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We have investigated the ac conductivity, complex dielectric and modulus properties of Au/(Cu,O-CuQ) doped-PVA/n-Si
(MPS) structure. The parameters such as dielectric constant (¢'), dielectric loss (¢"), loss tangent (tand), ac conductivity (Tac)
and complex electric modulus (M) were obtained using admittance (capacitance and conductance) values measured in 10
kHz-5 MHz frequency range and 1 V-4 V positive voltage range. While the €' and €" value increase with decrease in
frequency, the o, value decreases. The values of real (M) and imaginary (M") part of complex modulus were obtained from
the €' and €" values. M' value increases with increasing frequency and decrease with increasing voltage. The M" versus logf

plots indicate give a peak.
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1. Introduction

In recent years, many scientists research electrical and
dielectric properties of metal-polymer-semiconductor
(MPS) structures with distinct polymer interlayers. They
are believed that the polymer interlayer avoids inter-
diffusion and reaction and leads these structures’
performance in the respect of increase of dielectric
constant and decrease of series resistance [1-10].
Particularly, the utilize of organic or polymer material at
M/S interface become very appealing for the MPS
structures because of their unique properties such as low
cost, low weight, low conception energy and flexibility.
Therefore, in recently, the MPS structures become more
attractive in the application electronic and optoelectronic
technology instead of MIS type structures.

Polymeric materials such as polypyrene (PPy),
polyaniline (PANI) and especially polyvinyl alcohol
(PVA) have been used as an organic interface layer. The
PVA has an important place among organics/polymers
which is a low cost and may be prepared by easy
fabrication methods such as electro-spinning, electrostatic
spraying, electrochemical deposition, sol-gel, dip coating,
and spin coating [1-7]. In recent years, many of research
about the modification of the metal-semiconductor (MS)
structures with high-dielectric insulator, ferro-electric and
metal-doped polymer materials are aiming to increase the
specific capacitance under investigates [11-15] Also, the
conductivity of polymers is weak, so pure PVA has a low
dielectric constant. On the other hand, the interactions

between polymer chains can be developed the conductivity
of polymer materials. Therefore, (Cu,0-CuQO)-PVA
composite materials are utilized as an essential material for
electronic devices [6, 7].

The related relaxation mechanism and molecular
orientation behaviour of the polymer and surface states are
not fully understood yet, in spite of the dielectric
characteristics of polymer has been researched. So,
depending on frequency and biases, dielectric loss
determination is a proper method for examining the
polymer structure. In order to investigate the frequency-
dependent dielectric properties, dielectric relaxation
spectroscopy is used. Moreover, the analysis of the
dielectric polarization and dielectric loss can be realized
by utilizing this spectroscopy. The dielectric
characteristics of materials depend on the frequency of the
electrical field. All polarization mechanisms called as
interfacial, dipolar, atomic and electronic polarization
respond to an electrical field.

In present study, our aim is to investigate dielectric
parameters (€', ¢" and tand), o, M' and M" of the MPS
structure in the wide range of voltage and 10 kHz-5 MHz
frequency interval. These properties of the structure were
determined with using the admittance (capacitance-voltage
and conductance-voltage) measurements.
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2. Experimental details

The preparation of (Cu,O-CuO-PVA) composite
material and the fabrication process of Au/(Cu,O-CuO-
PVA)/n-Si (MPS) type SBDs were given in our previous
study in detail [7]. The MPS type SBDs were fabricated on
P-doped (n type Si) single crystalline Si wafer with (100)
orientation, 0.2 Q-cm resistivity and with approximately
300 pum thick. More information about these process and
structure analysis X-ray diffraction (XRD) measurement
and scanning electron microscopy (SEM) images) can be
also seen in Ref. [7]. The capacitance and conductance
measurements of this structure were carried out with
utilizing a HP 4192A LF Impedance analyser at ordinary
room temperature conditions. The calculations for ac
conductivity and modulus and the dielectric
characterization of the prepared MPS structure were made
by utilizing these measurements.

