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Abstract: The dielectric properties of SnO2-PVA nanocomposite films were examined graphically
using capacitance (C) and conductivity (G/w) data obtained over a wide frequency and voltage range
at room temperature. For SnO,-PVA/n-Si, some dielectric parameters (dielectric constants (&', €")
and electrical modulus (real M' and imaginary M" parts), loss tangent (tan 3) and ac electrical
conductivity (oac) frequency and voltage dependence were calculated. As the frequency increased
for each applied bias voltage, the €', €" and tan & values decreased, and it was observed that the
changes in these parameters were more effective at low frequencies due to the additional loads on
the interface states. While M' increases as the frequency increases due to the short-range mobility of
charge carriers and has low values in the low-frequency region. The value of M" decreases as the
frequency increases due to the decrease in polarization and the density of interface states (Nss) effects.
While the value of electrical conductivity is almost constant at low frequencies, it increases almost
exponentially at high frequencies.

Sn02-PVA/n-Si Schottky Bariyer Diyotun Dielektrik Ozelliklerinin incelenmesi
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0Oz: 300 K de SnO,-PVA nanokompozit filmlerin dielektrik 6zellikleri, genis bir frekans ve voltaj
araliginda elde edilen kapasitans (C) ve iletkenlik (G/w) verileri kullanilarak grafiksel olarak
incelenmistir. SnO2-PVA/n-Si igin bazi dielektrik parametrelerinin (dielektrik sabitleri (g', ") ve
elektriksel modiiliis (M' ve M"), kay1p tanjant1 (tan §) ve ac iletkenligin hem ger¢cek hem de sanal
kisimlart (oac), vb.), frekans ve gerilime bagimliligi hesaplandi. Uygulanan her 6n gerilim igin
frekans arttikca €', €" ve tan d degerleri azalmis ve ara yilizey durumlarina gelen ilave yiiklerden dolay1
bu parametrelerdeki degisikliklerin diisiik frekanslarda daha etkili oldugu gorilmiistir. M', yiik
tagtyicilarinin  kisa menzilli hareketliligi nedeniyle frekans arttikga artarken, diisiik frekans
bolgesinde diisiik degerlere sahiptir. Polarizasyon ve Ara yiizey durumlarin yogunlugu (Nss)
etkilerinin azalmasi nedeniyle frekans arttikga M" degeri azalir. Elektriksel iletkenlik degeri diigiik
frekansta hemen hemen sabit iken, yiiksek frekansta neredeyse katlanarak artmaktadir.

structures when contacting the metal and semiconductor,

1. INTRODUCTION

Schottky barrier diodes (SBDs) are integrated circuit
elements actively used in the electronics industry and
technological products and have a very important place in
technological developments. Many parameters affect the
performance of Schottky barrier diodes, such as:
preparation processes of the surfaces, interface states
resulting from trap levels created by pollution atoms
resulting from production, series resistance of the device,
densities of the doped atoms, potential barrier in
homogeneities that will occur at the interface of the two

voltage and frequency applied externally to the structure,
temperature of the environment where the structure is
located, the existence of an polymer interlayer that
separates the metal and the interface from each other and
passivates the interface states that will occur [1, 2]. €', &",
M'and M", tan 3, and o, parameters are also significantly
impacted by these structural parameters. Additionally, the
locally active polarization mechanisms of the structure are
severely affected.

Studies on the molecular orientation behaviour,
relaxation, and polarization mechanisms of polymers are
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currently ongoing, even though the dielectric properties of
many polymers used in electronics have been
investigated. One of the greatest ways is to look at
dielectric loss and dielectric constant scenarios based on
frequency. These computations allow for the analysis of a
polymeric film's polymer structure and the voicing of
opinions regarding its potential application as an interface
in electrical devices.

With the implementation of a dc or ac electric field, the
charges stored in the trap energy levels can be released
and this can create an additional charge effect on the
device [3, 4-7]. Especially, at low frequencies, for these
surface states, charges can follow the ac signal. Moreover,
there is less time to orient interfacial dipoles in the
direction of the ac electric field [7]. This paper aims the
examination of electrical and dielectric parameters of
Ag/SnO-PVA/n-Si SBDs with SnO.-doped PVA
polymer interface layer under varying frequency and
voltage at 298 K.

