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1. ME

Organic light emitting device (OLED) = &= 9] w44 &
SES T SRl FA3s & W|H o R o7|AIA 1
FE o]&3shz tAZEle|®, LCDE F1E & AHAlY v 2~Ed
o] AFRtEA HEE Ao A, b, E40E 37E,
Sd Ao A E AREA, fdutdeld] §-8 5 HAAIL
O stk FolellA 2] 71 o] 3151 ¢lrk OLEDE Ahd
o, 15V ojake] AAY 75, =& %S &4, 10 ps ©lake]
WRE SEHEE, 8|3 170° o] Bl Alofzt T 7|4 o= )
T e S 7R ik 58], A (LCD) 9F Hlw
& u] OLEDS] 7V & 2 dafFo] ol 574] v
skar ool whet 2BHE ] A The 4 Qlvke ZolH, w9
£55 7Nk 7 o] o7 1% motion blur 4] 59 71&
2 sAE S5 T Qv MER FaAEYo|2A 9 TsAo]
t}. o8, ultra—thin, light, flexible, virtual reality & XFAIth t]~
ZHo)2A] AHE 1F A5 glernE vids AEeAE
FZ(LTPS) 7)%7)<4:, system on panel (SOP) 7]<9] Whay} G5
] &5 fAagdo] e 7R E AR AoE ot
agm.

Ax}H 02 Bernanose =, Popeoll 28t etER}Al G-7]ule)
o A7y @) Bag o1F2, 1987e] KodakAFe] Tang
ol o8] 5% OLED 47}t 47wo] 28815 Hxz 2us)
A7) AR o, 19909 SolMe 4718 Alngel A
T IRAE RS 714 wegeide] G AdEeA] gig
oA whE]o] 1Ak OLED 9177} A8=7] Al ksioiet!
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2. OLEDO|AM S| &7|8tat |nterface

OLED 42Kz, 21 T2k 53l heofrl ¢4l A2 (small
molecule) ¥ 739 8 29] =7} o] = (anode) ol ©]
] 9 frlede] AT 725 et daoEe oY TR
9] transparent conducting oxide (TCO)Zol4 FZ indium—
tin—oxide ATO) & AME3}L, 5= (cathode) & A¥(work func—

tion) 7} S 545 (Co/AL Li : Al Mg @ Ag -§) = ARESITh 7] Bhet
2 74z £ 4 7)eel wiek 9% (hole injection layer :
HIL), £4=5%(hole transporting layer : HTL), ¥4%(light emis—
sion layer : EML), #&=%%(electron injection layer) 52
TEE = 9l o AHFA%E(hole blocking layer : HBL) 3 72
55 71530 ol S9] §8E% 7tk OLEDARA] &=
kel ek 7k Y= Sk 42 A3 (hole) # ARk elec—
tron) 7 Y= I BHERE UR-o] o7 JoellA Afeto] 1712k
(exciton) & A3, ©]¢] B33 AjA 3 (radiative recombination)
< 53l W U= S ARk O 290 ek el o) 7]
#Q1 OLEDZAFE] 7Zd9- A=/471%& A2 anode—HIL %! ETL—
cathode $1x|oll EAsh, 24212 AMEE 3 9 QA 758
&, 27k A714 54 W A Tl wig- & 93-S wHth
Cathode/f71% AANA S AT B4 4 28t com—
posite cathode (Mg:Ag,” Li:Al” Li:Ag),° LiF/Al 59 o]5%'
9 LIF:A/Al £9] composite/0]ZEZE& AFEaH= W B Li-
doping organic layer 413] 57 tloFst AlwSo] B g ) Qi) o]
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18! 1. Progress of flat panel display for future generation.

Cathode with Low Work Function (Fermi Level)
Unstable Li(2.9eV), Ca(2.9eV), Mg(3.7eV)

Double layer or mixed layer structure
: CalAl, Li:Al, Mg:Ag
Insulator/metal structure
: LiF/Al, CsF/Al, BaF,/Al, LiF/CalAl (l)

/

V4
cathode

electron fransport layer

—hofe=njection fayer —
=
anode \

glass subslra\i

\

—\
|

hole transport layer }\

FUTURE LOOKS FLEXIBLE

Flexible Displays
Ultra-thin & light
Conformable
Wall Display

New Application
3D, etc..

