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ABSTRACT: This paper presents a complete analysis of the
electrical and dielectric attributes of the Al/TPA/p-Si/Al device
fabricated by the spin-coating method. In this study, a p-type
silicon (p-Si) wafer measuring 1 in. × 1 in. was utilized as the
substrate. A layer of organic triphenylamine (TPA) was deposited
onto the p-Si wafer. The p-Si wafer itself had a thickness of 525
μm. The TPA layer, serving as the active material, was deposited to
a thickness of 170 nm. Additionally, aluminum (Al) contacts were
applied to the structure, with a thickness of 150 nm. The primary
objective of the current study was to investigate the electrical and
dielectric characteristics of the fabricated device, with a specific
emphasis on their dependencies on frequency and voltage. The
capacitance and conductance of this device were experimentally evaluated at ambient temperature over a frequency spectrum
spanning from 50 to 700 kHz. The dielectric variables, including permittivity, dielectric loss, alternating-current conductance, and
electrical modulus, were assessed through capacitance and conductance measurements, considering their frequency dependence.
Furthermore, the device underwent impedance analysis, allowing for a comprehensive examination and interpretation of its resistive,
inductive, and capacitive properties. In consideration of these findings, the goal is to thoroughly investigate the dielectric and
electrical characteristics of the Al/TPA/p-Si/Al device. The aim is for an organic-layered device to make significant contributions to
the development of electronic devices for diverse applications in the future.
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1. INTRODUCTION
Semiconductor technology is rapidly advancing, and organic
interface metal−semiconductor Schottky diodes play a
significant role as circuit elements in various electronic
devices.1−4 Their ability to operate at low voltage levels and
exhibit fast-switching capabilities positions them prominently
in electronic technology.5,6 Numerous studies have explored
effective device designs, considering variables such as different
metal−semiconductor types, manufacturing methods, and
material thicknesses.7 In Schottky diodes, the thin layers
formed at the interfaces or in the direction of the rectifier
contact significantly influence the electrical properties of the
device.8 These layers can be either organic or inorganic.9 The
preference for semiconductors with organic layers is primarily
driven by their cost-effectiveness, ease of application on large
surfaces using various coating techniques, and high durability
owing to their flexibility.10−12 Leveraging these fundamental
properties, organic semiconductors are extensively employed in
electronic and optoelectronic domains, encompassing applica-
tions such as organic field-effect transistors, organic light-
emitting diodes, solar cells, and Schottky structures.13−19

Among the organic structures, triphenylamine (TPA; Figure 1)
stands out as particularly effective for surface coating in
Schottky device designs.20

Within the current research inquiry, emphasis is placed on
the exploration of dielectric properties and electrical character-
istics pertaining to a diode integrated into the Schottky
structure denoted as Al/TPA/p-Si/Al. This configuration
incorporates an organic layer of TPA. The capacitance−
voltage (C−V) and conductance−voltage (G−V) character-
istics were assessed in the absence of light (dark conditions)
and at ambient temperature. The measurements were
conducted across a frequency range of 50−700 kHz and a
voltage range of ±4 V. The influence of frequency and voltage
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on the dielectric behavior of the Al/TPA/p-Si/Al has been
examined and discussed. Additionally, the electrical properties
of Al/TPA/p-Si/Al device were examined using impedance
and modulus spectroscopy.

2. EXPERIMENTAL SECTION
2.1. Materials. Initial materials were triphenylamine (TPA;

Bostonchem %98), aluminum (Al; Heraeus 99%), p-type silicon (p-
Si; [100], 1−20 Ω/cm, 525 μm), hydrofluoric acid (HF; Sem Kimya
70%), chloroform (CHCl3; Isolab Chemicals 99.9%), methanol
(CH3OH; Isolab Chemicals 99.9%), acetone [(CH3)2CO; Isolab
Chemicals 99.9%], ultrapure distilled water (UPDW), and nitrogen
(N2; Ankara Gaz 99.9%).

