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ABSTRACT
Research on the metal–semiconductor interface continues due to its significant 
impact on the electrical characteristics of Schottky diodes. In this study, a Schottky 
diode with the structure Au/P3HT: PCBM/6H–SiC/Al was fabricated, and its 
current–voltage characteristics were analyzed over a wide temperature range 
of 80–375 K. Using these characteristics, the ideality factor (n), barrier height 
(Φb), resistance (Rs), and saturation current (Io) parameters of the diode were 
calculated with the help of the Thermionic emission model, Cheung-Cheung, 
and Norde functions. The correlation between these parameters was also exam-
ined. The Richardson constant (A*) was determined using the Richardson plot. 
Furthermore, the barrier inhomogeneity was analyzed based on a Gaussian dis-
tribution model. Although the barrier height has an inhomogeneity showing a 
double Gaussian distribution that varies with temperature, the effect of voltage 
deformation was determined to be stable at all temperatures.

1 Introduction

A different dimension has been achieved in control-
ling electrons with a special barrier formed at the 
interface in the case of metal–semiconductor contacts 
and resulting from the difference in the conductivity 
mechanism of the contact materials. Thanks to these 
developments, electronic components have formed 
the basis of electronics science and industry and have 
enabled the rapid development of these fields [1–3]. 
Among these electronic components, rectifier diodes 
are the foremost elements. Despite the widespread 
use of these diodes, their working methods are still 

not clearly understood, and the formation dynamics 
and conduction mechanism of the electrical current 
formed on these contacts and its effect on the electri-
cal barrier are still the subject of research. The ther-
mionic emission model, which is used especially in 
the examination of these diodes, is accepted as the 
basis, and in recent years, artificial intelligence has 
also been included in research on this subject [4–6]. 
In this theory, the current conduction mechanism of a 
diode, excluding constants and environmental param-
eters, is defined by four basic concepts. These are bar-
rier height, ideality factor, resistance, and saturation 
current. One of the best tools for determining these 
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parameters is the determination of current–voltage 
characteristics depending on temperature. Because, 
apart from the calculation of some constants, the main 
reason why diodes are determined depending on tem-
perature is that these diodes are used in a very wide 
temperature range. However, these parameters are 
insufficient to explain the behavior of diodes, espe-
cially at low temperatures. In particular, a complete 
understanding of the current conduction mechanism 
occurring on diodes is the key factor in both optimiz-
ing diodes produced with complex processes and pro-
ducing more stable and industrially acceptable quality 
products. Among the factors that significantly affect 
the fundamental parameters of diodes, the polymers 
used at the interface are of particular importance [7]. 
One of these materials is conductive polymers consist-
ing of a mixture of Poly(3-hexylthiophene) (P3HT) as 
an electron donor and [6, 6]-Phenyl-C61-butyric acid 
methyl ester (PCBM) as an electron acceptor. Due to 
its ease of application and low cost, it is used today 
for many applications and research on diodes [8]. In 
addition, this polymer mixture is among the indispen-
sable components in organic solar cell applications [9, 
10]. Particularly, due to the structurally conductive 
nature of this polymer, Schottky diodes attract con-
siderable attention in terms of interfacial engineer-
ing. Although there are very few and limited studies 
in the literature on the use of P3HT: PCBM polymer 
interface layer especially in silicon carbide-based 
diodes, there are a few studies on the applications 
of this polymer on different semiconductor-based 
diodes. Altan et al. determined the electrical param-
eters of a 6H-SiC based Schottky diode with a P3HT: 
PCBM polymer interface in the temperature range of 
300–375 K. They reported that this polymer affects the 
density of interface states and current–current conduc-
tion [11]. Özmen investigated the effect of different 
volumetric ratios of P3HT: PCBM conductive polymer 
formed at the interface during the production of a sil-
icon-based diode on the electrical parameters of the 
diode at room temperature. He showed that increas-
ing the PCBM ratio in the polymer layer in the mixed 
state improved the diode quality [12]. Yağlıoğlu et al. 
investigated the effect of F4-TCNQ (4,7-Dimethyloxy-
2,3,5,6-tetrafluoroquinone) concentration on the elec-
trical parameters of the interface layer of P3HT: PCBM 
polymer and silicon-based Schottky diode at room 
temperature. They stated that 1% F4-TCNQ doping 
rate to the interface layer caused an improvement in 
the electrical parameters of the Schottky diode [13]. 

