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Organic Light Emitting Diode (OLED)

ZiR(ITO)
& E%HE Hole Transport Layer (HTL)
Bl ¢/ Emission Layer (EML)

EFE#HE Electron Transport Layer (ETL)

f= 4R (Al




Semi-Transparent Cathode

Hair thickness
50~100pum

L

HTL <1lum

HIL

AMOLED Glass

12 inch Wafer

'

Good particles control ability needed!
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* Product: Car audio display *  Product: Sub-display of phone, MP3

Metal can

. Glass . Glass

* Metal can encapsulation with desiccant e Cavity glass encapsulation with desiccant
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Zahd Z JERW RN 28 | &YW EBEEEY
EDFEH | BXIE AEE AFEE | BXE | EXIE AEE
50~150 ~50 0.1~0.7 0.1~10 | 10~30 50~90 5~50
BE&E - REE - - - -
(Vy, ShiftfE &)
Gen 6~Gen8 | o XEE(L | LCDERE Bl | KEHE Gen 6B | oI K| Gen 8&E& -
*1)(2008/S | @IZl Gen (D= fmsg, 8 | &1t SMDF&EfL o]
DI 4004TV) | 10(Sharp) HAS Gen BE2015(3)
i 8(*2)
SMD,LG,CMI, | SMD SMD,LG,AUQO, | ST LG CMI SMD,LG,SO
AUO CMI.... NY AUO

af : (*1): IMID2009 SMD SGSRIZFE6HERAEREIRSHMETH - BAISSNERNEERENEREEEEZF
(*2): LG:ERBIUIRIBIER - TFEFKRESNETT/00°CLA LR EERISPCEEEE"
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/ SCAN

S/W TFT

DATA

-

OLED VDD\

A

Driving TFT

OLEDE/T Cotep

——— 4T-1C

-/

Non uniformity of Luminance

4T7-2C

— 5T-1C

— 5T-2C

— 6T-1C

Source: |EEE Electron Device
Letters (2004)

Source: IEEE Journal o% display
technology (2005)

Source: S.M.Choi, SID Tech. Dig
(2004)

Source: |EEE Electron Device
Letters (2005)

Source: KODAK Global Mura Compensation
(GMC) Technology

Source: N. Komiya, IDW ‘Tech. Dig
(2003)
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Linear Source

Parallel shot

Linear Nozzle
Source

Area Source

(*1)

-

&

Linear: 50%

T EE

Ct - raa - raa : £i
@ ) 99 0 4
TOKKI ; ULVAC TOKKI YAS ULVAC
ULVAC
370x470m | 550x650mm ; >Gen 3.5 ~Gen8 >Gen 6
m 620x375mm;

600X720mm
Cluster :4 Cluster: 4 7 i& NA NA Linear: 2 778&
782 Linear : 2 &
1~5% Cluster: 10%~20% | NA 40%~50% *1) >40%

& (*1) ERIERIE | hitp://lyasoled.koreasme.com/com_04.html
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TOPPAN #:HANSONG | SEWOO

FINE 118K

NA
"Etching *Etching *| aser *Laser
*PTH CRTE B *$1H CRTa B *Etching *Etching
R2R R2R

*FMM+Frame *FMM+Frame *FMM+Frame *FMM+Frame

*FMM Only *FMM Only "FMM Only *FMM Only

*Tension Equipment




&} : FMM Hole Open
B HE R Sub-pixel R/G/B
HEMERS
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@ Conventionall®LUEDJEVaporationiling

______ csT ||© FMM Cleaner/Inspection/Stock

FMM AGV |----- !
CST
O O O HIL
ETL TL (Common) N,
Baking
(ClappI;]g Cathode MS& MS&
ayerQ '
OLED 4-©|:| [
Encapsulation Backplane
Cathode .
Flip
FMM
(FMM (FMM)

(Capping layer)
Cathode
ETL(Common)

R.G.B(FMM)
HTL(Common)

HIL-3(FMM)
HIL-2(FMM)
HIL-1 (Common)




@ ConsiderationfofifiighlResolutionfOLEDIEVaporation

Color mixing issue
v CCD ;I/Product sub-pixel
alignment esign vs. Magnet
accuracy CCD CCD

Substrate

FMM 200~300 ¢’
v'FMM design W
v'FMM accuracy

v'CTE matching of parts

" Vibration

<
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Epoxy2

v v'~ TS
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BE AMOLED |

Epoxy2

oo "t:‘-- »

AT

BE AMOLED |

Tape Getter

Liquid Getter

BE AMOLED |

Resolution<200ppi

How to do ?

Without Getter

Thin Film Encapsulation ?

TE AMOLED

High resolution >200ppi




Liquid

Precursor

"

Acryl atehemistry

BARIX™ Encapsulation
WVTR~10% g/m2.day

Barrier
Layers

Polymer

Polymer

Polymer

Rolymer

Substrate

Source: Vitex

norganic Liquid Cure
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Ca Transmision
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=
[mx)

=
=
I

0.0z

Plasm uv s Y s T E M S
Almost no change after 570 h 60C 90% RH!
. . ‘ ::%EE% — Permeation rate of
i 2634 ~1x10% for the
. . combination of

encapsulant and

| No pinholes barrier substrate at

21C
2l
1 i /
!T‘,_.—-— Y
" _________—-.
g — -
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Storage Time, h



VitexqR&DIRilofiline!

Vitex Encapsulation Tool
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Source: Vitex
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NAGASE

RilERGIaH

ThreeBond

ThreeBond

SEKISUI

E Nippon Electric Glass Co., Ltd.

Sdes

gatters

[rpenser
) g )/

ODF Head

/

CA
4
”

- Dispensing

UV + Thermal
Curing

Lamination (Film
type)

ODF
(Liquid type)

- Screen Printing -
Laser Curing

Lamination
(Film type)

Bottom Emission

Bottom Emission
Top Emission

Top Emission

Bottom Emission

-Epoxy Base
-Low WVTR

- Low Out Gas

- Low Shrinkage

-Good Filling Property
-Good Transparency

-Glass Like Barrier
property
‘Very Low WVTR

-Good Water
Absorption
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OLEDZ 8
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TFT Substrate 02 plasma
v
v HIL
Wet Clean v
& HTL
L
Baking N
5 EML-R
e —— | v
i Inspection i EML-G
I1 v
Face down EMI;-B
v
ETL
\ Baking v
""" | EIL

\ 4

€SS

!

Cathode

!

Un-packing

A

Cover Glass

Laser Curing
< Vacuum Assembly
» Lamiination 4 A
‘;I ODF Inspection
(Liguid)
Getter y
™ ﬁ Post curing
$creen Printing Dispenser Dispenser |1
(Frit) (Glue) (Glue)
7y I_f 7y Cutting
Dry Clean J
tl Burn In
Baking &
1 Light On Check
Wet Clean Ll

Module




AMGLEDHF SRR
TFT B ARl > /\73 FOLED#fi
LTPS |D) | w1t pre IR R EENTE 015
SGS —— H . 5
a-Sli BE BS i Point Source Encapsu|ation luster
_S' y JN\RNTEEFMELM EH G2 (1)Epoxy+UV Curing «E#RG3.5/G
HC-l TE I |near SO\ E;Z)Frit+Laser CUW] 2
ASPC ||l r2# T | |- xr~rav2zmE Passivation L%";&eaG%
«2White + COA 1)Single layer o= 2
Area Source | ||| (Y>ingle lay
SDC R S ot (2)Multi-layer
MO —— MM Structure |
«Sub-Pixel SBS (1)N2 en_capsulatlon
i . (2)All solid structure
*High resolutio

fhiat -

SGS (Super Grain Silicon) BE (B Emissi COA (Color On A
ASPC (Advanced Solid Phase Crystallization) TE ((Toogtgrr:issrirgrsslon) FMM((F(i)anMer]cal r'\r/?glgk)
SDC (Sublimation Deposition Crystallization) SBS (Side By Side)

MO (Metal Oxide) CF (Color Filter)
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1/2Gen4.5 730x460mm(LG)

1/4Gen3.5
o 275x335mm(CPT)
620x375mm(CMEL, TPO) (AUO)

Genl
300x400mm 1/2Gens.5 1/4Gen5.5
en5.
Gen2 370x470mm(SDI,LG) 730x460mm(SMD) 650x750mm(S
MD)

2

™
i i
4 a-SI

20.10FPoly-Si
LG-Philips

EOHEER A3T0NYV

5.50F Poly-Si
SANYO-KODAK

131 Poly-Si
SONY

3.209Poly-Si 19 MO
TMD SMD

IDTech =
210 a-Si
SANSUNG Electron

> @@ Al

o) e T 260UN86

— ) .