3. Result and discussion

The ac conductivity, complex dielectric constant and
complex electric modulus change with applied biases and
frequency were calculated by using the capacitance-
voltage-frequency (C-V-f) and conductance-voltage-
frequency (G-V-f) measurements. These measurements
were carried out in the frequency (10 kHz-5 MHz) and the
applied biases (1-4 V) range. The Cy-logf and G-logf
plots of the Au/(Cu,0-CuO-PVA)/n-Si (MPS) structure
for distinct applied positive voltages were given in Fig. 1
and 2, respectively. As shown in these figures, both C,
and G, values increase with the increasing applied
positive voltage. However, the C,, value decreases with
increasing frequencies, while the G, value increases [16-
18].

6.E-10
r ©01.00V €125V e1.50V e175V
©2.00V 0225V @250V 275V
F e ©3.00V €325V 3.50V 375V
5.E-10
&
E
8]
3.E-10
2E-10
OEH00 Lo

Fig. 1. The C,-logf plot of the MPS structure for distinct
applied biases (color online)
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Fig. 2. The G,-logf plot of the MPS structure for distinct
applied biases (color online)

The complex form of the complex permittivity ()
was represented as below [19-23],

') =¢(w)—ic () (1)

where €' is the real and &" is the imaginary part of the
complex dielectric permittivity and as known the square
root of -1 is denoted by i. The dipoles alignment strength
in the dielectric is defined by €', which is a dimension of
the applied electric field’s stored energy in the structure.
Related with frictional dampening, the loss factor €" is
known as the energy spent at dielectric that avoid bound
charge displacements to be in phase with field alterations.
The electrical and dielectric characteristics of structure can
be certainly explained by complex permittivity and the ¢*
is given by,
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== —i— @
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where Y* is the admittance, G,, and C,, are the measured
conductance and the capacitance values of dielectric
materials at any bias voltage, respectively. The applied
electric field’s angular frequency is denoted by ® and can
be expressed as w=2xnf [20]. Thus, the values €' and €" can
be calculated from Eq. 2. as following:

. C 2
E = —
C. ©)
. G '
E = ——
o 4)

where C, is the empty capacitor’s capacitance (Co=g,A/d),
A is the rectifier contact’s area (cm?), d is the thickness of
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polymer layer and & is the free space charge’s permittivity
(8.85x10™ F.cm™). The tan & which is known as
dissipation factor or loss tangent is the rate of is the rate of
€' to the " as follows.

tano = g— (5)
&

The ac electrical conductivity has been obtained from
the ¢" values according to the equation [22-24],

o' =igue” =ig0(e —ig )= gwe +ig,e  (6)

So, the real part of 6* is given by,

o, =we e tand = g ae (7

The €' and €" values were calculated from equation 3
and 4 by using the measured capacitance and conductance
data. Then, tand, and o, values were obtained from the
calculated €' and ¢" data. The variations of dielectric
parameters with frequency and biases in the depletion and
accumulation regions were presented in Fig. 3 (a), (b) and
(c). As shown in Fig. 3, the values of are €', €" and tan &
are extremely dependent on frequency and voltage.

€', ¢" and tand parameters are generally increase with
decreasing frequency and decreasing applied positive
voltage. In addition, these alterations become considerably
higher particularly at medium and lowest frequencies.
Such behavior of them with frequency was attributed to
less orientation times of the interface dipoles at alternating
field direction and the surface states relaxation time.
However, the dipoles which inside the dielectric polymer
may ready for polarization under an electric field or
applied biases that dislocates the charges from equilibrium
position at low and medium frequencies. So, it can be say
that, the consequence of the relaxation time is related with
the dielectric parameters decrement by increasing
frequencies [24-28].

