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Abstract

Zinc oxide (ZnO) thin films were prepared on p-silicon (100) substrates by the sol-gel technique using zinc acetate dehydrate
as a precursor material with and without surfactant. The films were heat treated by microwave-assisted method and annealed at
various temperatures in ambient air. Different nano-structures were obtained by the varying annealing conditions. The
structural characterization of ZnO films were carried out using x-ray diffraction (XRD) and scanning electron microscopy
(SEM). The metal-oxide-semiconductor (MOS) capacitors were fabricated using ZnO film. The electrical properties of ZnO
films with surfactant were studied from current-voltage (I-V), dissipation-voltage (D-V) and capacitance-voltage (C-V)
characteristics and found that the dielectric constant of ZnO film increased with the additive surfactant. The leakage current
density in ZnO film decreased and resistivity increased with surfactant.
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applications as a biocompatible, biodegradable and non-toxic
1. Introduction material [1]. ZnO nano-films/ particles are used as photo-
catalyst (as a substitute to TiO,) for the degradation of toxic
organic dyes/compounds [2, 3]. ZnO film can also be used as
channel layer between source and drain in thin film
transistors (FETs) [4]. ZnO films can be synthesized by
various physical and chemical methods [5], of which the sol-
gel method [6] is preferred because of the possibilities of
uniform deposition on large substrates at room temperature
and cost effectiveness. ZnO exhibits various nanostructures
including nano-rods [7], nano-wires [8], nano-tubes [9] and
nano-needles [10]. Kajbafvala et al. [11] reported the
microwave assisted synthesis of sword-like ZnO nano-wires.
Qurash et al. [12] reported the ultra-fast and large-quantity
synthesis of one-dimensional ZnO nano-wires by microwave-
assisted method. Ali Eftekhari et al. [13] reported the
synthesis and characterization of flower like bundles of ZnO
nano-sheets by hydrothermal method.

ZnO is an important II-VI group semiconducting metal oxide
nano-material with a wide band gap of 3.3 eV, which has
received a great deal of attention because of its use in various
domains. ZnO is used in various optics and opto-electronic
applications because of its high dielectric constant, large
band gap energy and high optical transparency. ZnO is used
as room temperature and high temperature luminescence
material, nanolaser, light emitting diode (LED), and dye
sensitized solar cell because of high exiton binding energy
(~60 meV). ZnO can be used in the field of sensors and
actuators as a piezoelectric material for UV and gas sensing.
ZnO is used in nano-piezotronics as piezoelectric field effect
transistor, piezoelectric diode etc. [1]. ZnO is also used for
the production of energy that is by photo-catalysis, for
producing H, from H,O. ZnO is used in biomedical
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In this paper, the synthesis, structural and electrical
characterization of ZnO nanostructures prepared by the sol-
gel method and microwave irradiation PEG additive ZnO

films have been reported.

2. Experimental Work

Zinc acetate dihydrate was used as the precursor material of
ZnO. Isopropyl alcohol and diethanolamine (DEA) were used
as a solvent and stabilizer, respectively. Zinc acetate
dihydrate (molecular weight:219.50) was dissolved in
isopropyl alcohol under constant stirring using a magnetic
stirrer and DEA was added drop wise for complete
dissolution of precursor and to get the transparent sol of ZnO
at room temperature. The concentration of zinc acetate was
0.5 M and the molar ratio of diethanolamine to zinc acetate
was tuned to 1:1. The resultant ZnO sol was stirred for 2 h to
get a clear and homogeneous solution, which was stored in
an air tight beaker as a stock solution. After 4 h, a few drops
of the sol were placed on p-silicon (100) substrates and spin
coated for 30 sec at 3000 rpm. Prior to film deposition, the
silicon substrates were cleaned with RCA-1 and RCA-2
solutions. The details of cleaning procedure are given in our
previous paper [14]. ZnO sol was mixed with 3 wt. percent
polyethylene glycol (PEG) (molecular weight: 600) and spin
coated on silicon substrates in the same way. As prepared
ZnO and PEG additive ZnO films were dried in a hot air
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oven at 60°C for 15 min and then annealed at constant
temperature from 400 - 800°C for 1 h in air. ZnO films were
also heat treated by microwave irradiation at different powers
(480 W & 640 W) for 5 min. The MOS capacitors were
fabricated using PEG additive ZnO films. The details of
fabrication of MOS capacitors are given previously [14]. The
area of the electrode was 0.554 x 10 m’. The XRD spectra
were obtained by wusing Philips diffractometer with
monochromatic Cu-Ka radiation. The film thickness was
measured by stylus method using Dektak profiler (DEKTAK
%). The film morphology was studied using scanning electron
microscopy (SEM) (Raith, eLiNE). The C-V, I-V and D-V
measurements were taken using Agilent 4155C & 4284 LCR
meter.

