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Abstract

Thin films of Cdo7Fe2304 were deposited by spray pyrolysis on glass, quartz, and n-type silicon
substrates, and the effect of annealing temperature on their structural, optical, and electrical
properties was investigated. XRD results confirm the formation of a spinel structure after
annealing, accompanied by improved crystallinity. Optical measurements reveal strong
absorption in the UV-visible range, with a band gap varying from 3.14 to 3.85 eV. FTIR analysis
confirms the presence of Cd-O and Fe-O bonds. Electrical characterization of the
Cdo.7Fe2304/n-Si heterostructure shows rectifying behavior, with the ideality factor decreasing
from 6 to 1 as temperature increases, indicating improved carrier transport. These results

demonstrate the potential of this material for electronic and optoelectronic applications.
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1. Introduction

Spinel-type ferrites, widely recognized as magnetic materials, have been the subject of numerous
studies. These studies have explored both their fundamental properties and their technological
applications, particularly their magnetic, electrical, and optical behavior. The general formula for
spinel ferrite is AFe>O4, where A (the tetrahedral site) is occupied by a divalent metal ion and B
(the octahedral site) is occupied by a trivalent metal ion. Their growing interest stems from their
tunable electrical resistivity and magnetic properties, particularly applications in high-frequency

devices [1].

Among these materials, cadmium ferrite (CdFe20O4) has attracted considerable attention due to its
superior electromagnetic properties, remarkable chemical stability, low coercivity, and moderate
saturation magnetization. These characteristics make it suitable for applications such as soft
magnets and low-loss materials at high frequencies [2]. It has been determined that CdFe>O4 has

a cubic crystal structure [3].

Various techniques for synthesizing spinel ferrite nanoparticles are described in the literature.
The most well-known techniques are solid-state reaction [4], the sol-gel process [5], and
combustion synthesis [6]. While bulk spinel ferrites have been extensively studied, increasing
attention has recently been devoted to their thin-film counterparts, due to the enhanced control
over their structural and functional properties. Advanced fabrication methods such as atomic
layer deposition [7], chemical vapor deposition (CVD) [8], and spray pyrolysis [9] have been

employed to ensure precise control over morphology and composition.

Recent developments in metal-oxide semiconductor heterojunctions have attracted considerable
interest, particularly due to their potential for next-generation electronic and optoelectronic
devices. Cadmium ferrite, characterized by a relatively narrow band gap and high chemical
stability, has emerged as a promising material for diode-related applications due to its
exceptional magnetic and electrical properties. When integrated with silicon substrates,
heterojunctions can exhibit rectifying behavior. This makes such structures suitable

photodetectors, sensors, and solar energy conversion systems [10-14].



Traditional methods for analyzing diode characteristics, such as current-voltage (I-V)
measurements, provide essential information about their electrical performance. In the present
work, Cdo7Fe2304 thin films were prepared using the spray pyrolysis method. The structural,
morphological, and optical characteristics of the fabricated films were systematically analyzed.
In addition, a Cdo7Fe>304/n-Si heterostructure was fabricated, and its electrical characteristics
were investigated. The -V, C-V, and conductance—frequency (G-w) characteristics were
analyzed, to evaluate the suitability of this heterostructure for applications in electronics and

optoelectronics.

2. Experimental details
2. 1. Synthesis

To use the spray pyrolysis technique, a stable, homogenous solution containing the chemical
components must be obtained. Consequently, the right solvents and precursors need to be
selected, Cadmium nitrate tetrahydrate (Cd (NOs3)2.4H20) and iron (III) nitrate nonahydrate (Fe
(NO3)3.9H20) were employed as starting materials. The amounts of the reactants are weighed
using an electronic balance in accordance with the stoichiometric ratios of the chemical equation

for the following reaction:

