Applied Physics A (2024) 130:401
https://doi.org/10.1007/500339-024-07528-1

Applied Physics A

Materials Science & Processing

=

Check for
updates

Exploring the spectroscopic and I-V-T characteristics advancements
of cadmium zinc tungsten phosphate diode

A. M. Mansour'® - Amany M. El Nahrawy’ - Ali B. Abou Hammad'

Received: 14 January 2024 / Accepted: 16 April 2024
© The Author(s) 2024

Abstract

This research accomplished the growth of cadmium zinc tungsten phosphate (CZWP) thin films on both glass and p-Si
substrates, employing the sol-gel spin coating method. The sol-gel technique offers a versatile and controlled approach for
fabricating nanomaterials with tailored properties. The structural and morphological analyses, conducted through XRD and
FE-SEM, provided comprehensive insights into the nature of the films. The optical properties, absorbance behavior, energy
gap, refractive indices, dielectric, conductivity, and electronegativity, underwent meticulous examination through UV-Vis
spectroscopy. The X-ray diffraction analysis of the zinc cadmium tungsten phosphate diode reveals diffraction lines indicative
of a nanostructure featuring a monoclinic-phase Zn,P,0, and Cd;P40,4. Furthermore, SEM analysis confirms a nanoporous
morphology with a nanograpes-like structure in the successful crystalline structure of the cadmium zinc tungsten phosphate
nanostructure. The optical absorption studies, covering a wavelength range from 190 to 1500 nm, unveiled both direct and
indirect energy band gaps, measuring 4.14 and 3.77 eV, respectively. A rigorous analysis of the I-V-T characteristics for the
CZNP/p-Si junction in dark mode led to the identification of key parameters, including the transport ideality factor, barrier

height, and series resistance.
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1 Introduction

Recent attention on semiconductor-based energy systems
centers on their high energy density and zero carbon emis-
sions [1, 2]. Efficient charge transfer in a single semiconduc-
tor enhances optoelectronic and catalytic efficiency, but chal-
lenges arise due to recombination rate and photo-corrosion
[3]. Advancements focus on constructing heterostructure
semiconductor materials to minimize recombination and
boost storage activity. Wide-bandgap semiconductors play
a key role in satisfying the increasing demand for shorter-
wavelength photonic devices and high-power electronic
devices [4]. Phosphate compounds, especially, exhibit non-
linear optical features, luminescence, and anti-corrosion
properties [5]. With the right dopant and growth conditions,
the host crystal's characteristics can be altered.
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Recent interest in semiconducting oxide substances, spe-
cifically ZnO-based thin films, is fueled by their remarkable
structural, optical, and electrical characteristics. These films,
with a broadband gap of 3.30 eV, shine in applications span-
ning electronics, optics, photovoltaics, and various optoelec-
tronic devices [6-8].

Zinc oxide (ZnO) and cadmium sulfide (CdS) films are
capturing attention across scientific, industrial, and techno-
logical domains, finding applications in sensors, solar cells,
and thin films [9]. The increasing interest underscores the
need for economical and simple techniques to prepare exten-
sive films, especially crucial in advancing solar cell applica-
tions [9]. Breakthroughs in high-quality growth enhance the
significance of these materials. Despite ZnO's wide bandgap
(3.4 eV), it hasn't received equal attention, possibly due to
its perceived value only in a polycrystalline state [10, 11].
Polycrystalline ZnO finds diverse applications in cosmetic
powders, piezoelectric transducers, varistors, phosphors,
and transparent conducting films [11]. Recent advancements
include large-scale bulk growth [12] and epitaxial methods
yielding exceptional materials. Successful quantum well
growth has been achieved through alloying with Mg or Cd
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[13]. Through alloying ZnO with CdO, Cd +2 ions play a
dual role by evenly replacing Zn*? ions or occupying inter-
stitial positions within the ZnO lattice [14]. Notably, the
ionic radii for zinc and cadmium ions stand at 0.074 and
0.097 nm, respectively [15]. The introduction of Cd ions,
with their larger radius, induces lattice distortion within the
ZnO lattice system. This distortion may limit the electrical
structure of the ZnO binary system, potentially leading to a
reduction in the band gap of the ZnO thin film [15]. Despite
this, the optical characteristics of ZnO are enhanced with
Cd addition, making it an even more appealing material for
optoelectronic devices [15]. Phosphate composites are great
at hosting lots of active ions without losing their special
properties [16]. Lately, people are really into composites
with extra transition metals because they can do cool things
like conduct electricity and make glass look colorful [16].
Cadmium, one of these metals, is like a coloring tool, helps
things separate, and works well in solar cells that use tiny
particles. Also, cadmium helps in making glass with quan-
tum dots, but it wasn’t known much about the glass struc-
ture yet [16]. The architecture of phosphate composites is
commonly articulated as a network of phosphate tetrahedra,
intricately linked through covalent bonding of oxygen atoms
at shared corners, termed bridging oxygen atoms [17]. The
proportion of bridging to non-bridging oxygen is contingent
upon the composite's composition [17].

