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Abstract: Thin films of Zn Co O (0  x  0.2) were fabricated on glass substrates by aerosol  assisted (1-x) x

chemical vapor deposition (AACVD) method using zinc acetate and cobalt acetate solutions in ethanol at
different cobalt (Co) concentrations. Structural and optical properties of the Zn Co O thin films were (1-x) x

investigated by varying the cobalt concentration in the doped samples. The X-ray diffraction results confirm
the wurtzite hexagonal structure of the pure and Co doped ZnO thin films. Decreasing trend was found in the
crystallite size from 9.7 nm for as deposited to 3.8 nm (20% Co concentration sample). The SEM results show
smooth and uniform films with the increase of Co concentration. The RBS exhibits the conformation of required
stoichiometry of Zn Co O. The energy band gap decreases with the increase of Co doping. UV-VIS(1-x) x

spectroscopy shows that the transmission increases from 38% to 75% by increasing the Co concentration.
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INTRODUCTION Magnetic ions are added as impurities in diluted magnetic

Zinc oxide has been a focus of extensive experimental a good ferromagnetic DMS at room temperature [18]. 
studies by numerous scientific groups around the world The formation of ZnO based DMS has primary
and it is being used in many applications because of its concerns related to the introduction of magnetism, either
wide band gap semiconducting behavior [1]. ZnO has it is generated by sp–d shell exchange interaction with the
become a material of great interest due to its applications dopant TM or it is generated based on the secondary
in with variety of electronic devices such as thin film phase ferromagnetism. DMS properties are highly
transistor [2], micro wave devices [3], ceramic capacitors dependent upon the concentration of the dopant.
[4] and other electronic devices. In addition to that it Researchers have developed many techniques to
shows piezoelectric and ferroelectric properties [5] and synthesize thin films such as pulsed-laser deposition
astonishingly high electron mobility [6]. It has been (PLD) [19, 20] , Sol-gel method [21], magnetron sputtering
reported that its doping in transition metals (TM) can [22] and wet chemical method [23]. Whereas aerosol
enhance some of its properties that supports the theory assisted chemical vapor deposition (AACVD) [24-26] is
of spintronics [7, 8]. The spintronics proposes the data economical, reproducible, can easily be handled. Aerosol
storage using the magnetic spin properties of the assisted chemical vapor deposition is also as efficient
electrons [9, 10]. The device miniaturization leads to the method to produce such films. Samples can be formed
research in area of spintronics that vitally  depends  upon with different concentration under same experimental
the integration of magnetic and electric properties of setup. Previously the AACVD method was used to make
electrons [11- 15]. The high excitation energy (60 meV) pure and Co doped ZnO thin films [26]. It has been
create less opportunity for charge carriers to be captured, confirmed from the previous studies that Zn ions are
it also give higher luminescence properties [16, 17]. replaced  by  Co  ions  as  their  ionic  radii are comparable

semiconductors (DMSs). These DMS are imagined to be
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with each other 0.744 Å and 0.745 Å respectively. particles. These were accelerated through 5UDH Tandem
Crystalline structural and electrical properties can be Accelerator with the energy of 2.84 MeV. The scattering
enhanced by dopant concentration with Zn [27, 28]. angle was 170°, which is the mospopular for conventional
Precursors assisted Zinc acetate produce zinc oxide (ZnO) RBS. However, the required depth resolution was
thin films with high transparency up to 85% T achieved by maintaining the surface normal of the sample
(Transmission) in the visible region, including substrate to 0° with respect to incident beam and 10° with respect to
absorption. It exhibits good adhesion to the glass the scattered beam.
substrate passing through both the steel scalpel and
scotch tape tests. RESULTS AND DISCUSSION

This paper is devoted to the study of Co doped ZnO
thin films using AACVD method. The structural, The stability and adherence of the films were
morphological and optical characterization was carried out examined by placing the films in the 1500 ml solution of
by using X-ray diffraction (XRD), optical nature of the water with 65% of nitric acid and 35% of hydrochloric acid
films studied by UV-Visible spectroscopy, scanning for 5 hours. Samples were also placed in the 40 ml water
electron microscopy (SEM) and Rutherford backscattering solution with 33% pure ammonium hydroxide for 5 hours.
spectrometry (RBS). Both prepared samples shows strong resistance to the

