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19909, Conjugated polymersE ©]-83F W Axjof tfjgl =Fo]
9 ¥l o], Organic Light Emitting Diode(OLED)= #4208
NetE]o] ko, AR+ Liquid Crystal display(LCD)2} t&o] 3t

29l FAA7E 99ick, A displayo] A99] Hleli= OLED7H
1A o AGE Aol 1 o]z Ak 0.1mme] vl & 4]

A 7late] ok A0 R Hof wie- il 27} et =4
+ backlight& 71231 9= LCD} k27 OLEDE 4} AA|7F 222
= 8le Yls A o2 A (visibility) 7H S, AAl= st
40co A B 1007 2mreE et ol AREE 4= Q.
WA= SHEE7ELCDe)
oF 10008} gt whepA] 2

o

02| 77| &4t S0llM OLED=

S A HE sy seimo @ olgaim i

alek, CHEEX{Q! AXIO|H, ZERHEQI
(¥ 1) OLED TV 2 AIES 2 QICt, m2kA of2{st

AFl A1 AFo @ 9014 AMES =51 el XIEZQI

o S A Lo 712 JHato] L3t AlFo|ct,

BAAAR AE

af Uk Qlek, et 20164 o] Sl ofe] Farela|e] 190w

2199at A Ao] oA, Ea OLED TV A48 A&8om A4

o] 2020@ Aol 158) olAF AlAIAI Aol 718 Ao oSzt sh,

OLED

fr
5]

./\]
3]

X
Wi

| @of 2gog gh8E 4= Qrt, (19 2)+= OLED
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OLED TV Revenue Forecast 2020
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(32 1) OLED TV M AlE Fg?

R et ——,
—:n
(3 2) OLED = AR AR g %
_!.\. )
o APS 2k Q) whebA] oleet APgS S ¢ (22! 5y OLED ciefst Axlf
Sl A 24201 714 7ol F Qg Aol
H =Rol A= OLEDQ] 7]&52]0] 9le] W 412 AlyH AL 1987 v]=t Eastman Kodak® C.W. Tang 52
a1, AT Ax AR OLEDE AlAksh] 913t o7 sl vhet 455 *XH AQto 2 A4S WA ¥ 70|
S Awslaat s}k el OLEDO] A& A4 Hopd o} ¥ 7| o g dhele|i= N—typedt P—type2] 4]
) AR A-S Al Flojo A EAo] ek FhE, =9lE Axfe Age] At
of og] o] vhgsit} (1 4= o= =0l A3
I.2& 7ksto] Z¥zkol Aol Hu-S =lstal FH HAket 4
2 AR 55 DAY 5SS suehal wWagSollA
(1) OLED #2| & 7= 7533}04 "5 mechanismS LFERA Zlojct

OLED2] 43y Qlg]i= vitlEo|ls L3so)A] WS (19 4y A HIL(Hole Injection Layer)2 A
= Yot Bjsssteh, wolE2 WAl A ARl T ?«?J%, HTL(Hole Transporting Layer) s TE
Zo] Akasl Aglslo] AlelFA|Eo] ElHA Yl U % EML(Emitting Layer)2 2% 2 ETL(Electron
g ojufj AL B A} nlIy|450] | Transporting Layer)< Z1A} —’Fff?, EIL(Electron
Aol Qlofof Bk, A|azof Akt g obeflieqlitel Injection Layer)e: AAF =52 Ul Aot (13
Ato] A= AL o) 7o) FAlH|EfolA|ef AgelHAl &% 5)9] OLED 25 A H W w3 -0 A5 e ths
At Adefel AL ofux] HARE vl QP HAR PRI vt 27 Qi
Hgkel wf 21 o A] Aol m Wl = Hol, (a9 5)9 A C Cathode(Aluminum), ELZ

34 Organic Light Emitting diode(OLED)7} 2H8%l  Emissive Layer, ETLLS Electron Transport Layer,
HTL-S- Hole Transport Layer, HIL-> Hole Injection
Layer, EIL-S Electron Injection Layer, A+ Anode
oftt,

