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Abstract

Organic light-emitting diodes(OLEDs) have received considerable attention since
they were first reported by Tang. Novel organic fluorescent materials have been
reported on synthesis and application of new organic light-emitting materials.
Despite of much recent progress, fabrication of full-color OLEDs still remained to be
done. Many methods have been proposed to full-color OLEDs displays such as
using separate red, green and blue emitters, stacking separate rad, green and blue

emitter, using a white emitter with individually patterned color filters, microcavity
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structures and using a blue emitter with individually patterned fluorescent materials.
The last method has much attention because of easy fabrication of OLEDs and
low-priced fabrication. This paper reports the optical and electrical characteristics of
OLEDs using novel molecules containing biphenyl structure. Optical properties of
biphenyl derivatives doped with poly(9-vinyl carbazole)(PVK) are measured and
found Férster energy transfer process in the blends. And devices were fabricated as
ITO/PEDOT/PVK doped with biphenyl derivatives/Algy/LitAl and I-V-L characteristics

and EL efficiency of devices were examined.
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‘,{kEP PEDOT (poly(3,4-ethylene dioxythiophene))& ™ 3 &(Buffer Layer)2. & o] &3}

i, AlgpE AR #F5Fo2 ol&ste] A4S FFA 3F& =3% PVKE L#3Fo2
Abge 7] HAA w3 AxpE A 3ste] El(electrolumine scence) & -&°f ths] dofi
grom, E3 Time-Of-Flight(TOF)E" g o) gate] 7 22 A8 9] valence mobility
gbs st ELAE& o] AdaAol diste] A3

2.4 9
2-1. s 2 FA7]7]
BHoofo] =3 %a‘ 2D 7] AA L@ AR A3 biphenylZl E 71E FZEE 7}
A AE A ZAH FAste] AHE AT

Al
=2
Y2 (matrix) AFZZ AR A 1,0000000139 PVKe} Az 4
% A5 2 @3 Qs 22 Algge AldrichAl AES AFEsIFoy AF FU ARZE
PEDOT;PSS (Baytron P, Al 4083, Starck GmbH, Leverkusen, Germany)g AH-3}53th

ey,

PVK
=
N\
4
O~AI----N7 |
[ E[/ S/ oi ]
N
o
Algs PEDOT ; PSS

Fig. 1. Chemical structure of materials in study.

Ao AH&ES FA A Aldrich Chemical AtellAl 43t Al glo] o=
Abgstedct ayxn w2 ARE3 chloroform, benzene, Dichlorobenzene,
Dichloromethane < junsel chemical Al2] EgA S AL&3550

ANgel =4 7]7]12% 400MHz 'HNMR 2#E2 (JNM ECP-400 JEOLft(Japan)), UV
34 F A (M-3150, Shimadzu., Co. Ltd), Fluorescence Spectrophotometer (F-4500
Hitachi.,, Co. Ltd), cyclic voltammogram (WPG-200 WonA-tech Co., Ltd),

Electrolumi nescence: current/voltage source (Keithley-238), optical power meter
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(Newport 818 -SL), optical detector (Topcon BM-7), Time-of-flight: nitrogen gas laser
(33Mmm, 3-ns duration, 0.1 mJ/pulse), DC Power supply (Unicorn, VP300), Digital
oscilloscopes (Lec roy Co., Waverunner LT 322)& Ab&3sto] =4 stgir).

2-2. Color conversion material(CCM)§& %A 3t ¥4
2-2-1. Bromomethylbenzene triphenylphsponium (1)

Benzylbromide(6.91g, 0.04mol)¢} DMF2] &35l triphenylphosphine(10.5g, 0.04mol)Z
A8l ¥ar, 90TAA S5AIZE FF wgtgtn}, wk8 F3 F A7 WAl 7] 12, 350mk
o] A7} etherol ¥HEES MW Wow, M FAAol AEdr) AL 1AL T

CO] Stoll WA g $ 7t HEIS)a, etherZ olz] H A Hslo] I AAS 98%9]

2 At
HNMR(DMSO, ppm) @ 525-5.28(d, 2H, J= 0.03), 7.00-7.02(d, 2H), 7.20-7.24(m, 2H),

7.29-7.30(d, 1H), 7.69-7.75(m, 15H)

Br “BrPh;'P

P(Ph)s DMF
90°C, 24h, reflux

bromomethylbenzene

benzylbromide ( .
triphenylphsponium

Monomer 1 - Intermediate (1)

Scheme 1. Synthetic scheme of monomer 1 intermediate.