2.2. Fabrication and Characterization of Al/TPA/p-Si/Al
Device. In this investigation, a p-Si semiconductor featuring a (100)
surface orientation, a resistivity of 1−20 Ω/cm, a thickness of 525 μm,
and a polished surface was employed. The p-Si semiconductor
underwent chemical cleaning to eliminate both organic and inorganic
contaminants from its surface. Subsequently, it underwent ultrasonic
cleaning with chloroform, methanol, and acetone, each for 5 min. As a
final step, it was treated with hydrofluoric acid for 1 min and
thoroughly rinsed with ultrapure water to eliminate the oxide layer.
Immediately following the semiconductor surface cleaning, a layer

of elevated purity (99.9%) aluminum, approximately 1500 Å thick,
was deposited onto the matte rear surface of the p-Si substrate
through thermal evaporation. This process occurred at a pressure of
10−6 Torr within a physical evaporation system. In order to attain a
low-resistance ohmic contact, the p-Si/Al structure underwent
annealing at 575 °C for 5 min in a dry N2 atmosphere.
For the creation of the organic layer, 0.4 g of TPA was dissolved in

10 mL of chloroform through stirring for 10 min. The resulting TPA
organic thin film was deposited onto the shiny surface of the p-Si
substrate employing the spin-coating technique, involving spins at 500
rpm for 10 s and 3000 rpm for 20 s. To establish a rectifying contact
on the TPA organic layer, aluminum metal with a diameter of 1 mm
was deposited using the thermal evaporation method. The TPA layer,
serving as the active material, was deposited to a thickness of 170 nm.
Capacitance and conductance measurements were conducted using

the Sourcetronic ST2826 LCR Meter characterization system.

3. RESULTS AND DISCUSSION
3.1. Dielectric Studies. To ascertain the dielectric

characteristics of the TPA organic semiconductor, we initially
conducted assessments of the voltage-dependent variations in
capacitance (C) and conductance (G), along with their
frequency dependencies, under ambient conditions. Subse-
quently, at room temperature, we derived the real and

imaginary components of the complex dielectric constant (ε′
and ε″), the dielectric loss tangent (tan δ), the real and
imaginary components of electric modulus (M′ and M″), and
the alternating-current (AC) electrical conductivity (σac) for
the Al/TPA/p-Si device in Figure 2. These parameters were
extracted from the measured C and G data, considering their
dependencies on both frequency and voltage.

Understanding variations in dielectric parameters concern-
ing voltage and frequency is crucial in diverse domains of
electronic and optoelectronic usage areas. Dielectric spectros-
copy investigations play a critical role in elucidating the origins
and characteristics of dielectric losses. This, in turn, proves
valuable for discerning the structural attributes and defects
present in solids, encompassing both organic and inorganic
structures.
The dielectric constant (ε′) and dielectric loss (ε″) of a

material delineate the storage and dissipation of energy during
each cycle of the applied electric field. This relationship is
expressed by eq 1.21,22

* = j (1)

The parameter ε′ denotes the polarizability and capacitive
response of the material, whereas ε″ signifies energy losses
attributed to conduction and polarization. The determination
of ε′ values is conducted within the frequency range of 50−700
kHz at room temperature, employing eq 223,24 as follows:

=
C d

A
m L

0 (2)

In the given equation, Cm represents the measured
capacitance, dL denotes the thickness of the interfacial organic

Figure 1. Structure of the compound TPA.

Figure 2. Schematic diagram and energy level of the Al/TPA/p-Si/Al
device.
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layer, A stands for the rectifier contact area in cm−2 of the
TPA/p-Si diode, and ε0 signifies the permittivity of free space
(ε0 = 8.85 × 10−12 F/m).
Figure 3 illustrates the acquired ε′ values as a function of

applied voltage for the TPA-based organic layered sample at

selected frequencies (50−700 kHz) under room temperature
conditions. Primary objective in this study was to explore the
behavior of the prepared sample across a broad range of
voltage and frequency, aligning with similar investigations in
the literature. In this context, given that the maximum
frequency in this study is 700 kHz, we focused on the device’s
behavior in the accumulation region rather than the depletion
region. The value of ε′ in the accumulation is approximately 15
at 700 kHz.
The TPA organic interface layer between the Al/p-Si contact

exhibited characteristics akin to an insulating layer. Con-
sequently, graphical curves resembling the capacitance
behavior of the metal−insulator−semiconductor (MIS)
structure were observed in the capacitance graph of the
sample. Fundamentally, the capacitance behavior exhibited by
the examined structure bears a resemblance to capacitance
plots observed in MIS structures.25 These plots encompass
accumulation, depletion, and inversion regions, mirroring the
behavior observed in the structure under investigation.
Notably, the plots of ε′ for the fabricated device exhibit