Demirezen et al. investigated the electrical parameters 
of the silicon Schottky diode with P3HT: PCBM poly-
mer interlayers containing different volumetric ratios 
of graphene oxide at room temperature in the dark 
and under different light intensities. They stated that 
the amount of graphene oxide doped into the interfa-
cial polymer layer affects the basic parameters of the 
diode such as ideality factor, barrier height, resistance, 
and interfacial density of states [14].

In this study, Schottky diode with a polymer inter-
face having the Au/P3HT: PCBM/n-6H–SiC/Al struc-
ture was fabricated and the current–voltage char-
acteristics of this diode were determined in a wide 
temperature range (80–375 K) for the first time in the 
literature. Using these temperature-dependent charac-
terization sets, basic electrical parameters such as ide-
ality factor, Schottky barrier height, series resistance, 
saturation current, and Richardson constant were 
calculated with various methods; the obtained results 
were evaluated comparatively both with the studies in 
the literature and in terms of correlation between the 
methods. Additionally, the inhomogeneity analysis 
in the barrier height was performed on the obtained 
temperature-dependent current–voltage characteristic, 
and the results were reported.

2 �Experimental section

In the fabrication of the Schottky diode, a 2-inch diam-
eter (0 0 1) oriented 280 µm thick n-type 6H-SiC semi-
conductor wafer with a donor density of 2.6 × 1017 cm−3 
was used as the base material. The semiconductor wafer 
used was cleaned in an ultrasonic bath for 5 min with 
trichloroethylene, acetone, and methanol, respectively, 
and then rinsed with deionized water. After the rins-
ing process was completed, the sample was kept in 
HF + H2O (1:20) solution for 15 s to prevent the forma-
tion of an oxide layer on the surface. Pure Au (99.995%) 
with a thickness of 150 nm was evaporated onto the 
matte surface of the semiconductor under 10–6 Torr pres-
sure and the sample was annealed at 950 °C for 5 min in 
the metal evaporation system to create ohmic contact. To 
coat the poly(3-hexylthiophene) (P3HT): [6,6]-Phenyl-
C61-butyric acid methyl ester (PCBM) layer, a P3HT: 
PCBM solution prepared by dissolving the compo-
nents in dichlorobenzene at 60 °C in a 1:1 volume ratio 
was dropped (three drops) onto the sample placed in 
the device, and the spin-coating apparatus was then 
operated. The spin-coating process was performed at 
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1000 rpm/s for 2 min to obtain a uniform thin film. After 
the process was completed, the sample was placed in 
a heating oven at 80 °C for about 10 min to allow the 
dichlorobenzene in the solution to evaporate and sepa-
rate from the sample.

After this process, a P3HT: PCBM (1:1) layer of 
approximately 120 nm was formed on the shiny surface 
of 6H-SiC, as determined by profilometer. In order to 
create a rectifying contact, approximately 150 nm thick 
pure aluminum (Al) (99.999%) was evaporated. In these 
processes, a stainless steel mask was used to create 1 mm 
diameter contacts. For current–voltage (I–V) measure-
ments, Keithley 2400 Sourcemeter was used. The meas-
urements were performed by controlling an IEEE-488 
AC/DC converter card connected to the computer. The 
measurements were made in the voltage range of − 2 V 
to + 3 V with 0.02 V increments and in the temperature 
scale of 80–375 K. The Au/P3HT: PCBM (1:1)/6H-SiC/Al 
Schottky diode that was fabricated is shown in Fig. 1.

