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20170LED A& : 2402$, CHES 204=(8.2%), A8 2202$
20220LED AlZ& : 48521¢ ([H&EHO| 73242 (14.7%), A8 412$
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Mobile
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TV / Industrial
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m Others
CEC Panda

= JDI

m China Star
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m Visionox

m Tianma

mBOE

m LG Display

B Samsung
Display
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¢ HEAQI CJAZd0/(LCD, OLED)

~—— Polariser

~— C/F(Glass)

\\‘» h— /e

— TFT(Glass)
—— Polariser
—— BLU

p/

LCD

Thinner, lighter, unbreakable

____ Polariser
g_ Enctp(Glass)
— Organic Layer

— TFT(Glass)

OLED

,— Polariser

—— Encap(Film)
Organic Layer
—— TFT(Film)

Flexible OLED
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¥ OLED .
= Top View
Glass 4
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Glass Glass
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H3=33 Zx/25 2K g 23
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Electrode v Encapsulation Module/Process
Etching Etching Baking EML(RGB)
QOLED Cell OLED Module
PR Stripping PR Stripping Separator [SREEEd | |
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& Electrode
r ITO
ETL
Electrode  Electrode 1
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EIL
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TFT Backplane OLED 5% =234 Module
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LTPS TEIFBackplane =2A

hydrogenation PECVD (>200 °C), Furnace (>300 °C)

Excimer Laser (RT), Buffer Damage

llization

~
s

ric Layer PECVD, SiO2 (>300 °C)

de & Bus Line Sputter, Low Temp

g/Activation Thermal (>300°C) or Laser (RT)
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PI coating/curing

Adhesive layer

Glass (carrier plate)

OLED

TFT=back lane Barrier coating

~J- Detach by laser

Thin film encap.




& BAIZ OLEDE JITORE= Pl H20| AIRESH &4 J22E 201X0 US

> PI 2SS A& carrier J| &0l FX0tH AtEotes Jl=

Carrier plate

|

Pl lift off

| |
Sticking FI film TFT or CF
Pressure sensitive Processes
adhesive ‘ ‘
*‘_
> PlvarnishE AIEdt= Jl=
Pl spin coating i
=i |
l TFT or CF _
Processes PLift off

Drying Pl layer \
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- Polymer J71™@O| XM ®J] or £J12ES H =T
- Inorganic layer : H,0, oxygen At

g Organic Iayer Aiikasion Dath §jl. 4 A 4 Micro Defect
Inorganic Layers == e

. B\ 2E WOl IE $Z BEHO @M |~ X =T
Organic Layer——\ ,----~ -=
H

N S
= " S
Diffusion Path

Polymer 102t0 10 10'to 10! Excellentclarity Low performance
(no barrier) Excellent Flexible and tough

o2 Al
—L oo

Ol

Inorganic 10°t0 102 10't0o10° Good clarity Brittle in tension
Good flexible

Multilayer of 103t0 10¢ 10'to10* Good clarity Somewhat brittle
inorganic & organic Good flexible High cost



TFESE

Additional layers as needed

Inorganic layer
Qrganic layer
Inorganic fayer
Display active area

Flexible substrate

Ink jet printed organic layer

Electrical edge contacts
‘ N

=X : http://ko.kateeva.com
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| 1%t Deposition Cluster I ﬂ 2" Deposition Cluster l Encapsulation Cluster Automated Encapsulation Glass Supply Line
@ Hole Transport Layer & Deposition Red
Deposition @ Deposition Blue )
® Deposition Green Electron Transport @ Encapsulation
Layer Deposition
3 Hole Injection Layer HTL

Desiccant Setting
Vacuum UV Cleaning
Degassing
Deposition o ETL .

L 4
. Q,--

L 3

Al

- @ w

, Dispersing
(@) Electron
ORI i e AR Mams oo Injection Layer Automatic Loading of Completed Glass Substrate
2 / Deposition =
I ~ . -~
cleaning ~ .‘ @ Metal ‘Q_ n - n
/ Deposition } '

@ Automatic Loading of Glass Substrate with ITO Anode

1@ Automatic Unloading of Completed Glass Substrate



FMM : Fine metal mask
Fine shadow mask is fabricated by electroforming or laser.

