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ABSTRACT
In this manuscript, Cobalt (Co)-doped to Zinc Oxide (ZnO) samples prepared as thin
films. These samples were obtained by utilizing spray pyrolysis have different
concentrations of Cobalt. For investigating the effect of Co concentration on the thin
films samples' physical properties, Different experimental techniques are employed. Such
as Scanning Electron Microscope (SEM), X-ray diffraction, and optical spectroscopy.
The grain size has been obtained using Scherrer's equation. From the obtained results,
one can notice that the grain size behavior is non-linearly with the Co-concentration level.
Electron Spin Resonance (ESR) is involved to observe the resonance absorption of
microwave radiation of these thin films. It measures the spins of an electron of a molecule
or an atom in a magnetic field. The study is performed before and after irradiation doses
of 1 KGy and 3 KGy.The ESR signal shows the ferromagnetic response at room
temperature which is improved after irradiation with Gamma-ray. The optical band gap
of pure ZnO film was found to be 3.25 eV and the minimum bandgap is 3.11 for 1wt%.
The existence of Co in the obtained film was confirmed by Energy Dispersive X-Ray
(EDX) data. From the obtained results, the percentage of Co is increasing from 1.9% to
5.4% when the wt% is raising. In addition, the effect of the ionizing radiation doses;
1KGy and 3 KGy, on the magnetic and structural properties are investigated. As a result,
Magnetic measurements for all prepared samples show a Room Temperature
Ferromagnetic (RTFM) behaviour. Finally, increasing Co concentration and Gamma–
ray irradiation dose will have a notified change on the ESR signal.

1. INTRODUCTION
Minimizing
the
device
dimensions
gives
improvements in microelectronics and magnetic data
storage devices. Upcoming to nano scale, the design of
materials parameters is forced to their perfect standards.
Continued device miniaturization is becoming
increasingly challenging. At this point, a common
agreement that the present rate of miniaturization cannot
be continued. As a result, new methodologies of device
fabrication need to be established. The spintronic is one
such methodology that is based on the use of charge and
spins dynamics of electrons in certain multifunctional
substances [1-5].
There is a diversity of novel device concepts
which have been proposed based on this technology.
The serious step in the operation of a spintronic device is
to inject and detect of spin polarization carriers of
the interface of the ferromagnetic semiconductor surface.
Corresponding author: abousharaf@hotmail.com
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In spite of great efforts, effective injection of spins
into nonmagnetic semiconductor stays to be a major
difficulty in this field. Magnetic metals such as
cobalt, nickel andiron were used in previous studies
for injecting spin-polarized carriers into a semiconductor
material. There are three diverse methods that have been
proposed for the injection of spin polarization
carriers into semiconductors effectively: tunneling spinpolarized carriers is one way of this method in
which a ferromagnetic metal is injected into the
semiconductor through an insulator [6, 7], and using
dilute magnetic semiconductors (DMS) [8] which are
ferromagnetic and whose conductivity can be tuned to
match the nonmagnetic semiconducting transport
medium.
ZnO is a wide bandgap semiconductor with high
chemical stability and low-cost production which is
found to have high catalytic efficiency. Studying the
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effect of Pb, Ni, and Cu doping in the water splitting
performance of ZnO thin films [9]. It shows that the
incident applied bias efficiency and conversion
efficiency of the photon-to-current were 30% at 390 nm
and 0.636 at 0.5 V, respectively. In another work, the
investigation of the water splitting and chemical stability
of ZnO/titania, showed a 25% higher PEC water splitting
activity than the as-deposited ZnO[10 -11].
Zinc oxide (ZnO) is one of the most important oxide
transparent conductors (TCO) materials which is most
attractive for different applications. Co-doped ZnO thin
films may be a good candidate for suitable application in
various optoelectronic devices such as the manufacture
of solar cells. It is observed that pure ZnO shows a week
ferromagnetic nature whereas Co doped thin films
exhibit good ferromagnetic properties, which is used in
the field of spintronic applications [12- 14].
In this study, we report the effect of the Co doping
level on the physical properties of ZnO thin films and the
impact of this doping on the magnetic properties of the
deposited films. The prepared thin films were obtained
using the same deposition conditions with changing the
concentration level of the Cobalt. Different techniques
were used to investigate the physical properties of pure
and cobalt doped zinc oxide. The electron spin resonance
(ESR) is used which is an effective method for the
observation of the absorbed microwave radiation by the
spins of an electron of an atom or molecule in a
magnetic field. Also determined by this technique
valuable information about the lattice site in which
ferromagnetic dopant ions are located
2. Experimental Techniques
All films studied in this work had been deposited
using a spray pyrolysis technique. Spray pyrolysis
involves a solution spread of a constant concentration
onto a preheated substrate. The process takes place at a
constant temperature. For this purpose, 5 gm of Zinc,
acetate pentahydrate has been dissolved in a mixture of
30 ml Methanol and 30 ml distilled water. Keep stirring
the solution for 20 min until it's all clear. The substrates
were placed onto a stainless steel hot plate which was
placed above a Ni-Cr wire of 20 K-Watt. This Ni-Cr
wire was connected to a temperature controller Omega
type to fix the temperature at 380oC. The variation of the
controller temperature was found to be ±2 from the
mentioned temperature. Continuously this solution has
been sprayed onto a glass substrate. The solution spray
has been done at an air flow rate of 20 L/min. For doping
calculated amounts of cobalt acetate penta hydrated have
been used. The amount of Cobalt acetate was weighted
to be 1, 5, and 10 weight % from the 6 grams of the zinc
acetate used for the pure film. All films were taken

