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In this study, SiC was used to manufacture Al/SiC/p-Si/Al heterojunction struc-
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Published online: ture by thermal evaporation method. X-ray diffractometry (XRD) and field emis-
17 June 2026 sion scanning electron microscope (FE-SEM) analyses were evaluated for the

characterization of semiconductor SiC layers. For the electrical characterization
© The Author(s), 2026 of the heterojunction, current-voltage (I-V), capacitance-voltage (C-V), and con-

ductance-voltage (G-V) parameters were measured at room temperature (RT)
and under various illumination conditions. Ideality factor (n) and barrier height
(D) values were calculated as 1.32 and 0.85 eV in the dark and 1.22 and 0.77 eV
at 100 mW/cm? illumination at RT, respectively. The results provide information
indicating that Al/SiC/p-Si/Al heterojunction structure is promising for photo-

voltaic devices.

1 Introduction

Photovoltaic devices are mainly based on power elec-
tronic devices and Si-based devices are widely used
in inverters. However, in recent years, the studies on
Si devices have reached a certain intensity and have
led to new searches. Silicon carbide (SiC), as a promis-
ing technology, is moving toward becoming a strong
alternative in semiconductor technology with its high-
efficiency applications. The reasons for this are that SiC
has higher and lower voltage changes and high ther-
mal conductivity [1]. Recently, SiC-based devices have
been used to improve the performance of photovoltaic

inverters [2]. In addition, the use of SiC in the produc-
tion of diodes has reduced costs. All SiC structures are
notable for their properties such as high radiation and
chemical tolerance, high thermal conductivity, high
hardness, and high critical electric field compared to
other semiconductor materials [3].

SiC and Si have a band gap energy of 3.26 and
1.12 eV, respectively [4]. The superior properties of
wide band gap semiconductors offer a wide range of
applications for many technological devices and enable
efficient devices to be manufactured at high tempera-
tures, powers and frequencies[5]. SiC is widely used
in micro-electrical-mechanical system (MEMS)-based
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sensors [6], biomedical applications [7], aviation, radar
communication, and next-generation energy vehicles
[8] due to its ability to be grown on Si wafers.

With the ongoing developments in thin-film growth
technology, SiC-based heterojunction photodetec-
tor structures have been produced and their results
have been reported [9-12]. These heterostructures,
those of the isotypes (n-n or p-p), are defined as iso-
type heterojunctions and those of unisotypes (n-p or
p-n) are defined as anisotype heterojunctions [13]
and may exhibit advantageous properties compared
to metal-semiconductor-metal Schottky barriers [14].
Heterojunction photodetectors can adjust the barrier
height in the contact region. Thus, they can effectively
increase the charge carriers in the reverse bias region
by providing the transport of photogenerated carriers.
In addition, the reverse currents of heterojunction pho-
todetectors are smaller in the high reverse bias region.
Therefore, the dark currents are lower in this region.
Therefore, the expansion of the depletion layer and
the decrease in capacitance provide a fast response
[15, 16].

Currently, heterostructured device designs com-
posed of SiC and Si are attracting attention for
advancements in photovoltaic electronics. The het-
erojunction structure formed between SiC and Si has
better performance compared to traditional Si-based
devices [17-19]. However, interest in energy-efficient
and high-performance electronic devices is constantly
increasing. SiC is attracting attention as an alterna-
tive to overcome the difficulties that traditional Si-
based devices face at high power, temperature, and
frequency [20]. The semiconductor SiC is preferred
in power electronics applications due to its proper-
ties such as large critical electric field, high thermal
conductivity, high electron saturation ratio, chemi-
cal inertia, and radiation hardness [21]. Therefore, it
is preferred in the production of high-performance
and high-efficiency device designs. Si substrates are
increasingly used as substrates for SiC due to their
large diameters and the necessary thermal and elec-
trical properties [22]. Cicero et al. reported that the
SiC/Si interface has a structurally stable structure, and
therefore its electronic properties should be investi-
gated [23].

This study investigates the photovoltaic proper-
ties of S5iC/p-Si heterostructure produced by thermal
evaporation. While there are studies on both the pho-
tovoltaic properties and the production of SiC via ther-
mal evaporation, research investigating the properties
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of photodiodes produced by thermal evaporation is
limited.

2 Experimental details

In order to obtain the Al/SiC/p-Si/Al heterojunction
structure, commercial p-type silicon (p-Si) wafer was
used with thickness, resistance and orientation of
400 pm, 1-10 Q cm, and (100), respectively. Initially, p-Si
wafers cut in 1 x 1 cm? dimensions were degreased with
methanol and acetone in an ultrasonic mixer for 3 min,
respectively, according to the RCA1 procedure [24]. In
order to create ohmic contact on the matte surface of
p-Si, Al metal was coated in a 107 Torr pressure envi-
ronment by thermal evaporation method in the NANO-
VAK NVTS-400 device. In order to prevent oxidation
of the produced p-Si/Al structure, it was annealed at
580 °C for 3 min in nitrogen flow. Thermal evaporation
method was used for SiC deposition on the bright sur-
face of the p-Si wafer. In order to make electrical meas-
urements on the SiC layer, Al metal point contacts were
coated with the thermal evaporation method in an area
of 7.85 10~ cm? with the help of a shadow mask. The
energy band diagram after contact between Al/SiC/p-
Si is in Fig. 1a and the schematic representation of the
completed Al/SiC/p-Si/Al heterojunction is in Fig. 1b.
Photovoltaic measurements and current-voltage (I-V)
measurements were performed with a Keithley 2400
SourceMeter and a COINC-165-150-002 solar simulator.
HP 4192A (50 Hz-13 MHz) LF impedance analyzer was
used for capacitance-voltage (C-V) and conductance-
voltage (G-V) measurements. Additionally, we have
successfully set up a hot probe measurement system
using a heating source (soldering iron) and a Keithley
2400 SourceMeter to determine the conductivity type
of the synthesized SiC layer. During the measurement,
a positive thermoelectric voltage/current was consist-
ently detected at the cold probe relative to the hot probe,
which clearly confirms that the thermoelectric majority
carriers are holes. Consequently, the conductivity type
of the SiC layer has been definitively determined to be

