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In order to investigate of cobalt-doped interfacial polyvinyl alcohol (PVA) layer and interface trap (Dy) effects, Al/p-
Si Schottky barrier diodes (SBDs) are fabricated, and their electrical and dielectric properties are investigated at room
temperature. The forward and reverse admittance measurements are carried out in the frequency and voltage ranges of
30 kHz-300 kHz and —5 V-6V, respectively. C-V or &’V plots exhibit two distinct peaks corresponding to inversion
and accumulation regions. The first peak is attributed to the existence of Dj, the other to the series resistance (Rg), and
interfacial layer. Both the real and imaginary parts of dielectric constant (¢’ and £") and electric modulus (M’ and M"),
loss tangent (tan ), and AC electrical conductivity (0,) are investigated, each as a function of frequency and applied
bias voltage. Each of the M’ versus V and M” versus V plots shows a peak and the magnitude of peak increases with the
increasing of frequency. Especially due to the Dy, and interfacial PVA layer, both capacitance (C) and conductance (G/w)
values are strongly affected, which consequently contributes to deviation from both the electrical and dielectric properties
of Al/Co-doped PVA/p-Si (MPS) type SBD. In addition, the voltage-dependent profile of Dj; is obtained from the low—high

frequency capacitance (CLr—Cyr) method.
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1. Introduction

Recently, considerable attention has been paid to the
fabrication and electrical characterizations of organic semi-
conductor devices, such as metal-semiconductor (MS)- and
metal-insulator/polymer—semiconductor (MIS or MPS)-type
Schottky barrier diode (SBD).[!-8] There are many reports
of conjugated conducting polymer-based devices being used
in applications in the electronics industry.”->?l Among them,
polyvinyl alcohol (PVA) has the most excellent film forming,
emulsifying, and adhesive properties with low melting point
for the fully hydrolyzed and partially hydrolyzed grades. Al-
though it is also a good insulating material with low conduc-
tivity, its conductivity can be increased by doping some met-
als, such as nickel (Ni), and zinc (Zn), cobalt (Co). There-
fore, a metal-doped PVA material can be used as an interfacial
layer between metal and semiconductor to prevent the inter-
diffusion between metal and semiconductor. [!3-18.23]

The performances of MS, MIS, MPS, and similar devices
are considerably influenced by the fabrication processes, struc-
tural and external effects. The performance of these devices is
dependent on various parameters, such as interfacial layer and
its inhomogeneity, surface charges, doping concentration of
acceptor or donor atoms, interface traps or dislocations (Dj)
localized at M/S interface, series resistance of device (Ry) and
the shape of barrier formation at M/S interface.**>! When
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localized interface traps and an interfacial layer exist at the
M/S interface, the device behavior is different from that in the
ideal case. Therefore, the interface trap capacitance or excess
capacitance depends strongly on the frequency and applied
voltage, thus the C-V and G/®-V characteristics are consid-
erably affected.?=33] For these reasons, the investigations of
both electrical and dielectric properties dependent on voltage
and frequency are important. On the other hand, although the
electrical conductivity of pure PVA is poor, it can be improved
by being doped with suitable dopant material, such as metal
ions (Zn, Co, Ni, Cu, Fe). When a polymer is doped with
these metals in various quantities and forms, their incorpora-
tion within a polymeric system can be expected to enhance the
conductivity of the polymer. As is well known, when C-V and
G/w-V measurements are carried out only at one frequency
and applied bias voltage, they cannot obtain enough informa-
tion about the conductivity mechanism. However, when these
measurements are performed at various frequencies and in a
wide range of applied bias voltages, they can supply much in-
formation about both electrical and dielectric properties.
Therefore, in our study, Al/Co-doped PVA/p-Si (MPS)-
type SBDs are fabricated and their electrical and dielectric
properties are investigated with the following two aims: to
investigate the variations of dielectric constant (&), dielectric
loss (€”), loss tangent (tan 8), AC electrical conductivity (G,c),
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and real and imaginary parts of electric modulus (M’ and M")
each as a function of voltage and frequency; and, to obtain the
voltage-dependent profiles of interface traps (Dj) and series
resistance (Rs) and their effects on the electrical and dielec-
tric properties. For these aims, forward and reverse bias C—
V and G/®-V characteristics are studied over the frequency
and voltage ranges of 30 kHz-300 kHz and —5 V to 6 V, re-
spectively, using an HP-4192A impedance analyzer at room
temperature.