0.7 Cd (NO3)2. 4H20 + 2.3 Fe (NO3)3. 9H2 0 ———»  CdosFe2304+ gazt (1)

The synthesis protocol is presented in Fig. 1. In fact, we dissolved 0.3g Fe (NO3);:9H20 in 3 ml
dimethyl formamide (DMF) in one beaker (Al) and 0.3 g Cd (NOs3)2.4H>0 in 2 ml DMF in
another beaker (A2). The two solutions obtained were kept under magnetic stirring. After one
hour, the two solutions were mixed. A quantity of 10 ml of ethylene glycol was introduced into
the solution and kept under stirring until complete dissolution. Finally, the solution was diluted
one more time with 10 ml ethylene glycol and left in the dark for 36 hours to check any
precipitation. A multi-step procedure that included treatment with trichloroethylene, acetone,
distilled water and ethanol for 15 min each was used to clean all substrates. The solution was
then sprayed onto preheated glass, quartz and n-type silicon substrates. the values of optimal

deposition parameters, including spray pressure and flow rate are regrouped in table 1. The



obtained layers were annealed at 600°C, 750 °C and 900 °C for 2h under ambient atmospheric.
After deposition, both the front and back contacts were coated using the thermal evaporation

process using silver to achieve ohmic contact. The structure is depicted in Fig. 2.

Cd (NO,), .4H,0

S5-BB-

Al Stirring 1h

.Solution

In darkness 36h

Muffle furnace

Fig. 1: Schematic representation of the Cdo 7Fe2304 thin films deposition process using spray

pyrolysis method.



Table 1: Optimized parameters of spray deposition of thin films

Cdo.7Fe2304
Solution flow rate 0.5 ml/min
Deposit time 10 min
Substrate temperature 350 °C
Volume of used solution 7 ml
Nitrogen pressure 0.5 bar

Ag top electrode

N-Si Cd;Fe, 50,

Ag back electrode

Fig. 2: The schematic of Cdo.7Fe2.304/N-Si structure.

2. 2. Characterizations

A Panalytic X'pert PRO X-ray diffractometer with radiation wavelength Acuxe = 1.5418 A was
used for structural investigation within a 28 range of 25° to 50°. Scanning electron microscopy
(SEM) using an energy dispersive X-ray (EDX) detector (Zeiss Auriga) was used to map surface
morphology and elemental composition. UV-Vis-NIR spectroscopy using a Schimadzu 3100
spectrophotometer and Fourier Transform Infrared Spectroscopy (FTIR) (BRUKER Alpha II)



were used to optical characterization of the samples. The electrical measurements were collected
using an Agilent 4294A analyzer for impedance spectroscopy of samples in the frequency range
of 40 Hz-110 MHz, as well as a Janis VPF800 cryostat to change the temperature from 120 to
500 K. This experiment used an alternating current signal with an amplitude of 0.05 V. The
current-voltage curves were obtained at temperatures ranging from 80 K to 500 K with a

Keithley 220 current generator and an Agilent 3400 voltmeter.

3. Results and discussion
3.1. Structural properties

Fig.3 presents the X-ray diffraction (XRD) patterns of Cdo.7Fe2304 ferrite thin films before and
after annealing at different temperature. No diffraction peaks are observed in the as-deposited
film, indicating its amorphous nature. After annealing, distinct diffraction peaks appear, with the
most intense peak located at 20 = 34.71°, 34.63° and 33.31° for thin films annealed at 600 °C,
750 °C and 900 °C, respectively, corresponding to the (311) plane. This peak is attributed to the

characteristic reflection of spinelle ferrites [15].

All diffraction peaks were indexed according to the JCPDS card no. 22-1063, confirming the
formation of a cubic spinel structure with space group Fd3m [16]. The peak intensity increases
and its width decreases with increasing annealing temperature. This trend indicates a significant
improvement in crystallinity. Moreover, weak traces of characteristic peaks are detectable in the
as-deposited film. This suggests that crystallization begins during the deposition step. These
results demonstrate that spinel ferrite thin films can be successfully obtained by spray pyrolysis

under appropriate preparation and annealing conditions.

The average crystallite size (D) was estimated using the Debye-Scherrer formula [17] applied to

the most intense peak (311). The equation for crystallite size estimation is given by:

p = _k @

- P cos 6

where A is the wavelength of Cu ka radiation (1.5406 A), 0 is the Bragg angle, f3 is the full-width

at half maximum (FWHM) and k is a dimensionless form factor with a value of approximately



0.9. The average crystallite size is approximately 14 nm at 600 °C, increasing to 25 nm at 750 °C
and 32 nm at 900 °C. This increase confirms grain growth and improved crystallinity with

increasing annealing temperature.

