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Abstract. In this study, the effect of Si3 N4 insulator layer on the electrical characteristics of Au/n-4H SiC diode was
investigated. The current–voltage (I −V ), capacitance–voltage (C−V ) and conductance–voltage (G/w−V ) measurements
were carried out at room temperature condition. Under thermionic emission model, electrical parameters as zero-bias barrier
height (Bo ), ideality factor (n), interface states (Dit ), and series (Rs ) and shunt (Rsh ) resistances were estimated from
forward bias I −V analyses. The values of n and Bo were about 1.305 and 0.796 eV for metal–semiconductor (MS)
rectifying diode, and 3.142 and 0.713 eV for metal–insulator–semiconductor (MIS) diode with the insertion of Si3 N4 layer,
respectively. Since the values of n were greater than the unity, the fabricated diodes showed non-ideal I −V behaviour. The
energy distribution proﬁle of Dit of the diodes was calculated by taking into account of the bias dependence of the effective
barrier height (e ) and Rs . The obtained Dit values with Rs are almost one order of magnitude lower than those without Rs
for two diodes. According to Cheung’s model, Rs were calculated and these values were found in increasing behaviour with
the contribution of Si3 N4 insulator layer. In addition, the JR −V plot behaviours with linear dependence between ln(JR )
vs. V 0.5 indicated that the dominant conduction mechanism in the reverse bias region was Schottky effect for both MS and
MIS diodes. In the room temperature C−V measurements, different from the results of MIS diode, the values of C for MS
diode was observed in decreasing behaviour from ideality with crossing the certain forward bias voltage point (∼2.5 V). The
decrease in the negative capacitance corresponds to the increase of G/w.
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1. Introduction
In recent years, silicon carbide (SiC) structure has attracted
considerable attention for photonic and electronic device
applications due to unique inherent electrical and high thermal
conductivity, indirect wide bandgap (3.0 eV for 6H-SiC and
3.2 eV for 4H-SiC), large critical breakdown of electric ﬁeld
at about 3 ×108 V m−1 , high saturation electron drift velocity
and high chemical stability [1–4]. Advances in the all aspect
of SiC-based devices have directed the researchers because
of their potential to compete with Si-based counterparts.
Among the wide bandgap semiconductors, it can provide
an advantage with its thermally oxidizable characteristic to
compose an insulator layer between metal and semiconductor. Therefore, there have been several studies on Schottky
barrier height (SBH) characteristics of 6H-SiC [5,6] and 4HSiC [7,8], in which some of them also developed models
to understand the barrier formation in the SiC-based diodes.
The formation of barrier height (B ) and interfacial insulator
layer in intrinsic or extrinsic origin at metal/semiconductor
(M/S) interface, and their inhomogeneity also affect the main

electrical parameters [9–14]. This insulating layer generated
between semiconductor and metal results in a continuous
distribution of interface states, Dit , at the interface [9,10].
Although there are many reported works on the electrical
characteristics of the MS and MIS (or MOS) devices under
the effect of this layer, it is still an open research area to
develop a complete understanding [11–23]. Among them,
high dielectric constant materials such as Si3 N4 , HfO2 , ZnO2
and TiO2 for SiO2 have attracted attention as an alternative interfacial layer for their applications at M/S interface
in electronic structures as MS and MIS devices [18,23–25].
In addition to the high dielectric permittivity characteristic,
having low density of Dit provides an advantage in device
applications. The performance of these devices is characterized by their primary electrical parameters such as σB ,
ideality factor (n), series resistance (Rs ) and Dit . In general,
the I −V plots of MS and MIS diodes are expected to be
in linear behaviour on a semi-logarithmic scale at intermediate applied voltage region. On the other hand, it can be
deviated from the linearity due to the effect of Rs , Dit and
interfacial layer when the bias voltage is adequately large