2. Experimental procedures

The Al/p-Si Schottky barrier diode (SBD) with a thin in-
terfacial Co-doped PVA layer was fabricated on a p-type (bor
doped) single crystal Si wafer with (111) float zone, 350-um
thickness, 0.04-Q-cm resistivity. The semiconductor wafer
first was cleaned in a mix of a peroxide—ammoniac solution
and then in H>O + HCI solution for 10 min. The Si wafer
was thoroughly rinsed in de-ionized water with 18-MQ-cm re-
sistivity in the ultrasonic bath for 15 min and then high pu-
rity Au (99.999%) with ~ 2000 A was thermally evaporated
onto the back side of the Si at about 10~® Torr (1 Torr =
1.33322 x 10? Pa). To provide a low resistivity Ohmic con-
tact, the Si wafer was also annealed at 450 °C for 5 min in
a dry nitrogen (N,) atmosphere. Co-doped thin polyvinyl al-
cohol (PVA) film was fabricated on the p-type Si by an elec-
trospinning method. A 0.5-g cobalt acetate was mixed with
1-g PVA. After vigorous stirring for 2 h at 50 °C, a viscous
solution of codoped PVA acetates was obtained.

Using a peristaltic syringe pump, the precursor solution
was delivered to a metal needle syringe (10 ml) with an inner
diameter of 0.9 mm at a constant flow rate of 0.02 ml/h. The
needle was connected to a high voltage power supply and po-
sitioned vertically on a clamp. A piece of flat aluminum foil
was placed 15 cm below the tip of the needle to collect the
nanofibers. By applying a high bias voltage (20 kV) on the
needle, a fluid jet was ejected from the tip. The value of the
interfacial Co-doped PVA was estimated to be 54.5 A from
the interfacial polymer layer capacitance. After the electro-
spinning process, rectifier contacts with 1 mm in diameter and
1500-A thick high purity Au was deposited on the PVA sur-
face through a metal shadow mask in a high vacuum system at
1076 Torr.

The C-V and G/®-V measurements were carried out in
a frequency range of 30 kHz-300 kHz at room temperature by
using an HP 4192 A LF impedance analyzer between —5 V and
6 V DC voltages in steps of 50 mV. At the same time, a small
AC signal of 40 mV,_, was applied to the sample in order to
meet the requirement. All of these measurements were carried
out with the help of a microcomputer through an IEEE-488
AC/DC converter card in a shielded environment to avoid any
external noise or illumination.

3. Results and discussion
3.1. Electrical characterization

Voltage-dependent C and G/ each as a function of fre-
quency are given in Figs. 1(a) and 1(b), respectively. As can
be seen in Fig. 1(a), C-V plot for each frequency presents two
peaks which are corresponding to the inversion and accumula-
tion region due to the continuous distribution of Dj; at M/S in-
terface near the energy band gap of Si and Ry of device, respec-
tively Contrary to C-V plots, the G/@-V plots each show a
nearly U-shape behavior for each frequency. As the frequency
decreases, the interface charges at traps can easily follow the
external an AC signal and thus cause the C and G/® values
to increase. Such a behavior can be explained in terms of the
charge storage (C = Q/V). In this way, these charges can in-
crease the C and G/ values. On the other hand, it is believed
that the injection of charges involves a process of hopping to
localized interface traps/states, but the detailed physical mech-
anism of an injection is not well understood yet.
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Fig. 1. Variation of (a) capacitance (C) and (b) conductance (G/®)
with voltage for MPS-type SBD at the room temperature for differ-
ent frequencies.

