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o] A7 ddol Bud o], 1987de] KodakAle] Tang
off ¢la} &3 OLED A&7} &A7=e] 44318 Sx= g
AT AFEgen? 1990dE Bl 4718 AgFd A
24 nEAE A5 ANH dgedoe] J=o) AYBA] gt
o} WEE]e} 1E}E OLED |77} Ags7) A)&sisict?

2. OLEDOIM2] =714t Interface
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molecule) 32 74 8 29 #&3 2ol d=(anode) ol
g F9| f71820) HFH 725 Aeth YFo2 e A FH
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tin—oxide ATO) & A3l S=H(cathode)2 U¥(work func—

tion) 7} W& T4 (Ca/AL Li @ Al Mg : Ag B)& AMSIE f71 dgt
& 24719 AR 2 7isell wmEt 255 (hole injection layer :

HIL), 42 (hole transporting layer : HTL), ¥(light emis—
sion layer : EML), AX}r%Z(electron injection layer) 522
FRE & gl o AT Z(hole blocking layer : HBL) I 2h&
EF 715%0u ol 5] $HTEE 7153tk OLEDAA}| <
wake] A9 71 53 S5l 2z A (hole) 7 HRKelec—
tron) 7} FY = 1 Bk JI§-e] 4 Aol dsle] 7=}
(exciton) & B43h, o]2] ¥ a3 (radiative recombination)
£ E8 92g W= 39S Ak 28 200 vehd viel o) 7]E
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cathode 91Xl EAE1, 24242 AWEANLS A3 4 A F5&
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Cathode/f71% AN AxTEY B4 S A3l com—
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2 LIF:A/Al $2] composite/©)|FZS AMEsH= W 8 Li—
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I8 1. Progress of flat panel display for future generation.

(LCD, PDP, OLED)

LTPS-TFT

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

Double layer or mixed layer structure
: Ca/Al, Li:Al, Mg:Ag
insulator/metal structure
: LiF/Al, CsF/Al, BaF,/Al, LiF/Ca/Al (1)

/

cathode

electron ;raﬁ§poﬂ ayer |

—holesinjection layer

S

N
l glass substra\i ’

\

FUTURE LOOKS FAEXIBLE
o Flexible Displays

Ultra-thin & light
Conformable
Wall Display

New Application
3D, etc..

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)

8 2. Classification of OLED interface.

& anode, cathode AIHEAY] F4 Y A5 ] T3t o]
#H# ¥ mechanism, duffusion 4] Sl iai-= H=2) chap—
terollA] =2gtaat gt} f71E/AF(FS ° TCO) Ald ¥yt o}
Yzt 71827189 AdAdAST OLEDARS] BAd vl Fa3}
t}. dlF Eo] TS OLEDS] o= B4 AlHelA charge carrier
9] accumulation ©] dojuh= -9 o= HAIER] 244 119 charge
balance® FUERA B0} 79 U &89 A31E st HF
H {71527k HOMO (highest occupied molecular orbital)/
LUMO (Iowest unoccupied molecular orbital) % energy level
offset, H3Jo]E % (charge carrier mobility) 5ol thet Fx.e} &
ol defoll ] 2AIEA] si4o] olefg) interfacial charge—build—up
S £ A5 A Aol "5E 24t & £ Qlth

7] 9 F4 9y, MOAY 59 34 oA &9 2 gt

DEXAEY Iz Al 17 @ 6 & 20069 124

T2l st AT L7 FHAE 238 (photoelectron
spectroscopy, PES) 7i€ @) 3192 v =r}. 38 3¢ PES
274 9 spectrum?] MEEE UERAICE ghetEde] RS
42t photon, Ahv, D] 23] AR Y& electron?] A=
E(energy), S(spin), p(momentum) & <=7} H=, oj7)4 4=
SZ 3ol Av= Einetic + Fbinding + Pwork tunction] 2N 213
binding energy & &2 % 3tk =} sourcedl Wl AF 29
Aol 218t UPS[He 1(58.4 nm : 21.21 eV)], XA& AME3I=
XPS [MgKa, AlKa(1.2536 and 1.4866 KeV)]Z Yz 4~ 1o,
UPSY] A9 E2}9] electronic (vibrational) energy level Z30]
7Vs3t e XPSe) A9 atom—inner shell R 3}8-A%e) Agg
BEE dE 7 Yk

