rl

5 Gt R LR IVERSIEY




101, micro-LED & QD CIAEdI0]

d

TFT Backplane=?

< OLED backplane > < QD-OLED backplane >

< Micro-LED backplane >
| . &= X E Seill

Driving TFT

. TMo| 8|2 XA

OLED

Storage

- MR A2 AN U

* V,, uniformity S8 %

Switching TFT
« A9l on/offE ZH (driving

TFTE HsAl X 2%)

. CiREO| A7 M U '\
- M (a-Si>>Oxide>>LTPS)

« On/off current ratio 2 ¢

Compensation circuit

C e ]
« Driving TFT variation &4 \

= o ok
- o1 4| LY 8t ]

- - .2'1. Y] URIVERSILY




& 0HH, micro-LED & QD CTIA&EdIOl /& TFT Backplane2»p

< OLED backplane > < QD-OLED backplane > < Micro-LED backplane >

- - . LTPS

ealil TET

m Mobile display

Oxide

TET

Of 2

e Ly

OA&H0/ 3/ (2H/Tvir)J| ) Large-area display

“2) Rl L fedgmi
.-:"_‘.2'1. Y] URIVERSILY



2022
e ———
.S TFT a-SiLCD TV a-Si LCD TV a-Si UHD LCD TV a-Si 8K LCD TV
(57 inch) (208 inch) (65 inch) (86 inch)
2017
LTPS LCD LTPS OLED LTPS 2250 LTPS OLED
EEREN LTPS TFT iPHONE 4 GALAXY S4 { ppi VR iPhone 14
SHARP IGZO Oxide OLED TV OLED-EX 8K TV
. EEEEEEREEBN aczoTFT IPAD 3 (55 inch) (97 inch)
Characteristics of a-Si, poly-Si, oxide PA  __--== poly-Si
-
uMoblllty u Mobility " Mobility '1 ) L====oXxide
1 I
Leakage F N Leakage 1 Leakage ;' ]
current 4 ™ current P Ny current ’;. '| a-Si
| | 1 .
Z —— without LDD ¢ I
$ N il I .ﬁ~ ' I
‘\. T /,r off - - { 1
ot h LDD.~ ]
o Largearea o Largearea ' , Largearea "
applicability applicability applicability 7
a-Si Poly-Si Oxide e —————— e N
Transistor off Transistoron VG
qeuE HAICHE
— 32 - RS VOBl UNIVERSITY

* LDD: lightly doped drain
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e LTPS TFT : high—-performance & high-resolution display
e (xide TFT : large-size display
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2 OA&dIole] ZXk LTPS TFT

@ BB BB 4 LTPS TFT I

o,
.,
g
.
0
O
.
‘e
g
LN

(

Mobile product using LTPS TFT

LTPS LCD
iPHONE 4

LTPS OLED
GALAXY S4

LTPS 2250 LTPS OLED
ppi VR iPhone 14

D<A L Technologies
s

Dell Visor VR118 Galaxy S22 iPhone 14
\, J

_34_

LTPS

TRl

Mobile display

s W feim]
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A OA&dI012] Z XAk Oxide TFT

SHARP IGZO Oxide OLED TV OLED-EX 8K TV
EEEEREERERER .l a-IGZO TFT I SRS I o D-EX 8K
: TV product using oxide TFT . O B |
N s }., -.‘."”\’ ““ ,"‘:’anw i -~
3 " . | ‘\; L ¥

TET

SAMSUNG @ LG Display

65inch 4K QLED TV 85inch 8K QLED TV 97 inch 8K OLED TV
v

_35_

Large-area display

‘@) ek

B VDbl UNINVERSITY




LTPS TFT vs. Oxide TFT: 1) Channel &&

a-SI TFT Process LTPS TFT Process

Drain Source paia Line Low
Temperature

LSRR ATa e Polycrystalline

Pixel ITO

S”icon Cr;annel

o

¢ [

zg 1=-1 pmgrain size

Mobile, labtop, monitor, TV Application High-end mobile

4~5 mask NMOS Process ~5 mask PMOS, ~8 mask CMOS

Bottom gate Architecture Top gate

) e

RS VOnSE UNIVIRSIT

_36_

* CMOS: complementary metal oxide semiconductor



LTPS TFT vs. Oxide TFT: 1) Channel =&

Oxide semiconductor

Core materials

)
Indium G Gallium
. ears
inc O  Oxygen o b
e"C\a
J comm®
Heavy Metal lon /\
\Y '
ns-orbital (n>4), 2p-orbital, (‘\?% =
Heavy Metal Oxygen
\
\ H
CEVES e NN & a2 B et B
Electron pathway nwm,,.,m.&"&'i'::“m _:
(ns-orbital of metal cation) &".;mwngammﬁ ‘ { :
= -2 P E
Band gap=3.1eV MAH XE =2 &
\/BIVI
Hole pathway

.

m@m@@j\

(2p-orbital of oxygen)

* CBM: conduction band minimum

* VBM: valence band maximum

J

** ns-orbital of cation: provide the main pathway for carrier transport

=>» Superior electrical performance even in the amorphous phase

_37_

IGZO TFT

Q) Rl
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LTPS TFT vs. Oxide TFT- 2) && Hiul
~—— Mature technology — |

IstLTPS line LGD 6t" LTPS line iPhone 12 Pro
[1996.10] [2012.07] [2020.10]
L N\
r " /S
Toshiba 12.1“ LTPS Galaxy Fold Galaxy S22
[1997.12] [2019.09] [2022.02]

v’ History of LTPS more than 20 years vj +  Risk
+ o N .
v  LTPS LCD production yield > 90% 4‘;2

\ v Experience in LTPS LCD = Risk | + /\’

~——— Superior performanceﬁ —
[PMOS] J [LTPS]

Si0,

(89
Gl gy
o BTN a-Si /i )i_i,

Glass |
VR glasses

Resolution

"
"
L
u
a
.
L
.....
L
.
L
L
LN
L
™
.

