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Effect of the Surface Roughness of ITO Thin Films on the
Characteristics of OLED Device

Bong Kun Lee and Kyu Mann Lee'

"Dept. of Materias Engineering, Korea University of Technology and Education

ABSTRACT

We have investigated the effect of the surface roughness of TCO substrate on the characteristics of OLED (organic
light emitting diodes) devices. In order to control the surface roughness of I1TO thin films, we have processed photo-
lithography and reactive ion etching. The micro-size patterned mask was used, and the etching depth was controlled by
changing etching time. The surface morphology of the ITO thin film was observed by FESEM and atomic force
microscopy (AFM). And then, organic materials and cathode electrode were sequentially deposited on the ITO thin films.
Device structure was I TO/a-NPD/DPVB/AIG3/LiF/Al. The DPVB was used as a blue emitting material. The electrica
characteristics such as current density vs. voltage and luminescence vs. voltage of OLED devices were measured by using
spectrometer (minolta CS-1000A). The current vs. voltage and luminance vs. voltage characteristics were systematically
degraded with increasing surface roughness. Furthermore, the retention test clearly presented that the reliability of OLED
devices was directly influenced with the surface roughness, which could be interpreted in terms of the concentration of
the electric field on the weak and thin organic layers caused by the poor step coverage.
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Fig. 2. (@) |-V and (b) L-V characteristics of the OLED
devices with various organic thickness.



ITO ¥t W

7} %7}%"\ turn on voltage 7} Z7}&}aL |-V-L E
7Hske ok 2= 9lt}. thul, 40087 500A<] 7
Hc‘ﬂ 5ol & Aol & HolA ¢ °—‘

00 A2] 73%-l turn on voltage 7} 3A
A 7w 1-v-L 5449 2
= %7]% &9 FAO Vb= At & AA (dec-
tric field)e] 74 wjFoltar HATHEL,

Fig. 32 ITO filme] 8 A&71E Halr7)7] 9
A ITO filme 242} 2823 484 384 2748k &
o f71E FAE < %o OLED 272 &
et IV 2 LV 58S 543 agzolt A7t
AlZE, & 3H AR daglel f7lE FAE St
=2 turn on voltage 7} 3A| £71813L 1-V-LEA 0]
A8 AT & 7 Ak o] A= 4719 Fg. 2
o] Anete 2 dxgit), g, 3H AR S
== turn on voltage 7} Z71813L 1-V-L 4] 0] oA

ﬂﬂﬂ )>o3.°~ru

&7{-{5
\_

B2Fe I % Atk SAW, ER ALY F7) w
2 1VAL 540 7 AR 712 9] el v
e 473 e U 5 ATk DA 716 et
7ol f715 FAlol W I-V-L 54<] xjo|7t AA
olgtar ghepd, . AR eJelire A 2ol
7F 2] 34 Grke AE AAkET
1000
o (a)
E 800 -
<
E 600 | |—®— 2min etching, 400A thick
> ®— 2min etching, 600A thick
D —0O— 4min etching, 400A thick
& 400 - |—0— 4min etching, 600A thick 1
35
e 200
£
0 2 s 6 PR
Voltage (V)
1000
(b)
oC so0f
E
g 600 |- |—=— 2min etching, 400A thick
= —e— 2min etching, 600A thick
[] —0O— 4min etching, 400A thick
g 400 |-|—0— 4min etching, 6400A thick
©
=
= 200}
£
=
- ok
0 2 s 6 s 10
Voltage (V)

Fig.3. (@ I-V and (b) L-V characteristics of the OLED
devices with various etching time and organic
thickness.

7173719 wE OLED 2:71¢] 54 51
Fig. 4 & #71% $7& 500A0.2 fA35laL 27
Az & B9 AFZE 2EE 3ol f7l1E TAE Y
2] 223t Fo] OLED 225 A4 ste] IV 2 LV
545 579% 2otk 9 A 17} s
E

=27
turn on voltage 7} 5718t ARZE 2 3% 5A40]
A&H o7 7HA4ashe & 4= k. 43718 nlel o] H)
= W A7 Lﬂ@‘r’ﬂ A1) Zpel7t 28] A 44
o} o] A% AZNE T A= 935 OLED &

A9 1V B4 B AV 98-S o 5 ek,

1000

(@)

@
=3
t=3

—#&— no etching
@ 2min etching
3min etching
—&— 4min etching

'S

=)

t=)
T

Current density (mA/cmz)
S 3
o o

o
T

0 2 4 6 8 10

Voltage (V)

1400 - (b)

o 1200 -

§ 1000 |

© -

O gool [[® o etching

5’ ® - 2min etching

O 600+ 3min etching

c —4— 4min etching

© L

_E 400

£ 200t

=

-l 0
L L L L L
0 2 4 6 8 10

Voltage (V)

Fig.4.(a) 1V and (b) L-V characteristics of the OLED
devices with various etching time. The organic
thickness was 500A.