Fig. 3: XRD patterns of Cdo.7Fe2304thin films calcined at 600°C, 750°C and 900°C.

3. 2. EDX and SEM analysis

Energy-dispersive X-ray (EDX) spectroscopy was used to determine the elemental composition
of Cdo7Fe2304 thin films. Fig. 4a shows the EDX spectrum of the as-deposited film. The
spectrum confirms the presence of Cd, Fe, and O, each associated with characteristic X-ray
peaks, indicating the formation of the expected compound. Elemental mapping of the
Cdo.7Fe2304 film was performed using SEM coupled with EDX, as shown in Fig. 4b—d. This
analysis reveals a homogeneous distribution of all elements throughout the cadmium ferrite film.

Each element is represented by a distinct color in the maps: iron (yellow), cadmium (green), and



oxygen (red) (Fig. 4b—d). These results confirm that the spray pyrolysis process enables the

deposition of homogeneous ferrite thin films without detectable contamination.

Fig. 4: a) EDX spectrum showing the presence of different element without any supplemental
impurities. Elemental b, ¢ and d mapping images illustrating O (red dots) Fe (yellow dots) and
Cd (green dots).

Fig. S depicts cross-sectional view of Cdo.7Fe» 304 films without annealing obtained with SEM. It
can be observed that the deposited layer is compact and adheres to the substrate. The film

thickness is approximately 1.6 um.



Fig. 5: cross-sectional view SEM micrographs for Cdo 7Fe>304 thin films.

The structure and morphology of the Cdo.7Fe>304film were visualized using SEM. The obtained
image is shown in Fig. 6a. The photo indicates that the layer is thoroughly homogenous and
compact. The average grain size estimated from the SEM picture is around 0.7 um (Fig. 6b).
these results are very encouraging. They evidence that it is possible to obtain a pure,
homogenous, compact and crystallized thin film of Cdo7Fe2304 with a low-cost, and flexible

technique.

10



Fig. 6: a) SEM image and b) grain size distribution plot.
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3. 3. Optical analysis
3. 3. 1. FTIR analysis

Bulk cadmium ferrite is classified as a typical spinel ferrite based on the distribution of iron and
cadmium ions between tetrahedral (A) and octahedral (B) sites [18,19]. Fourier transform
infrared (FTIR) spectroscopy was performed to identify the characteristic metal-oxygen bonds in
the prepared thin films. The resulting spectra are shown in Fig. 7, where the inset corresponds to
an enlarged view of the as-deposited film. Similar spectral features have been reported in
previous studies [20-22]. Fig. 7 also shows the FTIR spectrum of the quartz substrate for
comparison. A clear difference is observed between the spectrum of the bare quartz substrate and
that of the ferrite-coated sample. The spectrum of pure quartz is dominated by a broad absorption
band in the range 500-2000 cm™'. In contrast, the coated samples exhibit additional absorption
bands that are absent in the bare quartz spectrum, indicating the formation of new chemical
bonds associated with the deposited material. Three prominent peaks at 931, 812, and 579 cm™!
are attributed to metal-oxygen vibrations corresponding to Cd-O and Fe-O bonds [23]. The bands
at 1617 and 1344 cm ™! are assigned to Cd-O-Fe linkages, confirming the formation of the ferrite
structure [24]. These results provide further evidence for the successful deposition of the desired
ferrite layer. As the annealing temperature increases, both the intensity and position of certain
peaks change significantly. These variations are attributed to structural modifications within the

films, including densification and defect reduction...
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Fig. 7: FTIR spectrum of the quartz substrate and the layer at different annealing temperatures.