3 �Results and discussion

Electrical characterization methods rely on measure-
ment techniques described in standard literature to 
accurately determine the parameters of semiconductors. 
Among these, current–voltage (I–V) measurements can 
be used to determine parameters such as conduction 
mechanisms, Schottky barrier height, ideality factor, and 
series resistance [15]. These parameters can be obtained 
using the thermionic emission model. According to this 
model, the relationship between current and voltage is 
expressed as in Eqs. 1 and 2.
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Here Io is the saturation current, V is the applied 
voltage, q is the electron charge, T is the absolute tem-
perature, A is the contact area, k is the Boltzmann con-
stant, Φb is the Schottky barrier height, n is the ideality 
factor, and A* is the Richardson coefficient of the semi-
conductor. For the n-6H-SiC used here, this coefficient 
is equal to 146 Acm−2 K−2 [16]. The terms for the ideal-
ity factor (n) and the barrier height (Φb) from Eq. 1 and 
2 are expressed in Eqs. 3 and 4, respectively.

Using the LnI-V plot obtained from experimental 
current–voltage measurements, Eq. 3 and 4, the most 
important electrical parameters for diodes, Φb, n and 
Io, can be calculated, which are the most important 
parameters for defining the relationship between volt-
age and current according to the Thermionic emission 
theory.

Accordingly, n can be calculated from the slope of 
the linear region of the LnI-V plot using Eq. 3, and Io 
can be determined from the cut-off point. In addition, 
the Φb value is calculated using these values according 
to Eq. 4. The experimental current–voltage character-
istics of the P3HT: PCBM/6H-SiC/Al diode are shown 
in Fig. 2 on a semi-logarithmic scale. Accordingly, the 
parameters calculated according to Fig. 2 using the 
equations are shown in Table 1. One of the important 
parameters among these parameters is the resistance, 
which affects the current conduction mechanism, espe-
cially in high-voltage sections. Many methods, includ-
ing artificial intelligence, have been proposed in the 
literature to determine the resistances [5].

Among these methods, two methods stand out. The 
first is the Cheung-Cheung method and the other is the 
Norde method [17, 18]. In the Cheung-Cheung method, 
according to Eq. 5, the plot of the dV/dLnI ratio versus 
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Fig. 1.   Schematic illustration of the Au/P3HT: PCBM/6H–SiC/Al Schottky diode structure
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Fig. 2.   Semi-logarithmic current–voltage (I–V) characteristics of the Au/P3HT/6H–SiC/Al Schottky diode measured in the temperature 
range of 80–375 K

Table 1.   Determined electrical parameters of P3HT: PCBM/6H-SiC/Al diode

T(K) Φb(eV)
I–V

Φb(eV)
 F(V)–V

Φb(eV)
H(I)–I

n
I–V

n
dV/dLn(I)-I

Rs(kΩ) H(I)–I Rs(kΩ) F(V)–V Rs(kΩ) dV/dLn(I) Io(A)