1

66

Page 2 of 9

(V ≥ 1 V). The values of Rs and Dit can also affect the
C−V plots of diodes, and therefore they can cause a bending
in C−V plots.
In this study, I −V , C−V and G/w−V characteristics of
Au/n-4H SiC and Au/Si3 N4 /n-4H SiC diodes were investigated to determine the effect of insulator (Si3 N4 ) layer.
Forward and reverse biasing behaviour of diodes were discussed according to Schottky and Poole-Frenkel emission
models and device parameters as, n, B ,Dit and Rs were also
calculated comparatively among these two diodes.
2. Experimental
Au/n-4H SiC and Au/Si3 N4 /n-4H SiC diodes were fabricated
onto a (0001) oriented, 500 μm thick and nitrogen-doped
(3.125 × 1016 cm−3 ) n-type 4H SiC substrates. Before
deposition steps, ultrasonic and chemical substrate cleaning
procedures by organic solvents of CHClCCl2 , CH3 COCH3
and CH3 OH were applied for 10 min. Following to the cleaning, the surfaces of the SiC substrates were etched in a
sequence of H2 SO4 , H2 O2 −HF (20%), HF (20%), a solution
of 6HNO3 :1HF:35H2 O and ﬁnally rinsed in 18 M.cm deionized water [26–29]. Then, under 10−7 mbar vacuum condition, highly pure (99.999%) Au metal source was thermally
evaporated to form ohmic back contacts for the substrates
[30]. Substrate temperature in the Au contact deposition was
kept constant at 450◦ C and the ﬁnal thickness of the contacts
was monitored to be around 200 nm. After this process, samples were annealed at 430◦ C under nitrogen atmosphere to
enhance the ohmic contact behaviour. The insulator layer in
MIS structure was deposited by magnetron sputtering of a
compound Si3 N4 target at a substrate temperature of 200◦ C
[31]. Finally, MS and MIS diode structures were completed
with thermally evaporated dot-patterned Au rectifying contacts in 2 mm diameter and 150 nm thickness, on the front
surface of the bare 4H SiC and Si3 N4 ﬁlm layer, respectively
[32,33]. The schematic diagram of the fabricated Au/n-4H
SiC and Au/Si3 N4 /n-4H SiC diodes is illustrated in ﬁgure 1a.
The electrical characterization of these diodes were investigated by room temperature I −V , C−V and G/w−V measurements. These measurements were performed by using
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Keithley 4200 SCS semiconductor characterization system.
In addition, the interfacial insulator layer thickness (Si3 N4 )
was calculated from measurement of the insulator capacitance
(Ci = Cox = εε0 A/dox ) in the strong accumulation region.
Moreover, in order to get a better understanding on the surface
morphology of Si3 N4 layer, atomic force microscopy (AFM)
technique was utilized in tapping mode. As seen in ﬁgure 1b,
Si3 N4 thin ﬁlm shows smooth and uniform surfaces; and in
addition, the root mean square (RMS) roughness of Si3 N4 was
found to be 0.488 nm.

3. Experimental Results
3.1 Current–voltage characteristics
Diode parameters of the fabricated Au/n-4H SiC (MS) and
Au/Si3 N4 /n-4H SiC (MIS) diodes were calculated from the
room temperature I −V measurements. The experimental forward and reverse bias I −V characteristics of these diodes are
presented in ﬁgure 2. As seen from this ﬁgure, both diode
structures show rectifying behaviour with the rectifying ratio
(RR) as about 2.2 × 102 and 1.2 × 103 at ±3.8 V for fabricated MS and MIS diodes, respectively. For a MS or MIS
diode, the relation between applied forward bias voltage V
and resultant current I can be formulated as [9,10,34],




 q
q(V − IRs )
−1 ,
I = A A∗ T 2 exp − Bo exp
kT
nkT
(1)
where q is the electronic charge, Bo is the apparent barrier
height for zero-bias point at interface, n the ideality factor,
k the Boltzmann constant and T the absolute temperature in
Kelvin. In this expression, applied voltage, V , was evaluated
as the voltage across the diode (VD = V − IRs ) under the
effect of Rs . Detailed explanation of diode leakage current
can be given as [9],


qBo
,
I0 = A A T exp −
kT
∗

2

Figure 1. (a) The schematic diagram of the Au/n-4H SiC and Au/Si3 N4 /n-4H SiC diodes at room temperature and
(b) AFM image of Si3 N4 layer.