2-2-2. 5-p-Tolyl-2H-tetrazole (2)

4-Methylcyanobenzene(12.1g, 0.lmol)& DMFo] YW &AA 7}A oA wEksco),
sodiumazide®t ammoniumchloride® dd3] Y i, 100C7# &%} 100T Oﬂ A 12/\]
b Eeh wRkg & A2/ WAtk dSBo] WA S
Sdog FEHAIE, AN Aygo] MEH oAL gLy E, B2
st B8 AFRS F ethylacetate®t hexanco® AZAA o] AW AAo A
8% T&=Z At}
1HNI\/IR(DN[SO, ppm) @ 2.32(s, 3H), 7.39-7.4101(d, 2H, J=0.0201), 7.9200-7.9401(d, 2H,
J=0.0211)
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2-2-3. 2-(4-tert-Butylphenyl)-5-p-tolyl-1,3,4-oxadiazole (3)
5-p-Tolyl-2H-tetrazole(6)(6.4g, 0.04mol)& dry pyridined] ¥ i W3t} argon 7}
25 FUsHA, tert-hutylbenzoylchloride(7.9g, 0.04dmoD)E A A3 FUsct 44X F
ot refluxsla, 2742 Wzbaizivh 79t slo A pyridine2 #7182, H& HClI &8
Ay} Z2 H A% & ethanolZ AZAAS oW AN AAo AAEE 0% TE2
ds F UAT
'HNMR(CDCls, ppm) : 1.3720(s, 9H), 2.4419(s, 3H), 7.3226-7.3437(d, 2H, ]=0.0211),
7.5346-7.5563(d, 2H, J=0.0207), 8.0148-8.0687(m, 4H)

2-2-4. 2-(4-tert—Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4-oxadiazole (4)
2-(4-tert-Butylphenyl)-5-p-tolyl-1,3,4-oxadiazole(3)(59g, 0.02mol)& carbontetra

chiorideo] 232 w¥stth argon Y7 dtelA N-bromosuccinimide(NBS)%} azobis

(isobutyronitrile)(AIBN)S ¥ 1 2443t §¢F refluxdtel, 98 T8 & WzhA] 7],

b stolA &WlE AAIT detAz F3d Agd WHEEE &MAA ‘i?—ﬂ

ethylacetate : hexane=1:5, 1:2¢] &vl& Egstx, AU THHST o &8st SulE AA

9 5%e &R FNe AAES A5 F AU

'HNMR(CDClL;, ppm) @ 1.3621(s, 9H), 46842(s, 2H), 7.2826-7.3037(d, 2H, J=0.0211),

7.6021-76228(d, 2H, J=0.0207), 8.0284-8.1001(m, 4H)

2-2-5. 2-(4-tert-Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4-oxadiazole triphenyl
phosphoniumsalt (5)
2-(4-tert-Butylphenyl)-5-(p-bromomethylbenzene)-1,3,4-oxadiazole(4)(7.6g, 0.02mol)
2 DMF9 $#3] *xo]a, triphenylphosphine(5.31g, 0.02mol)S 3] o] 100T A
S5AIZF EoF wykdith wbg F8 & A271x] WYZhA 712, 500me] A7HE etherel] wb-§