OLED7} ¥=gs}7] flsiAle =% Axe; Jo]
U AjAzte] Elojof shzd], olejgh 1ol dgsA
(3 3) XIPlol|AfQ] Bl =] 7] SIeiA] thRt So] ARGEITE o]egt Rt

s =

o X 2
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(B 1) OLEDE 45t 012 B0f tist 28 557"

Layer of OLED's Materials genevally used in different layers of OLED's
Anode Huhwnrk ﬁuu:t n: ITO. 20, ZND TCP (PANI. PEDOT):
Pr. N

Cathode I.uwwnrk function: Mg:Ag: LizAl: Ca. .. thin insulator:
LiF; Mgy,

HIL HOMO level; Spiro-TAD: CuPe: m-MTDATA: PTCDA:
ZTNATA; TPD: NPD; DPVE I"W PVE: Dendrinm:

ETL LUMO level; Alqy

EML: Dopant Algy: CPB; Bal

Quinseridone : DSA: Ir(npv] ntnu‘]
emitting assistant; rare earth complex:

(& 2) OLEDQ] 7|50 2 28"

Formulation of OLED's  Structure. Material Emissiontype  Power Cost Applications
R o
PMOLED Anedeforganic layer/cathade Organic More Expensive Fos small screen
and cefl phone
dnkp
AMOLED. Lyerjcathode  Organic Top Less Cheaper Computer monito,
with TFT masrix Large TV screen
= e
Transparent OLE ratefanodefcond Organic From both the Head up displays
layerfemission layerjcathode sides
Organic Top -
Layerfemission layer/cathode
I oy s e
sy TFIITOjemission Larger displays
Layerjcathode.
Foldable OLED Polymers Less Cheaper ‘Smaller as well as
Jargers displays
‘White OLED Conjugated and Bk light in OLEDS.
coy
organic dyes
= ] ol 01
Lz AA At} Anode

201% HesH 3H —7F
(Hole Injec‘mon Layer, HIL), 5
=08 gutA o7 HdslA sh=
Z(Hole Transport Layer, HTL), &%
Z7F by S Y= vkl (Emissive Layer, EML),
cathodeol| Al AAFS] =43} A2 A&sHA dl= A

42 (Electron Transport Layer, ETL)JJr AR} F=9]
’IH Sk 2~ 0]

oZi ozi

of o EO
:‘l _{> [‘ﬂ
Lo ol

Z(Electron Injection Layer ElL) 5o=

= T A
o}, olelet thatt o TREE B FRE Ay
W G D 2

%HH, OLED®] -gH-4lo] uhe} PMOLED, AMOLED
OGRS 4 olon, el fjAof whet Top
emitting OLED, Bottom emitting OLED=® &3+
4= Sk, T1eal 8- HAof uhel F
OLED 4 Foldable OLED® -85 4= 9low Aa|s}
W G 2)3 A

29 (Transparent)

Apalg-o] v-e PM OLED
:LoﬂL- AAE 7] 2=

= 3 s

1T
oX ©
o
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o 2
s
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L 4m
j'_ —|—

FAUJ
(1% 6)2> PM OLEDE} AM OLED?| % thin

2 yehfiar gty PMOLEDO|A] ull ofeff kol ITO
coated glass7} 1AL 71 9]9] red, green, blue®| Hlo]

55
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(22! 6) PM OLED2} AM OLEDO| 72 CHHE®

L@+ 20| color filterE Falal v oo
+ inter insulator®! organici} aluminum layers 4}
Asto] Blo] thex] &t ahA sk Fxolth, I1Rid AM
OLED %i= TFT LCD %9} Bls:gh mekg Ho|il
Qitt of7|of|= wWhal SLxof ubef Sov|w visko e dl
& W&k v (bottom emission)?} 2] 7|3 vt
of Wk e sk A (top emission) &2 B
LheA| sh= 2ol