(2a)
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the value of n is calculated from the slope of the linear region
of the forward bias ln I −V plot and it can be written as [37],
n=

q
kT




dV
,
d(ln I )

(3a)

Furthermore, the voltage dependent of n(V ) can be
expressed as [38],

n(V ) =

Figure 2. The semi-logarithmic current–voltage and log (I )–log
(V ) plots of the Au/n-4H SiC and Au/Si3 N4 /n-4H SiC diodes at
room temperature.

where I0 is the reverse saturation current due to the minority
carriers, A the rectiﬁer contact or diode area, A∗ the effective
Richardson constant (146 A cm−2 K2 for n-4H SiC [5]).
As observed from ﬁgure 2, the I −V curves quite differ
from the linearity at high forward bias voltage. This deviation
can be attributed to the inﬂuences of the presence of insulator layer, density of the interface state Dit and the effect of
parasitic resistances Rs . In the reverse bias region, the measured current values were observed in increasing behaviour
with increase in applied bias voltage and scales up gradually
with the reverse bias without any inﬂuence of saturation for
Au/n-4H SiC and Au/Si3 N4 /n-4H SiC diodes. In this case,
non-saturating behaviour of reverse current can be explained
in terms of the image force lowering of SBH and the presence
of the interfacial insulator layer at M/S interface [9,10,35,36].
Additionally, there is considerable change in the reverse current values with applied bias voltage. As given in ﬁgure 2, the
magnitude of the leakage current for Au/Si3 N4 /n-4H SiC is
lower than Au/n-4H SiC in the reverse bias voltage range
of −4 V ≤ V ≤ −2.8 V. As a result, Au/Si3 N4 /n-4H
SiC diode shows a better RR than Au/n-4H SiC diode due
to the decrease in the effects of Dit and shunt resistance, Rsh
[8,36].
From Eq. (1), I0 values can be extracted from the straightline intercept of the semi-logarithmic forward biased I −V
curve (ﬁgure 2) at zero bias voltage point. Additionally, the
values of Bo and voltage-dependent effect barrier height
(e ) can be obtained from Eq. (2b) and (2c) as [9,10,25]


A A∗ T 2
(2b)
Bo = kT ln
I0


1
e = Bo + 1 −
(2c)
(V − IRs ),
n(V )
where n(V ) is the voltage dependent of n, which is the indication of deviation from the ideal TE theory. From Eq. (1),

q(V − IRs )
kT In(I /I0 )


(3b)

The experimental values of n and Bo of diodes were determined from Eq. (2b) and (3a) as 3.142 and 1.305 for n; and
0.713 and 0.796 eV for σBo with and without Si3 N4 interfacial
insulator layer, respectively. The high values of n show that
the fabricated Au/n-4H SiC diodes behave as MIS rather than
MS structure. The high n values can also be the indication
of the presence of an interfacial insulator layer, patches at
Au/n-4H SiC interface or wide distribution of low SBHs and
distribution of Dit at Si3 N4 /n-4H SiC interface [35,36]. Investigation of transport mechanism on the fabricated MS and MIS
diodes were detailed by plotting In(I )–In(V ) relations given
in ﬁgure 2. As presented in the inset of ﬁgure 2, there are
three distinct linear regions for In(I )–In(V ) characteristics of
both of these diodes as region 1: −3.3 V < V < −1.8 V;
region 2: −1.6 V < V < −0.6; region 3: 0 V < V < 1 V
for Au/n-4H SiC and region 1: −3.3 V < V < −0.2 V;
region 2: −0.25 V < V < 0.3; region 3: 0.4 V < V < 1 V
for Au/Si3 N4 /n-4H SiC. At low bias region (region 1), the
change in the measured current values are directly related to
applied bias voltage as in ohmic contact characteristics for
these Schottky barrier diodes (SBDs), independently [38,39].
This behaviour can be the result of the predominance of bulk
generated current to the injected free carrier generated current
[39–41]. The linearity in the second voltage region (region 2)
can be characterized by the mechanism of space charge limited current (SCLC) showing power law dependence of I to
V (I ∼ V m ). This I −V behaviour is related to the increase
in injected electrons from electrode to the insulator layer with
the increase in voltage. The increase in the number of injected
electrons can trigger the saturation of the traps and as a result
increase in the space charges [39–41]. Additionally, at strong
forward bias region (region 3), the electrons can escape from
the traps and contribute to SCLC due to the strong electron
injection [39–43].
Parasitic structure resistances (Ri ) have a signiﬁcant role
in the performance of the semiconductor devices. In the electrical analysis of these diodes, the values of n and Bo were
found to be in increasing behaviour with increase in applied
bias voltage mostly for the high bias voltage region under the
effect of Rs . In order to estimate this effect of parasitic resistances in these fabricated diodes, Rs and Rsh were calculated
in the high forward and reverse voltage regions, respectively.
According to the parasitic resistance relation as Ri = dVi /dIi ,
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Figure 3. The structure resistance of Au/n-4H SiC and
Au/Si3 N4 /n-4H SiC diodes at room temperature.