Stripe type : Low aperture ratio, sagging problem
Dot type : Inner shadow -> Lower aperture ratio
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Metal shadow mask

L

Metal mask

L

Finishing
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Mask tension
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Cutting

L

Welding to Frame
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- Issue
— Mask : fabrication, sagging, cleaning
— Equipment : Scalability, alignment, mask expansion
— Device : high resolution, particle

[ |
& 5 EENN =N =Em =mm = Djxe| position

g::‘:s ) org. dep.
adow mas
T R OHEZ > fYT HiSt

15~30um |

T

Glass
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OLED HIZx S3(1)

electrode

electro?

electrode

- ﬂW/
Back film




- |aser beam

APAIAEI0] 2

AEl=AP Al )

. polyimide film

| Specification

Laser Type

Laser Wavelength

Laser Repetition Rate

Laser Pulse Energy

Laser Uniformity

Stage Type

Stage Position accuracy

Process Environment

Excimer Laser

308nm (XeCl)

600Hz

14,2J

Long Axis (20): < 1.8% (@96%), Short axis (20): < 3.0% (@96%)

Single Plane or Stack Plane

X1, X2 axis: <t4um, Y1, y2 axis: <t 4um

ATM



OLED HIZx S3(2]

electrode

Back film

electrode

dlOl M cutting

Back film



ULED CUtting

Laser

Protective Film § Protective Film

R
CarrierGlass | Carrer Glass

@ Cell Cut :Glass + Film

Protective Film § |

Protective Film § Protective Film

@ FLC:Only Film

| Specification

Laser Type

Laser Wavelength

Cutting Accuracy

Model change

Stage Type

Process Environment

Software

Safety Certification

=X http://www.apsystems.co.kr

* Diode—pumped solid—state laser

DPSSL/CO;

355nm(UV), 532nm(Green), 1064nm(IR), 9.6um

< +50um

Working table(Auto change < 1hour)

Single Plane or Stack Plane

ATM

Easy Cluster™

CE, SEMI, S-Mark
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Upper glass plate
l UV Resin  Polyimide FPC

UV Resin

Lower galss plate  Flectrode ACF

Cover window

f

Back plate film
(BPF)

FPCB ACF Bended UV Resin
(BPL)
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=4 ZHd| | SgA
Pl Coating off Aol =of 0]

Flexible
Pl Curing Hl 2ol 2

Cleaning Cleaner |(B)Shibaura, (B)DNS, HO|ME Mo A CldloffA STI
PECVD (32)AMAT, (B)UIvac, SFA

Deposition
Sputter (B)Ulvac, ol FA}

. Dopant H 2lAlol= d|olE=
Annealing Activation (BIMES, H 2fMlo|Z, H|otEE
Doping  |lon-implanter ( B)Nissin

TFT ELA APA| A
Crystallization
Non-Laser H 2iM[o| 2, dH|otEE
Dry Etcher (B)YAC, (B)TEL, otolMC|, #l2lIPS
Wet Eicher Mo A, AHolME Cldo A
Lithography
Stripper Ml A HOIME Cladlof A
Exposurer (B)Canon, (B)Nikon
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o] S=EA

RGB patterning

Evaporator

(B)Tokki, (H)Hitachi, (H)Ulvac, SNU, SFA

Inkjet Printing

(%()Kateeva

Glass APA| AR doto|o A H2tMol2
. i (B)Ulvac, SNU, (£)Kateeva, (Z£)AMAT, & <2lIPS
Encapsulation Thin Fil ’ ' ’ ' ’
P nrm Mol A, (%)Veeco
Hybrid SFA
LLO APA| A E
Cell
Cutting ZH A AEHIE
FA (B)Daifuku, SFA, =4
Other Inspection HBEI Z=2{X|, #Ho|Y, ollu|H