(Z1¥ 7y PM OLED®} AM OLEDQ] F+% 9 3|2%
olt}, o]7]ofAl= PM OLED:= diode 442 AME-8}9]
o, AM OLED: MOSFET 4415 A3l 941
PM OLED:= N 7]9] FAPAS Seafr oz shr] Aled
of Mefe EAA Qo] fAof data Al S 2HE 77}
%01 WS, ofuf Shax= AlElE R AR E4F

By}, T1efar shue] A Al frame vt 13
ﬂ% sl ®% 60Hz7} F+uk frameo|t}, |9k
shA 3= St frame Yol Hatshe ghoe
o] AL Ao i FEFh ofaf A} 7}

L=
where, L, =#WHE, L=

3hH = (La)E 77171 el AdgE oo
F 9 E(L)E S7HIZIAY 22 =AM —’F(N)% A7 3
ofof ght}, Z1ddd] FAMIGTE WO oxt WO H =
$]52 Sejof 51t ol 93] OLEDS| shac] 52
AFel AA7PAYE LA shofof gt o]= AH|HE
A sh= Ygle] ok, whHo AM OLED+= 174 3t
vt} switching TFTS} driver TFTS ARESlaL Q) 71
2]31 C(Capacitor)+= driver TFTQ] gate/source AFo]2]
AUs FAISHE do gt} AN data Alo= A
BE] switching TFT7} on AE)7} =W Capacitor’} &
A% 3l driver TFT7} on AYEf= =t} Driver TFT7} on
A7 W drain 2574 E¢] OLED ka7 wagsict,
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A A7)0 we} red, green, blue®
ot (19 8)& greend Wit OLEDS
olt}, Anode= ¢l 7] ol sputtering ¥
energy(5eV)7} =& ITO(Indium Thin Oxide) £
=+ HIL(Hole Injection Layer) 282 3= Copper
Phthalocynanine(CuPc) 20nm 4 %=2] FAES ehf L
A,

HTL(Hole Transport Layer)~= Napta-—
Phenylbenzidene(NPB) 50nm 7 Aw=o|t}, ghHg=

1o

f

a5 4

(U TIANE JoA v
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PM OLEDS| HA2 X2t 3HO0|
L CkA5lT oF 5002 & Mo e
EXH|E0| =Ct. BHHoi| AM OLED2|
Y2 MY, 721 28, DeidE J
CHHA 3HHO| 7kSSICt.

MgfAg 200nm
Undoped Alq,  35nm

NP8 50nm Undoped Alg,  35nm

CuPe 20nm DPVEi+dopant 35nm

1o 100nm NPB S0nm
CuPc 20nm

Substrate
m Substrate
@) (b

(a2 8) (a) Down(Bottom) emiting OLED X& L& (green ),
(b) Up(Top) emiting OLED M= & (white 22)

(Emitting Layer)-& fluorescent dye(Coumarin 540)
2 doping¥ tris(8—hydroxyquinolinato) aluminum
Alg3(35nm)°|t}, Doping HA] Y= Alg352 ZAF 4=
% Z(Electron Transport Layer)o.& 23 om =+
(Electrode)2 W2 A& 7H4 F&0|t},

o] layer 52 ITO/Substrate 9o thermal
evaporator® 22551tk DeviceE Esll4
1 greeno| WG,

(Z19 8(b)>+= up(top) WY OLED #F Fx& d
A RS gkt o] RO A WA WS 5] 9fgh
layer+= blue, greeni} co—doping ¥|¢] red® A 1%
Diphenylene—vinylene(DPV)&
35nm A% ARSSFTE wleka] o]
HRAN BE2 emitter+= OLED screen
o7 Axsb7| $J8te] color filter
eF A ARERIEE ©] OLED: %
2. Juminance®} £9-8 7}A|aL Q)
o] display AR&st7|o sttt

G} Akdso] WA o)