SOP

Inter-Diffusion of Cathodes into
Organic Layers

- During Evaporation

- During the Device Operation
Electrochemical Reaction

Interfaces of Organic Layers

- Energy level alignment

- Eliminate charge-buildup at Interfaces
- Charge mobility

- Injection/transport efficiency

- Transient behavior

ITO Work Function

Reduce Surface Roughness of Anodes

- Surface treatment (Plasma/ Oxidation-reduction, etc)

18! 2. Classification of OLED interface.

£ anode, cathode AHEYS] &4 W 2AEA ] &} o]
¥ mechanism, duffusion ¥4 ol thelx= EE2] chap—
terol A =2lstaA} stk §718/4=(F4 9 TCO) Al ¥t of
Yt f71&2d712]9] AEAAE OLEDAAR] Aol vi$- 23}
o} olE 0] o7 OLEDS] o= 5% 7oA charge carrier
9] accumulation ©] YoJu= 745 o= AAA A2} 2] charge
balance® FUZ=EAl Hof 78 2 82 AsE x i) A5
¥ F71E27+2] HOMO (highest occupied molecular orbital)/
LUMO (lowest unoccupied molecular orbital) & energy level
offset, A3}o]| % (charge carrier mobility) 5ol thsk Axe} A
oPFeollA ] AxEA] dllado] o]21gt interfacial charge—build—up
< 22 A 2xF Al I 24w 3 S Qlok

7] 2 2% v, MOAW 59 19 oux] 79 2 3}s)

=

DEXE JE A 17 ¥ 6 3 20061 12€

Tzl Uit A HI7HAG B3R 38 (photoelectron
spectroscopy, PES) 7|& el 319 v} Aok J@ 3| PES
=74 9 spectrum®] RS HERKSITE el Qiake =
H2} [ photon, AAv; ]l 28l BAA L}23= electron?] AH:=
E(energy), S(spin), p(momentum) 2] <=7} Ev, 17|14 A=
EZ3%5oltt. Av= Einetic + Ebinding + Pwork function] 2101 2] 34
binding energy & 95 = Utk FAk] sourceol| Wt 2 A2
Ao osk UPS[He 1(58.4 nm : 21.21 eV)], XA& AMESh=
XPS[MgKa, AlKa(1.2536 and 1.4866 KeV)| & W= = lom,
UPS 9] 7 #2}19] electronic (vibrational) energy level 70|
7Fsshal XPSe] 74 atom—inner shell @ 3}t %) #dw
ARE 48 F Stk
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12! 3. Concept of photoelectron spectroscopy (PES) and schematic diagram of PES spectrum.

@ HPD on Au

a-NPD on Au
hv=82 eV hys2 eV

20 & aNPD/ A
T
=
(5
2
5
é 108 PO/ A
E

41 «NPDV A

1 ] 3 [} 5

2 B4 66 68 70 72 74 76
]

Kinetic energy (eV

151290 8 6 4 2 0
Binding energy (eV)

_

=

12! 4. «—NPD on Au: (a) valence UPS spectra (leading edge of
the HOMO with respect to the Au Fermi level), (b) the shift of the
photoemission onset (interface dipole), (c) a schematic interface
energy diagram from the photoemission measurements. Spectra
(b) were taken with the sample biased at 3 V to clear the detector
work function.'

E 2m

N,N'— bis(1—naphthyl) —1,1'—biphenyl—4,4'—diamine (a— NP
D)& Au g Ao S23E AR tfs] =73 valence UPS
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——
Be, 0 Resae Ee
—
= Valence
Detector
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)
% Core
levels
Dy (eV) 2T Energy (eV)
sm—1 8 B
31
Al In_ Mg i i kit o B OB |
~_ 2 S r—
Ag
Sn~ 4
PEDOT — —wes -2 = Cube * 461
P aNpp ZPe
i — Pentacene
LN E Algs
BCp CBP + PICBI
—_ Fy5CuPc
s PTCDA L1
Transport % Transport
levels op
817 = TCNQ HOMO
NTCDA
FyTCNQ

18 5. Comparison between metal work functions and IE and EA, or
HOMO and LUMO positions, as determined by UPS, of various or—
ganic materials."

