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Abstract The conductivity of a semiconductor is primarily determined by the carriers. To achieve higher
conductivity, the number of carriers should be high, and an energy trap level is created so that the
carriers can cross the forbidden zone with low energy. Carriers have a crystalline binding structure, and
interfacial mismatching tends to make them less conductive. In general, high-concentration doping is
typically used to increase mobility. However, higher conductivity is also observed in non-orthogonal
conjugation structures. In this study, the phenomena of higher conductivity and higher mobility were
observed with space charge limiting current due to tunneling phenomena, which are different from
trapping phenomena. In an atypical structure, the number of carriers is low, the resistance is high, and
the on/off characteristics of capacitances are improved, thus increasing the mobility. ZTO thin film
improved the on/off characteristics of capacitances after heat treating at 150°C. In charging and
discharging tests, there was a time difference in the charge and discharging shapes, there was no
distinction between n and p type, and the bonding structure was amorphous, such as in the depletion
layer. The amorphous bonding structure can be seen as a potential barrier, which is also a source of space
charge limiting current and causes conduction as a result of tunneling. Thus, increased mobility was observed
in the non-structured configuration, and the conductivity increased despite the reduction of carriers.
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Fig. 1. Resistance of ZTO thin films with various
annealing temperatures, (a) about ~100 ohm,
(b) about ~1 ohm, (c) about ~0.1 ohm.
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Fig. 2. Carrier density of ZTO thin films with various
annealing temperature of, (a) 200 °C, (b) 50 °C
and 150 °C, (c) 100 °C.
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Fig. 3. Hall mobility of ZTO thin films with
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Fig. 5. Hall coefficient, (a) 100 °C annealed ZTO film,

(b) RT, (o) 50 °C, 150 °C and 200 °C to
research the conduction properties of ZTO
and correlation between the hall mobility.
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