* Mobility: PMOS ~ 100 cm?/Vs
(No LDD = Aging process) « Twin LTPS TFT-LCD for VR glasses

» Stable under circumstances (light & moisture) y \. 1058 ppi & 2.1 inch for each screen i il per i)

8 2 A]| CH2Eul

I NCRdSEL UMIVERSITY

* LDD: lightly doped drain -38 -



« 7|1EL| M= 2tel AL Tts
ot mask = (~6 mask)

LTPS TFT vs. Oxide TFT: 2) 2A Hiul

s Oxide TFT: replacing Si based TFT

Close to a-Si TFT structure

. a-Sie} H|=x=

PVX. : pogeneans RRea0Rt s :

a-Sior IGZ0

Glass

Large scale deposition

« PVD process (sputter) AFE 2 £ C{HA 3}
-« Gen. 10 O| 42| 5%} 7ts
(Gen. 10: 2.8 mx 3.1 m)

.

UV light Gas
molecules
>
N
GZO

Very low off current

« LTPS: ~10*?(w/ LDD), oxide: < 10-12
« 'Always on display'0fl &2

“ﬂ‘ “ﬁa ﬁm @ ﬁm “‘aia High power
PR consumption
Web Movie Mode (30 Hz) o=
AD 7

> Low power
consumption

OFF

X
ﬂ%ﬂf’m—

\ Still Image Mode (1 Hz) )

* VRR: variable refresh rate
* PVD: physical vapor deposition

_39_

CHEHA ClaZdolz2e] &8

Oxide TFT

MH C|AE 0|20 B#E

1

2 Low power
mobile
Oxide TFT

VRR function (1 Hz operation) AFH&
> ZH}Y C|2FY0]e] X T =3} 75

TUE,18 AUGUS’
50% A

70) Rl Lo Kol ami

= I NCRdSEL UMIVERSITY




LTPS TFT vs. Oxide TFT- 3) ZI2 Ol Hlul

1. Flexibility

O ASE © K= —~ O] & -
ECiE M 4y, E212 - S20IYE A 2 » 58t RAYS RG] ASME LTPS TFT 2
- ZEl0|UE B 5] 205 M S, AL SAA J1 71 AlZ|A0] SIHHIS|0{OF &
- E2{E-.52l0|E Ol C|AE2 0] M M SHHE 7o &F
[Ref. ] FOI2] ZAl|, 2022.06.15

Selective
crystallization

2. Crystall-

LaserBeam

. LTPS MIZ Al, T CHH] 93 X'2 Qo] HX|3| o}

ization

ELA 3™

'H| k| = E[o]X of| L4 X] 2Fo] B

Gen. 10 techno|ogy * LTPSE EHE&IEE E'OEI-6-|'7'" -cgg-al'EE" O'IE:I%OI 9}!%

4

Large area ' —
) oLyt

I NCRdSEL UMIVERSITY

= IR LTPS (Gen. 6.5) << Oxide (Gen. 10.5)

* ELA: excimer laser annealing - 40 -



LTPS TFT vs. Oxide TFT: 3) Zl2 Ol+ Hinul

H, OQO H20 D J——
Q@ v&, . M3LE HHet LY v, (oxygen vacancy)l| 2%
°"'>/%// - 2|8 2+F0of FF (bias/temp./light etc.)
\/ - v? 7
Poly-Si I Poly-Si X q 4
2. Mobility | R ’7\, ;E\
7 § - LTPS TFT: > 100 cm?Vs , oxide TFT: > 10 cm2/Vs

Electron

- High-end display2 AFE317|0= ¥2 0|S &

Why we need p-type oxide TFTs?

= GIP using CMOS

ALT LN

X . . . .
rff—(N(séiiLy;e) => Decrease in circuit size
& power consumption Allowing

3. ptype oxide

P_t . . :
= drivin);pTeFT simple circuit

a5 (Oxide) => Not affected by OLED configuration

N-type .
l-u-—l“-r'l I';"' = switching TFT degradatlon
L (Oxide)

Panel

fleiz

‘(I;}_' VORSEL UNIVERSITY

* GIP: gate in panel -AT-



2} TFT2] §3d& 1ld{010], A2 E TFT& MS0lcH

Performance
t 2018 4,

Small-size [ 1 Medium-size Large-size LTPS 2/ Oxide TFT2/
LTPS or LTPO | LTPO or Oxide Oxide SEoS 4B Mz EF

d small & m

VR/AR
devices

Low Temperature
Polycrystalline
Si & Oxide

What kinds.af -backplanes

wouldtake these area?

IoT devices TVs

>
Panel Size

‘) ek
S VOSEL UNIVERSLTY

* 10T internet of things -42 -
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Apple watch®l Aldl& Sl = 2UI8] Ol i@ (/22

\
;},Y,
Apple watch series 3 Apple watch series 8
1.65 inch | D|Sp|ay size i 1.90 inch J
390 x:312. | Display Resolution | 484 x 396 J
O =Xy \pé Always on display C >E*IH

o4 59| 7} 5! AoOD EfZ|= QI5h A H|H =

[

359 |  Battery weight | 32.g J

341 mWh | Battery capacity | 309 mWh

) Reala 18 i

I NCRdSEL UMIVERSITY

* AOD: always on display -4



Apple watch2| Aldl& S0l & 2HIXMS Ol 0iE (2/2)

Apple watch series 3 Apple watch series 8

(RRRRRRNRRRNIoRR NIy
18 hr 18 hr

Time of use
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WhatisltPoP(1/20

2 EGHELTPO 7/=3

----------------------------------------------------------------------------------------------------------------------------------------
*

Samsung Display : HOP

i (Hybrid Oxide and Polycrystalline Silicon)

3 Apple 810
i (Low Temperature Polycrystalline Si and Oxide) O ‘\

LG Display : MTO - ' \\ o
i (Multi TFT on same substrate for OLED) @ LG Display S %

i Tianma : HTD
i (Hybrid TFT OLED display)