1._6—
S HHE o, A FAo] HEEr. olHAE 1A Tk 0Tolste] LAF F,

A% dEsa, ether® o2 W AHste] 4 AA S 2% F&2 AU
'HNMR(DMSO, ppm) : 1.3854(s, 9H), 5.2471(s, 2H), 7.4517-7.4728(d, 2H, J=0.0211),
7.6873-8.2579(m, 21H)
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NaN3, NH,CI

pyridine

o

4-methylcyanobenzene

DMF, Ar gas, 12h, reflux

+ C|oc~©><

tert-butytbenzoylchloride

N~
<:> g N
N:N
5-p-tolyl-2H-tetrazole
(2}

Ar gas, 4h, refiux

NBS, AIBN, CCl, P(Ph); DMF

O

Y

N-N
2-(4-tert-butyiphenyl)-5-p-tolyl-

1,3,4-oxadiazole
(3)

Ar gas, 24h, reflux N, gas, reflux 10h

|
-N

: O
\
Br N

2-(4-tert-butyiphenyl)-5-(p-bromo
methylbenzene)-1,3,4-oxadiazole

“4)

"BrPh3*P
o]
Iy

N-N
Monomer 2 - Intermediate (5)

Scheme 2. Synthetic scheme of monomer 2 intermediate.

2-3. Color conversion material(CCM)3 33 A &4 (M1, M2, M3)

2-3-1. 3,3’-Diphenylethenyl-4,4'-bis(methoxymethoxy)—-1,1'-biphenyl (M1)
Biphenyl-monomer(6.6g, 0.02moD& THFo] i, AAE7]A atddty NaHE @

31, bromomethylbenzene triphenylphsponium(1)(17.2g, 0.04mol)& THF$} 42 &9&

HAs wol #uh Aol 1247 B9t wakgr ¥, AEehn oo SulE et ol

oA 2AF wbEo] disth o|Ag Ayt AR F3 ® " wo &ajAlA
Y3 hexane : ethylacetate = 15:1~819 §viz K2lste] fulE AASE #4512
Eu3 AyES 65%0 &2 AUk

"HNMR(CDCl,, ppm) : 350(s, 6H), 5.23(s, 4H), 6.65-6.66(d, 2H, J=0.01), 7.03-7.04(d, 2H,
J=001), 7.14-717(m, 4H), 7.20-724(m, 4H), 7.33-734(m, Z2H), 742-7.43(m, ZH),
751-753(m, 2H), 7.54-7.56(m, 2H)

\
o]

¢
o]

CHO "BrPh;'P
NaH, THF
OHC * =
N2 gas, r.t., 12h, stir
o
o> Monomer 1
\ - Intermediate
Bipheny! (1)
- intermadiate Monomer 1

Scheme 3. Synthetic scheme of monomer 1.
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2-3-2. 3,3'-Bis[p-[2(4-tert-butylhenyl)-1,3,4-oxadiazolyl]-benzenethenyl]-4,4' —bis(m
ethoxymethoxy)-1,1'-biphenyl (M2)

Biphenyl-monomer(3.3g, 0.0lmoD< THF %1, FAE7A agkstct NaHE
Wi 2-(4-tert-butylphenyl)-5-(p-bromomethylbenzene)-1,3 4-oxadiazole  triphenylphospho
nium salt(5)(12.7g, 0.02mol)E THF¢ 4& £H4& AH3] Wo] Foh A2 A 12412
b wwket & gy star ojcke] EujE boslell Al Al ASH Agt ZA o] Ak uk
$Eo] ZEtxAd Her AL ‘317} 2 7 0" Ao &AA B F,
hexane : ethylacetate = 15:1~5:19] ®ujl2 Redtz, &ulE AAS A A3 =49
AARE 53%9 T&&2 AUk
'HNMR(CDCl;, ppm) @ 1.3572(s, 18H), 3.3946(s, 6H), 5.1188(s, 4H), 6.54-658(d, 2H,
J=0.03), 6.71-6.74(d, 2H, ]=0.03), 7.06-7.12(m, 4H), 7.15-7.18(m, 2H), 7.32-7.34(m, 4H),
752-7.54(m, 4H), 7.90~7.93(m, 4H), 8.03-8.05(m, 4H)

(0] "BrPhy*R, ~0 N-N
L L 3
% 0
O CHO
NaH, THF
+
O N2 gas, r.t., 12h, stir
OHC
" Ot
o 0. \
Biphenyl - Monomer 2 - M 2
Intermadiate Intermediate onomer

Scheme 4. Synthetic scheme of monomer 2.