p-type.
3 Result and discussion
3.1 Morphological characterization

SiC nanoparticles with an average diameter of
approximately 20 nm were procured from Nanografi
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Nanotechnology to produce an Al/SiC/p-Si/Al heter-
ojunction structure. To evaluate the phase composi-
tion and degree of crystallinity of the SiC nanoparti-
cles, X-ray diffraction (XRD) analysis was conducted,
and the results are presented in Fig. 2. Phase iden-
tification was performed by analyzing the XRD pat-
tern using HighScore software, which matched the
experimental data with standard patterns available
in the software database. The performed analysis
revealed that the diffraction peaks of the synthesized
SiC nanoparticles matched those of the standard ref-
erence pattern (JCPDS Card No. 29-1129) [25, 26].
Furthermore, the matching of the diffraction peaks
confirmed that SiC possesses a crystal structure cor-
responding to the cubic crystal system. In addition,
the diffraction pattern of 3-5iC is characterized by
strong peaks at 20 values of 35.7°, 41.4°, 60.1°, and
71.9°, which are indexed to the (111), (200), (220),
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Fig. 1 a Energy band diagram and b a Schematic diagram of Al/SiC/p-Si/Al heterojunction and thin film coating system

and (311) planes of its cubic crystal structure, respec-
tively. The existence of small amounts of 6H poly-
type led to the formation of weak lines [26]. The soft-
ware analysis enabled finding the two-theta degree
that was used to estimate the positions of 6H-SiC.
Schematic illustrations of the crystal structure of -
SiC were given in Fig. 2b. These illustrations show
that SiC cubic unit cell consists of 46 atoms, 56 bonds,
and 14 polyhedra.

Field emission-scanning electron microscopy (FE-
SEM) analysis was conducted to characterize the sur-
face morphology of the SiC nanoparticles, providing
insights into their structural and morphological prop-
erties. FE-SEM images at different magnifications are
shown in Fig. 3a, b. From these images, it is under-
stood that SiC particles are in the form of semi-micro-
spheres consisting of nanoparticles. Note that the size
of the SiC particles is in the range of 20-50 nm.
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Fig. 2 The X-ray diffraction patterns and corresponding 3D crystal structures of the SiC
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3.2 Electrical and optical measurements

The characterization of heterojunction structures can
be determined by using I-V measurements based on
the thermionic emission (TE) theory. The TE theory is
obtained from the linear part of the I-V graphs in the
low-voltage region in forward bias and is given by the
equations [27-30];

oo 2)- .

D

Iy= AA*Tzexp<qk—Tb - 1) ()
AE 14

], = A:Tzexp(—qch> [exp(%) - 1] 3)

where q is the electron charge, k is the Boltzmann con-
stant, T is the temperature, n is the ideality factor and
I, is the reverse saturation current, A is the diode area,
A* is the Richardson constant, AE, conduction band
offset, Eq. 3 was not intended to represent a conven-
tional Schottky barrier model. Instead, the equation
was employed within the framework of thermionic
emission across the heterojunction interface, where
the current transport is governed by the conduction
band offset (AEc) between SiC and Si. @, is the zero-
bias barrier height (BH) [31].

L1 _dv
T kT d(n]) 4

Ideality factor may show deviations from the ideal
value of 1 [32-34]. According to TE, @, is calculated as
follows with the help of Eq. 2:

Fig. 3 The FE-SEM images
of SiC at various magnifica-
tions
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The semi-logarithmic I-V graphs of the contact
structures named as D1, D2, D3, and D4 are given in
Fig. 4. In the measurements made in the -/ +2 V range,
it is seen that the D4 device is a better rectifier at room
temperature (RT) in the dark. The I-V graphs of the D4
device for photovoltaic catalyzation at 100 mW/cm?
illumination and in the dark are given in Fig. 5. The n
and @, values calculated with the TE equations for the
Al/SiC/p-Si/Al heterojunction are 1.32 and 0.85 eV in
the dark and 1.22 and 0.77 eV at 100 mW/cm? illumi-
nation. According to pure TE, n should be equal to 1,
which is the ideal value. The deviations from ideality
in the calculations can be attributed to the interface

Current (A)

2 15 -1 05 0 05 1 15 2
Voltage (V)

Fig. 4 Semi-logarithmic I-V plots of the Al/SiC/p-Si/Al hetero-

junction measured from various point contacts at RT in the dark
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Fig. 5 Semi-logarithmic I-V plots of the Al/SiC/p-Si/Al hetero-
junctions under dark and illuminated conditions at room tempera-
ture

states [35], barrier inhomogeneity [36], series resist-
ance (R,) effect [37], and irregular distribution of inter-
face charges [38]. It can also be related to the existence
of interface states in the forbidden gap of the SiC/p-Si
heterostructure. Various results obtained in the calcu-
lations may be due to the interface conditions of the
SiC/p-5i heterojunction, heterointerface inhomoge-
neities, series resistance effect, tunneling factor, and
inhomogeneities of carrier charges at the interface [36].
However, in highly mismatched systems, a dense net-
work of mismatched dislocations can be found in the
SiC/p-Si interface layers depending on the thickness.
The interactions between the interface and dislocations
should be taken into account [39]. High lattice mis-
match between covalent materials at semiconductor
device interfaces can also be decisive [40].