3. 3. 2. UV-Visible-NIR analysis

Fig. 8a shows the transmittance spectra of the Cdo.7Fe»304 thin films before and after annealing
over the wavelength range 200 - 3100 nm. The films exhibit strong absorption in the UV-visible
region, indicating their suitability for energy conversion applications [25,26]. In addition, a clear
dependence of the transmittance on annealing temperature is observed, which can be attributed to
changes in surface morphology, crystallite size, and structural disorder that influence light
scattering [27]. The increase in transmittance with annealing is associated with improved surface
smoothness and reduced defect density. The decrease observed at 900 °C may be attributed to
film densification, which enhances light absorption. The bandgap energy was determined using

the Tauc relation for allowed direct transitions (Fig. 8b) [28]:
(adh9)* = C (h9 — E,) A3)

where h¥ is the photon energy, E, is the bandgap energy, C is a non-frequency dependent

constant, and « is the absorption coefficient. The absorption coefficient was calculated using

1 1
((X = Eln;)
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The obtained bandgap values range between 2.13 and 2.91 eV. Cdo;Fe>304 thin films exhibit a
systematic increase in optical band gap with increasing annealing temperature, which correlates
with the improvement in crystallinity evidenced by the reduction in XRD peak width and
increase in peak intensity. This correlation indicates that the optical evolution is primarily
governed by structural relaxation rather than phase transformation, since no secondary phases are
detected in XRD patterns. This behavior is typical of spinel oxides, where electronic properties
are strongly influenced by cationic disorder and defect density. Thus, the observed bandgap
increase can be considered intrinsic to the Cdo7Fe2304 spinel phase, in agreement with models
describing non-stoichiometric ferrites. At low deposition temperatures, the films exhibit high
structural disorder and contain a high density of point defects, including oxygen vacancies
(V_O), Fe?*/Fe** centers and cation distribution disorder between tetrahedral and octahedral
sites. These defects introduce localized electronic states within the band gap, leading to
significant sub-gap absorption. This results in an apparent narrowing of the optical band gap, as
widely observed in disordered transition metal oxides [29]. The increase in band gap with
annealing can be attributed to several mechanisms: (i) reduction of oxygen vacancies due to
reoxidation, (i1) stabilization of Fe** ions, which reduces polaronic transitions, and (iii) improved
cation ordering within the spinel lattice. These effects decrease defect-related states and enhance
band edge definition. At an annealing temperature of 900 °C, the band gap decreases to
approximately 2.13 eV, which is consistent with reported values in the literature [30], suggesting

the stabilization of a modified or secondary phase.
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Fig. 8: a) Transmittance measurements for Cdo.7Fe> 304 before and after treatment, b) Tauc-plot.
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3.4. Electrical results
3. 4. 1. Conductance study

Fig. 9 shows the frequency dependence of the conductance of Cdo7Fe2 304 thin films deposited
on an indium tin oxide (ITO) substrate at room temperature. The conductance is approximately
5.102 S at low frequency and decreases with increasing frequency, indicating that the conduction

mechanism is not purely metallic.

The frequency-dependent conductance may be described using the Drude model [31]:

__Go
(1+w?7?)

Gw) = 4)
where T is the characteristic relaxation time. The estimated value of T is on the order of 107 s.
This value is significantly higher than typical electron scattering times predicted by the classical
Drude model. It reflects a dielectric relaxation process governed by hopping conduction between
Fe?*/Fe’* ions and Maxwell-Wagner interfacial polarization at grain boundaries. Such long
relaxation times are characteristic of polycrystalline spinel ferrites, where charge carriers are
strongly localized and transport is dominated by thermally activated hopping and interfacial

barrier effects rather than free-electron conduction [32,33].

Fig. 9: Variation of conductance with frequency at 300 K for Cdo.7Fe> 304 deposited on ITO
substrate.
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Fig. 10 shows the conductance spectra of the Ag/Cdo.7Fe>304/N-Si/Ag heterostructure measured
over the temperatures range 120-500 K. The spectra exhibit two dispersion regions and two

frequency-independent regions, indicating multiple conduction mechanism.

Based on the results presented in Fig. 9, the ferrite layer behaves as a highly conductive material.
Furthermore, considering the deposition conditions, the formation of a thin SiO: layer at the
ferrite/silicon interface is unavoidable. Therefore, the device can be modeled as a heavily doped

semiconductor/insulator/semiconductor (S/I/S) structure, namely Cdo.7Fe2304/Si02/N-Si.

