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Effective of bias voltage as electrical property of ZnO:Al transparent conducting films on
polyethylen terephthalate substrate

Byung-Wook Park, Jessie Darma, Youl-Moon Sung, Dong-Joo Kwak
Department of Electrical and Electronic Engineering, Kyungsung University

Abstract - Aluminium doped zinc oxide (ZnO:Al) thin film has
emerged as one of the most promising transparent conducting
electrode in flat panel displays(FPD) and in photovoltaic devices since
it is inexpensive, mechanically stable, and highly resistant to
deoxidation.

In this paper ZnO:Al thin film was deposited on the polyethylene
terephthalate(PET) substrate by the capacitively coupled r.f.
magnetron sputtering method. Wide ranges of bias voltage, -30V ~
45V, was applied to the growing films as an additional energy
instead of substrate heating, and the effect of positive and negative
bias on the film structure and electrical properties of ZnO:Al films
was studied and discussed. The results showed that a bias applied to
the substrate during sputtering contributed to the improvement of
electrical properties of the film by attracting ions and electrons in the
plasma to bombard the growing films. These bombardments provided
additional energy to the growing ZnO film on the substrate, resulting
in significant variations in film structure and electrical properties. The
film deposited on the PET substrate at r. f. discharge power of 200
W showed the minimum resistivity of about 24x10° Q-cm and a
transmittance of about 87%.
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<Fig. 2> XRD spectra of ZnO:Al film as a function
of bias volatage
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<Fig. 3> Half-width of X-ray diffraction peak (FWHM)
and grain size as a function of bias volatage

2.2 Mz 2

a7 2 wpolo]a ArbHYe W XA 3 B AnEs yeh
Ak A Bo]l A(+)upelof 2 17bE S AFakglel (002)W <
A HIEAS BoFH (002)3) Ao 208e  standard ZnO
crystal(34.45°)9ll 43 3355°5 YEFNA T XRDEAl v A= Bias
Aol ko] A= positive bias A gto] ZF7}3tel wet 3A FE
AA F7psit, +30 Vold HAo] ©dd 5 oA 74ttt o
A(+) HPO]"V‘ Age 7oz Hate %"J% S, 53] &
do] A9 30V uholoja At AATE sbg s f9)Hof
%‘r% 7}“*]7]/4‘4 719k F7FARl qUAE FEToEM ALY

FAN= AR AlsH, ARG FHE AT cFHugdAol
AL o4 £ b 12y negative bias Ao EE AA A
ko). ok, RD-‘?'—’E.é U2 39 Scherrere] APS o] g3te] A
A9 27152 F& A%E a9 3 YEUITh J‘“Joﬂ/‘i B +30
V oulo]oj 2~ Aol A oF 65 nmAEZ, Hfojojx 27t Aol oF 5 nmol
Hste] A4 ol °L§5J Aoz Yehygt} A g +45 VoA 34 5
A7t AT AL AUAA Fxd 4 vpejof 22 Qlste] e ko A
Ao A o] fFygoz Qste] FaE ke A2 E gl 7]l
o7 Atg ¥

Uk o2 Aufolo] ~ Aot A Vel FESE FH AR
A& 9 g AR gk o] RIpAQl oA dos g3
zagd gL nAA G Ao g it 29 4= HPO]OV‘
74l w2 ZnO:Al upute %’%L% v A g @ oubako] S ERHTE
I A BXo H}"]Oi* 79 ] uE utubo] FARES @ﬂi”ﬂ ﬂ}"]
o] QI7} HSto] oA Ao ﬁ%‘iﬁo
89 A/mmoﬂ/\i 200 A/mmi ~7} st A
oA 24x10° Q-cne] HAFS Holx
o] T/t & & QU o)z 19 29 I 52 W ok —’F
Aol ZWPO]‘H z3 A4 ALGED A Fad J% 41}%401]
ofgt AAQAg 7]% Ao Hlr) O]Eﬁi upolo] 22 F7te| whe}
27}0}‘— Z;dn—o ol—oi y_q_ U}O % -
Ao 010}04 PETJ‘:M] XUP-J °°]°] g3t 1,

ity

“p||

p

2 o2 o N, mz e elr

5

L

s

40 6500
.
—_ DR.. 195
£ = A . [-6000
s ™ 180.5
1 3 [ e |5500 —
N =
G 2 o L1es_di 5000°<
(—] 3 a
- 104 p 1503 Lasoo @
- < =
2 = =<
1 »135= (4000 &
> a o =
= 304 s .= =
7 b |12035 |-3500
= ‘D £
= ; g2 E
é 2.5 105 o, 30007
A " o
d L o0 2 L2500
20 — , — 7
30 20 0 10 20 30 40 50
Blas voltage(V)

<Fig. 4> Effect of substrate bias voltage on the dep-
osition rate, resistivity and film thickness of
ZnO:Al film.
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<Fig. 5> Optical transmittance as a function of bias
voltage
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