What is LTPO? (2/2)

LTPO backplane

Data Voo

Oxide TFT  : == Switching TFT (S-TFT) Mobility

---------------------------

- Device to turn on/off OLED
: : Vv
- Mostly, off-state during operation 1/0ff re“ag“mty
current

- Major requirement: Low off current

---------------------------

llllllllllllllllllllllllllll

- Device to adjust OLED brightness with current

- Mostly, on-state during operation Processing Large area
temperature uniformity

- Major requirement: High V,, reliability & mobility

8 A1 CH2Ful

VOMAEL UMIVERSITY
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LTPO2] HA 1 -

o0

Scan

Data

60 Hz : 16.7ms /1 Hz: 1000 ms

D-TFT

60 Hz
drive

Cs oLep 1Hz
drive

Refresh period

e Mg AT

1 F0b4 (60 Hz) vs. X FHt4 (1 Hz)

1 frame (16.7 ms)

Movie mode

<>

% 1 Hz 50| oxide TFTE AI25I= 0|$

*&H| LG Display Ll 1 Hz frame frequency HIM 2| luminance wavefor

e sw Huminan t c m: ation spectral Mode Shutter
LTPS TFT 56 o | I ute store dark | o
Type T . Delay (samples) filter cut req Flicker(%) [idx] Flicker(dn) detected frequency Average clip  noise
Y 8 2s0c00 Do 7] @ ac sn.874¢ -4 easn o.oun 151.19:
Significant luminance drop

AIA |\ A ANA |\
Driving >I< Driving > Driving ) ...... Driving Driving
N VIV X N 4 N VIV 4
A 1frame (1.0 s) Time
N
7
16.7 ms
A\ kA \ A
Driving ( Non-Driving Driving
N 14
Lo
> R2 sy o
Time
(@)
= Smart watch0ll & |2

m % Z 1} (AMOLED panel)

| _ Oxide TFT_ I" ——

S PR eninent C it ation Spechai Mo @ 000 st
freq Fi cher(08 tected freg y Average
0.2599¢ 51701 0 988 S03 03

Stable luminance during holding period

* £ X: LG Display, SID DW 2020

- -




120 Hz d=FAlE O2&dI018] FH2F U= SR LTPO JIE

< Smart watchE @0, A O|EX AOLEEN ‘&A1 Hz ~ Z|CH 120 Hz 7IHFALE ClAZ 8| o)

* &4 9| ‘Adaptive Frequency’ (23 A| S20 ~)
. AH[XEC| AE A0 St CIAZEY 0] FAES AIES2E
zHelof 2H|H 2

Typing Mode

* O 22| ‘ProMotion’ (O}O| &£ 13 Z2~)

. hAF 120 Hz

2 QX|SHs CHA, R IT FAES B

7HH FAMS M WA (31 AT E A 120 HZZ2 FAIE E7h

2= 150% 7= 150%
TE 130.6% 4
100.0%
100% + 100%
71.1% ‘
50% 50%
1.6% 11.6% 1.1% 0.6%
0% (1H2) (H2) (H2 0%

60Hz 100%

1Hz 95%
120Hz 5%

1Hz 35%
120Hz 65%

1Hz 65%
120Hz 35%

FME _4q_

* ZX: 2022 OMDIA re

port ‘OLED & Flexible

= Display Intelligence Service - Quarterly’
100.0% 112.4%
-V 70 88.4%
5 64.8% o
S . 5 52.4%
M 4.8% =i
60.0% 60.0% 60.0% 60.0%
o 1Hz 95% 1Hz 65% 1Hz 35% TAME
60Hz 100% 120Hz 5% 120Hz 35% 120Hz 65%



LTPOC] A& 2 — Narrow bezel

+» Mobile device’s bezel size trends

1.4

=
N

Bezel (mm)
|_\
o

o
o

0.6 t

2018 2019 2020 2021 2022 2023

Al
Year (Gl &)

* GIP: gate in panel - 50 -

Apple watch series 3 (2017)

GIP Circuit

GIP Circuit

GIP Circuit

GIP Circuit

Wide bezel

1

Apple watch series 7 (2021)

Narrow bezel '

GIP Circuit
GIP Circuit

GIP Circuit
GIP Circuit

Narrow bezel

LY
() Joafy 1 ReLgm]
A= YOS UNIVERSITY



GIPHX] 01 LDI= LTPO IS

% 7|1& LTPS 7|4t] GIPOIM ™ E LTPO 7|89 GIP
2> TFT YU capacitor®] 7|+ SEU2EM GIP| AO|=E 20% &2

GIP size
VGL _l_ W
Q1 Q2
GVST B [ T [ 16
. -0
Conventional GCLK1 T N | outout =
cap P 7T 3C =X
Bootstrap I:‘ QB
Inverter ' :“:T?
(3T1) —c{ T2 —c| T4 l EERRS L
VGH = izl —
VGL + R R R NS
Q1 Q2 pr SNINES
GVST ) e RE
GCLK1 J |———Output
L RN
S 7 = 0 x
LTPO GIP o LE = 20% 6T 2C =

* GIP: gate in panel

CMOS Inverter
(2T)

\ : :
é&k RN AR
DR, RN

VGH —
Oxide TFT

_51_
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< LTPO 7|&2| 7|& ™™l low power consumption} VRRZ ZE GIP

Reduced power consumption

120%
100%
80%
60%
40%
20%
0%

Power Consumption [%]

100.0% \10%!