The ac electrical conductivity (o, alteration is
illustrated in Fig. 4. As shown in the Fig. 4, the electrical
conductivity (o) is almost independent of the frequency,
but it increases exponentially with frequency for every
bias that are corresponding to the ac and dc part of the o.
The space charge polarization is the reason of this
increment and the charge accumulation formed at the
polymer-semiconductor  interface by  decreasing
frequencies. Therefore, at low frequencies the conductivity
is low and almost independent of frequency [8, 26, 27].
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Fig. 3. The a) ¢*-logf, b) ¢"-logf and ¢) tand-logf plots
of the MPS structure for various voltages (color online)
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Fig. 4. The o,.-Inf plot of the MPS structure for

various voltages (color online)
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d; )
Oy, = wCtané (ZL) = ¢ 2nfe, = Bw*® (0<s<1) (8)

where, B and s are constants, o is angular frequency of the
applied biases.

As seen in Eq.(8), dependent on frequency the
increment in ac electrical conductivity is resulted from the
carrier charges leaping from trap to other placed between
polymer layer and Si in the semiconductor’s forbidden
band-gap. The double logarithmic o..-f plots were drawn
for various applied voltages for moderate and high
frequencies which corresponds the ac electrical
conductivity and illustrated in Fig. 5. This plot gives a
linear behavior for each voltage. The measured slopes,
which are s values, were calculated in the range of
characterizing hoping conduction (0.11-0.24) [10, 28].
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Fig. 5. The Ino,-Inw plots of the MPS structure for
distinct applied biases (color online)

The examination of electrical response can be realized
through complex electric modulus (M”) formalism. The
below equation gives the complex electric modulus
[21,22],

M*(w) = % =M (w) +iM" (w) 9)

In Eq. 9, complex electric modulus (M") real and

imaginary parts are denoted as M' and M", respectively.

The energy loss measurement of the material under

electric field is denoted by M". M" and M" can be derived
by the following equations [21, 22]:

'w)

M (@) = g (w)? + &'(w)?

(10)

8”(0))

g (w)? + &' (w)? ()

M’ () =

The M' and M" values were derived from Eq. 10 and
11 with using the obtained experimental values of &', "
and the variations of them were given in Fig. 6 and 7,
respectively.
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Fig. 6. The M'-logf plot of the MPS structure for
various voltages (color online)
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Fig. 7. The M"-logf plot of the MPS structure for
distinct biases (color online)

It is obviously indicated in Fig. 6 and 7 that, both M'
and M" values are strong function of voltage and
frequency. The M' values increase with increasing
frequency and decrease with increasing voltage. The M"
values exhibit a peak and the magnitude of this peak
increases with the decrement in voltage and its position
shifts towards to low frequency. Such behaviours of these
plots can be ascribed by the charges in traps and the
relaxation polarization in doped polymers [17, 29-37].
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4., Conclusion

The impedance or admittance (Z=1/Y) measurement
depends on measuring the capacitance (C,) and
conductance (G,) of a MPS structure as a function of
applied biases and frequency is similar to the MIS type
structure. Therefore, the dielectric characteristics of the
fabricated Au/(Cu,0-CuO-PVA)/n-Si  (MPS) structure
have been studied by using the Cp-logf and Gp-logf
characteristics. The €', " and tan & values decrease with
frequency and decreasing applied positive voltage. The
decrement of €' and &" with increase of frequency was
based on the surface states and interfacial polarization. In
other words, the increase in the values of ¢ 'and &" with
respect to the charge storage in the traps can be explained
by the increase of C and G with decreasing frequencies.
Because, depending on the relaxation times, the charges or
dipoles can be reconstituted and reordering under electric
field. In addition, the polymer interlayer can handily
polarize under an external electric field that dislocates the
charges from equilibrium state. Moreover, in consequence
of relaxation phenomenon which arises from the
interfacial polarization and mobile charge carriers, oy
value increases with increased frequency. Finally, the M’
and M" values were obtained from the €', &" values. As
results, the plots characteristics can be ascribed by the
relaxation polarization in doped polymers and charges in
traps. In conclusion, the obtained dielectric constant of
(Cu,O-CuO-PVA) polymer layer is considerably higher
from the conventional SiO, even at 10 kHz. In summary,
these obtained results were shown that the capacitance
high values can be provide with utilizing proper high-
dielectric polymer between metal and semiconductor in
place of traditional low-constant insulator interlayer such
as SnO, and SiO,. It may be utilized in a large variety of
applications on charges/energy capture and storage.
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