Several techniques deposit pure and doped ZnO thin films
on different substrates, such as SILAR [18], chemical bath
deposition [19], RF sputtering [20], sol-gel [21], combus-
tion [22], and spray pyrolysis [23]. The sol-gel technique,
among these, has advantages, being cost-effective, allow-
ing high-purity deposition, and enabling the formation of
homogeneous, large-area films at relatively low temperatures
[24, 25]. The sol-gel technique suggests versatile potentials
of making small, as well as decent adherence, wide-area
coatings, with a complex-shaped substrate like the internal
side of a pipe, which cannot be attained by other deposition
technologies [26-28].

Taking into consideration all the features discussed above,
it is essential to note that cadmium zinc tungsten phosphate
where to the best of the author's knowledge after extensive
surveys, cadmium zinc tungsten phosphate has not been fab-
ricated as a diode. Consequently, the utilization of a com-
bined matrix containing cadmium zinc tungsten phosphate
through sol—gel processes reveals significant characteristics.
These include the promotion of recombination within the
junction, the introduction of innovative carrier valleys within
the band gap, and an increase in carrier recombination in
the trap states.

In this study, cadmium zinc tungsten phosphate thin film
was meticulously prepared through controlled sol-gel and
spin coating processes, showcasing advantageous charac-
teristics such as a substantial surface area and a controlled
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bandgap. The obtained powder was deposited by thermal
vacuum evaporation. The comprehensive examination
encompasses the microstructural, optical, and electrical
properties of the resulting films. Additionally, the study
entails the fabrication and electrical characterization of a
cadmium zinc tungsten phosphate /Si diode.

2 Experimental work
2.1 Materials and preparation procedures

The cadmium zinc tungsten phosphate film preparation uti-
lized a straightforward sol-gel process in ambient condi-
tions. First, an acid solution was prepared by mixing 15 ml
of 35% hydrochloric acid with 45 ml of distilled water. Trie-
thyl phosphate (99.8%, Merck) was used as a source of phos-
phate, and zinc-acetate (93%, PubChem), cadmium nitrate
(99%, PubChem), and tungsten chloride (98%, PubChem)
salts solutions were then individually prepared and com-
bined. This mixture underwent magnetic stirring for 1 h.
A modified sol-gel process was applied for the phosphate-
based solution. After aging overnight, the cadmium zinc
tungsten phosphate films were formed by spin-coating the
solution onto glass and silicon substrates at 1500 rpm for 30
s. Subsequently, the films were calcined at 400°C for 1 h. For
I-V electrical measurements, metallic electrodes were depos-
ited on the upper and lower surfaces of the cadmium zinc
tungsten phosphate/p-Si heterostructure diode, with silver
paste and thermally deposited aluminum (Al), respectively.

2.2 Characterization

Structural analysis of cadmium zinc tungsten phosphate film
was conducted using a D8-Bruker Advance X-ray diffrac-
tometer with CuKa radiation (40 kV, 40 mA). This instru-
ment unveiled the crystal structure. For high-resolution
morphology observations, Scanning Electron Microscopy
(Quanta FEG-250 at 20 kV) was employed, providing
detailed imaging of the film's surface and structure. Optical
properties spanning 190 to 1500 nm were explored using a
JASCO V-570-UV-VIS-NIR spectrophotometer, measuring
light absorption, transmission, and reflection characteristics.
To investigate the dark current—voltage (I-V) characteristics
of the cadmium zinc tungsten phosphate/p-Si heterojunc-
tion at different temperatures, a gold layer was evaporated
onto CZPW through a mask to form a front ohmic electrode,
and another gold layer was evaporated onto p-Si as a back
electrode, resulting in the Au/CZWP/p-Si/Au heterojunc-
tion. For electrical property measurement, copper wires were
equipped with thermosetting silver paint and mechanically
applied to the two metal electrodes for dark current—voltage
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(I-V) measurements at different temperatures using a KEY-
SIGHT B 2901A source meter.