The observed frequency-dependent conductance arises from several contributions: (i) interface
states at the Si/SiO2 boundary, (ii) series resistance associated with the ferrite and silicon layers,
(i11) interface states at the SiO»/ferrite junction, and (iv) relaxation phenomena within the ferrite

layer, such as charge trapping—detrapping and interfacial polarization processes [34].

Fig. 10: Conductance variation with frequency at various temperatures for Ag/Cdo.7Fe>304/N-
Si/Ag heterostructure.

Cadmium ferrite (CdFe2O4) is a spinel oxide semiconductor whose electrical properties are

strongly governed by cation distribution, defect chemistry, and synthesis conditions. Density

17



functional theory (DFT) studies indicate that CdFe>Os4 exhibits a relatively narrow band gap with
semiconductor behavior [35] . However, as in most spinel ferrites, the dominant carrier type is
not intrinsic but controlled by defects. In spinel ferrites (MFe>O4), electrical transport is
generally dominated by small polaron hopping between Fe?* and Fe®* ions. The type and
concentration of charge carriers depend sensitively on intrinsic defects such as cation vacancies,
anti-site defects, and oxygen vacancies. First-principles studies have demonstrated that growth
conditions strongly influence the conduction type: oxygen-rich (metal-poor) environments favor
the formation of cation vacancies acting as shallow acceptors, leading to p-type conductivity,
whereas oxygen-deficient or metal-rich conditions promote oxygen vacancies, which act as
donors and result in n-type behavior [36]. More generally, it is well established that synthesis
parameters—including thermal treatment, atmosphere, and precursor chemistry—play a key role
in determining the electrical properties of spinel ferrites [37]. In particular, wet-chemical
methods such as sol-gel or co-precipitation often lead to non-equilibrium defect populations,
including cation deficiency and excess iron. In this context, non-stoichiometric compositions
such as CdosFe2304 (Fe-rich ferrite) are expected to deviate significantly from the ideal spinel
structure. The excess iron content may induce (i) Cd*" vacancies acting as acceptors, (ii) an
increased Fe*" concentration enhancing hole hopping pathways, and (iii) redistribution of cations
between tetrahedral and octahedral sites. Such defect configurations are consistent with those
observed in other Fe-rich spinel systems, where acceptor-type defects promote hole conduction.
Experimental evidence from related materials supports this interpretation. For example, p-type
conductivity has been reported in spinel ferrites such as GeFe,Os, where holes are identified as
the majority carriers, as well as in non-stoichiometric ferrite thin films with cation excess [38].
Therefore, although stoichiometric CdFe;O4 is not systematically classified as p-type, the
combined effects of (i) Fe-rich non-stoichiometry (Cd deficiency), (ii) oxidizing growth
conditions, and (iii) defect-induced acceptor states strongly suggest that Cdo7Fe2304 exhibits
predominantly p-type semiconducting behavior, governed by hole hopping between Fe**/Fe**
states. This hypothesis is consistent with the general defect physics of spinel ferrites and will be
further supported by the rectifying behavior observed in the current-voltage characteristics
discussed in the next section. Accordingly, the conductance spectrum at 340 K (Fig. 11) can be

interpreted within the framework of a p—i—n-type heterostructure.
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Fig. 11: Analysis of the different branches of the conductance spectrum of Cdo7Fe2304/S10/Si-
n structure (recorded at 340K).

The low-frequency plateau (approximately 10> Hz — 10° Hz), characterized by low and nearly
constant conductance, can be attributed to slow interface states at the SiO»/Si interface. These
states are associated with deep trap levels possessing long relaxation times, allowing them to

follow the low-frequency AC signal.

As the frequency exceeds 10 Hz, these interface states become increasingly unable to respond to
the alternating signal, leading to an increase in conductance. Around 10* Hz, a second quasi-
stable plateau with higher conductance is observed. This behavior is attributed to the saturation
of fast interface states and is commonly reported in admittance spectroscopy of
Metal/Insulator/Semiconductor (MIS) and p*—i—n structures. A second dispersion zone appears
around 10° Hz. This feature can be explained by interfacial polarization effects, particularly
charge accumulation at the interfaces of the heterogeneous structure. In such systems, the

coexistence of conductive and insulating layers gives rise to Maxwell-Wagner polarization.