I8! 40= ¥ 59 OLED & 4% A8 N N-diphenyl—
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& 3. Concept of photoelectron spectroscopy(PES) and schematic diagram of PES spectrum.
alPD onAu P
hv=82 eV m:g:c“" Oy (V) Energy (eV) .
Sm oo df
3L -
[ Al.lﬂ Mg‘-'—‘--v----"--‘-'~-—“---‘--~-; ------------------------
20 8 aNPOI A JE S, —
A ag ==
g Sa § e e
Y [whawtia PEDOT ~ ] f 0 e e e oo CuPc @ 6T
g PSS /—_ P
Aa JR— Pentnerne
E 61 o Algy
I3 ‘E'B—P‘T PICBI
B Fyy CuPe
T PTCDA )
Transport -7 Transpart
i tevels ™ gup
-1 = TCNQ HOMD
il ____NTCDA
4 2 3 4 FoTONG

E: 22 e
% ” HOMO
7 &NPD

& 4. o—NPD on Au: (a) valence UPS spectra (leading edge of
the HOMO with respect to the Au Fermi level), (b) the shift of tre
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.™

N.N'— bis(1—naphthyl) ~1,1’—biphenyl—4,4'—diamine (a— NP
D) Au uhut Abell 251 Algel 8] 43 valence UPS

794

18! 5. Comparison between metal work functions and |E and EA, or
HOMO and LUMO positions, as determined by UPS, of various or— -
ganic materials.™

spectrum Bk 8 4@)s} (ol B3 23 Zo), o-NPD
HOMOS$} Au BFHe) Fermi level #8] xjol= 1.4 eVEA ol
metal—organic interface®] & F Ade] sFsrt. IR 4(b)
9] sharp photoemission cut—off& Ho]& low—energy sec—
ondary—electron distribution photoemission onset2 2% &
gtk w$ gke vtk TA T veh s o]2i3 vacuum level
(B & Aol= interface dipole barrierell #@dh= ol o]
W& 71FELR 3 Au oA 54E o~ NPD HOMOSH)
zlo)| 7} ol &8l AA IE=5.4 eV, & 4(c)° HZ3ch

T8 5ofl= ¥Rl §71E el theke] EA(electron affinity,
AAFY EA aAE) ¢ [E(FH 55Ul A Y ak& 2 7t
A 7\& F£9) Fermi level® Blw 3 dlo]EE AT Au
wteke] Fermi level® o—NPD2) IE & A $ABHY copper
phthalocyanine (CuPc), ZnPc, pentacene 52 IEZF Boh= A}
upgbA, Au EHEto] o]l f71ET HPARS ol W & FYol
) g Ao A5 & QAT AAE FE-F7EY A

Polymer Science and Technology Vol. 17, No. 6, December 2006



Ho A= Schottky-Mott (vacuum alignment) o] o} o3 A
£HA gom, 0.2~0.3 eVel A& 207} ozt AAEe AW
=2} AP (interface dipole barrier) o] 2)8lo] 1.4 eV ALY
off—seto] EAsR= 2 Ol 49 FmAlgels &1e 5 glck 1

UPSell &3t IE9] &3 OLED®Y AR&-5l= 2252 HOMO
e d diell 7P LubdR] WelAel, 17k PES S7g73u]
7F BQ3t WA O E 7.0 eV ol F IEgL FHo| otk A
o Z300A Ap)Adel ozl Bt A PEEE FAxtel] s
o71® 0% o]2%BE 24L E3 [E e F98 4 9= pho-
toelectron counter® ARE-8F0] £4:2] Fermi level 5% 2 43
9] f7)etuto) A28 A7} wug v o2 o] B9
F712A9) vacuum level alignmentZ} Atz o)X= kx)uk, A
Ao 7 dojA 4,4'— N N—dicarbazole—biphenyl (CBP) %9
IS AE fae—Tris(2—phenylpyridine) iridium (D {Ir (ppy) 5}
£ 0% 9 7] JFERES [E g2 UPS 441 A &
AP 2E A9 [E gto2Re] YolxE= HOMO energy
Z 7)&E2 8 )31 absorbance 2HE] 49 band-gap e 4T
524 LUMO energy levels 7 4= Sltk 8 69 71 =%
dg)e} CBPoll digt [E 574 A7E Jepliiet. $h8, 17188
A}, gHelRbgo] vERRA] obe Bl digte] oxidation/re—
duction potential 2HE] HOMO/LUMO energy?] 7o) 7}53}
th OLEDS) tiEHQ) AE5EAR, YFIAE, TUE, FFIA
Z, AFES A8 Q) HOMO/LUMO levelS 8 790 =AIE v}
LIy a8

