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Characteristics of ZnO Thin Films Deposited with the Variation of Substrate

Temperature and the Application As Buffer Layer in Organic Solar Cell
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Abstract: The characterizations of zinc oxide (ZnO) buffer layers grown by unbalanced magnetron (UBM) sputtering

under various substrate temperatures for inverted organic solar cells (IOSCs) were investigated. UBM sputter grown

ZnO films exhibited higher crystallinity with increasing the substrate temperature, resulting in uniform and large

grain size. Also, the electrical properties of ZnO films are improved with increasing substrate temperature. In the

results, the performance of IOSCs critically depended on the substrate temperature during the film growth because
the crystalllinity of the ZnO film affect the carrier mobility of the ZnO film.

Keywords: ZnO, Unbalanced magnetron sputtering, Inverted organic solar cell, Efficiency

29| 0|53t 272 §olsh] AsNH %3

VEX}T ¥ E(buffer
layer)Ql PEDOT:PSSES At&35te 2|2 6% 0|49 =
< oyx W a5 2HMCH, 7] Bt=AY &
d 2AS &8 oYA] £¥ 2E2 olgFez {Y]
EfSRIAIQ] oA vt 10% ol% 7hsstth
[1-4]. =iy A& |71 BFAXoA 7P Tol At
LE]0jX]|1 )= P3HT/PCBME= P3HT S7]4Xj9] &

a. Corresponding author; yongspark@cst.ac.kr

Copyright ©2015 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial License  (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

o] R 10%°] a&g E7le AL e
],

of §499e Eol7] Y3t Re Weel A
VS

AREEOJA] AL =
et A2 9% d4sh] izl o] =AlE siEst
71 Yol PT (polythiophene)?t PF (polyfluorene)|
=AE50] AR AL lod, fYE A FHY
4 gug o) EER 4%} 2EE AR A
blocking %€ Aestel Aol ATrst ¢ipgol
AR T QIct [56]. EE 4712 vheRls 24 past
Aoz ZAgo] W] o] FrlE YHeA] Boh e W2
Aol o552 7R Qo] AAF A7} AR Al 24

= 9ol =t @74 gollAl morphology 7HA1-2 #1gt

r

2}:
T
2%

0,

e o



A7) AR 53] =7A, A28 A10% pp. 648-651, 20154 104:

== ASPE IR Qlon, et Ast
A=t f71aA dheh Atojof H 1%% A
Sk SgE XAl Qlet. of2fgt
Z1amE9) 2EEe siEshI HOH AAE 7/771 5
ojuele ElAA TEE §7] HYHAY 2] e
AR PSS AFA A YA FRuD
olq-

2 ApoliE 9/97] sfoluelc gYmAl 5 A4
= 8o) SRS AAelgon, WHE o2 7n0
27)ukekg AFESIQIC) Zn0% HimE0R ALY olg
stojuelc BjFEAN GTES Mess] gE
o2A FWYFIM HAL BE 3 W
Fo2 F & QLS SoFL ALg U

O urakal PCBM 97]23}o]

b do 4 2

¢
F

f
U

lo o of

&2 oy
2]

b
o
uju
of
ol
=
N
]

1%

=}
10 X

1 2 g
r|r =
5 >
O 1o

N
g D8N
0%
2
o)
=
=,
Jo
N
o
ok nujn
i)
>~
X,

TN
oQ 1 dJo
e
N

Jo & B
N
Ry
o
2
2
2

O,

N

2 r
oy ©

o

=

>,

O

o M o 24 o A X 4> nE 2 rfr
S
2 H
_10 0[)"
r_g'E ills
|
- % &
— ol
b T
=
)

ne rfr
_tSB

rOl'

ox

=)

1o

=

I

totd S CAISHLAL ot [7-9].

ZnO 4¥ake 4Q1x] ZnO EHA
27190 f7ig ol vgA
(unbalanced magnetron sputtering) AX|S Al8-5}
of FAStAOD, wat A WY AFer 1x10°
Torrg SX|5t¥ 1, AHEY 7IAZA &% 99.99%
o] otz £(Ar)S AFEsIROn, J|wut B Afojo] A
2t 6 cmz MASUTE Zn0 e FASH] Sl
A 4L 2x107° Torrz dAstiony, el uty
ek 20 W/em'2 MAstel, Zn0 wure sl@ £
=o] ujet FAstgon, FAEA Zn0 upoe] 3

2 olgsto] 2x2 cm’
olodEE ANEY

x9, Yo, WM S4e DANAT w3 G7E
871 BYAAE As] dsl Ay JlEel 11O
§el 7MW AIE F. 170 29 glol A3 e

2 Zz]jojulE HolmE £9 & ITO etchant &
(HCI:HNOj)©o.2 2087t wet etchingstil U S Eo|m
2 AMAste, 71 HAL 95 Acetone, Methanol,

24 649

x20,000
10.0kV

S Lams
EE—

x20,000
10.0 &V

Fig. 1. FESEM surface images of ZnO films fabricted at the
conditions of RT and 300C substate temperatures.
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Fig. 2. XRD pattern of ZnO films deposited with various
substrate temperatures.
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Fig. 3. Resistivity, carrier concentrations, and mobility of ZnO

films deposited with various substrate temperatures.
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Fig. 4. The current density-voltage (J-V) characteristics of
inverted organic solar cells with various substrate temperatures
of ZnO buffer layers.
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Table 1. Photovoltaic performance data of the inverted organic
solar cell using ZnO buffer layers prepared with various

substrate temperatures.

5 Efficiency
Jsc (mA/em’)  Voc (V) FF (%)
(%)
RT 3.86 0.55 334 0.7
100°C 6.58 0.38 44.7 1.12
200°C 7.45 0.35 46.1 1.19
300°C 6.81 0.48 43.6 1.42
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