In order to clearly see this contrast, the C-V and G/ -V
plots for 100 kHz are shown together in Fig. 2. It is clear that,
in the inversion and accumulation regions, the minimum of
the C value corresponds to the maximum of the conductance.
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This contrast in C and G/ values shows that the material
displays an inductive behavior in the inversion and depletion

28]

regions.|
6 1.9
\
+ C (100 kHz)
\ * G/w (100 kHz) #

5 : 11.5
R e
o0 A o
| a —
= 3 \ ! 1t =
) y : 3
\ )

10.7

R o3

Fig. 2. Variations of capacitance (C) and conductance (G/) of the
MPS-type SBD at the room temperature with voltage for 100-kHz fre-

quency.

It should be pointed out that the value of Ry is as important
as Dj, which influences both electrical and dielectric prop-
erties of device. Therefore, the voltage-dependent resistivity
(R;) profile is obtained by using the C and G/ w data using ad-
mittance method developed by Nicollian and Brews./?*! This
method can determine the value of R; in the whole measured
range of device. According to this method, the real value of
R; at sufficiently high frequencies and in a strong accumula-
tion region corresponds to the real value of R for MPS diode
and can be obtained from the measured Cy,, and Gy, values,

as follows: 24

Gma

k=G Twc, M

where @ (= 27 f) is the angular frequency, Cpn, and Gy, are

the capacitance and conductance values in the strong accumu-

lation region. In addition, the voltage-dependent R; values are

extracted from Eq. (1) for each frequency, and are given in
Fig. 3. It is significant to pay special attention to Ry effect in
the admittance characteristics. As shown in Fig. 3, the R-V
plots give distinguishable peaks at about zero bias, which cor-
responds to the minima of the G/w-V plots. It is indicated
that the value of resistance is proportional to inverse conduc-
tance (R; = 1/G;j). The magnitude of peak decreases with the
increase of frequency. As can be seen in Fig. 3, in a suffi-
ciently high forward bias region (V > 6 V), the real value of
resistance corresponds to the Ry of structure especially at high
frequencies. On the other hand, in the depletion and accumu-
lation regions, the value of R; is greater than the real value of

R due to the charges in interface traps and dislocations.
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Fig. 3. Variations of the resistivity of the MPS-type SBD with ap-
plied bias voltage at room temperature for various frequencies.
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Fig. 4. The C2-V plots of the MPS-type SBD at the room temperature
for three frequencies.

The doping concentration of acceptor atoms (N, ), Fermi
energy level (Eg), diffusion potential (V4), and barrier height
(P (C-V)) are found from the reverse bias C2 versus V
characteristics (Fig. 4) for high frequencies (100, 200, and
300 kHz) at which the effect of charges at traps is avoided. (%]
In addition, the values of R are obtained from the admittance
method at sufficiently forward bias (6 V) for the same frequen-
cies. The obtained values of them are given in Table 1. As
shown in Table 1, while the values of Eg, V4, and &g (C-V)
increase with the increasing of frequency, Na and R decrease.
These results indicate that the main diode parameters, such
as Na, Eg, Vg, ®g(C-V), and Ry must be obtained at suffi-
ciently high frequencies to eliminate the charge effect at inter-
face traps.

Table 1. Obtained various experimental parameters for the MPS-type
SBD determined from C-V data at high frequencies.

fIkHz Na/107 cm™3  Ep/eV  VyleV  dpleV Ry (at6 V)/Q
100 7.23 0.074 061 0.68 10.51
200 1.15 0.120 080 092 7.36
300 0.32 0.152  0.90 1,05 5.62

There are several methods in the literature to obtain
the voltage/energy density distribution profile of Dj.[?42%-3]
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However, the high-low frequency capacitance (Cup—Cir)
method is more suitable for obtaining the D;—V profile. The
advantage of this method comes from the fact that it permits
the determination of many properties of the interface layer,
the semiconductor substrate, and interface easily. In addition,
this method requires only two C-V plots. According to this
method, the Dy—V plots can be extracted from its capacitance
contribution to the measured experimental C-V plot. In the
equivalent circuits of MIS, MOS, and MPS devices, the in-
terfacial layer capacitance C; is connected in series with the
parallel combination of the interface state capacitance Css and
the space charge capacitance Cs.. The value of Cj; can be de-
termined by subtracting the space charge capacitance Cy. (ex-
tracted from the measured high frequency capacitance Cyg)
from the Cy in parallel with the Cys (extracted from the mea-

sured low frequency capacitance Cr) and is given as

1 17!
Ci=|———| —Ce. 2
1t [ (:54]: (:& } SC ( )

