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Investigation of the Frequency and Voltage Dependent Dielectric Properties of 
Au/n-SiC Metal Semiconductor (MS) and Au/Al2O3/n-SiC Metal-Insulator-

Semiconductor (MIS) Structures 

 

Gülçin ERSÖZ DEMİR*1, İbrahim YÜCEDAĞ2 

Abstract 

In this study, we investigated the fabrication of Au/n-SiC (MS) and Au/Al2O3/n-SiC (MIS) type 
structures with atomic layer deposition (ALD) technique and their dielectric properties. The 
dielectric characteristics of structures were analyzed at frequency range of 1 kHz-500 kHz and 
by applying a (-3V)-(9V) bias voltage at 300 K. The significant dielectric parameters such as 
dielectric constant (ε') and dielectric loss (ε"), real and imaginary parts of electrical modulus 
(M' and M"), loss tangent (tan) were calculated by depending on frequency and voltage from 
capacitance-voltage (C-V) and conductance-voltage (G/-V) data. Thereby, the effect of 
frequency on MS and MIS was searched in detail. The effect of the interface states occurred in 
the low frequency region can be attributed to the variation of the characteristic behavior of these 
parameters. It is clear that the dielectric parameters highly depend on the frequency and voltage 
at depletion and accumulation regions. Moreover, the peak position of M shifts to the left side 
of the graphic due to the effect of the insulating layer. It can be deduced from the obtained 
results that the interfacial polarization is easier at low frequencies. Also the interfacial 
polarization can contribute more to the variation of the dielectric properties. 

Keywords: Au/Al2O3/n-SiC (MIS) type structures, AC electrical conductivity, Dielectric 
Properties, Impedance measurements. 

 

1. INTRODUCTION 

Metal-semiconductor (MS) structures which are 
used to determine the characteristic behavior of the 
semiconductor materials are significant 
investigation topics [1-4]. MS structures can be 
transformed into metal-insulator-semiconductor 
(MIS) structures through the insulator layer coated 
between metal and semiconductor. Interface 
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diffusion and reaction formed between the metal 
and semiconductor interface can be dramatically 
reduced because of the presence of an insulator 
layer. The structural properties of the insulator layer 
at the M/S interface, series resistance (Rs) and 
particular distribution of interface states between 
metal and semiconductor affect the electrical 
characteristics of the devices [5-7]. Degenerate 
bond structures in the semiconductor surface are 
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destroyed by the interfacial dielectric film. This 
dielectric film, which is between metal and 
semiconductor, decreases surface charge traps that 
are generally located at the Fermi level [8]. The 
alteration of barrier height by means of the presence 
of insulator layer on the M/S interface was ascribed 
to the interface dipole [9]. The performance, 
reliability and stability of the device are influenced 
predominantly because of the interfacial layer [10]. 

Among the different insulating materials, 
Aluminum oxide (Al2O3) nanomaterial has been 
regarded as one of the most promising materials due 
to its fabricate potential that has low-cost, stable and 
flexible electronic devices [11, 12]. Al2O3 has some 
interesting properties such as dielectric permeability 
(9), wide band gap (9 eV) [13], and its formation 
of uniform interface with semiconductors. These 
provide the reduction of leakage of currents in 
devices, kinetics and thermodynamic stabilities of 
the semiconductor at high-temperatures. They also 
give rise to low interface defects as well as 
amorphous materials [14]. 