M ommr o i NOKIA

SR (ORI %ﬁ%g/i/ Jo 71% SAMSUNGF #7%

on ie- 2[R SAMSUNG

= SONY BenQ —Siemens MOBILE DISPLAY

(AUOTER)
7.60FKodak
(CMELE1R)

A

LG 15" OLEDTV

Sony 11" XEL-1
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* Display: 2.2 inch AMOLED
*  Production company: SANYO KODAK(SK)

Cavity glass with liquid getter
Cavity gl&ss

EEEEEE T
N2

,"l—\ : ,_\-.. oo

—e Epoxy resin




AMGOLEDJEncapsulation

Glass ‘-
7 Glass
v Encapsulation: Film type adhesive v Encapsulation: Frit by laser
SONY 3.8” PDA SAMSUNG 3.5” smart phone SAMSUNG 4” smart phone

(Haptic) (Galaxy S )



Cover plate

Fr|t on Cover
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Samsung S8300 2.8" Touch
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Materials for OLED (Organic Light Emitting Diode)
Organic materials which are used in a wvariety of
advanced devices such as smart phones, tablet and
computer screens,and televisions.The  Electron
Transfer Layer(ETL),Hole Transfer Layer(HTL), Green
Phosphorous Hest Layver(GPHL) and Pixel Defining
Layer(PDL} allow the efficient ftransfer and
combination of electrons and holes to produce vivid
colors andghigh contrast while promoting low power
consumption,long life and reliable operation.

‘ P CHEIL INDUSTRIES

Polyimide (PI)

Polyimide is used in LCD manufacturing, providing the means
to make liquid crystals align in one direction. This allows the
LCD to provide sharper, clearer, high quality picture images,

Flexible AMOLED \

D UBE ssnanzax

FPD materials

PSP

PSPl (Photo Sensitive Polyimide) is an advanced
material used to protect delicate semiconductor circuits
against the damaging effects of electrical and
mechanical shock and temperature that are transmitted
through the packaging of the device to the circuit,

Color Resist (CR)

Color resisis corsist of tree fypes of organic materials
through which the three primary colors (red, green, and blue)
emitied by the TFT-LCD backlight are fitered, Color resists
are an essentid core component of LCD production
technalogy.

Anisotropic Conductive Film (ACF)

Anisatropic conductive fim is an essential adhesive material
used for cornecting fiat panel display circuits,

It provides electric anisotropy with electrical conductivity

in the: direction of the thickness of the fim and elecical
insulation in allother drectors.

Paste

Paste can provide both insulation and conduction. For multi layer
ceramic capacitor (MLCC) electrodes, paste promotes even flow of
elecincity inside electronic parts. It is also used fo fom an
insulation layer for address or bus electrodes of PDP (plasma
display panel}for dispiay devices

Light Diffusion Plate (LDP)

Light ciflusion plate i an optical dispersion piate that protects
supporiers and lamps of varius optial im in the backight
assembiy. I also disperses batkight to ensure consistert ight
cartrast throughout the LCD TV soreen.

Multi Angle Surface (MAS)

Muti angle Surfaoe provides mare and brighter fght for LCD,
which cannat safi-generate light, it also provides vaniaus.
adcitonal funcions for the conventional prism fims,

resuting in vastly improved performences such s wider
viewing angle aind efimintion of the upper protective fim.

Polarizing Film

Polarizing fim changes the: incidetal light wibrating in several
directions info light that viorates in anly ene direction (polarized
light). Since LCD uses double refraction of liquid crystaks, it is
wery important o control the vibrational directions of lioht
coming info fiquid crystals,

Flexible Copper Clad Laminate (FCCL)
Flexible copper clad laminate, a multi-layered stack of
polyimide and thin layers of copper, is used in flexible circuit
boards to provide three—cimensional fiexibility, This essential
material enables desian and miniaturization of electronic
devices such s mabile phones and digital cameras.

LED SE (LED Silicone Encapsulant)

Siicon materials that protect LED chips from exemal
environments. such as air and moisture and fluorescent
substances

LGP(Light Guide Plate)
Optical, high penetration material that induces

the point light source to the front direction

TR &R http://www.cii.samsung.co.kr
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I.TP Laser Thermal Process ‘

MOED Encapsulation

VAS "u’acuum Assembly System

Atacher 231
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Samsung i8910 Omina HD
3.7" Touch

Samsung Louvre
B7610
3.5" Touch

Samsung
Haptic
3.5" Touch

SN

Cowon S9 Cunr
TV-Out
3.3" Touch

Samsung A877 :
3.2" Touch Samsung

i7500
2ll

Samsung M8910
3.1" Touch

. |
-

Sa-msuﬁg SONY Walkman
3" ftElE 3" Touch

Samsung Jet
3.1" Touch

o3 N
Samsung S8300
Samsu n%hM7600 > 8" Toueh

Nokia N86
2.6"

ey

Samsung Omnia Il Samsung SPH-M8400
3.7" Touch 3.7" TOUChi
_ Samsung

. Vodafone 360 H1
Casio CA003 3.5" Touch

3.3"

Nikon
3.5" Touch

Samsung
SCI:l-W880 — Samung )S(Ogia o
3.3" Touch gzwosllénl? Mo|r'nent 3% laX2
3.2" Touch3'2 Tougg
Samsung
U960 Rogue
Touch
Samsung Armani
SPH-W8200
3.1" Touch
Casio CA004

3.1"

Q3
2009


http://www.oled-info.com/nikon-s70-photo
http://www.oled-info.com/sony-x-series-oled-walkman-photo
http://www.oled-info.com/samsung-s5050-photo
http://www.oled-info.com/samsung-m7600-photo
http://www.oled-info.com/samsung-a877-phone-photo
http://www.oled-info.com/samsung-acme-i890-phone-photo
http://www.oled-info.com/samsung-i7500-photo
http://www.oled-info.com/samsung-pixon-12-photo
http://www.oled-info.com/samsung-haptic-photo
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Google Nexus One
3.7" Touch

Samsung Glaxy S
4”WVGA Super AMOLED

HTC Incredible/Desire Samsung Projector
3.77’AMOLED phone

Samsung S8500

3.3" Super AMOLED

Galaxy Beam 3.7”
Super AMOLED

Samsung Projector phone
W9600 3.3 touch AMOLED

Samsung Sprint
Epic 4G4”WVGA
Super AMOLED

Samsung CL80
Digital Camera
3.7’Touch AMOLED

DELL Venue Pro
4.1” Super AMOLED

) NOKIA E7
Microsoft  Samsung 4” Touch
Window 7 Omnia7 AMOLED
4”Super 4”Super Veanl
AMOLED AMOLED _- =

Samsung Galaxy K
3.7”AMO/' e |5

Nikon S80 !
_ if,lgl‘_"ég' NOKIA N8
San Francisco 3.5” Touch
3.5” Touch NOKIA C7 AMOLED
AMOLED 3.5” Touch =
AMOLED

NOKIA C6

W Samsung Craft 8 3.2” Touch
_ 3.3“AMOLED
Samsung DSLR NX10 oo Motorola Ming = AMOLED
) WB2000 Samsung TL500 A1680 3.1 Samsung NX100
3* AMOLED 3”AMOLED . , _
| I | g
1 2 3 4
Q Q 2010 Q Q
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Samsung
Galaxy S2

Focus S
WP7.5
4.3”Super

4.3” Super
AMOLED

4.3”Super AMOLED-Plus Advanced
AMOLED-Plus | — —
NOKIA X7 BB
Google Nexus S Clear Black
4”Super AMOLED 4”AMOLED NTT Docomo
4” AMOLED
NOKIA N9
3.9”AMOLED
3.8”AMOLED Clear Black
3.7’AMOLED
SONY TX100V Nikon S100
Digital Camera 3.5”AMOLED
3.5” AMOLED -
NOKIA 700
t 3.2”AMOLED
Z
Olympus XZ1 Olympus E-P3
Digital Camera Digital Camera
3.0” AMOLED 3|.0” AMOLED | -
I >
Q1 Q2 2011 Q3 Q4
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High-end Smart Phone

Entry Smart Phone
(AMOLEDZ=Z/E)