frequency dispersion, particularly in the negative voltage
region. The ε′ values exhibit an increasing trend with rising
voltage up to 0 V, followed by a subsequent decrease up to 4 V,
consistently observed across all frequencies. Additionally, the
ε′ values demonstrate a pronounced dependence on voltage,
with all plots depicting a discernible peak within the voltage
range of −0.5 to 0 V.
The observed reduction in ε′ values with increasing

frequency at each applied voltage is attributed to the presence
of interface polarizations. At lower frequencies, the dielectric
constant is influenced by both interfacial (space charge) and
orientational (dipolar) polarizations. Dipolar and interfacial
polarizations exhibit heightened prominence at lower frequen-
cies, where charges within the interface state readily respond to
the alternating AC signal, leading to an augmentation in the
values of the dielectric constant. In the absence of an electric
field, carrier charges bound at different locations or states may
manifest diverse dipole orientations. When subjected to an AC
field, an electron can transition between two centers, resulting

in the reorientation of the electric dipole and subsequent
variations in the dielectric constant. Consequently, the
observed decrease in frequency and the concurrent increase
in the dielectric constant values can be attributed to the
influence of dipoles. These findings align reasonably well with
similar observations in various materials.26−31

The frequency-dependent behavior of ε′ at distinct
externally applied voltages (−4 to +4 V with intervals of
0.02 V) is investigated for TPA, as illustrated in Figure 4 within

the frequency range of 50−700 kHz. While the distribution of
ε′ values is more pronounced at positive voltages during low
frequencies, this pattern reverses at high frequencies, where it
becomes prominent at negative voltages. Additionally, a
consistent trend observed across all selected voltage values,
both negative and positive, is the decrease in ε′ values
attributed to the increase in high-frequency values. This
observation indicates the presence of interface polarizations in
the fabricated device.
The dielectric loss ε″ values were computed based on the

measured conductance Gm values, utilizing eq 3.
24,32

=
d G

A
L m

0 (3)

Here, ω represents the angular frequency. The influence of
voltage on ε″ at selected frequencies (50−700 kHz) is
investigated for TPA, as illustrated in Figure 5 within the
voltage range of −4 to +4 V. Notably, the plots of ε″ for the
fabricated device exhibit pronounced frequency dispersion in
the negative voltage region. The ε″ values decrease from −4 to
+0.5 V with increasing voltage at the specified frequencies.
After reaching 0.5 V, ε″ saturates, and there is no further
frequency dispersion.
The investigation of the frequency dependence of ε″ was

conducted at selected externally applied voltages (−4 to +4 V
with intervals of 0.02 V) for TPA, as illustrated in Figure 6
within the frequency range of 50−700 kHz. Notably, the
dispersion is more pronounced at lower frequencies. Across all
selected voltages, a consistent observation is the decrease in ε″.
It is readily evident that the values of ε″ decrease with

increasing frequency. This behavior aligns with the anticipated
dielectric response as predicted by space charge and Maxwell−
Wagner polarization.27,33,34 Accordingly, at low frequencies,
resistive grain boundaries exert a more pronounced effect
compared to conductive grains.35,36

Figure 3. Voltage dependence of the dielectric constant (ε′) between
50 and 700 kHz.

Figure 4. Frequency dependence of the dielectric constant (ε′)
between −4 and +4 V.
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The observed frequency-dependent variations in ε″ and ε′
conform to typical dielectric characteristics. The variation in
conductivity with frequency is ascribed to the buildup of
charge at the interfaces of less conductive regions, resulting in
the emergence of interface polarization and the mechanism of
charge hopping.37−39

When the electric polarization in a dielectric fails to track the
fluctuating electric field, dielectric loss ensues.
The values of the dielectric loss tangent are derived from the

calculated ε′ and ε″ values, as outlined in eq 4.29,40 The
dissipation factor is commonly referred to as the loss tangent,
where the angle δ represents the phase difference between the
applied electric field and the induced current.34

=tan
(4)

tan δ values are computed at various voltages and
frequencies utilizing eq 4. The voltage and frequency
dependencies of tan δ for the TPA/p-Si structure are depicted
in Figures 7 and 8, respectively.
As shown in Figure 7, tan δ values exhibit a gradual decrease

with increasing frequency. tan δ values below 1 suggest that the
displacement current surpasses the conduction current,
indicating that the material is most appropriately characterized
as a dielectric. Conversely, if the tan δ value exceeds 1, the
conduction current predominates, classifying the material as a
conductor.26,29