Techniques such as Sputtering, Spray pyrolysis, RF 
magnetron, electron beam evaporation, atomic layer 
deposition (ALD) were used to form Al2O3 thin 
films. The ALD technique is one of the most 
preferred methods for creating an interface layer 
with a high dielectric property on the substrate, 
since it has unique deposition characteristics such as 
precise thickness control, low impurity ratio, low 
processing temperature and excellent thickness 
uniformity on substrate areas [15-18]. Al2O3 thin 
film created by using the ALD showed excellent 
electrical properties. [18] The thin layers of 
Aluminum oxide obtained by the ALD technique 
have caught attention recently because of their 
excellent potential for highly effective and 
homogeneous surface passivation of semiconductor 
substrates [19-21]. Today, these kinds of devices 
generated by means of the silicon (Si) have been 
made convenient to daily usage as a result of long 
term studies. In spite of the great progress in 
material processing technology, device 
performance is confined due to the inadequacy of 
natural features in Si. To overcome this problem, 
there has been increasing necessity for studies into 
alternative materials to silicon (Si) to use in the 
power electronics. GaN, GaAs, and SiC are 

materials that have emerged as alternatives to Si 
[22]. Among these materials, silicon carbide (SiC) 
semiconductor is mostly preferred because of its 
important properties in power electronic 
applications especially at the work with high 
voltage/temperature. Si and GaAs, based on 
appliances in power switching devices, have 8-10 
times weaker performance than SiC based devices,. 
This entails SiC to become a perfect candidate for 
these applications [23]. In general, MIS structure 
obtained from SiC is attractive due to low initial 
voltage (compared to SiC p-n diodes) and 
irreversibility. 

According to literature, Al2O3 was used as interfacial 
layer on semiconductor substrates such as p-Si [24], 
n-Si [25], InP [26], n-GaAs [27], and SiC [28-30]. In 
this study, both Au/n-SiC metal/semiconductor (MS) 
and Au/Al2O3/n-SiC metal/insulator/semiconductor 
(MIS) type structures were produced by forming 
Al2O3 on n-SiC using the atomic layer deposition 
(ALD) technique. Therefore, we aimed to 
investigate dielectric and electrical behaviors of the 
Au/Al2O3/n-SiC type structures. Thereby, basic 
parameters such as the dielectric properties, electric 
modulus and conductivity of structures with and 
without Al2O3 interfacial layer were deeply 
investigated. For both structures, the permittivity (ε' 
and ε"), loss tangent (tan), electrical modulus (M 
and M), and ac electrical conductivity (ac) 
parameters which depend on the frequency and 
voltage were researched on the frequency and 
voltage range of 1 kHz- 500 kHz and (-3V) - 
(9V), respectively, by measuring capacitance-
voltage (C-V) and conductance-voltage (G/ω-V) 
measurements at 300 K. Experimental results 
indicate that all these parameters are strong functions 
of frequency, voltage and Al2O3 interfacial layer.  

2. MATERIALS AND METHODS 

In this experimental work, n-Type, 8° off (0001) 
oriented, 4H-SiC wafers were used to produce the 
MS and the MIS type structures. Before the 
production of MS and MIS structures, wafers were 
sonicated for five minutes in acetone and five 
minutes in isopropanol and then rinsed in deionize 
(DI) water with resistivity of 18 M.cm for a 
prolonged time and wafers were dried under N2 
flow. After surface cleaning of n-4H-SiC high 
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purity Au (99.999%) was evaporated on the whole 
back of wafer by thermal evaporation method with 
2000 Å at 1x10-6 Torr. In order to get low resistivity 
ohmic back contact, Au coated wafers were 
annealed at 500°C in the nitrogen ambient. Then, 
they were prepared with atomic layer deposition 
(ALD) system for Al2O3 coating on MS type 
structure. Under UV radiation, deposition process 
was carried out and it was heated at 370°C using 
trimethylaluminum and water. The deposited Al2O3 
thickness was 70 Å. Finally, high purity Au was 
deposited on the Al2O3 at 1x10-6 Torr in the same 
thermal evaporation system. In order to perform 
electrical measurements of these MS and MIS type 
structures, the fabricated samples were mounted on 
a copper holder with the help of silver dag. The 
electrical contacts were made to the upper 
electrodes by use of tiny silver coated wires with 
silver paste. The forward and reverse bias C-V and 
G/ω-V measurements were obtained by using an 
HP4192A LF impedance meter in the frequency 
range of 1 kHz-500 kHz. All measurements were 
realized with the help of a microcomputer through 
an IEEE-488 AC/DC converter card.  

