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Organic Light Emitting Device(OLED) = 4= &9 &
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WA, axE, E493 §471s, 553 XY A4 ¥

A5, Aol 3-8 & AAAIZ R Hdgt Hof
A9 7ja o] 2253 9tk OLED: Abargoln 15
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[ 1] Progress of Flat Panel Display for Future Generation
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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
Insulatorimetal structure
: LIF/Al, CsFiAl, BaF,/Al, LiFICa/Al (1)

Buffers

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

- Injectionfrransport efficiency

- Transient behavior

ITO Work Function
- Surface treatment (Plasma/ Oxidation-reduction, etc)
Reduce Surface Roughness of Anodes

(33 27 Classification of OLED Interface

o F=Fe2E 98 £/ Transparent Conducting
Oxide(TCO)ZoNA & indium-tin-oxide{ITO)E At
/3813, 3= (cathode) & U< (work function)”} 2
2% (Ca/Al Li: Al Mg: Ag 5)< AHg3ich §7| gt
T2 47re] YA 2 7|Eol met EFU3F (hole injection
layer . HIL), 543 (hole transport layer : HTL), ¥
342 (light emission layer : EML), AX43Z (electron
injection layer) SoE= FHEE 4 glon AFAAF
(hole blocking layer : HBL) ¥} Z& & 7)%53o|y 9]
2 318 2% 71ssltt. OLEDARfe) &938ke]
4= 7t =T 2S94 44 BF(hole) T AR}
(electron) o] FYUE T wutz iR ol A gololH A
8to]  7]Z}(exciton) & FAAsHH, ol W@ PFE
(radiative recombination) & &3l Y& W+ IS AA
ok [29 2]9] vEpd wiel Zrof 71220 OLEDAR}FS]
A AF/H71EF AHL anode-HIL ¥ ETL-cathode
AR S5, A2t AHEALL Ay ¥ AA YR
g, 279 A712 59 9 obA SOl B 2 YL ol
zt}h, Cathode/715 AWM ARFY EA S
A3l composite cathode(Mg @ Ag?®, Li: A1® Li:
Ag"™), LiF/Al 59 ol%2" 9 LIF: Al/Al ¢ com-
posite/°]5%& AMg3ste WHHE Li-doping organic
layer AP 5 o3t Al=Eo] ®Exg vh ok o]E
anode, cathode AHEA S &4 ¥ SAEA S Fat of
o] ¥HAE mechanism, duffusion ¥4 5ol tisis= &
=9 chapterdlx =9gtz}; 3th, {F71E/AS(F5F 2
TCO) AW &9t ozt {r7iEEA7Eie] AWAAE=
OLEDAA}e] EA ¢ Faslth & Sof tEsax
OLED®] o= E4 AHAA charge carrier? accumula-
tiono] ¥dojuts FE ol= AAHQ] 42A W] charge
balanced FUZ:ZA =of = 2 559 A3lE =T

o}, F&E $7]E527He] HOMO (highest occupied mole-
cular orbital) /LUMO (lowest unoccupied molecular
orbital) % energy level offset, A3}o}5= (charge car-
rier mobility) 5ol digt Frel HoldejolAe] aAEA
a4do] o3l interfacial charge-buildupe &% A+
a2} AAel A4 g4t T 4 Ut

M. OLED HlH/EHEde| 7|21y

&3y

Metal-organic(MO) % organic-organic(OQO) inter-
faceo] i3t A= A7 35k 2o S HHOoE
AH energy Ao 24, 1821 MOAIHS 7% charge
carrier® F¢ EA4 4o gt JRE AF7t. OLED
o] MO Aol tigt 7123l AAE#H £+ Chottky-
Mott interface® HAAIE+=H|, metal-semiconductor 7
o)A Q) AEFAA (hole injection barrier, ®n) ©] £7]
2219 0123} o\ (ionization energy, IE) & ©49) ¢
3t (work function, ®um) 2} Zrojefl s AsiAm A=
?]AH (hole injection barrier, @) FAl [dn-F71812H4]
electron affinity (EA) |2 dYerd < Joi([28 3]
a, 1O Blx|gk Hi=A] Azlo|A] &3] o= inorganic/
metal interface?t B8 AAS] MO AH-SE [Z3 3]bol
et A1t Z-e vacuum level alignment rule?] Ha<
28131}, Princeton W3] Kahn groupel &stH /7]
at-F&A A 2] Fermi £91¢ 13 849 7ol
AEY ZE AL dipole barrier7} 2R3t ol= &
78takel A (morphology) ¥ 313Ha 2 WHSlE Q3|
71 dipole barrier 7@l 71Z&3hH, charge transfer,
RAALE 9] re-distribution, AlHolAe] &g & 1
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[ 32 3] Energy diagram of MO semiconductor interface
(a) dipole barrier (A) =0 (b) A=+0, ®,=IE-®y+ 4,
d,=Py-EA-1 ref [11]