spectrume HIth!? 8 4@@)s} (©)o 21 A} o], a—NPD
HOMOS2}F Au 2HFe] Fermi level 2] XJo]&= 1.4 eVEA o=
metal—organic interface® & 5% Aof sty & 4(b)
9] sharp photoemission cut—offE X.°]:= low—energy sec—

ondary—electron distribution< photoemission onset® 2% =

At ¢ ok wluk FAlo M = YER= ©]#3F vacuum level
(Brao) 8] AJ0)= interface dipole barrierel] afj@al= gto|tk o]
e 710 ® okl Au BhellA S3¥ o~ NPD HOMOS£H)
o] 7} o] 23R (IE=5.4 eV, 18 4(c)oll sH33ict.

38 50l g3l f71Ede diste] EA(electron affinity,
AR 540 3AIE) oF IECE a5l IAE) 9 #s 2 7}
A 715 49 Fermi level¥} vl d dlolHE ZAI8Ith Au
Blke] Fermi level> a—NPD9] IE 3 A2 AR copper
phthalocyanine (CuPc), ZnPc, pentacene 5% IE3F Hth= Zth
wEhA], Au BfEto] o] f71E7 HAAWE ol& W & F5i0]
ul-g- Aget Zo 7 oS3 = QAL AAR FE5—f71Ere] A
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Hof| A= Schottky-Mott (vacuum alignment) $2jo] ©f o} 4
LA %o, 0.2~0.3 eVe A2 zpol7} o2} AAlzE A
=21 1 (interface dipole barrier) o] 2]3}o] 1.4 eV F X2
off—seto] EAsh= 212 8l 49] Azl gergk 5= 9k

UPSe]l 23 IE9] 572 OLEDel| A5 E452] HOMO

= Y= el 7P AREARI Bl e, 17te] PES S747dH]
7} A Qska AR o2 7.0 eV o] & IEgk S0l o) A
o ZxdollA Al del] &) vkt oA WEE= Akl 25|
o719 0% o] % =4S B3 IE 1S 343 4 9l pho—
toelectron counter& AFE8lo] F42] Fermi level 574 2 474
IEXS19] f7)atute)] 285 Aapr) 5ug up 9okt o] 7S
F71E29) vacuum level alignment7} o)X= 9kA|qk 4]
HH o7 AoJx 4,4'—N.N—dicarbazole—biphenyl (CBP) 2]
UGS AE fac—Tris (2—phenylpyridine) iridium (1) [Ir (ppy) 3]
5 RS 2 7] QIEERES] [E 3k UPS Z7ddde) A2l &
ARk BE A9 [E groz i e @oix)= HOMO energy
£ 7|50 2 31l absorbanceZH-E] £29] band—gap> I3
S ZX LUMO energy level& 7 < it} & 601 71 =574
g} CBPell i3t [E 54 A3E vehigick -8, 1713)8H]
Absl, gdikgo] YehR] o= el tiste] oxidation/re—
duction potential 2FE] HOMO/LUMO energy2] 40| 713}
Uk OLED®] thsF4Q] AardAs, TaeAE, =3E, FEoA
=, AAES A5 HOMO/LUMO level:> 8 70 =A% Bf
9} At}

3. Yd=/R/715 AHEY Ho7|ls

OLED?®] %= (anode) H5Z 7 de] AREE= A= ITO9]
", 150 nm F79] vfeke 7pAgelA] 90% S-S JER (3
A Ao ) AFR)AE E=5PH, magnetron sputtering®ll
oJa)] Hef 8 X107 Qem (5 /) 8] AAE vtk FAJo] FpsakA |t
o 12FH ] Aol AL FHe] 7 4x107" Qem (30 O/
0) AER 253 54 ol kP weby 1253 [TO: 5