3. RESULT AND DISCUSSION 

The forward (9V) and reverse (-3V) bias voltage C-
V measurements of Au/n-SiC (MS) and Au/ 
Al2O3/n-SiC (MIS) structures were obtained by 
using an HP4192A LF impedance meter in the 
frequency range of 1 kHz-500 kHz at 300 K. The 
obtained results were presented in Fig.1 (a) and (b), 
respectively. When the Figs. 1 (a) and (b) are 
carefully examined, it can be seen that the obtained 
C values are strongly dependent on frequency in 
depletion and accumulation regions. The C values of 
the MS and MIS structures decrease with increasing 
frequency. These behaviors were ascribed to traps in 
the interface between metal and semiconductor. 

Although the capacitance of the MS structure 
reaches a maximum value, it does not have a peak in 
depletion region. Fig. 1 (b) shows that a dielectric 
interface layer between the metal and the 
semiconductor corrects the capacitance behavior of 
the MS structure [31].  

 

 

Figure 1 Frequency dependent plot of the C-V 
characteristics of (a) Au/n-SiC and (b) Au/Al2O3/n-SiC 

structures 

As it can be seen in Fig 1 (b); inversion takes place 
in the voltage range of (-3 V) - (1 V), depletion is in 
(1 V) - (5 V), and finally accumulation region is in 
the range of (5 V) - (9 V) capacitance-voltage curves. 
These regions can be clearly seen in Fig. 1 (b). 
However, inversion and depletion regions are 
dominant in Fig. 1 (a).  Fig. 1 (b) shows that 
capacitance behavior at particularly low frequencies 
(1 kHz-10 kHz) gives a strong peak in the depletion 
region for MIS structure. This peak can be attributed 
to the interfacial distribution of metal-insulator-
semiconductor interfaces, the series resistance, and 
the density of the interface insulation layer [32]. For 
both structures, the increase in C-V values, in the 
depletion region can be attributed to the presence of 
interfacial states at low frequencies. Moreover, the 
separation of C-V curves in the accumulation region, 
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can also be attributed to the value and magnitude of 
series resistance at high frequencies [33].  

 

 

Figue 2 Frequency dependent plot of the G/-V 
characteristics of (a) Au/n-SiC and (b) Au/Al2O3/n-SiC 

structures 

Figs. 2 (a) and (b) illustrate that the variation in 
conductivity (G/-V) the forward (9 V) and the 
reverse (-3V) bias voltage for the same frequency 
ranges show similar behaviors to the C-V variations 
in Figs. 1 (a) and (b). The separation occurring in 
the C-V and G/-V characteristics, can be ascribed 
to the presence of interface state densities (Nss) and 
their different carrier lifetimes () at low 
frequencies in the depletion region. While the 
interface charges can follow the AC signal at low 
frequencies, these charges cannot follow the AC 
signal on high frequencies (the carrier life time  is 
much larger than 1/2f are reached) [11, 33].  Both 

C and G/ values decrease with increasing 
frequency, the changing C and G/ values are 
considerably higher at low frequencies than at 
higher frequencies. The inset in Fig. 2 (b) exhibits 
G/-V characteristics of Au/Al2O3/n-SiC structure 
in inversion region.  As can be seen from this inset, 
G/-V characteristics of Au/Al2O3/n-SiC structure 
in inversion region shows U-shaped behavior. This 
proves that Au/Al2O3/n-SiC structures do not have 
conductive properties at -1 V due to the fact that all 
free charges are caught in traps.  

The carrier lifetime is much larger than the inverse 
of the angular frequencies and the charges in the 
interface cannot follow the AC signal. In such 
cases, the capacitance and conductance decrease as 
the frequency increases [34]. 