As indicated by the tan δ values presented in Figure 7, the
TPA/p-Si structure exhibits characteristics akin to a conductor
in the negative voltage region. However, in the positive voltage
region, the behavior of the structure is predominantly
dielectric.
As depicted in Figure 8, the dielectric loss tangent of the

fabricated device decreases with increasing frequency in the
frequency range of 50−200 kHz, attributed to interface
polarization. However, an increase in the loss tangent was
observed from 2.5 to 4 V in the high-frequency range of 200−
700 kHz. This phenomenon is commonly explained in the
literature as dipole polarization relaxation.41

The AC electrical conductivity σac is a crucial parameter for
elucidating the conduction mechanism and identifying the type
of carriers responsible for conduction. In the rapidly expanding
fields of organic and inorganic electronics and optoelectronics,
the AC electrical properties hold substantial importance.26

σac has been reevaluated solely based on the measured
values, utilizing eqs 5 and 6.24,42,43

= f2 tanac 0 (5)

where f is the applied AC field frequency.

= + A n
ac dc (6)

where σac and σdc are known as the AC and DC conductivity of
the device. A and n are designated as the frequency-

Figure 5. Voltage dependence of the dielectric loss (ε″) between 50
and 700 kHz.

Figure 6. Frequency dependence of the dielectric loss (ε″) between
−4 and +4 V.

Figure 7. Voltage dependence of tan δ between 50 and 700 kHz.

Figure 8. Frequency dependence of tan δ between −4 and +4 V.
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independent preexponential constant and power law exponent,
respectively, where 0 < n < 1. The value of n is 0 for an ideal
Debye dielectric dipolar-type material and 1 for an ideal ionic-
type material.43

Also, the value of DC conductivity (σdc) can be described by
eq 7.

= n qdc i i i (7)

where ni denotes the charge-carrier density, μi is the ion
mobility, and qi is the charge of the ion. From eq 7, the
enhancement of conductivity can be attributed to changes in
both mobility and charge carrier concentration.44

As depicted in Figure 9, σac decreases up to −0.5 V with
increasing voltage at the selected frequencies. Additionally, as

shown in Figure 8, the σac values exhibit an increase with rising
frequency. An elevation in σac values at high frequencies
suggests a decrease in polarization with increasing fre-
quency.25,45 These σac values are contingent solely upon the
dielectric loss. These findings align with existing literature,
attributing the results to the frequency-dependent behavior of
the series resistance (Rs).

25

As is evident in Figure 10, the σac values exhibit two distinct
behaviors corresponding to the negative and positive voltage
regions. In the negative voltage region, σac increases with rising
frequency, while in the positive voltage region, it remains
nearly constant. Ultimately, the variations in the dielectric
parameters and σac are attributed to the restructuring and
reordering of charges under the influence of an external electric
field or voltage at the TPA/p-Si interface, leading to interface
polarization.46

3.2. Electrical Modulus Studies. To maximize informa-
tion extraction, dielectric spectroscopy data can be analyzed
using electric modulus formalisms introduced by Macedo.47

Examining the electric modulus as a function of frequency
facilitates the identification of relaxation processes within the
materials under investigation. Electric modulus analysis is
crucial for discerning phenomena such as electrode polar-
ization, grain boundary conduction effects, bulk properties, and
electrical conductivity.48 Moreover, the electric modulus
formalism serves as a valuable tool for studying electrical
transport mechanisms, including carrier hopping rates and

conductivity relaxation phenomena.49 The electrical modulus
M*, is formulated as per eqs 8 and 9.

* =
*

= =
+

+
+

M
i

i
j

1 1
2 2 2 2 (8)

* = +M M iM (9)

M′ represents the real part, while M″ denotes the imaginary
part of the electrical modulus in the given equations.
Figure 11 illustrates the real component of M* versus

voltage for the TPA/p-Si structure at various frequencies. The

values of M′ prove to be highly responsive to the bias voltage,
particularly within the depletion zone, exhibiting an increase
with ascending frequency, possibly attributed to enhanced
polarization at higher frequencies. In Figure 11, there is an
exponential growth in M′ with increasing voltage at each
frequency within the positive voltage region. The M′ values
reach a maximum at high frequencies and tend toward zero at
lower frequencies, indicative of relaxation time effects.
In Figure 12, we have presented a graph depicting the M′

against frequency at chosen external voltages. Notably, at a

Figure 9. Voltage dependence of σac between 50 and 700 kHz.