EE(Y

vIrE =

==

4

Ol‘

ZLefuf o 7] Zdeoll A
[},

TR Ao whebA = Ty i Al
AH-g-8k= @ (fluorescent) A=} ﬁ o W
AME5= 153 (phosphorescent) @@ FHEE 4=
i A mE Edsto] ARE-Sh= hybrid 2= 9l
F zol whek 7| ek v Ho}%fﬂ

_?ﬂ

T

i)

=) =2

=) = 20 HU
1= o g e

10
Mo
ol

F(botton emission)¥} 2] 7] HicjjH) )
+ g (top emission) 0.2 F-E3F 4 01&}. A B2}

= =2 FAof o8 Z2bu g8 4l AlZA]
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2) AM OLED 378<=A]

WA a-Eo] 100%2
4uj7} Elo] f<=3k v
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e Fo
3 4=
24l

1)PM OLED 2% &A1

.@

PM OLED Process =M
AMM A =

3 OLED] J3} ol Ao
Gegol 1A ghe o] Qe
LY AL
W A QolAA A3 BEAF A

AME = 1 =

%éﬂﬂ
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(O 9) PM OLED 83 &A
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GRS

T2 %'Tg ?—I% AM OLED Process £4
Host Alg, cBP .uﬁ:ini =
e — o ey
Dopant Rubrene, Quinacridone, PtOPE, Ir(ppy)3, S ==
b DCJTBC Firpic 1]
IQE (Internal 5 -
Quantum 25% 100% H-"I]iﬁ-
argy | Efficiency) ==
§O
= | EQE(External (2] 10) AM OLED 25 24
Quantum 5% 20%
Efficiency) Dxy EE0) M2 SAl |4
H 5) OLED 88 250]| [h= atipl 7
. a7t o wams0l e 903 e E
°C 2+ SemE e Zy=or | 3%l sl 24
B4, K2z, Wy HSSH Biof 2% 48 Doping
color4=E#1000 i 50 pAS Buc
Chxd 5 Lo It - E=PSpIRS o=x e
CHA S0l L2 A|Zt0|L Quenching 33/= -
[[H_E_O“ ﬂolE EIII' t‘||H1|r 'EOEIE
SESX56} Process
OLED/TFT OM| 3fA @4, OLED/TFT
=s2Els retter =5 o
N d . WAL Lo ] Device
—5— ol Az elu}z o AHA S 71 ©
| =3t il LAubA o8 OLED Arke]l 28541 9] Encapsulation 7|& 7| 2~HEncapsulation/ Passive
o}, L8R} A2 F2 printing §A1Q] & FA 2 T Multi chamber S+ &t| %,
JEapah .
3l o] =], jrd Aol 47 A FHuE B S
o] B Ao 9ic}. 913} OLED: A2kl oJ3) %4
gl o7|AE A gl o] 88 4= Q17 ufjiol| o] &4 (3) OLED M= 31

744 kAol OLED Az 3-8 PVD(Physical
Vapor Deposition), Screen printing, Inkjet print,

In—line A% &7, Roll to roll 34 %-°] At}

1) PVD(Physical Vapor Deposition)

o] PVD= A= thE W flof] vt A=E uht %
o= A% Zoll dF ot} o] 7
& ks $2F ] flstel AluE 57 FHE v
of gt} 1A Amol dZ 7hsto] S wWizhA] 7k
(Thermal evaporation) dF44} chamber ¢FS- 282
&2 TS ione plasma AEE 3lo] sputtering@tct
(Sputtering). T+= 2)4%9] ion, electron source=-E
beame TH=0] 1 beam o2 RS 7}Eslo] S2HA|
7 4= QltHe—beam evaporating), A= ‘:'7\}01] < 7t

Asto] 7|A| A7} Eof 2] 7|l &

o] 2] 7}4] color®] display+ X*%é] E} 2] £] 2

o|-gsto] RGB g =g F2kit},

el

=22k 7145

shadow mask&

HxtSstE
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(@) (b)
(a2 11) (a) Thermal evaporatorl| ZHEFE=2} (p) Rl AEHOf| A