AYUES A2 & 5 Yotz

6 A8 A8, inorganic semiconductor? %%
(2" 4]9] A%} Zo] valence band®t conduction
band® Atolo| 3MFSl=  transport gap=optical band-
gap®l AH3H ¢F 10nme Wannier-Mott exciton Y173,
10meVe] 22 binding energy®] £4& Ro|X9t organ-
ic semiconductor®] 7% hopping®l 2|3 transport
mechanism®l] A]UJE]X electronic polarization, mole-
cular relaxation 5°| E33IA 2Z83l= Frenkel exci-
tone 7HAM exciton ¥17 ~1nm, ~1eVe 73t binding
~ energyE Heloh o]g|3t 738l exciton binding energy=
band gap £73<& ol¥€Al 39, AAR transport gap
optical gap?t ZA] ¥t I1H 4],

Inorganic Semiconductor

Wannier-Mott exciton
interaction energy
binding energy ~ 1 eV
radius ~ 1 nm

Transport gap
= optical bandgap

Frenkel exciton
binding energy ~ 10 meV
radius ~ 10 nm

[ ]
¥
Optical bandgap | Transport gap
N

" } o S S

i
HOMO

Organic Semiconductor, Crystal

LUMO

(32l 4] Inorganic vs. organic crystals™f!% €]

71 @ FEYYEH MOAWH 59 #9 ouz] 29
R sEtzre] izt At HIRIQ FAAR Bt
(photoelectron spectroscopy, PES) 7}& 2HAo) 3¢l
b 2o, (28 5] PES &4 ¥ gpectrum? JYEE
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(32! 5] Concept of photoelectron spectroscopy (PES) and
schematic diagram of PES spectrum

of 93 FHAA ULE: electron® Aei= E(energy),
S(spin), p(momentum) 9] 7t =Y, o714 he= £
Ag0|th. hv= Exetict Evinding+ Pwork function® 210 &
3l binding energys ¥< + Ut FAS sourceoll wet
AL Aol €3t UPS[He I1(58.4nm : 21.21eV) ], XA
& A3k XPS[MgKa, AlKa(1.2536 and 1.4866
KeV) |2 Us 4 9o, UPSY 7L EA9 electronic
(vibrational) energy level %] 7}s3l1 XPSe A%
atom-inner shell ¥ chemical bonding®l #E ARE
g2 4 Ut

(2% 6]ol= WEZHS OLED & +4 A& N,N-
diphenyl-N,N'-bis (1-naphthyl) -1,1-biphenyl-4,4"~dia-
mine (¢-NPD)Z Au et Ao S35t AR digf &3
3l valence UPS spectrum?® Eath [19 6](a)9 7
o], @-NPD HOMO%} Au %] Fermi level#e] z}o]
= 1.4eVEA °o|& metal-organic interface® hole in-
jection 9o dFech([2E 5](d). [Z¥ 5]l
sharp photoemission cutoffE H.°]+= low-energy secon-
dary-electron distributions> photoemission onsetC. &
T Bk u)$ gk ¥ FEAolME Yelte o3t
vacuum level (Evac) & shift= interface dipole barrier
off #gsh= grolth 3k Au 2t A9 «-NPD HOMO
e}o] zloj7t o] 23} o X (IE) o]t}

|18 7]odle HEZQ] F71EZ Hdt semiconduc-
tor EA (electron injection®l #AE)<2t IE(hole injec-
tionol] TAIE) S 2 7HA 71& F5<9 Fermi leveld®t
H| gt Hlo|HE Bitt Au ¥ Fermi level> ¢-NPD
o] IEZT} A2l AR copper phthalocyanine (CuPc),
ZnPc, pentacene 59 IEZRT= At wabA, Au H
gro] olF #7IEN HEAWE ol o & F¢Jo| "¢
HEE AR A4FE 4 SIAIF AAE MO AHAAME=
Schottky-Mott (vacuum alignment) rule®] © oA} A
S=2] o interface dipole barrieroll €3t 0.2-0.3
eVel AL xol7} obd 1.4eV HEY offsete] EASIT}
([2%" 5] (d) &A=).
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[3J8 6] a-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 3V to clear the detector work function

FeTCNQ

ref [10]

e W W . e

(3% 71 Comparison between metal work functions and IE and EA, or HOMO and LUMO positions, as determined by UPS,

of various organic materials ™ 1!