80 0.19 0.19 0.19 18.87 15.61 848.08 507.50 1475.05 6.88 × 10−9

100 0.24 0.23 0.24 12.86 11.42 418.38 343.05 709.35 9.00 × 10−9

125 0.29 0.26 0.29 10.52 9.28 152.05 107.48 235.02 2.58 × 10−8

150 0.34 0.34 0.34 8.62 7.21 61.17 27.78 112.21 5.51 × 10−8

175 0.39 0.39 0.39 7.28 6.51 30.33 30.16 54.10 1.03 × 10−7

200 0.45 0.44 0.45 6.72 6.14 18.03 13.53 30.60 1.82 × 10−7

225 0.50 0.49 0.50 6.15 5.43 14.00 14.70 24.90 2.92 × 10−7

250 0.55 0.54 0.55 5.63 4.60 13.47 12.76 24.83 3.90 × 10−7

275 0.60 0.59 0.60 5.41 4.67 10.24 9.41 17.14 6.50 × 10−7

300 0.65 0.64 0.65 5.26 4.11 9.38 7.33 16.52 8.55 × 10−7

325 0.70 0.69 0.70 5.02 3.84 7.62 6.70 15.55 1.28 × 10−6

350 0.75 0.74 0.75 4.87 3.60 6.38 6.17 12.83 1.52 × 10−6

375 0.80 0.79 0.81 4.42 3.35 5.25 5.39 10.93 9.98 × 10−6
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the current (I) should yield a straight line. Rs is calcu-
lated from the slope of this line, and the n value is deter-
mined from the vertical axis intercept point. However, 
the H(I) function is defined as given in Eq. (6). A yield 
a straight line is also expected from the plot of the H(I) 
function versus current. According to Eq. (7), the slope 
of this line gives the Rs value, while the intercept on the 
vertical axis yields the barrier height (Φb). The calcu-
lated parameters n. Φb and Rs calculated according to 
the Cheung-Cheung method are shown in Table 1.

In addition, the plots obtained depending on the 
temperature according to the Cheung-Cheung method, 
the plots obtained at room temperature, and the line 
fitted for 300 K are shown in Figs. 3 and 4. In the other 
method, Norde, a function is defined as in Eq. 8.

Here, if β = q/kT and γ is a number greater than ide-
ality (n), the F(V)-V plot is expected to pass through a 
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minimum. The barrier height is calculated according 
to Eq. 9, with Vmin being the value corresponding to 
F(V)min. The Rs value is calculated according to Eq. 10 
using the current (Imin) value corresponding to the Vmin 
value. The Φb and Rs parameters calculated accord-
ing to the Norde function according to Eqs. 9 and 10 
equations are shown in Table 1. On the other hand, the 
F(V)-V plot also obtained depending on the tempera-
ture is shown in Fig. 5.

The calculated parameters using the current–volt-
age characteristics of the P3HT: PCBM/6H-SiC/Al 
diode in the temperature range of 80–375 K are shown 
in Table 1. According to the table, the ideality factor 
(n) was calculated as 18.87 and 5.26 for 80 K and 300 K, 
respectively.

The barrier height (Φb) was found to be 0.19 and 
0.65 eV for the same temperatures, respectively. The 
resistance values were determined as 848kΩ and 
9.38kΩ for 80 K and 300 K, respectively. In addition, 
the saturation current (Io), which is one of the impor-
tant characteristics of the diode, was calculated to be 
6.88 × 10−9A and 8.55 × 10−7A at the same tempera-
tures, respectively. The calculated parameters are also 

(9)�
b
= F
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+

V
min

�
−
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Fig. 3.   dV/dLn(I)-I plot of 
P3HT: PCBM/6H-SiC/Al 
Schottky diode in the tem-
perature range
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Fig. 4.   H(I)-I plot of P3HT: 
PCBM/6H-SiC/Al Schottky 
diode in the temperature 
range.

Fig. 5.   F(V)-V plot of P3HT: 
PCBM/6H-SiC/Al Schottky 
diode in the temperature 
range
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compatible with the literature [11]. At this point, while 
the n and Rs parameters decrease with the increase in 
temperature, the Io and Φb values increase with ris-
ing temperature. One of the basic assumptions of the 
thermionic emission conduction mechanism is that the 
energy required for the carriers to form the current 
is provided by thermal energy. Therefore, the strong 
dependence of all parameters on temperature was con-
firmed in this study [19]. The reason for the increase 
in the n value and the decrease in the barrier height 
due to lowering the temperature could be suggested 
as physical reasons such as interface states and trap 
density, as well as the change of dominant conduction 
mechanisms depending on the temperature. Another 
reason proposed for this behavior is the non-homoge-
neous nature of the barrier height [20].

