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Synthesized by New
Arrangement of Concentric

Targets in DC Reactive
Magnetron Sputtering

Nickel ferrite (NiFe,0,) nanostructures were synthesized by co-sputtering of Ni and
Fe targets in presence of oxygen. A dc plasma sputtering system employing closed-
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field unbalanced magnetron at the anode was used for the preparation of these films.
The structural characteristics of the prepared films were determined and the results
showed that these films are polycrystalline, highly pure, with average particle size of
20-25nm and average surface roughness of 0.465nm. These nickel ferrite

nanostructures were prepared at low production cost, high reliability and reasonable

structural purity.
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1. Introduction

Due to its increasing uses in many new
applications, especially magnetic, magneto-optic
and gas sensors, synthesis and preparation of nickel
ferrite were the goals of many research works and
studies during the last two decades. Moreover, its
capability to host another metal within its molecular
structure, such as Zn, Cu, Co, Mn and Cu, has
encouraged researchers to find many other fields not
easily introduced with the original structure [1-3].
As well, capping the surface of nickel ferrite
structures with organic or organometallic agents
made them good candidates for ferrofluids,
magneto-optics, spintronics, biomedical applications
and anodes for batteries [4-8].

This compound was prepared as thin films or
powders by several different methods and
techniques. The most common ones are sol-gel
methods [9], the ball-milling technique [10], co-
precipitation [11], electrospinning method [12], the
hydrothermal method [13], the reverse micelles
process [14], and the micro-emulsion method [15].

Nickel ferrite nanostructures exhibit featured
magnetic properties compared to the larger scale
structures [16-18]. Therefore, the interest in
synthesizing these nanostructures has increased
drastically within the last decade to overcome some
technological problems in many modern industries
[19-21]. The importance of magnetic measurement
and testing applications will continue to rise
corresponding to technological trends such as
electric mobility, robotics, miniaturization and
automation technologies, as well as promising
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magnetic materials among which nickel ferrite is
one of the best [22,23].

In this work, a dc reactive magnetron sputtering
technique was used to prepare nickel ferrite
(NiFe,O,) nanostructures at low pressures with
employment of concentric Ni and Fe targets. The
structural ~ characteristics of the  prepared
nanostructures are studied.

2. Experiment

The dc plasma sputtering system used in this
work contains of a vacuum chamber, two discharge
electrodes, vacuum pumps and accessories, and
cooling and heating facilities. The chamber could be
evacuated down to 10” mbar by a rotary pump and
to 10° mbar by a diffusion pump. The base vacuum
was determined by the purpose of the discharge
process. Argon at maximum pressure of 0.8mbar
was used as the discharge gas and its pressure was
finely controlled by needle valve. More details on
the dc plasma sputtering system can be found in
references [24-26].

The inter-electrode distance could be -easily
varied from 0 to 10cm as the system was operated.
The cathode was cooled down to about 10°C to
prevent the secondary electron emission while the
anode could be heated by an underneath heater or
kept at room temperature. The two targets of highly
pure nickel (Ni, 0.9999) and iron (Fe, 0.999) were
mounted on the cathode with some geometrical
arrangement suitable for the work, as shown in Fig.
(1), while the glass substrate on which the films
were deposited was placed on the anode. All results
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presented in this work were obtained by using the
concentric arrangement of the Ni and Fe targets.

Fe

Fe

Fig. (1) The two geometrical arrangements of the two targets
used in this work

Highly-pure oxygen gas was flowing to the
chamber throughout needle valve to represent the
reactive gas required to form the compound of
nickel ferrite. The mixture of argon and oxygen
gases could be controlled by a gas mixing unit
before entering the chamber.

The film thickness was measured to be about
178nm for the sample prepared at 4 cm inter-
electrode distance, 0.58 mbar gas pressure, 40:60
Ar:0, mixing ratio, 1.8kV discharge voltage, 25mA
discharge current and deposition time of 4 hours.

The characterization and measurements included
x-ray diffraction (XRD), scanning electron
microscopy (SEM), atomic force microscopy
(AFM) and Fourier-transform infrared (FTIR)
spectroscopy.