2.4eV

5% (PM) OLED 9] =7k A& 7Fssh Ao A|et ZupiE 7]
el A FEA9] o] Tk mAAAT] A, mel Sk
el gt f79ake] damage 5§ sAdlor & 24ER
Zo] it} - HolA= ITO EwA]glel] 9]t work function,
roughness 52| ¥gs} o]of] 7|15 254 ] s TAE 4
< 2y A3 s it

dnkd o ® Fepxnt AelE 4] k& ITO BHke Snidnd|7h
bulk “gellAE= 1:10916] wksto] myeAl= 1:39] #he Helth
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8! 6. IE measurement system and data with photoelectron counter
(in air) (Reiken—Keiki AC—2), http://www.ac—2.com/.
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8! 7. HOMO/LUMO energy level diagram of OLED layered materials.
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18! 8. (a) /-Vcharacteristics, (b) brightness vs current and brightness vs voltage (inserted figure). OLEDs built on ITO treated in different
ways. The device structure is Ag (800 A)/Mg:Ag(1200 A)/PVK:PBD:C6(100:40:0.3 by wt., 1050 A)/ITO. ITO treatment conditions: UV—
ozone: 3 min; Ar plasma 150 mTorr, 25 sccm, 25 W, 3 min; H, plasma: 60 mTorr, 25 sccm, 20 W, 30s; O, plasma: 150 mTorr, 25 sccm,

25 W, 4 min."”

3.0 'Work Function |
o HPO, 516V
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= 207, NoHyoH agev /
s [
g 5 S o
[2])
< #
g ~ J ff £ P
€ 1ol d 53{’? éﬂﬁ
l‘?t‘* ff\d
LS 3
W F 4
—
mmnmnnnﬁ]nmnﬁ

0.0 T B

45 50 55 60 65 70 75

Kinetic Energy (eV)

(a)
M
g
@
£
(b) § vacuumLevel
g % @a
I %o
—7 )
=0

2! 9. Work function of ITO after various acid/base treatment(He | UPS). Right figure (a) Schematic diagram of monolayer absorption of
Bronsted acid—base onto ITO surface, (b) and corresponding vacuum level shift.'

25 W, 48712] O, plasma #2]|Z Qsl] A9 Snilnd]= 1:6
S5 Wahr o] e AEEE STIAIML o] 7H] 71A &
ghkzmt 2jg]ef] whE OLED &k AiR—xst 547 olo] & A
FUE-2AFe] 3o vX= o] 8 89 Wu ¢ A3 4
ol FEjslo] k!t Ak Zehzul Ze)d— E=A o) <3k &
A AR 5499 W W ¥719] SF ReEtasl] 57t o
Al BarEle] ik

ITO 3®He] 2471 A2l &3 work function?] ¥18k= double
ionic surface layer ¥4< <u]gth g 9o o7 A-4
71348 (kaZetznt A o)) €] work function WE}E ®gJrk®
A 2] 2] 73-9- phosphoric acid (H3PO4) 2] 7% 0.7 eV, hexa—
fluorophosphoric acid (HPFg) : 0.4 eV, nitric acid (HNO3) : 0.1
eVl shiftE HERlSloH, 9715 ARESE -9 NIIREC R tetra—
butylammonium hydroxide : —0.7 eV, sodium hydroxide : —0.2
eV shifte] 495 Wtk 271x2H 2HE (self—assembled
monolayer) & ©]&3to] ITOS} EFYS(TPD : NN—bis(3—
methylphenyl) — N, N~diphenyl—1,1'—biphenyl—4,4'—diamine)

796

ARo]€] Schottky barrier® Z83FO 2M carrier injections ¥F
INF e A7 A% RE =), scanning kelvin probe
(SKP)oll o3t ez Agkr Zgwiio] ALgE ik

ITO ¢ 718 EY/455HTL) Aol AlHEaSE ol
HOMO level®] mismatchE 7Fg 3807 o] & 5% a&
I} 22} DS A= RS A4S buffer materialS
ITOSF HTL Afelefl Atlslk= Zloltk o]v] 1996\ Van Slykeel|
93l 15 nm =2 CuPC(copper phthalocyanine) buffers =
A8 10) 02 st 22 &/ 4% S7PF Bad vt
ATE?! Polymer & 2449] 9ol 71800l H4 @
PEDOT : PSS7} o] AH-H=d), ITO F2.29] electron 7
S JAIE 4= == PEDOT: PSS, Z18]a cationic polymer<!
poly (p—xylylene—a—tetrahydrothiophenium: PXT) 52 &3
AE sl & 74 TN sETHlE 2det AR A}
& OLED &Atag2] @s A9 Ho 52 A7Qf 191>
PEDOT : PSS §lo1%&= ITO®| 2Hdo] 3t A2 SA4=
Zhs e & 5 =4l sl o AAA AR buffers
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2! 10. CuPC buffer layer between ITO—HTL (a) device structure, (b) Voltage—current, Current—luminance characteristics.