3. Results and Discussions

Fig. 1 shows the XRD patterns of ZnO films prepared without
surfactant annealed at temperatures of 400, 500, 700 and
800°C for 1 h in ambient air. It was observed, the ZnO film
exhibited polycrystalline wurtzite structure after annealing at
400°C. The intensity of the peaks increased with increasing
annealing temperature, indicating the improvement in
crystallinity of the film. The intensity of (100) peak enhanced
after annealing at 800°C, which depicts the preferential growth
of grains parallel to a-axis. XRD patterns of microwave
irradiated ZnO films are shown in Fig. 2.
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Fig. 1. XRD patterns of ZnO films without PEG annealed at different temperatures in air.
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Fig. 2. XRD patterns of ZnO films without PEG microwave irradiated at (a) 480 W (b) 640 W.

(100) and (002). The crystallinity of the thermally annealed

It was observed, the film irradiated at a power of 480 W for 5 ) o
ZnO films was greater than microwave irradiated films.

min was amorphous, whereas the film irradiated at 640 W
was crystalline in nature as indicated by the diffraction peaks

Fig. 3. SEM images of ZnO films without PEG annealed at (a) 700°C and (b) 800°C in air.
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Fig. 3 shows the SEM images of the ZnO films synthesized
without surfactant annealed at 700°C and 800°C for 1h. It is
clear from the figures that the morphology of ZnO film
changed with annealing temperature from rod like structure
to four different nano-structures, including spherical,
pentagonal, hexagonal and nano-rods after annealing at

(a) 480 W
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800°C for 1 h. The average size of the rod is 100 nm width
and 300 nm length after annealing at 700°C where as for the
film annealed at 800°C, the width and length of nano-rods
were ~ 80 nm and 600 nm, respectively. ZnO film annealed
at 400 and 500°C for 1 h exhibited granular structures and
irregular and spherical nanostructures, respectively [15].
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Fig. 4. SEM images of ZnO films without PEG microwave irradiated at (a) 480 W (b) 640 W.

Fig. 4 shows the SEM images of microwave irradiated ZnO
film synthesized without surfactant at 480 W and 640 W for
5 min. It depicts that the film irradiated at 480 W is
amorphous as the grains are not formed and the film is
featureless while, the film irradiated at 640 W is in crystalline
phase as indicated by the nano-stars formed on the surface of
the film. The average size of the stars was ~ 900 nm.

The crystal structure of the 3wt.% PEG additive ZnO film
annealed at 500°C for 1 h is shown by XRD patterns in Fig. 5.
It was observed from the figure that the PEG additive ZnO
film exhibited hexagonal wurtzite phase with preferred
orientation along c-axis perpendicular to the substrate
indicated by the predominant peak of (002) plane.
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Fig. 5. XRD pattern of 3% PEG additive ZnO film annealed at 500°C for 1 h in air.
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Fig. 6. SEM images of 3wt.% PEG additive ZnO film annealed at 500°C for 1 h in air.

Fig. 6 shows the SEM images of 3wt. % PEG additive ZnO
film annealed at 500°C for 1 h in air. It is clear from the
figure the grains of ~ 45 nm were separated with one another
with a larger distance between them, so that the porosity of

the ZnO film increased with the addition of PEG. Also, the
surface area of the ZnO film increased with the addition of

PEG. Hence, ZnO-PEG film become more porous as
compared to ZnO:Al [16], ZnO:Sn [17] and ZnO film [15].
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Fig. 7. Capacitance versus voltage plot of 3wt.% PEG additive ZnO film annealed at 500°C for 1 h in air.

The capacitance-voltage characteristics of 3 wt. % PEG
additive ZnO film deposited on silicon substrate annealed at
500°C for 1 h is shown in Fig. 7. The film thickness was 105
nm. The values of oxide capacitance at 10 kHz, 100 kHz and
1 MHz were 2.32 nF, 1.78 nF and 0.502 nF, respectively. The
corresponding dielectric constants were determined to be
49.6, 38.1 and 10.7, respectively. The dissipation-voltage
characteristics of 3 wt. % PEG additive ZnO film annealed at
500°C is shown in Fig. 8. The dissipation at 5V was ~1.0
measured at IMHz.

The I-V characteristics of PEG additive ZnO film is shown in

Fig. 9. It is evident from Fig. 9 that the forward current
remain almost constant with increase in the gate voltage up to
4 volts and after the current increased with gate voltage non-
linearly which exhibits rectifying character. The resistivity
and leakage current density were calculated at the gate
voltage of 5 V and were found to be 5.38x10® Qcm and 0.88
x 107 A/em?, respectively. While, the ZnO film synthesized
without PEG exhibited an electrical resistivity of 4.224 x 107
Qcm and a leakage current density of 1.27 x 10 A/cm” after
annealed at 500°C for 1 h in air [15]. Hence the addition of
PEG decreased the leakage current density and increased the
resistivity of the ZnO film.
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Fig. 8. Dissipation versus voltage plot of 3 wt.% PEG additive ZnO film annealed at 500°C (measured at | MHz).
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Fig. 9. I-V characteristics of 3wt% PEG additive ZnO film annealed at 500°C for 1 h in air.

4. Conclusions

In summary, the ZnO thin films with and without surfactant
were successfully synthesized by the sol-gel route. The effect
of surfactant on electrical characterization of MOS capacitors
was investigated. The ZnO films with surfactant showed high

resistivity and low leakage current density. These films are
suitable for the fabrication of CMOS devices.
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