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EFFECT OF 7% Ni DOPING IN PVP INTERLAYER ON THE FREQUENCY-
DEPENDENT ELECTRICAL PROPERTIES OF Au/n-Si SCHOTTKY DIODES
UNDER LOW-FREQUENCY CONDITIONS
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In this study, we investigate the electrical properties of a Au/7%Ni-doped PVP/n-Si metal-polymer—semiconductor
(MPS) structure. The study focuses on the influence of the Ni-doped interfacial polymer layer on the device’s low-frequency
behavior. Electrical characterization was carried out using capacitance-voltage (C-V), conductance over angular frequency—
voltage (G/w-V), and series resistance-voltage (Rs—V) measurements. All measurements were performed at room temperature
(300 K), in the voltage range from —4.5 V to +3.5 V, using two low-frequency conditions: 100 Hz and 200 Hz. A pronounced
frequency-dependent dispersion was observed in both C-V and G/o-V characteristics, particularly near +1.2 V, indicating
strong interfacial polarization and trap-related effects. The peak capacitance at 100 Hz reached approximately 9.4 x 107° F,
decreasing at higher frequency due to the reduced response of surface states. Series resistance, extracted using the Nicollian—
Brews method, showed significant variation with both voltage and frequency, confirming the active role of interfacial traps and
dipolar relaxation in the Ni-doped PVP layer. These findings demonstrate that Ni incorporation substantially modifies the
dielectric and resistive properties of the interface, enhancing the sensitivity of the device to frequency-dependent surface state
dynamics.
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INTRODUCTION critical to interpreting the actual conduction mechanism
in the device. Polymers such as polyvinylpyrrolidone

To fully characterize the electrical performance of  (PVP) and polyvinyl alcohol (PVVA) are frequently used
MPS structures incorporating doped polymer layers, a  as interfacial layers and PVP is a linear, water-soluble
combination  of  capacitance-voltage  (C-V), polymer containing a polar pyrrolidone ring that offers
conductance—voltage over angular frequency (G/@-V), active sites for metal ion coordination [5,7-9]. This
and series resistance—voltage (Rs—V) measurementsare  ability to host dopants within its structure makes PVP
employed. These techniques are particularly sensitive  highly adaptable for use in hybrid devices. Similarly,
to interface properties, trap dynamics, and frequency-  PVA is a polymer rich in hydroxyl functional groups,
dependent behavior. The C-V measurement provides  which not only ensure good adhesion to substrates but
insights into the charge distribution, depletion region also support hydrogen bonding and electrostatic
width, and barrier modification effects induced by the interactions. Both PVP and PVA can be easily
interfacial layer [1-3]. Anomalies such as frequency  processed into uniform thin films through solution-
dispersion, hysteresis, or peak behavior in C-V profiles  based techniques, allowing precise control over
are strong indicators of interface states or dielectric interfacial properties [3,8,10-14]. The doping of
relaxation phenomena. Conductance measurements, polymers like PVP and PVA with metallic elements
particularly when normalized by frequency (G/w), introduces new electronic states, alters the dipolar
allow quantification of the energy loss due to interface  character, and enhances the dielectric constant of the
trap relaxation. These losses become more significant  material. Transition metals such as Ni, Cu, and Ag are
at low frequencies, where slower processes such as  commonly used dopants due to their variable oxidation
charge exchange with surface states or dipolar states and ability to interact strongly with the polymer
reorientation can follow the AC field. Therefore, G/o—  matrix [2,12,15-18]. In the case of Ni-doped PVP, the
V analysis is indispensable for probing the nature and  metal-ligand interaction between Ni?>* ions and the
density of the traps at the metal-polymer— carbonyl oxygen of the pyrrolidone ring leads to the
semiconductor interface. Series resistance (Rs) is formation of localized electronic states that can
another important parameter that impacts the real influence carrier mobility, trap formation, and
operating conditions of MPS devices [2,4-7]. It reflects  dielectric response [19-23]. In light of these
not only the resistance of the bulk semiconductor and  considerations, a comprehensive electrical
contacts but also includes resistive contributions from  characterization of MPS structures containing Ni-
the interfacial layer, especially if it contains trap states, doped PVP as an interfacial layer is essential to
conductive paths, or structural defects. Extraction of Rs  understand the combined effects of metal-polymer
from C and G/o data using models such as the interaction, trap dynamics, and frequency-dependent
Nicollian-Brews method allows for accurate dielectric behavior. In the present work, we aim to
assessment of the resistive dynamics under forward and  investigate the Au/7%Ni:PVP/n-Si structure through
reverse bias. Rs tends to vary with frequency and detailed C-V, G/o-V, and Rs-V analysis under low-
voltage, especially in hybrid structures where frequency conditions (100 Hz and 200 Hz) at room
interfacial phenomena dominate, and its behavior is  temperature (300 K), across a voltage range of -4.0 V
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to +3.5 V. The use of low-frequency AC signals allows
us to probe the influence of surface states and dipolar
relaxation mechanisms, which are more prominent in
these conditions due to their slow response times. This
study focuses on extracting and understanding the
physical processes that occur within the interfacial
region, particularly the impact of Ni doping on
electrical characteristics, using foundational solid-state
techniques that reveal both capacitive and resistive
behaviors in detail.