directly from the Holt plate after the solution was
sprayed completely. Pure ZnO films were found to be
transparent and in good adhesion to the substrate. Codoped ZnO films were found to be green in colors and
also in good adhesion to the glass substrates. No
pinholes can be observed in any of the deposited films.
All deposited films were investigated with various
techniques to diagnose the effect of Co-doping on the
different properties of ZnO. X-ray diffraction
investigation has been done using Philips equipment for
Cu-Kα of wavelength 1.54Å and 20theta range 5-85
degrees. Morphology analysis as well as elemental
analyses of the undoped and Co doped ZnO thin film
samples were performed using (EDX), Energydispersive X-ray (EDX) spectroscopy with a scanning
electron microscope. The crystalline phases of the
obtained nanoparticles deposited on the glass substrate
were identified using X-ray diffraction (XRD). The
electromagnetic spin resonance (ESR) measurements
were performed at room temperature. The Raman spectra
of the prepared thin films were obtained by Raman
spectroscopy. The optical absorbance measurements of
the prepared samples were performed by using a double
beam (Shimadzu UV-160A) spectrophotometer in the
wavelength range 200– 1100 nm. A Cobalt-60 Gamma
cell was used for irradiating the prepared thin film
samples at 1 and 2 kGy as an accumulative dose of 1 and
3KGy.
3. RESULTS AND DISCUSSION
3.1. Energy Dispersive X-ray Spectroscopy (EDX)
Presented in Fig. 1 the spectra of the EDX for pure
thin film samples as well as the cobalt (Co) doped thin
film samples. The spectrum indicates that the cobalt ions
were successfully merged in the zinc oxide matrix.
Given in Table 1, the elemental analysis acquired from
the EDX analyses.
Table (1): presents the EDX composition analysis for
pure ZnO and Co doped.
Compound

Zn %

Co %

O2 %

0KG 1KG 0KG 1KG 0KG 1KG
ZnO

98.7

99.5

-

-

1.3

0.5

ZnO:Co (1%)

98.1

98.8

1.9

0.9

0.0

0.2

ZnO:Co (5%)

96.8

95.9

3.2

4.1

0.0

0.0

ZnO:Co (10%)

94.6

93.3

5.4

6.7

0.0

0.0

It is clear from reading the data in Table 1 that there
is no agreement with practical measurements. This return
to the concentration of pure ZnO thin films which is
about 50 % as shown in Fig. 1-a, [15] for each
components. It is not seen in Table 1 and Fig. 1-b. This
Arab J. Nucl. Sci. Appl., Vol. 55, 3, (2022)
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is done because the EDX doesn’t differentiate precisely
between heavy and light elements. So, the concentration
of zinc in pure film approaches 99% of the total
contents. The figure gives a good indication of the Co
concentration in the films without irradiation. After
irradiation, the concentration of Co tends to increase due
to the replacement of Co atoms with the O2 in thin films.
It is evident that the data in Fig. 1-b is not valuable.
In addition, it gives a good insight into the replacement
of oxygen atoms by cobalt atoms. Also, it is adopted
with the SEM and XRD analysis which is given in the
next two subsections.

