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Structural, electrical, and dielectric properties of sprayed
tungsten-doped ZnO semiconductor
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The structural, morphological, electrical, and dielectric properties of non-doped ZnO as well as ZnO doped with tungsten
were investigated using advanced techniques such as sensitive XRD, XPS spectroscopy techniques, and SEM
microscopes. The findings demonstrate that the incorporation of tungsten as a dopant in ZnO leads to enhanced properties
characterized by reduced grain size and improved crystal lattice structure. To analyze the electrical and dielectric
properties, ohmic contacts on the ZnO interface junctions were established, allowing for comprehensive studies following
surface rectification. The task was done by current-voltage (I - V), capacitance-voltage (C - V), conductance-voltage (o - V),
and the real €' and imaginary €" components of the electrical permittivity across a range of voltages and frequencies. All
these parameters were carried out using precise network analyzers, covering a voltage range of -6V to + 6V, and a
frequency range of 10Hz to 10MHz. The obtained results exhibited outstanding performance, with activation energies
measured at 0.49 eV, -0.83 eV, and 0.23 eV, respectively. Furthermore, we observed a significantly high permittivity value
of 900 at low frequency, accompanied by distinct I-V characteristics. Notably, the I-V characteristic exhibited a notable
increase at 0.6 volts, affirming the exceptional performance of tungsten-doped ZnO (WZO) and its suitability for a wide

range of technological applications.
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1. Introduction

Among the wide range of metal oxides investigated in
the past decade, zinc oxide (ZnO) has garnered significant
attention due to its versatile properties. Notably, its non-
toxicity, biocompatibility [1], and relatively
straightforward and cost-effective synthesis [2] have
contributed to its extensive application potential.
Moreover, ZnO exhibits excellent physical and chemical
stability [3], boasting a wide band gap energy (3.37 eV)
and a significant exciton binding energy (60 meV) [4-6].
These exceptional characteristics position ZnO as a
semiconductor of choice across various fields, including
light-emitting diodes (LEDs) for electromagnetic radiation
emission [7-8], laser diodes [9], P.N. and P.I.N.
configurations [10-11], photovoltaic cells [12], and
photodetectors [13]. Furthermore, ZnO finds relevance in
several other applications, such as piezoelectricity [14],
thin-film transistors [15], gas sensors [16, 17], biosensors
[18], medical applications [19], and supercapacitors for
energy storage [20], and display window materials [21].
However, the realization of these technological
applications necessitates addressing specific challenges,
namely enhancing conductivity, improving electrical
mobility, and widening the band gap. However, these

properties should be realized through adequate doping.
Therefore, chemical elements such as tin (Sn) [22], copper
(Cu) [23], indium (In) [24], aluminum (Al) [22, 25],
gallium (Ga) [26], tungsten (W) [27], and nickel (Ni) [28]
are commonly utilized.

In this work, the use of tungsten (W) for doping zinc
oxide is proposed, resulting in the creation of the WZnO
material (abbreviated as WZO). By doing so, the high
dissociation energy of the oxygen bond with tungsten can
improve the retention of oxygen atoms, leading to a
decrease in the concentration of oxygen vacancies and an
increase in mobility [29]. Preparations of both bare ZnO
and doped ZnO (WZO) are then carried out using the
spraying pyrolysis technique, which is justified by the fact
that the thin films deposited have the same composition as
the source material [16, 30-34].

Furthermore, this preparation process was employed
to achieve the deposition of large areas with exceptional
lateral homogeneity [35]. The resulting thin films were
subjected to structural, chemical, morphological,
electrical, and dielectric studies. Meanwhile, the phase
structure of the thin films was examined using X-ray
diffraction (XRD) [36]. To assess the chemical structure
and composition of the thin layers, X-ray photoelectron
spectroscopy (XPS) was employed [24, 31]. Additionally,
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scanning electron microscopy (SEM) was utilized to
analyze the surface morphology, confirming the size of the
ZnO particles, which could be verified through the XRD
technique.

Furthermore, an ohmic contact was established on the
ZnO interface. The Schottky junction W-ZnO/p-Si, after
surface rectifying, facilitated the investigation of electrical
and dielectric properties using techniques such as current-
voltage (I-V), capacitance-voltage (C-V), conductance-
voltage (c-V), and real €' or imaginary £" components of
electrical permittivity for different frequencies.

The development of such a dispositive could provide a
means for analyzing the electrical and dielectric
parameters using network analyzers within a voltage range
of (-6V to +6V) and a frequency range of (10 Hz to 10
MHz) [37-40].