Figure 5 shows the changes in the semi-loga-
rithmic I-V plots of the Al/SiC/p-Si/Al heterojunc-
tion in the dark and at 100 mW/cm? illumination.
The response in illumination has given a very good
response as a photodiode or photodetector. The low
current in reverse bias offers high detection and
high BH of high-performance photodetectors. The
effect of the photodetector on the photocurrent can
be explained by the internal or built-in electric field
formed in the SiC/p-Si heterojunction [9]. The device
behaved as a rectifier in the reverse bias region and
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gave a clear and good response to the light intensity.
Electron-hole pairs, which act as extra free carriers in
the illuminated device, are formed and increase the
current in reverse bias. The current value measured
at—2 V and in darkness was 5.86 x 10-1° A, while it
was measured at 1.88 x 10 A in the illumination.
This high difference in reverse bias can be explained
by the high resistance generated after illumination
[41]. When the SiC/p-Si heterojunction structure is
illuminated, more electrons and holes are produced
and contribute to the photocurrent of the photode-
tector by passing through the barrier with the electric
field. Therefore, the experimental data obtained by
the photoelectric effect are consistent with TE [42].
It can be explained by the increase of electron-hole
pairs in the SiC/p-Si hetero-interface region with
increasing density and shifting toward opposite ends
of the heterojunction with the applied bias [43, 44].

Moreover, as shown in Fig. 6a, the current den-
sity showed changes consistent with the TE theory,
which suggests that photodiodes are affected by
illumination. The semi-logarithmic I-V characteristic
changes depending on the interface states or excited
charge carriers at the SiC/p-Si hetero-interface.
When the SiC/p-Si heterostructure is illuminated, the
absorption of photons falling on the SiC/p-Si hetero
interface and the p-Si substrate, depending on the
light intensity, causes the formation of electron-hole
pairs. [11, 45-47]. The photoresponse change (I,,/I ¢)
of reverse bias currents at -2 V is presented in the
current-time (I-t) plot for 100 mW/cm? illumination
in Fig. 6b. As can be seen, it shows stable and repro-
ducible responses in the dark and in the illumina-
tion. The photocurrent value, which varies depend-
ing on the on and off state, is approximately in the
range of 5x 107 A to 1 x 10 A. The current remains
constant as the population of free charge carriers
increases with the light turn on. When the light is
turned off, the current decreases and becomes fixed
at a certain value. [47, 48].

The effect of the change in the semi-logarithmic I-V
characteristic on the electrical parameters provides
important information. Especially with the increase in
the voltage in the forward bias, a bending away from
linearity is observed in the graph following the linear
region. The most obvious parameter of this change
because of the rise in voltage is the R, effect. Cheung
functions are used for the calculations of the electrical
parameters in this region [49-51]. Cheung functions
are given as follows:
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Fig. 6 a The current density—voltage (J—V) plot and b The current—time (I-t) variation of the Al/SiC/p-Si/Al heterojunction at RT in the

dark
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In Fig. 7, the dV/d(Inl)-I and H(I)-I characteristics
of the experimental Cheung functions are shown for
the Al/SiC/p-Si/Al heterojunction at RT, respectively.
According to Eq. 6, a straight line should be formed
for the bending region deviating from linearity in the
forward bias I-V plot. Therefore, R, and n values are
calculated from the slope of the dV/d(Inl)-I plot. The
calculated n value is 1.28 and the R value is 42.03 kQ.
Using the n value calculated by Eq. 6 and the same
region of the semi-logarithmic I-V plot, the H(I)-I plot
also gives a straight line. The @, value is calculated
from the point where the H(I)-I plot intersects the
y-axis. Also, from the slope of the graph, the second
R, value is calculated, which allows us to evaluate the
consistency of the Cheung functions. The @, value
obtained from the second equation is 1.58 eV and the
R, value is 40.41 kQ.

Thus, the three basic parameters that we use to
evaluate the electrical characterization of photodi-
odes are calculated [52]. The main reason for the dif-
ference between the n and @, values calculated from
the TE and Cheung methods is that they are obtained
from different regions of the semi-logarithmic I-V
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Fig. 7 Semi-logarithmic I-V plots of the Al/SiC/p-Si/Al heter-
ojunction device obtained using Cheung functions at RT in the
dark

graph in the forward bias. The TE method is calcu-
lated in the low-voltage region of the semi-logarith-
mic [-V graph, while the Cheung functions are cal-
culated in the high-voltage region [33]. In addition,
irrespective of how advanced the vacuum techniques
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are, it is not possible to completely prevent the oxide
layer at the interface [53, 54]. The high R, values cal-
culated from the Cheung functions can be attributed
to the presence of the SiC/p-5i hetero-interface [55].
The p-type trap layer introduced by charge car-
riers at the hetero-interface between SiC and p-5Si
increases the internal electric field and changes the
distribution of the electric field. [56].