19



The contribution of electronic hopping conduction between Fe** and Fe*" ions in the ferrite layer
can be excluded, as no similar dispersion behavior is observed in the conductance spectrum of

the ferrite alone (Fig. 9).

3. 4. 2. Characteristic current-voltage (I (V))

Fig. 12 presents the current-voltage (I-V) characteristics of the Cdo7Fe>304/Si02/Si: N structure
measured at different temperatures. The I-V curves exhibit clear rectifying behavior,
characteristic of a p*—n heterojunction incorporating an insulating interfacial layer. The strong
temperature dependence of the current indicates that charge transport is primarily governed by
thermally assisted mechanisms, such as thermionic emission over the potential barrier, combined
with trap-assisted tunneling through the SiO; layer and interface states. Furthermore, the
deviation from ideal diode behavior, including the absence of a well-defined reverse saturation
current, suggests the presence of barrier inhomogeneities and a high density of interface states.
Such features are typical of ferrite-based p*—i—n structures, where interfacial effects and defect

states play a dominant role in charge transport.

Fig. 12: I-V-T characteristic of the Cdo.7Fe2.304/S102/Si: N heterostructure.
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The current—voltage characteristics were modeled using MATLAB software based on the

Shockley diode equation [39]:

1= I, [exp (12D (Vk:T”) 1 5)

where kg is the Boltzmann constant, T is the absolute temperature, n is the ideality factor, Rs is
the series resistance, I; is the saturation current, q is the elementary charge, and V is the applied
voltage. Fig. 13 compares the experimental I-V characteristics with the simulated curves at
different temperatures. A good agreement is observed over the entire voltage range, indicating
that the model accurately reproduces the electrical behavior of the heterostructure. These results
confirm that the modified Shockley equation, incorporating series resistance, provides an
appropriate framework for describing the transport mechanisms in the Cdo7Fe2304/SiO2/n-Si

device.
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Fig. 13: Theoretical and experimental I-V
measured at different temperatures.



The variation of the ideality factor as a function of temperature is presented in Figure 14. The
ideality factor decreases significantly with increasing temperature, from 6.65 at 80 K to 1.49 at
500 K. At low temperatures, the high values of the ideality factor indicate strong deviations from
ideal diode behavior. This can be attributed to non-ideal transport mechanisms such as tunneling
(field emission), as well as the presence of barrier inhomogeneities, interface defects, and the
influence of series resistance [40]. As the temperature increases, charge carriers gain sufficient
thermal energy to overcome the potential barrier through thermionic emission. This transition
toward thermally activated transport reduces the contribution of tunneling and interface-related
effects, leading to a decrease in the ideality factor [41]. At higher temperatures, the ideality
factor approaches values closer to unity, indicating a more ideal diode behavior dominated by

thermionic emission.

Fig. 14: Ideality factor (n) as a function of temperature.

Fig.15 shows the variation of the series resistance (Rs) as a function of temperature. The results
indicate a significant decrease in Rs with increasing temperature, from 411 Q at 80 K to 120 Q at

500 K. This behavior can be attributed to the increase in charge carrier energy at higher
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temperatures, which enhances carrier mobility and reduces resistive losses within the structure.
As a result, charge transport becomes more efficient, leading to a decrease in the overall series
resistance. Moreover, the series resistance is influenced by the combined contributions of the
ferrite layer, the interfacial SiO> layer, and the n-type silicon substrate. The temperature
dependence of Rs therefore reflects the improved conductivity of these layers and the reduction

of barrier effects at elevated temperatures.

Fig. 15: Series resistance (Rs) as a function of temperature.

The variation of the saturation current (Is) with temperature is presented in Fig. 16. The results
show that Is increases significantly from 2.11x1077 A at 80 K to 1.81x107> A at 500 K. This
increase can be attributed to the enhanced thermionic emission of charge carriers over the
potential barrier as temperature rises. At higher temperatures, carriers acquire sufficient thermal
energy to overcome the barrier more easily, leading to an increase in the saturation current.
Additionally, small fluctuations observed around 200 K may be associated with the contribution
of interface states, which can influence carrier transport through trapping and detrapping

mechanisms.
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Fig. 16: Saturation current intensity (Is) as a function of temperature.