3. Results and Discussion
In the FTIR transmission spectrum of the
prepared nanostructured NiFe,O, thin film in Fig.
(2a), two distinct peaks are observed around 430 and
590 cm™. They are attributed to the octahedral metal
stretching vibration (Ni-O) and the tetrahedral metal

intrinsic stretching vibration (Fe-O), respectively.
Other peaks observed in the range 2800-3600 cm'
are assigned to the stretching modes of the free or
adsorbed water. Figure (2b) shows the transmission
spectrum in the spectral range of 200-1000nm. It
appears totally transparent in the range of 200-
343nm while this transmittance gradually decreases
to reach its minimum at 406nm before increasing
again to keep approximately constant value (88-
89%) beyond 600m. In general, this film can be
considered as optically transparent.
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Fig. (2) The transmission FTIR (a) and UV-visible (b) spectra
of the prepared sample

Figure (3) shows the XRD patterns of the
prepared sample and six peaks can be apparently
observed at 30.17, 35.53, 43.22, 53.70, 57.16 and
62.60°, which correspond to crystal planes of (220),
(311), (400), (422), (511) and (440), respectively.
These planes are characteristic for NiFe,O, structure
and since no other peaks are observed, this may
highlight that the prepared sample is highly pure.
The XRD pattern confirms the formation of spinel
cubic structure of NiFe,O,.

Figure (4) shows the SEM image of the prepared
sample and the minimum particle size is 20-25nm
and the homogeneity over the tested area is
reasonably accepted. Figure (5) shows the
morphology of the prepared sample determined by
the AFM. The average roughness of the surface is
about 0.465nm. The homogeneity of the prepared
surfaces is clearly observed, which encourages using
these nanostructures in some applications requiring
high and homogeneous surfaces at the nanoscale,
such as magnetic, magneto-optic and gas sensing.
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Fig. (3) The XRD pattern of the prepared sample
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Fig. (4) The SEM image of the prepared sample
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Fig. (5) The AFM image of the prepared sample
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4. Conclusion

According to the obtained results, polycrystalline
nickel ferrite (NiFe,O4) nanostructures can be
prepared by a low-pressure dc magnetron sputtering
technique using a special arrangement of concentric
targets to be sputtered. The structural
characterizations of the prepared nanostructures
showed that they have high structural purity,
minimum particle size of 20-25nm, and average
surface roughness of 0.465nm. The preparation of
these nanostructures by the employed technique is
reasonably described as low cost and high reliability
process.

Acknowledgment

Authors would like to thank Dr. Oday Hammadi
and Mr. Ahmed Anber for their assistance and
support during the experimental part of this work.

References

[11 J.L. Gunjakar, A.M. More, K.V. Gurav and
C.D. Lokhande, “Chemical synthesis of spinel
nickel ferrite (NiFe,O4) nano-sheets”, Appl.
Surf. Sci., 254(18) (2008) 5844-5848.

[2] A. Baykal, N. Kasapoglu, Y. Koseoglu, M.
Toprak and H. Bayrakdar, “CTAB-assisted
hydrothermal synthesis of NiFe,O, and its
magnetic characterization”, J. Alloys Compd.,
464(1-2) (2008) 514-518.

[3] F.S. Tehrani, V. Daadmehr, A.T. Rezakhani,
R.H. Akbarnejad and S.  Gholipour,
“Structural, magnetic, and optical properties of
zinc- and copper- substituted nickel ferrite
nanocrystals”, J. Supercond. Nov. Magn.,
25(7) (2012) 2443-2455.

[4] G. Dixit, J.P. Singh, R.C. Srivastava, H.M.
Agrawal and R.J. Chaudhary, “Structural,
magnetic and optical studies of nickel ferrite
thin films”, Adv. Mat. Lett., 3(1) (2012) 21-28.

[5] A. Alarifiy N.M. Deraz and S. Shaban,
“Structural, morphological and magnetic
properties of NiFe,O, nano-particles”, J.
Alloys Compd., 486(1-2) (2009) 501-506.

[6] S. Prasad and N.S. Gajbhiye, “Magnetic
studies of nanosized nickel ferrite particles
synthesized by the citrate precursor technique”,
J. Alloys Compd., 265(1-2) (1998) 87-92.

[7] H. R. Dehghanpour, “Physical and Chemical
Properties of NiFe,O, Nanoparticles Prepared
by Combustion and Ultrasonic Bath Methods”,
Russian J. Appl. Chem., 89(1) (2016) 80-83.

[8] LA. Abdel-Latif, “Fabrication of Nano-Size
Nickel Ferrites for Gas Sensors Applications”,
J. Phys., 1(2) (2012) 50-53.

[9] Y. Shi, J. Ding, X. Liu and J. Wang, “NiFe,0,
ultrafine particles prepared by
coprecipitation/mechanical alloying”, J. Magn.
Magn. Mater., 205(2-3) (1999) 249-254.

[10] X. Tan, G. Li, Y. Zhao and C. Hu, “Effect of
Cu content on the structure of Ni; CuFe,O4

Printed in IRAQ 11



IJAP, vol. (12), no. (4), October-December 2016, pp. 9-12

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

12

spinels”, Mater. Res. Bull., 44 (2009) 2160-
2168.