2-3-3. 3,3'-Diphenylcyanoethenyl-4,4'-bis(methoxymethoxy)-1,1’-biphenyl
Biphenyl-monomer(6.6g, 0.02mol)¢} cyanomethylbenzene(4.8g, 0.04mol)S A4 &9
7] &l A w2 fsfA Itk o] AL 2087 refluxd ¥, ammonium- hydroxide(1M
solution in MeOH)-& A3l F43trh. 5AHE<L refluxdt ¥, AL74A WzhA 714 €
A AAl A e, oAS AAFEHEL HEER Q44 sto] dF AAESE =
4= Adda, "E gk AR gt oA &ujE AAG F dese JA44S st 95%
g Ao uN AAES AT
'THNMR(CDCl;, ppm) : 3.52(s, 6H), 5.29(s, 4H), 7.28-7.30(d, 2H, J=0.02), 7.40-7.41(m,
2H), 744-748(m, 4H), 7.68-7.70(m, 2H), 7.71-7.73(m, 4H), 7.99(s, 2H), 8.36-8.37(s,
Z2H)
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~o
0
CHO
S
NH,OH MeOH
+ e
O Ar gas, 20min, reflux
OHC
o\l cyanomethyl
o benzene Monomer 3
Biphenyl -
Intermadiate
Scheme 5. Synthetic scheme of monomer 3.
3. 4% 2 nF
3-1. 71 38 By 54 24
3o Faa 5EAS dolr7] Yl UV-visible T35t g% ~HEHS 54 &
Stk UV-visible F332e] Ao 3 F7F doiubr] Alstste aolA 2eze 7
$717k A WwEe % 4+ e, ot Bdlel Al o RaRE 2e ool
of uebdeelq SE due Aart ol @ olnla Aask F5F diAel 2]
£ ZobE(polaromel oluA W= Al stz FYBe YPasEwe

UV-visible FZ 549 Hu) 54 498 2Astel 24 st

3-2. PVK9 %34 54

Fig. 2+ PVKY UV-visible $3 =9 FF~AEHS vebd A2 2 340nm, 290nm,
224nm FFAFAA F4F doiwken, 200~360nme W& FF 3 F49E MR

ATt g g 9L Hdl 4 420nme] FA RS e
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0
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Fig. 2. UV/vis. absorption and PL spectra of PVK thin films.

3-3. Color conversion material(CCM) 333 A9 334 54
Fig. 32 #43% AEAE UV-Visible, PLZHEF Az
F 2 g 93 200~380nmol A F4 g IS vERY
P g & 420nm HEolA HM wF Qg YR M29
9@ w) g5 A"eERS JUEld Aow 200~410nmel F4 99E A1 oy,
340nmo A Hol F4 o] vpeEbkTh Ho $F 582 484nm FFAAM AN LEE
ettt M39] &4 3 i AFEY S g Yehiden, M29k #Zeo] 200~
410nme G gl FFE el en, Ho $F 3L 460nmolA dERRT 3F

B 34 9o P 54% Uehinom, PVKe uxd 999 4 99 8

g
2

oo o

18 7000
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1400

L4 Q

o’ on —— M3-Abs
) N ‘ —— M3-PL 120
: -

1000

CN O 800

600

O

%
—/

Abs. (a.u)
o
PL. Intensity (n.u.)

EN

4N

=

200

~

200 250 300 350 08 450 500 550 600
Wavelength (nm)

Fig. 3. UV/vis. absorption and PL spectra of M1, M2, M3 thin films.