The electrical performance of devices such as MS, 
and MIS depends on crucially the properties of 
dielectric parameters. Therefore, all properties 
belong to the dielectric parameters such as 
electrical modulus, real and imaginary parts of (, 
) of complex permittivity (*), and tanfor Au/n-
SiC (MS) and Au/Al2O3/n-SiC MIS structures have 
been examined with all details by using C and 
G/results in the frequency steps from 1 kHz to 
500 kHz and applying voltage sweep from forward 
(9V) to reverse (-3V) at 300 K. 

The dielectric spectroscopy method has been 
commonly used to determine the dielectric 
properties of MS and MIS structures in the literature 
[35, 36]. The * is the most basic point in this 
method and it is defined with the formula below [33, 
34]: 

ɛ = ɛᇱ − 𝑖ɛᇱᇱ     (1) 

The real part  and imaginary part  parameters 
were acquired from voltage and frequency 
dependent C and G/analyses by using the 
formulas below [36]: 

ɛᇱ =
஼

஼బ
     (2) 

ɛᇱᇱ =
ீ ⁄

஼బ
     (3) 
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In Eqs. 2 and 3, C0 (=0A/di) is the empty capacitor, 
0 is the permittivity of free-space or vacuum, di is 
the thickness of insulator layer and A is the rectifier 
contact area of device.  

 

 

Figure 3 The frequency and voltage dependent 
comparative plots of the dielectric constant () in the 
depletion region of (a) Au/n-SiC and (b) Au/Al2O3/n-

SiC structures 

Fig. 3 exhibits the ε -V and ε-logf  (inset figure) 
graphs for MS and MIS structures. According to 
inset figure of Fig. 3, ε sharply decreases between 
1 kHz and 100 kHz at low voltages, while ε  
decreases between 100 kHz and 500 kHz at high 
voltages for Au/n-SiC structures. Moreover, ε 
sharply decreases between 1 kHz and 100 kHz at all 
voltages, while its value is almost the same constant 
value from 100 kHz to 500 kHz for Au/Al2O3/n-SiC 

structures. There is an exponential decrease for both 
the Au/n-SiC and the Au/Al2O3/n-SiC structures. 
Fig. 3 also exhibits that the value of the ε is as low 
as about four times by means of the interfacial 
insulating layer at the low frequency region. The 
graph of ε-logf shows that ε  values decrease with 
increasing frequency. As can be understood from 
the inset graph of Fig. 3 (a), ε  values in MS 
structure increase with increasing voltage, while the 
ε  values in MIS decrease with increasing voltage 
in the inset graph of Fig. 3 (b). 

Comparing the Fig. 3 (a) and (b), it should also be 
noted that the MIS structure provides a dielectric 
increase due to the insulating interface. Dielectric 
interfaces are expected to increase dielectric 
constant. In the MS and MIS structures,  
commonly decreases as frequency increases. This 
decrease in  due to the increase in frequency stems 
from the factors such as the orientation of 
molecules, interface polarization and ionic 
polarization [34]. The value of the dielectric 
constant decreases as the alignment of the dipoles at 
higher frequencies is faster [37].  

Fig. 4 exhibits the ε -V and ε-logf  (inset figure) 
graphs for MS and MIS structures. According to 
inset figure of Fig. 4, ε  sharply decreases between 
1 kHz and 10 kHz at all voltages for Au/n-SiC and 
Au/Al2O3/n-SiC structures. The ε   is almost the 
same constant value from 100 kHz to 500 kHz in the 
accumulation region for Au/n-SiC and Au/Al2O3/n-
SiC structures.  There is an exponential decrease for 
both the Au/n-SiC and the Au/Al2O3/n-SiC 
structures. Just as the Fig. 3, the Fig. 4 shows that 
there is a decrease in the imaginer dielectric constant 
with frequency, while it exhibits an increase with 
voltage especially in the depletion region. The 
characteristic behavior in Fig. 4 demonstrates that 
the energy distribution of the MS and MIS 
constructions decrease as the frequency increases 
[38]. 