Feature/basic Phone
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20 million (259
of South Korea
own this phong

Samsung
Window8
phone
4.8”Super
AMOLED-Plus

Samsung
Galaxy S3 oogle’s Motorola
4.8”Super 4.7“HD Super
o AMOLED-Plus AMOLED
amsun i . e
| g , Panasonic HTC OneS HUAWEI HD E”}i Micromax AT&T NOKIA
Galaxy S2 ELIGA 43”S Pixel A90 Google’s Motorqlg i
” " » S”Super Pantech ) mia820
4.3”Super 4.3"AMOLED 4.3”Super Ascend P1 S 4.3"AMOLED “ RAZR i “
AMOLED-Plus AMOLED 43“gHD 7 4.3“GHD
7 4.3”Super Super 4.3"qHD clearblack
AMOLED AMOLED SuPer AMOLED
AMOLED
NOKIA 808
AT&T Pantech Clear Black
4" Super AMOLED 4” AMOLED
AT&T 3.7“
Super AMOLED . v
Samsung  Olympus Tough MV900F Samsung - panasonic
SONY TX- NX-20/200  TG-1iHS 33°AMOLED  EX2F  LUMIX GH3
3.3’AMOLED 3”AMOLED  3”AMOL ED | 3”’AMOLED3"AMOLED
Q1 Q2 Q3 Q4

2012
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b (%)

45%

Nokia — Apple

Samsung e HTC e ZTE e R

A40%

35%

30%

25%

20%

15%

i Retina display
)

10%%

HTC

5%

0%
10'Q1 10'Q2 100Q3 10'Q4 11'Q1 11'Q2 11'Q3 11'Qa 12'Q1 12'Q2

Source : IDC/ iSuppli 2012
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NTT's MEDIAS X phone
(made by NEC Casio)
4.7” AMOLED

Samsung
Galaxy S4
5" 1080P AMOLED

NOKIA
Lumia820

NOKIA
.. Lumial020
4.5"1,280x768 Galaxy S4 mini 45" 1 280x768

Samsung

Moto X
4.7" 720p
AMOLED,
316 ppi,

ClearBlack 4.3" AMOLED (learBlack
AMOLED AMOLED
SONY TX-30
33 ‘u ,
‘ Blackberry 3.2"
AN 720x720 (330
Nikon S9500 Ngl,kOA”MAC\)"(ééO OLYMPUS TG-2 iHS ppi) Super
3" AMOLED 3" AMOLED AMQLED | -
| | | ]
Q3 Q4

Q1

o013



@ DRI B T B

e ey

LG 55”0OLED TV

4041
204 \
SONY 24.5” .,
OLED TV Monitot SAMSUNG 55”OLED TV
¥ it e Sold 15,000 Unit |
. L — I@ SAMSUNG MOBILE DlSPLﬁc‘I"|
SRESA@ 1.G 15" OLEDTV SONY 16.5” Gen 5.5 Start to MP
10=j—f Sony 11" XEL-1 OLED TV Monitor

A 4

2008 ' 2009 2010 2011 2012
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IPS LCD Flexible AMOLED

NI N @ LG Display
Qg
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@ LG

Life's Good
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TFT/CF
L/C

F 4 %R : SAMSUNG TFT-LCD AMOLED

OLED TVA Xk BOM Cost#_7% #% ¢ +“ LCD:E 1!

*If Gen8.5 OLED FAB Yield is no problem
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@ DisplayAifEL i

Joded-3

KeENCEIRICTEY
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Flexible OLED RED activity FAST giowing “sony" [Pa TRL
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../../../../../../Documents%20and%20Settings/sony1/Local%20Settings/790224/Local%20Settings/Users/970116/Desktop/3_7in%20AMLCD.MPG
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ElexibleYAM®!

Dl (200752008)

«3.5" «2.5" 4" «5.8" 41"
*QCIF+ «QQVGA *QVGA *QQVGA *QVGA
«Color «Color «Color «Color Mono.
Metal Oxide <OTFT *a-Si «OTFT «a-Si
«2T1C «2T1C «2T1C «2T1C «2T1C
Metal Foil *PES or PEN Metal foil PEN «Clear PI
Top Emission Top Emission  <Top *Bottom *Bottom

Emission Emission Emission



http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image

Elexible

4" *6.5" 4.1" «2.5" «6.5" «2.8"
*QVGA «Color *QVGA «QQVGA ‘WQVGA +166ppi
«Color «Mono. «Color «Color «Color
*a-Si *NA ea-Si OTFT Metal Oxide <NA
«2T1C «3T1C
Metal Foil ‘NA PEN ‘NA «Plastic *Plastic
Top *NA *NA Top «Top «Top Emission

Emission Emission Emission



http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009
http://www.oled-info.com/samsung-flexible-65-amoled-photo
http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo

@ Substratesforalkn

* Organic layer for planarization of metal foil surface
* SiNx to prevent chemical damage of organic layer

« Barrier Structure « Barrier Coating Process

m:on of chemwcal 0 o s

S Conting on Fromt Sede
Planarization of metal fod S robeprayer_ Spbdlrsetoer

Drganic Layer
Ruduction of the parasitic @
cap.

SiNx Deposition on organic layer

Nétal Foil Substrate

Substrate RMS

Glass 410
Bare SUS 964 A
SiINX 094
Organic A 29

rganic A
Polyimide 89A
Organic C 335A
Organic D S926A

Organic C{10gmx10m)  Organic D10p=x10;m)

Source: USDC2008,”LGD - 2008,”02



SANSUNG AMONIEIEL

LCD

2.845mm

1.35

Window (0.7)

OCA (0.15)

Touch Glass (0.2)

Air Gap (0.3)

1.495

Polarizer (0.125)
CF Glass (0.2)

|| | | | |
TFT Glass (0.2)
Polarizer (0.15)

Backlight (0.82)

I

30%

AMOLED

1.896mm

0.92

Window (0.7)

OCA (0.22)

0.976

Polarizer (0.163)

Encap. Glass (0.3)

LTPS Glass (0.31)

Protective/Tape (0.053)
Cushion Tape(0.15)

=B
1==1
70%
Plastic AMOLED
0.98mm
A
0.7 Window (0.7)
v
‘T Polarizer (0.18)
0.28 . —TFE ]
Pl Substrate (0.1)




@ SAMSUNG Sueer ANVOLED

TFT LCD § AMULED

er AMOLED=0C

2.845mm OCTA Slim OCTA
A
2.316mm 2.026mm
Window (0.7)
A} A
1.05
OCA (0.15) 1.0 Window (0.7) 0.9 Window (0.7) Plastic AMOLED
v | Touch Glass (0.2)

Air Gap (0.3) 0.98mm

7} , 7'}
Pelarizer{6-125) v OCA (0.3) v OCA (0.2)

A ) A )
= Polarizer (0.163) Polarizer (0.163) 0.7 Window (0.7)
TET Glass (n ’))
Polarizer{0-15) Encap. Glass (0.5) Encap. Glass (0.3) v
1.316 | e — — 1.026 | mm— ee— — 4
1.495 r Polarizer (0.18)
] LTPS Glass (0.31) LTPS Glass (0.31)
Backlight (0.82) 0.28
brotective/Tape (0.01(3) Protective/Tape (0.01[3) SIS ==
\4 v | Protective(0.33) v | Protective(0.24) _4 Pl Substrate (0.1)

T &R © SAMSUNG
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Oct.2009 Video

@ Flzdels AMCNENE T~ TEdSAMSUNG)

Items Specification

Diagonal size 2.8 inch
Pixel arrangement 240 x RGB x 400
(166 ppi)

Pixel element

6T-2C, 3:1demux

Brightness

250 cd/m?2

Bending radius

<10 mm

Structure Top emission
Flexible substrate PI
Thickness 0.24mm
Weight 0.29¢
Substrate  Vy, Mobility SS
(cm?2/V-s)
Glass -0.28 110.0 0.36 0.25
Plastic -2.03 1241 0.30 0.20

A kiR o http://www.oled-info.com/new-video-samsung-flexible-oled-prototype

SID 10 DIGEST 706~709



http://www.oled-info.com/new-video-samsung-flexible-oled-prototype

@ SubstrateN=alCR{HITRSITRT S 1=

[ pUGEAV + ["?f’ﬂ k- |667dV + [56gdS
2 ;éx ox 3

Temperature (C)