RGB patterning 2+

E-beam evaporation

_—
Vacuum
Pump

(22! 12) E-beam evaporator| JH2HE

2) Thermal evaporator

(19 11)9]A Thermal evaporators= 7] #3o]
2 heaterS AFE510] ARE o)1 ZuHE wjzA] AL
t 7RRhd, o] 378 =& A dEie] chamberol A &

4 sof g,

3) E-beam evaporator
(18 120 A= electron gunoll =& A 7}5}o]

o =

31 energy®| beam?! electron beam< WS¢ crucible
of @A Q= ARE o] FHAIA FA7IT

4) Sputtering

<ZLa 13)9)| 4] Sputtering> UHbA o & Ar+9} 7+
L =2 ecnergyE 7H4 ionC & 1149l targetol F=A]
A 7)ol SA8ks Aol ArjAor Mg =4

DC Sputter Deposition System

(a2l 13) DC Sputtero| JH=
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o ARAYE o182 = Qlrh o] - target diode
systemof|A &= (Cathode) 0.2 -85t 1|11 7|3t

© T Anode) 2 AT, obge] Mo BNl
AlSHE, QFuli ASHR)S Ar U)o energyS S}
7) $13) RF A2 ARgit,

5) OVPD(Organic Vapor Phase Deposition)

(19 14)2 heat chambero| A &4 carrier gas®}
organic source YA FA| o] FchHA] 7|l FAFE T
J|3t e Wabsol
= SR, o] dolA] Fajt 34 £71E reactor?]
AT} carrier gas’} organic source YAES dulsE i
5ko] o] Fsl= HlFolth, (L9 15)9] 7|HefA Hx
o] T4} & FtollA FA| Afo|7} o] vz Ao v
olt},

o] gasE2 downstream WO

ot

6) Spin coating®} Screen printing

(1 15)00|A Lt oz Az 9o A filmS
BEEOL HIRER] Ob= S2F 7] R ARSI T 7] 9l
S2H We Aol ¥ 2 patternstr| gk, 2 Hash
screen printing 374-2 A(thread)2 o] & #H-%0]
T/dsk= Aolet o] cloth(3) frame QrollA Tets]
stretch= Y= Zolc}, 71231 o] cloth A inkS &
=}, Ink7} print ¥ 7] frame ¥ cloth ofef} &

g}, olget 34 B39t stack F-2E in—line
Showerhead
: Fm-—

(a3 14) T8 Mefof A OVPD uH

Polymaerdiperer =
LLE L

/‘/'\ L Py //

58



> > b OLED 7| 4% o B8 7% S8 AR &Y

(2l 16) Screen Printing2.2 M=tz of 7

]

[e] e [e]
Atk FALI £EE ok o] FHO

&

Azl AT 5
A

= 2 r/]‘.
T 7ol A 22k 4 Qi

7) Ink jet printing

(18 17)> RCB ink& AR of 71§55 A<)s]
Z48}7] ofgrt, “1ejal wol AME-SHH ink jet head”}
ZoIX| AL FARRE & 7)) A=) EAI7F At w
ehA] oA 7R o] Wol thE A i Folth E
g AEE ol =9 SOt} o] olfE o
A= ARAE HA A mE A SOl

8) Roll to roll process

(19 18)2 Roller Printer® OLEDE WH=+= 714
o]t}, o] Roll to Roll 342 OLED flexible flat panel
display A% 578 dolA g&olet & 4= Qlr}, o]
S0 A 2148 7ol flexiblesto] Rollerof 17
of g}, whehA] o] ¥ 3 7R U 4= ok AA
+ deposition, E4+ Patterning(Soft lithography,
Inkjet printing), A#A+= Packaging®]t}.