Fig. 4 also demonstrates that the value of the ε is 
as low as about four times by means of the 
interfacial insulating layer at the low frequency 
region. The dipoles in the insulator material can be 
polarized under an external applied bias voltage or 
an electric field that displaces the charges from their 
equilibrium position or traps at low and medium 
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frequencies. This explains the evolution of dielectric 
performance as a consequence of relaxation time 
[37, 38]. On the other hand, the change of dielectric 
loss starts in the depletion and accumulation 
regions. Namely there is no change in dielectric loss 
due to no energy loss in inversion region.   and ε  
values are compatible with the results obtained in 
similar studies in the literature [38]. 

 

 

Figure 4 The frequency and voltage dependent 
comparative plots of the dielectric loss () in the 

depletion region of (a) Au/n-SiC and (b) Au/Al2O3/n-
SiC structures 

The experimental results in this research 
demonstrate that both dipole and interface 
polarizations can easily occur at low frequencies 
and trapped charges can follow the AC signal. In 
such a case, the dielectric loss in the inversion 
region does not change even if the frequency 

increases. Therefore, the dielectric loss in the 
inversion remains almost constant. 

The tan is expressed in the formula below [36]: 

𝑡𝑎𝑛𝛿 =
ఌ
ఌ

     (4) 

Fig. 5 exhibits the tan-V and tan-logf (inset 
figure) graphs for MS and MIS structures. 
According to inset figure of Fig. 5, tanrapidly 
decreases between 1 kHz and 10 kHz at all voltages 
for Au/n-SiC and Au/Al2O3/n-SiC structures. 

 

 

Figure 5 The frequency and voltage dependent 
comparative plots of the loss tangent (tan) in the 

depletion region of (a) Au/n-SiC and (b) Au/Al2O3/n-SiC 
structures 

The tanhasalmost the same constant value from 
10 kHz to 500 kHz for Au/n-SiC and Au/Al2O3/n-
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SiC structures.  There is an exponential decrease for 
both the Au/n-SiC and the Au/Al2O3/n-SiC 
structures. The tan-V (Fig. 5) and tan-logf 
diagrams (Fig. 5 inset), which are determined based 
on both  and  values, exhibit peak behavior in 
the medium frequency domain (10 kHz-100 kHz) 
and in the depletion region for the MIS structure, 
while MS structure exhibits peak behavior in the 
high frequency domain and in the depletion region 
(between 1 V and 5V) [39]. 

While frequency increases, tan-logf (inset figure) 
values decrease. The peak position for the MS and 
MIS structures has shifted towards the middle 
frequency region due to the restructuring and 
rearrangement of the surface state. The Fig. 5 also 
shows that there is a decrease in the loss tangent 
with frequency, while it exhibits an increase with 
voltage, especially in the depletion region. This 
increase begins after 5 V for MS structure, while it 
begins after 3 V. On the other hand, it is well known 
that the interfacial properties of C and G/ are 
extremely sensitive to the properties and are the 
effect of Rs [39]. It is seen that surface state density 
and interface polarization values affect the tan-V 
and the tan-logf characteristic values when a bias 
voltage is applied to MS and MIS structure 
according to the literature [40]. This peak behavior 
in the tan-V and the tan-logf plots can only be 
attributed to the interface states. Bulk phenomenon 
in complex systems can easily be interpreted by 
means of electrical modulus formalism. The 
evaluation of the electrical modulus as a function of 
the frequency gives rise to understand the relaxation 
processes in the studied materials. The Complex 
dielectric data are converted to the M* equation 
using the following formula [41]: 

𝑀∗ =
ଵ

ఌ∗
= 𝑀 + 𝑗𝑀 =

ఌ

ఌ మାఌ మ
+

ఌ

ఌ మାఌ మ
 (5) 