Femperaturp (C) 70°C

+7.017e+01
+& . €41la+01
+5.264e+01
+5.58588e+01
+5. 511401
+5.135e+01
+4.759e+01
+4. 282401
+4.005e+01
+3.629e+01
+2.252e401
+2.875e+01
+2.200e+01

2200°C

ENEEEEER

Plastic layer

>

Laser scanning direction

/ Plastic Layer

Laser scanning direction

7L kiR - SID 2011 Jin Jang



@ AMGLE Dz B 2£4(20]10)

ﬂlamxﬂ\-\ STATE
NIVERSITY
,I g , -'-? S DNY &P sAMSUNG MOBILE DISPLAY , ITRI

o S

B |

o5" «3.8" 41" 45" 6"
«320x240(QVGA  +320x240 (QVGA) 432 x 240 x RGB «800X480 «320X240
) «Color «Color «Color «Color
«Color
«OTFT «a-Si TFT «OTFT *LTPS «a-Si TFT

HRTBRERA

0.4cm2/Vs
*PEN *Duponts Teijin «20um flexible «Polyimide «Polyimide

Teonex film substrate

Bottom Top Emission Top Emission Top Emission Bottom
Emission Emission

*Rolling4mm 10&  <Radius=10mm (FPD- *Radius=50mm

«Curve fixed
RITFTRMRFERY  International) 15.000%

BE (MBS REE  +Video on Web
£ ) RBEEL]



@ SONY Rell) cl5lle AMONED (20])

TFT special design for Roll able ?

F A% kiR : SID 10 DIGEST 710~713

3mm

4 8 12 o 12 8 4§u
Bending radius [mm]:
3mm

3
OLED emission L__'_‘:‘ LML 10 T T T T
i 25 ™ =g g
. m — - L
Cover Film H = =5 o
CLED P O 4 P
o o 10 P
- [ F
— _|G m |:| 4 Ld
— - [ 10 .
L)) initizl _ E ...*
O R = - 10,000 times)| e E 2 initial
v = F ------ 1,000 tirmes
OTFT a PH¥ derivative 2 l l l l
packplane =020 0o I "0 20 40 6o a0 100
W .
as [V Vsig [%]
Active layer pee [em2Ns]| S.S. [V/dec.]
pentacene )1 1.2 Dis Dla'&" Size 4, 1" Wide
-4 PXX derivative ~) .4 0.6 MNurmber of Pixels 432 = RGE = 240 (FWQVG.&)
Pixzel Size 210 pm = 210 pm
1.10 [ T T T T T J R esoluticn 121 ppi
Cuatweard bending [ Irward bending Mumber of Calars 16,777,216
1051 e o Peak Luminance > 100 cdfn2
<5% | ConfrastR atio >1000:1
Anode - [ Operation Scheme | 2T-1C voltage Programming
/ ?_" 100F ! ' Scan Yoltage 20 p-p
= - i Signal vaoltage £ 10V p-
Through hole [ & \ ' vi — vcaihg o0 vp s
0:95----% --------------- - flat states. 4 Thickness B0 um
': ': Bending R adius <5mm
0.90 [ L1 L1 L ‘




@ AMEOLED fs:its 242 0)1N))

&ZEI® sAMSUNG MOBILE DISPLAY

45 "
*WVGA 800X480

«Color

LTPS

«Polyimide

Top Emission

«CES2011 Demo

AUO

17
«320 x 240
«Color

|IGZO-TFT

«Polyimide

Bottom
Emission

TOSHIBA

ek
*160XRGBX12
0

«Color

|IGZO-TFT

«Polyimide

Top Emission

e ITRI

HE
«320x240
«Color

«a-Si-TFT

«Polyimide

Bottom Emission

L BRIEINEE
«Demo in Water



@ SMD > Em==FlexibleEYAM@LED

Nov.2010 _FPDEZ Nov.2010_Video Jan.2011_CES ‘

4 50 Flexible AMOLED
4,50 Flexible AMOLED
RBATE - WVGA 800x480
=T 2
4 5[ Flexible AMOLED ,Eg .38%C7dn/1rr2
FRATE : WVGA 800x480 T

Bending Radius <10mm

&SI sAMSUNG MOBILE DISPLAY ‘ LIIBE saasipxsi

M
\
Joint Venture (50:50) ! 2011.May

Mass Production Flexible AMOLED




ElexibleYAMGLED 3:2% FHEE7IS

Devices Lifetime~10years

WVTR

A (g/m?.day) 108

Flexible OLEDs

Thin film solar cells

Flexible LCDs
RFID Tags

Food Package

OTR
10®  (cm3/m?2.day.bar)
10® 10°
10° 107
4 104 )
10 Active Metal
3 10 Time of H,0 and O, penetration
10 “Must “> Lifetime
102 102
Flexible Devices
10 10" Lifetime is Very Important !
100 100



@ FlexibleYAMO UED & ks [ g 2 35

[5] e AL 2

Hﬂllﬂ]

=—EO0LEDZMHERRRERE

2013-04-18 10:35 [#wEE : jasminezhuan ]

v'2010§ T Vitex® & Hjir MR RERLENE SRR TR T R DRI -

\\\\V

FEMAETnews HRTIREMN - —EFRStEE S FFRARBELEME
BRUBETRRERE - EEEAOLEDE$}§7FWT—L¢L$D/ZZ¢L e SE
TRENEZUBARFNEECEENBESEHERE - BHE - —ER
ez~ E ( Samsung Display ) IEfERHh 2 @ETTE501lT - MUEUCH
Vitex SystemPrF 80 ER T - BN - EXRNREHZETHR

Inorganic
deposition

Inorganic
uv deposition

¢

Resin

Source: Vitex



@ oHOLEDNFEIManufacturing

I I

Inorganic Process Organic Process Particles Control

-Sputter Al,O, -Polymer by Ink jet printing -PECVD self clean

-PECVD SiNx -Polymer by screen printing -Maintenance
-Polymer by CVD shower

(@) APPLIED uLvac {_~soLuTIONS | -
MATERIALS. “ kateeya® ULVAC{, 4SOLUTIONS

Waouum Technology and Innovative ldeas

,

N

% Particles

. g DSt

— e o
" 4 P 2 micron

Source: Vitex




@ S EONED TR

Flexible AMOLED

|

© TFE(Thin Film Encapsulation) OLED j& "% Z TFE

e Requirement
H,O - Low Temp. Deposition

_(due to deposition on EL)

o)

2
l l l - <105 g/m2/day @ 25C, 40%RH WVTR
K _" .‘_' l A

Y

I3 s

e Issues
- Edge Seal
Multi-layer : Protection from edge permeation

Barrier € Optimization of layer stack at edge
- Particle

—: Reduction of particles & Increase of
coverage of particle

Substrate
: o Storage Lifetime
: > 700hr
@High Temp. High Humidity RH
I SoenE oiseuay 28/40 Vision Begins ]'

Source: SAMSUNG 2012 FINETECH JAPAN



@ ChalleEngeYof{®L'EDAEE!

v’ High equipment investment for OLED TFE facility.
v'Long learning curve for OLED TFE manufacturing.

Dark spot

Source: ITRI

OHO OHS OHo
56 0> Ogo

PECVD cluster JP cluster PECVD cluster



@ Ratternediinerganicioni©LED;

Shadow mask

* SiNx for gas barrier
* Slot type open mask

* Material selection of
shadow mask

Panel Bonding Mother glass
area



OrganiciBufferilayenRrocessiofi© LEDARE

v’ Particles concern by using mask patterned process

OLED TFE Organic Layer Process

l l |

Spray \ Ink jet ‘ CVD Screen Printing ‘

Shower head

o ! ! _ Mask
Mask Mask /

DR A AT R R ,;!.“v.g Paemare  BEREARRESoEn

vy 2 Ve A i

w/ Mask w/o Mask w/ Mask w/ Mask



@ TEEIDEevVelopmentifodRlasticVAM@LED

ic/organic stack

inorgan

3 layers

5 layers inorganic/organic stack

—_ Product

Source: Vitex

Multi-layer stack




SMDFEPIM=TFEI=Z= 5K

© Barrier on plastic ot A (P) 3%
. " . Inorganic
De"ice "?f"ad?““ TFT (Buffer/(ILD=3KA SiOx ,SiNX barrier
e