3-4. Color conversion material(CCM) =3 Al 9] 357 £ A
M1< 1, 3, Swt%2 E3ste #8t4 54 UV/visible &

Fig. 4o el WA &4 2d9E8 4 A3 400nm $2old M2 T4 3%

o] tteltom W s AA Mz o] ofd M1y PVKe % s BF

e FF F dArh ol M12l biphenylZlel A FE T

(exiplex)ll o8] &+ @9 2 23 J99 ¥as doy|A o}, =g

PG PVKel wag dojo] wzk shA] ooz oz olFe arE B

=
ol o)} & AArt L}% 7}2; A}E%E‘r.

i

=
o] ~2#HEHE MIFs 350~410nmAt-ZollA W HS o 430nm FZoAA A=
+ 43 gge] vEryth Fig. 691 e M3 ~#lEy S M29 npRsbA R 350~
400nm Fol A o] Yelhyrow 1wt% 7P A 450nm F2AA] A2 2 b
ol vElst o, 3 5wt% =B AloE eAEA M3 iE a3zt 2e 9gs ey
At} o= Forster energy transfer o] &0 713 A& 3t A} olny M3o] 7b ouyR
deol F5e= F7]8U88 ¢ & dATh

oj9} o] TAF {7 & #8A EAS Table 19 VFERHRTH
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1.5 8000
——PVK-Abs ——M1-Abs M1-1wt%
o M1-3wt%  ——M1-5wt%  —=—PVK-PL 7000
12 w M 1-PL M 1-1wt% -PL o M 1-3wt%-PL
e M 1-5wt% -PL 6000
E
3 0.9 5000 ¢
s z
& 4000 2
E-) |73
= E
0.6 3000 3
-9
2000
0.3
1000
0 0

200 250 300 350 400 450 500 550 600
Waveleagth (nm)

Fig. 4. UV/vis. absorption and PL spectra of PVK : monomer 1 thin films with dopant

concentrations(1, 3, 5 wt%).

8000
2.1
|—— PVK-Abs ——M2-Abs e M 2 -1 wt % 7000
18 | e M 2-3WE% M2-5wt%  —PVK-PL
- M2-PL +-- M2-1wt%-PL -~ M2-3wt%-PL
- M2-5wt% -PL 6000
1.5 3
- 5000 3
iz z
- 4000 2
¥4 ]
< 0.9 =
3000
-
0.6 2000
0.3 1000
0 0

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 5. UV/vis. absorption and PL spectra of PVK : monomer 2 thin films with dopant

concentrations(1, 3, 5 wt%).
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1600

1.6 —— PVK-Abs — M3-Abs M3-1wt%
o M3-3Wt% —— M3-5wt% —+— PVK-PL 1400
14 <o M3-PL M3-1wt% -PL - M3-3wt% -PL
(vowens M3=5WE% -PL 1200

Abs. Intensity (a.u.)

1000

800

600

PL. Intensity (a.u.)

400

200

400
Wavelength (nm)

Fig. 6. UV/vis. absorption and PL spectra of PVK :

concentrations(1, 3, 5 wt%).

Table 1. UV/vis. abs.,

monomer 3 thin films with dopant

PL, and Band Gap Data of Each Material & Doping Sample

M1 PVK + Ml M2 |PVK + M2| M3 |PVK + M3
Max s (nm) 280 265 343 235 290 235
Max pL (nm) 406 405 443 432 460 460
Band gap(eV) 3.3 3.3 3.07 3.07 3.06 3.06
3-5. &% A¢4-AF{ 54 24
o3 Ae-AF He ol&ste] Edo AuA] Wie AL dolry UV/Vis FdE =
4 Adtet vt W= S g o] JeRYiith o] ME S goes Hr)
EHAor B §88 =Y F dornz BH dux e =4 e Ao FLod
=3
Fig. 70 34 #71&9 oyx W= A& Jepdiich 54 ZA4E B4 & 234 o
monomer 1, 2, 3 &l AR FYPo] A3 o] FA79F A& Algsel LUMOF 2
284eVRTE stomiA 71 g 8 JHAE BEASE Az F9lo] dEstd
M3 > M2we= 24 o Ml 49 Alg®l LUMOFS ®rh wof dx 59
A e s WE Rom oid £ v HEF TS HAHE¥ PEDOTY
HOMO ¢ & 50eVell +g3tiA &55 FF9 9ol 9838 oFozr. M2
> M3 > Ml1¢ 453v 2438 A7 vgton olggst Aog QLED Ax FAE o
zkzke]l Az e A Fa3 949 HOMO, LUMO 9 @8 o & gddon o2 %
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3.6eV
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33eV