== o]
zge

UPSe] 23t 1P9) OLEDd| AHg-He= 2259
HOMO#Z 2o 718 dubEl sixdoiz|qt 317}
PES 57478071 Hasta dvtes 7 0eV o4 & IP
& &30l ofFoh A 2AANA ALl ol vt 3
Ax HEHe AR A3 A7|d O o= L F
3 IP3tE +4E 4= Sl photoelectron counterS ARE
8to] 5459 Fermi level 5% 9 974 IPHHY /74t
of 2&H A7t Bxg uf Qo in 8 o] AL gr|EA
vacuum level alignmentZ} AdjiFo|z] A|qt AHFHOo
2 ¢ojA 4,4-N,N’-dicarbazole-biphenyl (CBP) 59
LFETAE fac-Tris(2-phenylpyridine) iridium (III)
[Ir(ppy)s]& HIRS 2 71X AF=HBES] IPF-> UPS

ZH AT A9 THATH X nE HLe [PFOZRE
Hojxl= HOMO energys 7|52 %= 33l absorbance®
HE] 529 band-gaps SET2LEX LUMO energy
level2 & &+ Aot [2¥ 89 7|& &4 Y=<t CBPI
st 1P ERZAE Ve AT

3t A7|skerd 4Aksl Svkgo]l Yehz] o 3
of ™3} reduction potentialZ2FE LUMO energy®]
Z7 o) 7158t} 23] AMRH+ Reference EEE+ Fer-
rocene, A3fA=Z (0.1 Tetrabutyl ammonium tetrafluoro
borate (TBABF.) /Acetonitrile (ACN) & = Aot
(238 9]olML: ferrocene® reference® 3t9] DMF,

CH.CL9 €& ARES 39 dojzxl 4,4-(N,N’-Dicar-

=
=
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Detector
{Double cylindrical open counter) 25 | (D (D 1
. — ° o Discharge Pulse N K
p— «\) I-I | ——NS@unt ;
5 +2500V
D LG L 200 () cap ) A
ke,
+ 100V —+400¥ o195 é
> g
+80V— 307 /
1o} ,
Quench Gas Discharge | ;
for next counting 5 | i
PSP S Y T 4
0 | L L J L "% L
53545556575859 6 616263
Incident Photon Energy {(eV)

[32] 8] IE measurement system and data with photoelectron counter (in air) (Reiken-Keiki AC-2) http://www.ac-2.com/

— irppy
—_— bl
—— bipir

- 160 A
0] :;g: 7{% irppy
] 100 f =
20 - 80 + -
_ o0 | &
0 40 FeFe™ —ey "
_20-‘ 2{;— \a ﬂ [ 2§
a? -&0—_ 3 .2(3: . . biir
= [ (A) CBP in DMF s - J \ |
.  (uA) CBP in CH2CI2 80 {f‘? {(‘P\]f _
1 -100 ' o o ©
1007 -120
420 :Zg: f
140 4 -180 - ' bepir
! ' 1 ) I ' I ) T Y 1 -208 T T T T T T ' T T ¥ T T ! T T T T T 1
-3 -2 -1 43 1 2 35 30 25 -2 -1.5 -0 a5 00 G5 1.8
Volts {vs FC/FcH) Voits {vs Fc/Fe+)
[32] 9] Measurement of redox potential of OLED host/dopant materials by cyclic voltamometry 120
2.4eV 246V 2.4eV 30ev LUMO
2.7eV
@N% 3.5eV
g | é o] 43ev
A
o f@]
NPD i Al
-4.8eV 51eV pe™ T
5.4eV
5.5eV
HOMO 5.7eV
6.1eV

6.5eV

L8 10] HOMO/LUMO energy level diagram of OLED layered materials

“bazolyl) biphenyl (CBP) host ¥ ¥ 7}A] £7¢] A7|A%
(electro-phosphrescent) =HE2] oxidation-reduction
potential® UEFH Kolosov 529 dHojglE =Eioh
CBP+x= —2.37V (vs Ag/AgCl) oA 71¥9&2] reductionS
Bolr, 2.7eVe LUMO energyE YeER ST [28 9]
o el 72 uf- 7F¥AQ oxidation-reduction wave®

HE Jeht:s voltage X0)= carrier bandgap(CB)<
Assl 2L 715314 18, ol optical bandgap (0-0
transition, normalized absorption-emission spectra?]
intersection® 25 dol) FA9 HALE EHE
4= 9th. CBP, Ir(ppy), btpir, btir?] EZE] i3l Lo
2 bandgapS ©AHE 3.27, 3.03, 2.78, 2.71eVoltt. ©]
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o} e W¥o2 238 OLEDY EAQ YTE4AZ,
APSAE, =BE, FFAAZ, NS4S 29
HOMO/LUMO level2 [13 10]°l A4 viet 2},

IV. 23/871& AHSY Hople

OLED?| ¥4=(anode) &=z 7} de] AREE &%)
+ ITO°|", 150nm T4 vt 7FA|Fo A 90% T3}
=2 WEUIZ(FY Fd9dMes Ta) AAE S48,
Magnetron sputtering®ll 213} ] 8X10°Qcm (5Q
ol HAF wiah Aol 7Hs3kAT ol 12F5Ae) H o]
H A2 S&9 AL 4X10MQcm (3001 ) AEE 8%
EA4L opl i Z mety n2FA ITOx: +5% (PM)
OLED®| F=71A A-§ 7Fedt Ao gt SatAE 7%
Aol AL F2EA Y Ao F7t, FHARAY] EA, 299
F3MH Ao o3t f-71uete] damage 5 FF Aok
ad 24EE To] 9ot 2 HoA= ITOS FHA e 9
3t work function, roughness 52 W31} o]0 7218 A
AEA L FAALE FAR 2T 21d AFgEANES s}
yi=g