Frequency [Hz]

= LTPS 7|t GIPO]| H|8} 10% Zt
= 1~ 120 Hz2| 7}'H FAIFHME

mLTPS GIP ELTPOGIP

50.8%
45.5%

VRR (1 ~ 120 Hz) operation stability
simulation results

5v
Ov

1 HZ -5v

10v

0s 0.4s 0.8s

5v§

60 Hz -

10v

1.2s
Os 0.4s 0.8s 1.2s

120 Hz
Os 0.4s 0.8s 1.2s

_52_

A3t power consumption

O} xd

byMoz Sx

Sv et
ov
-5v
10v
-15v
5us  10us 15us 20us 25us
5v ————
Oov
5v
10v
15v
5us  10us 15us 20us 25us
5v s
Oov
5v
10v
\_—.
-15v
us  10us  15us 20us 25us

"o Rala Il feigml

I NCRdSEL UMIVERSITY
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AR/VR A E4I0I1F 94Tt on-silicon display technology!

< Near-eye display (AR/VR)Z 28t 7|22 22 < o E FeZ I8 7| S BFRLLE, on-silicon display!
v A2 3lHE JH0|0M 2 & ARVR 7|7| = $HH I} v 7|Z£ oLED g9l g2| 7| 0 A Sl= TFT S -2 Bt H|
= Ato|Q] AHz2|7t Zol sl &&= (3,000~4,000 ppi)7t S0 H|s FMII XS > M AO|=E E0|= 4|0
7= SHA| 7t A0 DA 3 =2
v AZEFIQIVR7Z|7| E27|ZOLED I E S &8 v Silicon HI0|T 7|22 AFES10] HIE K| S HE TIaiE AL,
600 ppi == EUV 7|=S 2823 0|A| DjE 0| 7}s53}17| I20f DsjAe
v KoM= C|AEY 0|0 oSt screen door effect2 el g2
AEXIE0| A2 OXHESE 54 v OHEAEQI M7}X| 7|&: LCoS, OLEDOS, LED0S
LCoS (liquid crystal on silicon) OLEDoS (OLED on silicon) LEDoS (LED on silicon)
v Silicon H|OIH 0| TS 01T HZ 2! #10f liquid v Silicon H0]=of 2501 WE2Ql 2|0 OLEDE || v Silicon HOIH0| BHS0{ T WE2) QI 2[of] LEDE

crystalg ¥ 22|l & Y 22l 71X HY 22le 2

X
Red Red Red
- Colorgfilter Bonding layer .
Reflective Anode Red LED dlsplay
CMOS backplane (Si substrate)

White OLED

Green Green Green
Bonding layer
Reflective Anode
CMOS backplane (Si substrate)

Liquid crystal
materials

Blue Blue Blue
Bonding layer
Reflective Anode
CMOS backplane (Si substrate)

Blue LED display

CMOS backplane
(Si substrate)

(2) Ry L feim]

B VDbl UNINVERSITY

* Screen door effect; 72 A|OF 2| 2 Qlg T M ALO| 2] black matrix §@ 0| E0| = a4 At —-ol - * EUV: extreme ultraviolet



On-silicon display technology with CMOS backplane

< OLEDoS2| & £ =: 7|&E2| TFT 7|4t backplaneO| Otzl CMOS backplaneS AHE yoseer . (D) Azaw ae

appendix

e 254Xl MOSFET 2+

\
Color filter \ Poly-Si gate o :
Thin film encapsulation \ v :
White OLED stack 5 " '
~ L | T |
. L :
CMOS baCkaane n*source / n*drain A :
(Si substrate) Tl ——— ll amn il _— Relm N — Mo, | 77 7l \ 7
Depletion region Channel :
(inversion) ;
p-type substrate /I
R e e _»’
< CMOS backplane2 £ 25l OLEDoSO| 7 &|= F2 AISE
MY CMOS 312 A% WY C|AEYo) T4 topography
CMOS 2|2 &= XU LM SESIX| U, 75 CMOS 2|2 &= Si Hlo| = {0 H-dE|of CMOS 2|2 &= OLED Z%0f H2hsx| 2
40| &£2 OLED £X}E OLEDoSO| H& 7|Eto| B EH3l7| W 20] OLEDoSE M4 #H roughness?t 2 5= 200] HH& Ao|2]
5t7| flsiME ™Y cmos 2|27 8+ s o 2 H|ZHE|of of B HHs 7127| & AL Sofl st ne{vt EHe

JMEEHmmﬂﬂ

7 .='1 Y] URIVERSILY

* CMOS: complementary metal oxide semiconductor -85 -



39| OLEDOS, LEDOS JHE

OLEDoS 7|8t MR Headset 7H%

o

LEDoS 7|HF AR Glasses 7

H™ A 70% & MR =2FA EHofe}... A,
OpO0|3A 2 oLeD 7| 2L}

O|HHE|MA|= T MA MEIH A AlF 0= 0] X| thol of 812
Y AS o SULE 0|0 B3 A EHXIE MR 2

O AN
o=, dgr|2Ee 0|7} 2024 %“.‘_*Z SHE2 00|32 oLep Y it2tel 5

[Ref. ] =MH|=, 2022.07.31
210l A 2026'H A 528F 02
oA MHES FH|st D AL *“‘WIPI

2 7|25t

[OLEDoS 7|4 MR Headset 7H'& A=)

7|=4 AR-VST (Video See-Through)

1k | 20244 127
37| 1.3 21X
£ ¥ Spec. o= ~ 4,000 ppi
3= 5,000 nits
OLED C|AE 0] 19 Samsung display
HE (ol 29t == YA (BOE or SeeYa)
S A AR LS AL

_56_

HF L
A FXL, LEDoS 7HE A=, . HEFHA A& 7{F
MG 7|27 L H27F OLEDoSO| OX[X| %2 A2 OfA=ICt et Ma|E 7|&
2|0l LEDE 22|= LEDoS 7|= 7H&of X3t 7*02 opotEiCH 2ol 327 20BN
A EI¢%E|0|7P AMEHXIo] @ O =2 HEIHAE OI0|32C|AEY 0] 7|& HYE 2
O|2+ Mato| A of HAHSHCL:

[Ref. ] THEELEC, 2022.08.08

e

JAR{'ens]

JAR{Glasses]

[LED0S 7|4t AR Glasses 7H'Y A =]

7|1=38 AR-OST (Optical See-Through)

