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INVESTIGATION OF CHEMICALLY DEPOSITED
ZnO AND CuO(0.02) & CuO (0.04) THIN FILM BY SOLAR CELLS

Abstract
Zinc oxide is among the most likely nanostructures owing to their special properties in wide range of uses such as
optoelectronic, electrochemicaland electromechanical devices. The ZnOnanorods are produced by the dip coating
method. Among all of the parameters affecting dip coating method,the seed layer properties are really important to
control the structural, morphological, and optical properties of the ZnOnanorods.In this study the influence of Cu
concentration is investigated.Structural analysis of the films was studied by xrd, SEM and EDX, optical analysis of the
films was studied by UV, PL and FTIR andThe electrical properties studies on the films were done by measuring I –V
characteristics. In this paper attained results are deliberated.
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Introduction
Transition metal ZnO has high solubility and excellent
semiconductor process. Being semiconducting materials
having broad applications in wide fields such as
electroluminescence devices, sensors, lasers, solar
cells and also in optoelectronic devices, research for
the last two decades shown their interest in metal ion
doped semiconductors.ZnOnanomaterials used
extensively for numerous applications such as
piezoelectric transducers and generators, biosensors
photocatalytic and photodetectorin various forms like
nanorods, nanowires, nanotetrapods, quantumdots
etc.Fundamental development of oxide technology for
ferroelectric nano structures, intense efforts have been
performed to synthesised ferroelectric oxide.Few
researches reported the impurity phase used to decrease
the charge carrier in the Ni-ZnO samples. The metal co-
doping is a unique way to increase the charge carrier
without impurity phase.Synthesising of hetro
nanostructure of ZnO and CuO have been obtained by
using the secondary growth of the well aligned arrays of
ZnOnanorods on cupric oxides, SnO2, TiO2, Ga2O3 and
In2O3. We discuss the chemical bonding states, optical
properties and morphology of the hetrostructured bare
and Cu doped ZnO film.

In the present work, seedlayers were deposited by dip
coating from the solution containing zinc acetate,the
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hydrothermal synthesis ofZnOand Cu-ZnOnanoneedls
from solutions containing Zinc nitrate((Zn(NO)3)2. 6H2O),
Hexamethylenetetramine (HMT,C6H12N4) and Copper
acetate Cu(CH3COO)2.Structural,morphological and
optical analysis of the films was studied. The influence
of Cu concentration on the growth rate,morphology and
optical properties of Cu-ZnO films was studied.

Experimental Method
Bare and Cu-doped ZnO (Cu:0.02, 0.04) semiconductor
thin films were deposited by hydrothermal method onto
seed layer which is deposited on glass substrates by
dip coating technique. The preparation of the solutions
and the deposition of the films are given step by step
indetail below.

Seed layer
0.1 mole of Zinc acetate was dissolved into 10 ml of
ethanol. Then the 0.25 ml of distilled water was introduced
drop by drop. Under stirring the solution was transferred
into a clear homogeneous solution. The above solution
was used as solution to deposit seed layer on glass
substrates by dip coating which are pre-cleaned by
detergent and then completely rinsed in acetone and
deionised water respectively, and dried in air.

ZnO and Cu-ZnO film
The zinc nitrate, Hexamethylenetetramine and the Copper
acetateas a starting material and doping source
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respectively.  They are dissolved in deionised water and stirred by using magnetic stirrer. The resultant solutionwas
stirred at room temperature for 2 hours. Hydrothermal growth was carried out for prepare ZnO and Cu-ZnO films at
90°C, then the film was washed and dried at room temperature, finally the was annealed at 500°C for 1 hour in order
to obtainthe ZnOnano clusters.

Results and Discussion
X-ray diffraction analysis

The X-ray diffraction patterns of bare and Cu (0.02 & 0.04) doped ZnOfilms are as shown in Figure 1(a). From the
figure 1 (b-d) rietveld refinement patterns for bare and Cu doped ZnO. The major peaks were well indexed by JCPDS
card and lattice planes was correlated and connected to thehexagonal wurtzite crystal structure.

Crystallite size was calculated from the most intense (101) peak of bare and Cu doped ZnO film by Debye-Scherer’s
formula.




 

Where Dis the crystallite size (nm), is the X-ray wavelength, is the full width (radians) at half maximum peak
intensity, and is the Bragg angle.