In fact, in the Thermionic emission model, the 
barrier height is assumed to be a constant value, 
independent of the applied voltage. This fixed bar-
rier approach may actually be the reason why the 
experimentally obtained parameters differ from those 
expected. Because at low temperatures, the current 
consists of carriers that overcome a low barrier. Since 
this current is formed due to a barrier below the barrier 
height predicted by the thermionic emission model, 
the n value is calculated very differently at these tem-
peratures. As the temperature increases, more carriers 
overcome the barrier from certain patches, and in this 
case, while Φb approaches the value predicted by the 
theory, the dominant current mechanism evolves into 
the classical Thermionic model and n enters a decreas-
ing trend. On the other hand, it can be seen that the 
resistance value decreases due to the increase in the 
number of carriers that overcome the barrier as the 
temperature increases. In addition, the polymer layer 
at the interface may have affected the electrical param-
eters because it causes fluctuations in the interface 
electrical potential. Because it has been reported in the 
literature that the polymer structures at the interface 
form volumetrically inhomogeneous interface struc-
tures due to the non-periodic and locally variable bond 
structure distribution, the ideality value may be much 
larger than expected [21]. On the other hand, the n and 
Φb parameters calculated for the diode are in good 
agreement with each other. However, it can be seen in 
Table 1 that the resistance values are calculated  using 
the Cheung-Cheung method, although they show a 
good correlation with each other and differ slightly 
from the values calculated with the Norde method, 
particularly in the low-temperature region. This may 

arise from the different calculation approaches of the 
two methods. While the resistance is determined by 
the Cheung-Cheung method from a specific linear part 
in the forward bias, in the Norde method, the resist-
ance is calculated from the entire forward bias region 
[22]. Another important parameter of the thermionic 
emission mechanism is the constant known as the 
Richardson constant, which indicates the semiconduc-
tor. It could be said that this constant indicates a kind 
of conductivity of the semiconductor depending on 
the temperature. This parameter can be calculated by 
a method known as the traditional Richardson curve. 
Accordingly, Eq. 11 is used to construct this curve.

According to Eq. 11, it is expected that the Ln(Io/
T2)-1000/T plot should yield a straight line. The slope 
of this plot gives the effective barrier height (Φb0) and 
the Richardson constant (A*) is found from the point 
where it intersects the vertical axis. The Ln(Io/T2)-
1000/T plot obtained as a result of the experimental 
data of the diode is shown in Fig. 6. As a result of the 
calculations from the plot, the values of A* and Φb0 
were found to be 4.31 × 10–9 Acm−2 K−2 and 0.291 eV. 
When this result is examined, it is clearly seen that the 
known Richardson constant (A*) of 6H-SiC is much 
smaller than the value of 146 Acm−2 K−2. In fact, this 
result has also been reported by other researchers 
who performed similar studies on Schottky diodes 
with different polymer interfaces [11, 23, 24]. Such a 
significant deviation in the Richardson constant may 
indicate that the barrier height is not homogeneous, 
suggesting a patchy barrier structure and potential 
fluctuations at the interface where low or high barrier 
regions are formed. Because in such a case, the cur-
rent will prefer a lower barrier in an inhomogeneous 
barrier structure, the Richardson value (A*) calculated 
from the experimental current–voltage characteristics 
depending on the temperature may be affected by the 
spatial inhomogeneity of the barrier. This may lead to 
a calculation of the A* value quite different from the 
theoretical value [25, 26].