- Vacuum Level
——— LUMO -

) e ARl §H 4 5

=

)Z,}

)

o

o=

M2
3.07e

A%

HOMO

M3

3.06eV Li'Al

Alg3
2.97eV

Fig. 7. Energy band diagram of materials.

3-6. A4 =-Ad-HA=(J-V-L) 54

Rln

=S|
A

3-6-1. PVK + Monomer 1 =34] J-V-L &4
A28 7] A4 23 A2 (ITO / PEDOT;PSS / PVK+Monomer 1(1, 3, 5wt%) /
Algs / ALLDS 54 F4& Fig. 89 Yeplidch dstell gk dAF Hxo wste 371
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A s

x
d =

)

it

I
aF

clutel 27k vpEbd QI7FH S 26V A w22 1wt ¢ 92, 3wt 1 296, Swt%

D682 A/m” 9] o] vEelgon & 25V A o 1wt% : 52, 3wt% © 298, S5wt%: 595

cd/m*E YEtWom, turn-on AGE ok

o] 7} 25Vell Al Hul 3] %3t 595cd/m S
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Fig. 8 J-V-L characteristics of ITO/PEDOT/PVK+M1/Alg3/Al L
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Fig. 9. J-V-L characteristics of I'TO/PEDOT/PVK+M2/Alq3/Al;Li.
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Fig. 11. Luminous efficiency of ITO/PEDOT/PVK +Monomer Group/Alg3/AlLLi.
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Fig. 12. Drift mobility of electrons in Alg3 and holes in PVK.
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Fig. 13. Hole & Electron mobility of M1 as a function of electric field.
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Fig. 14. Hole & Electron mobility of M2 as a function of electric field.
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Fig. 15. Hole & Electron mobility of M3 as a function of electric field.

39 EL 887 ols5% #3839 A# A
e vehd A3E vigto g EL E&Y ol5xote AATAE Table 20 Lot

Table 2. EL Efficiency and Balance of Mobilities of Monomer Group

Materials M1 M2 M3
Doping
) 1wt% | 3wt% | 5wt26 | 1wt2% | 3wt [ Bwit% | 1wt | 3wt% | Swt?s
concentration
EL efficiency
0.13 0.1 0.09 0.2 05 092 | 038 0.6 0.25
(cd/A) '
Mobility balance
196 | 335 | 364 1.94 1.82 1521 035 | 073 | 0.18
(yn)/(ye)

* 11, - Hole mohilities of PVK films doped with polymer group
* 4 . Electron mobilities of Alqgs

_95_



ol e s Rl 23 A 1E 2005,

¢

71 AA WG g AN 2d 2AE FAE A biphenyl”l & ER18l] AR
A4 3%S FAHEAT T AR} AT oFEE FH A F JEF Ex2 AA
g sl oen, T3 Methoxy 718 ZAlE Elste] =8 Zole AE dof
T AN

a9 4o B8y 548 By Ad 4 249 9= 2 43 43S HHE 2
i 450~500nmAto] o] Al Wby o g 3 : £3 ] AA

i
o8
5 b
X

oAM I TES Fol7] 9 } aE E
(dopant) AEE & H2 MA =48t oyzr dd &35 el o=z 2 o
T oM%E Host A8 % PVKE =qstden, 2oE ZHEE 2 4T q4F A2
AE ol gdte] ouA HAE @dte] dis] dolrgkrt ‘?i st FAs At
lwt, 3wt, 5wt%9] &= H7FE 3t % oA o]Fo] A&s] dojds F&4 54 &
M Auaz 3edgk 4= Ut o] Foster energy transfer o] 2o 2EES o4 4 9