2. Experimental results and discussion
2.1. Preparation of samples

The spray pyrolysis technique is used for the
deposition of tungsten-doped ZnO thin films. An aqueous
solution is prepared, consisting of high-purity dehydrated
powders of zinc acetate and tungsten chloride obtained
from Sigma Aldrich. These are substances that are
dissolved in ethanol and deionized water. Maintaining a
constant deposition rate of 7 ml/min, the precursor
solution is atomized by pure compressed air and then
sprayed onto a silicon substrate. The substrate is heated to
a temperature of 300°C and subsequently raised above
500°C. Notably, the solution contains an estimated atomic
concentration of 3% tungsten (W/(Zn+W)). The following
chemical reactions represent the successive reactions
involved in the synthesis of both pure ZnO and tungsten-
doped ZnO [25].

Zn(CH3C00); .H;0 >Zn0 +2C0;, + 2CH4

WClg+3/2 O,»>WO3+3Cl,
Zn(l.x) (@] +XW039Zn(|.X)WXO(x.1)+(X+1)Oz

The thickness measurements of the samples were
obtained using a Veecodektak 150 surface profilometer.
This system consists of a sample holder, a camera, a lamp,
and a diamond tip. A computer-controlled motor system
enables precise placement and linear movement of the tip
across the surface. The measured thicknesses of the ZnO
and WZO thin films were found to be (115+5) nm and
(12045) nm, respectively.

2.2. X-ray diffraction study (XRD)

The crystalline structure of the synthesized undoped
Zinc Oxide (UZO) and tungsten Zinc Oxide (WZO)
materials was investigated using the X-ray diffraction
method (XRD) with a diffractometer system called

X'PERT-PRO. The measurements were conducted with
CuKa radiation (A1 = 1.54060 A) [41]. The XRD patterns
were recorded with a minimum step-size mode
(A26=0.001°) over an angular range from 10.020° to
99.984°. Fig. 1 depicts three peaks identified at the planes
(100), (101), and (202), corresponding to Bragg 26 angles
of 31.310°, 35.690°, and 77.374°, respectively. Based on
the results, it can be concluded that ZnO crystallizes into
the compact hexagonal phase B4 (Wiirtzite type), as
tabulated in the standard JCPDS 80-0075 [42, 43].
Furthermore, the intensity of the (101) peak is notably
higher compared to the (100) and (202) lines.
Additionally, in Fig. 1, the XRD spectrum of WZO,
corresponding to tungsten-doped ZnO matrices, is
presented. Fig. 1 and inset 1 demonstrate that the (101)
peak in the XRD spectrum shifts from 36.27° for UZO to
36.48° for WZO on the 20 axis.

Indeed, an angular displacement of 0.21° towards
higher Bragg angles and an increase in its intensity
compared to pure ZnO are observed. These effects can be
attributed to the disparity in the ionic radii of zinc and
tungsten ions. [44, 45, 46], The substitution of W¢*ions for
Zn? ions in the ZnO lattice induces a structural distortion,
resulting in the observed shift towards higher 20 values.
This shift is related to the difference in atomic radii
between these ions. Furthermore, the heightened intensity
of the WZO peaks can be explained by variations in
electronic densities, a phenomenon previously noted by
other researchers [46]. The X-ray peak profile analysis
(XPPA) allows for the determination of various
parameters, such as crystallite size, lattice parameters,
lattice strain, lattice stress, and strain energy density. In the
case of the ZnO and WZO films, the values of the mesh
parameter ¢ and the corresponding DRX peaks of the films
ZnO and WZO were found to be 5.178A and 5.217A,
respectively. These two values closely align with the value
of 5.206 A given by the JCPDS card number 36-1451,
corresponding to the compound ZnO [47]. Nevertheless, it
is worth noting that the cparameter of the WzO
compound displayed an increase compared to the UZO
one. This increase is likely a result of tungsten atoms
being incorporated into the substitutional sites’ Zn in the
formed layer [47]. The difference in ionic radii between
Zn (0.72 A) and tungsten (0.60 A) is evident. The mean
grain size (D) was determined by analyzing the widening
of the most intense peak corresponding to the diffraction
plane (101) using the Debye- Scherer formula [47, 48]:

