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Abstract The influence of on ion beam irradiation to the indium tin oxide (ITO) substrate on the performance
of the organic light-emitting diodes (OLEDs) was studied. ITO films were used as the transparent anode of
OLEDs with poly(2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylenevinylene) (MEH-PPV) as a hole-injection/
transport layer. Oxygen and argon plasma treatment of ITO resulted in a change in the work function and
the chemical composition. For plasma treated ITO anodes, the device efficiency clearly correlated with the value
of the work function. We also discussed the implications of our experimental study in relation to the
modification of the ITO surface composition, transmittance, reflectance, and water contact angle (WCA).
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Fig. 1. Cell structure (a) and energy level schematic (b) of
OLED.
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Fig. 2. Schematic band diagrams for the device at various
value of forward bias. (a) Zero bias, (b) Flat band voltage, (c)
Forward bias.
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Fig. 3. Water contact angle of surface modified ITO by Ar
ion.

100.0k

+ 0, ion -
= = Ar'ion
80.0k 1 e (iONHreated ITO

-In3d

40.0k 4

Intensity (arb. units)

20.0k

0.0 T T T 1 T T
1400 1200 1000 800 600 400 200 [
Binding Energy {eV)

Fig. 4. XPS wide scan spectrum of non-treated ITO and
treated ITO films by N*, and O, ions at 5X 10" cm™
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Table 1. The atomic ratio of Sn and O component to In for the
different ion treatments.

ampls T oMn O/In#Sm)  Sn/n
Non-treated ITO 1.566 1.404 0.115
0," ion 2.023 1.898 0.066
Ar* ion 2.183 2.066 0.056
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Fig. 5. Shows the transmittance of the ITO films after various
surface treatments.
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Fig. 6. Shows the reflectance of the ITO films after various
surface treatments.
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Fig. 7. I-V characteristics of OLED devices with oxygen
plasma treated ITO substrates. (a) forward bias, (b) reverse bias.



194 AR - F% - o)
T T
{
5.6x10° 4—
——— Ar 5E15 )
-~ —~ Ar1E16 ,
4810° 4 ,
- Ar5E16 K
—_ 440,(104-}_7 —-—Ar1E17 )
< ~ - - - nop-treated p /
& 32a0° . ]
5 / T
© a0 |
16x10° |
~
80x10™
00 )
1
° 2 4 6 8 10
Voltage (V)
(a)
T
|
0.0
SR T i R
ol
20)(10'7-1 T ; i
N 3l
< 107 S
€ - Pl —— Ar S5E15
£ o — — Ar1EtS
3 60x107 N - -~ Ar5E18 ]
. L —-—Ar 1E17
; b - -~ non-treated
80x1074 ¢ )
B | !
1.0010° , ; . -
5 4 3 2 A 5
Voltage (V)

(b)

Fig. 8. I-V characteristics of OLED devices with argon plasma
treated ITO substrates. (a) forward bias, (b) reverse bias.

Qo wlEiA
ITOS] BHA 09 H|7} 23 Sn
A3ke7t Z71ele hole 9 &8o] F7I8l7] o]
& a&0] 71 e 7IEY AT A ez e 3
M5z Zgir) o] FA|Y] #3 Younggun Han 52
ITO W] B% H FME OFIn (OL 5303 eV, Ol
531.9eV) ¢ ¥]7} wolol dghyrt AT Abstal
%E}.IZ)

o8 ¥W A7 di} o
B Fig. 7b¢} Fig. 8b8 & 23 v %
T ARG vlE] iAo E @e s Bion,

AFAY B4 BA Gt o Ashe

M7k Re 58

=L
RS BB NN B4 292 $ULE 3
ol AL HE tele=e] RREHS BAS &

e
I

=
(==

#71 ELY A% F4e wyoes 39 /\}JQ—QL
ITOE O, o]&3} Art o]0 =& ¥W A slHeH, &
W A" 1moe] wWca 53823 A4 (hydrophobic)
oA 2153 (hydrophilic) &2 ¥S AU 2
I3 A ol 0 oleoz AN
Ak H)go] Z7190H, Sn iy 7H4st
o] g Wske o 5% 3= & T
o 3x EAo] FdE & UE BATh
'749’}' =l
A5E FNHeH, &
3 543 A7) 540l

A1 skerashete] 2o (RO1-2001-000002800)
s eEeH, ofd 7A=Yt}

mk

|

Hn
rat

1. H. Friend, R. W. Gymer, A. B. Holmes, J. H. Buroughes,
Nature, 97, 14 (1999).

2. D. J. Choo, A. talaie, Y. K. Lee, J. Jang, Thin Solid Films,
363, 37 (2000).

3. D. D. D. Bradley, Synth. Met., 54, 401 (1993).

4. K. Mori, Y. Sakaguchi, Y. Iketsu, J. Suzuki, DISPLAYS,
22, 43 (2001).

5. Younggun Han and Donghwan Kim, Technical Report for
University-Research Institute Cooperation Program, Korea
Science Foundation, (2001).

6. S. M. Tadayyon, K. Griffiths, P. R. Norton, C. Tripp, I
Vac. Sci. Technol. A, 17(4) (1999).

7. Y. park, V. Choong, and Y. Gao, Appl. Phys. Lett., 68(19),
2699 (1996).

8. V. K. Jain and A. P. Kulshreshtha, Sol. Energy Mater., 4,
151 (1981).

9. Jangeun Heo, Rowoon Lee, Younggun Han, and
Donghwan Kim, JSEM, the 4th Joint Seminar, Korea,
2001.

10. H. kim, and C. M. Gilmore, J. Appl. Phys. 86(11), 6451
(1999).

11. M. Ishii, T. Mori, H. Fujikawa, S.Tokito, Journal of
Luminescence, 87, 1165 (2000).

12. Younggun Han, and Donghwan Kim, to be published.