Here, j is the imaginary root (-1), M' and M'' are 
respectively the real and the imaginary parts of 
complex modulus. Fig. 6 (a) and (b) indicate the M-
V graph while Fig. 6 (c) and (d) indicate M-V plots 
for MS and MIS structures. The value of M' for MS 
structure changes between 6.0 and 8.0 in inversion 
region, while it changes between 0.3 and 4.5 as 
rising from low frequency to high frequency in 
depletion and accumulation regions. The value of 

M' for MIS structure changes between 1.2 and 1.4 
in inversion region, while it changes between 0.1 
and 1.2 as rising from low frequency to high 
frequency in depletion and accumulation regions. 
When Fig. 6 (a) and (b) are examined, the rise of M 
values of MS and MIS structures with increasing 
frequency in depletion region is observed. The 
values of M  in the reverse bias exhibit independent 
behavior from frequency. So the characteristics of 
the real electrical modulus versus frequency only in 
the depletion region have been investigated. It is 
also indicated that there is an increase with the 
frequency and a decrease with the voltage in the 
internal graphics of Fig. 6 (a) and (b). The 
polarization effect may cause these characteristic 
behaviors to occur in MS and MIS. 

In addition, the electrical modulus values reach their 
maximum level at high frequencies due to the 
relaxation processes [42]. This can be explained as 
the almost zero approximation of M values at low 
frequencies. In the Fig. 6 (a) and (b), especially 
about 100 kHz for MS structure and 10 kHz for MIS 
structure, M  increases rapidly as frequency 
increases. From 100 kHz to 500 kHz for MS 
structure and from 10 kHz to 500 kHz for MIS 
structure, the conduction mechanism can be 
positively affected by the short-range mobility of 
the charge carriers in the interfaces of structures. 
This indicates that there is no restoring force under 
the influence of a constant electric field. That 
means, the charge flow may not occur. [43].The 
value of M'' for MS structure changes between 0.01 
and 0.095 in inversion region, while it changes 
between 0 and 0.035 in depletion region and 
between 0 and 0.040 accumulation regions. The 
value of M'' for MIS structure changes between 0 
and 0.035 in inversion region, while it changes 
between 0 and 0.05 in depletion region and between 
0.01 and 0.065 accumulation regions. In the Fig. 6 
(c) and (d), the M"-V plot has a peak point for both 
samples in a given voltage range. The voltage 
ranges from bottom to the peak positions of the M"-
V characteristics with increasing frequency to 
determine the distance that the load carriers are 
mobile at long distances. 
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Figure 6 (a) and (b) characteristics of the real electrical modulus for Au/n-SiC and Au/Al2O3/n-SiC structures, 
respectively. (c) and (d) characteristics of the imaginary electrical modulus for Au/n-SiC and Au/Al2O3/n-SiC 

structures, respectively 

The values in both the reverse and forward bias 
exhibit frequency dependent behavior. There is also 
a decrease with increasing frequency in the reverse 
bias region. 

However, peak distribution in the imaginary 
electrical modulus of both samples exhibit only in 
the depletion region. So the characteristics of the 
imaginary electrical modulus versus frequency only 
in the depletion region have been investigated. In 
this study the Fig. 6 (c) and (d) shows that there is a 
decrease with the frequency. Moreover, there is an 
increase with the voltage at low frequency region, 
while there is a decrease with voltage at high 
frequency region in the internal graphics.  

On the other hand, a very distinct peak is seen in the 
internal graph of Fig.6 (d) and increasing voltage 

shifts the peak position towards the high frequency 
region. This characteristic change in the imaginary 
electrical modulus of the insulator interfacial 
material can be attributed to surface polarization 
effects and the relaxation mechanism of dipoles 
formed between semiconductor and insulator [41]. 
Otherwise, the peak position of M shifts to the left 
due to the effect of the insulating layer since, the 
insulating layer reduces the contribution to the 
values of ε and ε  by regulating the interface states. 
By means of the insulation layer, the shifting 
modulus peak also contributes significantly to the 
correlation between the mobility of the moving load 
carriers [43]. M  and M  values are compatible with 
the results obtained in similar studies in the 
literature [24, 38]. 
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The frequency and voltage dependent AC electrical 
conductivity of both MS and MIS structures are 
given by the following formula [33] and the 
characteristic in the depletion region is exhibited in 
Fig. 7. 