As is well known, at high frequencies, Dj; cannot respond
to the AC excitation, so they do not contribute to the total ca-
pacitance directly, but stretch out of the C-V curve occurs.
Therefore, the equivalent capacitance is the series connection
of C; and C and is given as

1 1

G C ®)

1
(jSC.
Thus, by combining Eqs. (2) and (3), the interface state
density Dy is calculated from

117! 1 11!
ADy =Cy=|———| —|——=| . 4
q 1t 1t |:CLF Ci:| |: :| ()

This calculation is performed numerically from the flat
band to strong accumulation, and to strong inversion. The
voltage-dependent profile of Dy is also obtained from the low—
high frequency capacitance (CLp—Cyr) method by using low
frequency (1 kHz) and high frequency (300 kHz). It is be-
lieved that at sufficiently low frequencies, the charges in traps
cannot follow the external AC signal, which is contrary to the
scenario at high frequencies. The plots of low—high frequency
capacitance versus voltage are given in Fig. 5 and the obtained
voltage-dependent profile of Dj; is given in Fig. 6. It is clear
that the plot of Dj; versus V presents a peak at about 1 V, which
corresponds to the depletion region. The mean value of Dy is
found to be 2.5 x 103 (eV~'-cm™2). Such a peak behavior of
D;; versus V plot can be attributed to a particular density dis-
tribution of interface traps between metal and semiconductor.
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Fig. 5. Measured high-low frequency capacitance (Cp—Cyr) plots
of the MPS-type SBD at room temperature.
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Fig. 6. Energy distribution profile of the Dj; obtained from high—
low frequency capacitance method for the MPS-type SBD at room
temperature.

3.2. Dielectric properties and AC conductivity

The values of real and imaginary parts of dielectric con-
stants (¢’ and €), loss tangent (tan §), AC-conductivity (O,),
and the real and imaginary parts of electric modulus (M’ and
M") of the used interfacial polymer layer (Co-doped PVA)
that is located at M/S interface are obtained from the voltage-
dependent C and G measurements using the following expres-

sions, respectively: 36371
e =¢ —je¢’ =Cd/Ae, —j (Gd]/wAg,), 5)
tand = €" /¢, (6)
Oac = WE,E tan §, @)

!/ 1

1
M= e :M/+jM// = g2 L gn +j<€/2_|_8//2>’ ®)
where o, d, €, and A are the angular frequency, the thick-
ness of the PVA, permittivity of the free space (¢ = 8.85 x
10~ F.cm™'), and the rectifier contact area, respectively.
Both the obtained dielectric properties and electric modu-
lus values each as a function of applied bias voltage and
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frequency can supply much information about conductivity
mechanism and relaxation process for a specific electronic
application. 36371 The voltage dependences of €', £”, and tan §
profiles are obtained using Eqs. (2) and (3), and are given in
Figs. 7(a)-7(c), respectively. As can be seen in these figures,
the values of €', €”, and tan § are strongly dependent on both
frequency and applied bias voltage.
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Fig. 7. Voltage dependence of the (a) €/, (b) €”, and (c) tan § at var-
ious frequencies for the MPS-type SBDs at the room temperature.