Another method used in calculating electrical
parameters is Norde functions [57, 58]. In this pro-
posed method to determine the R, value, the minimum
value of the connection point in the Norde functions
is used to evaluate the electrical properties associated
with the device and is calculated with the following
equations [59, 60]:

_V_ (KT, (L)
=~ < 2 >In<AA*T2> ®)

where v and I(V) represent the smallest integer
exceeding the n parameter and the current calculated
from semi-logarithmic I-V measurements, respec-
tively. The F(V)-V graph of the Al/SiC/p-Si/Al hetero-
junction structure is given in Fig. 8. The equations @,
and R, determined by the minimum of this graph are,
respectively;

Vo kT
=FVyp)+ — - — 9
®p ot )
kT(y —n)
Ry= ——— 10
’ quin ( )

The calculated @, value using Norde functions is
0.85 eV and R, value is 205.8 k(). Cheung functions
are calculated for the region where semi-logarithmic
I-V graphs deviate from linearity in the forward-bias
region and provide information about the series resist-
ance effect. Norde functions, on the other hand, exam-
ine the entire forward-bias region. Therefore, the dif-
ferences in calculations stem from the region in which
the functions are used [51, 61, 62].

SiC has solved the problems experienced in mate-
rials such as UV single photon counting avalanche
photodiodes [63] and it has been reported that the UV
photodiode has a stable response property at high
temperatures [18]. As a radiation detection material,
its electrical and capacitance properties have improved
its performance [64, 65]. In addition to the literature,
our research shows that the SiC/p-5Si heterostructure
improves the photovoltaic characteristics in lighting.
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Fig. 8 The obtained Norde functions plot of the Al/SiC/p-Si/Al
heterojunction device at RT in the dark

The change of C-V characteristic of Al/SiC/p-Si/Al
heterojunction structure with respect to frequency
is shown in Fig. 9. The C-V characteristic was per-
formed in the range of —=/+3 V from 1 to 5 MHz at
RT in the dark. The evaluation of the capacitance
and conductance status of the charge carriers at
the SiC/p-Si hetero-interface provides important
information for the electrical characterization of the
device [66]. According to the C—V measurements in
Fig. 9, the capacitance increased with increasing volt-
age and this increase is more evident in the forward
bias region. In the reverse bias case of heterojunc-
tions, the depletion region expands and the ionized
charges decrease, increasing the rectification capacity
[67]. The C-V characteristic decreased with increas-
ing frequency. While a certain peak first occurred
with the increasing voltage, it decreased afterwards.
At high frequencies, it showed an almost constant
character after the peak at low voltage. In Fig. 9, the
capacitance value peaked in the low forward bias
region for low frequencies, while it was almost con-
stant for high frequencies. The increase in frequency
caused the capacitance to decrease together with the
R, effect. The fact that a more significant decrease
occurred especially between 0.5 and 3 V is due to the
R, effect being more decisive in the depletion region.
While the capacitance characteristic in the contact
becomes more ideal as the frequency increases, the

@ Springer



1345 Page 8 of 13

5000

A A A 5MHz
- |V V V4MHz
f—dp—d4F 3 MHz
4000 | © 9 ©2MHz
A A A1MHz
| ¢——+ 700 kHz
Fe—H—3¢ 500 kHz
3000 —ir—ix 300 kHz

Fe—v— 100 kHz
#—¢—K 70 kHz
44—« 50kHz
P>—p—P 30 kHz
2000 [~ | w—w—w 10 kHz
A A ATkHz
- | @0 5kHz
OO 3kHz
+—4—F 1kHz

itance (pF)

Capac

1000

Voltage (V)

Fig. 9 Frequency-dependent capacitance—voltage (C—V) plot of
Al/SiC/p-Si/Al heterojunction device at RT in the dark

difference at low frequencies can be attributed to the
surface conditions and inhomogeneities in the bar-
rier [30, 68, 69].

The G-V characteristic given in Fig. 10 increased
with increasing frequency in the reverse bias region.
While it increased with increasing frequency at low
frequencies in the forward bias region, there were
fluctuations at high frequencies. The change of the
1/C%-V graph of the Al/SiC/p-Si/Al heterojunction
structure in reverse bias is given in Fig. 11 for each
frequency. It is seen that they have almost parallel
lines at high frequencies. Diffusion potential (Vy),
acceptor concentration (N,), Fermi energy level (Ey),
and barrier height (®y,c.v)) can be calculated by eval-
uating the change of the 1/C*>-V graph from the C-V
characteristic measured with frequency. The electri-
cal characterization of hetero-interfaces is calculated
by the following equations: [47, 70]:

L 2(Vg+V)

= 11
5s£0qA2Nu ( )

where ¢ is the dielectric constant of Si, ¢ is the die-
lectric constant of vacuum, q is the electron charge,
and N, is the acceptor concentration [71]. V4 is the
diffusion potential and is calculated by the following
equation:
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Fig. 10 Frequency-dependent conductance—voltage (G-V) plot
of Al/SiC/p-Si/Al heterojunction device at RT in the dark

kT
Vi=Vo+ r] (12)

The equations for calculating other parameters
obtained from the 1/C?>-V characteristic are as
follows:

E;-E
f v
N, = Nvexp< T ) (13)
Nﬂ
Ef =kT ln<ﬁv> (14)
v
(@p)cy =~ +E (15)