1.8 nm § % % 3 Film 1
7% TPDSi,

Assembled layer-by-layer solution-cast ITO anode SAMs

20,21

TPDSi, + TFB Blend
—

15-20 nm : ;il'e"'"dz
ITO anode HTLs
TPDSi, + TFB Blgnd
} Double-layer
40-60 nm PEDOT-PSS HTLs
Polymer anion ITO anode

Polymer cation

s "___ T '.._ y Fima
“Electron Blocking” | === Orenge-smiting PP ITO anode HTLs

[ ITO anode |

(a) (b)

2! 11. (a) Nanostructured hole injection layer with “electron blocking” interpenetrating network, (b) various anode/HTL structures for en—
hanced interfacial peroperties of hole injection.??

Film 5
Bare ITO

[poly (9,9'—dioctylfluorene— co— N— (4—butylphenyl) diphenyl— Bottom emission OLEDoﬂ/ﬂb 7] FolAZ vlwA qFgdst
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18! 12. (a) Current-voltage characteristics, (b) Light—current characteristics of EL devices using an Al, MdosAdo.1, Al/LiF electrodes.®
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18! 13. (a) current-voltage characteristics, (b) relative efficiency vs. work function of metals :

1.2+ é

R 1.0f (% ca ]

g 08} % g Mg Al

2 o6l § L 3

u 0.4 Yo sm

= ! o without LiF % g2n
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Work Function [eV1
(b)

thin LiF layer(1.0 nm) between cathode metal

and Algs(ITO/TPD 135 nm/Alg3 65 nm). Insertion of LiF between aluminum and Algs significantly enhances the injection current.®

ETL interface.”

b) Tunneling & reduction in gap states : alignment of Al/
Algsz LUMO level (removing gap state) 2

¢) Interfacial dipole : shift of HOMO/vacuum level of Algs by

LIF — reduction of barrier height for electron injection.29

d) Isociation of LiF in the coexistence of Algs, LiF, and AL*
LiF9] &) (dissociation) = At EAsH= 5 dAg= o=z
27384 % Alqs radical anion €4 }ellA] interfacial reac—
tionel 9J&) afjg]ukgo] Aojd-& high—resolution electron energy
loss spectroscopy S ARgato] 413k Azt 5w gl
0.1~1.0 nm®] LiFF #feto] A)el Algy/LiF/Al 73 vii¢- §-
473t electron injection EA& O]k—tﬂ 3233 331 129 Al
MgooAgo1, AI/LIF electrodesell W& AF/—dg—3E5432 2t
o5 YeRIlT) current—voltage2] Xi7lx4 EXS vlwshd
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Al A5 1AY== A2l space charge limited current?]
St dxgic). o]#dt AHFEAL injection—limited”} obd
bulk 2] transport 543 2]s&3= ohmic contactg A5kl
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18! 14. Light emitting polymer’s HOMO/LUMO energy level.
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12 15. Current (absolute value for inverse bias) vs driving voltage curves blue polymeric OLEDs (a), lifetime plot, at 100 Cd/m? (b).®
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& 16. Left: RBS spectra of PLED samples before and after aging (continuous driving until half—lifetime, at 1000 cd/m? initial bright—
ness). The RBS curves: (a) pristine (not annealed) LEP, (b) annealed LEP(at 170 ‘C for an hour). Device structure was ITO
/PEDOT—PSS(60 nm)/Green LEP(80 nm)/Ca(100nm)/Al (100nm), Right : Device lifetime and voltage(with time) of annealed and not—

annealed devices.*
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18! 17. Material and conceptual energy level of PIN Doping.
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18! 18. PtOEP(phosphorescent dopant) in various polymeric
host. Energy transfer(swallow trap—PNP:PEOEP), direct charge
carrier trapping at dopant(deep traps —PFO:PtOEP), excited—state
charge transfer and luminescence quenching(DMOS—PPV:PtOEP),
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