Fig. (1-a): EDX spectra of the synthesized ZnO:Mn
nanoparticles [15].

Pure ZnO before irradiation.

Pure ZnO after irradiation

.
1% of Co doped ZnO before irradiation.

1% of Co doped ZnO after irradiation

5% of Co doped ZnO before irradiation.

5% of Co doped ZnO after irradiation

10% of Co doped ZnO before irradiation.

10% of Co doped ZnO after irradiation

.

Fig. (1-b): EDX analysis; Left before radiation for concentration 0%, 1%, 5%, and 10% of Co respectively, and
right after radiation for the corresponding concentrations.
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3.2.

The X-Ray Diffraction (XRD) Analysis

Presented in Fig.2 the X-ray diffraction patterns of
all deposited films in the 2-theta range from 5 to
85 degrees. Two diffraction peaks have been located at
2𝜃 of 34.244 and 36.085 degrees. These two peaks can
be attributed to the hexagonal ZnO phase according to
ICDD card number 79-0205. The first peak refers to
(002) plane and the second are (101). Obtaining ZnO
films with (002) as the main diffraction peak has been
recorded with other authors using spray pyrolysis and
other techniques [9, 11]. Films deposited from 1wt%
concentration precursor shows two diffraction peak the
highest belonging to (002) and the other to (103) plan. In
this film, no peak for (101) is recorded. In another work
of Karzaziwt al [16] ZnO films were found to preferably
crystalline in the (103) plane.
1500
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1300
1200
1100

(110)

(100)

1400

10wt% Co
5wt% Co

900
800
700
(103)

I, a.u.

1000

600

1wt% Co

500
400
300
200

pure

100
0
0

20

40

60

80

2-theta, degree

Fig. (2): Shows the X-ray diffraction patterns of
all as-deposited thin films.

Increasing the Co-content in the starting solution up
to 5wt% of the deposited films will lead to a significant
change where new diffraction peak at 31.78 degrees
which belongs to the (100) plan. In the same film, the
(101) starts to grow again. Finally, at the maximum
concentration of Co of 10 wt%, (101) reflection becomes
the maximum peak with a significant decrease in the
(002) and (101) peaks intensities. It seems that
increasing Co content in the deposited film changes the
preferred orientation of the film from (002) to (100).
The growth of ZnO on amorphous substrates shows
self-orientation behavior where the film can be oriented
in an anisotropic fashion. Ohyama et al [17] studied ZnO
thin films prepared from Zinc Acetate salt by utilizing
the Sol-Gel technique. They recorded (002) as the

preferred orientation for all deposited films. Also in the
work of Benramache et al [18] (002) orientation was
found to be the preferred orientation for spray pyrolysis
deposited ZnO thin films. Another work of Shukla et al
[19] (100) was observed as the preferred orientation.
These results said that ZnO grown on the amorphous
substrate has a self-oriented behavior. The deposition
techniques and deposition parameters seem to have a big
influence on the preferred orientation. Novak et al [20]
studied the effect of substrate temperature on the grown
ZnO thin film. They found that the preferred orientation
changes from (101), at low temperatures, to (002) at high
temperature at 400oC as considered here. Doping
processes also were found to play an important role in
the preferred orientation of ZnO films on amorphous
substrates. Changes in the preferred orientation upon Fe
doping were recorded by Srinivasulu et al [21]. They
found that at low Fe concentration (002) is the preferred
orientation while at higher concentrations the preferred
orientation changed to (101). Also, Al and Cu doping
have the same effect of changing the preferred
orientation [22-24]. Benramache et al [22] studied the
effect of Co doping on the properties of ZnO thin film.
These results revealed no change in the preferred
orientation in the deposited films. Therefore, (002) plane
stays the preferred plane at all Co concentrations up to 3
wt%. No change in the preferred orientation was
recorded upon Co doping [23].
Generally, two types of orientation were recorded for
ZnO thin films. One is the normal orientation which
perpendicular to the film surfaces. The other is the
parallel orientation which parallels the film surfaces.
These changes in the preferred orientation of thin film
grown on amorphous substrates may relate to changes in
the nucleation process and growth mechanism[24-29]. In
all films, no other diffraction peaks are detected which
confirms the singularity of the ZnO phase.
Scherrer’s equation [30] was used to calculate the
average crystallite size of as-deposited films;
D=