UN 20254 = 187|

37| 0.344 21|
S H Spec. S E ~ 6,500 ppi

3E 130,000 nits

CIAZ7|0
ok MHFRE LED AbRiE)
CM;)HSHE,b?&:(ﬂ_I)ane S = Sapien Semiconductors, &< &-ET X} LS| AFRISR
o

J

SAICH 2}

VAL URIVERSITY



LA

=dl0l-Bt Xl OLEDOS JHE

sa MU =

® HM7l= XR | EAl A|ZF 121

SEE XR?17| ot 8

=g B

2021 2022* 2023* 2024*  20254*

XR7|7| &5,

20254 19 Cj
Im a
=upHg
%2 xR7|7| = HIEHH A 2]
CHE3tE A EEAL.
A AN 7H2E
EQIER|MX| = ZEH xr7|7|
E51Eo| X| sl 11000
CHOl M 2025'A 12 5002F
CH7Ex] s0{E A2
q'g___XRA|II-O| MXIS oix“

oo™ =

=
fu
St
it
.>.
_I.
A
2
]
2 oin

=224 “'Eilﬂ 7Y
Tof ws Auf..
FI2EZQAEZ|MX|0f =H
HEt= 6UKH E%‘ XR7|7|
MEO|M - FE 78%E XHX|
[Ref. ] Business watch,
2022.09.06

IlIIn
z
oz

o =2 UKol HEHHA 7|7] 7w s

F2 x| HEHHA 7]7] Y 248

—
ClAS20| AP | OS | CIAS#[0] SSAt
O}0]2OLED, | gy | gy | AY,
IC|7 0|5 = | M= | Grjazaol
20 | My] 72| al
00|32 20LED | 33 | F=| dd &
E=208 A | MS | ANTR I

&R HA&EE0] SEAR Semy, LWEEHEEE0], AEEEEE] 0]

_57_

o C|ASZOf-HtEX 22"
Ny

@ LGu2=3o| SKh;Sro;L_:m

SID 20220f HA|E LGC|A

£2|0|2|OLEDOS

LGD-SKS}0| < A,
00| 2OLED 'S

sKSIO| S A7} ¢)|0|H & A 5tn 3|25 O RICH
fllolH 9 oLep S THAIRE = =[5
EEAIMX LTl AE 0] 7} &Y StE A 0| FESiLt.
EE R E 7|?=.‘ XR 7| 7|0l C|A~E 80| S
SEolE A0| £[F FHLL S =8 HAYXHo=
Z20{22|2{™ OLED 5% 7| =20 otL| 2t 2|2
7|8 &S 7|2 D31 OF BHCt.

Apple Suppliers Sony, LG Displays are

Pixel Density : 3500 ppi
Luminance : 7000nit
Color Gamut : DCI > 97%

OLEDoS

| 3,500PPI2| ZRHYE W8 HE

[Ref. ] T XL Z, 2022.08.22

working on OLEDoS

The OLEDOS inside Apple’s HMD device will be supplied by Sony and the outer screen by
LG Display...LG Display started developing OLEDoS for Apple but has now recently begun
developing LEDoS technology as well. LG Display’s OLEDOS is expected to be used in
Cupertino’s first mixed reality device that will debut next year.

[Ref. ] Patently Apple, 2022.08.08

OX\) Meta

278 Y E ey B4

207221 102C] SNE
Gl MR E=4T

mE SIAE =2
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Premlum A&9] MS =Xt OLED TIASdI0]

65" 4K LG Rollable L
— L % 30" 4K Dell
ignature ORERY e B 15.6" Samsung
' UP3017Q L 1
i Galaxy Book Pro 360

13'58;:39“"2 +aUk®. 7.6” Samsung 1.9" Apple

~gSS : “Galax Z Fold3” %

- N Y v wwa 7.0 Nintendo — Watch 7
”SW|tch OLED”

@ Real black @ 100% color accuracy @ Thin/light @ Form-free(flexible/rollable)
"OLED, E_gI-Alkl a '“I-Alol- MEH|"
7] HHO = 12% S%&...&H3-LG, OLED MEf %t

0|2 oloir} Smartphone shipment share by technology

T AR AA " __—I

" ) : l

RLEHE - 7 1\5\.‘?—5 i I

OLED I thE= HA 57| ol | § 202ho e OLED | TFTCDy i

142% Z7} | smarip =rAL \_\:\. l
EfS3!8 OLED 2= I

65% =A2H

MQ g >4 A0% 2 o !
0% 1 *%5%
xl'%xl'g' OLED EHE‘% 33% Ejl' ® 2 222 -Rzoz o Mzcyzgm 05 30% _//“" AMOLED : :
@ [Ref. ] news1, 22.08.18 E D 20% : :
10% I
[IFA 2022] H3X| %= oLep 2, 0|HE QHo =z — 1
|
|

-?r-'ﬂ% ﬁ k“z" OLED TV ;ﬂ-u“r—_cl,t % gll: 40%E xl.xl 1020 2020 3020 4020 1021 2021 3021

== AMOLED

TFT-LCD

Unknown
OLED H{E(HUE 7|1&E)
0| 50.3%01 E34Ct. [Ref. ] LGC|AZ 20| £A =, 22.09.06 * ZX: 2022 OMDIA

SAICH 2}
VAL URIVERSITY

* |FA: internationale funkausstellung (& £|CH 7t FA|3)) -99-



OLEDS] MEE 01X ZLIX| 82

® OLED display2| =& 241 automotive A&

XFg LIS 0] A E A2 97

202210 SE| MK, TH9): TrER odo; 2

adjA &4 o], BMwWOj
B OLED 4009+ 32

SE2H AT ZALYH SC|OF XAHROf| (2 H KHEE
OLED C|AZ2[0] A2 20205 560 & 0f| A
2025'A71X] 68002 ¥ T+ 2 2 1000% O] &
/AT X2 F X AICHO| O S H X} 2Hof| A
CIYSHAEHQHEE £ = = 13, o H
OLED CIAE 0| =27l HH S50 AR
Mzt