0.94
o B(rd)cosd (1)

where D is the grain size, A is the wavelength of the X-ray,
B (rd) is the full width at half the maximum of the peak
(101) (FWHM) of ZnO, and 6 is the diffraction angle.
When applying formula (1) to the XRD peak (101), it is
observed that the grain sizes decrease for WZO compared
to ZnO, as reported by other authors [49]. The various
structural parameters obtained for the two processed
samples, UZO and WZO, are summarized in Table I using
references that provide corresponding formulas [47, 48]. It
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is observed that the WZO crystal undergoes significant
changes in algebraic values, exhibiting higher stress and
lower strain [50]. However, the strain-to-stress ratio yields
a constant value of Y = 453.6 GPa, corresponding to
Young's modulus for the deformation of both UZO and
WZO crystals. This constant value suggests a proportional
relationship between strain and stress, which aligns with
the findings of Ref. [51]. The negative sign in strain or

stress arises from the direction of atomic deformation
within the crystal. Specifically, the lattice tensile strain
shifts from +5.570 10 to -2.119 10, The doping process
of the ZnO matrix with tungsten leads to reduced
resistivity and increased mobility of the charge carriers.
These characteristics make WZO a promising material for
TFT transistors, as cited in the literature. [52]
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Fig. 1. DRX spectra of Undoped UZO and doped WZO .Inset: peak (101) shifted from 36.27° for ZnO to 36.48° for WZO on 20 axis,
either an angular displacement of 0.21° towards the high Bragg angle (color online)

Table 1. Structural parameters of undoped UZO and doped WZO

D [nm] 6 [10*nm?] Lattice parameters [nm] Strain (g) Stress ¢ Zn-0 [A]
a=b C (10?) [GPa]
uzo 78 1.6436 3.243 5.178 +5.570 -2.526 1.985
WzZ0 57 3.0778 3.228 5.217 -2.119 0.9612 1.993

2.3. Studies by XPS spectroscopy

The XPS core level survey of ZnO and WZO at the
contaminated state (Zn3d, Zn 3p, Zn 3s, Zn 2p, C 1s, O 1s)
and Auger transitions (Zn-LMM, W-LMM, O-KLL, and
C-KLL) is presented in Fig. 2a. The spectral positions of
the XPS were determined using Casa XPS software and
calibrated using the fixed value of 284.7 eV for the Cls
peaks. Fig. 2b depicts the XPS analysis of the WzZO
sample, showing the characteristic peaks of the Zn2p
doublet corresponding to the oxidation state of Zn?* [32].
The Zn2pz, and Zn2piy, components are observed at
binding energies of 10225 eV and 10455 eV,
respectively. These binding energies at the Zn2ps» and
Zn2pa;2 core levels exhibit slight shifts compared to our
previous findings with ZnO-doped cupper [32] and ZnO-
doped indium [24]. However, the separation between them
is constant and equals 23 eV, which is consistent with the
literature [24, 32]. The observed shift of 1.5 eV from the
results of Guezzoul [32] and Bedrouni [24] indicates a
significant alteration in the oxidation state due to the
tungsten doping in ZnO. This indicates that oxidation
reactivity is influenced by the presence of metallic

elements within the ZnO matrix. Figs. 3a, b, and ¢ display
the XPS profiles of W4f in WZO, revealing the presence
of two peaks attributed to the division of the spin orbits
WA4f;, and WA4fs,. The bond energies for W4fy, and
WA4fs, in W metal are around 31.5 eV and 32.5 eV,
respectively. In contrast, the bond energies of WQOj3; are
around 36 and 38 eV [53, 54]. Furthermore, Fig. 3c
illustrates a complex O1s profile in the contaminated state.
The profiles of the specimen as mixed seem to consist of

three spectra: the Ojpeak corresponds to 02" bonded to

Zn?* and represents the stoichiometric phase forming
ZnO. The peak Oy is associated with 02" jons in the

oxygen vacancies and some adsorbed species like
hydroxyl (OH) on the surface of the ZnO compound.
Finally, the Oy peak is attributed to specific chemisorbed

oxygen forming H»O and CO»y. These three peaks have

central positions of 528.5, 530, and 532 eV, respectively
[24, 29, 55]. To achieve maximum deconvolution,
Gaussian functions were employed along with the
determination of surface intensities for each resolved
spectrum. The reactivity assessment involved a
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comparison before and after the heating process. Prior to
heating and without etching, the ratios of O}/O, Oy,/O, and

O1/O were found to be 40.50%, 40.04%, and 14.46%,

respectively, indicating the initial proportions. After the
heating treatment, the WZO sample was introduced into
the preparation chamber and subjected to argon beam
bombardment for surface etching. Fig. 3d records the
WZO XPS survey in which the binding energies for