(28 11](a)+= ITO EHQ oxygen plasma A #|¢]
23t Auger electron spectroscopy depth profiling®]
3E B4 Eg20 AgE A @& ITOHE-2 Sn:
InH|7} bulk el 17102106 §ste] T A= 1: 39
e Heltl 25W, 48719 O, plasma AT E Ql5te] &
HO) Sn:Indle 1622 WM ol RYUS AAHT
37F 7R o7 7R 1A Eelzel Ao oE
OLED &2te] AF-Ad EAT ol WE AFLE-4%)
ol Y71E (29 12]d Ry} Ak ZEet=ol z2pelH-02
Xelo] ogt 2zt AFRFY EZY A 2 g9 S, ¢

’ e O 10V
I2 Smemibcmbemnbisatmomdffod '
¢ 2 4 © % 2

2

(N g 6 e e e o

Sputtering Time (min)

(38 111 (a) O (b) In (c) Sn atomic concentration prof-
o iles vs 1keV Ar sputtering time for ITO treated
in different ways. ITO treatment conditions . H»
plasma ' 150mTorr, 25sccm, 25W, 3min; O:
plasma . 150mTorr, 25sccm, 25W or 150W, 4
min ; clean as-grown [TQ " #%

Current Density (mA/cnr)
3 g

2 [ L i

‘f.ahl.i., ;,;.I N . “'l\..‘
W45 10 5 0 5 10 15 20 25 30 35

Currert Density {m‘wﬁﬁ}

[Z38 12] (a) I-V characteristics (b) brightness vs
current and brightness vs voltage (inserted fig-
ure). OLEDs built on ITO treated in different
ways. The device structure is Ag(800A)/Mg :
Ag (1200A)/PVK : PBD: C6 (100: 40: 0.3 by
wt., 1050A)/ITO. ITO treatment conditions :
UV-ozone . 3min, Ar plasma 150mTorr, 25
sccm, 25W, 3min,; H2 plasma: 60 mTorr, 25
sccm, 20W, 30s Oz plasma  150mTorr, 25scem,
25W, 4min 112,

RoFxtago Z7HE BB olz2{3t ITO EHA Y
o} AAEA FA ITOY work function 7+ IA=
Mason 59 A@ZAI] & Aujmo] low FHAE
(oxygen-glow discharge, UV-ozone) ol 2|3t ZTHALA
ot Aol F7 W ZF /oA FA P wE
A2 /A%l 7Y e AEFE Yeh I ok,

ITO B AH/Q7] Ao &% work function® W3}
- double ionic surface layer #4E ¢uldich [1¥
14]9) 98 7 A-E7148 (0, plasma A ©o]F) 9]
work function ¥8HE B R, AA2| 8] 739 phosphoric
acid (HsPO.) @ 7% 0.7eV, hexafluorophosphoric acid
(HPFe) : 0.4eV, nitric acid(HNQs) : 0.1eVE] shiftE
Jehfglon E718 AMes A9 i3EC 2 tetrabuty-
lammonium hydroxide . -0.7eV, sodium hydroxide -
~0.2eV shift® 235 HEAch.
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* Work Funclion (V)
Oxygen Deficiency (%)

As Recelved
mhnne@d‘
500° Anneal
OG0T —
500° Anncaf -
Uv-ozone -
500° Anneal -

Treatment

[32l 13] UPS measurement : work function and surface
oxygen deficiency for various condition of O
plasma, UV-ozone treatment, and thermal

annealing ™" 124,
30 R R T
Hsa’-‘f)4 S.iaV
AL UPS He |
ity O, piasma

a
Untreated  4.4oV

WO dip 440V

2 .
w 4_‘ ZBV '?_
N{CH,} OH 3.9eV

N
o

AN ]
o
h e x e toa |

Intensity (A.U.)
>

ol
o

0.0
48 50 B5 €60 &5 70 75

Kinetic Energy {eV)

(3% 14] Work function of ITO after various acid/base
treatment(He 1 UPS). Right figure (a)
Schematic diagram of monolayer absorption of
Bronsted acid-base onto ITO surface, (b) and
corresponding vacuum level shift "%,

A712Y 2922 (Self-assembled monolayer) & |
83te] ITO® Z3F<Z(TPD : N,N’-bis(3-methyl-
phenyl) -N,N’-diphenyl-1,1"-biphenyl-4,4'-diamine) A}
o|2] Schottky barrierS RZEECZMN carrier injection
& AP 94 AFdE 2IHEYEY® Scanning
Kelvin Probe(SKP)oll 23t 4dia dghe SAwo] A}
BEAt. {28 15] 2 AM8H SAM(Self-assem-
bled monolayer) B3} ©]22/A%% wyos 239
9] S JERSIT) o)8gt 38 AEHES