2 Az =4 3 st A7) oF 300~~800A/m2 o]
AR gol vepton), #Hm-sh 54 B4 43 #498S =RFoRA VMY BV

A A3 800cd/m’ ol4kel =S vlERRATH ELESZ bl A3t AAF o o 08
~ 15 cd/A%8 E& S YVERYY =3 turn on YL & 10~16V o2 4 PVK
229 turn on AYU5~20V)E T AAL(2V)olA ool JelgS seld £ gy

rpxjeo 2 TOF WH & o83t 43 % dA9 o] %9 balance mobility #<
EL 3¢ &&3% v & o table 20 vhepd 25} o] EL &&°] 7Y w2 M2}
balance mobility &t %= 1 o 7FzHAl vk} o9} 22 ¢ AnE 539 Host B
A2 ALgE PVKY SHE MA® biphenyl F2AE Fvjgk £ oM ofx o
F7FRAL WY BEY FUE MAE 5 Jddon ojuid AxE 9F 7Y v

R AW TH S o83 F7IELE WHAREA 4 A5HE 2 5+ U
g Azet 489 o= Aol R EL 589 3N bsaA @ 5 A a¢
B2 §7) A4 B a4 AR A A B2 ) 2 L w3 A

v} L
Aapsh 4yl BT AAES b5 el ELESO) G498 @

_96_



AR S AANY £AE R B Ase) gy % 54 B

1) C. W. Tang and S. A. Van Slyke, Appl. Phys. Lett., 51 (1987).

2) C. W. Tang, S. A. Van Slyke and C. H Chen, J. Appl Phys., Vol. 65, p. 3610 (1987).

3) P. E. Burrows, G. Gu, V. Bulovic, Z. Shen, S. R. Forrest , and M. E.'T hompson,
IEEE Transactions on Electron Device, Vol.44, No. 8, p. 1188 (1997).

4) Nakayama, T. Opt. Rev., 2, 39 (1995).

5) Tokailin, H.; Hosokawa, C.; Kusomoto, T. U.S. Patent 5, 126~214 (1992).

6) Tang, C. W.; Williams, D. J.; Chang, J. C. U.S. Patent 5, 294~870 (1994).

7) Tasch, S.; Brandsta™ tter, C., Meghdadi, F.; Leising, G.; Froyer,G.; Athouel, L.
Adv. Mater., 9, 33 (1997).

8) Johnson, G. E.; McGrane, K. M.; Stolka, M. Pure Appl. Chem., 67, 761 (1995).

9) Koji Itano, T oshimit su T suzuki, Hiromit su Ogawa, Susan Appleyard, Martin R.
Wills, and Yasuhiko Shirota, IEEE Transactions on Electron Device, Vol. 44, p.
1218 (1997).

10) V. Bulovic, P. E. Burrows, and S .R. Forrest, Semiconductor and Semimetals,
Vol64, p. 255~257 (1999).

11) Junji Kido, Chikau Ohtaki, Kenichi Hongawa, Kat suro Okuyama and Kat-
sutoshi Nagai, Jpn. J. Appl. Phys., Vol.32, p. 917~920 (1993).

12) T etsuo, T sutsui, /I /7« X 7L A FiMf, Vol. 10, p. 16~19 (1999).

13) P. W. M. Blom, M. J. M. de Jong, and M. G. van Munster, Phys. Rev. B,
Vol. 55, p. R3308 (1997).

14) P. S. Davids, I. H. Campbell, and D. L. Smith, J Appl Phys., Vol. 81, p.
3227 (1997).

15) G. G. Malliaras, J. R. Salem, P. J. Brock, and C. Scott, Phys. Rev. B, Vol. 58,
p. R13411 (1998).

16) Szymanski, A., and Labes, M. M., J. Chem. Phys., Vol. 50, p. 3568 (1969).

17) Baijun Chen, Shiyong Liu, Synth. Mat., Vol. 91, p. 169~171 (1997).

_97_