The electrical parameters obtained from the C-V
characteristic are given in Table 1. As can be seen
from the table, the ®, .y, value increases with
increasing frequency. The difference between the
@y, values calculated from I-V and the @y .y, val-
ues calculated from C-V is primarily explained by
the difference in these measurement techniques [47,
72]. C-V calculations are an important parameter
in the electrical characterization of SiC/p-Si hetero-
junctions. They provide useful information about
changes in barrier distribution in the heterojunction.
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Fig. 11 Frequency-depend- 2x10™*
ent 1/C?-V plot of Al/SiC/p-
Si/Al heterojunction device at -
RT in the dark
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Table 1 Electrical
parameters calclulated from f Va N, E; (eV) (ADp)cy(eV) (ADyp)cy(eV)
kH \% cm™ 10" V,+E Vyn)+E
the 1/C2-V characteristic (kHz) v ( ) a7 (Vo +Er
of the Al/SiC/p-Si/Al 1 0.08 1.53 0.25 0.33 0.31
heterojunction structure at 3 0.09 1.12 0.26 0.35 0.33
various frequencies 5 0.14 1.25 0.26 0.40 0.36
7 0.22 1.59 0.25 0.48 0.42
10 0.22 1.52 0.25 0.48 0.42
30 0.33 1.85 0.25 0.58 0.50
50 0.43 223 0.24 0.67 0.57
70 0.44 2.24 0.24 0.68 0.58
100 0.45 2.24 0.24 0.69 0.59
300 0.45 2.15 0.25 0.69 0.58
500 0.46 2.14 0.25 0.70 0.59
700 0.48 2.16 0.25 0.72 0.61
1000 0.51 2.19 0.24 0.76 0.63
2000 0.59 2.09 0.25 0.84 0.69
3000 0.79 1.99 0.25 1.04 0.85
4000 1.09 1.85 0.25 1.33 1.07
5000 1.21 1.69 0.25 1.46 1.17

The increase in Na value with increasing frequency
indicates that the interface charges of SiC/p-5i het-
erostructure are distributed uniformly in the band
gaps of the layers at the interface states. Since the
charge carriers at the hetero-interface are in thermal

equilibrium, they are at the same level as the Fermi
energy in the contact region. The fact that the E; val-
ues in the table do not change with increasing fre-
quency also supports this situation. While the charge
distribution in the Si layer is determined locally, the
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charge of the SiC layer in the depletion region is
determined by the space charge [73, 74]. The capaci-
tance increases with voltage. As the depletion region
in the contact increases, the ionized charge decreases
and the diode capacitance increases. The decrease
in capacitance as the frequency increases is due to
the overcapacitance caused by the hetero-interface
which can follow the alternating current signal [72,
75].

4 Conclusion

¢ The thermal evaporation method was used to pro-
duce Al/SiC/p-Si/Al heterojunction structure.

e For the electrical characterization of heterojunction,
the results obtained from I-V characteristics were
evaluated with TE, Cheung, and Norde functions.
The ideality factor and barrier height obtained at
RT and in the dark were calculated as 1.32 and
0.85eV.

e In order to better understand the photoresponse
properties, I-V properties were taken in the dark
and at 100 mW/cm? The ideality factor and barrier
height in the light and at RT were 1.22 and 0.77 eV,
respectively. The current saturation of the device is
quite suitable for photovoltaic applications.

e Electrical parameters obtained by taking frequency-
dependent C-V measurements at RT and in the
dark were evaluated. The obtained results show
that the SiC/p-Si hetero-interface is promising.

¢ Asaresult, SiC/p-5i hetero-interface can be consid-
ered as an alternative model to the high lattice mis-
match between covalent materials at semiconductor
device interfaces where only silicon is used.

Acknowledgements

This study did not receive funding from any of the
contributing organizations.

Author contributions

Lutfi Bilal Tasyurek and Ikram Orak wrote main
manusicript text Ikram Orak made mesaurements
Adem Sarilmaz and Faruk Ozal made experimental
preparations All autors reviewed manusicript.

@ Springer

J Mater Sci: Mater Electron (2026) 37:1345

Funding

Open access funding provided by the Scientific
and Technological Research Council of Tiirkiye
(TUBITAK). The authors have not disclosed any
funding.

Data availability

No datasets were generated or analysed during the
current study.

Declarations

Competing interests The authors declare no com-

peting interests.

Open Access This article is licensed under a Crea-
tive Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution
and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made.
The images or other third party material in this ar-
ticle are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s
Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission di-
rectly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licenses/
by/4.0/.

References

1. J. Rabkowski, D. Peftitsis, H.-P. Nee, Silicon carbide power
transistors: A new era in power electronics is initiated.
IEEE Ind. Electron. Mag. 6(2), 17-26 (2012)

2. R. Burkart, J.W. Kolar, Component cost models for multi-
objective optimizations of switched-mode power convert-
ers, in 2013 IEEE Energy Conversion Congress and Expo-
sition. (IEEE, NY, 2013), pp.2139-2146


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

] Mater Sci: Mater Electron (2026) 37:1345

10.

11.

12.

13.

14.

15.

16.

17.

B.J. Baliga, Silicon carbide power devices, in Springer
handbook of semiconductor devices. (Springer Interna-
tional Publishing, Cham, 2022), pp.491-523

N. Kaminski, O. Hilt, SiC and GaN devices—wide band-
gap is not all the same. IET Circuits Devices Syst. 8(3),
227-236 (2014)

M. Vivona, F. Giannazzo, F. Roccaforte, Materials and Pro-
cesses for Schottky Contacts on Silicon Carbide. Materials
15(1), 298 (2021)

N.G. Wright, A.B. Horsfall, SiC sensors: a review. J. Phys.
D Appl. Phys. 40(20), 6345 (2007)

T.-K. Nguyen et al., Integrated, transparent silicon carbide
electronics and sensors for radio frequency biomedical
therapy. ACS Nano 16(7), 10890-10903 (2022)

