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DIELECTRIC RELAXATION AND AC CONDUCTIVITY OF Au/ (7% CdTe:PVA)
/n-Si MPS STRUCTURES AT LOW FREQUENCIES
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In this work, we investigate the electrical and dielectric properties of a Au/7%CdTe-doped:PVA/n-Si hybrid structure by
analyzing the capacitance—voltage (C-V) and conductance—voltage (G/w—V) characteristics over a frequency range of 10 kHz
and 200 kHz at room temperature. From these measurements, key dielectric parameters such as the real (¢") and imaginary (&")
parts of the permittivity, as well as the frequency-dependent AC conductivity (cac), Were extracted within the applied voltage
interval of 1.0V to 1.2 V. The experimental results reveal a clear decrease in ¢’ and €” with increasing frequency, consistent
with interfacial polarization and dielectric relaxation mechanisms typical of heterogeneous polymer—semiconductor systems.
Notably, the AC conductivity exhibited a non-monotonic profile with distinct relaxation peaks, suggesting multiple transport
mechanisms governed by interface states and CdTe-related trap centers. A representative numerical value of cac reached
approximately 5.5 x 107¥ S/cm at low frequencies under 1.2V bias. These findings highlight the strong influence of CdTe
doping on the polarization dynamics and field-dependent conduction behavior of the hybrid junction. Full interpretation of the
electrical response and conduction mechanisms is provided in the conclusion.
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INTRODUCTION with nanoparticles or metal oxides can offer superior
electrical performance by passivating surface states

Introducing an insulating layer between a metal more effectively and enhancing dielectric constants.

and a semiconductor transforms the traditional metal-  Conventional polymers like polyvinyl alcohol (PVA)
semiconductor (MS) contact into a metal-insulator—  and polyvinylpyrrolidone (PVP) are frequently selected
semiconductor (MIS) structure, effectively altering its  due to their processability, solubility, and functional
electrical characteristics. Such interlayers are known  group compatibility. However, these polymers alone
for their ability to polarize under external electric or  exhibit low conductivity and modest dielectric
magnetic fields, providing additional modulation in  response, which limits their standalone application.
device performance. Although oxides like SiO. and  Enhancing the dielectric performance of polymers can
SnO: are widely used due to their stability and ease of be achieved by doping them with nanoscale
growth on semiconductor surfaces, they suffer from  semiconductors or metal oxides [8-13]. Materials such
drawbacks such as increased leakage currents and as ZnO, MnO, Co, CdTe, and graphene have shown
insufficient passivation of interface defects or surface  promise in this role, significantly improving charge
states (Ns) [1-4]. These interface states, situated storage, interfacial polarization, and trap-state
between the semiconductor and the insulating film, modulation. In particular, cadmium telluride (CdTe), a
typically possess energy levels spanning the bandgap  11-VI compound semiconductor, is highly attractive
(Eg) and can act as dynamic charge trapping or  due to its direct bandgap of approximately 1.45¢eV,
recombination centers depending on their occupancy  high absorption coefficient (>10*cm™), excellent
and external stimuli. Non-ideal behaviors often emerge  carrier mobility (~1040cm?/V-s), and long-term
in C-V and G/o—V characteristics as a result of these  thermal and chemical stability. These features make it
interface states and polarization effects. At lower and ideal for integration into polymer matrices, especially
intermediate frequencies, the period of the AC signal  for optoelectronic and dielectric applications [13-15].
(T = 1/2xf) becomes longer than the time constant (t) Embedding CdTe nanoparticles within a PVA host
of the traps, allowing carriers to interact more matrix forms a hybrid dielectric layer capable of
effectively with the field. Under such conditions, both  improving both polarization behavior and interface
interface-state charging and interfacial dipole charge dynamics. PVA's semicrystalline nature,
reorientation contribute significantly to the device combined with its high thermal resistance, water
response, manifesting as elevated capacitance and  solubility, and tunable dielectric profile, makes it a
conductance values, particularly in the depletion suitable platform  for  semiconductor—polymer
region. Conversely, as the frequency increases, the integration. The resulting composite interlayer offers
ability of these traps to respond diminishes, resulting in  improved interface quality and dielectric response,
their minimal contribution to the overall dielectric  making it a promising candidate for advanced MIS-
behavior [5-8]. Efforts to address these limitationshave  type Schottky devices [15-19]. In this work, we carried
increasingly turned to advanced materials that replace  out a comprehensive investigation into the electrical
traditional insulators with organic or nanocomposite  and dielectric characteristics of a Au/7%CdTe:PVA/n-
interfacial layers [2,4]. Recent developments have  Si hybrid structure. Measurements of capacitance (C—
demonstrated that polymer-based dielectrics doped V), conductance (G/o—V), real and imaginary dielectric
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constants (¢’ and &”), and AC conductivity (cac) Were
performed at room temperature over a forward bias
voltage range of 1.0-1.2 V and at fixed frequencies of
10 kHz and 200 kHz. This study aims to clarify the role
of CdTe-doped PVA as an interfacial layer in
modifying the dielectric behavior, interface-state
dynamics, and frequency-dependent electrical response
of the heterojunction device.

