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Abstract: Nickel-zinc ferrite (NZF) thin films grown on
single-crystal silicon and glass substrates were produced
using RF magnetron sputtering. XRD, FE-SEM, AFM, UV-
vis, and VSM tests were performed to determine the phase
composition and surface topography, along with the optical
and magnetic properties of the NZF ferrite thin films. All
samples had a spinel structure. Optical investigations using
UV-visible spectroscopy showed that light transmittance in
the visible range increased with increasing annealing
temperature. Also, FE-SEM images showed an increasing
trend in grain size (from 32 to 42 nm) with increasing
annealing temperature and a decrease in surface roughness,
both of which can affect the optical properties of the films.
These structural changes were consistent with the optical
behavior of the films and were effective in reducing light
scattering and improving transparency. Magnetic evaluation
of the NZF/Si thin films showed an increase in Ms values
from 42 to 59 emu/g with increasing annealing temperature,
from 700 to 900 °C. These results indicate that by optimizing
the annealing temperature, NZF films not only improve their
soft magnetic properties but also develop suitable optical
characteristics, facilitating their application in magneto-
optical devices and high-frequency technologies.
Keywords: Nickel-zinc ferrite, Magnetron
Microstructure, Optical properties, Thin film

sputtering,

1- Introduction

Nickel-zinc ferrite (NZF) has long attracted significant
research interest as a soft magnetic material characterized
by high electrical resistivity, suitable saturation
magnetization, low coercivity, and excellent chemical
stability. Particularly in thin film form, NZF enables the
integration of magnetic and optical functionalities into
microelectronic chips [1]. In recent years, the growing
trend toward miniaturization and integration of electronic
devices has intensified efforts to develop ferrite thin films,
as they not only exhibit process compatibility with the

semiconductor industry but also demonstrate promising
optical properties in the ultraviolet and visible spectral
ranges [2]. RF magnetron sputtering stands out as an ideal
method for fabricating high-quality ferrite thin films with
uniformity, density, and controlled stoichiometry,
attributes essential for achieving desirable optical
performance [3]. The optimal selection of post-deposition
annealing temperature and atmosphere critically
influences not only the crystalline phase and grain size but
also directly affects key optical parameters such as
direct/indirect bandgap energy, light absorption, and
transmittance spectra. Despite recent advancements, a
comprehensive and systematic understanding of the
interrelationship among thermal processing conditions,
resultant microstructural evolution (including grain size,
crystallographic orientation, and defect density), and the
consequent modifications in the optical response of
nickel-zinc ferrite thin films remain incomplete [4]. This
research gap underscores the necessity for concurrent
investigations of structural, magnetic, and particularly
optical properties of these films under varying annealing
conditions. In the present study, in addition to extending
the annealing temperature range for NZF films deposited
on Si substrates, the optical properties of NZF films on
glass substrates annealed at 200 and 250 °C are also
investigated [5]. The findings of this work are expected to
provide deeper insights into the structure property
relationships in ferrite thin films and facilitate the
optimized design of high-frequency and photonic devices
based on these materials.

2- Materials and Methods

The sputtering target used in the magnetron sputtering
process was fabricated via a standard ceramic processing
route from iron, nickel, and zinc oxide precursors [6].
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Fig 1. Sequence of fabrication steps, including raw materials, shaping, and

sintering of the NZF ferrite target employed
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Fig 2. XRD of NZF/Si thin films after annealing at 700 to 1000 °C

The composition ratios and fabrication steps are illustrated
in Fig. 1. Thin films of NiosZno sFe>O4 were deposited under
identical deposition conditions onto two types of substrates:
single-crystal silicon wafers with (111) orientation, and
glass slides measuring 0.5 cm x 0.5 cm, to investigate their
optical properties. Deposition was carried out using radio-
frequency magnetron sputtering in a gaseous atmosphere
composed of argon and oxygen.

3- Results and Discussion

Fig. 2 presents the XRD patterns of NZF thin films annealed
at temperatures ranging from 700 to 1000 °C. All annealed
samples exhibit a crystalline spinel structure. This structural
consistency confirms the formation of a uniform crystalline
phase, which is a prerequisite for predictable and
reproducible optical behavior. Notably, none of the samples
exhibit any preferred crystallographic orientation. This
structural feature holds particular significance from an
optical standpoint.