Wi4f7/o and Wafg, were moved towards energies of 37

eV and 39 eV, indicating successful reactivity with ZnO.
Furthermore, Fig. 3a displays the emergence of W-NNN
peaks at energies of 1168 eV and 1074 eV using an Mg
electrode [56]. It is noteworthy that the contamination
present on the surface, as observed in the C1s peak, has
completely disappeared.
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Fig. 2. (a) Survey of XPS core levels of UZO and WZO at the contaminated state (Zn3d, Zn 3p, Zn 3s, Zn 2p,C 1s, O1s) and (b) Zn2p
split on two peaks with respective energy positions 1022.5 eV and 1045.5 eV (color online)
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2.4. SEM characterization

Precise information regarding the chemistry and
morphology of semiconductor surfaces is crucial for a
wide range of applications, particularly in the study of
their electrical, optical, and structural properties.
Additionally, the influence of particle shapes and sizes and
their performance evolution during physical treatments is
of great interest due to its impact on the material's
electrical and dielectric properties [57]. Scanning Electron

and etching and profiles of O1s of WZO after heating and etching (color online)

Microscopy (SEM) is a valuable technique for achieving
these objectives.

In this study, two SEM images were obtained using
the JSM-6510 JEOL instrument under specific conditions
[58]. The signal setting SEI was adjusted to 15 kV, with a
working distance of 15 mm and a magnification range of
10000 to 1000000. Figs. 4a and 4b display the SEM
images of the UZO and WZO samples, respectively, both
grown on silicon substrates. The images were captured at a
magnification of 50.000.
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Upon observation, it is evident that the mean crystal
sizes are 75 nm and 57 nm for UZO and WZO,
respectively. These findings align with the decrease in

particle sizes as indicated by the XRD spectroscopy
results, further confirming the trend [59].
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Fig. 4. Images obtained by the Scanning Electron Microscopy (SEM): (a) and (b) correspond respectively to the two
Samples UZO and WZO

2.5. Electrical properties

The electrical properties of UZO and WZO were
investigated through the fabrication of horizontal Schottky
contacts. Gold metal, which possesses a higher work
function than the electron affinity of ZnO (xZnO = 4.6
eV), was employed [60]. The experimental setup in Fig. 5d
and inset 1 allowed for the characterization of several
parameters. These included resistivity and conductivity as
a function of the two samples' temperatures. Additionally,
the setup allowed for the analysis of current-voltage (1-V),
capacitance-voltage (C-V), conductance -voltage (c-V), as
well as real (¢'), and imaginary (¢") components of
electrical permittivity. Various contact points have been
rectified to avoid chemical reactions between the metal
and the semiconductor (MIS). It is known that the
formation of good ohmic contact is impeded by metal
diffusion and the presence of Zn; interstitial defects, Oi,
and Vy oxygen vacancies in the contact region. Additional
procedures, such as chemical etching with HCI and
oxygen treatment, followed by moderate-temperature heat
treatment, are required to achieve ohmic contact [47, 60-
68].

2.5.1. Electrical properties

The investigation of electrical properties in metal-
insulator-semiconductor (MIS) systems, such as n-ZnO/p-
Si with ZnO as the dielectric material, is of great interest
[1, 2]. These properties rely on the conductivity provided
by electrons in the conduction band and holes in the
valence band of the ZnO crystal. This conductivity is
directly influenced by the mobility of charge carriers. This
mobility defines the efficiency of electric current

conduction and the availability of carriers for transport,
which in turn indicate the carrier concentration [69]. On
the one hand, mobility is influenced by the phenomenon of
free charge carriers' diffusion within the crystal [70]. To
clarify  these  different  conduction  phenomena,
measurements were performed using the SRM-RM 3000
Four-Point Probing System to accurately determine the
resistivity.

Temperature variation was monitored using the
Hewlett-Packard LF4192 impedance. With these devices,
the variations of resistivity and conductivity as a function
of temperature could be recorded, and the Arrhenius curve
could be plotted using the following formula:

o=apexp (;:;) 2

where gy is the conductivity factor's pre-exponential, Eis
the activation energy, Kz (1.3308 10'%) is the Boltzmann

constant, and T is the temperature in(°K).

Three distinct regions can be observed. By plotting
Ln(c) as a function of T in Fig. 5a, three activation
energies were determined:

E,; = (—0.83+0.02)eV, E ;= (0.49 + 0.02)eV, E =
(0.24 + 0.02)eV.