[REES-UTTR

[Ref. ] A Z, 2022.06.23

| - ey
TtE = C|AE2 o] O]y
7b RS K-display 202201 A1 MIA| =|cf 27| OLED Tj'd £ 1351E OLED C|AEg0|E TtLtE
CEESH PRI Y ALR S S Ot S8XM0AM 37t HE8EQ MA| EHE w0|= & ClAEH 0|z O
CHHY EEE MA A 37191 A 340K HEE EBtAE] OLED'E MA|E[QUCH

4m
o
Ul
o M
Rl
m
Fot
kl
_|-0'_|-
A
o)
Q
m
o
N

0z o> o
_|_>.|_;O_HJ
E=Yegal
32°A >
Gh

[Ref. ] BESAIAE, 2022.08.12

219Y OF

KHiaharesolution=OLED

|2 F9 28 B

® X 7}= IT OLED display !

Apple's shift to OLED to benefit LG, Samsung

The iPhone manufacturer plans to incorporate OLED displays into its new iPad model to be released
next year.
"The transition in the small- to mid-sized display market to OLED is accelerating, as these are a
superior, next-generation display," an industry official said.

[Ref. ] The Korea Times, 2021.07.22

Put many efforts in OLED

technology developing
OLED
% OLED

Improve the mini LED

LCD backlight supply chain and
yield rate i 2 and 2023
Normal Mini-LED
@ Backlight Backlight Notebook Tablet
2024 MP 2024 MP
— LTPS + LTPO +
= ) Notebook Tablet Hybrid/Flexible OLED Hybrid OLED
— 13.5-inch/20-inch 11-inch/12.9-inch
Supplier: SDC Supplier: SDC/LG Displa
13.3-inch Air and Pro 8.3-inch,10.2-inch, Notebook Tablet e s 4 L
Supplier: Sharp/LG 10.9-inch and 11-inch 2021 MP 2021 MP .
display/BOE Supplier: Sharp/BOE/ 14.2-inch/16.2-inch 12.9-inch * ZX: 2022 OMDIA

LG display Supplier: Sharp/LG display

Supplier: Sharp/LG display

LGD... TV &N ot He=r}

rir

[ ] [} b~

E OLED' &M
BLOAZY O] MRS 19.7% 19
stety| gte X =53 20 23t
1021X] o[ NE &% 7tsd 1
[Ref. ] CIX|EEFRIA, 2022.08.28
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A Bl 20K oD tA2Sdl0l

‘NEO QNED 8K'/4a 49" AN

s S 3 3 R ‘ .~ -
W A . e T SN ' ‘ ‘Q7’ S 4 'Q ; 32" ASUS
‘ & \‘ S < % ’ p; : ; ‘, s > W 2 3 (. E * o
ks ‘. X &= - . . i ' @ % 4 1 IXI0] "Acer X32'

-
3

@ Great color volume @ High luminousness @ No screen burn-in @ High resolution
"KM 71 et M| S D aLlep Tv, S YA FLj X0 H)

H44-LGHXL, 222 'TV HY ...
QLED vs OLED F=E & CIE

[Ref. ] OtO|+A24, 2022.03.23
Q. LEDTVE o SHRHE?

ANSBlo|E7} west L CDTV LR

"S7F TVE MOl A e,
A QLED TV, 1224 7ZF 1200CH E5icCt

[Ref. ] DH Y AH|, 2022.03.22
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Neo QLED 8K Neo QLED 8K

At QLED Infinity'858K (W 800%H)

-63 - .'::~.‘I T VOMEEL URIVERSITY
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QD A &40l HEAL - 1) QD-LCD

fit

Polanzer

] - LiquiErystal -

\ Polarizer

[QD-LCD: QDE backlight ¢l ¢ (2013~)]

QD Enhancement Film in LCD

- QDEF (QD enhancement film)
- 7|Z LCD+ white LED, QD LCD+= blue LED
- M T = 50% 45
- {1 +=30| "”‘*OIXID* o H35| LcDe| A E &

BBL  QDEF LC CF

|
| TFT |
|
|

QD @e® , @ e’ %o.o ‘e

I Reflector

[7|E LCD2}e| H| 1]

Red, Green
: White LED backlight
= Blue LED backlight
+R,GQD

* QLED: quantum dot light emitting diode

- &83E QLED g4
White LED Color filters Display
Typical LCD .
Blue LED + R/G QDs Color filters Display

- LN ATV IIA

@) E k!

B WOBLL UMIVERSITY
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QD O A&dI0I2] HFAL - 2) OD-O0LED

22.03.18 O| O M AL F2 A|ZF (55 QX|: $2,199/ 65 X]|: $2,999)

Samsung OLED Technology
(New arival

Pre-order S95B Samsung
OLED Smart TV (2022)

2022

QD-OLED

vvvv

Get incredible detail, perfect black and over a billion
boldly vivid colors from our new 4K OLED TV. From
$2199.99 or $45.83/mo for 48 mos.

IS TFT Dackplane |
| Substrate

= A1 QD-OLED HEH
52 M TR

A OLED- QD M HEHE ARS

% &4 Q0| £ 52 M 2f

34-inch 3440x1440 (21:9)

=5

4

[QD-LCDR}2| H| 1]

23 25 7HM
Red, Green

- QD { X7} color filter 2 0| S
Blue

: LED = OLED

HMOLED Hefet & =A2 2712

=== T

65-inch 3840x2160 (16:9 =
nch 38402160 (16:3) L 2712 e o1z Al 40 20f

L
=

6

M

Ykt

AARZF 7} 100THH 72
28T 50~60%0| SxlsH

55-inch 3840x2160 (16:9) HAM T 7+
[CES 20220f Al /g |2 F2|0] QD-OLED TV] MAK L2 012 7124 =0}

2 O Af| CH 2t
- 65 - OLED21O] 7124 Z7H0H| A 2o b

§7  VOMSEL UNIVERSITY




QD O£

=di0[2] BIMAL (0114} - 3] ONED & QDEL

\‘ Substrate

GaN nanorod
He R ol
“rafptyty,

= Inkjet process

[QD-OLEDR}] H| 1]
Red, Green
L A
Blue
: OLED = Nano LED

* QNED: quantum dot nano-rod LED
* QDEL: quantum dot electro luminescent

Substrate

QD 7/gte] I & &t
AHEE L[ E 2 of

[QNED2}2| H| 1]

Red, Green

: QD XH'Z2E S

Blue

: Nano LED <& QD At&&=

_66_

What is QDEL display?