Fig. 3 shows a cross-sectional FE-SEM image of the
NZF/Si thin films. The cross-sectional view reveals a film
thickness of approximately 195 nm, which is further
corroborated by profilometry measurements. This accuracy
in thickness determination is crucial for the quantitative
analysis of optical data, such as the calculation of the
absorption coefficient and optical bandgap. The NZF thin
films exhibit a dense, crack-free microstructure composed

of spherical grains with a relatively uniform distribution.
This morphological homogeneity plays a key role in
minimizing light scattering at grain boundaries, thereby
enhancing spectral transparency and enabling a more
predictable optical response. EDS spectra acquired from
representative regions, including both central and peripheral
areas of the NZF/Si thin film surface, are presented in Fig.
3.

Fig. 4, shows the plot of (chv)? as a function of photon
energy (hv) for the sample annealed at 250 °C [7]. The
observed reduction in optical bandgap with increasing
annealing temperature can be attributed to grain growth and
the consequent weakening of surface-related quantum
confinement effects. As the annealing temperature rises,
grain size increases, thereby diminishing quantum
confinement effects at grain boundaries a phenomenon
typically associated with a narrowing of the bandgap.
Increasing the annealing temperature from 700 °C to
900 °C led to a significant enhancement in Ms and a
concurrent reduction in Hc for the NZF/Si (111) thin film
samples. This behavior is attributed to improved
crystallinity combined with grain growth. These factors
enhance the net magnetic spin moment, thereby increasing
Mes.
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Fig 3. Cross-sectional FE-SEM image and EDS of the NZF/Si film
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Fig 5. Variation of MS and HC of NZF/Si thin films

4-  Conclusion

NZF thin films were successfully deposited via RF
magnetron sputtering without substrate heating onto single-
crystal Si and glass substrates. Post-deposition annealing
was carried out in an oxygen atmosphere: NZF/Si films
were annealed at 700 to 1000 °C, while NZF/glass films
were annealed at 200 and 250 °C. XRD results confirmed
the formation of a pure spinel phase. The film thickness was
determined to be approximately 195 nm using cross-
sectional imaging by FE-SEM. UV-Vis spectroscopy
analysis revealed that light absorption in the visible and
ultraviolet regions significantly increased with higher
annealing temperatures. This behavior is accompanied by a
reduction in the optical bandgap (Eg) from 1.3 eV for the
sample annealed at 200 °C to 0.9 eV for the sample annealed
at 250 °C. Although magnetic properties also exhibited a
favorable trend namely, increased Ms and reduced Hc field
with improved microstructure, the optical findings of this
study clearly highlight that the annealing temperature is a
key parameter governing both structural and optical
characteristics of NZF thin films simultaneously. These
results pave the way for the rational design of ferrite based
thin films with tunable optical properties, enabling their
potential application in future magneto-optical devices,
high-frequency optical filters, and integrated photonic
systems.
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Investigation of the Effect of Annealing Temperature on the Optical Properties and Microstructure of
Nickel-Zinc Ferrite Thin Films Grown by Magnetron Sputtering

Mohsen Abdollahi Mohammad Hossein Shams Mohammad Hossein Hosseini

Abstract Nickel-zinc ferrite (NZF) thin films grown on single-crystal silicon and glass substrates were produced using
RF magnetron sputtering. XRD, FE-SEM, AFM, UV-vis, and VSM tests were performed to determine the phase
composition and surface topography, along with the optical and magnetic properties of the NZF ferrite thin films. All
samples had a spinel structure, and the average crystallite sizes, which showed growth with increasing annealing
temperature, ranged from 19-31 nm. Optical investigations using UV-visible spectroscopy showed that light
transmittance in the visible range increased with increasing annealing temperature. Also, FE-SEM and AFM images
showed an increasing trend in grain size (from 32 to 42nm) with increasing annealing temperature and a decrease in
surface roughness, both of which can affect the optical properties of the films. These structural changes were consistent
with the optical behavior of the films and were effective in reducing light scattering and improving transparency. Atomic
force microscopy evaluation of the annealed thin films, according to profilometry tests, showed a deposition height of
198 nm, confirming the FE-SEM data. Magnetic evaluation of the NZF/Si thin films showed an increase in Mg values
from 42 to 59 emu/g and a decrease in Hc values from 98 to 50 Oe with increasing annealing temperature, from 700 to
900 °C. These results indicate that by optimizing the annealing temperature, NZF films not only improve their soft
magnetic properties but also acquire suitable optical characteristics, facilitating their application in magneto-optical
devices and high-frequency technologies.

Keywords Nickel-zinc ferrite, Thin film, Magnetron sputtering, Microstructure, Optical properties.
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