3 Results and discussions
3.1 Structure analysis

Figure 1 illustrates the X-ray diffraction (XRD) pattern of
a zinc cadmium tungsten phosphate (28: 22: 5: 45) sample
prepared using the sol-gel method. The observed diffraction
peaks closely correspond to those of monoclinic Zn,P,0,
(JCPDS: 96-231-0788), and also the same peaks correspond
to the Cd,P,0, (JCPDS: 96-220-8749). This observation
suggests that the formation of (Cd, 4,Zn, 4),P,0; where Zn

e Zn,P,0,, Cd,P,0,

Intensity; a.u

and Cd are in the same group therefore, they can replace
each other in the crystal structure with a small distortion
in the lattice parameters due to the difference in the ionic
radius. The XRD pattern doesn’t show additional peaks for
other phases. Upon closer examination, the zinc cadmium
tungsten phosphate sample exhibits sharp peaks at (26) 29°
and 30.8°, indicating good crystallinity. However, there is
splitting in the diffraction peaks at (20) 22.2°, 31.80, and
42°, accompanied by slight broadening, suggesting a smaller
crystallite size.

This phenomenon could be attributed to a higher change
in the atomic fraction within the lattice of zinc cadmium
tungsten phosphate owing to the notable difference in the
ionic radii of Cd** (0.97 A), Zn2* (0.74 A), W (1.41 A), and
P3* (1.23 A). The sol—gel synthesis, followed by calcination
at 400°C, results in spontaneous combination and product
formation, contributing to the observed diffraction patterns.
The average crystallite size is determined to be 39.30 nm.

3.2 Morphology

The FESEM image presented in Fig. 2 provides insight into
the morphology of the synthesized nanograpes structures
of cadmium zinc tungsten phosphate. The SEM analysis
unveils the nanoporous morphology of the cadmium zinc
tungsten phosphate nanostructure, showcasing a successfully
formed crystalline structure. In the presence of grapes-like
structures exhibiting a high degree of cross-linkage, these
grapes-like structures spontaneously self-assemble, forming
a dense nanostructure. Also, the aggregation in cadmium
zinc tungsten phosphate refers to the tendency of these struc-
tures to clump together, often due to various factors such
as the surface chemistry of P,Os in the system because of

104

Counts

100 150
Size, nm

(b)

200 250

Fig.2 a FE-SEM of zinc cadmium tungsten phosphate and b particle distribution
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their higher ability to absorb OH form their surrounding
environmental conditions [29-33]. Figure 2(b) illustrates
grapes-like structures with particles having average diam-
eters within the range of 100 nm.

3.3 Optical properties

In the field of material science, the intricate interplay
between light and matter yields crucial insights into the fun-
damental nature of substances. UV-Visible spectroscopy,
standing out among numerous techniques, serves as a robust
and indispensable tool for the in-depth exploration of elec-
tronic structure and band gap phenomena. Photons' inter-
actions with matter, whether absorption, transmission, or
reflection, manifest distinct spectral features [24, 25, 34, 35].

Figure 3 illustrates the optical transmission and reflec-
tance characteristics of zinc cadmium tungsten phosphate
film, approximately 1.8 um in thickness. The observations
reveal a light increase in transmittance by increasing wave-
length with a transmittance peak at about 282 nm. The
shows low values with nearly no change beyond that range.

The computation of the absorption coefficient (o) was
executed utilizing the model [36]:

2
at:ln<@> 1

In this context, "t" signifies film thickness, "R" denotes
reflection, and "T" represents transmission. Figure 4 eluci-
dates the correlation between the zinc cadmium tungsten
phosphate film's absorption coefficient and wavelength,
demonstrating a progressive escalation, attaining its zenith
at about 282 nm, while sustaining transparency within the
measured range.
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Fig.3 The optical transmission and reflectance characteristics of zinc
cadmium tungsten phosphate film
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Fig.4 The correlation between the zinc cadmium tungsten phosphate
film's absorption coefficient and wavelength