Calculated work
Work function  Calculated function change,
SAM change, A¢ feV  dipole, oy /D AP &V

4-NPPA 0.303 373 0.720
TCPA 0.185 i.76 0,221
2.CEPA 0179 1.69 8,212
AMPA £}, 144} - 1,43 {1179
o M
e O‘N o
o M, oH
I pH
KN~ f=0 e
OH o
3 4

[32] 15] Calculated and measured work functions of ITO
with SAM. Molecular structures of SAM
layers : 1. (trichloromethyl) phosphonic acid
(TCPA), 2. (4-nitrophenyl) phosphonic acid
(4-NPPA), 3. (aminomethyl) phosphonic acid
(AMPA) 4. (2-chloroethyl) phosphonic acid
(2-CEPA) ref 1261,

plasmatt ZJAx -2 &Aoo vlg FZ4 B4 o4
2A 502 3 AR E g AMREIL A= E

ITOS 4718 E5/445(HTL) Atold) AU
o[l HOMO level9 mismatchs 7MY EHZLE &
o] & FY Z&YN &2 FAFrHES FA7Ie TS
A%t buffer material® ITL/HTL Abolo) 4dsk= A
oltt o]u] 1996 Van Slykeoll &3 15nm BE2] CuPC
(copper phthalocyanine) bufferd =Uo2 A% &A
a&/490 4% 77 21E 8f U2 Polymer
g a9 Hfol= 3718Wo) 54 &= PEDOT : PSS
71 o] AMREEH, ITO $229] electron blocking
3 4 QEE PEDOT, PSS, 18]il cationic polymer?!
poly (p-xylylene-a-tetrahydrothiophenium : PXT) 52|
assemblyS Al & £ FAAQY FEHE AT
AME 1EAY OLED 22882 < ¥ Ho s
94 ZA3H#eL PEDOT : PSS%E §lol= ITOo) Aol %

3 2712 EAS 7t UHVE & % 24 3
——i AAAA NEE bufferd [poly(9,9-dioctylfluorene-
co-N-{(4-butylphenyl) diphenylamine) : TFB]&} 4,4-
bis[ {ptrichlorosilyl-propylphenyl) phenylamino]biphe-
nyl . TPDSiz]& =% T.J. Marks group®] d7ZAxHE"
£ 942 & & Ut

FZoll= TFBY ¢ ¢f2 #HEr5<> PEDOT ! PSS ]
of A¥-FY31 [Ho|EE (glass transition tempera-
ture) ool EAEldt & toluene 5 F718WE Al
3t 84 &2 10nm 54 °J3<] interfacial layer&
Aot % # FF 1EA OLEDY a&L A &
A7 A7 RaE o ¥ o= PEDOT ! Pssz-—o
9] exciton diffusion®] 9§t quenchings AAITL=EH
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1 & NeCuPe ::
1 & x=200mCuPc | E
1 & x=156.0nm CuPc | o ; |
_ gng ¥ *=30.0nmCuPe 3 521 b A
. CuPe buffer layer _ - _ A
: = 3 A
ITC anode R ,, LiFiAl o ~ & e
" e 4 B~ s s 4 "
?’5 A Nq$ e ‘ - ‘f‘ J/j"”‘j'. *ﬂ’."‘“ =™
60 nm NFB 3 &£ A v &7
(pamCuPc o [ ] % j ; '/-' ‘{,/
A J 1o L s “1 L e
i_i : ] ;f. -t 2 AT GUPG
- | 404 ¥ s 16,001 CUPG
C ¢ z A - ¥ 30.0nm CuPc
£ 8 x ?
3 $ =2
3 $ ’ » B 3.6+
) Q . ] 1 B« B S
‘ ' ‘ ‘ {_Wﬁ " T 3
oL s
-‘?'.‘,_‘..,_._,,,1 . 5+ A — SSS——
B 0 12 G 20 40 60 BO 100
Voltage (V) J (maZem®)
(a) (b)

[3&l 16] CuPC buffer layer between ITO-HTL

(a) device structure (b) Voltage-current, Current-luminance characteristics®”

Film 1
TPDSE,
SAMs

Assembled layerby-layer Soluticr-cast

Film 2
Bilend
MTLs

Fiim3
Double-layer
HYLs

Polymer anion
Polymer cation
- “Electron Blocking” PEDOT-PSS
HTLs

(a) (b)

L28 17] (a) Nanostructured hole injection layer with “electron blocking” interpenetrating network "* 2!
(b) various anode/HTL structures for enhanced interfacial peroperties of hole injection " ¥