- OLEDAM & Xp&d A Xl 271 Ax 7€t QDE
0|83l R, G, B BE MZ4E QD& F8sl=
Cl2 &2 o]

- Backlight’} 2 2 23 C|AF|0|F Al M=% 7ts

X2

A2 2HHY Fd Vst

X

e

Xl
—

OH

H7 L Qs

SHI7t
H|E 380| 7ts!

ZHIZ M%7t

-
Ral
3]
H
=)
5
=,
=
Q

>

Rl

Perfect color
volume

Ultra thin and
flexible

Low cost

"0) Rala L= iam!

il TOMEEL UNIVERSITY
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O} Micro-LED CIAEdI0]

1}

292" £H8

‘The wall’ 220" Sony e 5.6" Konka

'Crystal LED’ ‘ 145" LG . ‘200 ppi ultra-fine pitch”
"“ ‘Micro LED TV’ » 118" TCL P 5

a3 /4 The Cinema Wall 108" PLANAR

o > ‘The great space’’

: 75" 238 48
: ‘The Wall” j eawie

A/ HXE, CES 20220{| M FH A S
89 QIX| OIO|3 2 LED TV

@ Size Free (@ Ratio Free 3 Resolution Free @ Bezel Free
"Micro-LEDE 7| & C|AE&20]Q] 47}X| H|ek= gich Oj2fd C|A S o|C}

OFO|A2LED A%, 20264 27 2.

— - 2 (ENT)
2026\A7HX| O 241% HEE jol22 LED &3t R ee] <019 RE] pyig m~
279 2 2 AES dd 16002 +CH 65%9| A Xt es
*279 =3 3% 720594 ¥ L = -
[Ref. ] CIX| 2| Y 2], 2022.08.14 ‘ 1550CHIIX] EF ol ——
o2t
XtMICH ‘OFO| 3 2LED’, “CHETVLH M| 2 =L} .
Adr|AEg 0] CHEO[AL= 4000t
“24'40] OIO| 32 LED 89, 10121%| & Y& e N
HE o] 715 A
LGTX} 4R &= “10021X] 0|4 A7|2] TvE Of0|AE 0

LEDE Z o8~ LA A 2019 2020 2021 2022 2023 2024 2025 20261
[Ref. ] THO|HHE 5~ 2022.09.05 ARSI oA CHEHT]
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Micro-LED, mini—-LED &9

< Micro-LED ™ 9]
«100 um O|2t2| OFO|AE A7|°| LED

& LEDO| scaled &2 9l 2=

Micro-LED 10~100 um ‘n

*Mini-LED 100 um~1 mm
*Normal LED ~3 mm

[GaN epitaxial wafer]

_69_

Micro chip < 0.1 x 0.1 mm?
Ex) TV, mobile, wearable, HMD

* HMD: head mounted display

Small chip ~ 0.3 x 0.3 mm?
Ex) Mobile, signage

Middle chip ~ 0.5 x 1 mm?
Ex) BLU, lighting, automotive

* BLU: backlight unit

Large chip ~1 x 1 mm?
Ex) Lighting, automotive,
camera module
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Micro-LED CJAEdI0l0] &d

#7|1=0] ofd F7|= 7|8 LEDS EELXE AE
(1) Flolt 3| =2 =2 Of2fA| 21’8
<C|2Z8[0] FE 7 & H[u>

Luminance (cd/m?
*]EJU||ICO|OI' 7|(_7£_ ) >3 x 103 > 5 x 102 > 1 X 105

L

<Micro-LED= OfL|X| 3t LEDO| & O{Lt OFRAIQIME & 4 Q= FAA MTtxms

(2) OLEDS| HQl =i4k Sl HAM AXto| =3 X 3= (3) == C|XIQ Xt

- OLED C|AE8|0|= §7I22
0| 25}7| tfj 20 Aot =20 F
> Hol Sy 2

-

- 27|29l micro-LED= HQl 4 Stretch

o
EXE IS B0 OHLIZ HY 54

=
As171 Qio] oL 7l £HE 7}% <Stretchable 7|2t0]| ZAME! micro-LED ¥ ZLH& micro-LED C|2E2|0] (790 QUX])>

- 04 32 3719| LED= $lofd 1) THXIX| SO0, AR/VR
g I3t A48 NS E/XTE C|AZHO|RE Tl TES
ElE M ES B8 i CIABH 0TI ME TS

‘) ek

B VDbl UNINVERSITY

<OLED C|AZg|0]2| H1QI (burn-in) 4>
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i —_ AEEIIOIOI jI*I-I LI'I'" ]]I.EI.EO .T.II-IOE O OFA HlQ
Micro—LED El_a == All- T OO0 — X cu_l' =
s2 717, LD & MAF 2% 50| A8ste] ZUE Micro-LED AL/ et S8
-LED #f|0]
DHAE FHUE 9IS Y AU > HO|E £2 THOE WOIKE 48 * H
<C|A S 20| off & = 0f [} micro-LED B> o
| FulWiD | UHD@K) | UHD(@8K) aser lft off I..-I
LED & 7
o e 6.2 24.9 99.5

HolX| e =T 2t BE 7 EE SUX| o WE tHH ST &5 ‘ Interposer (carrier) | Display panel substrate \