C. Yin et al., Novel Ag-Cu foam sheet with multi-layer
composite structure for high performance joining of SiC
power chips. Mater Charact 209, 113696 (2024)

J. Yu et al., Influence of annealing temperature on structure
and photoelectrical performance of f-Ga203/4H-SiC het-
erojunction photodetectors. J. Alloys Compd. 798, 458—466
(2019)

S.Li, L. Yang, Z. Liu, M. Zhang, Y. Guo, W. Tang, Hybrid
PEDOT: PSS/SiC heterojunction UV photodetector with
superior self-powered responsivity over A/W level. Appl.
Phys. Lett. (2023). https://doi.org/10.1063/5.0150344
A.R.M. Foisal et al., 3C-SiC/Si heterostructure: an excel-
lent platform for position-sensitive detectors based on
photovoltaic effect. ACS Appl. Mater. Interfaces 11(43),
40980-40987 (2019)

W. Wu et al., Ultra-wide and self-powered WSe2/4H-SiC
hybrid-dimensional heterojunction photodetector with
rapid response toward multifunctional applications. Appl.
Phys. Rev. (2025). https://doi.org/10.1063/5.0271300
A.G. Milnes, Heterojunctions and metal semiconductor
junctions. Elsevier, (2012).

M. Erkol, M. Coskun, F.M. Coskun, A. Kocyigit, The light
detection performance of ZnO-based Schottky-type photo-
detector as a function of changing solution molarity. J. Am.
Ceram. Soc. 108(4), €20343 (2025)

S. Nakagomi, T. Sakai, K. Kikuchi, and Y. Kokubun, p-
Ga203/p-type 4H-SiC heterojunction diodes and applica-
tions to deep-UV photodiodes, physica status solidi (a),
216(5), 1700796 (2019)

C.T. Nguyen et al., Photovoltaic effect-based multifunc-
tional photodetection and position sensing using a 3C-SiC/
Si heterojunction. ACS Appl. Electron. Mater. 5(12), 6611—
6620 (2023)

A. Aldalbahi et al., A new approach for fabrications of SiC
based photodetectors. Sci. Rep. 6(1), 23457 (2016)

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 11 0of 13 1345

M.L. Megherbi et al., An efficient 4H-SiC photodiode for
UV sensing applications. Electronics (Basel) 10(20), 2517
(2021)

B.N. Pushpakaran, A.S. Subburaj, S.B. Bayne, J. Mook-
ken, Impact of silicon carbide semiconductor technology in
Photovoltaic Energy System. Renew. Sustain. Energy Rev.
55, 971-989 (2016)

I. Capan, Electrically Active Defects in 3C, 4H, and 6H
Silicon Carbide Polytypes: A Review. Crystals (Basel)
15(3), 255 (2025)

H. Matsunami, Fundamental research on semiconductor
SiC and its applications to power electronics. Proceedings
of the Japan Academy, Series B 96(7), 235-254 (2020)

Y. Huang et al., High-quality AIN grown on Si (111) sub-
strate by epitaxial lateral overgrowth. Crystals (Basel)
13(3), 454 (2023)

G. Cicero, L. Pizzagalli, A. Catellani, Ab initio Study of
Misfit Dislocations at the S 1 C/S i (001) Interface. Phys.
Rev. Lett. 89(15), 156101 (2002)

A.R. Deniz, Z. Caldiran, L.B. Tasyiirek, Electrical charac-
teristics of A1203/p-Si heterojunction diode and effects of
radiation on the electrical properties of this diode. J. Mater.
Sci. Mater. Electron. 33(36), 26954-26965 (2022)

B. Buyukkosucu, S.Z. Bas, F. Ozel, M. Ozmen, Pyridoxine
determination in energy drink, pharmaceutical, and arti-
ficial urine samples using a laboratory-made disposable
screen-printed electrode modified with a ternary nano-
composite. Microchem. J. 212, 113475 (2025). https://doi.
org/10.1016/j.microc.2025.113475

R.J. Iwanowski, K. Fronc, W. Paszkowicz, M. Heinonen,
XPS and XRD study of crystalline 3C-SiC grown by subli-
mation method. J. Alloys Compd. 286(1), 143-147 (1999).
https://doi.org/10.1016/S0925-8388(98)00994-3

E.H. Rhoderick, Metal-semiconductor contacts. IEE Pro-
ceedings [-Solid-State and Electron Devices 129(1), 1
(1982)

S.M. Sze, Y. Li, and K.K. Ng, Physics of semiconductor
devices. John wiley & sons (2021)

A. Tiiriit, On current-voltage and capacitance-voltage char-
acteristics of metal-semiconductor contacts. Turk. J. Phys.
44(4), 302-347 (2020)

1 Uzun, L.B. Tagyiirek, I. Orak, M. Karakaplan, Evaluation
of synthesized new cellulose derivatives to make diodes
and investigation of electrical and photoelectrical charac-
teristics of these diodes. Mater. Sci. Eng. B 300, 117111
(2024)

S.M. Sze, Y. Li, K.K. Ng, Physics of Semiconductor
Devices: Third Edition. (2006).

