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1-Introduction

Thin film and ZnO nanostructures on the basis of
transparent conductive oxide materials are TCOs, which
have been investigated in a wide range of optoelectrical
devices, acoustic wave surfaces, sensors, photoelectrodes,
flexible displays, optical waveguides, and transparent
electrodes for solar cells. ZnO is a very suitable and widely
used material for semiconductor equipment, as well. Zinc
oxide has a wide direct bandgap in the near-UV region and
a large exciton energy that exciton emission processes
exist at room temperature and above. Zinc oxide crystals
have a wurtzite structure. Although the characteristics of
zinc oxide as an electronic semiconductor have been
studied a lot, but due to the lack of control of its electrical
conductivity, its applications in electronic equipment are
still not possible.

Therefore, aluminum acts as a suitable donor in zinc
oxide and copper acts as an acceptor. In this way, the
changes in the properties of zinc oxide due to the presence
of both elements at the same time are investigated in this
research. Also, the effects of different physical properties
of transparent metal oxide ZnO doped with two elements
of aluminum and copper (CAZO) with two different
thicknesses, such as electrical, optical and structural
properties, which are very important and practical, will be
explored.

2-Experimental

For the growth of CAZO thin films, a target with a
diameter of 3 inches suitable for the sputtering system was
made. The optimal test conditions for the growth of CAZO
thin films are specified in Table 1.

In this experiment, the effect of thickness on the
properties of CAZO thin films has been investigated. A
DC magnetic sputtering device has been used to grow the
layers. The schematic diagram of the DC magnetic
sputtering device is also shown in Figure 1.

3-Result and Discussion

In order to know the effect of the presence of different
elements in the layer and the amount of each element of
CAZO layers in both thicknesses, RBS analysis was
performed. Figure 2 shows the RBS spectrum of CAZO
samples with different thicknesses in the range of 200-
2000 keV with the simulated curve using SIMNRA
software.

Gas DCH.Y
Valve
\( | -
Substrate [ -
[ 11 =]

Plasma

e ¥ |
-

o

:*:j

Pump
Valve

Figure 1: Schematic design of DC spraying device

Table 1: Optimum test conditions of active DC sputtering
for CAZO layer deposition

Substr | Sputte | Base | work | Sputte | Sputte | Thick
ate ring | press | press | ring ring ness

temper | time ure ure gas power | Nm5

ature k (s) torr | torr (W) +

300 45 5 z Ar 400 50
10x2 | 10x6

300 60 5 z Ar 400 150
10x2 | 10x6
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Figure 2 RBS spectrum in the range of 200 to 2000 kV for
CAZO layers

Optical constants play a very important role in
optoelectronic changes. The transmission and reflection
spectra of CAZO thin films in two different thicknesses
were measured in the wavelength range of 200-1500 nm.
The absorption edge of the layers shifts to longer
wavelengths with increasing thickness, and the optical
bandgap energy values were also calculated and decreased
with increasing thickness, and their values are listed in
Table 2.

Table 2 Bandgap energy and Urbach energy of
CAZO thin films

. Eg (V) Eq (eV) Eu Particle
Thickness(nm) Direct Indirect (eV) | Size(nm)
150 3.7 2.08 3.23 25
50 4.2 3.8 0.49 10

Figure 3 shows the changes of resistance with
temperature in the range between 15- and 500 Kelvin for
CAZO thin films. The resistance value has decreased with
increasing  temperature, which indicates  the
semiconducting behavior of the samples.

Figure 4 shows the Arrhenius diagram, i.e., the changes
of Lno in terms of 1/T for CAZO samples with thicknesses
of 50 and 150 nm. The conduction activation energy in this
temperature range can be determined by drawing a tangent
line on the exponential data in the high temperature region
(above 300 K).

Figure 3 Resistance changes with temperature in CAZO
thin films with different thicknesse
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Figure 4 Diagram of Lno changes in terms of T/1000 for
CAZO samples

The activation energy in conduction, which is caused
by thermal energy in the conduction band, depends on the
concentration of donor carriers and impurity energy levels.
An increase in the concentration of donor carriers raises
the Fermi level in the energy gap, and as a result, the
activation energy decreases.

The activation energy value for the 50 nm sample is
0.086 mV and for the 150 nm sample, 0.163 mV is
obtained.

4-conclusion

Co-doping of ZnO with copper and aluminum was
prepared by sputtering with different thicknesses and their
structural, surface, electrical and optical properties
changes were studied. XRD analysis showed the
amorphous nature of CAZO layers and the size of
nanoparticles increased with increasing thickness. Also,
the bandgap energy of CAZO layers decreased from 50 nm
to 150 nm and the Urbach energy increased from 0.49 to
3.23 eV. The temperature dependence in CAZO samples,
which are thinner, is much lower with resistance, but in the
sample with a thickness of 150 nm, the temperature
dependence and its changes are much greater, and the type
of carriers has changed from n-type to p-type with
increasing thickness.
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Effect of Thickness on Structural, Optical and Electrical Properties of Co-Doped ZnO Thin Films
(ZnO: Cu, Al)

Laya Dejam Amir Hoshang Ramezani

Abstract Co-doped ZnO thin films (CAZO) were prepared by DC magnetron sputtering. The structural, electrical and
optical properties of thin films were investigated using X-ray diffraction (XRD), atomic force microscopy (AFM), optical
spectrophotometer and Raderford Back Scattering (RBS) techniques. The CAZO thin films with different thicknesses had
an amorphous structure. The particle distribution diagram showed that with the increase in thickness, the size of
nanoparticles reached from 10 nm to 25 nm and the range of particle size changes also increased. The bandgap energy
decreased with the increase in thickness, but the Urbach energy increased. The CAZO thin film with a thickness of 50 nm
had lower activation energy and a higher concentration of donor carriers, but with increasing thickness, the
concentration of this type of carriers (n-type) decreases, because the conduction in the layers decreases and the resistance
in CAZO thin films with a thickness of 150 nm has increased.

Key Words Co- doped zinc oxide, Bandgap energy, Urbach energy, Electrical resistance, Activation energy
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