kλ
β Cos θ

Where D is the average crystalline size, λ represents the
radiation wavelength, θ is the diffraction angle using the
main peak information and β shows the full width at half
maximum. Fig.3 shows the variation in the crystallite
size obtained from Scherr's equation and SEM images.
Arab J. Nucl. Sci. Appl., Vol. 55, 3, (2022)
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Fig.5 shows the XRD diffraction patterns for all films
after the 3KGy irradiation dose. No significant changes
are recorded except the disappearance of the ZnCo2O4
peak at 16.79 degrees which recorded after 1 KGy.
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Figures 4 and 5 show the XRD After irradiation with
gamma-ray at 1 and 3 KGy, respectively. Fig.4 shows
the X-ray diffraction patterns of all films after 1 KGy
dose of irradiation with Gamma. As shown in fig.5, the
structure of the deposited films was changed by the
irradiation, which has been summarized as follow; (1)
pure film denotes the same two peaks, as in as-deposited
films, (2) no (103) peak is recorded in the film with 1
wt%, (3) film deposited from 5 wt% precursor shows no
change, finally, the new peak has been recorded at 2θ of
16.79 degrees which attributed to ZnCo2O4 phase, ICDD
card number 0-1149. It is worth noting here all recorded
peak intensities are smaller than as-deposited film peaks
intensities.
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Fig. (5): XRD patterns for all films after 3KGy
Gamma ray irradiation.

Fig.6 shows the variation in the crystallite size for all
films before and after irradiation with Gamma. One can
notice that irradiation changes the behavior of crystallite
size. It gives an arrangement order when the film with
Co content around 5 wt%. in other contents the behavior
is not stable. While decrease in the film with Co 10
wt%. The pure film shows an insignificant change after
irradiation.
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Fig. (4): X-ray diffraction of all films after irradiation
with 1 kGy.
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3.3. Scanning Electron Microscope
The effect of diverse fractions of Co concentrations
on the surface morphologies of the thin films prepared
was investigated from the SEM images as shown in Fig. 7.
Fig.7 shows the SEM images for all as-deposited
films. As observed in the photos pure film shows clear
grain size with different sizes. The average grain size as
estimated from SEM imaging is 65.3 nm. Upon doping
the film images show an attempt to agglomerate but

small grains are still observed. The grain size upon
doping was estimated to be 52, 54, and 51.5 nm for 1, 5,
and 10 wt% films, respectively. All recorded grain sizes
are higher than what had been estimated using Scherer's
equation. Also, the behavior is different where the grain
size from Scherer's calculation increased after 1wt%
doping, but from the SEM imaged it is found to decrease
concerning the pure film. The SEM images of dope films
also revealed the denser film is formed with higher
surface roughness.