R.T. Tung, The physics and chemistry of the Schottky bar-
rier height. Appl. Phys. Rev. 1(1), 11304 (2014)

@ Springer


https://doi.org/10.1063/5.0150344
https://doi.org/10.1063/5.0271300
https://doi.org/10.1016/j.microc.2025.113475
https://doi.org/10.1016/j.microc.2025.113475
https://doi.org/10.1016/S0925-8388(98)00994-3

1345 Page 12 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

A.R. Deniz et al., Effects of PEDOT: PSS and crystal violet
interface layers on current-voltage performance of Schottky
barrier diodes as a function of temperature and variation
of diode capacitance with frequency. Curr. Appl. Phys.
(2022). https://doi.org/10.1016/j.cap.2022.03.017

A. Djeghlouf et al., Effect of indium doping on the elec-
trical and structural properties of TiO2 thin films used in
MOS devices. J. Alloys Compd. 775, 202-213 (2019)

Z. Caldiran, L.B. Tagyiirek, A.R. Deniz, M. Biber, Design
and detailed electrical characterization of MoO3 supported
Au/n-Si junction diodes. Micro Nanostruct. (2025). https://
doi.org/10.1016/j.micrna.2025.208217

I. Orak, A. Kocyigit, A. Turut, The surface morphology
properties and respond illumination impact of ZnO/n-Si
photodiode by prepared atomic layer deposition technique.
J. Alloys Compd. 691, 873-879 (2017)

O.F. Yiiksel, A.B. Selcuk, S.B. Ocak, Investigation of diode
parameters using I-V and C-V characteristics of In/Si02/p-
Si (MIS) Schottky diodes. Physica B Condens. Matter
403(17), 2690-2697 (2008)

A. Karabulut et al., The effects of Ppy-silicene composite
on the performance of n-/p-type silicon semiconductor-
based photodiodes. Sens. Actuators A Phys. 379, 115996
(2024)

R. Benedek, D.N. Seidman, C. Woodward, The effect of
misfit on heterophase interface energies. J. Phys. Condens.
Matter 14(11), 2877 (2002)

M. Kitabatake, SiC/Si heteroepitaxial growth. Thin Solid
Films 369(1-2), 257-264 (2000)

W. Zhang et al., Self-supported $-Ga203 nanowires and for
stretchable solar-blind UV photodetectors. Sci. Rep. 15(1),
17416 (2025)

I. Orak, A. Kocyigit, § Alindal, Electrical and dielectric
characterization of Au/ZnO/n-Si device depending fre-
quency and voltage. Chin. Phys. B 26(2), 028102 (2017)
A.E. Kasapoglu, S. Habashyani, A. Baltakesmez, D.
iskenderoglu, E. Giir, The effect of the change in the
amount of Sb doping in ZnO nanorods for hydrogen gas
sensors. Int. J. Hydrogen Energy 46(41), 21715-21725
(2021)

M. Cavas, F. Yakuphanoglu, S Karatas, The electrical prop-
erties of photodiodes based on nanostructure gallium doped
cadmium oxide/p-type silicon junctions. Indian J. Phys. 91,
413-420 (2017)

J. Yu et al., Self-powered photodetectors based on
B-Ga203/4H-SiC heterojunction with ultrahigh current on/
off ratio and fast response. J. Alloys Compd. 821, 153532
(2020)

M. Yu et al., Plasmonically-boosted high-performance
UV self-biased photodetector based on SiC-based

@ Springer

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

J Mater Sci: Mater Electron (2026) 37:1345

low-dimensional heterojunction via Pt nanostructures depo-
sition. Surf. Interfaces 51, 104627 (2024)

A.C. Ata et al., Synthesis, Structure Characterization, and
Quantum Theory Simulations of Polyimide-Au/P1/p-Si
Polymer-Based Custom Photodiode. J. Appl. Polym. Sci.
142(20), 56904 (2025)

A.G. Imer, O. Karaduman, F. Yakuphanoglu, Controlling
of the photosensing properties of AI/DMY/p-Si hetero-
junctions by the interface layer thickness. Synth. Met. 221,
114-119 (2016)

S.K. Cheung, Extraction of Schottky diode parameters from
forward current-voltage characteristics. Appl. Phys. Lett.
49(2), 85-87 (1986)

J.H. Werner, H.H. Giittler, Barrier inhomogeneities at
Schottky contacts. J. Appl. Phys. 69(3), 1522—-1533 (1991)
L.B. Tagyiirek, S Aydogan, M. Sevim, Z. Caldiran, Tem-
perature dependent electronic transport properties of heter-
ojunctions formed between perovskite SrTiO 3 nanocubes
and silicon. J. Mater. Sci. Mater. Electron. 31(23), 1-14
(2020)

S Altindal, S. Karadeniz, N. Tugluoglu, A. Tataroglu, The
role of interface states and series resistance on the I-V and
C-V characteristics in A1/SnO2/p-Si Schottky diodes. Solid
State Electron. 47(10), 1847-1854 (2003)

U. Aydemir, I Tascioglu, S Altindal, T Uslu, A detailed
comparative study on the main electrical parameters of
Au/n-Si and Au/PVA:Zn/n-Si Schottky barrier diodes.
Mater. Sci. Semicond. Process. 16(6), 18651872 (2013).
https://doi.org/10.1016/j.mssp.2013.07.013

M. Sochacki, A. Kolendo, J. Szmidt, A. Werbowy, Proper-
ties of Pt/4H-SiC Schottky diodes with interfacial layer at
elevated temperatures. Solid State Electron. 49(4), 585-590
(2005)

0. Cicek, H.U. Tecimer, S.O. Tan, H. Tecimer, I Orak,
S Altindal, Synthesis and characterization of pure and
graphene (Gr)-doped organic/polymer nanocomposites to
investigate the electrical and photoconductivity proper-
ties of Au/n-GaAs structures. Compos. B Eng. 113, 14-23
(2017)

