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ABSTRACT: In this manuscript we have investigated the influences of indium dopants on zinc oxide (ZnO)
thin films regarding physico-chemical properties for application in modern conducting devices. As a starting
material, Indium (III) chloride, and Zn(CH3COO)2⋅2H2O were used. The complex TSDC spectrum was obtained
by submitting the sample to a constant electrical field Ep = 10M V/m during 2 min at a varing polarization
temperature of Tmax = 1500C. A minimal sheet resistance with electrical resistivity as low in the range of 10-3
Ω·cm was found for this thin film.
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I.

INTRODUCTION

Modern optical and electrical applications are two core areas which have been intensively investigated
for conducting oxide (TCO) films. The examples are liquid crystals, organic light-emitting diodes, thin-film
transistors, and thin-film solar cells [1-5]. The ideal situations for these thin films are having low resistivity,
high transmittance in the visible region with appropriate stability in terms of thermal /chemical [6-7]. Indium
oxide based ITO’s have been considered superb because of good electrical and optical properties [8-9].
Recently, zinc oxide (ZnO) has come as a replacement because of wide band gap (3.37 eV at room temperature)
with high excitation binding energy (60 meV) and multiple functionalities [10-11]. III group elements from the
periodic table have been used for improving the electrical conductivity and optical transmittance of ZnO films
[12].In this study, In-doped ZnO (hereafter IZO) thin films have been prepared by sol–gel spin-coating method.
We study the effect of these dopants on the microstructure, electrical, and optical properties as a function of
doping concentration.
Experimental details
Thin films were prepared by doping of Indium (III) chloride, and different [In]/[In+Zn] atomic per cent
ratios, i.e., 1.0, 2.0 and 2.5 at% were tested. A molten tin bath was used for substrate heating, and the
temperature of the bath was controlled and monitored by a thermocouple. Substrate temperatures selected were
400, 425 and 450 °C, within ±1 °C variation. The deposited thin films were presented an apparent homogeneous
surface and very good adhesion with the substrate. The sheet resistance, of indium thin film were measured by
the four-point probe technique, taking into account the adequate geometrical corrections. The vacuum
aluminized film was sandwiched between two electrodes. The sample was thermally polarized at different
temperatures and electric fields. The sample holder was placed in a digitally controlled oven heated up to poling
temperature. The sample was then allowed to remain at that temperature for about 30 min. Then desired strength
of electric field was applied for 1 h at poling temperature. The sample was allowed to cool down at room
temperature in the presence of applied field.
The complex TSDC spectrum was obtained by submitting the sample to a constant electrical field Ep =
10M V/m during 2 min at a varing polarization temperature of Tmax = 150 0C.The sample is then cooled, with a
ramp of 20 C/min, to liquid nitrogen temperature in the presence of the electrical field. The field was then
suppressed at around 250 C and the electrodes were short-circuited for 15 min. All measurements were repeated
to verify the reproducibility and the accuracy of the results.The current was measured with an electrometer and
recorded by using X–Y plotter. The electrometer was also coupled to a PC for data collection. A platinum
temperature sensor Pt100, mounted in the sample holder and adjacent to the film, allowed the temperature
measurement with a precision of 0.05 0C. The heating rate of 50C/min was used and controlled by a temperature
regulator. The DSC measurements were performed in a Perkin-Elmer with a controlled cooling accessory.

II.

RESULT & DISCUSSION

Figure 1 showed the depolarizing current vs. Temperature at constant polarising temperature Tp (i.e.40,
60, 80 and 90°C). Figures 2 showed the TC curve for charging mode obtained for polarising temperature Tp
(i.e.40, 60, 80 and 90 °C) with polarizing field Ep (05MV/m) for Al-Al electrode system respectively. These
characteristics are showing two to three peaks at each temperature, one at low temperature (β peak), which is
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associated with dipolar relaxation, and other at higher temperature (α peak) that appears due to space charge
relaxation. The analysis of the shape of TSDC peak makes it possible to obtain the activation energy, relaxation
time and charge released. When polarizing field was increased, the magnitudes of both peaks increased.

Figure 1- Depolarizing current of doped system
The present study on polarizing field and temperature dependence of electrical conduction in undoped and
doped films has been carried out to understand the role of dopant when added in varying concentrations.

Figure 2- TC curve for charging mode
The conductivity also depends on temperature. As the temperature increases film becomes soft and
mobility of the main chain segments as well as the rotation of side groups become easier. Thus, at higher
temperature more and more dipoles are oriented resulting in the higher equivalent surface charge density i.e. as
temperature increases conductivity increases as per Arrhenius equation
σ = σ0 exp(–Ea/KT),
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where σ0 is the pre-exponential factor, Ea the activation energy of conduction and K the Boltzmann’s
constant. The activation energy for these low and high temperature regions are also different Electrical
conductivity of all the samples were measured by the four-point probe method by considering the geometry of
electrical contacts located over them. It was observed that, with the increase in the substrate temperature, the
resistivity of the ZnO:In thin films decreases, reaching a minimum value, for a fixed [In]/[In+Zn] ratio in the
starting solution. From the measured electrical conductivity of the samples presented in Table 1. Low resistivity of
the ZnO:In films containing 2.5 at% nominal indium contents fabricated at Ts = 450 °C might be associated with
their compact surface morphology and bigger crystallite sizes.
[In]/[In+Zn]
400 °C
1.0
2
2.5

1.1 × 10−2
8.6 × 10−3
3.5 × 10−2

III.

Electrical Resistivity (Ω·cm)
425 °C
450 °C
4.4 × 10−3
4.1 × 10−3
3.9 × 10−3
3.3 × 10−3
2.2 × 10 −2
5.5 × 10−3

CONCLUSION

Indium-doped ZnO thin films were prepared by sol–gel spin-coating method for TCO applications. All
films had a crystal structure, and a minimum sheet resistance of 10 3 Ω.cm for doped ZnO thin film. In
conclusion, the structural, morphological, electrical, and optical characteristics of IZO thin films were observed,
and In doping seems to be more effective.
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