Figure 4. dV /d(lnI )−I and H (I )−I plots of the Au/n-4H SiC
diodes at room temperature.

the obtained resistance values are plotted in ﬁgure 3. As shown
in this ﬁgure, at sufﬁciently high forward bias voltage region,
Rs values for Au/n-4H SiC and Au/Si3 N4 /n-4H SiC approach
to constant values as 3.79 and 14.83 , respectively. Similarly, at around 0 V reverse bias point, Rsh values were found
in constant values as 0.77 and 0.10 M for Au/n-4H SiC and
Au/Si3 N4 /n-4H SiC, respectively. These observed increase in
Rs and decrease in Rsh with the contribution of Si3 N4 insulator
layer can be the indication for improvement in the Au/n-4H
SiC diode performance.
The values of Rs were also calculated from the forward
bias I −V data in the concave curvature region of the I −V
plots by using the Cheung and Cheung method [19] as the
following expressions,
dV
=n
d(ln I )



kT
q


+ IRs

kT
In
H (I ) = V + n
q



I
A A∗ T 2

(4)

= nBo + IRs

(5)

where the term IRs is the voltage drop across the Rs in
the diodes. The corresponding dV /d(lnI )−I and H (I )−I
plots of the diodes are given in ﬁgures 4 and 5, respectively.
In these analyses, the slope of the straight line obtained in
dV /d(lnI )−I plots corresponds to the Rs and the y-axis intercept is used to calculate n. As a result of them, the Rs values
for Au/n-4H SiC and Au/Si3 N4 /n-4H SiC were found as 4.08
and 2.96 , respectively. In a similar way, the linearity of the
H (I )−I plots represented in ﬁgures 4 and 5 is related to the
Rs values. In addition, by using the n value from the direct
analysis of semi-logarithmic I −V relation, Bo can be calculated from the y-intercept of the H (I )−I plots. Rs and Bo
values for Au/n-4H SiC diodes with and without Si3 N4 were
found as 3.12, 1.6  and 0.455, 0.457 eV, respectively. As a
result, Rs values obtained from dV /d(lnI )−I and H (I )−I

Figure 5. dV /d(lnI )−I and H (I )−I plots of the Au/Si3 N4 /n-4H
SiC diodes at room temperature.

plots are found in a good agreement with each other for both
of two fabricated diodes.
The non-ideal I −V characteristics observed at high bias
voltages (ﬁgure 2) can be evaluated as the continuum of Dit in
equilibrium with semiconductor, the effects of Rs and interfacial layer [37]. Thus, the distribution of Dit can be determined
from the forward bias I −V characteristics by using the voltage dependence of e and n. In addition, under the effect of Rs
in the real SBD, e can be obtained from Eq. (2c) by considering the presence of an interfacial insulator layer (Si3 N4 ) and
Rs . According to the model proposed by Card and Rhoderick
[15], the values of Dit can be simpliﬁed as,


1 εi
εs
Dit (V ) =
(n(V ) − 1) −
q δ
wD

(6)

where εi and εs are permittivity of insulator layer and semiconductor, respectively; and wD is the width of the space
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Figure 6. Density of interface states as a function of E c − E ss of
Au/n-4H SiC diodes by taking into account the series resistance in
the calculation at room temperature.