Repair

Eholl x| L of 2
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=25 | Eu| =g
Pl Coating New long, Sera, “halch=g]
Flexible
Pl Curing HlolEE
(BiShibaura, (FIDNS, #H o] ME] LIGelH o of
Cleaning Cleaner Cy oo A
PECVD (FIAMAT, =4Eng
Deposition
Sputter (BUvac, of X}
Dopant
Annealing Aciivation g 2kMol E, dletE &
Daping lon-implanter ( A INissin
TFT ELA (HiJsSw
Crystalization
MNon-Laser dlolE&
Dry Etcher (B)YAC, (RITEL, LIGE! o}
Wet Etcher Holyve oo
Lithography
Stripper Holve oo~
Exposurer (BICanon, (HiNikon
Fvaporator (BITokk, (BHitachi, cf=, F4Eng, LIGSI# Lol
AGE patterning (BiUlvac
Inkjet Printing (HITEL
Glass ofdlz | EtEng, FMEng
Encapsulation Thin Film ofdl=, FHEng
Hybrid FHEng, LIGeId Y of, ofdl2, Seria
LLO o2 34~
Cell
Cutting (AIMDI, EfEng
FA MAFA, ofdlzm
Cther Inspection EEng, &Eng
Repair EEng
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7 gaEg o] Al $£F uF(99): W)

H A = CH 3t o = B & g2
{20179 w5 | 2878] 1365 467%| 85 30%| 198 6% 1190 413%] 36__13% )
2016 1,731 | 1,282  741% | 145  B849% | 126 7.3% 125 7.2% 25 1.4%
2015 1,647 | 1,308 79 4% 9  60% 41 2.5% 127 T7.7% 42 2 8%
2014 1,209 | 1,020 B4 49 77 64% 35 20% 9 07% 38 3.2%
2013 1127 953 B46% 66 59% 43  4.3% 13 1.2% 30 2.7%
2012 376 225  59.8% 45 120% 58 154% 2  0.5% 12 3.2%
2011 843 531 63.0% | 132 157% | 102 12.1% 1 0.1% 6 07%
j§;§ . AMMCIAEY0] Ol'c0l FHI £ OLED 2§ ZHH]
o005 * LGD OHOIZ0ll OLED TV, DHIY & ZH] "
2007 ‘ 322 ‘ 108 33.5% 90 28.0% 36 11.2% 0 0.0% 22 6.8%

* EX SRR HYEE(KITA)
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Flexible display » Free form
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Figure 1: Our predictions on structure & supply chain members of OLED iPhone panel

Flexible OLED panel: < SAMSUNG DISPLAY
= 9 Cover glass

Polarizer:

Nitto, Sumitomo PSA

Encapsulated film: OLED touch panel: X-Y touch film sensor
Nitto, Inbox Samsung PSA

OLED materials: Cover glass material:

UBE, UDC, Idemitsu Kosan Corning

film: Cover glass finish: 3D Touch film sensor
UBE Lens, Biel Nissha Printing m
Steel support: X-Y touch film sensor » e
- o By @ ais pach SIS
Canon Tokki
Fun LI SAMSUNG DISPLAY
DNP Cover glass
PSA
X-Y touch film sensor
IITZ® _ SAMSUNG DISPLAY P [ rotecion ayerim)
| TFTfim |
Steel support
Flexible OLED panel - OLED panel modle

Source: KGI Research
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i;t& | R+ R OLED{ | IR, MR |30 Touchtite EZ:
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dow glass

Polarizer
Touch sensor

OLED panel

Foam tape

Metal sheet



FOIUabIEfdISplay

e «— Window Glass

j_ arize PSA
L Touch + OLED
< PSA
<+— digitizer
EREIiY AT LYY e - <+ absorber +cu sheet

e — L R

, PSA
“ polarizer Touch + OLED
[
—:— Back film PSA
<+— digitizer
* absorber

T «— Support frame



FolaablerdisSplay tinoelds

S+ Window film

<+— polarizer

P

PSA

<«

Touch + OLED

Battery, PCB s

PSA

Display module(1mm)
+

Display module(1mm)
+

Display module(1mm)
+

Battery, PCB(5mm)
+

a (2mm)