AAlE ZEo] o|RoA= WFFL aNF oz AFdl= = HT —T'cs' S % et g=dl, Mg, Ba, Cady 22 &
“charge/exciton confinement” &I}o] 2]+ A o]}l ZrelZ4 0] e LUMO energy 93to] A4 F4e 4
71] 3} A| gk 73557} HojX| i tjHfo]A A2t Fof HEFh=
by, o] Fekstths o) glen®m QrA 7iadt uiek
7r:}°] Al, Ag 319 & FHAY ol55E A= T
o] TRFE AT ES LiF, BaF,, CsF 59 =43 &
Bottom emission® QLEDIIAE 7] o= vjw A 290 gk ululagd AFulEd {7|9 Atojof Ao =
QA ITO AFo] hHE ALEEE o2 /07E Ay A Ao B FFAYT 1EE, P AET 4
9] YA EY] &4 ¢ WO Bt Ao 23t t ,‘3’,)1{%‘31], thxFgoZ AMEI Q&= LiF/Al 53439 3
Hlo|2~ E4 A gt d7= H]EJQ 20314 RshE o] o 1 HAUZ s bt T2 o 7HA| A
R g 4= Utk ¥ HEX °d 18R §7)de Ao o] Ut
3= d} A= &3 (cathode) 2] A== o =
st & 2 %’,’—7@ Fol EAjzlo] gict, [F 1]o= &0 1. Shift of light-emitting zone; to a region close to
2 23] AMEE= 345 9 alloy®) work function ¥ 22} HTL/ETL interface®.

V. 83/%715 AHEA Ho|7|&
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2. Tunneling & reduction in gap states . alignment [# 1] Work function(Fermi level) of various cathode
of Al/Alqs LUMO level (removing gap state) *. materials for OLED
3. Interfacial dipole . shift of HOMO/vacuum level .
of Algs by LIF-reduction of barrier height for Meta‘;|s Work anz‘g'o"(ew
- - . [36] .

electron injection T 293

4. Dissociation of LiF in the coexistence of Algs, AlLi 3.4
LiF, and AI"*" Mg:Ag 3.6

| | Mg 3.66

. N : . . ) . Ag 4.64
LiF9) 32 (dissociation) = AlFF EA3t= F9 €¥3} CsiATO 38
HOoR2 B7MFs8tATE Algs radical anion ZEA|s}ofA] " Ca 2.87
interfacial reaction®l &3 3fz|vtso] UojdE high- Ba 2.52
resolution electron energy loss spectroscopy= Ah&3} In 4.09
o BAZ Byt BIE Qi S 4.42
e Cr 4.5

0.1~1.0nm&} LiF "r2to] 4 Alqs/LiF/Al +&= Cu 4.7
o> 2%t electron injection §4-& Hol=g|®™“ [ AU 547
d 18]o] Al MgosAgo:, Al/LiF electrodesol] W& # Pt 5.64
F-AR-YFEARY Aol YeEtY. current-voltage Ni 5.22

111} 1.3

Al/LiF M&;y’%&u Al

ol LFOSam; 9 _ N 3 sl
< LF¢LOnee)y W ; ,,g
- Y - | L
- g '2‘ £
2 1 E
5 5
o a
B 4
2 b
5 - @
i
i

.3 ; : §
B4 6 on 130,

0 15 20 :
Prive veltage (V) - Cument density {mAem®)
(a) (b)

- [38& 18] (a) Current-voltage characteristics (b) Light-current characteristics of EL devices using an Al, MgosAgo.1, Al/
LiF electrodes’®! ¥,

&_,_ﬂ_nt - - Nigg without LiF
E - —»— Al without LiF
< 0.3} —o-— 1nm LiF + Mg
v - —o— 1nm LiF + Al
§ o2k —4— 1nmLF+Li
~g Yrimy LIF + Ca

R | 15 0 30 a5

Work Function eVl
(a) (b)

[3% 19] (a) current-voltage characteristics (b) relative efficiency vs. work function of metals: thin LiF layer (1.0nm)
between cathode metal and Alqgs. (ITO/TPD 135nm/Alqs 65nm). Insertion of LiF between aluminum and Alqs
significantly enhances the injection current.rf 4! |
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o A7]A EAELE ¥|w3H Mg Ag composite @ Al A
23 u)@E 1 0.1-0.2nm LiF/Al 422 THLoAE
#19] space charge limited current®] <&zt Uxj3ic},
ol#Hgt HHEAL injection-limited”} °Fd bulki<]
transport E/d°l 2l&3= Ohmic contact2 YAt
o [27 19)014& (ITO/TPD 135nm/Algs 65nme
ARE A3t} Mg, Al Li, Ca B2 Algs Ao}o] 1nm
o] LiFE Ad3tse o tutojro] A7 o AgaeS y
ERGITt. Al/Algs Atololl AMRE Aol dette ARF
A, E&S & F7Iet 238 Ca, Li9 2% 2 Aol7t gisln
Mg/Algs Ateloll ArdE LiFEL A5FYUS 2358 93
8l B-go] oA HASE B ¢ Ju oj= kA A
Bt Hiel Zro) Al Algs Akolofl AUE LiFel &3t tjsjo]
2 BA AL O miAUEe) ERor FEEHSE 9
k=g
CsF7} LiF tiAl AR == A4 utoj Aol EA &)
& At |FABIRRE CsF7F Al BH8-8te] Cs9] si=lvt
dojutE® IO #AYELE LiFY F9ee oie g2
CsF] B¢ Algs ol9ol th2 §7]50] AFgEE 3¢, &
8] polymer OLEDS] 7% &3t& o]t} Polymer OLED
aze] AL [2¥8 20)o yehd viel o} red, green
polymer®] B3l blue® 7A$ AXFY EHo| gouz