EXPERIMENTAL DETAILS

Fabrication of the Au/7%Ni:PVP/n-Si MPS
device began with n-type silicon wafers featuring (100)
orientation, approximately 350 um thickness, and a
resistivity range of 1-10 Q - cm. The wafers were first
cleaved and then subjected to a two-step chemical
cleaning process: an initial treatment in ammonium
peroxide for 1 minute, followed by immersion in a
3:1:1 mixture of H2SOa4, H202, and H2O for 3 minutes.
After cleaning, the substrates were thoroughly rinsed
using high-purity deionized water (18 MQ - c¢cm) and
dried under a steady nitrogen stream. To establish the
ohmic contact, a 150 nm gold layer (99.99% purity)
was deposited on the backside of the wafers by thermal
evaporation at a vacuum level of ~107°Torr. The
samples were then annealed in a nitrogen environment
at 550°C for S5 minutes to enhance contact
performance. Formation of the interfacial layer
involved applying a 7% Ni-doped PVP solution to the
front surface using the electrospinning technique,
resulting in a homogeneous and stable film. Once the
polymer layer was dried, circular gold contacts with an
active area of 7.85 x 1073 cm? and a thickness of 150 nm
were thermally evaporated onto the surface, completing
the MPS diode structure. Electrical characterization
was carried out by attaching silver-coated copper wires
to the electrodes. Throughout the metal deposition
process, film thickness was continuously monitored
using a quartz crystal thickness sensor integrated into
the high-vacuum system.