𝜎௔௖ = 𝜔𝐶𝑡𝑎𝑛𝛿(𝑑 𝐴⁄ ) = 𝜀ᇱᇱ𝜔𝜀଴ (6) 

It is also seen in the Fig. 7 (b), ac reaches to higher 
values by means of interfacial layer. Compared the 
Fig. 7 (a) and (b), it is also clear that the MIS 
structure has higher conductivities than MS. The 
increase in AC conductivity can be ascribed to the 
characterization of the loss tangent as well as to the 
reduction of defects at interfaces with increasing 
frequency [44]. 

 

 
Figure 7 The frequency and voltage dependent 

comparative plots of the ac electrical conductivity 
(ac) in the depletion region of (a) Au/n-SiC and (b) 

Au/Al2O3/n-SiC structures 

It is obviously seen from Fig. 7 (a) and (b) that AC 
electrical conductivity has higher values in the 

depletion and accumulation regions. Then, it is 
saturated in the accumulation region (high forward 
bias) due to series resistance of samples. Moreover, 
ac increases as the frequency increases. This 
characteristic change in the ac can be ascribed to 
the increase of surface polarization effects with 
increasing frequency and the occurrence of series 
resistance in the high voltage region [45]. As a 
result, these characteristic behaviors that the 
dielectric properties were developed by means of 
the Al2O3 layer effect. 

4. CONCLUSION 

In this study, Au/n-SiC Metal-semiconductor (MS) 
and Au/Al2O3/n-SiC Metal-Insulator-
Semiconductor (MIS) structures were produced to 
investigate the electric and dielectric properties at 
room temperature. For this research, the dielectric 
characteristics of the structures were carried out by 
applying a (-3V) - (9V) bias voltage at a frequency 
range of 1 kHz-500 kHz and at room temperature. 
Al2O3 (70 Å thick) was used as a high dielectric 
interfacial insulating layer between the metal and 
the semiconductor to enhance the performance of 
the MIS structure compared with the MS structure. 
It is evident that the dielectric parameters strongly 
depend on the frequency and voltage in the 
depletion and accumulation regions mainly due to 
the interface polarization and interface traps. The 
obtained results show that each of the parameters , 
 and tan exhibits a sharp decrease with 
increasing frequency due to the applied bias voltage, 
whereas real part of electrical modulus 
characteristics increase with increasing frequency at 
high forward bias region. However, imaginary part 
of electrical modulus characteristics decreases with 
increasing frequency at low reverse bias region. The 
high frequency variation in  and   can be 
ascribed to Maxwell-Wagner and field charge 
polarization. The larger values of  may depend on 
the dielectric properties of the insulator Al2O3 and 
the trapped electron density at the interfaces 
between MS and MIS structures. The M" has a peak 
point for both structures in a given frequency range. 
The frequency ranges from the bottom to peak 
position of the M" characteristics determine the 
mobile distances of the charge carriers at long 
distances. Otherwise, the peak position of M shifts 
to the left due to the effect of the insulating layer. 
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We believe this study will clarify the characteristics 
of MIS capacitors and help in finding solutions to 
some problems in interface states due to the fact that 
minimizing the interface states between metal-
semiconductor on MIS structure with high dielectric 
material Al2O3. Hence, our method in this study will 
considerably contribute to the production of 
electronic devices with metal-insulator-
semiconductor. In addition, it is thought that such 
materials will increase the current level of MIS 
electronic devices in the future due to the minimum 
interface conditions. In conclusion, the Al2O3 
interface insulating layer leads to a significant 
improvement in capacitance and dielectric constant 
compared to SiO2 so that more charge or energy can 
be stored. 
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