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Doped ZnO is seen as a potential substitute to the expensive Sn doped
material, as a transparent electrode in optoelectronic devices. Here, highly
conductive and transparent Ga doped ZnO were prepared by chemical
vapor deposition. The lowest resistivity and highest carrier concentration
ever reported for CVD grown ZnO, Ga was achieved due to using oxygen
poor growth conditions enabled by diethylzinc and triethylgallium
precursors.

Physical properties like Electrical Conductivity of Zinc Oxide (ZnO) are
studied with different doping in it. The dopant to study the varying
physical properties of the ZnO semiconductor with respect to Gallium (Ga)
semiconductor with changing doping by weight percent of0, 1, 3 and 5

wt. % gallium doped ZnO system are reported here. The electrical

properties include dc electrical studies.
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I. INTRODUCTION

Zinc oxide (ZnO) is a large bandgap semiconducting
material with optoelectronic properties that is often
used as a transparent conducting oxide in photovoltaic
devices and are materials that display both high
visible light transparency and low electrical resistivity,
visible light transmittance, which is comparable to
commercially available and widely used. The
achievement, for the first time, of such low resistive
ZnO: Ga doped is important as an ambient pressure,

scalable and highly tunable technique that has

industrial importance used for the fabrication of wide
variety of thin film materials.

Semiconducting metal oxides are widely used as
inexpensive and robust sensor material for toxic,
hazardous and combustible gases and vapors in safety
and automotive applications. Few semiconducting
metal oxide materials used in these applications are
Zn0O, SnO2, In20s, Fe20s, NiO, etc [1-11]. of which,
zinc oxide (ZnO), an n-type semiconductor that
displays a hexagonal crystalline wurtzitetype
structure, with space group P63mc. The importance of
ZnO is due to its unusual physical properties such as

high conductance, chemical and thermal stability,
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wide and direct band gap of 3.37 eV and a high
excitation binding energy of 60 MeV. Moreover, it is
harmless to the environment [12-16]. Zinc oxide
(ZnO) has emerged as one of the most promising
materials due to its optical and electrical properties,
high chemical and mechanical stability together with
its abundance in nature.

The effects of preparation conditions and doping on
electrical property of ZnO-based thin films have been
intensively studied because of their interesting
functionalities such as transparent electric conductor,
electro acoustic transducer, etc. [17, 18]. Appropriate
donor doping can produce the electronic defects that
increase the influence of oxygen partial pressure on
the conductivity. Nanto et al. showed that a lower
operating temperature may be achieved by the doping
effect and a significant resistance change can be
obtained in the doped ZnO rather than the undoped
ZnO sensor which results in a higher sensitivity [19].
Generally, nanometer-sized materials have been
widely studied in recent years, due to their good gas
sensitivity caused by high surface activity. Controlled
ultra fine and narrow distribution of particle size of
metal oxide powders can be obtained using various
techniques and the first step in keeping full control of
the microstructure of the material is to control the
preparation method of the starting powders. By
selecting fabrication desired

proper process,

crystalline properties of metal oxides can be achieved
II. D.C. Electrical Conductivity Measurements
The zinc oxide was produced from one pot containing

050 g diethylzinc (15wt% in
approximately 15 mL dry toluene and the second pot

toluene) in

holding approximately 20 mL dry methanol, adding
the required mol.% of triethylgallium (2.0M in
toluene) to the diethylzinc and toluene mixture. An
aerosol mist of the precursorwas prepared, after
heating the calcined powder was pressed into circular
pellet forms as per the discussed procedure. [20-28]
Fig. 1 shows log o versus 1000/T plot for Ga doped

ZnO (x =0, 0.1, 0.3 and 0.5) samples. It is seen that as
the temperature increases conductivity also increases,
it represents the semiconducting nature of the
samples. In the beginning, the rate of increase of
conductivity with temperature is small for all samples
and then increases after a particular temperature. The
rise in conductivity is observed around 571 K, 600 K,
650 K and 602 K for pure ZnO, 1 wt % Ga doped ZnO,
3 wt % Ga doped ZnO and 5 wt % Ga doped ZnO
samples respectively. The transition temperature for
doped samples is observed to be shifted to the higher
temperature range as compared to the undoped. The
conductivity of 3 wt % Ga doped ZnO is greater than
that of the others i.e. 650 K.

The activation energy is calculated from the slope of
the log o Versus 1000 / T plots in two sides of the
curves for temperature regions. In low temperature
region the values of activation energy are 0.0391 eV,
0.0366 eV, 0.0368 eV and 0.0367 eV and in high
temperature region these are 0.4191 eV, 0.41 eV,
0.412 eV and 0.401 eV for pure ZnO, 1 wt % Ga
doped ZnO, 3 wt % Ga doped ZnO and 5 wt % Ga
doped ZnO samples respectively. The activation
energies are varying with dopants. With slight change
in it is for the sample with 3 wt % doping of Ga in
ZnO is recorded.

Thus it is observed that in both the temperature
regions, there is a slight change in activation energy
due to the doping. But the activation energy values
are found to be smaller in low temperature region as
compared to the high temperature region. It supports
the changing conduction mechanism of the samples

with respect to temperature. The activation energy

values indicate electronic conduction at lower
temperatures and ionic conduction at higher
temperatures. We are interested in electronic

conduction of the semiconductor material for further

study.
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