66

Figure 7. Density of interface states as a function of E c − E ss
of Au/Si3 N4 /n-4H SiC diodes by taking into account the series
resistance in the calculation at room temperature.

charge region. For this analysis, the interfacial insulator layer
thickness δ was obtained from insulator layer capacitance
(Cox = εi ε0 A/δ) at 1 MHz frequency.
For n-type semiconductors, the energy of the interface
states E ss with respect to the bottom of the conduction band
of semiconductor E c can be expressed as [44]:
E c − E ss = q(e − V )

(7)

Therefore, for Au/n-4H SiC diodes with and without Si3 N4
interfacial insulator layer, the values of Dit as a function of
E c − E ss are illustrated in ﬁgures 6 and 7, respectively. The
exponential increase in the Dit from mid-gap towards the bottom of the conductance band were distinctively observed from
these ﬁgures [15,45–49]. As seen in ﬁgure 6, the magnitude
of Dit for Au/n-4H SiC at 0.36− E v (eV) changes in the range
from 8.557 × 1012 to 2.813 × 1013 eV−1 cm−2 with the effect
of Rs . Additionally, this variation was found in the range from
7.454 × 1012 to 1.763 × 1013 eV−1 cm−2 at 0.38 − E v (eV)
for Au/Si3 N4 /n-4H SiC (ﬁgure 7). As a result, the effect of
Rs should be discussed in the evaluation of the Dit proﬁles for
both of these MS and MIS diodes [49,50]. Since the experimental results showed that the values of Dit decreases with
contribution of insulator layer to the MS diode and therefore there is a structural improvement with the high dielectric
insulator layer.
In the reverse bias region, the exponential dependence of
reverse current IR showed that the current transport characteristics cannot explain by usual diode characteristics. Therefore,
Poole-Frenkel or Schottky barrier lowering mechanisms can
be evaluated as pre-dominant reverse current transport mechanism for these two diodes. In order to observe the effect
of these mechanisms in the reverse conduction region, the
current density in the reverse direction JR −V curves was
plotted. As given in ﬁgure 8, linear relation between In(JR )

Figure 8. Plots of JR vs. V 1/2 of the Au/n-type 4H-SiC and
Au/Si3 N4 /n-4H SiC diodes in the reverse direction.

and V 1/2 was observed for the MS and MIS diodes [51–
59]. However, Poole-Frenkel conduction and Schottky barrier
lowering effect gave the similar appearance in these characteristics plots; it is difﬁcult to specify the dominant effect on
the reverse bias I −V characteristics.
The IR −V expression for the Poole-Frenkel effect is given
by
IR = A A∗ T 2 exp(−b /kT ) exp[(βPF V 1/2 )/(kT d1/2 )]
(8)
where βPF is the Poole-Frenkel coefﬁcient expressed by
βPF = (q/π ε0 ε)1/2

(9)

where ε0 is the permittivity of free space and ε the relative dielectric constant [51–59]. In this expression, βPF is
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Table 1.
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Experimental and theoretical values of β.
Experimental values

Au/n-4H SiC
Au/Si3 N4 /n-4H SiC

Theoretical values

β (eVm1/2 V−1/2 )

βBF (eVm1/2 V−1/2 )

βsc (eVm1/2 V−1/2 )

1.29 × 10−05
2.22 × 10−05

6.85 × 10−05
3.37 × 10−05

3.42 × 10−05
1.73 × 10−05

Figure 9. The C−V plot of the Au/n-type 4H-SiC and
Au/Si3 N4 /n-4H SiC diodes at room temperature.