Window film : R 1



FoldapierdispiayloutTolds

R «—— \Window film (0.45mm)

polarizer

_; Touch + OLED - A I o=
D PSA
<+— (digitizer
= « absorber +cu sheet —

LIA =20

Display module(1mm) o
+
Display module(1mm)
+ [ —
Battery, PCB(5mm) Battery, PCB S
+ cover
a (2mm) Battery, PCB S
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LED 2010 (HE &2 EX

B Small (HHH
0.3x0.3 mm?2 ~ 20mA (3.0V)
DHrY, HEE, AR

B Vviddle 2/(ZEXB)

0.5x1 mm2 ~ 120mA(3.0V)
BLU, =%, XtSX}

Micro LED (array) Micro LED (discrete)

0.02x0.02 mm? ~ <1 mA (< 3.0V)
(20pm x 20um)

. Large H(AH™F

e N » X . ' T
1x1 mm? >350mA@3.0V) T ST ——
=3, X+S*}, 702t 2 E

High voltage(HV) AC LED (XX &, M%)

16 cells within 1x1 mm? ~ 20mA(46V)
=3

-
KETI Korea Electronics
—~ Technology Institute



Red, Green, Blie LED Chip singulation Sorting and Pick and place hybr:d:zguqn/conneq:on to the transistor matrix that
. controls individual pixels
Epiwafers

ol

sUNE 78 IS, '
1K CIAZHO(TV, AOIEE =.) ES ol ¢ 24,900,0007H] mLED &10] ZLRH| JHE pick & place Ao 2=

MLED= 5~10um S| LED & XIHIE ELTHE=Z Al
9
o 4120] 4R

-
KETI Korea Electronics
= Technology Institute



A=dl0] EHE

= LED Cl

mLED= J1= LED Z0il HI0H tIE BIS&EE,
1 A%, XY 118 &0| JI'-UHH QA Z4ol0l
M2\ A", S99}, MM, 0FQ] AloIA o
flexibleOll 201
-> Power saving =S 0{l A OLEDO]l HIOH 10HH

0120l JHMEIXI2H costIt 22N

HH

‘-Illll...

LCD OLED " Micro_LED’?
75 Backlight/LED Rix| 2y e
AZT BE Fi) )
8% (cd/m)| 3000 (full color) ~ 104 (green) | 1500 (full color) ~ 103 (yellow) | 'O (g‘ljljgg:‘;gn]"107
o4 oht 2001 0j2£2>10,000:1 of2=2>10,000:1
SEAIZH milisecond (ms) microsecond (ps) nanosecond (ns)
Ha2E 0~60C , 3IEITL _50~70C _100~120C
a4 BHE =8 HE
4o s vE 2
H|S Ei=) 32 =

Semiconductor Today 2011 )
Korea Electronics

Technology Institute

KETI
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Large video

displays

——

Smartwatches

and wearables r t' Sony

LG

Apple
Virtual reality

Smartphones

- Samsung
Oculus
Laptops and
Augmented/Mixed  MicroLED TV prototype (Sony, CES 2012) convertibles
Reality BT T
== =
Micosoft Automotive Tablets

HUD

KETI <o e

Acer




0Ol = LED CIAZ4I0] pitch

Evolution of Sub-pixel pitch with increasing PPI

106 4K 557 TV
S0 - ]— , -
o0 WLED array
£ T ] - . B
T $ SFCMOS Backplane
£ e Y
P — 60 l ********** <3|
o. C X! EEEESE Hybridization
5 ULED epiwafer LA LALL LR
@
2 x5y TFT backplane (LTPS, IGZ0) ULED epiwafer
Q
= C Smart
(7]
2o g
- § Smart
A 30 phone
{_ e ConsumerVR
|
o1 AR/MR
[ Microdisplays
o | _
—OE—
- ‘! T U I - T 1
] 2000 eMagin 2500

Pixel Density - PPI

-
KETI Korea Electronics
= Technology Institute
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