K. Nejati and R. Zabihi, “Preparation and
magnetic properties of nano size nickel ferrite
particles using hydrothermal method”, Chem.
Centr. J., 6 (2012) 23-28.

M. Salavati-Niasari, F. Davar and T.
Mahmoudi, “A simple route to synthesize
nanocrystalline nickel ferrite (NiFe,O,) in the
presence of octanoic acid as a surfactant”,
Polyhedron, 28(8) (2009) 1455-1458.

K. Maaz, S. Karim, A. Mumtaz, S.K.
Hasanain, J. Liu and J.L. Duan, “Synthesis and
magnetic characterization of nickel ferrite
nanoparticles prepared by coprecipitation
route”, J. Magn. Magn. Mater., 321(12) (2009)
1838-1842.

H. Kavas, N. Kasapoglu, A. Baykal and Y.
Kaseoglu, “Characterization of NiFe,O4
nanoparticles synthesized by various methods”,
Chem. Papers., 63(4) (2009) 450-455.

H. Nathani, S. Gubbala and R.D.K. Misra,
“Magnetic behavior of nanocrystalline nickel
ferrite: Part I. The effect of surface roughness”,
Mater. Sci. Eng. B, 121(1-2) (2005) 126-136.
P. Sivakumar, R. Ramesh, A. Ramanand, S.
Ponnusamy and C. Muthamizhchelvan,
“Synthesis and characterization of NiFe,O4
nanoparticles and nanorods”, J. Alloys Comp.,
563 (2013) 6-11.

R.H. Kodama, A.E. Berkowitz, J.E.J. McNiff
and S. Foner, “Surface Spin Disorder in
NiFe,O, Nanoparticles”, Phys. Rev. Lett.,
77(2) (1996) 394-397.

H. Nathani and R.D.K. Misra, “Surface effects
on the magnetic behavior of nanocrystalline
nickel ferrites and nickel ferrite-polymer
nanocomposites”, Mater. Sci. Eng. B, 113(3)
(2004) 228-235.

A.B. Nawale, N.S. Kanhe, K.R. Patil, S.V.
Bhoraskar, V.L. Mathe and A.K. Das,
“Magnetic properties of thermal plasma

[20]

(21]

(23]

[24]

[25]

[26]

synthesized nanocrystalline nickel ferrite
(NiFe,0,)”, J. Alloys Compd., 509(12) (2011)
4404-4413.

A. Pradeep, P. Priyadharsini and G.
Chandrasekaran, “Production of single phase
nano size NiFe,0, particles using sol-gel auto
combustion route by optimizing the
preparation conditions”, Mater. Chem. Phys.,
112(2) (2008) 572-576.

Yu.A. Mirgorod, N.A. Borshch, V.M.
Fedosyuk and G.Yu. Yurkov, “Magnetic
Properties of Nickel Ferrite Nanoparticles
Prepared Using Flotation Extraction”, Inorg.
Mater., 49(1) (2013) 109-113.

Z. Shi, J. Zhang, D. Gao, Z. Zhu, Z. Yang, Z.
Zhang and D. Xue, “Magnetic resonance of the
NiFe,0,4 nanoparticles in the gigahertz range”,
Nanoscale Res. Lett., 8 (2013) 404-408.

O.A. Hammadi, “Photovoltaic Properties of
Thermally-Grown Selenium-Doped  Silicon
Photodiodes for Infrared Detection
Applications”, Photonic Sensors, 5(2) (2015)
152-158.

O.A. Hammadi, M.K. Khalaf, F.J. Kadhim and
B.T. Chiad, “Operation Characteristics of a
Closed-Field Unbalanced Dual-Magnetrons
Plasma Sputtering System”, Bulg. J. Phys.,
41(1) (2014) 24-33.

0.A. Hammadi, M.K. Khalaf and F.J. Kadhim,
“Fabrication of UV Photodetector from Nickel
Oxide Nanoparticles Deposited on Silicon
Substrate by Closed-Field Unbalanced Dual
Magnetron  Sputtering Techniques”, Opt.
Quant. Electron., 47(12) (2015) 3805-3813.
0O.A. Hammadi, M K. Khalaf and F.J. Kadhim,
“Fabrication and Characterization of UV
Photodetectors Based on Silicon Nitride
Nanostructures  Prepared by  Magnetron
Sputtering”, Proc. IMechE, Part N, J.
Nanomater., Nanoeng. and Nanosyst., 230(1)
(2016) 32-36, DOI:
10.1177/1740349915610600.

© Iraqi Society for Alternative and Renewable Energy Sources and Techniques (I.S.A.R.E.S.T.)