higher than Schottky coefﬁcient βsc as βPF = 2βsc [43–51].
The experimental value of β determined from the slope of
linear regions in ﬁgure 8 is listed in table 1. From the theoretical calculations, βPF was reported as 6.85 × 10−05 and
3.47×10−05 eVm1/2 V−1/2 for Au/n-4H SiC and Au/Si3 N4 /n4H SiC, respectively. As given table 1, the experimental result
of βPF was found in a close approximation to the calculated
βSC(theorical) value. This result indicated that the reverse current conduction mechanism for these diodes is dominated by
Schottky (SC) effect.
3.2 Capacitance–voltage and conductance–voltage
characteristics
In general, at sufﬁciently high frequencies ( f ≥ 1 MHz), the
Dit cannot follow the ac signal and as a result, the contribution of Dit capacitance to the measured total capacitance
can be neglected [48]. Therefore, the C−V measurements
of the diodes were carried out at 1 MHz and the experimental results were given in ﬁgure 9. As seen in ﬁgure 9,
the C values of Au/Si3 N4 /n-4H SiC increases rapidly in the
interval of −6.0 and −1 V, whereas there is a slow increase
in behaviour between −1 and 4 V and decrease in behavior between 4 and 6.0 V with increase in the reverse bias
voltage. In addition, there is an anomalous C peak in the
corresponding C−V plot of Au/n-4H SiC at about 0.6 V.

Figure 10. The G/w−V plot of the Au/n-type 4H-SiC and
Au/Si3 N4 /n-4H SiC diodes at room temperature.

In this plot, C values take negative at about 2.0 V. At room
temperature condition, such C−V behaviour is known as negative capacitance (NC) [60,61]. Decrease in the values of Rs
decrease can be related to the reduction in carrier density in
the depletion region of the diode through the introduction of
traps and recombination centre associated with the voltage
effect. On the other hand, a rapid increase in G/w values
with the increase in voltage was observed, as in ﬁgure 10, for
all fabricated diodes.
The C−V and G/w−V relations of Au/n-4H SiC were
ﬁgured as a single plot in ﬁgure 11. As seen in ﬁgure 11,
the values of C are relatively higher than G/w in the reverse
bias region whereas this behaviour is reversed in the forward
bias region. In fact, at about 6.0 V point, C takes a minimum
value and on the other hand, G/w reaches to a maximum value
with similar to the reported works in the literature [60–63].
The observation of NC, in which the charge on the electrodes
decreases with the increment of bias voltage produces, is the
indication of an inductive behaviour of this MS diode [60,62].
Based on NC, increase in the injection of minority carriers can
be observed only at a forward bias voltage [60]. In this case,
the detailed analysis cannot be carried out due to the fact that
there is no enough experimental study to deﬁne the NC effect
[60–63].
From the C−V analysis, the C −2 −V plots of the diodes are
given in ﬁgure 12. From ﬁgure 12, in wide range of bias voltage, linear variation of the C −2 values with V was observed
in both of Au/n-4H SiC (in the interval of −4 to +0.5 V)
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Using the obtained Vi values, the diffusion potential at zero
bias can be calculated using following relation [44]:
Vd = Vi +

kT
q

(11)

Thus, the values of Vd were obtained as 0.773 and 0.963 V
for Au/n-4H SiC and Au/Si3 N4 /n-4H SiC, respectively. The
depletion layer width wD for both of the samples were also
investigated from the following equation [17]:

wD =

2εs ε0 Vd
q Nd

(12)

and it was found as 1.89 × 10−6 and 1.55 × 10−6 m for Au/n4H SiC and Au/Si3 N4 /n-4H SiC, respectively.
Figure 11. The C−V and G/w−V plot of the Au/n-type 4H-SiC
and Au/Si3 N4 /n-4H SiC diodes at room temperature.