T T S

H,0 0, H,0
. . 3
* Inorganic barrier 1X10-% @
|
. Stress < 120 Mpa 1X10-48 e |-
. WVTR < 10-5g/m?/day ’s' |
@ 25°C, 40%RH 1X207% == i
* WVTR : water transmission rate = ia
wa vapor nsm onra 1X10 6§
MOBILE DISPLAY 27/40 Vision Begins

Source: SAMSUNG 2012 FINETECH JAPAN



@ Elexible¥Substriate HEVAM® EDIERHEE

Mass production

confirm Polyi r&

olyimide

r ¥
p

Mass production
confirm

Polyimide
Stainless steel  Stainless steel /

SONY

Mass production
confirm

Polyimide

AUO

Polyimide


http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009
http://www.oled-info.com/samsung-flexible-65-amoled-photo
http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo

GlassitolElexibleYAMGLED)

Glass AMOLED Flexible AMOLED

Circular Polarizer

// A

Circular Polarizer

' &
s " Z A ~;.-"?‘-'z\ > ."'
} 4 v v ' \ s v '
K M P <8 DA L R e e P ;_ 'a L2 '
I S R TN S O e lET e s L NN SN Y e _
s, w7 “ - ,"‘(" 7 . 34 o ,"‘( P et 1 N y
¥ e :: _.." '%_ ""\' B AR :: _.." '%_ ""\' AR
B . ',_." A it Mery o . ',_." A it ey .
L DTS STV i s i $55 BN 20 A A N g S $
sy LA g vl W T ey LT Y A A .
Ay S RO LYY A A U SRR i A 8 /4

Adhesive

FT

=

Support Film

.
TN AR S

A




@ [echnelogy,

v'Face sealing technology was proposed by LGD for flexible
AMOLED encapsulation

Rigid Flexible

Polarizer

On Cell Film
ouc
Encap Glass ' . Touch
Sy y i ace seal

Source: SID’14 LGD Invited paper 25.4 Development of Commercial Flexible AMOLEDs



@ GlassyvsHElexibleEYAMGLED

v’ Core technologies : TFT, OLED are the same process

Glass AMOLED

CIERS Fr|t.by Glass Thinning Cutting
Laser Sealing

A

TFT A OLED ‘
rray Evaporation

A

Flexible AMOLED =




uo13INPOId SSeIN AITOINY 3|qIX3|4

ElexibleYAMOLED

Gen8

Bl BEERNE B
ORI
Gen5.5 (6) D D D .

50 Ceg O
i ll OO0 []

Gen4.5

® Flexible AMOLED will follow the glass base AMOLED production

Glass Base AMOLED Mass Production



@ ElexibleYAMOUE DI o ETr 200113

Samsung Galaxy Round LG G Flex




@ ElexibleJEncapsulationtStivciurne

v'The flexible encapsulation includes OLED TFE, GB of TFT
backplane, and on the front plate.

B Barrier Film
GB on front plate Banler PSA

2™ Inorganic layer

OLED TFE - Polymer

1¥ Inorganic layer
OLED /TFT

GB of TFT backplane{ Pl
Back Plate

Source: SID’14 LGD Invited paper 25.4 Development of Commercial Flexible AMOLEDs

Note: GB (Gas Barrier); TFE (Thin Film Encapsulation)



@ ElexibleEYAME@LEDISUbstrateiDevelopment

Mass production
with Pl
R /
Flexible substrate Polyimide Polyimide Polyimide Polyimide Polyimide
L G Mass production
with PI
Flexible substrate Stainless steel Polyimide

m‘ Technology transfer to AUO

Flexible substrate

Polyimide Polyimide Polyimide

r Induairal Techrasiog
Frvnarch irditals

Polyimide Polyimide Polyimide



http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image
http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009

@ MOLEDIDevelopmentliinfSAMSUNG,

SDC becomes Apple iPhone FIRST

supplier

Prototype

6.5”

5.8"16.2” ©5g8”|6.2” 6.3” |
Galaxy S8 1 S8* Galaxy S9 Galaxy Note 9

5.6” b ‘ 5.7

| Galaxy Round Galaxy Note4 Edge

Samsung GEAY + E”S”,;.”fr GearS2  Gear S3 Galaxy Watch

s

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018


http://www.oled-info.com/samsung-flexible-65-amoled-photo

@ MarketinglDefinejthellechnology,

“MFeatureJofEIexibIeYAMOLEDE

Curve design |:> Edge design |:> Full Screen design

2014 2017



@ SAMSUNG [n=calll owen ANMCLED) (f=CXSUAY)

Flat TFE surface for touch process

Tx, Rx with metal mesh structure

Metal mesh using TFT line facility

TFE f Touch sensor

SAMSUNG NOTE 7

_pu

= b BT B A3RSBIEA M

ny
2

» 3% % Y-OCTA#] #42.F0LED# & & A7 ¥ i 5
&) ‘/’j 30% o

<
}\EP

7L % R DIGITIMES, 2017.08.01



@ YE@CTANMordEoldable AMG@ILED

e A2

r_ | Touch sensor | _\
| Neutral Plane

y@ l_u M Foldable



@ Elexible AMOLEDIStUCiune

In Cell Touch

On Cell Touch S it 4 s s
CPL Touch on TFE
Out Cell Touch Touch sensor ﬂ BROCTA)

Adhesive

Touch sensor

Adhesive

CPL
Adhesive

Cell

Note: OCTA (On-Cell TSP AMOLED)



@ ©m UA3;: ke%s30y

7 Toudh ©n TFE, TOT

v EREIN house TOTAERIOLEDAL A -
EAINBTSPANETE25~30% @zsamzn)

Cover Window

Adnhesive

(T datiate_—— o ——— — v &i&ifNeutral planef§i=a51E - &
et nae, Foldable Touch AMOLED &£ #R %

Adhesive
Support film

v FEHASRZK 25 ESlidable, Rollable,
Stretchable AMOLED &R L BG 1 #2531 75

v



Source: 2018.11.08 SAMSUNG



@ e = I 20/1\9

Galaxy Fold

ISFIUS ) I
.
g

l/

L 1980

v FHEBREEER 0B RN ERY - LB ABEL00R:E
1650 52 PRI S R S R -

v Galaxy Foldi&¥# H 720 RS2 IRAGLTEEASGRR A - REEERH1980%
JORERK - YRET 4AH26HEERIEN B EED) -

BRI DIGITIMES 2019-02-21



QIR R R

v Y-OCTA%GE BB R

Passivation (Mask 4]
Tt & Rox (Mask 3]
Insulstor (Mask 2) — Touch Sensor
Inorganic (SiNx) -k TobeRepluced ===
Bridge (Mask 1]

Thin Film Encapsulation == — TFE

Source: OMIDA 2020.6



@ 2020 -2 AMG UEDE

Company SAMSUNG

OLED Touch Y-OCTA

Technolo (YOUM On Cell
M| 700 ch AMOLED)

Status MP

Customer SAMSUNG,
Apple...

Products Galaxy serious,
iPhone 12~

LG Display

TOE

(Touch On
Encapsulation)

MP

Apple...

iPhone 12~

PRRSIR IO = HhT

(Flexible
Multiple Layer
On-Cell)

MP

Apple,
Huawei...

Mate X...

Source: OMIDA 2020.6.29, G Summarized

Tianma

TPOT
(Touch
Panel On TFE)

Small MP

Xiaomi,...

NA

Visionox

TOT
(Touch On TFE)

Small MP

Huawei,
Xiaomi...

NA

China Star

DOT

(Direct
On-Cell Touch)

Small MP

Xiaomi,...

Xiaomi
10/10+...