Undoped ZnO-CdO-P,05 composites and glasses
undergo charge transfer spectral analysis. Metal impurities
like Fe, Ni, W, and Cr ions, present in raw materials, play
a crucial role in UV absorption [37]. The charge transfer
spectrum is attributed to electron transfer, specifically the
transition from the coordinated oxygen orbital to the cation
orbital [37]. Credible experimental findings [38, 39] provide
unassailable evidence supporting the hypothesis that the
sharp UV absorption bands observed in various phosphate
compounds result from impurities present in the raw mate-
rials employed during the preparation process. This postu-
lation serves as a fundamental explanation for the notable
UV absorption observed in the ZnO-CdO-P,05 composites.
The absorption phenomena observed in the CdO-ZnO-P,0;
host, induced by 3d transition metal (TM) ions, find roots
in either lower valence states or the fascinating induction
of octahedral coordination facilitated by the phosphate host
medium. Noteworthy is the absorption spectrum of WO-
doped samples, unveiling a significant peak at about 282
nm. This empirical evidence underscores the prevalence of
dominant octahedral coordination featuring divalent tung-
sten ions [40].

The determination of the optical band gap of the CZWP
film is achieved through the application of the absorption
coefficient «, elucidated by the equation [4, 10]:

ahv = A(hv — E,)" 2)

where E, signifies the energy gap, hv denotes photon energy,
A is a constant, and the exponent value (n) takes the spe-
cific values of 2 for allowed indirect transitions and 1/2 for
allowed direct transitions [4]. Ascertain the band gap by
extending the linear section of the Tauc plots to the energy
axis when the absorption coefficient («) reaches zero [41].
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Fig.5 Tauc plots of the zinc cadmium tungsten phosphate film's

The plots in Fig. 5 showcase striking linearity, suggest-
ing the coexistence of both indirect (3.77 eV) and direct
(4.14 eV) band gaps in the films. Notably, the higher
probability of the indirect gap positions it favorably for
photovoltaic applications [42]. These outcomes align with
observations in cadmium zinc phosphate [43, 44], other
studies on CdO and ZnO composites [45-52], and also
with cadmium phosphate [53-55] or zinc phosphate [56].
Chawla et al. investigated the UV—visible spectroscopic
characteristics of CdZnS nanoparticles [57]. Remark-
ably, their analysis of the UV-visible spectrum and Tauc
plot confirmed the increased band gap of 3.59 eV. Ibra-
him et al. examined the influence of cadmium (Cd) on
the estimation of zinc phosphate using UV—-Vis spectra.
They observed a slight decrease in the estimated value,
from 3.68 to 3.2 eV, with increasing CdO content [58].
Hence, the resulting band gap of zinc cadmium tungsten
phosphate film typically falls within a certain range, influ-
enced by various factors such as composition, crystalline
structure, and synthesis method.

Both the refractive index (n) and extinction coefficient are
pivotal in optical considerations. The determination of the
films' refractive index (n) involved applying the following
relationship [59]:

n=(1+R/1 —R)+\/(4R/(1 -R’) - K2 3)

Here, (K) represents the extinction coefficient.

In Fig. 6, the variation of the refractive index (n) with
increasing wavelength unfolds. A notable observation is
the refractive index stays nearly unchanged with increasing
wavelength. The refractive index's significance extends to
designing communication devices, optical materials, lithog-
raphy, imaging, and solar devices [60].
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Fig.6 The variation of the refractive index (n) with increasing wave-
length of the zinc cadmium tungsten phosphate film's

Compute the optical conductivity (Gypc,) Of cadmium
zinc tungsten phosphate nanocomposite films using the
equation [61]:

Uoptical = (X}’lC/47T (4)

Examine the variation of optical conductivity with inci-
dent ray wavelength in Fig. 7a. The observed trend showcases
an increase, reaching a maximum at approximately 282 nm,
aligning with the previously observed peak absorption. Subse-
quently, a decrease follows, directly correlated with the optical
density illustrated in Fig. 7b. Enhanced optical conductivity
can be attributed to the heightened excitation state of electrons,
stemming from increased energies of incident rays and the
augmented absorption coefficient of the films [2, 62].