Experimental Method: The 0.2 M solution of Zn Co O in trace of films even after 5 hours. The films showed good1-x x

ethanol was prepared and stirred with magnetic stirrer on adherence quality on the substrate during the tape test.
hotplate for 30 minutes. The glass slides (1 x 2 cm ) were2

washed ultrasonically prior to deposition with ethanol, Structural Analysis: The crystalline phase, arrangements
propanol and mixture of acetone-propanol. The slides of crystal atoms and structural characteristics of the ZnO
were placed in distilled water. The glass slides were taken thin films have been scrutinized using X-ray Diffraction
from the distilled water  and  placed  inside  the  quartz (XRD) with Cu-k  radiation with wavelength ( )=1.54 Å.
tube  and  heated  to  the required temperature (450°C). The data has been taken in 2 , ranging from 20 to 60
The temperature of the glass slides were continuously degree. The XRD pattern of Zn Co O films are shown in
monitored by the K-type thermocouple. The 0.2 M Fig. 1. These results show four strong peaks of ZnO at 2
solution of Zn Co O (x = 0-0.2) in a two neck flask was = 31.7°, 34.42°, 36.54° and 56.6° corresponding to (100),1-x x

placed on the humidifier. The aero-sol was prepared at (002), (101) and (110) plans, hexagonal structure
room  temperature   and   then   transported   to  the respectively with reference code number 00-036-1451.
heated substrate by mean of an inert gas (Argon gas). Further computation of the XRD patterns revealed the fact
The deposition was performed for 15 minutes and then that the development of the crystal structural is not
deposited thin films were allowed to cool down to the haphazard, it strongly relies on the doping concentration
room temperature by passing the inert gas. Co doped ZnO of the sample. The peaks of (100), (002), (101) and (110)
thin films were prepared by using modified AACVD plans have heights up to 8% of Co doping. On the other
method by taking a solution of zinc acetate and cobalt hand, the difference in (100) and (002) is decreased
acetate in pure ethanol with different Co concentrations showing  the   increases   in   growth   of   (002)  plane.
(0% to 20%). The further doping causes drastic decrease in peaks

The phase crystallinity and structural analysis of the which indicates the structural deformation. ZnO films
deposited Zn Co O was analyzed by obtaining X-ray show wurtzite crystal structure with lattice constant a = b1-x x

diffraction patterns using X’pert PRO (PAN anytical) with = 3.248 Å and c = 5.207 Å which correspond with the
Cu K radiation source. The morphology of the samples reference code 00-036-1451. The XRD patterns of the Coa

was studied by scanning electron microscopy (SEM) JSM doped samples at 4%, 6% and 8% Co concentration do
6500, JEOL. The optical transmission of the thin films was not introduce second phase peak. Also the dopant does
recorded at room temperature by a Perkin Elmer not cause any variation in the wurtzite hexagonal
UV/VIS/NIR Lambda19 spectrophotometer in the wave structure of ZnO. Zn and Co is located in the 4  period
length range 300-850 nm. Rutherford backscattering (RBS) with their atomic numbers 30 and 27 respectively and both
was performed to confirm the layer structure across the have closed radii. Therefore they can be substituted each
thickness of the films. He  ions were used as incident other  in  the  crystals  structures. The graph does indicate+4

provided conditions as the glass substrate shows some

1-x x

th
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Table 1: Error! Main Document Only.: The texture coefficient (TC) of the major peaks Zn(1-x)CoxO (x = 0-0.2) samples
Doping% of Co 0 4 6 8 10 15 20
Texture Coefficient (TC) (002) 8.78 0.39 2.30 0.39 2.48 3.14 0.37

(100) 3.14 0.23 2.67 - 1.86 0.02 -
(101) 1.27 0.10 1.05 0.03 - 0.42 0.06
(102) 5.37 - - - 0.39 0.29 -
(110) 1.43 0.01 2.11 0.04 - 0.29 0.03

Fig. 1: XRD patterns of Co doped ZnO films at different The energy of the incident He  beam was  2.084  MeV.
concentration levels. The O, Co and Zn are observed at the energies of 3.56,

Fig. 2: RBS of Zn Co O thin film. due to doping from nano-granule structure to the nano1-x x

some signs of Co cluster in the XRD measurement, but the difference in atomic radii of the Zn and Co. Porosity of the
peaks are comparatively smaller than the peaks showing films has also been noticed as there is a vivid difference
hexagonal structure. in the morphology of the un-doped and 20% doped films.

In these films, the best possible arrangements of Due to the smaller crystalline size in higher doping
atoms in the crystal structure along (hkl) plane were concentrations, there is less porosity and more
calculated with high degree of accuracy. The texture smoothness in the films. A trend in the grain size with the
coefficient of every prominent peak was calculated by doping concentration agrees with the XRD results.
using the formula given bellow [29]:

TC = (1)

where TC is the texture coefficient of the i plain, I is thei

measured integral intensity, I is the integral intensity ofio

the films and N is the number of reflections in the XRD
graphs taken for the analysis [30]. The Table1 shows the
calculated values of TC.