Interposer0f| B EE micro-LED Cl2aZe|o] mid 7[Etof| HAL
' Display panel substrate
25009 7| & 0.1%2F 20| LIt: o otxt ZYoz HE
258t 70| %= mA|slof st ® 7680 X 4320 StA0| M= E FHStE 8K TVO| HLst Ojo|3 =
LED2| 7H+== 1Y 7HC| micro-LED & E 8
> CHEF ‘840 ZH| glo] 7|&E WA le 2= TV 1010 80Y 0|4 &R
o 22 INME CjYot MA/HE 3E 7Y W F
= Of|A|: ETRI - Laser-Assisted Bonding (LAB)
(BI0| M E o|8sl MEiX o= 7IHSI0 HAIRL HES SAl0| TI)
n— - SR of M| Ll St
<CES 2020041 27HE! micro-LED C|AZ 0|0 B2 0fA|> “71- ) e ine
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Micro-LED CJAESdI0IC] Ojldi= HH YO FO| &M Hisk

® Micro-LED C|2E2|0[2] H|%} H|E2 WEAH TA T ® RGB 7/H'EE = RGB #H: olo|E2|E HEHQ| # 2fA 7R
Micro-LED .ni‘;;r:s::?;;zs.?;“rgm -
70000 RGB 7Hd 2ol -V .
i 50'000 Sapphire Substrate
-§ MiCI‘O-LED Elé EEE//O/ ]}7}_("/' H/'g [Ref] Dong-Seon Lee et al, GIST, Korea, ACS Photonlcs 2018
'E 40,000 (2020) OLEDS/ 444f (87H) ~100 um, £ (&%) ~1 um, All in one
3 20244 X 2IX]) OLEDS/ 17H] =
5 30000 ((20271__1 xjgf;{-/) OLED] 78 MEHIO|A|A, IFAM HEH = 010|232 LED S7H...
I 'X Z4 xl- =1 OI 2 AH '
£ 20,000 e o
= x5 229l ROB} SLL1ol FAXE ST U UNS Eo 4
xS0 Pxx HEoR Hmst B ME 8HE 2| Tt
10,000 [Ref. | E2F 2022.09.12
0 - — - = = = = = 3 e r H
2020 2021 2022 2023 2024 2025 2026 2027 o u{%é} ElﬁEE‘IlollTV EI'% mleO'LEDgl x_-llg- ‘F'I:OI:E
Micro-LED| 58,693 | 1,266 | 23,688 | 15696 | 10,635 | 7,355 | 5189 | 3,735 —
' ' ' ' ' : : ' AOIE Qx| =0 2 = IAZ ,
M OLED 1323 | 1,266 674 632 597 564 533 504 _I:I|-_ T'I xl o —I T'“ 01 EI = El —= E“ OI ! G | .
OPPO Smart AR alass Konka Smart watch Oog € acquires
PlayNitride plans to reduce micro-LED chip microLED startup
prices by 95% within 5 years > that is working on
MicroLED makers will have to integrate the entire supply chain - from LED wafer production and process \4 . =y d IS p I ayS fOI‘ AR

to transfer technology, backplane production and display module fabrication

glasses

[Ref. ] Microled-info.com
In 2020, google acquired North, a maker
of AR glasses, now it has picked up

Aledia orders Veeco's 300 mm MOCVD systems R glasses, picke
. . . . Raxium, which is developing microLED
for its upcoming MicroLED prOdUCtlon fab 291X| 400 ppi displays for AR and VR applications.

Veeco announced that France-based 3D GaN LED developer Aledia has selected the company's Propel Micro-LED Displ_ay Micro-LED Displ_ay [Ref. ] GSMArena 2022.03.18

300mm HVM MOCVD system for its microLED production plant.
[Ref. ] Microled-info.com (2021.12. prototvpe) (2020.12. prototvpe)
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EN: ¢=2&7|=8, OMDIA * MOCVD: metal organic chemical vapor deposition



Contents
D

2,

Summary

_73_



SO OLED, QD & Micro-LED Display)l 225 Ol= TFT=?

Mobile Tablet & Monitor TV

p |
Small Parge
Display ] ..., Display

= - OLED tablet - QD-OLED TV
- OLED smart phone ~ - OLED monitor - Micro-LED TV

LTPS
LTPO / MTO / HOP )
Small display Medium-Large display

W2 TET 3|2 1£ 9 MM 152 Q8 CHHH O M = uniformt C|AE| 0] 152 2%
RS, WO S 2 b T 7S B2

S22 S &3 L1190 FFIF OILILL
S22 22 displayel 3710/}
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2O F AR/VR Display)t 22 % Ol= 0l0I3= CIA&HI0l JlE

rlo
a1

n Backplane for AR/VR display =======================mm s oo

v Near-eye display Hi%;‘gg;g';ggg Igli:il)OIay SION:sSiliconIEMOS backplane i

AN N NN NN NN EEN BN NN BN BN NN BN BN NN BN BN EEN BN BN NN BN BN BEN BN BN EEN BN BN NN BN NN NN BN BN NN BN BN NN BN BN NN BN BN NN BN BN BN BN BN BN B BN BN B BN NN BN BN BN B BN BN BN BN BN B BN NN BN BN BN B BN BN BN BN BN B BN BN B BN BN B BN BN B BN BN B BN BN B BN BN B S R

. -

aEmissive layer for AR/VR display ~===============mmmmsmmms s s s s s s ~
- 1& 1

i A R A HA Yol gUoz Q% =2 brightness 2 VR maH QJ%OI E_-E“Enlﬁiq b:::g?t;}e:sﬂ HObE i
! . ) I
| device device |
! || colorffilter | |
: - Red LED display I
Array on Silicon Wafer 1

l LEDOS . Green LED display OLEDOS !
' Aoy ontcn o I
= !
= !
\ )

-ay on Silicon Wafel
Blue Blue Blue
Bonding | - =
SR Blue LED display Silicon substrate
Array on Silicon Wafer
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