As can be seen in these figures, the profiles of €', €”, and

tand versus V are found to be similar to the plots of C-V
and G/w-V due to the same reasons. These behaviors can
be attributed to the interfacial effect within bulk of the sample,

interfacial polymer layer, interface trap, surface polarization,
and electrode effect. [37-38]
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The o0,.—V plotis also obtained from the conductivity data
and is given in Fig. 8. As shown in this figure, the voltage-
dependent value of o, as a function of frequency indicates
similar results. The increase in o, with frequency conductiv-
ity is accompanied by an increase of the eddy current, which in
turn increases the tan 6 due to the gradual decrease in series re-
sistance with the increasing frequency.*°! Similar results are
observed in Refs. [40] and [41], where the values of 0,. are
found to be almost independent of voltage at high frequencies.
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Fig. 8. Variations of the AC electrical conductivity (o,c) with ap-

plied bias voltage for the MPS-type SBDs at room temperature for
different frequencies.
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Fig. 9. Plots of (a) real part M’ and (b) imaginary part M” of elec-
tric modulus M* versus voltage over a measured frequency range
of 30 kHz-300 kHz for the MPS-type SBD at room temperature.
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M-V and M"-V plots are also obtained by using €’ and
€” data for various frequencies and given in Figs. 9(a) and
9(b), respectively. Each of these plots exhibits a peak. The
peak magnitude increases with the increasing of frequency and
its position shifts toward negative bias voltage slightly. Similar
results have been reported in Refs. [11], [15], [42], and [43].
The features of these plots are attributed to the relaxation po-
larization in doped polymers and charges in traps. In polymer
composite films, the existence of charges in traps gives rise to
interfacial polarization. Therefore, it is believed that the di-
electric relaxation process in the doped polymer is not a pure
process. !

4. Conclusions

Both the frequency and voltage dependences of electri-
cal and dielectric properties of Al/Co-PVA/p-Si type SBDs
are investigated in wide frequency and voltage ranges at room
temperature. The main electrical parameters, such as Na, EF,
Vi, @g(C-V), and Rq, are obtained at sufficiently high fre-
quencies to eliminate the charges in interface traps. In ad-
dition, the main dielectric properties, such as €', €”, tan§,
Oac, M, and M" values, are also obtained, each as a function
of frequency, by using admittance measurements that include
frequency-dependent capacitance and conductance values in
the frequency and voltage ranges of 30 kHz—300 kHz and
—5 V-6 V. All of these parameters are found to be strongly de-
pendent on frequency and applied bias voltage in the inversion,
depletion, and accumulation regions. However, these changes
in inversion and depletion region are attributed to the existence
of Dy, but in the accumulation region they are attributed to the
R; and interfacial PVA layer. The two peak behaviors in €'~V
plots can be especially attributed to a particular distribution of
Dy, R, and interfacial polarization. In addition, the plots of
M’ and M" versus V each show a distinct peak and its magni-
tude of peak increases with the increasing of frequency. These
results show that the interface trap capacitance (Cj), Rs, and
the interfacial PVA layer strongly affect the C-V and G/@-V
data, and consequently contribute to a deviation from both the
electrical and dielectric properties of Al/Co-doped PVA/p-Si
(MPS) type SBD. In addition, the voltage-dependent profile of
D;; is obtained from the high frequency capacitance (CLr—Chr)
method and it shows a peak at about 1 V. As a result, the values
of electrical, dielectric, and electric modulus are all found to
be considerably high at low frequency compared with at high
frequency. These behaviors may happen because of interfacial
effects within the bulk of the sample, the interfacial polymer
layer, the interface trap, the surface or interfacial polarization,
or because of the electrode effect.

References

[1] Aydin M E Yakuphanoglu F, Eom J and Hwang D 2007 Physica B 387
239

[2]
[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]
(1]

[12]
[13]

[14]
[15]
[16]

(171
[18]

[19]
[20]
[21]
[22]
(23]
[24]
[25]
[26]
(271
(28]
[29]
[30]
(31]
[32]
[33]

[34]
[35]

[36]
[37]
[38]
[39]

[40]
[41]

[42]
[43]

047304-6

Gupta R K and Singh R A 2004 Mater. Sci. Semicond. Process. 7 83
Rajaputra S, Sagi G and Singh V P 2009 Solar Energy Materials and
Solar Cells 93 60