3. 4. 3: Characteristic capacitance-voltage (C(V))

Fig. 17 shows the variation of the capacitance of the heterostructure as a function of bias voltage
at different temperatures and frequencies. The results indicate that the capacitance increases with
measurement frequency. This behavior can be attributed to the limited ability of charge carriers
and interface states to follow the applied AC signal at high frequencies. As a result, the
contribution of slow states is reduced, leading to a decrease in the effective depletion width and a
corresponding increase in capacitance. Moreover, the capacitance is found to increase with
temperature. This trend is associated with the thermal activation of charge carriers, which
enhances their contribution to polarization and charge accumulation within the structure. This
behavior is consistent with the temperature dependence observed in the conductance and
current—voltage characteristics. In the following, the C—V characteristic at 50 kHz and 300 K is

analyzed in detail, conditions under which the assumption of fully ionized centers is more valid.
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Fig. 17: Capacitance-voltage characteristic at different frequencies and temperatures.

Mott-Schottky analysis was performed to extract key semiconductor parameters from the C-V
measurements. Fig. 18 shows the variation of C? as a function of the applied voltage. The linear
behavior observed in this plot confirms the validity of the depletion approximation and indicates

a well-defined space charge region.

The relationship between capacitance and voltage is given by [42]:

1 2

= — V-V 6

= anosteed( d) (6)
where & is the semiconductor permittivity, £ is the vacuum permittivity, S is the junction area,
Nbp is the donor concentration, q the elementary charge, Vq is the built-in (diffusion) potential,

and V is the applied voltage.

From the slope of the linear region ( 7 ) , the donor concentration was estimated to be

NpSZegc80
on the order of 8.7.10!7 cm™. The intercept of the linear fit with the voltage axis yields a

diffusion potential V4 of approximately 0.7 V.
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These values are consistent with moderately doped semiconductor behavior and support the

electrical analysis of the heterostructure.

Fig. 18: Mott-Schottky plot (50 kHz) of our heterostructure at room temperature.

These values are typical of Si: N bulk material. This confirms that the ferrite layer is heavily

doped and the space charge area expansion with reverse polarization takes place in silicon.

4. Summary and final remarks

In this work, Cdo7Fe>304 thin films were successfully deposited by the spray pyrolysis
technique, demonstrating the reliability of this simple and cost-effective method for the
fabrication of functional oxide materials. A systematic investigation of the annealing temperature
revealed its critical role in enhancing the structural, morphological, and optical properties of the
films. X-ray diffraction confirmed the formation of a single-phase cubic spinel structure after
annealing, accompanied by a significant improvement in crystallinity and an increase in

crystallite size from 14 to 32 nm. SEM and EDX analyses evidenced homogeneous, dense films
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with compositions close to the target stoichiometry and free from detectable impurities. Optical
and FTIR measurements confirmed the formation of cadmium ferrite and revealed strong
absorption in the UV-visible region, with an optical band gap varying from 2.13 to 2.91 eV
depending on annealing conditions. The electrical behavior of the Cdo7Fe2304/n-Si
heterostructure, including the presence of an interfacial SiO: layer, was thoroughly analyzed. The
ferrite layer was identified as a heavily p-type semiconductor, leading to the formation of a p*™—i—
n-type junction. Conductance spectroscopy revealed multiple contributions arising from interface
states, series resistance, and interfacial polarization mechanisms. Current—voltage measurements
exhibited clear rectifying behavior with strong temperature dependence, well described by a
modified Shockley model including series resistance. The extracted parameters (ideality factor,
saturation current, and series resistance) are consistent with conduction mechanisms dominated
by thermionic emission and defect-assisted transport. Capacitance—voltage analysis confirmed
the junction behavior and enabled the extraction of key semiconductor parameters, including a
diffusion potential of approximately 0.7 V and a carrier concentration on the order of 1018 cm™,
indicating a heavily doped ferrite layer. Overall, this study demonstrates the feasibility of
fabricating ferrite/silicon heterojunctions with tunable properties suitable for electronic and
optoelectronic applications. Future work should focus on controlling the interfacial SiO; layer,
either by minimizing its thickness or by exploiting its presence in engineered device

architectures.
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