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National Chiao Tung University

ABSTRACT

The transparent conductive oxide thin films have been applied extensively in our life.
ITO is the most common material especially, since it possesses high electrical conductivity
and high optical transparency. LCD panels, touch panels and electrodes on solar cell are all
made of ITO. But there is lack of Indium/and it 1s.very expensive, people is looking for other
materials.

ZnO is one of the other TCQs. It is with-well optoelectronic properties: direct band gap
and high exciton binding energy. Zing¢ is abundant, so ZnO is cheaper than ITO. We have to
know the transport mechanism in both of them, before we would like to use ZnO to replace
ITO.

We measured the thermoelectric powers (TP) of ITO thin films which were annealed or
non-annealed from room temperature to low temperature. From the results, the samples after
annealing have lower carrier concentrations and higher resistivities. In the non-annealed
samples, the collision times are mainly affected by the degrees of disorderness.

We had a series of samples with different oxygen vacancies through changing oxygen
flux during RF sputtering. Measuring the TP, we classified the ZnO samples into two groups.
In one group, we found the TP were smoothly toward zero between 300 K and 10 K, and
them changed to Mott VRH type in low-T regime. In the other group, the dramatic changes in
TP were observed in low-T. According to the tendency of the TP, we supposed the transport
mechanism were from nearest-neighbor hopping to Mott VRH and ES VRH in very low

temperature.
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B aL
. . . .. AE _2r - . : . .
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5 2AE? (dlnN(E)j
eT ee

Hi 1) ;}c * k;})‘o@@ﬁ%ﬁﬁ%}ﬂ]ﬁ?AE (RPN I

(1)Nearest-neighbor hopping : S =

2¢,° [d lnN(E)j
E=E;

eT dE

2

(2)Mott variable-range hopping : S = kL(TM T )% ( dinN (E )J
8e dE e,

2
(3)Efros-Shklovskii variable-range hopping+-S= k;e - ( dinN (E)J = const.
E=E;

dE
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AV, = j S, (T T AV, = j S,,(T)dT (3.2) (3.3)
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