3. d=/R715 AHEN M7=

OLED®] %=r(anode) &2 71 del AMSEE &A= 1TO9]
=, 150 nm F7A8] 8eRE 7iAlFol 90% Fabag Vel
A Aol A 2keAE E4751H, magnetron sputtering©l]
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ol meFH9) 7ol AR Z3ke] 4 4x 107 Qem(30 ¢/
D AEE ¥ 4L o™ wehq 2253 [Tox 4
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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; Hz plasma: 60 mTorr, 25 scecm, 20 W, 30s; Oz plasma: 150 mTorr, 25 sccm,

25W, 4 min."”

30 Work Function |
o HPO, 5.18V
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28 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, (o) and corresponding vacuum level shift."

25 W, 487+2] O, plasma A2 Q15te] ¥ SnilnH|= 1:6
©2 g o= XWe) AkhETE SV o 71A] 7)A) &
2}zn} x2jel| w2 OLED 4Ak] AF—AY 4% ool uh&
FUT-2A2] 3ol v)x)= Fefe] 8 89 Wu 59 48 2
ol A Ele] Yokt Ak Sekzul, A - @A) It 4
A ARTY 5499 Y 9 91y oL AFRkEs F0F 9
Al BaEo] gt

ITO A AY/A7] Mol 218 work function®] ¥3R= double
ionic surface layer 4% ¢jn|gith. 28 94 =7kA} A4-4
7138 (AkaZelzet 2g] o]%) 9] work function W3HE Bk
AF 229 79 phosphoric acid (HsPO,) & 734 0.7 eV, hexa—
fluorophosphoric acid (HPFg) : 0.4 eV, nitric acid (HNOs3) : 0.1
eVe] shiftE VeIlom, G715 ARg3h 739 R0 2 tetra—~
butylammonium hydroxide : —0.7 eV, sodium hydroxide : —0.2
eV shifte] 235 Btk A2 2995 (self-assembled
monolayer) & ©]-&3t¢ 1TO2 EFUS(TPD : NN—-bis(3~
methylphenyl) — N, N—diphenyl—1,1'—biphenyl—4,4'—diamine)
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Alo)2] Schottky barrierE 240 ZM carrier injections &
AN AT AE Bu5Ed, scanning kelvin probe
(SKP) el o3t A& Ag4 240 o) A=k

ITO & #7718 EFU/455HTL) Aol Addae Foln
HOMO level®] mismatch® 714 3208 Zo] & F &8
I 22k FAFFEE A7 NE WL A8 buffer material &
ITOS} HTL Aolel] Ajlshe= Zolth. o]v] 1996d Van Slykeel]
2 15 nm F =2 CuPC{copper phthalocyanine) buffer® =
A8 10) 02 A% &7 28/ F4% S7PF Raugl b
Ark*?! Polymer 3 429} 9ol f718vle) 34 e
PEDOT : PSS7} ©o] AME-E=d], ITO 229 electron %
€ JAg = JAEH PEDOT: PSS, “18]3l cationic polymerg}
poly (p—xylylene—a—tetrahydrothiophenium: PXT) 52 &3
AE FPstd F Y T w278 228 daE 1At
¥ OLED &A1& #¢& 9% Ho 59 2@ 1) 9%
PEDOT : PSS% §loj& ITO o] 58 2712y 4%
Zke B71E & 5% B2 slERoR AZAAA MEL bufferd
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Z18 10. CuPC buifer layer between ITO—HTL (a) device structure, (b) Voltage —current, Current—luminance characteristics. 2

Assembled tayer-by-fayer

Solution-cast

+8om é % é % Film 1
TPDS,
| ITO anode ] sams
L}
PDSI, + TFB Blend
Film 2
‘ 1820 nm Blend
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1520 am 3 1) Fim3
} Double-layer
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Polymer anion | e el .y oo 0 ITO anode
¥ oy
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obo ]
“Electron Blocking” = Orenge iy PP ITO anode HTLs
T OCy:
* A Y. "-{\/'\/V'\
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(a)

(b)