SAMSUNG

L_an

Technology Allocation 2019 2020 2021 2022
SEC 30k 15K = =
LTPS Apple 105k 105K 45K -
Others 30k 30K 30K 30K
Total 165K 150K 75K s 30K
SEC = 13.5K 27K 27K
fg;gj Apple - - 54K a0k
Others - - - -
Total - 13.5K 81K _—1" 117K
SEC 30K 27K 27K 27K
Y-OCTA Apple - 60K 90K 90K
Others 15K 18K 18K 18K
Total 45K 105K 135Kk — > 135K

Source: OMIDA 2020.6



@ ElexibIEYAMG@ LEDIDevelopmentiin:

A 65" Rollable OLED TV 77" Transparent flexible
OLED
Prototype —

18" Flexible AMOLED

___________________________________________________________________________________________

Product
l LG V30 :
5.5” LG G Flex2

¢ ¢

6/1

6"

6” LG G Flex

LG V40 6.4"

Flexible Substrate: Pl Full Screen Design (537 PPI) notch-type P-OLED

LGD becomes Apple iPhone 2"?
supplier

"L‘/

Flexible Substrate: Stainless steel

2007 2008 2009 2013 2014 2015 2016 2017 2018



@ RulliScreenibesignibysMarketinglReguest

Full Screen Design

Curve Design A
LG V30 (2017) LG V40 (2018)

LG G Flex2 (2015)



@ ElexibleJAMGOLEDIDevelopmentiinapan

| .pw\n\\n Wl
o ‘ -
- t — i

117]

6.2”

SHARP SHARP
. TosHiBa =E® SEle
SONY

SONY

>

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018


http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo

@ SHARPsIEIEXibIEYAMELEDIDEVeElopmeE nt

2018/8 £5 &=
HA00BAE MBI
FOXcConn
SHARP BRI E OLEDE #R ZBP3
Soecitcation | 62
sDP Resolution WQHD
F Backplane LTPS
Contrast ratio 1,000,000 : 1
i
Weight 146 g

G4.5 Flexible AMOLED production line
(15k/M)



I DIfElexibIeEYAMOLEDIoHICD

5.5” Flexible OLED Display 5.5” Curved LCD Display

Source: SID’17 JDI

Source: SID’17 JDI

IDI ;2 % OLED= % %3’6'}2%% EFHEREAIE

PR BODNFLGE det A Acd > et o § R CEOK » AR HEH T 257 @A A
¥ € > L7 OLEDR|* % ?ﬁfu;‘;*ﬁ AR B 3 e g B T302019F £ A .

7L & J: DIGITIMES 2017/08/10

(Apple)ifiPhone XRiz & » & # WP 2 ¢ - 3| & & < P * B (D) A » €127 B 4 -
PABT Berga Jlr SR80 BRI SHe HBAP e T ko BE  + B3
2 72018 ¢ 3 # B (2018/4~2019/3) A5 5 F P - RATR &K -

F L kR DIGITIMES 2019/01/09



@ ElexibleYAM@LEDIDevVelopmenHinflaiwan

7” Rollable 7” Foldable (r=3mm)

7 Tltz:ic’t:‘ld Touch Phone  Hardness: 7H
AMOLED AMOLED

6” Flexible 6” Curved

6” In-fold \
AMOLED .Y
6” Bendable Touch ,
AMOLED Demoin an AMOLED T°(‘)‘°h 27 7:0ld 7" In-fold Touch Ball drop
Aquarium AMOLED Touch AMOLED In-fId Ball drop
AMOLED ) 3

0Utf0|d
PN

Out-fold
” ” AMOLED
4.3” Curved ¢y \vaarable 5” Bendable 5” In-fold
AMOLED AMOLED AMOLED Touch

4.1” Bendable AMOLED
AMOLED . #
| Rollable

AMOLED

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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@ ElexibleYAM@ LEDIDevelopmentiiniChina
A

7.2”Foldable
AMOLED

9.55" Bendable g 557 Transparent 7.56” Foldable AMOLED
AMOLED Flexible AMOLED

L BB

l/Sionox
Product

D

i = ™\ =55
o\ RRD RER (OJ BOE
W) BOE BOE
5.5” S-Shaped  5.5” Flexible
5.6" Bendable 5.5” Curved  5.5” Foldable OLED AMOLED
4.8" Bendable  AMOLED AMOLED AMOLED

AMOLED

>~

Pre vty Orowny

1
N\ R
(Ot
3.2” Flexible
AMOLED

b |

4.35” Bended Foldable
AMOLED AMOLED

N

1.2” Round
T
AMOLE|D MTIANMA

A KX
MSIOIIﬂl

r o B 8 =
Viionox BOE

2014 2015 2016 2017 2018
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'
el M

G5.5 : 4 KM G6:30 KM | { G6 : 30 K/M
L ‘

G6 : 48 K/M

HH¥E5BIS
G6 : 48 K/M

G4.5 : RD line
G6: 48 KM

G6 : 48 K/M ,, M - G3.5: 7.5 K/M
- (& G4.5 : 15 K/M(SGP)

. 13 . d @ I
G6 : 48 KIM G6: 30 KIM G4.5RD : 4 KM G4.5: 30 K/M

Wi : 20225 MWW AMOLED 60 A BAEM 124
M RREE - AR Samsung RLGD + MR
G6: 30 KM ¥ = RAMOLEDTR 5 (i

MIRN : DSCC + DIGITIMESS IR - 2018/10
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20205 38R (Apple)#EHiPhone 12 25 AR X FFOLEDE 1k
W)~ BEfthFREmB o RGEATSMEI%ES AOLEDE R

m— 50.8%

2018 2015 2020 2021 2022(E)
= TFT-LCD === OLED e QLED Penetration

2018~2023%FTFT-LCD * OLEDEMEZEFEMISRIENEZER -

(3Ri& : TrendForce)
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3,000 100%
O—
2,000
50%
1,000
0 2021 2022(e) 2023(f) 0%

w— L 138 457 945
- 782 1,373 1,835
-0-2IkYoY 19% 99% 52%
=O0==21ktb 85% 75% 66%

E13RiE : DIGITIMES Research - 2022/12
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« Stone Partners#®i/r - —ERRRFMAMER D EERE— - AIEEBIEFEHER
AZI50% - EREERIGEENKRBLELF/~e: (LG Display ; LGD ) EARET
HR - PEIFEFEZTIBENA T EREEEEL20=THEEN o/#EINOLEDHE
WIREBE -

= =3 R 0-7/2 o
BEAFHOIERNOLEDEREEEH{GE il
SDC BME=E=EFS BELGD W4 E:% x5 TCLEER
100% -
80% - . i — | —
40% -
59.5 62.5
20% - 45.7 47.3 43.6 47.8
0% . = = . . .
2Q22 3Q22 4Q22 1Q23 2Q23 3Q23 (&)

HFRIEE : Stone Partners » DIGITIMESEIE » 2023/10
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SAMSUNG

iPhone 15 Pro
iPhone 15 Pro Max

Galaxy Z Fold5
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20228B4F 58 Google2023%
B - 1547% 6BIMARRS
1,825 Pixel Fold

 MIX Fold2
1,075 ~Magic Vs
Find N2 Flip Razr 40 Ultra
700 ,

BRIE : Canalys ~ ZZZE - DIGITIMES ResearchZ2IE + 2023/7
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Samsung

Galaxy Z Fold 5




« FIKFHEMBSEREER - TEXFHEAFENER - EPhoneArena#i&E -
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22085 -

Efl A Digitimes 2023-09-06
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@ SR EMagiciV21m=1

« Magic V2ERH7.921 ~ BTE5H2344 x 2156MAAI T == - SMEIE=RAIER
FH6.430Y - BHTE %2376 x 10605851 - ME I {E120HZzE H B 2R
LTPOE IR - FREEEREIIEREZIEFEEIRE -

« Magic V2 IRANENZTEHAEBRERE  FRESREFRZKEXE -
TRARBEARAARRER

BER}AJE: Digitimes 2023-07
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« Find N3 Flip REE%% 6.8 ¥ FHD+ 4 E AMOLED oj#8HE1R - X1&
10.7bit %2 ~ DCI-P3 E& %, ~ 1,200nits HBM / 1,600nits IBERE - DI
1-120Hz LTPO tJZE#HEI - TEBEXSMEEA BRI ProXDR #/RIJEE ; 5
h - RIRWABES 7 UTG #E 0[BTV -

BER}AJE: Digitimes 2023-08
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RREEE 7 BlIE IR RRI MK E &
% 8.6% M 12.5% - BHHEEMEE 8%
=i & 22 E e/ 17%

+ Xiaomi MIX Fold 3tVAE=HXKAEBUTGHEIE - mE2EHRCPIMER
2.251% - 208 RBER - TRREZ(ELOum - oIEMAM A AR
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&R JE: Digitimes 2023-08



S B T e XS

« ER/RIHSHEEBHREREREIMTEHMate X5

BER}AJE: Digitimes 2023-09-11
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More cost effective

w KOLON

« Huawei's Mate X,

« Motorola's Razr

* Lenovo's (Thinkpad X1 foldable laptop)
* Oppo

« Vivo

Ulira Thin Glass

« SAMSUNG
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@ considerationfoflUNGifordkeldableYAM@L'ED

lamination

s S SO e v" Rupture and delamination after r=5mm folding

~eeamotep 7 v’ Flexible AMOLED fail

v’ High Young’s modulus of UTG v’ Challenged for small radius by using UTG
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2021~2025:_$ﬁ EOLEDZE =R
MEIHILERESE
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\
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W= AP
75%