Rutherford Back Scattering: Rutherford back scattering
was performed to confirm the layer structure across the
thickness of the films. The ions were used as incident
particles. The scattering angle was kept at 170°, which is
the most conventional angle for RBS [31, 32]. However,
the required depth resolution was achieved by
maintaining the surface normal of the sample to 0° with
respect to the incident beam and 10° with respect to the
scattered beam. Fig. 2 shows the results of RBS depth
profile simulated with RAMP of Co doped ZnO thin films.

++

4.05 and 4.69 MeV  respectively.  Thickness  of  the
sample was 1300 nm. The Stoichiometry of Zn Co O(1-x) x

samples were confirmed by the RBS as per our doping
requirement.

Scanning Electron Microscopy: Fig.3 presents the SEM
images showing the morphology of the samples. Particles
in these images have compact and smooth morphology.
Co concentration modifies the overall quality of surface of
the films.

In addition to that, the SEM results indicate the shift

pins. Modification in the gain structure is caused by the

Optical Properties: The transmission spectra of the Zn(1-

Co O annealed sample in air up to 450°C for one hourx) x

(Prepared at glass substrate) was observed in the wave
length range from 383 nm to 900 nm. Fig.4 shows the
transmission variation in the as deposited ZnO and the Co
doped ZnO samples at different concentrations. It is
observed that the transmission increases in the higher
wave length region i.e. above ~700 nm and decreases in
the lower wavelength region. It approaches to zero at
about ~450 nm.
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Fig. 3: SEM images at different Co concentrations of the doped samples.

Fig. 4: Optical transmission as a function of the green and then it became less transparent to the bare
wavelength at different doping concentrations. eyes.

It was observed that there is a drastic increase in the
transmission as the Co concentration approaches up to
8%.  The   transmission   decreases    with   further
increase in the Co concentrations. This pattern, in which
the transmission   decreases  with  the  increase in
doping levels for Co doped Zno samples, indicates the
increase in the degenerate (metallic) nature of the films.
This may arise due to the light absorption. In the region
where the concentration of the dopant has increasing
trend, the samples were appeared to be light green to deep
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The direct optical transmission energy band gap E is 75% and then decreases back to 45% with the incrementg

determined from the transmission data in Tauc’s plot : of the dopant which indicate the enhancement in the1

hv = A (hv-E ) (2)g
N/2

where  is the absorption coefficient, ‘A’ is the constant
and h  is the photon energy. The authors would like to thanks Nano Science and

The width of band gap for the pure ZnO film agrees Catalyst Division, National Centre for Physics, Shahdra
with the results reported by the H. W. Lee et al at 350°C Valley Road, Quaid-i-Azam University Campus,
[33]. There is a gradual decrease in the width of the band Islamabad, for providing research facilities. Special thanks
gap from 3.17 to 2.79 eV as the concentration of the go to Honorable Prof. Dr. Syed Tajamal Hussain (Late)
dopant increases. Higher value of the band gap at the former director of Nano Science and Catalyst  Division.
higher doping levels attributes the increase in the His generous guidance to Pakistani young students is
electronic states  of  the  conduction  band  of  the  films unforgettable. The COMSATS Institute of Information
as Co is  a  transition  metal  [34].  The  reflectance  trend Technology Islamabad is acknowledged for providing
is increasing up to 8% doping then there is a slight their characterizing facilities.
decrease in the reflectance. The refractive index (n) of the
films was calculated from the reflectance data using the REFERENCES
relation [35]:

n = (3)

The refractive index of the pure ZnO film is 1.91,
whereas there is continuous decrease till 15% of Co
doped samples. It shows slightly increasing trend up to
20% Co concentration of the doped sample. The increase
in the refractive index may be due to the in-homogeneity
of the thin film and the surface roughness. The lower
value indicates the densely packed structure and
homogenization of the film surface.

CONCLUSIONS

Co doped ZnO thin films were successfully prepared
by using modified AACVD method. The XRD results
show hexagonal wurtzite crystal structure with a
measurable  growth   in   the  direction  of  (002)  plane.
The intensity of the peaks increases with the increase in
Co concentration (up to 8%) then start decreasing,
whereas the grain size keeps continuously decreasing
with the increment in the dopant. The quantity of Co
inferred by the RBS was similar to the introduced
concentration of the dopant. The films surfaces were
homogeneous with respect to the refractive index. At the
lower value of grain size, the quality of the film was better.
The SEM images show the higher uniformity, less
porosity and smaller grain size in highly doped samples.
The lowest energy band gap of 2.79 eV was obtained at
20% Co doping. The transmission increases from 38% to

metallic behavior of the films.
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