Ohmic contact was established as represented in Fig.
5b, by applying different voltages to the junction. With a
fixed step of 0.3 V and a temperature of 60°C, the
variations in current were recorded, reflecting the number
of electron holes crossing the junction without
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recombination. Fig. 5b displays the 1-V characteristics of
UZO and WZO. For the WZO characteristic, the current
(I) begins to turn positive around a voltage of 0.6 V,
indicating a P-N junction. Additionally, the WZzO
characteristic exhibits a more pronounced behavior
compared to the UZO. Analysis of the current-voltage
relationship suggests that the enhanced performance of the
n-WZO/p-Si device is attributed to reduced recombination
compared to ZnO. The determination of AC conductivity
provides insights into the core of the semiconductor,
where conductivity is relatively low, even though the
conduction process is limited to the electrode [56].

15 I
a |
@ ’,.m
= |
21 ! y;
2 |Ea=04%V IE5=-083eVg Eg=0,18eV
o
2 : o
s ®
£ 54 ! '.
c \ | ..
- 4
..'090.
|
0 — . .

1,0 15 2,0 2,5 3,0 3,5 4,0

103T(K™)
80
(b) ——UZ0
—o— WZO
604 .
< T=60°C Ohmic Shottky
E o]
3
3 20-
0.
6 4 2 0 2 4 6

Voltage(Volt)

Fig. 5. In (conductivity) (a) as function of temperature
for WZO compound. and value of activation energies,
(b) characteristics 1-V for UZO and WZO (color online)

2.5.2. Conductance and capacitance

The dependencies of conductance and capacitance on
frequency and temperature were measured using an AC
generator over the frequency range of 10 Hz - 10 MHz.
The variation of conductance ¢ (f) and capacitance C (f) as
a function of frequency at room temperature is depicted in
Fig. 6, with the frequency range set from 10 Hz to 1 MHz.
It is observed that the conductance increases with
increasing frequency, whereas the capacitance decreases
with increasing frequency. Therefore, the maximum values
of conductance 102 (Siemens) and capacitance 2.6 10°8; 2
8108; 3.2 108; and 2.6 108 (Farad) were recorded at 0.1 V,
0.2V,0.3V,0.4V,and 0.5V, respectively.

In this electrical investigation, the WZO/Si sample
was obtained using tungsten-doped ZnO as an interface

layer. The sample was subjected to capacitance—voltage
(C-V) and conductance—voltage (c/0—V) measurements
within the frequency range of 10 Hz to 10 MHz and a bias
range of -6 volts to +6 volts at ambient temperature. The
measurements were performed with a step size of 300 mV.
In the metal-insulator-semiconductor (MIS) structure of
the metal/n-WZO/p-Si junction, a potential V was applied
between the ohmic and Schottky contacts. Indeed, three
operating mechanisms were observed: accumulation,
depletion, and an inversion layer [58, 59]. The application
of a negative voltage causes the attraction of carriers
toward the semiconductor's surface. Consequently, the
density of holes on the thin semiconductor layer exceeds
the density of electrons, resulting in surface inversion. As
a result, the capacitance values increase in the
accumulation region. Depletion and inversion regions are
depicted in Fig. 7. Fig. 7b illustrates the variation of
capacitances with voltage for different fixed frequencies
on the frequency generator: 10 Hz, 100 Hz, 1 KHz, 10
KHz, 100 KHz, 1 MHz, and 10 MHz. In this figure, the C-
V characteristics at 10 Hz exhibit a maximum capacitance
(12 pF) in the accumulation region [71]. The obtained
curves exhibit a similar overall profile, although there are
variations in the maximum and minimum values. An
increase in the capacitance maxima is observed in the
accumulation region as the frequency decreases. The

maximum value of the capacitance, 1.2 1077 Farad,
corresponds to the lowest frequency, f = 10 Hz, while the
maximum value for the C-V curve observed at 10 MHz is