50%

25%

0%
2021 2022 2023 2024 2025

BRI IR : UBI Research » DIGITIMESZRIE » 2021/4
FHHPIER B SRENBEEHE . RI10NP EMNEMR - NFEWHTE - T &NB

« 2021FhEZEZM(cover window) M kB8 {EIKIB(UTG) MM ih R o] B iE
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@ ElexibleEYAM®LEDR

Front Plate —

—

A 5 S HIECR

— Window glass

Note: CPL (Circular Polarizer)

Touch Film

”’///

_ CPL

Barrier Film

Flexible Substrate
Adhesive




SAMSUNGIR®IEEreeIOLED #it]

e POL Thickness : 50-100 micron  CF Thickness : ~5 micron

Common OLED stack-up structure Pol-less, CF on TEE structure

b AR

bl Antireflection
. ‘ .l. . ..-....-- : - - Ull.llr'ﬂ'
Polarizer ™+ Colorenhancing .. =
P Clrfie

T5P on TFE

w8Gs  + UV agbsorption

TFE

Black PDL (bank)

Substrate

e CF with a new black matrix
@ {EOLED PoLEE
v" Improve the brightness of Samsung's OLEDs by 20-30%

v" POL-LESS with LTPO, power consumption reduction of more than 30% compared
to current LTPO OLEDs



@ SANMSUNGIGAAYX\YSZAE|i pi3ERc | atizersfie e 152l S YN

Polarizer-free}Zfili & A

« UTG : not be exclusively produced by SCHOTT. Corning’ s UTG will
be processed by Korean supplier eCONY

« Under the display camera
A polarizer-free design

ERAGR : DSCC 2021/06/15
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- FE#IRIT(1) TSP on TFE : Touch#R A OLED Thin Film Encapsulation E&1{F
- RBAETLT(2) Polarizer Free: iR Touch#R & 8 EColor Filter

Polarizer Free

TSP on TFE

Y-OCTA

2017 J
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3 bk T AR R STk

« ( Color Filter on Encapsulation ; CoE ) #ilipyt% &1 = EGalaxy Z
Fold5 ~ Oppo FIND N3 &N3 Flip ~ /\>®KMix Fold3 ~ Vivo X Fold2 -
Google Pixel Fold ~ & Tenco Phantom V Flip ~ EE#£2Z&3U ( Motorola )
Razr 40F1Razr 40 UltraZ

BRI Digitimes 2023-09-27
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@ 2751(2023)

HUAWEI MatePad Pro

SAMSUNG

Galaxy Tab S9
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SAMSUNG ) mi

Galaxy Book | Pro | Pro 360 Spectre x360 Mi Laptop Pro 15 Yoga Slim 7i Pro

L

$1,200 (Book Pro 36013.3 ) 51,599 >$990 (2021/4)

reus GIGABYTE
Blade 15 Advanced

ZenBook Pro Duo 15 XPS 13 New AERO 15

(2021/4) éOZl/QS) $2,300 (2021/6)
$2,200 (2021/4)



@ OLED}E=((2023)

Nnsus acer SAMSUNG

ASUS Vivobook 13 Slate OLED

Acer Swift Go 14 YogaBook 9i Galaxy Book3 Ultra

D&AL Technologies GIGABYTE
XPS 13 Laptop AERO 16 OLED
NZ0.
|
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SAMSUNG D<A L Technologies

QD-OLED GAMING MONITOR

-

—

Odyss_é' ' o|_|§b 59

4 —. - — ﬁiCORSAIR

OLED Gaming Monitor
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« OLED#xfl5: LG Display#:F WOLED ; Samsung Display£#FHQD-OLED
SAMSUNG

e Google TV 4K
650LED808




) owmmigm

« 2023F51%F - £ EIKOLEDERMHEREL60% - Sony ~ =273 5IL{16%511%

1023 B EEOLEDEB R GE

58.8%

16.2% 1499

4.70/
°  38% 13% 1.2%
—T—‘;—‘

#SEF Sony =EBF MRFIE Panasonic =E BE

WHEZXR : Omdia » 2023/7

ERIHR: Digitimes 2023-07



@ ARVAVRV/MRYAPRIE ProtR HMicrol®LED

OLEDoS ( OLED on Silicon) - Bl 2 A28/ Micro-OLED

Silicon substrate

SOURCE:https://www.techritual.com/2023/07/23/376546/

E1E3,499% 7 (A aEE10.787T )

\

. R~<IH2E#1.4Micro OLED - HEZ 2 [ {5 5+ 494,000ppi (CMOSZ5#R)

. Vision Projt (b B B AL S 21,500 T - Hib - BHRSEHE
Micro OLEDTEAR « 4157007 « & A B EHSony BRI

+ Sony MicroOLEDfli;zﬁE@Zﬁ%%H HiE AR SRR Sony g K FELREETE - {8
SonyAHE4f A% 5 Bk (4F H K i 1001 5)



@ MercedesiBenziSzClassi(2021))

12.8 NOLEDMgZE =




SaEsRHIGDIPOLED

Mercedes-Benz B9 MBUX ZiEf2 %4t

« FE123W -~ &8l&E 12.3 Wi 17.7 I P-OLED (LGD)



ransparentii©OLED
ETDIK 2010 @ LG Display 2009 FPD

T = At

2011 CES

«ZIIT® SAMSUNG MOBILE DISPLAY

wEs | 10:4]

Eirrd o
£

SAMSUNG MOBILE DISPLAY

- Size : 19 inch QFHD
-Resolution : 960x540

- Size : 14 inch QFHD

- Size : 15 inch

- Size : 2.4inch QVGA
-Resolution : 240x320
- Transparency : 40%

- Transparency : 30%
-Brightness: 200 cd/m?

‘Resolution : 960x540
-Transparency : 40%

- Transparency : 30%
-Brightness: 200 cd/m?

-Brightness: 200 cd/m?
-Color Gamut > 100% (NTSC)

TP SAMSUNG MOBILE DISPLAY

-Color Gamut > 100% (NTSC)

-Brightness: 150 cd/m?

STDK  @LG Display

R/G/B Transparent See Through Pixel
- PMOLED cathode 14inch 19Inch

N Cathod Transpar?t{:lthode AN PN

* Narrow Cathode — [

_ 4P 40 S i_ﬁ — —
Structure design # | | # Top Emission N N4
V NS v See thFough Bottom Emission See through

ransparent Anode Pixel Pixel




renHOLEDYApPplications
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Transparency 45%

INTEGRATED TIRE SYSTEM

135
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« AMOLEDZZR



EutureY®LED Applications

Applications

SGRIR B FBED
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PET
CPI + Hard Coat

ITnoiich Sencsor

Pl
Film

Cushion

| Metalplate |0l ]
Copper plate _

5 [H <& B R 5

PET
UTG
PET

Lonch Sencar

Pl
Film
Cushion

[ Metatpiate U1
Copper plate I




Easy to carry§

Source: Display Week 2021
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-« EFRSRERLZ.3MN « ENR54Y

o AIFFEE 2.5 mm IMF 6.5mm

Source: Display Week 2021



@ CunverslidinglUmbrellazlikeImechanism

The new
iPhone




O) e Goipe)

(LG) (BOE) (TIANMA) (Visionox)

8.03" CFOT Rollable AMOLED

The First Rollable AMOLED Panel with CFOT of Tianma

8" Slidable AMOLED

Resolution: 2592%X2176

External bending radius: R4 mm
Sliding number: 200k cycles
Sliding distance: 36.8 mm

Visionox's Flexible AMOLED
Slide Display Solution

External bending radius:

R4 mm

VRV NPattern BN HEXCR MR IPSNAE

Source: CES 2021



@ BlyEE s (SlidableYAMGLED)

« 6.55WWEH @ £l2~13VAMER/EMHMEE7.11N

- DEFHEZFEBHNETHUREFHER  EEFHER2023FE3/KEE LI
BT ML= " Phantom Ultimate s, - IR BEEH2024FE £



O3 filg ¥k X

- EMCBIBENAEERITBRITER
E54e)

- RAENERERFEEZBAEIRE

- RERERBIFEAN - WWEEL
AN

i -L - )

Umbrella-like mechanism

Source: http://www.concept-phones.com
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(s

mapjforjiRhonelwithiElexibleYAMGOLEDJ(Estimated)

Flexible AMOLED
5.85" 2436 x 1125
459 ppi (PenTile)
Add-On TSP / COF

Flexible AMOLED
5.85" 2436 x 1125
459 ppi (PenTile)
Add-On TSP / COF

iPhone 11 P

Flexible AMOLED
5.85" 2436 x
1125

459 ppi (PenTile)
Add-On TSP /

iPhone Xs Max

Flexible AMOLED
6.45" 2688 x 1242
459 ppi (PenTile)

Add-On TSP / COF

COF

iPhone 11 Pro Max

Flexible AMOLED
6.45" 2688 x 1242
459 ppi (PenTile)
Add-On TSP / COF

iPhone 12 Pro

: Flexible AMOLED
| 5.42"2340x

| 1080

1 475 ppi (PenTile)
:_ TSP on TFE / COP

iPhone 12 Pro Max

Flexible AMOLED :
6.68" 2778 x .
1284 |
458 ppi (PenTile) 1
TSPonTFE/COP !