RESULTS AND DISCUSSIONS

The capacitance-voltage (C-V) and
conductance—frequency (G/w-V), which illustrating in
Fig 1, characteristics of the Au/7%Ni:PVP/n-Si
structure offer crucial insights into the interfacial
electronic properties and the impact of Ni doping
within the polymer matrix on the electrical behavior of
the hybrid Schottky junction [2-5]. The C-V response
at both 100 Hz and 200 Hz demonstrates a
characteristic frequency dispersion, with higher
capacitance values observed at the lower frequency
across nearly the entire voltage range. This behavior
can be directly attributed to the enhanced influence of
interface states and polarization effects that become
more pronounced at low frequencies. At voltages near
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equilibrium (around 0 V to +1.2 V), a sharp rise and
peak in capacitance are evident, suggesting strong
charge storage capacity and increased dielectric
response due to the presence of mobile or trapped
charges at the interface. This peak is more pronounced
at 100 Hz, indicating that at lower frequencies, the
interface states can effectively follow the AC signal and
contribute to the overall capacitance. These interface
states, located at or near the PVP/n-Si interface, act as
slow traps that can exchange charge with the
semiconductor in response to an external electric field.
Their dynamic behavior, which manifests as a
capacitance increase at low frequencies, diminishes
with frequency due to limited response time, leading to
the observed dispersion. From a solid-state physics
standpoint, Ni ions embedded in the polymer chain are
likely to introduce localized states, polarizable centers,
and potential hopping sites for charge carriers [19,24].
These centers enhance both space-charge polarization
and dipolar reorientation under an AC field, thereby
increasing the effective permittivity of the dielectric
layer. In turn, this results in elevated capacitance
values, particularly in accumulation and near-flatband
conditions. The fact that the C-V curves exhibit a
smoother increase in the reverse bias region and reach
amaximum in forward bias around +1.2 V indicates the
transition from depletion to accumulation, with a
significant contribution from interfacial polarization
mechanisms due to Ni-induced dipole moments and
increased trap density. The G/o-V characteristics
further reinforce this interpretation. Conductance
increases significantly with applied voltage, peaking
near +1.2 V, in correspondence with the capacitance
peak. This peak in G/, especially more intense at 100
Hz, signifies energy dissipation due to capture and
emission of carriers by interface traps. In a typical
solid-state dielectric, such peaks indicate relaxation
processes—originating either from interfacial dipolar
motion or charge hopping between localized states—
where the dielectric losses are directly linked to the
defect density and dipolar nature of the interfacial layer
[13,25-27]. The higher values at 100 Hz compared to
200 Hz confirm that the losses are dominated by slow
responding traps, which can efficiently exchange
charge at low frequencies but not at higher ones. These
traps likely arise from both the natural interface
between organic PVP and inorganic silicon, and from
the Ni dopant atoms themselves, which disturb the local
polymer order and create potential well states that
facilitate localized charge capture. Ni doping, at a
concentration of 7%, appears to be substantial enough
to induce strong dielectric and conductive modulation
without completely shorting or metallizing the
interface. In fact, the dielectric response is enhanced
through localized polarizability while still retaining
semiconducting characteristics. The interplay between
the Ni-induced dipoles and silicon’s native oxide-
related traps creates a dense spectrum of energy states
capable of interacting with injected carriers
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Fig. 1. C-V and G/w-V plots for 100Hz and 200Hz at -4.5V and +3.5V voltage interval for Au/7%Ni:PVP/n-Si MPS

The RV characteristics of the Au/7%Ni:PVP/n-
Si Schottky structure, extracted from the C and G/o
measurements using the Nicollian-Brews method, with
following equation and showing in Fig 2, provide
essential insight into the resistive behavior of the
interface and bulk materials under different bias
conditions [1,12-16].

_ Gm

S T G2+ (wCm)? (1)

The behavior of series resistance as a function of
applied voltage is critical to understanding charge
transport limitations, interface quality, and the
frequency-dependent response of the device. In this
structure, the Rs—V curves measured at 100 Hz and 200
Hz display a strong frequency-dependent dispersion
and a distinct voltage-dependent profile, revealing the
complex interplay between interface traps, carrier
mobility, and the resistive properties of the Ni-doped
polymer layer. At negative bias voltages,
corresponding to reverse bias conditions for the n-type
Si, the series resistance is at its highest, exceeding 1
MQ at 100 Hz and approximately 600 kQ at 200 Hz.
This high resistance region is indicative of a wide
depletion layer in the silicon, where the carrier density
is low, and the overall conductivity is significantly
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reduced. In this regime, most of the applied voltage
drops across the depletion region, and the current flow
is minimal, leading to a high Rs value. As the voltage
approaches 0 V, a steep decrease in Rs is observed,
more sharply at 100 Hz. This drop corresponds to the
flattening of the bands and the onset of forward
conduction in the Schottky junction. The reduction in
Rs can be linked to the narrowing of the depletion
region and the increased availability of free carriers for
conduction [27-29,30]. Moreover, this voltage range
coincides with the peaks observed in both the C-V and
Glo-V characteristics, suggesting a strong coupling
between the resistive and capacitive elements of the
junction. At this bias level, interface states and trap
centers begin to participate actively in charge
exchange, especially at low frequencies, where they
can follow the AC signal. The minimum in Rs occurs
near the flatband condition, around 0 to +0.5 V, where
the depletion region is minimized, and the conduction
path is at its most efficient. In this region, the Rs values
for both frequencies converge to a lower baseline,
indicating that the influence of trap states and dipolar
relaxation is reduced, and the conduction becomes
dominated by the more intrinsic properties of the device
materials. The frequency dispersion observed
throughout the Rs—V curve further confirms that charge
transport in the Au/7%Ni:PVP/n-Si system is not
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purely ohmic but is governed by a combination of
resistive and reactive processes. At lower frequencies,
traps and dipolar elements have sufficient time to
interact with the applied field, leading to increased
impedance, while at higher frequencies, these slower
processes are bypassed, resulting in a lower effectiveI