Gupta R K and Singh R A 2005 Composites Science and Technology
65 677

Huang L M, Wen T C and Gopalan A 2005 Thin Solid Films 473 300
Abthagir P S and Saraswathi R 2004 Organic Electronics 5 299
Dokme I, Altindal S and Uslu 12012 J. Appl. Polym. Sci. 125 1185
Afandiyava I M, Dokme 1, Altindal S, Abdullayeva L K and Askerov
Sh G 2008 Microelectron. Eng. 85 247

Ukah N B, Adil D, Granstrom J, Gupta R K, Ghosh K and Guha S 2011
Organig. Electron. 12 1580

Guha S, Adil D, Ukah N B, Gupta R K and Ghosh K 2011 Appl. Phys.
A 105 547

Huang X, Zhi C, Jiang P, Golberg D, Bando Y and Tanaka T 2012
Nanotechnology 23 455705

Hanafy T A 2008 J. Appl. Poly. Sci. 108 2540

Reddy S Ch V, Han X, Zhu Q Y, Mai L Q and Chen W 2006 Micro-
electron. Eng. 83 281

Abdullah O Gh, Hussan S A and Alani A 2011 Assian Transactions on
Science & Technology 01 1

Bouropoulos N, Psarras G C, Moustakas N, Chrissanthopoulos A and
Baskoutas S 2008 Phys. Stat. Sol. (a) 205 2033

Bohler A, Dirr S, Johannes H H, Ammermann D and Kowalsky W 1997
Synth. Met. 91 95

Yakovlev Y O and Zolin V F 1997 Synth. Met. 91 205

Garten F, Vrijmoeth J, Schlatmann A R, Gill R E, Klapwijk T M and
Hadziioannou G 1996 Synth. Met. 76 85

Liang Y, Dong G F, Hu Y C, Hu Y, Wang L D and Qiu Y 2004 Chin.
Phys. Lett. 21 2278

Hu Y C, Dong G F, Wang L D, Liang Y and Qiu Y 2004 Chin. Phys.
Lett. 21723

Zhang Z L, Jiang X Y and Xu S H 2000 Chin. Phys. Lett. 17 534

Li C, Peng J B and Zeng W J 2009 Acta Phys. Sin. 58 1992 (in Chinese)
Farag A A M and Yahia I S 2011 Synth. Met. 161 32

Nicollian E H and Brews J R 1982 MOS (Metal Oxide Semiconductor)
Physics and Technology (New York: John Wiley & Sons)

Sze S M 1981 Physics of Semiconductor Devices, 2nd edn. (New York:
Willey & Sons)

Guan H, Shao C, Wen S, Chen B, Gong J and Yang X 2003 Mater.
Chem. Phys. 82 1002

LeeJ S, Choi KH, Ghim HD, Kim S S, Chun D H, Kim HY and Lyoo
W S 2004 J. Appl. Poly. Sci. 93 1638

Popescu M and Bunget I 1984 Physics Solid Dielectrics (Amsterdam:
Elsevier), p. 291

Symth C P 1955 Dielectric Behaviour and Structure (New York:
McGraw-Hill)

Daniel Vera V 1967 Dielectric Relaxation (London: Academic Press)
Pissis P and Kyritsis A 1997 Solid State lonics 97 105

Altindal S, Kanbur H, Yiicedag I and Tataroglu A 2008 Microelectron.
Eng. 85 1495

Yiicedag [ 2009 Optoelectronics and Advanced Materials: Rapid Com-
munications 3 612

Altindal S, Yiicedag I and Tataroglu A 2009 Vacuum 84 363

Khan N A, Mumtaz M and Khurram A A 2008 J. Appl. Phys. 104
033916

Macedo P B, Moyniham C T and Bose R 1972 Phys. Chem. Glass. 13
171

Afandiyeva I M, Dékme I, Altindal S, Biilbiil M M and Tataroglu A
2008 Microelectron. Eng. 85 247

Yiicedag I, Altindal S and Tataroglu A 2007 Microelectron. Eng. 84
180

Cutroni M, Mandanici A, Piccolo A, Fanggao C, Saunders G A and
Mustarelli P 1996 Solid State lonics 90 167

Maurya D, Kumar and Shripal J 2005 J. Phys. Chem. Solids 66 1614
Riad A S, Korayem M T and Abdel-Malik T G 1999 Physica B 270
140

