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Abstract - The paper focuses on the spin coating method of NigsCuo.15Zno.3Fe2.0504 thinfilm on Si (100) substrate using
deposition and characterisation processes. The films are characterised using XRD, FTIR, FESEM, and EDS techniques. The
electrical properties are also investigated. When the temperature is changed from 500 to 800°C, the crystallite dimension
changes in the range of 12 nm to 25 nm. The values of ferrite tetrahedral sites (599cm-1) and octahedral sites (500cm-1)
were validated by FTIR findings. The sample's nanocrystalline composition was revealed via Scanning Electron Microscopy
(SEM). The Primary structure of the sample was decided using Energy Dispersive Spectroscopy (EDS). The sol-gel process
is the most straightforward way for depositing NZCF films for improved VOC detection outcomes.
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1. Introduction

Gas sensors play a vital role in various applications like
monitoring of the environment, industrial fabrication, safety
in the domestic field, and surveillance in public security,
which are the points of core reflections for combustible
gases and NOy emissions. The creation of solid-state gas
sensors having requires global capability and high
performance. Bulk ceramic thick films and thin film oxides
have been intensely researched during the past ten years as
sensor components for gas sensing [1-4].

In the last decade, it has been based on ferrites
excavated in the literature for their high-performance
characteristics, such as selectivity and sensitivity, which
perform way better than n-type semiconducting oxides. It
has been noted that materials having the formula MFe;04
(M = Cu, Cd, Zn, and Ni) are spinel-type oxide
semiconductors that are sensitive to reducing and oxidising
gases [5-8].

In spinel ferrites, conduction is processed with a
transfer of charge carriers at equitable cations detected at
octahedral sites. A peculiar benefit of spinel-type ferrites is
regulating conductivity and resistance by altering cation
composition. In NZC, ferrite fabrication control and
composition uniformity are essential for thinfilm deposition

[9].

The chemical composition of NZC ferrite thin films alters
in response to temperature variations, which leads to non-
uniformity in the film composition and magnetic hysteresis
parameters. The temperature synthesis of NZC ferrites,
when it undergoes a high temperature, yields the
vaporisation of primary constituents like non-stoichiometric

zinc volatilisation, resulting in Fe?* ions reducing the
electrical sensitivity. Thus, a low-temperature synthesis is
essential for NZC ferrite thin film, which is commonly
prepared using sputtering and PLD techniques. The spin
coating method is proposed to ways the chemical
homogeneity low calcination temperature, preferably at a
lower price. Additionally, it gives the liquid film a benefit
that promotes thickness uniformity during the spin-off
process [10-16].

In this manuscript, the effect of temperature variations
is being studied and developed using the stoichiometric
compounds equation.

2. Experimental Details

To generate a NiZnCu ferrite thin film, a sol-gel
technique and spin-coating equipment are employed. The
precursor for the formation of the first salt is nickel nitrate
hexahydrate (Ni (NOs)..6H,0) (Sigma Aldrich, 99.999%),
ferric nitrate nanohydrate (Fe(NO3)39H,0) (Alfa Assar,
99.999%) and zinc hexahydrate (99.999%), Zn(NO3).6H,0)
(AlfaAssar, 99.999%). The four salts listed above persisted
in dematerialising in 2-methoxy ethanol to produce mixed
findings. Using 2-methoxy ethanol, the solution's
concentration was raised to 2 mol/L using 10 ml of the
sample. The sample F1 is prepared based on a stoichiometric
equation. The solution was agitated for 12 hours before
being aged at room temperature for 24 hours to generate the
stable precursor used in the subsequent step. The wet films
are then produced by spin-coating for 40 seconds at 3500
rpm on Si (100) substrates. The thin films are dehydrated at
120 degrees Celsius for about 5 minutes before being
sintered at 200 degrees Celsius for 40 minutes to pyrolyse
and remove the organic components. The spin coating,
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desiccating, and warming processes were recurred to reach
the appropriate film thickness. The as-deposited films were
then gradually cooled in the furnace after being annealed in
the air for 60 minutes at 600°C to 800°C. The above process
is repeated for annealing the films at different temperatures,
from 500-800°C of temperature for 60 minutes. [16-21]

Using SEM [22], the surface morphologies and
thickness of the films are characterised on Hitachi S-4800
equipped with an Energy-Dispersive Spectrometer (EDS), a
Rigaku D/Max-2400, the phases of the films were
characterised using X-ray Diffraction (XRD) with Cu K
radiation, while |-V characterisation was performed using
specifically built equipment. ABB Bommel FTLA2000
Fourier Transform FTIR equipment and KBr as a mulling
agent were used to detect compounds in the 400-4000 cm™
range.

3. Results and Discussion
3.1. XRD

The XRD patterns of Nigs5Zno3Cug.1sFe20504 (F1) thin
films annealed at various temperatures (500, 600, 700,
800°C for 60 min) are shown in Fig. 1. It is observed that
there are a few characteristic peaks of NZCF are present in
the XRD patterns. It exhibits the NiZnCu ferrites as the main
crystalline phases [23-25]. With increasing annealing
temperature, the number of precise similar peaks for cubic
spinel ferrite increases, as does the crystallinity of the ferrite
thin films. Tablel demonstrates that the lattice parameter
falls when the temperature rises from 5000C to 8000C.