Figure 12. The C −2 −V plots of the Au/n-type 4H-SiC and
Au/Si3 N4 /n-4H SiC diodes at the frequency of 1 MHz at room
temperature.

and Au/Si3 N4 /n-4H SiC (in the interval of −4 to −1 V). The
depletion layer capacitance is given as [35],

C −2 =

2(VR + Vi )
,
qεs Nd A2

(10)

where VR is the reverse bias voltage, Nd the doping concentration and Vi the built-in voltage at zero bias. From the
extrapolation of the C −2 −V plots to the voltage axis, Vi values were obtained as 0.746 and 0.936 V for Au/n-4H SiC
and Au/Si3 N4 /n-4H SiC, respectively. In addition, from the
slope of C −2 −V plots, Nd values for the two diodes were
calculated at 1 MHz as 1.96 × 1016 and 1.47 × 1016 cm−3 ,
respectively.

4. Conclusions
In this study, the electrical characteristics of Au/n-4H SiC
diodes were investigated with and without Si3 N4 interfacial
insulator layer. This comparative study of Au/n-4H SiC diodes
was carried out by using the room temperature forward and
reverse bias I −V , C−V and G/w−V measurements. Experimental results showed that these characteristics were strongly
affected from the values of Rs , Rsh , Dit and the interfacial layer. In addition, n and Bo were calculated as 1.305
and 0.796 eV for Au/n-4H SiC, and 3.142 and 0.713 eV
for Au/Si3 N4 /n-4H SiC at room temperature, respectively.
It was observed that decrease in behaviour of both n and Bo
values in the MIS diode as compared with that of the MS
could be attributed to the presence of an insulator layer at
the Au/n-4H SiC interface. Since experimental n values are
greater than unity, I −V behaviour of these diodes was found
in deviation from TE theory. This result was attributed to the
interfacial insulator layer, Dit , formation, Gaussian distribution of barrier height at M/S interface and image force barrier
lowering. In addition, the values of Rs and Rsh were obtained
as 3.79, 0.77 M for Au/n-4H SiC and 14.83, 0.10 M for
Au/Si3 N4 /n-4H SiC, respectively. The change in the parasitic
resistances shows an improvement in terms of the expectation
from the ideal I −V behaviour of the diode structure after the
insertion of Si3 N4 . The energy density distribution proﬁles
of Dit were extracted from the forward bias I −V data by
considering the dependence of BH and the values of both
diodes showed an increase in behaviour from the mid-gap
towards the bottom of conduction band of n-4H SiC. These
values of Dit were in high values under the effect Rs for both
diodes. The experimental results showed that the values of Dit
decreases with contribution of insulator layer to the MS diode
and there is a structural improvement with this high dielectric
insulator layer. According to these results, Au/Si3 N4 /n-4H
SiC diode shows a better RR than Au/4n-4H SiC diode due
to the decrease in the effects of Dit and shunt resistance, Rsh .
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Furthermore, IR was interpreted in terms of the two ﬁeld lowering mechanisms according to Poole-Frenkel and Schottky
mechanism. As a result of this analysis, Schottky effect was
found to be a most appropriate mechanism to explain the conduction process in reverse direction. Finally, we conclude that
the Au/n-4H SiC diodes with Si3 N4 interfacial insulator layer
show better device performance and they are more suitable
for this type of device fabrications.
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[42] Güllü Ö, Aydoğan S and Türüt A 2008 Microelectron. Eng. 85
1647
[43] Zhang S X, Kundaliya D C, Yu W, Dhar S, Young S
Y, Salamanca-Riba L G et al 2007 J. Appl. Phys. 102
013701
[44] Güllü H H, Bayrakli Ö, Yildiz D E and Parlak M 2017 J. Mater.
Sci. Mater. Electron 28 17806
[45] Hudait M K and Krupanidhi S B 2001 Mater. Sci. Eng. B 87
141
[46] Ma T P 1989 Semicond. Sci. Technol. 4 1061
[47] Hughes G W 1997 J. Appl. Phys. 48 5357
[48] Akkal B, Benemara Z, Boudissa A, Bouiadjra N B, Amrani M,
Bideux L et al 1998 Mater. Sci. Eng. B 55 162
[49] Çetinkara H A, Türüt A, Zengin D M and Erel Ş 2003 Appl.
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