Utilize the next equation [63] to determine the optical
electronegativity (1) in cadmium zinc tungsten phosphate
nanocomposite films, incorporating refractive index (n) and
dimensionless constant (A):

noptical = (A/n)o.25 (5)

Explore the visual representation in Fig. 8, illustrating the
fluctuation of optical electronegativity concerning incident ray
wavelengths. Witness a steady state, peaking around 282 nm,
mirroring patterns observed in absorption coefficient, optical
conductivity, and optical density. This coherence underscores
the interconnected nature and significance of these parameters
within cadmium zinc tungsten phosphate nanocomposite films.
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Fig. 7 The variation of (a) optical conductivity and (b) optical density with incident ray wavelength
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Fig.8 The variation of optical electronegativity (1) with incident ray
wavelength

3.4 Dark I-V-T characteristics of Cadmium Zinc
Tungsten Phosphate/p-Si Heterojunction

The I-V characteristics of the cadmium zinc tungsten
phosphate/p-Si heterojunction (HJ) are meticulously pre-
sented in Fig. 9. Observed at various temperatures and +4
V applied potentials, the graph illustrates a potential barrier
at the interface of the p-Si and CZNP layers, exemplifying
diode-like behavior. Notably, the introduction of tungsten
significantly enhances the rectification performance.
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of the cadmium zinc tungsten

It is crucial to investigate the I-V characteristics at dark to
unveil transport mechanisms and extract diode parameters.
Notably, Fig. 9 discloses a significant finding: the forward
current demonstrates dual behaviors. Below 0.7 V, it fol-
lows a linear trend; beyond this limit, it takes an alternate
route, deviating from the linear pattern. This phenomenon
is attributed to the formation of series resistance at the layer
interface [64].

In Fig. 10, the natural logarithm of forward current (In I)
versus applied junction voltage unveils a linear trend at low
potentials (V <0.7 V) and a curved shape at higher potentials
(0.7 V<V <4 V). This curvature results from resistances
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Fig. 10 The natural logarithm of forward current (In I) versus applied
junction voltage

introduced during cadmium zinc tungsten phosphate/p-Si
and wiring processes, forming the series resistance (Rs)
[65].

The dark forward current is adjusted in the relatively
low voltage range (below 0.7 V) through the application of
thermionic emission theory. As per this theory, the electri-
cal current passing through the junction corresponds to the
applied voltage [66] as:

I _ av_\|_
[

The equation relates the current (I) to the reverse direc-
tion saturation current (I,). In this equation, q represents
charge, V is the applied voltage, n is the ideality factor,
KB is Boltzmann's constant, and T is the absolute tempera-
ture. The reverse saturation current (I) can be ascertained
through the application of the following equation [67]:

I, = AA™ exp(qp/KgT) @)

Representing key device parameters, A, A*, and ¢ sig-
nify the effective area, Richardson constant (p-Si) =32,
and the effective barrier height at zero-biasing, respec-
tively [68].

On a semi-log plot (Fig. 10), the linear part (V<0.7 V)
estimates junction ideality factor (n) and barrier height

(@) [69].

®)

nKpT = e( av >

dinl

Table 1 n, ¢ (from I-V characteristics and from Norde's plot), and the
calculated Rs

T, K n @, eV (from Rs, KQ @, eV
1-v) (from
Nord)
293 11.37 0.69 1.442 0.85
313 10.69 0.74 1411 0.88
333 10.52 0.79 1.28 0.91
353 10.34 0.83 1.21 0.95
373 9.92 0.88 0.99 0.97
*n2
a9 _ ln(AA T > ©
K;T I,

Table 1 provides data on ideality factor and barrier
height extracted from the I-V curve (V <0.7 V) using
thermionic emission. Additionally, observe the tempera-
ture-dependent trends in Fig. 11, where the ideality factor
decreases and the barrier height increases.

The data suggests a diode ideality factor above one, signi-
fying a non-ideal heterojunction. This results from an elec-
tron—hole combination in the interface. Additionally, rising
temperature decreases n, while the barrier height undergoes
lateral variation [70].

Current easily navigates low barriers at lower temperatures.
However, with rising temperatures, electrons gather enough
energy to overcome higher barriers, resulting in an elevation
of barrier height at every temperature and applied voltage. The
temperature-dependent barrier height in cadmium zinc tung-
sten phosphate/p-Si can be ascribed to factors like tunneling,
series resistance, variations in barrier height, and interfacial
states [71].

Recognized as a significant influencer of junction charac-
teristics, series resistance (Rs) can be determined through the

12.0 T T T T 1.00
= n
® ¢ L095
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Fig. 11 The temperature-dependent trends of both the ideality factor
and barrier height of the junction
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application of the modified Norde's equation. This method
stands as a reliable approach for calculating the value of diode
series resistance [72].

v kT I(V)
FV)y=—-—-—|!
M=y~ < ”<AA*T2 (10)
Y signifies the smallest integer greater than the acknowl-
edged ideality factor.