25 prrr—r———

(a)

20 |

15

10 |

current density (mA/cm®)

Ba, Ca 59 ¢&ea% Edlo] "ol ol Jd&E s
% ol LiF, BaF. 52 22 AAFUSS o ARshe
(o 1 LiF/Ca/Al) cathodeZ =Yste] AxFUs 43}
A s &g, £9E& FATIE ol AR S
(29 21]e] Yehd wiel Zol LiF/Ca/Al A= AREA
Ca 9 LiF/Al°l vis) FYIEA So29 AFFUL ¥
T 7t AFED o}E electroabsorption®) &8 SAE A4}

Higher operating B
Voltage of blue 2.3022.22.8V
PLED
3eV _
30053 etV
3453008V
dey
Sev_
aidllda 43y om— 5)2~5.44 eV
. Joe .

[32! 20] Light emitting polymer’'s HOMO/LUMO energy
level

T oree
e

-

gminance {cd/m®)

[32 21] (a) Current density (b) luminance plots for the Blue polymeric OLED fabricated with different cathode

materials . Al, LiF/Al, Ca/Al, LiF/Ca/Al"*

1000 _
1m L i 4 S0 1?0’2’3
—e——LiF 6am 130°C
10 1 e LiF 30 170°C
1 « » « » LIF 3nm 130°C

041 &
001 Py

Current {mAjonf)

A Y s ¥
0.0001 T
' B% G

0.00001 .-
0.600001 S (@)

- Applied Bias {V)
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40 || =aLiF 6rm 170°C
| —e—LiF Bnm 1300
20 || —=LIF3nm170C b
e LiF 3190 130°C (b)
G. A i
0 500 1000 1500
Elapsed time {hr}

[38 22] Current(absolute value for inverse bias) vs driving voltage curves Blue polymeric OLEDs (a). Lifetime plot, at 100

Cd/m? (b) et
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9] built-in potential® F7I=2 I3 Wotzl A3tF¢ A T R}l

ol a7E APt 3 B2 HAXFYSE LiFe &4 SIMS (secondary ion mass spectrometry), ICP-MS
E R2As9E me] dulolAe] HFEAN A FoEte] (inductively coupled plasma mass spectrometry), RBS
BAE vwst daz2A (39 22], Y 6nm7HA e LiF (Rutherford Backscattering Spectroscopy) &2 &4
FUZS AREAl AFREAL] 71 £oH AI7-Agrd T4 M &2 AFe) RV F229 diffusions 3i4s17]4l

ANMe 27[¥= A28 7FE AA yepdoks Holgrt & Hgst Woict. Mg =9 Z¢ Algssol diffusion =

s N0 AT, (B BfOrE Aging)
}-e—No Ann. ARer Aging) In 1TO)
1075
3 100 6
=
g 107 il
£ — 19
= 3 80
10’ In (PEDOT:PSS) % 1 % ! 14 o
1 i T 13 B T ¥ ot 60 2 it
400 800 600 G0 €80 900 = )
Channel 2 13 8
g 40 §
st AN, (B0TOFE AgiNG} ’ v
s i, (Afler ﬁgin;) In (ITO) 2 12
ey Al Ca . 3 No AR - No Ann. (Brightness)
X 20 t ‘ —=— Ann. {Brightness) I
&= ——No Ann. (Voltage)
§ . - Ann. {Volitage)
g 1& k 0 i ] : i o
0 100 200 300 400
In (PEDOT.PSS)
18" dmer 3 Elapsed Time (hrs)
400 9090
Channe!

[OJ2 23] Left: RBS spectra of PLED samples before and after aging (continuous driving until half-lifetime, at 1000cd/m?
initial brightness). The RBS curves: (a) pristine (not annealed) LEP and (b) annealed LEP (at 170°C for an
hour). Device structure was ITO/PEDOT-PSS (60nm)/Green LEP (80nm)/Ca (100nm)/Al (100nm)

Right : Device lifetime and voltage (with time) of annealed and not-annealed devices ™ !*

4
F

Current Density (mA/em)