resistance [19-23,30,31]. This frequency dependence is
a hallmark of complex interfacial dynamics and is
particularly pronounced in hybrid structures where

organic and inorganic materials interact.
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Fig 2. Series Resistance plots for 100Hz and 200Hz at -4.5V and 3.5V voltage interval for Au/7%Ni:PVP/n-Si MPS

The decrease in capacitance and conductivity, as
well as the change in R and the further increase of this
parameter correlate well with the results of [30] and
[32]. The obtained result is due to the large contribution
of the capacitance of the surface states of C,,. The total
capacitance of the contact structure is

C1C;
C1+C,

C =|Cs| + )

Where Cs is the capacitance of the surface states, C;
and C; are the capacitances of the space charge region
and the dielectric, respectively. An increase in the role
of surface states leads to a decrease in the overall

capacitance (% <0).
CONCLUSION

In this research, the electrical properties of the
Au/7%Ni:PVP/n-Si  Schottky  structure  were
systematically investigated through capacitance—
voltage (C-V), conductance—frequency (G/w-V), and
series  resistance-voltage (Rs-V) measurements
performed at 100 Hz and 200 Hz. These low-frequency
measurements provide detailed insights into interface
states, dipolar polarization, and charge transport
mechanisms influenced by Ni doping in the PVP layer.
The C-V characteristics revealed a pronounced
frequency-dependent peak near +1.2 V, with a

! maximum capacitance of approximately 9.4x107'° F at

100 Hz, decreasing to 8.7x107'° F at 200 Hz. This sharp
peak indicates significant interfacial polarization and
trap-assisted  charge accumulation, particularly
pronounced at lower frequencies where interface states
can respond more effectively to the AC signal. The
frequency dispersion observed in capacitance confirms
the dominant contribution of slow interface traps and
dipolar orientation mechanisms. The G/o-V analysis
mirrored the C-V behavior, with conductance peaks
appearing at the same voltage range. The maximum
G/ value reached ~1.7x107® F at 100 Hz, reducing to
~1.55x10® F at 200 Hz. This behavior highlights
energy losses due to charge exchange with interface
traps and dipolar relaxation processes, which are more
active at lower frequencies. Series resistance values
were also strongly voltage- and frequency-dependent.
Rs peaked at ~1.05x10° Q at -4 V for 100 Hz and
~6.2x10° Q for 200 Hz, then dropped sharply near 0 V,
reaching a minimum of ~1.2x10* Q. The high Rsvalues
under reverse bias confirm reduced carrier mobility and
enhanced trap-related resistance. The inclusion of 7%
Ni in the PVP matrix significantly increased the
interfacial activity, enhancing both dielectric response
and trap density. Ni doping introduced dipolar centers
and localized states, contributing to higher capacitance,
increased dielectric losses, and resistive dispersion—
demonstrating its critical role in tailoring the electrical
behavior of hybrid organic-inorganic Schottky
structures.
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