EXPERIMENTAL DETAILS

In the present study, a metal-polymer—
semiconductor (MPS) structure with the configuration
Au/(Ni:PVP)/In-Si was fabricated on n-type silicon
substrates. Preparation of the n-Si surface began with
ultrasonic cleaning in a sequence of chemical acid and
deionized water mixtures to remove organic and
inorganic contaminants. Following this, the substrates
were thoroughly rinsed with deionized water and
subsequently dried using high-purity nitrogen gas to
ensure a clean and moisture-free surface. Formation of
the ohmic back contact was achieved by depositing a
150 nm-thick layer of high-purity aluminum onto the
entire rear surface of the n-Si substrate, followed by a
rapid thermal annealing process at 500°C for
5 minutes. This step ensured good electrical contact and
minimized contact resistance. To prepare the interfacial |

e(w) =& (w) —je"' =

The real part of the dielectric constant (¢) exhibits a
strong dispersion in the low-frequency region,
gradually declining as the frequency increases as
shown in Fig 1 [16,19-21]. This frequency-dependent
behavior can be attributed to interfacial polarization,
particularly of the Maxwell-Wagner type, which is
highly sensitive to the heterogeneous structure
introduced by the CdTe:PVA layer [22-24]. At low
frequencies, charge carriers have sufficient time to
accumulate at the interfaces between CdTe quantum
dots and the surrounding polymer matrix, as well as at
the dielectric/semiconductor junction, leading to
enhanced ¢ values. However, as the frequency
increases, the inability of dipoles and space charges to
follow the rapidly alternating field results in a sharp
decline of €', indicating a relaxation process where the
dielectric response becomes more electronic and less
orientational. The influence of voltage on €' is equally
notable. Increasing the applied forward bias from 1.0 V
to 1.2V leads to a consistent rise in &' across the
frequency spectrum [5,23-25]. This enhancement
suggests an increased participation of space charge
regions and interfacial states under higher electric
fields, particularly those localized at the CdTe/PVA-Si
interface and within the bulk of the CdTe:PVA
composite itself. CdTe, being a direct bandgap 11-VI
semiconductor with high polarizability and significant
dielectric constant, introduces deep and shallow trap
centers when embedded in the polymeric host. These
localized states can trap and release carriers depending

(F22)-j(2224) = Cw/Co - (Gl Co)

dielectric layer, a nanocomposite CdTe:PVA solution
was formulated by dispersing 10mg of CdTe
nanocrystals into SmL of a 0.07% aqueous PVA
solution. This mixture was homogenized and then
applied onto the front surface of the silicon wafer using
the spin-coating technique, ensuring a uniform and thin
polymer—nanoparticle film. Top Schottky contacts
were created by thermally evaporating 150 nm-thick
circular Au electrodes onto the CdTe:PVA-coated
surface under high vacuum. This completed the
formation of the MPS diode structure. Electrical
characterization of the fabricated devices was carried
out at room temperature using an HP4192A impedance
analyzer. Capacitance—voltage (C-Vv) and
conductance-voltage (G/@—V) measurements were
performed across a range of applied biases and at
selected frequencies to extract dielectric parameters
and analyze interfacial behavior.

RESULTS AND DISCUSSIONS

The frequency-dependent admittance technique,
which including a set of capacitance/conductance
(C/G-V) measurements, is generally utilized to
calculate the real/ imaginary components of complex
dielectrics , can be calculated with following formulas.

M)

C()AEO

! on the applied field, thus dynamically contributing to
polarization processes. At a doping concentration of
7% CdTe by weight, the nanoparticle loading appears
to be sufficient to form continuous or semi-continuous
paths for polarization and limited conduction without
reaching percolation. Below this threshold, dielectric
enhancement is mainly driven by dipolar and interfacial
contributions rather than direct carrier hopping between
neighboring particles. This sub-threshold regime
allows the dielectric properties to be tuned without
introducing excessive leakage or conduction losses [24-
26].