In addition, the P3HT: PCBM polymer at the inter-
face may have affected the potential at the interface 
due to its spontaneous electrical dipole. Because 
Aarniyo et al. showed that the P3HT:PCBM polymer 
can naturally form an electrical dipole [27]. On the 
other hand, localized and irregular chemical bonds 
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between the polymer and semiconductor could create 
trap levels. Furthermore, because the thermal expan-
sion coefficients of the polymer layer and the semi-
conductor differ, microcracks or defect regions could 
contribute to these trap centers due to temperature 
changes. In this case, the Richardson constant may be 
affected, as it can affect current conduction. Horvath 
explained that the reason for the significant deviation 
of the Richardson constant could also be due to the lat-
eral inhomogeneity of the barrier height [28]. To inves-
tigate lateral inhomogeneity, Schmitsdorf et al. pro-
posed an approach based on Tung’s theoretical model 
[25, 29]. They stated that a linear relationship between 
the barrier height and the ideality factor could be an 
indicator of lateral inhomogeneity. Accordingly, the 
variation of barrier height with respect to the ideality 
factor is shown in Fig. 7. As can be seen from the plot, 
two distinct linear regions are observed. From these 
regions, the mean barrier heights corresponding to the 
ideal case (n = 1) were determined. The mean barrier 
height was found to be 0.386 eV in the 80–150 K range, 
and 1.281 eV in the 175–400 K range. Based on these 
results, the presence of two different linear regions in 
Fig. 7 may indicate that the barrier is laterally inhomo-
geneous at different temperature intervals.

At this point, for spatial inhomogeneity, a Gauss-
ian distribution (GD) model of the barrier height 

based on the thermionic emission mechanism was 
proposed. According to this model, the barrier 
height actually exhibits a distribution, which can be 
expressed as a Gaussian distribution P(Φbo), defined 
as a function of the mean barrier height ( Φ

bo
 ) and the 

standard deviation (σ0) as given in Eq. (12) [20, 30].

According to this, the barrier height (Φb) and 
ideality factor (n) obtained through the application 
of the Gaussian distribution function to the thermi-
onic emission model are represented as Φap and nap, 
respectively. In this model, the value of Φap is given 
by the equation in Eq. (13), where Φap is the experi-
mentally measured barrier height, σ0 is the standard 
deviation, and Φ

bo
 is the mean barrier height. Since 

the temperature dependence of the standard devia-
tion σ0 is generally small, it can be neglected in bar-
rier height calculations. In that case, the previously 
described thermionic emission mechanism becomes 
dominant again, and the barrier height is assumed 
to be constant and single-valued. On the other hand, 
according to the GD model, the temperature depend-
ence of the ideality factor is expressed by Eq. (14).
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Fig. 6.   Plot of LnIo/T2 
versus 1000/T for the P3HT: 
PCBM/6H-SiC/Al Schottky 
diode
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Here nap is the experimentally calculated ideality 
factor, ρ2 and ρ3 are the voltage coefficients depend-
ing on the distribution of the barrier height. There is 
a linear relationship between the voltage coefficients, 
the mean barrier height, and the standard deviation. 
This can be seen in Eqs. 15 and 16.

According to Eqs. (15) and (16), unlike the pure 
thermionic emission model, which assumes a con-
stant barrier height for each temperature, it can be 
observed that the barrier height also involves defor-
mation depending on the applied bias. Moreover, the 
closer the standard deviation approaches zero, the 
more the barrier height tends toward homogeneity, 
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indicating a behavior closer to the ideal thermionic 
emission model. For the analysis of barrier inhomo-
geneity based on the experimental current–voltage 
data of the diode, Eqs. (13) and (14) were used. 
According to these equations, the plot of Φap versus 
q/2kT is expected to yield a straight line. From the 
slope of this line, the standard deviation (σ0) is deter-
mined, and from its intercept on the vertical axis, the 
mean barrier height ( Φ bo) is obtained. Similarly, the 
plot of ( n−1

ap
-1) versus q/2kT is also expected to pro-

duce a straight line. From the slope of this line, ρ3 is 
calculated, while ρ2 is determined from the intercept 
on the vertical axis. The plots drawn according to 
Eqs. (13) and (14) are presented in Figs. 8 and 9. As 
seen in Fig. 8, the plot consists of two distinct linear 
regions. In the temperature range of 80–150 K, the 
parameters Φ

bo
 and σ0 were calculated to be 0.5 eV 

and 0.067 eV, respectively. Similarly, in the tempera-
ture range of 175–375 K, the same parameters were 
found to be 1.10 eV and 0.150 eV, respectively. These 
results could be evaluated as a result of the spatial 
inhomogeneity of the barrier due to the different bar-
rier heights in different temperature regions. 
Because, since the interface structure requires 