Debye Scherrer formula indicates for calculating the
particle size of the sample:

_0.892
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@

According to equation 1 indicates that A=1.504A°, 2-
peak location, D-particle size, FWHM on (311) XRD peak
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Fig. 1 ThinFilm annealed at 500,600, 700, and 800°C for XRD
patterns
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Table 1. XRD Crystallite size and lattice parameters

Peak Lattice
Sample Position(20) FWHM Constant D(nm)
600°C 35.59 0.0055 8.359 12.79
700°C 35.649 0.0048 8.345 15.38
800°C 35.661 0.0030 8.343 25.14

Because of the variable grain growth generated by the
thermal energy of different annealing temperatures, the
determined particles are in the nano range (12nm to 25nm).
Table 1 shows that the samples' crystallite dimension and
lattice properties are conditioned and annealed.

As the annealing temperature increases, it results in the
rise of all medium crystal sample sizes from the above
analysis.

3.2. FTIR Investigation
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Fig. 2 FTIR spectra of NZC ferrite thinfilm

FTIR spectroscopy is a key instrument for determining
ferrite nanoparticle compounds' stretching and bending
vibrations. In spinel-type ferrite materials, IR absorption
bands have been found [26-29]. Figure 2 illustrates the range
of 500-599cm™*. FTIR spectrum of NZC ferrite thin film The
absorption spectra confirmed the phase change of the cubic
spinel structure and revealed the exact positions of the
cations in the crystal structure, along with the oxygen ions
and their vibrational states [30].

The structural location and physical properties of ferrite
nanoparticles are represented by these IR absorption bands.
Based on the nearest neighbor oxygen ions in the geometric
arrangement, the metal cations of the ferrite nanoparticles
are divided into two sublattices: tetrahedral (A sites) and
octahedral (B sites).

Table 2. Variations in temperatures for tetrahedral sites and
octahedral sites

Sample Absorption bands (cm™%)
Lt Vo
800°C 599 500
700°C 595 499
600°C 508 465
500°C 500 475
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The FTIR results demonstrate that the tetrahedral and
octahedral sites of the NZC ferrite compound are well-
matched with the reported literature [23].

3.3. FESEM
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Fig. 3(a-d) Indicates cross-sectional view and crystallite size
for thin films

3.4. Energy-Dispersive X-ray Spectrometer

Energy Dispersive Spectroscopy (EDS) is usually used
to examine qualitative materials, although it also gives semi-
quantitative data. SEM instrumentation is typically paired
with an EDS device to enable chemical investigation of
features identified in the SEM display. If spot analysis
becomes critical to predictable outcomes, simultaneous
SEM and EDS analysis can be advantageous in failure
situation analysis. Secondary and backscattered electrons
are employed in creating images for morphological studies,
and X-rays are used for revealing and quantifying
compounds present at distinguishable concentrations. The
sample surface conditions alter the threshold for detection
in EDS. The lower the detection limit, the smoother the
surface. Major and minor elements are identified by EDS
with concentrations higher than the wt% (primary) and
minor concentrations (concentrations between 1 and 10
wit%).

35
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Table 3. Elemental material specification

Element Weight% Atomic%
Fe K 61.19 63.50
Ni K 19.21 18.96
CuK 6.03 5.50
ZnK 13.58 12.04
Totals 100.00 100.00
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Table 4. Temperature variations for C-V characterisation

Temperature(°C) | Voltage(volts) | Current(mA) | Resistance(MQ)
2 3.10e* 260.276
3 2.99¢* 265.239
500°C 4 2.15e° 276.117
5 0.001719 290.866
6 0.002719 300.323
2 4.66e10 945.341
3 4.33¢° 561.414
600°C 4 3.35¢% 355.93
5 1.72¢7 318.70
6 6.22¢”7 105.78
2 2.02e10 2542.0
3 1.13e° 2654.8
700°C 4 1.03e° 3333.3
5 1.01e® 4166.6
6 0.9¢° 5454.5
2 8.45¢ 12 385.218
3 2.02e’ 1t 889.219
800°C 4 1.02¢1! 1110.11
5 0.02¢ 1250.10
6 0.00127 1299.00

The cross-sectional SEM image for the sample
recovered from the Si (100) substrate and NZC ferrite layer
using a sol-gel method is shown in Fig 3(a-d),4. The film
has a high packing density and a consistent thickness. To
enable chemical investigation of features identified in the
SEM display, SEM instrumentation is typically paired with
an EDS device. If spot analysis becomes critical to
predictable outcomes, simultaneous SEM and EDS analysis
can be advantageous in failure situation analysis. The
surface morphology of annealed NZCF films shows the
grain size. It was observed that the grain size was increased
from 89nm to 109nm when the temperature increased from
600 to 800°C, and there was no change in thickness
observed with annealing. Fig 4 and Table 3 confirm the
material peaks of NZCF films.

35.1-Vv

The sensing performance of the sensor is affected by
several operating temperatures and measures the sensor's
electrical conductance. The sensor obtains |-V
characteristics at 500°C to 800°C, which is listed in Table 4.

From the above table 3, it is evident that the material
behaves as a semiconductor compound when the annealing
temperature is between 600 and 700°C, which shows the gas
sensing property of the material.
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4. Conclusion

Nio.5CuUo.15ZN0.3Fe2.0504 thinfilm was fabricated on  Si
(100) substrate using the sol-gel method. The thin film's
XRD investigation shows that the sol-gel technique
effectively lowers the crystallisation temperature. FTIR
results confirm the absorption bands of the material.

It is observed from FESEM results that the grain size
increases from 12nm to 25nm when the annealing
temperature increases from 600 to 800°C. The resistance
change observed using I-V confirms the material's
semiconductor nature. The above results show that the NZC
ferrite thinfilm is highly suitable for gas sensing
applications.
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