Figure 10. Frequency dependence of the σac between −4 and 4 V.

Figure 11. Voltage dependence of the M′ between 50 and 700 kHz.
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given frequency, M′ exhibits an increment with increasing
applied voltage within the positive voltage range. The values of
M′ remain constant up to a specific frequency threshold,
beyond which they exhibit an increase with rising frequency.
This variability is attributed to the impact of interface trap
levels and lifetimes, responding to the applied frequency
through the AC signal.40,50

Figure 13 displays the imaginary component of M″ versus
voltage for the TPA/p-Si structure at various frequencies.

Analogous to the M′−V plots, frequency dispersion is
observable in the M″−V plots, particularly in the forward
bias region. Within this region, M″ values rise with increasing
frequency. Unlike the M′−V plots, partial dispersion is
observed in the negative voltage region in the M″−V plots.
Upon examining Figure 14, it is evident that M″ peaks at all

voltage values around a frequency of approximately 200 kHz.
This observation suggests that interface states are more
influential at lower frequencies, contributing to the observed
peaks.51 No comparable peak has been observed in the
literature at negative voltage values.
Upon scrutiny of the Cole−Cole curves in Figure 15, it

becomes apparent that the imaginary part of the electrical
modulus exerts dominance at frequencies of 50 and 100 kHz.

However, this effect diminishes at higher frequency values. As
depicted in Figure 15, semicircular arcs are discernible in the
high-frequency zone, accompanied by reduced impedance
values. Consequently, the variation in the Cole−Cole curves of
the device signifies the existence of a single relaxation
process.26

3.3. Impedance Studies. Impedance spectroscopy
emerges as a highly effective method for assessing the electrical
characteristics of the produced device.52 This technique
enables the calculation and differentiation of contributions
from various components, including bulk, electrode, and grain
boundaries.53,54 Consequently, impedance spectroscopy facil-
itates a comprehensive exploration of the electrical character-
istics of a material, providing insights into its various
constituents.55

Impedance spectroscopy was employed to investigate the
AC electrical properties of the nanocomposites. Figures 16 and
17 show Bode magnitude plots of the impedance of the Al/
TPA/p-Si/Al device. Figure 16 illustrates the variation in the
real part of the complex impedance measurement conducted
over a range of voltage values between −4 and +4 V with
varying frequencies. The graph reveals that the impedance
value of the material remains relatively constant and very close
to zero at negative voltage values. In contrast, at positive
voltage values, a notable increase in impedance is observed
within the low-frequency range, attributed to the elevated
voltage levels. This impedance value subsequently decreases as
the frequency increases. At higher frequencies, it appears that
the real part of the impedance (Z′) tends to converge for all
nanocomposites, indicating the potential release of space
charge.56

To evaluate the electrically inhomogeneous nature of the
samples, characterized by distinct electro-active regions, the
combined imaginary components of impedance and electric
modulus plots can be utilized. Figure 17 depicts the changes in
the real part of the complex impedance measurement
conducted over a range of voltage values between −4 and
+4 V at different frequencies. Based on the observation, it is
evident that the impedance value of the material remains
consistently close to zero at negative voltage values. However,
as the voltage becomes positive, the impedance demonstrates
an increasing trend correlated with the rise in voltage values,
reaching a peak at 200 kHz. The Z″ spectroscopic plot

Figure 12. Frequency dependence of the M′ between −4 and +4 V.

Figure 13. Voltage dependence of the M″ between 50 and 700 kHz.