Fig. (7): SEM images for all as deposited films at different Co-concentrations.
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3.4. Optical Band Gap

not possible. Instead of that, the reflection spectra show
a regular interference fringe and it can be used to
determine the thickness of the films. Such an idea of
using the reflection spectrum for determining the
thickness of the films has been used by El-Naggar et al
[43]. The thickness of all films was calculated using the
Parav program [39]. The thickness was found to be 632,
1287, 955, and 840 nm for pure, 1wt%, 5wt%, and
10wt% films respectively. The band gaps for all films
have been calculated according to Tauc's equation [9];

The optical transmission and reflection of all films
had been recorded in the range of the spectral from 190
to 1100 nm. Fig.8 shows the transmission curve
of Co 10wt% as an example of all deposited film
transmission spectra. One can notice that the film
indicates high transmission in wavelength range
>400nm. Three absorption peaks are recorded at 562,
611, 658nm. These peaks are results of d-d transitions of
Co2+ ions as charge-transfers between donor and
acceptor ionization levels located within the bandgap of
the ZnO host matrix[31-36]. They could be assigned to
transition from 4A2 →2E (G), 4A2 →4T1 (P), and 4A2
→2A1(G), respectively [37-42]. The existence of these
absorption peaks vanishes the oscillation peaks that
appeared at the beginning of the transmission spectra,
λ>800nm or lamda< 800nm, please indicate. Such
a spectrum with low fringes causes the transmission
spectra to determine the thickness of the deposited films

90

𝛼=𝐴

Here 𝛼 is the linear absorption coefficient, the
photon energy,ℎ𝜐, the bandgap value𝐸𝑔 , and a constant
1

A. Finally n is an exponent equal ( )as a sign of the
2

direct transition. The bandgap values were found to be
3.25, 3.11, 3.21, and 3.18 eV for pure, 1wt%, 5wt%, and
10wt% respectively.
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Fig. (8): Optical Transmission of 10wt% film, Reflection of all films, Tauc's plot of 10wt% film, variation of the band
gap and all films
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Electron Spin resonance

An effective method for the observation of the
absorbed microwave radiation by the spins of an electron
of an atom or molecule in a magnetic field is the
Electron spin resonance (ESR) spectroscopy. Also
determined by this technique a valuable information
about the lattice site in which ferromagnetic dopant ions
are located [44].
3.5.1.

Before Gamma Irradiation

The spectrum of the ESR for pure Zinc oxide and
zinc oxide doped with cobalt nanoparticles thin films
samples documented at room temperature are presented
in Fig. 9 through Fig.12. It is clear that in ZnO doped
with Co as a DMS, the dopant atoms have two
opportunities. The first one is to occupy localized sites in
the ZnO lattice- which leads to hyperfine splitting and
appears of eight lines in the pattern of the ESR [45-48].
While the second opportunity is to form small clusters.
In our case, as illustrated in Fig. 9 through Fig.12, the
spectra of Co-doped ZnO samples studied gives a broad
which indicates a room temperature ferromagnetism.
The appearance of the broad signal in the ESR pattern
due to the strong dipolar interactions between Co+2 ions.
The electronic configuration of Co+2 ion is 3d7, and the
electronic ground state is S7/2, which splits into four
Kramers doublets (±7/2, ±5/2, ±3/2, and ±1/2).
The Lorentzian functions were used to calculate the
number of spins and the g-value related to each
spectrum. All these values are tabulated in Table 2. The
g-value for free-electron is ge = 2.0023 and the shift
from this value is caused by the spin-orbit interaction of
the electron in the atomic orbital [49]. The number of
spins (spin concentration) (N) of the considered samples
can be determined from the following equation:
𝑁=

𝐾𝐻𝑜 (∆𝐻)2(𝐴⁄2)
𝐺𝑒 𝐻𝑚 √𝑃𝐻

With the constant of the spectrum K ≈ 9.1×1012, Ho is
the magnetic field measured in Gauss, ΔH represents the
width of the peak to peak magnetic field measured in

Gauss, A is the ESR signal intensity (EPR signal peak
height divided by sample weight), Ge is the gain
detection which is 1.42×104, Hm is the modulation field
which is 6 GGauss and PH is the microwave power
which is 5.041 mW. The number of spins, N, values are
listed in Table 2. The concentration of paramagnetic
defects has increased proportionally with the increase of
Co doping in the ZnO and diminishes completely in the
case of pure ZnO as a diamagnetic material.
Table )2(: The g-value, peak area of the ESR signal and
the concentrations of the number of spins (N)
of the ZnO and Co-doped ZnO
Compound

g-value

Area

N(cm-3)

Pure ZnO

0

0

0

1% Co doped

2.01052

1115.9

1.89744E+17

5% Co doped

2.01056

1236.65

2.10276E+17

10% Co doped

2.01045

1437.536

2.44569E+17

3.5.2.