8! 11. (a) Nanostructured hole injection layer with “electron blocking” interpenetrating network, (b) various anode/HTL structures for en—

hanced interfacial peroperties of hole injection.?*

[poly (9,9 —dioctylfluorene— co— N— (4—butylphenyl) diphenyl—

amine): TFB1#} 4,4- bis| (ptrichlorosilyl-propylphenyl)
phenylamino] biphenyl : TPDSiz] & E£%13%F T. J. Marks group
o} ATARER 7 £ 5 Yok o= TFBY wi$- gk v}
252 PEDOTPSS #oll AR-3F83ly felHol2 T (glass
transition temperature) ©1’gelx @A F toluene 52 &
7182 MAs) E4/3 59 10 nm T4 ©]8+9] interfacial
layerZ #8443} ¥ 9 198 184 OLEDS 885 3A &
A7) B} B et ?® o)= PEDOT : PSS $:029) ex—
citon diffusion® 2}3F quenching& j#|ghe 23 AAE ZHlo]
o|Folx e WAE-E FIH 07 AFsl= “charge/exciton con—
finement” F3}el gt Aok

4. 82/7715 AHEY HoZ7iz

nExusty Jle A 17 9 6 & 2006 12€

Bottom emissiond OLEDeM< thy] FlXT vlu® Hs
ITO AFo] i AMSEER, S=/F71E A WA 4 &
2 2 #9e) Ei3ielE] Ael &gt tiule|A B4 el oigt
A7 vl EsHA o] frky & 4 Utk ¥ AEAt
L R {71 A S B8 H34EE S5 (cathode) 9
Aeloli= ulf @ Bsk Al I 34 FAlEe] 3lvk Mg, Ba, Ca
3} 28 G F4 9 W& LUMO energy &9 #to] Aa &
|A AT AREs} BojR) 3 tfujo) A Al7}; Fof| AT3HE Ak,
o] Fekslth= who] o B R ok 743 ulel Ho] Al Ag
5319 $2E AU o155 A uho] mAHY
T3 LiF, BaFy, CsF 9 8223 349 gk g3 4F
)l ET $719 Aolo] Agigho g4 Ao e FEAUYN 3F
&, RS HET A, dFHoZ AMEY Sl LiF/Al
S5 A5l 2 AAYUE dsiNe v 22 o9 7t
7} sfidde) qick

a) Shift of light—emitting zone; to a region close to HTL/
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& 12. (a) Cument-voltage characteristics, (b) Light—current characteristics of EL devices using an Al, MgosAdo.1, AI/LIF electrodes.®

— 0.4; -——s— Mg without LiF / / /
g —e— Al without LiF
< 03} ~—o— inmLiF + Mg / /
= —o— inm LiF + Al d ,/
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Yb Sm )
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{b)

8! 13. (a) current—voltage characteristics, (b) relative efficiency vs. work function of metals : thin LiF layer(1.0 nm) between cathode metal
and Algs(TO/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/
Algs LUMO level(removing gap state) =

¢) Interfacial dipole : shift of HOMO/vacuum level of Alqs by
LIF - reduction of barrier height for electron injection.29

d) Isociation of LiF in the coexistence of Algs, LiF, and AL*

LiF9) &2 (dissociation) & AlTt E4jdh= 4$ ddstzoz
2715319 Algs radical anion &3] 8o)4] interfacial reac~
tionel] 28 afgjukgo] Yojg high—resolution electron energy
loss spectroscopy & A1) B4 A3} B s ek

0.1~1.0 nm®] LiFF 2}=jo] )8 Alqy/LiF/Al 73 vl¢- -
%38t electron injection 4% Rol=d) % & 124 Al
MgooAgoi, AVLIF electrodesoll the AF—H-2r4572] A}
o]F YERATL current—voltage] A7 54L& wlwstd
Mg:Ag composite @ AIZ3} vl wf 0.1~0.2 nm& LiF/
Al AZE pHtelME= A2 space charge limited current®]
&2k A3t ol2]d AF-EAL injection—limited7} obd
bulk A+9] transport E4J¢l 2]&3H= ohmic contact2 YFAS1aL
lck® 28 1314 (ITO/TPD 135 nm/Algs 65 nm ] AAFE
ARE3E] Mg, Al Li, Ca 33 Algg Aleloh 1 nme] LiIFE 4K
3le o tntolAd] AR D AHESS WESITh AVAlg
Atolof] ARl 9o YehbE MR, 889 & 18 g
Ca, Li & AF 2 Ao)7}F 3L Mg/Algs Alelell A€ LiFs
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Higher operating —
Voltage of blue 2.30a2828Y
PLED

3ev .

AV

Sev
Ll ggipy e 5.22-5.44 eV
ITO HIL 5.44~5.76 eV

5.48~5.73 eV

8 14. Light emitting polymer’s HOMO/LUMO energy level.
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