Table - 1 : XRD parameters of Bare and Cu doped ZnO films

S.No. Sample 2
(degree)

FWHM
(degree)

Particle Size
(nm)

Lattice Strain
(Å)

Dislocation
density

1 ZnO 36.52 0.417 20.96 0.0055 2.27

2 Cu(0.02)-ZnO 36.38 0.412 21.21 0.0055 2.22

3 Cu(0.04)-ZnO 36.41 0.407 21.47 0.0054 2.16
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From the table 1 shows the obtained value of the crystalline size of the bare and Cu doped film was 20.96nm to
21.47nm with lattice strain was decreased. The result of dislocation density will decreased with increasing
concentration of Cu2+ ion. This clearly shows that the fact on covalent radius and annealing temperature of the films,
thus it was increasing crystalline size and reduced dislocation density, making it for optoelectronic device.

Optical studies
UV spectra is recorded from the range of 200nm to 700nm, figure 2(a-c) shows that transmittance percentage
increases with rise in concentration and sidewise absorption ends with decrease. By the extrapolation of the linear
portion of the plot between modified kubelta-munx function [F(R)h ] with photon energy h  , the bandgap energy of
the samples are measured to be3.52eV, 3.54eV and 3.57 eV and  is in prefect agreeement with the earlier report.
Here there is increased band gap energy with increasing the crystalline size which attributed to size confinment
efffect, due to the sunstitional arrengement in ions of Zn(0.744Å) and Cu(0.694Å),and also with tempareture variation.
This optiocal absorption measurement is strongly evidance for ‘Cu’ subtitutional in the ZnO lattice as smilar like for
‘Co’ doped ZnO.





Emission Spectral studies

Figure 2 (d) The emission spectra are existed of two bends a narrow bands around 465nm which correspond to the
near band edge emission of the wide band gap ZnO and a broad asymmetric band around 310nm which can be
assigned to the hetro structured Zinc and copper oxide film.
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The emission of the Cu-ZnO is attributed to the free and
the bound excitation recombination while as ultraviolet
to blue green emission and exciting a single ionised
vacancy ZnO. The intensity of the emission peak in the
UV region is highly enhanced while the intensity of blue
is decreased.

SEM analysis





Figure 3(a-c) shows morphology of the deposited thin
films of bare and Cu doped ZnO. The result gives that
the bare ZnO film has needle like structure, but Cu doped
film is compact with dispersive cragged (or) petals like
structure due to the richest concentration of copper. On
annealing the samples grains seems to coalescence
leading to better rearrangement. The grain size
performance is higher in photovoltaic application as Cu2+

ions are electrically conductivity which help in an
enhancing moment of atoms, they provide new step for
the uses of film in cell applications.

FTIR Spectra



Figure 4 shows fundamental vibrational assignments of
Bare and Cu doped ZnO films. The spectra was measured
the range from 400 cm-1 to 400 cm-1. Spectrum assigned
from the symmetric, asymmetric and bending modes of

vibrations with their relative intensity 3600 cm-1 ascribed
the O-H bending vibrations of water molecule.1600 cm-1

- 1400 cm-1 assigned to the strong O-H stretching modes
of vibrations. In the figure print region of the spectra
exciting the metal oxide confirmed by the film. The range
of the ZnO peak between 464 cm-1 to 419 cm-1and 550
cm-1 to 453 cm-1 has been informed in several literature
studies.

Conclusion
In this work, the influence of  Cu doping concentration
(0.02 & 0.04) on structural, morphological, compositional,
optical and I-V characteristics of ZnO thin films deposited
on glass substrate by hydrothermal method was studied
and discussed. The crystallite size decreases with
increase in molarityof precursor solution whereas with
doping the crystallitesize increases in general. Doping
concentration increases the transmittanceof the films
decreases, whereas optical band gap was also
decreasesas the dopant concentration is
graduallyincreased for both molarities in reference.

As thedoping increases, the SEM shows formation of
irregularshaped grains and then netted structure with
holesfollowed by net making needle-like structures
becomingdominant over the holes for both molarities.
The FTIR investigation revealed theregular vibrational
modes of ZnO with other functional groups withoutany
modes related to Cu-O. The optical band gap of Cu doped
ZnO thin films decreases due to different doping
concentration. The photoluminescence spectrum
revealed that the ZnO and Cu doped ZnO thin films are
mostly defect free.

As Cu2+ions are electrical conductor which help in
increasing the mobility of atoms at the surface of film,
they may provide new stage for the use of these films in
photovoltaic, sensor, and other device applications.
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