Ink Jet Head

VvyY Vo

Red | Green | Bius |
emitter | smitter| smtiier) Bank(polyimide)

TFT Si0, o

(™ 17) Ink jet printing TH
— ’
-
Yy .
; ]
i

(a2 18) Solution 280 7E=$t Rall o roll process
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o] =o| flexible OLED:= @ 7}x]9] 29317 118
sffoF o Aleto] Stk A WiA® R E 4= Q= 7]
(Metal, Plastic, Thin glass, Composite etc. )< -85}
ofsh = WHAE FRYAE 54 FAISH: TFT 4
A} 29} A= (Oxide TFT, Organic TFT etc.)o|t}, of
2o 717 0] AH3fof 3}aL soluble, patternable A &0k
skch Al WA R flexible 7]l display T3] 2 WA+
o] 7}s3}al flexible circuit boardel Z-8& 4= Qlojof
gtk Y wig® 7ol gloj® g 7hseh W mode
£ 7idsfior e, 1efar mpxjul oAl RA R flexible
713 F7do] 7Hsskal AHgt AgH|eF w7go] TiE ook
st} o] A9} 34 3ol coatingdlL printing@t
25 Abe 7} o] ojof a1 Roll to Roll F+= sheet type
e w2 g zlaYsjof gt

9) Encapsulation
%7]oll OLED display®] ' ol AH8-5h= N22}
2 7IAIE FYste] WEshs WS ARSI

Arsgo] ymal 20l w2 power 2ol HiA|

>
Hll
B
X
N
e
o
e
(0]
- O
)
o
o
2
|o
Hll
N
ne

o
2 o
e
=)

7F dojut uhit= A9t S5 AR
S E2AIF) 5o A LU AHgste] W
= AT =Y 4= LA AR o 3HA1 7T 9)
2]31 OLED 7|4 % encapsulation =742
2dE F-oh= Al 7Isoltt, OLED &4p7h &=
1} O20f ofs d3Hdegradation)”} A 2= (5=)
raskal dark spoto] AAAE T wheba] eJRoA &
YE= gaset 9] ok W] 918 2+ metal
can(cap), glass can, thin film S22 £ capl & U
‘(encapsulation)dh= 574& W3ttt OLED &A1} &
7] %ol =% ='H dark spoto] A= AL pixelo] 45}
] g A o] astA| FHoh o]f Ayte HRuErt
S7ksko] o] ZHAsshal pixelo] A

OLED 4:A}% tf&ubuto g A2slo] WRsH= thin
film encapsulation 7]<3} desiccant & getter

sheetE glass 7|3 Ato]of 4145kl epoxy resing At

4 52
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Desiccant
[@] [aa] [a] [a]
Sealant(2Zmm)

9) Z1Z=H|(desiccan)2 012

(=l 1 St encapsulation 71& AI=HE
A curingdle] WESH= glass encapsulation 7]<:0]
Qlet, Z1ejar of & 7] SRl hybrid 7|&® Qle)
ol Ztof|= encapsulation film= laminatingdh=
7| g ol MY

T Ui ISR M= 7] a53t=e] AxA
(desiccant)E WiEeE SHAIS skt o4& (1
H 190 A== Yeplict o] 72 71719) SigtE 4
A5} up o 2 e 7)) S}, (121

%3 Lumiotecita= URE GHAT 32 glass substrate?]]
gel type?] encapsulation 543 7N&sF3T Gel2- A
A2t FAsHA vzt it A4 54 2ol OLED 4~
Aol m A= defoll gt ofefo] gitk, ok&xe] M
Ho] Teel) gk ole) ol Ak, of gel ATz 2

16 -
S A3t A|71A] b= A 7E Ak LHFAQl cap

r[o

of ol BHAE Al RAA BEAS gel &
of HALAIZ Zlolet, A
He FYAUI FAN NE A o po sjas

e A5 FAIA] e U
AL panel®] FA|17}

3mm=E slim?} sh=t] ¥},
71 A3} 142mm 719] panelof| A
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