X. Yang, B. Duan, Y. Yang, Analysis of SiC/Si Hetero-
junction Band Energy and Interface State Characteristics
for SiC/Si VDMOS. Micromachines (Basel) 14(10), 1890
(2023)

H. Norde, A modified forward I-V plot for Schottky diodes
with high series resistance. J. Appl. Phys. 50(7), 5052—
5053 (1979)

G. Pristavu, G. Brezeanu, R. Pascu, F. Drighici, M. Badila,
Characterization of non-uniform Ni/4H-SiC Schottky
diodes for improved responsivity in high-temperature sens-
ing. Mater. Sci. Semicond. Process. 94, 64-69 (2019)


https://doi.org/10.1016/j.cap.2022.03.017
https://doi.org/10.1016/j.micrna.2025.208217
https://doi.org/10.1016/j.micrna.2025.208217
https://doi.org/10.1016/j.mssp.2013.07.013

] Mater Sci: Mater Electron (2026) 37:1345

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

I Orak, A. Kocyigit, S Karatas, The Analysis of the Elec-
trical and Photovoltaic Properties of Cr/p-Si Structures
Using Current-Voltage Measurements. SILICON 10(5),
2109-2116 (2018)

N. Berk, H. Seymen, H. Ozerli, § Karatas, Temperature-
dependent electrical characteristics analysis of the Al/p-
type Si structures with GO and PTCDA interlayer: struc-
tural properties. J. Mater. Sci. Mater. Electron. 36(7), 1-12
(2025)

A. Yesildag, M. Erdogan, O. Sevgili, Z. Caldiran, I Orak,
Optical and electrical properties of pyrene—imine organic
interface layer based on p-Si. J. Electron. Mater. 50, 6448—
6458 (2021)

B. Aljawrneh, Y.S. Ocak, B.A. Albiss, O. Celik, A. Alshan-
ableh, Investigating the optoelectronic device performance
of p-Si/WO3/Ag sandwich structure. J. Sandw. Struct.
Mater. 27(5), 1023-1039 (2025)

L. Su, D. Zhou, H. Lu, R. Zhang, Y. Zheng, Recent pro-
gress of SiC UV single photon counting avalanche photo-
diodes. J. Semicond. 40(12), 121802 (2019)

M. De Napoli, SiC detectors: A review on the use of silicon
carbide as radiation detection material. Front. Phys. 10,
898833 (2022)

I. Capan, 4H-SiC Schottky barrier diodes as radiation
detectors: A review. Electronics 11(4), 532 (2022)

G. Ersoz, 1 Yiicedag, Y. Azizian-Kalandaragh, I. Orak, S
Altindal, Investigation of electrical characteristics in Al/
CdS-PVA/p-Si (MPS) structures using impedance spec-
troscopy method. IEEE Trans. Electron Devices 63(7),
2948-2955 (2016)

L.B. Tagyiirek, A. Sarilmaz, A. Riisen, E. Yigit, F. Ozel, I
Orak, The electrical response of the Au/Mn2Mo6S8/p-Si
diode under different physical stimuli. Mater. Sci. Eng. B
287, 116139 (2023)

M. Erdogan, A.R. Deniz, Z. Caldiran, A novel thio-
phene-based D-n-A type organic material: Synthesis,

69.

70.

71.

72.

73.

74.

75.

Page 13 0f 13 1345

characterization and Schottky diode applications. J. Pho-
tochem. Photobiol. A Chem. 443, 114877 (2023). https://
doi.org/10.1016/j.jphotochem.2023.114877

N. Baraz et al., Electric and dielectric properties of Au/
ZnS-PVA/n-Si (MPS) structures in the frequency range of
10-200 kHz. J. Electron. Mater. 46(7), 4276-4286 (2017)
E.H. Nicollian, J.R. Brews, E.H. Nicollian, MOS (metal
oxide semiconductor) physics and technology, vol. 1987
(Wiley, New York, 1982)

Z. Caldiran, Fabrication of Schottky barrier diodes with the
lithium fluoride interface layer and electrical characteriza-
tion in a wide temperature range. J. Alloys Compd. 816,
152601 (2020)

Z. Hosseini, Y. Azizian-Kalandaragh, S. Sobhanian, G.
Pirgholi-Givi, M. Kouhi, Comparison of capacitance-
frequency and current-voltage characteristics of Al/CdS-
PVP/p-Si and Al/p-Si structures. Physica B Condens. Mat-
ter 640, 413836 (2022)

J. Liang, S. Nishida, T. Hayashi, M. Arai, N. Shigekawa,
Effects of interface state charges on the electrical properties
of Si/SiC heterojunctions. Appl. Phys. Lett. (2014). https://
doi.org/10.1063/1.4898674

J. Xu et al., Microscopic and macroscopic characterization
of the charging effects in SiC/Si nanocrystals/SiC sand-
wiched structures. Nanotechnology 25(5), 055703 (2014)
T. Cakici, B. Giizeldir, M. Saglam, Temperature depend-
ent of electrical characteristics of Au/n-GaAs/In Schottky
diode with In2S3 interfacial layer obtained by using spray
pyrolysis method. J. Alloys Compd. 646, 954-965 (2015)

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jphotochem.2023.114877
https://doi.org/10.1016/j.jphotochem.2023.114877
https://doi.org/10.1063/1.4898674
https://doi.org/10.1063/1.4898674

	Optical and electrical properties of SiCp-Si heterojunction
	Abstarct
	1 Introduction
	2 Experimental details
	3 Result and discussion
	3.1 Morphological characterization
	3.2 Electrical and optical measurements

	4 Conclusion
	Acknowledgements 
	References