(w0} SouBLIIY Y

Z

p-1-n structure 0 2 4 & 8 10

JONQI

Voltage {V)

ethin (<40nm)

anode P-HTL IL-H EML IL-E n-ETL en-

(transp.) e.9. e.g. - capsulation
6.g. ITO Ir(ppy)s Al
In matrix

[38] 24] Material, property, and conceptual energy level of PIN Doping
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A gon 23|28 ITOREES Indium diffusion®] A}
FHE SEAZIgE BEurt ) RBSE AR
polymer¥ OLED 4£%}9] vluty] EXo|M= AAHE7} 7
¢t PEDOT : PSS3°] ITOE AZst= 537t qlof o]t
22 Indium diffusiong ©L AstA deFivi= A
A A#7F BaEcH webs, PEDOT | PSSE dAIE
T UEE 29 IYTH HFo] s DEARANE E2F
U/F558 Mol FLAANED glew FEFAS] DB-1
T MEL AFrsARS Aol Eutaict® Zhe (calci-
um) A=9] AL F2EE 59 diffusionS LojutbA] ¢
oy &2ke] AFe) el {7)9S WHRE diffusion H+e
dA4to]l RBS E4E Folo ERIEIJ=H™ light-emitt-
ing polymer®] glass transition temperature ©JAollA]
FHHNE T ZAHY diffusion® 2 U F7F BIE 7
o AAF 5= 3t} ol LEA AUIEFAAL] gAY
T iAo wj$- T8 FAARG [ IE 23]

71 9933 anode, cathode?te] Atolof A al<=4:9]
e AAS] Ohmic contacts olF7] 98 WHo=
F4-TCNQ 52 °|8% &E5U59 p-type doping® !
FARFUZ2] n-type doping®™* 28] PIN doping®]
A% AXYF-E, ILHEE OLED7 AYFez= =d9
Novaled Aol 23} AF/7RadA o AcH p-dopantE
TR & £U4F, Y 7Y, n-dopant® WA FUS ¢
S -9 Aol A4 blocking layers AMEE o=
H 3agte] A, AFFUe) o) 2 g&o] EauEt
(3~4Vo)A 1000cd/m® ©ole FT). T3 capping
metal®] $5F, & A2 work function®l] A= A5}
BEFY0] 7MeoteE AAECEN BF2 bottom emis-
sion®d OLED”} °Fd amorphous silicon® n-type TFT

2 1 J5a
AR O/ (b)
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. ' ra—— 343
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TFTY pixel HAZ W 5 QL3 ohfrt HRAPHS, §5H%
AL ZISH= top emission @ OLEDY 3AAA
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o] R} &= thF o] FEE|ojof T} %l
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Zi5} &8 (charge balance)

o Ao &74E OLEDY 4= ¥ =3 &7 9t
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olu] 1997¢ Sanyo®l| 43 5= 534 Rubrene=
420 £33t} OLED 2719 o] 34| Ak
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Rubrene2 =33 3¢ I &7t oL ALE Bl
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Hio| 2ol A Q] Aol ES A= 7MY tEARQ] Mo R
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[33 25] (a) Schematics of rubrene-doped OLED™ 5 (b) Doping of HTL and EML with rubrene™ " (¢) Various

dopants for HTL-doping and comparison of lifetime

ref [59]
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(32 26] 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), energy transfer from dopant to host and luminescence quenching(OC1C10 .

PtOEP) "

o 9FtH Wtz o =0l T3 A7t 4 AL FHF
o2 Hdgs 4 Qi)

Ast 539 =3 Bok ohzt WH=E9 dye-doping
(RGB A& Y7193 3¢ 2 Q% ZHEQ] AR 9] Ao
£ B3A % charge-trappingol 23t balancing +Z2
AT 4= 9tk Dye-doping® &8t Forster ¥ Dexter
oz AL OLEDY thekst Mz L8 non-doping T
Zo v|gte] = &E $HY v|FHQ HAE AL 5
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vacuum
s Y
dopant
LUMO
pqir,
L il_ll:iﬁ d
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ITO
50eVv

vl g o) (29 26]3 2] o7 71X 270 EAEE ¢
4 QltH¥, ptOEP =#E” DMOS-PPV, OCIC10 59
hostol =28 7% Z+Zb excited-state charge transfer
2 dopant-host backtransferl 23] quenching®| ¥
U], PFO : PtOEPE= HOMO level® deep trapell <J3)
dopant HOMO levelol 49| direct charge trapping®l| 9
3t @go] yehdth |

OLEDY] ¥332 BE 200~400 U=vje FA9] host-
dopant =Hutetol, A3t £, 535S EWt= A

CBP 5.91

(38! 27] Difference of charge carrier trapping for CBP : pqglr (a) and CBP: Ir(ppy)3 (b) devices: (a) Shift of exciton
recombination zone close to ETL~interface resulted in relatively high efficiency of device having rich doping
profile at ETL-interface. (b) (a) Shift of exciton recombination zone close to HTL-emission layer interface ™ 621,
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Aty OLED 42A9] electronic charge balances
hole¥} electron®] £, A2 o] 23t o7|R (exciton) 7}
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