approximately 6 108 Farad, which is half that amount.
This increase in magnitude compared to the corresponding
capacitance measured at 10 MHz in the depletion region
can be attributed to the presence of ZnO-Si interface traps.
In Fig. 7a, three operating mechanisms are observed for
both fixed frequencies. An accumulation mechanism is
identified at negative bias voltages below -2 V in the n-
WZO/p-Si metal-insulator-semiconductor (MIS) structure,
where the metal carries a negative electrical potential. The
depletion of free charge carriers near the ZnQO/Si interface
in the semiconductor field is achieved in the range of -2V
to -6V. The third region, at positive bias, corresponds to
the formation of an inversion layer on the surface. The
extended slope observed in the middle region of
semiconductor depletion in the experimental curves can be
attributed to the presence of charged traps near the ZnO/Si
interface. The significant shift of the experimental curve
towards negative voltages indicates the existence of fixed
positive charges in the ZnO layer [72]. It is expected that
the presence of tungsten elements will create a large
number of holes in the n-WZQ/p-Si interface. On the other
hand, in Figs. 7c and 7d, the variations of the conductance
(6-V )and (c/w)-V) are recorded, respectively, under the
same  aforementioned conditions. The (o/w)-V
characteristics  exhibit three  distinct mechanisms:
accumulation, depletion, and inversion regions. Consistent
with previous findings [71-73], it is observed that the
values of (o/®) increase with increasing voltage in the
negative voltage region, while they decrease with
increasing frequency.
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2.5.3. Dielectric properties of WZO

The dielectric properties of WZO are typically
characterized by the real component €' and the imaginary
component g" of the electrical permittivity €. These
parameters, €' and €", can be determined directly from the
measured conductance (om) and capacitance (Cn) of the
WZO material. The permittivity € is calculated using the
formula (3) [74].

Cm_; Om

g=¢g'—je=
] .:UJ

©)

@y

Here, j is the complex number whose imaginary root is-1,
and Cn and om represent the measured capacitance and
conductance, respectively. m=2xzf is the angular frequency.
Co is the capacitance of an empty capacitor. The
capacitance of an empty capacitor, C, can be calculated
using formula (4) based on the contact area (A = 0.64
mm?), the void permittivity (g,= 8.85 107'* F/cm), and the
thickness of the interfacial layer (d = 120 nm): [73].

A
Co="s “)
Using the measured values of i—’” and :’C” the real
a n

£'and imaginary " were plotted in Fig. 8 a and b. It is

observed that both the real and imaginarydielectric
constants gradually decrease as the frequency of the WZO
sample increases.

The application of the voltage induces an electric
field, facilitating the migration of charge carriers inside the
grains. Their accumulation at the grain boundaries forms a
potential barrier, inducing an interfacial polarization [75].
The variation of voltage is similar to that of the
capacitance for the real dielectric component &' and
follows the behavior of conductance for the imaginary
dielectric component " of the electrical permittivity. The
total electric permittivity is calculated based on the values
of the real and imaginary components. Fig. 8c illustrates
its variation with voltage at different fixed frequencies. In
Fig. 8d, the variation of the dielectric constant with
frequency is plotted for different applied voltages. In Fig.
8c,it can be observed that the dielectric constant exhibits
three different mechanisms: accumulation, depletion, and
inversion regions, following the behavior of capacitance.
The maximum value of 891.39 is obtained at a frequency
of 10 Hz, while the minimum value of 1.34 is reached at
10 MHz. In Fig. 8d, it is observed that the dielectric
constant reaches important values (900 to 200) at low
frequencies within the range of 10 Hz-100 Hz, but
decreases dramatically as the frequency increases.
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Fig. 8. (a) real &' electrical permittivity, (b) imaginary " electrical permittivity,(c) dielectric constant as function of voltage and (d)
dielectric constant as function of frequency & for (A=64 mm? and d=120 nm of WZO material) (color online)
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3. Conclusion

Pure ZnO and ZnO-doped tungsten with a proportion
of 3% were synthesized using the spray pyrolysis
technique. Their structural, electrical, dielectric, and
morphological properties were investigated with XRD,
XPS, SEM, four-probe methods, and network analyzers. It
was observed, based on the XRD technique that the ZnO
film exhibited orientation along the hkl (100) plane, and
doping resulted in a decrease in crystal size. The electrical
resistivity of the ZnO film, doped with 3% tungsten,
decreased due to improved crystallinity, reduced grain
size, and decreased grain boundaries. These results
indicate an enhancement in the crystallinity of the doped
ZnO film. The doped ZnO exhibited improved structural,
electrical, and dielectric properties, making it suitable for
applications such as gas sensing, radiation emission, and
detection thanks to its surface area and high conductivity.
Its favorable current-voltage, conductance-voltage, and
capacitance-voltage characteristics make it promising for
use in thin-film transistors. Additionally, the decrease in
strain results in an increase in charge carriers and mobility,
further supporting its applicability as a thin-film transistor.
Finally, its high electrical conductivity makes it suitable
for electrical energy storage applications.
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