FH #2717} OLED 2:449] |-V-L 54

A, 53] A2 FAI7F He %'—H% ﬂ%}s}y]
fJste] 7k él?‘éod retention 23S 33Tt Fg. 5 =
OLED &7} 2t & vtz S4 3 9] =9} 08t 7V
o] AQkE A 7K F thA] AT F =S v
el g Zolu}, o] Azt A=A 2 41
&17] 913k Zoltt. QR TVE UVIRE - 5%
= 22 AZ 3 vz S §)ee vs) A4S

A0 2 E, 47 AlKte] Z7K

Ir

El
ol

N
AL P HT o R

oL
b, dlo
N |\

5

>
Hoir
H
1o
N
%
0;
M1
ofN -
_\|L
USL'
tlo
n
-
s
ui
£
i
il
1)
N

Journal of KSDET Val. 8, No. 4, 2009



52 o8- - o5t
2)7}5+ OLED 4412 8Voll =43 212 3)=9} 902 ZAle] 2
A7KE F-2] 9= zpol= 236<:d/m2 ojl o, 4kt 2z}
ot 79 A= 2= 317 cdn? 2 YERT 277 £ AFe AABAF-] AU (RIC) 2 A
o] Z7t 5= o] At ke WS Bt W74 (RTI04-01-02)9] A|9o® o) H
1000 = =
A2

@ 2min etching, after retension
—0O— 4min etching, before retension
—O— 4min etching, after retension |:|/

—&— 2min etching, before retension ./

800 -

=23

(=3

o
T

N

o

o
T

Luminance (cdlm2)
»

Voltage (V)

Fig. 5. Luminance vs. voltage characteristics of OLED
devices with retension test (initia state vs. 90 min
retained state).

olde] Ax==RH w1 77l <JsjA OLED
7o 714 W G 548 EH] dEE W
Ao, E3] 2AE A&H o7 AREEHA HHA 4}
E49] &3} (degradation) B =] xfo|7} EH AR
of wj$- ZA &S & 5 Uk ol AL
PVD (physica vapor deposition) ¥ <! evaporation &
AL 5Ad oA A5 Q] step coverage ©fl 71913¢
7] o2 HekEn)

—

2

14 =

1) 7= 7 S7H
k]o] A=

| W2 OLED 42A+e] I-V-L
Hae f71E $1 o) Ql7lE= At =
Al (electric fidd)e] 74 wjHEolzta AT
2) ¥ AE717F %7}%‘—? turn on voltage 7}
7FetaL 1-v-L §A4e] ZHashs & 4 ik s,
H AR7] STl o] 7k FIR= 87
B 79 &3t 1] =z}
3) 90&1F 7VE 17He F 54 ¥ OLED 279
xel

rzi At

N
O_L, m‘r‘
N l:\:l ofi

1
rlm i

of
—4::4

l-V-L &
Me e
]_

3k
<r

S

rﬂ Ay
ol

e 2 Al F vk S4E $)5ol vl g3e]
ottt B3, A7h Ajzke] S71etel mebs =
o] FadgE SRS & 3

4) 1TO urete] 9 AA7|7} 74@#% OLED 47}
o] o] Frolxlth, ol ¥W A7 AR SR <l
sto] 1 9ol SR = e 2 S =] dod
step coverage T o= AT

;O
o

WhEA| 2] e o) 4] 81314

A|8d A4%., 2009

1. B. J. Choi and K. W. Kim, “Fabrication and Charac-
teristics of 1TO Transparent Conducting Films,” J. of
IEEK (in Korean), Val. 15, No. 1, pp. 92-96, 1992.

2. Y. H. Ték, K. B. Kim, H. G Park, K. H. Leg, and J. R.
Lee, “Criteria for ITO(indium-tin-oxide) Thin FHIm as
the Bottom Electrode of an Organic Light Emitting
Diode” Thin Solid Films, Vol. 411, pp. 12-16, 2006.

3. S C. Gong, I. J Back, J. H. Yoo, H. S. Shin, G K.
Chang, and H. J. Chang, “Dependence of O, Plasma
Treatment of ITO Electrode on Electrical and Optical
Properties of Polymer Light Emitting Diodes,” J. Kor.
Inst. Surf. Eng., Vol. 39, No. 3, pp. 93-97, 2006.

4. K. H. Cho, Y. J. Kim, S. J. Kim, K. M. Moon, and
M. H. Lee, “A Study on the Fabrication and Charac-
teristics of 1TO Thin Film Deposited,” Journal of the
Korean Society of Marine Engineering (in Korean),
Vol. 24, No. 65, pp. 733-741, 2000.

5.Y. G Han, J. S. Cho, S. K. Koh and D. H. Kim, “The
Electrica Properties and Microstructure of ITO Films
Deposited by lon Beam Sputtering,” Solar Energy
Mat, Vol. 20, No. 2, pp. 55-65, 2000.

6. H. M. Kim, and J. J. Kim, “Heat Treatment Effects
on the Electrical Properties of 1n,03-ZnO Films Pre-
pared by Rf-magnetron Sputtering Method,” J. Kor.
Vac. Soc., Vaol. 14, No. 4, pp. 238-244, 2005.

7. D. S Kim, Y. K. Jang, and Y.S Kwan, “Study on
Characteristic by ITO Surface Treatment and Cathode
Change of Organic Light Emitting Diodes,” J. of
KIEEME (in Korean), Vol. 18, No. 12, pp. 1143-
1147, December 2005.

8. C. H. Jonda, A. B. R. Mayer, and U. Stolz, “Surface
Roughness Effects and Their Influence on the Deg-
radation of Organic Light Emitting Devices,” J. Mat.
Sci., Vol. 35, pp. 5645-5651, 2000.

9. F. Zhu, K. Zhang, B. L. Low, S. F. Lim, and S. J. Chua
“Morphological and Electrical Properties of Indium
Tin Oxide Films Prepared at Low Processing Temper-
ature for Flexible Organic Light-emitting Devices,”
Mat. Sci. Eng., Vol. B85, pp. 114-117, 2001.

4 20094 119 203, 414K 20094 129 3%
AR 2009 1291 152