Fig. 7.   Plot of barrier height 
versus ideality factor for the 
P3HT: PCBM/6H-SiC/Al 
diode
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physical contact, the electronic structure of the inter-
face can probably be affected by dislocations, grain 
boundary structure, multiphases, and atomic struc-
ture of the interface as a function of the atomic lattice 

[26]. In addition, at high temperatures, the σ0 value 
corresponds to 13.63% of the calculated value of Φ

bo
 , 

while at low temperatures, this ratio is 13.40%. These 
results show that barrier inhomogeneity is relatively 

Fig. 8.   Plot of Φap ver-
sus q/2kT for the P3HT: 
PCBM/6H-SiC/Al Schottky 
diode with two different 
linear regions

Fig. 9.   Plot of nap
-1-1 

versus q/2kT for the P3HT: 
PCBM/6H-SiC/Al Schottky 
diode with single linear 
region
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effective at all temperatures and its proportional 
effect increases slightly as the temperature increases. 
In fact, the limited decrease in the ideality factor in 
Table 1 due to the temperature increase may be due 
to this reason. Furthermore, these two linear-region 
behaviors indicate the presence of a double Gaussian 
distribution of the barrier height. This phenomenon 
has also been reported by other researchers who pre-
viously studied silicon carbide semiconductors [31, 
32].

According to the plot, the voltage coefficients 
ρ2 and ρ3 were determined as -0.75 V and -0.029 V, 
respectively. The negative value of both voltage 
constants indicates that the barrier height increases 
with the rise in the applied voltage of the diode, in 
the opposite direction of the effect of the image force 
lowering of the barrier [33]. Indeed, similar results 
have been reported in the literature [16, 34, 35]. The 
noticeable situation here is that while the mean barrier 
height exhibits two linear regions in Fig. 8, a single 
linear region is seen in Fig. 9. This situation is quite rare 
according to the literature. This observation reveals 
that, in terms of its effect on the barrier height, the 
applied voltage exhibits an effectively homogeneous 
influence across the entire temperature range. This 
situation indicates the existence of a barrier structure 

that is inhomogeneous in temperature sensitivity but 
stable to the deformation effects of voltage. In this 
respect, it shows that the voltage-dependent effects of 
the barrier patches are limited, unlike the temperature. 
At this point, it should be noted that in a previously 
reported study by Güzel et al., the aforementioned 
mean barrier height and voltage coefficient plots of 
the 6H-SiC/Au diode produced without a polymer 
interface, unlike this study, exhibited a two-region 
structure, which is well known according to the 
literature [32].

Moreover, with the inclusion of the calculated 
standard deviations, the Richardson equation can be 
modified as shown in Eq. (17).

Accordingly, the Ln(I0/T2)-q2σ0
2/2k2T2 according 

to 1000/T obtained by using Eq. 17 by including the 
standard deviation values ​​(σ0) previously calculated 
from the linear sections for the diode is shown in 
Fig. 10. Accordingly, the plot of Ln(I0/T2)-q2σ0

2/2k2T2 
according to 1000/T should yield a straight line. The 
mean barrier height ( Φ

b
 ) was found from the slope of 

this line and the Richardson constant (A*) was found 

(17)ln

(

I
0

T
2

)

−

(

q
2�2

2k
2
T
2

)