After Gamma Irradiation

All prepared samples are subjected to gamma-ray
irradiation with 1KGy and 3KGy doses. Then the ESR is
reinvestigated to the irradiated samples under the same
condition before irradiation. Figures 6, through 9, show
the ESR signal height (a.u.) (y-axis) for each sample
before and after irradiation. It is clear from these figures
the ESR signal increased linearly with the increase of the
dose rate.
The increase in the ESR signal appears due to the
effects of gamma irradiation which breaks bonds in the
ZnO lattice which in turn leads to increasing in the free
radicals. The paramagnetic defects values for the
irradiated samples are listed in Table 3. It is clear from
this table that it reflects brightly the increase in the ESR
signal with the increase of both Co concentration and
dose rate. It is shown that the paramagnetic defects
increased in the case of 5% Co doping than 10% Co
doping in case of 3KGy dose. This occurs as a result of
as appearing a second new phase of CoO in which small
clusters are formed as presented in the XRD analysis.

Table (3): The g-value, peak area of the ESR signal and the concentrations of the paramagnetic defects (N) of the
ZnO and Co-doped ZnO
Gamma Dose

1 Kgy

3 KGy

Compound

g-value

Area

N(cm-3)

Pure ZnO

2.01626

638.6214

7.11193E+16

1% Co doped

2.01504

3007.663

2.89584E+17

5% Co doped

2.01509

3659.359

3.52331E+17

10% Co doped

2.0151

3913.292

3.7678E+17

Pure ZnO

2.01641

2635.58

2.93337E+17

1% Co doped

2.01516

6805.556

6.4666E+17

5% Co doped

2.01515

8522.533

8.09807E+17

10% Co doped

2.01515

8397.976

7.97971E+17
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Pure ZnO
Pure ZnO after 1KGy
Pure ZnO after 3KGy

ESR Signal Amplitude (a.u.)

ESR Signal Amplitude (a.u.)

1% Co
1% Co after 1KGy
1% Co after 3KGy
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Fig. (9): ESR signal for pure ZnO samples before and
after irradiated with 1KGy and 3KGy doses.

Fig. (10): ESR signal for 1% Co doped ZnO samples
before and after irradiated with 1KGy and
3KGy doses.

1% Co
1% Co after 1KGy
1% Co after 3KGy
ESR Signal Amplitude (a.u.)

ESR Signal Amplitude (a.u.)

5% Co
5% Co after 1KGy
5% Co after 3KGy

3360

3380

3400

3420

3440

3460

3480

3500

3520

H, Magnetic Field in (G)

Fig. (11): ESR signal for 5% Co doped ZnO samples
before and after irradiated with 1KGy and
3KGy doses.

4. CONCLUSION
In this work, a successful deposition of pure and Codoped ZnO thin films is reported. The Co-concentration
in the obtained films was controlled by changing the
amount of the cobalt source salt in the starting precursor.
according to the XRD results, the preferred orientation
of the deposited filme was changes from (002) to (100)
as the Co-content in the films increases. The bandgap
also shows random response to the Co-content. The ESR
analysis confirmed the presence of Co ions in the CoArab J. Nucl. Sci. Appl., Vol. 55, 3, (2022)

3360
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3400

3420

3440

3460

3480

3500

H, Magnetic Field in (G)

Fig. (12): ESR signal for 10% Co doped ZnO
samples before and after irradiated with
1KGy and 3KGy doses.

doped ZnO samples. The obtained ESR broad signal is
strongly dependent on the increase of both Co
concentrations and gamma-ray dose.
Co-doped ZnO thin films may be a good candidate
for suitable application in various optoelectronic devices
such as the manufacture of solar cells. Also, it is
observed that pure ZnO shows a week ferromagnetic
nature whereas Co-doped thin films exhibit good
ferromagnetic properties, which is used in the field of
spintronic applications.
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