FlexiblEYAMOLEDYLTPSY/Add o TS PYAC OF

LTPS LCD

6.06" 1792 x 828
325 ppi

Add-On TSP /
COF

iPhone 12 Pro

: Flexible AMOLED
| 6.06"2532x

| 1170

I 460 ppi (PenTile)
' Add-On TSP/

iPhone 12 Max

: Flexible AMOLED
| 6.06"2532x

| 1170

I 460 ppi (PenTile)
:_ Add-On TSP /

IRTechnologies
7 LR
ARToUchlon)TEE!

o FoldablelWindow}
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m%q«%!’,?uq

. i :

Y L |

i - #23810,000 22mini-LED
« A4F—48 - #B332,500& FEHEYE




=3z tiPadiProy?

19

$aSROLEDE fREEE
11.0 2025 4 8~10
iPad Pro 13.0 20254 4~6
20.3 (#r@= ) 20274 1
e m 13.6 2027 3¢ 9~10
15.2 2027 R4 9~10
MacBook Pro s 2026 FF T+ 4-6
16.2 2026 FE ¥ 4~6
21.5 2028 2~3
e 27.0 2028 1-~2
32.0 20284 < 0.5
42.0 20294 < 0.5

ARIPER - Ravegnus » WecfTech » DIGITIMESEIE » 2023/
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@&B@SZ@GD‘W

« 17.3" 2560x1920 foldable OLED display (supplied by BOE)

EHKEM 17 W oJ#E2& OLED
S E K

30,000 X
7 oo
TBi=

Th o e B 2508 I 55 -

PRI B4

Source: ASUS



ThinkRadpXqikoeld

« 16.3" 2560 x 2024 foldable OLED display (supplied by LGD)

Lenovo ThinkPad X1 Fold

Comingin 2023

Source: Lenovo
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LGD¥E XM 35 B ( tandem )
OLED#:ff7 - s iR it EEREAREIT
OLEDHE1y - B EER2E - O]
RA=EEFERSS - ZOLEDERE
FAMRNB -~ FiREKE SR EAE
BRENER
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@2 1202652027ENB#=ITEIRE O LED

300.0 12.0%

250.0 10.0%
200.0 8.0%
150.0 6.0%
-—
:
‘E—' 100.0 4 0%
] 50.0 2.0%
- 0.0%
2021 2022 2023 2024 2025 2026 2027
I Mini LED 59 9.7 78 9.0 10.1 3.7 25
I COLED 5.0 55 70 10.6 1.1 27.0 39.0
s Mormal LCD 281.0 202.0 1792 132.6 2103 2209 2196
s Mini%e 2.0% 4.6% 4.2% 4.5% 4.6% 16% 11%

Notes: Mini LED backlighting is defined as a direct backlighting with 2D array of significant number of 2100um-sized LEDs in
multiple separate dimming zones.

Source: Omdia 2023.06



@ OLEDIMonitonEhEaads

« 2023 &£ OLED E5#828 ( Monitor) ‘E £:Z 508 B8 FIERGIE323% -
2024 % OLED ;—nuET&?ﬁﬂ“zﬂ == Hﬂtﬁlﬁ%%%ﬁ*}irﬁ 27 Iy & 31.5
I OLED Em EmHE - %EE,\JI: SIS OLED sz L BB HE

Bl - OLEDEHIREF I RE (B @ Ea)

323%

12

2022 2023(E) 2024(F)
Source: TrendForce, Oct., 2023 === OLED Monitor e==YoY

« DIOLEDERZER~TRIE - 2023FNLABAN /AR - T HRRETH37% ; S _RIH27TI Fﬁﬁ'fﬁ’JBZ%

FE=5%49

I 335?2’314%' SR SR 10%MI450 « BE2024%F - TrendForcefafh - 27MHE: ﬁiﬁ'fﬂ—rﬁ%?):@
WA AOLEDEmMM A ERSE—R~ - 3L.5NOLEDE R E =2 F /RS (SDC)E%EZ*%HET(LGD) SEES

BAETHEREHER10% -
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« Omdiafafh - 2023FFEKOLEDER L EE #7408 5 - EP7E1,500=01U
FTSEER™MISE - OLEDERIGLLE EFHE£46.1% ( £E8EA ) - HHER20225F
hEE36.7% « FR—FERAFI0EFH 2 -

2023~2036FE R EOLEDER L EETEE (ma)

1,054

innl

2023 2024 2025 2026

#WHEZRE - Omdia » 2023/7

ZRIAEE: Digitimes 2023-07



@ ARVAVRV/MRYAPRIE ProtR HMicrol®LED

OLEDoS ( OLED on Silicon) - Bl FrE5HMicro-OLED

Silicon substrate

SOURCE:https://www.techritual.com/2023/07/23/376546/

E834995% 7T (AHMaEE10.787T )

\

- RI/2RA1.40Micro OLED - EEEZZE h51434,000ppi(CMOSER)

 Vision Prof& A EK AN SELS00ET L - Hp - EFRGENE
Micro OLEDEM - #915700% 7T - EEAREERSony@HIEH

* Sony Micro OLEDfﬁ*‘%@Z’J%%H fff PR R F K Sony i KSR ALIE - (H
SonyAllFE&E R E P ER(FEHE 005 &)



LG D2 BV HIPOLE DI S,

« POLEDZBIRFABEMMEIFEEERER - BRITAIEmRFIEAI39%INFE - LIFEFR
SEKCENINRNES - 7+ FBERERNE - TR L SAREEE - K5
AR IEINAT B ER Bl

© Design Flexibility
@ Transparent OLED
© 1c6 Muiti-Display

Source: SID’19



@ OlED T

- LGDEAOLEDEREF : E+ ( Mercedes-Benz ) - IR{)5E ( Hyundai
Motor )  BFRE (GM ) KVolvoFEIXRER -
- SDCEHOLEDEMREF B ( Audi) - IBSE - BMW ~ JEZHIF] ( Ferrari ) &

« 2022FLGDAISDC BME1ES50%F142%EHOLEDE R % « REFHERLT7%

LGD
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AMOLED#/Res




() ) N

ICD, Instrument Cluster Display
CSD, Center Stack Display
HUD, Head Up Display

CP, Control Panel

IME, In-Mode Electronics

PD, Passenger Display

eMirror



ER VR BRI AR 331l

Automobile monitor display shipment by technology
* |TPS LCD keeps

250 : U Ke 30%
INcCreasing Its ShEI'E
25.9% 259%
£ 200 20%
=
c 15%
2 150 .
b=
a.8% 5%
100
0%
0 5%
-10%
0 _15%

2018 2019 2020 2021 2021 2022 2023f 2024f

B AMOLED @Ea-SilCD EELTPSLCD HEEOxide LCD —e===YoY

Note: 2023-2024 is based on 1Q23 prelim numbers; the final numbers will be available in July 2023

Source: Omdia 2023.06



NexHiEewiDecades

2005 2010 2020

LTPS TFT-LCD

< VYN

Lifeti Absolute Black
Resolution Iretime _
|+ Power consumption

Thickness Health

TFT-LCD

Full screen

Cost
AMOLED Foldable/Bendable/Rollable AMOLED

Viewing angle

Outdoor reliability

Response time

* High brightness

Micro LED

Ap|dsig Jufajrbdsuw |
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May 7 | Sunny e
Seoul | 22°C

Source: Display Week 2021