= ln(AA ∗) −
qΦ

b0

kT

Fig. 10.   Plot of Ln(I0/T2)-
q2�2

0/2k2T2 versus 1000/T  for 
the P3HT:PCBM/6H-SiC/Al 
Schottky diode
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from the vertical axis cut point. According to Fig. 10, 
the plot prepared according to two different stand-
ard deviation values ​​for the diode can be seen. In the 
temperature range of 80 K to 150 K, the mean bar-
rier height and Richardson constant were calculated 
as 0.56 eV and 223.02 Acm−2 K−2, respectively. On the 
other hand, the mean barrier height and Richardson 
constant calculated from the curve drawn for 175 K to 
375 K were found to be 1.66 eV and 669.98 Acm−2 K−2, 
respectively. The calculated A* values ​​are in compat-
ible with the known values ​​for 6H-SiC in terms of 
magnitude compared to the previously calculated val-
ues. In addition, the calculated mean barrier height in 
the high-temperature regions is also quite good point 
compared to previous experimental reports of 6H-SiC/
Al contacts [11, 36]. At this point, the fact that the val-
ues calculated from the modified Richardson plot 
accounting for standard deviation exhibit better agree-
ment with the known theoretical value for 6H–SiC 
suggests that the barrier is not spatially homogene-
ous and exhibits inhomogeneity based on a Gaussian 
distribution function. On the other hand, it is neces-
sary to state that although the mean barrier height 
value calculated with the effect of the P3HT: PCBM 
polymer layer is at a very good point compared to the 
literature, the ideality factor is also at a large value, 
especially in the high-temperature region. A similar 
result was reported by Gökçen et al. who explaned 
that although the polymer layer on the interface of the 
Schottky diode provides an improvement in the bar-
rier height, it negatively affects the ideality factor [37].

4 �Conclusion

A polymer-interfaced Au/P3HT\:PCBM/6H-
SiC/Al Schottky diode was fabricated, and its 
current–voltage characteristics were determined 
in the temperature range of 80–375 K. At 80 K and 
375 K, the ideality factors and barrier heights were 
calculated as 16.87 and 0.19 eV, and 4.42 and 0.80 eV, 
respectively. The saturation currents at the same 
temperatures were found to be 6.88 × 10⁻⁹ A and 
9.98 × 10⁻⁶ A, respectively. The resistance values 
were also determined as 848 kΩ and 5.25 kΩ at the 
same temperatures. Based on these results, it was 
observed that the barrier height and saturation 
current increased with rising temperature, while 
the ideality factor and resistance decreased. 
Accordingly, a strong temperature dependence 

of the electrical parameters was confirmed. In 
addition, the basic parameters were calculated 
using the Cheung-Cheung and Norde functions. The 
calculated parameters showed a good correlation 
with each other. In addition, the inhomogeneity 
analysis of the barrier was performed. As a result 
of the analysis, two different regional distributions 
were determined. In the low-temperature region 
(80-150 K), the mean barrier height and standard 
deviation were calculated as 0.5 eV and 0.067, while 
in the high-temperature region (175-375  K) they 
were found to be 1.10  eV and 0.15, respectively. 
This is show taht at high temperatures, the σ0 
value corresponds to 13.63% of the calculated 
value of Φ

bo
 , while at low temperatures this ratio is 

13.40%. These results demonstrated that the effect 
of barrier inhomogeneity relatively increased with 
rising temperature. Moreover, from the modified 
Richardson plot, the Richardson constants were 
found to be 223.02 and 669.98Acm−2  K−2 for the 
low- and high-temperature regions, respectively. 
Similarly, the mean barrier heights in the same-
temperature regions were determined to be 0.56 eV 
and 1.66 eV, respectively. These results showed that 
the barrier structure of the polymer interface diode 
included spatial inhomogeneity. Also, the voltage 
coefficients ρ2 and ρ3 were calculated as -0.75 V and 
-0.029 V, respectively. In addition, according to the 
lateral inhomogeneity research of the barrier height, 
it was determined that the barrier also contained 
lateral inhomogeneity.

When these results are evaluated together, it was 
determined that the barrier height exhibits a temper-
ature-sensitive inhomogeneous structure, yet remains 
stable against voltage-induced deformation effects. 
This indicates that the voltage-dependent effects of 
the barrier patches are limited, unlike the influence 
of temperature. At this point, the results of this study 
are in good agreement with the scenario in which the 
barrier height is also influenced by the interfacial poly-
mer, following a structure known as a double Gauss-
ian distribution and consisting of spatial patches.
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