Figure 12 illustrates Norde's equation, presenting the
derivation of series resistance (Rs) [73].

_ kgT(Y = n) .
s eI(VO) ( )

The current represented by I(Vo) is equivalent to the volt-
age at the bottom of the F(V) curvature. The Norde equation
[74] offers a systematic approach for acquiring the barrier
height:

@ =F(V) +%— kBTT (12)

Vo, signifying the voltage at this juncture, corresponds to
the lowest point on the F(V) curve, denoted by F(Vo).

Utilizing Eqs. 11 and 12 on Norde's plot yields Rs and
@, and these values populate Table 1. Comparing barrier
heights from I-V data and Norde's method, the slight vari-
ations are attributed to distinct mathematical approaches.
The table highlights a declining Rs with increasing tem-
perature, attributed to enhanced charge carrier mobility at
the interface.

To understand charge transport across the cadmium
zinc tungsten phosphate/p-Si junction, analyzing the I-V
characteristics at voltages beyond 0.7 V is crucial. Fig-
ure 13 illustrates this with a double log—log plot, showing a
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Fig. 12 Norde's equation of the junction

@ Springer

-10.0
-10.5 4

-11.0 4

< 1154

n(l

-
-12.0 4
-12.5 -

4130w

-13.5 T T T T T
-2.5 -2.0 -1.5 -1.0 -0.5 0.0

Ln(V, Volt)
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power-dependent, space charge-limited current dominated
by an exponential trap distribution.

In Fig. 14, a meticulous observation reveals the tem-
perature-dependent behavior of reverse current (IR) at
different voltages. This slight increase with rising tem-
perature suggests the involvement of multiple transport
mechanisms. Notably, carrier generation and recombi-
nation emerge as significant factors influencing junction
losses within the Silicon substrate [1, 75].

Iy = LAF/5T (13)

The carrier activation energy (AE), as derived from
Eq. (13), is about 1.28 electron volts.
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Fig. 14 The temperature-dependent behavior of reverse current (IR)
at different voltages
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Finally, in comparison to previous work on the cad-
mium zinc nickel phosphate/p-Si diode [76], the ideality
factor of the current diode is higher than the cadmium zinc
nickel phosphate/p-Si diode. While the barrier heights of
both diodes are nearly. These notes tell us that the doping
cadmium zinc phosphate with nickel is more effective than
tungsten in electronic junction fabrication.

4 Conclusion

The sol-gel spin coating method effectively facilitated
W-doped CZP thin film growth on glass and p-Si substrates.
The XRD analysis reveal a single-phase monoclinic struc-
ture for Zn2P207 and Cd3P6028, with sharp peaks at 20
290 and 30.80, indicating excellent crystallinity. SEM analy-
sis reveals a nanoporous morphology in the cadmium zinc
tungsten phosphate nanostructure, demonstrating success-
ful crystalline structure formation. Nanograpes structures,
characterized by significant cross-linkage, spontaneously
self-assemble into nanoclusters, ultimately leading to the
formation of dense nanostructures. Microstructure analy-
sis conclusively confirmed that the combination of Zn,
Cd, P205, and W doping yielded tailored and homogene-
ous nanomaterials. The absorption spectra of 3d transition
metal (TM) ions in the CdO-ZnO-P205 host hinted at the
presence of TM ions in lower valence states, suggesting
octahedral coordination influenced by the phosphate host
medium. Particularly, WO-doped samples showcased a dis-
tinctive absorption peak at 282 nm, affirming the dominant
presence of divalent W ions in an octahedral coordination
environment. Our microstructure analysis reaffirmed that
when Zn and Cd ions combine with a phosphate-based
nanostructure, they have the ability to form homogeneous
nanomaterials. Optical absorption studies of CADMIUM
ZINC TUNGSTEN PHOSPHATE films unveiled both
direct and indirect energy gaps, measuring 3.77 and 4.14 eV,
respectively. Additionally, the CADMIUM ZINC TUNG-
STEN PHOSPHATE/p-Si characteristics were meticulously
analyzed in dark modes, offering valuable insights into the
transport ideality factor, barrier height, and series resistance
of the device.
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