Figure 14. Frequency dependence of the M″ between −4 and +4 V.
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indicates a solitary relaxation event consistently occurring at a
frequency of 200 kHz across all positive voltage values
examined.57 Beyond this frequency, the impedance value
decreases with the further increase in frequency.
Figure 18 displays representative Nyquist plots of the

impedance for the Al/TPA/p-Si/Al device at 300 K and the
electrical equivalent circuit of the device. This Nyquist plot
illustrates the influence of scanning voltages ranging from 0.5
to 4 V on the charge extraction process. These plots offer
insights in the form of arcs or semicircles, with each arc
representing an electroactive region characterized by an
associated relaxation time (τ = RC), where R denotes the
resistance, C signifies the capacitance, and τ represents the
relaxation time of the charge carriers.58 In the low-frequency
domain, the concave semicircle delineated along the Z′ axis
serves as an indicator of the aggregate resistance denoted as R
within the sample.59

This specific arc characterizes the bulk properties inherent to
the sample, while the augmented semicircle conveys
information about the grain boundary properties. The

magnitude of this arc is indicative of the shunt resistance,
and the point of intersection with the Z′ axis in the vicinity of
the origin defines the series resistance of the device.60

Additionally, it was observed that the fitted equivalent circuit
for voltages ranging from 0.5 to 4 V comprised the sum of Rs
with one-grain resistance (Rg) and grain capacitance (Cg), as
depicted in the inset of Figure 18. This circuit encompasses
grain resistance and grain capacitance connected in parallel, all
linked with series resistance. The Nyquist plots of this device
demonstrate the prevalence of resistive effects over capacitive
effects on the material’s impedance, attributable to the
heightened scanning voltage. The impedance spectra perform-
ance is defined by the presence of one or more semicircular
curves, and their radii depend on the bias voltage, indicating
the existence of one relaxation mechanism under the entirely
applied voltage. The radius of the semicircle enlarges with an
increase in the positive bias, indicating the alteration of the
electrical conductivity of the device. This expansion in
semicircle radii confirms the modification of the device’s
electrical conductivity. The magnitude of the semicircle reflects
the advancement of electrical charge transmission or
recombination at the interface. This is attributed to the
interface being the junction point where two different materials
with distinct permittivity intersect. Furthermore, it is the site
where charge carriers transition and traverse to the opposite
side once they attain sufficient energy.61,62

In Table 1, it is observed that the resistance values of Rs and
Rg increase, while the capacitance value of Cg decreases, in
relation to the increase in positive bias voltage values.

4. CONCLUSIONS
In this study, we report the investigation of the dielectric,
modulus and impedance characteristics of the Al/TPA/p-Si/Al
device were measured in the frequency range of 50−700 kHz
at room temperature. The TPA organic semiconductor film
was deposited onto a p-type silicon substrate using the spin
coating technic. A useful organic−inorganic device was
fabricated using TPA. The interfacial states at the metal−

Figure 15. Cole−Cole diagram of M″ vs M′ between 50 and 700 kHz.

Figure 16. Frequency dependence of Z′ between 50 and 700 kHz.
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semiconductor interface and the organic interface layer played
a crucial role in the determination of device characteristics
such as dielectric, modulus, and impedance. In the context of
dielectric analysis, the decrease in ε′ values with the ascending
frequency at each applied voltage indicates the presence of

interface polarizations. Both interfacial and dipolar polar-
izations have been identified as influencing the dielectric
constant, particularly at lower frequencies. Consistent with
analogous studies on diverse materials in existing literature, the
concurrent decrease in frequency and rise in ε″ and ε′ values
are ascribed to the impact of dipoles. Upon analyzing tan δ
values, it was discerned that the TPA/p-Si structure manifested
properties akin to a conductor in the negative voltage region,
whereas its behavior predominantly exhibited dielectric
characteristics in the positive voltage region. An augmentation
in σac values at high frequencies has been noted, attributed to
dielectric loss, accompanied by a decline in polarization as the
frequency rises. These observations align with the existing
literature, attributing the outcomes to the frequency-dependent
nature of the series resistance. The frequency-dependent
variability of the material, as revealed by modulus analysis, is
ascribed to the influence of interface trap levels and lifetimes
that respond to the applied frequency through the AC signal.
The Nyquist plots generated from the impedance analysis of
the device illustrate the predominance of resistive effects over
capacitive effects in the material’s impedance. Observations
reveal that the resistance values of Rs and Rg increase, while the
capacitance value of Cg decreases, in relation to the increase in
positive bias voltage values. The enlargement in semicircle radii
corroborates the alteration in the device’s electrical con-
ductivity. The magnitude of the semicircle signifies the
progress of electrical charge transmission or recombination at
the interface. In conclusion, this study underscores its potential
for future technological innovations and contributes scientifi-
cally to the comprehension of the dielectric properties and
electrical characteristics of the Al/TPA/p-Si/Al structure.
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