In the &"—f-V behavior as illustrating in Fig 2 , the
imaginary part of the dielectric constant shows a steep
decline with increasing frequency, especially
prominent in the low-frequency regime. This is
characteristic of dielectric losses due to both
conductive and relaxational processes. At low
frequencies, the loss is dominated by space charge
polarization and electrode effects, again amplified by
the presence of CdTe - induced traps and heterojunction
interfaces [2,17-20,24]. These losses decrease sharply
with frequency, consistent with the reduction in charge
carrier response time. Interestingly, the " values show
only slight sensitivity to applied voltage in the mid- to
high-frequency range, suggesting that while voltage
enhances polarization (as seen in &), it has a more
subdued effect on loss mechanisms once the interface
states become saturated or carriers are delocalized.
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Fig 1. e-In(f) graphic between 10kHz and 200kHz at 1V-1.2V voltage interval for Au/ (7% CdTe:PVA) /n-Si MPS
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Fig 2. &"-In(f) graphic between 10kHz and 200kHz at 1V-1.2V voltage interval for Au/ (7% CdTe:PVA) /n-Si MPS

Ac Conductivity

Fig 3. AC conductivity
Si MPS

The AC conductivity spectrum, evaluating with
following formula (2), exhibits a non-monotonic
profile with characteristic peaks and depressions,
reflecting complex dynamic mechanisms that govern
charge mobility and polarization in the hybrid structure.

04.(@) = wC(tand) (%) =2xafege”  (2)

At low frequencies, the conductivity increases
gradually with frequency, consistent with enhanced

In(f) (Hz)

-In(f) graphic between 10kHz and 200kHz at 1V-1.2V voltage interval Au/ (7% CdTe:PVA) /n-
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interfacial polarization and space charge contribution.
In this region, the polymer matrix, modified by CdTe
nanoparticle inclusion, facilitates charge accumulation
at interfaces and localized hopping between trapping
sites, which are enhanced under the influence of the
external field. The rise in conductivity is attributed to
Maxwell-Wagner-type interfacial polarization [13-
18,22]. As frequency increases toward the mid-region
of the plot, a distinct peak is observed around In(f) =
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10.3 showing in Fig 3. Interestingly, at higher
frequencies, the conductivity shows a secondary
increase beginning around In(f) = 11.5, which may
correspond to short-range or tunneling-type carrier
motion. In this high-frequency regime, electronic
polarization and localized charge carrier displacement
become dominant. The behavior reflects the onset of a
second conduction mechanism less reliant on dipolar
reorientation and more governed by the intrinsic
electrical properties of the composite material [11-
16,26].

The decrease in ac conductivity in the frequency
range of 20kHz and 50kHz and corresponds to the
dependence according to the Drude model [27,28].

1
= 9dc 1 w2 ®)

where o = 2xf is the angular frequency, t is the electron
quasi-momentum relaxation time, and oqc is the dc-
conductivity. The model satisfactorily describes the
dependence of conductivity on frequency for metals
and heavily doped semiconductors.

O-Cl C

CONCLUSION

This study explored the electrical and dielectric
behavior of the Au/7%CdTe:PVA/n-Si heterojunction
through C-V and G/o-V measurements conducted at
room temperature over a forward bias range of 1.0—

1.2V and at fixed frequencies of 10 kHz and 200 kHz.
From these measurements, €', €”, and AC conductivity
(c_ac) were extracted to understand the polarization
and transport mechanisms in the hybrid structure. &’
showed strong frequency dispersion, decreasing from
~2.35 to 1.75 as frequency increased, consistent with
Maxwell-Wagner-type interfacial polarization. " also
decreased sharply with frequency, indicating that
dielectric losses were dominated by space charge and
dipolar relaxation at low frequencies. The AC
conductivity spectrum revealed a clear peak near In(f)
10.3, indicating a transition from interfacial
polarization to hopping or localized conduction
mechanisms. At higher frequencies, ¢_ac increased
again, suggesting short-range or tunneling transport. A
maximum G5 value of ~5.5 X 107® S/cm was observed
under 1.2V at low frequency. The inclusion of 7%
CdTe nanoparticles in the PVA matrix played a critical
role in enhancing polarization and introducing field-
sensitive trap states. This allowed for a well-controlled
dielectric response and tunable conductivity. The
results confirm that this hybrid structure supports
voltage- and frequency-dependent dielectric relaxation
and conduction, making it suitable for applications in
sensors, memory devices, and tunable capacitive
systems. The dependence of conductivity on frequency
in the frequency range corresponds to the Drude model.
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