Dokme I and Altindal S 2011 IEEE Trans. Electron Dev. 58 4042
Kaya A, Altindal §, Asar Y § and Sonmez Z 2013 Chin. Phys. Lett. 30
017301


http://dx.doi.org/10.1016/j.physb.2006.04.012
http://dx.doi.org/10.1016/j.physb.2006.04.012
http://dx.doi.org/10.1016/j.mssp.2004.05.002
http://dx.doi.org/10.1016/j.solmat.2008.03.015
http://dx.doi.org/10.1016/j.solmat.2008.03.015
http://dx.doi.org/10.1016/j.compscitech.2004.09.006
http://dx.doi.org/10.1016/j.compscitech.2004.09.006
http://dx.doi.org/10.1016/j.tsf.2004.08.064
http://dx.doi.org/10.1016/j.orgel.2004.10.002
http://onlinelibrary.wiley.com/doi/10.1002/app.36327/pdf
http://dx.doi.org/10.1016/j.mee.2007.05.044
http://dx.doi.org/10.1016/j.orgel.2011.06.006
http://dx.doi.org/10.1016/j.orgel.2011.06.006
http://dx.doi.org/10.1007/s00339-011-6596-5
http://dx.doi.org/10.1007/s00339-011-6596-5
http://dx.doi.org/10.1088/0957-4484/23/45/455705
http://dx.doi.org/10.1088/0957-4484/23/45/455705
http://dx.doi.org/10.1002/(ISSN)1097-4628
http://dx.doi.org/10.1016/j.mee.2005.08.010
http://dx.doi.org/10.1016/j.mee.2005.08.010
http://dx.doi.org/10.1002/pssa.v205:8
http://dx.doi.org/10.1016/S0379-6779(97)03985-4
http://dx.doi.org/10.1016/S0379-6779(97)03985-4
http://dx.doi.org/10.1016/S0379-6779(98)80032-5
http://dx.doi.org/10.1016/0379-6779(95)03424-I
http://dx.doi.org/10.1088/0256-307X/21/11/056
http://dx.doi.org/10.1088/0256-307X/21/11/056
http://dx.doi.org/10.1088/0256-307X/21/4/038
http://dx.doi.org/10.1088/0256-307X/21/4/038
http://dx.doi.org/10.1088/0256-307X/17/7/026
http://dx.doi.org/10.1016/j.synthmet.2010.10.030
http://dx.doi.org/10.1016/j.matchemphys.2003.09.003
http://dx.doi.org/10.1016/j.matchemphys.2003.09.003
http://dx.doi.org/10.1002/(ISSN)1097-4628
http://dx.doi.org/10.1016/S0167-2738(97)00074-X
http://dx.doi.org/10.1016/j.mee.2008.02.001
http://dx.doi.org/10.1016/j.mee.2008.02.001
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=33&SID=R1JdE8RuZJknvOfS23a&page=1&doc=2
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=33&SID=R1JdE8RuZJknvOfS23a&page=1&doc=2
http://dx.doi.org/10.1016/j.vacuum.2009.07.003
http://dx.doi.org/10.1063/1.2967823
http://dx.doi.org/10.1063/1.2967823
http://dx.doi.org/10.1016/j.mee.2007.05.044
http://dx.doi.org/10.1016/j.mee.2006.10.071
http://dx.doi.org/10.1016/j.mee.2006.10.071
http://dx.doi.org/10.1016/j.jpcs.2005.05.080
http://dx.doi.org/10.1016/S0921-4526(99)00129-5
http://dx.doi.org/10.1016/S0921-4526(99)00129-5
http://dx.doi.org/10.1109/TED.2011.2165846
http://dx.doi.org/10.1088/0256-307X/30/1/017301
http://dx.doi.org/10.1088/0256-307X/30/1/017301

	1. Introduction
	2. Experimental procedures
	3. Results and discussion
	3.1. Electrical characterization
	3.2. Dielectric properties and AC conductivity

	4. Conclusions
	References