2. MATERIAL AND METHOD
2.1. Measurements

The fabricated structure was obtained with the use of an
n-type (P-doped) single crystals silicon wafer with 300
mm thickness and 3" diameter. Wafers were cleaned in
solutions of 3H»S04:1H,0,, 20% HF, and de-ionized
water. Rectifying and ohmic contacts were deposited
using Ag metal, and the back contact was annealed at 700
°C to gain the ohmic feature. SnO2-PVVA nanocomposite
film with a thickness of 10 nm was deposited on a
substrate with magnetron sputtering using a hot
compacting BisTisO12 powder of a stoichiometric
composition as a target material.

The C-V and G/w-V analyses of the Ag/SnO,-PVA/n-Si
nanocomposite structures were held at room temperature.
The analyses were made between (-7) V and (+3) V and
in the frequency range of 70 kHz-3 MHz using an HP
4192A LF impedance analyser (In Figure 1)

3. RESULTS

In this paper, the SnO,-PVA nanostructure was
fabricated, and the electrical and dielectric parameters of
the structure were analysed. How electrical and dielectric
properties change, especially with frequency changes
(increase or decrease), has been examined graphically.
The real (¢', M/, tan , 6ac) and imaginary (", M") parts of
dielectric parameters were also obtained. The obtained
values were examined graphically.

Four different types of polarization mechanisms are active
in dielectric materials. These can be listed as follows;
oriental/dipolar and interfacial polarization, atomic,
electronic, or ionic [8]. Oriental/dipolar and interfacial
polarizations have a large effect on dielectric properties
because the dielectric constant remains almost constant at
high frequencies. Interfacial polarization is very active
due to the Ns effect when f < 10% Hz. In the frequency
range of 103-10°% Hz, dipolar and interfacial polarization

are more active because impurities and surface charges
are active in this region. Atomic or ionic polarization
occurs in high frequencies such as 101°-10*® Hz. At very
high frequencies such as about 10% Hz, electronic
polarization is especially active.
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Figure 1 (a). The variation of the C-V characteristics between (-7 V)-
(+3 V) of the Ag/SnO,-PVA /n-Si SBDs.
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Figure 1 (b). The variation of the G/»-V characteristics between (-7
V)-(+3 V) of the Ag/SnO,-PVA /n-Si SBDs.

When a dc or ac electric field is applied, stored charges at
Nss and trap levels may be released and create additional
load on the device. For low frequencies, at the interface
states, charges can follow the ac signal, and therefore the
interface dipoles can orient themselves in the direction of
the ac electric field in a shorter time. As a result, these
charges create additional capacitance and additional
conductance (Cex and Gex/®) in the measured value. With
this, in the accumulation and depletion zones, investigated
all parameters of the structure are high. The values of &'
and &" were obtained from the Equations 1 and 2. The
results were given in Figure 2 and 3, respectively:

gL 1)
C, &A

g8 _ G4 @
oC, ¢&,0A
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In the equations, A is the area of the diode (rectifier
contact), £,=8.85x1012 F/m is the permeability of the free
space charge and Co= g, A/d; is the capacitance at the
lowest frequency, di is the thickness of the intermediate
polymer interface layer, €' and €" components express the
energies stored and lost in each cycle of the applied
external electric field.

Tan & called loss tangent value was also found by using

the €' and €" as in Equation 3, and the results are given in
Figure 4 [8]:
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Figure 2 (a). Frequency-dependent the variation of the dielectric
constant (g') of the Ag/SnO,-PVA /n-Si/Ag SBDs at room temperature.
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Figure 2 (b). Voltage-dependent the variation of the dielectric constant
(") of the Ag/SnO,-PVA /n-Si/Ag SBDs at room temperature.
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Figure 3 (a). Frequency-dependent the variation of the dielectric loss
(g") of the Ag/SnO,-PVA /n-Si SBDs at room temperature.
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Figure 3 (b). VVoltage-dependent the variation of the dielectric loss (g'")
of the Ag/SnO,-PVA /n-Si SBDs at room temperature.

The fact that the parameters €' and €" decrease as the
frequency increases can be explained by the Debye
relaxation model for the effect of dipole and
interface/surface polarizations and interfacial states. For
every applied bias voltage, the main dielectric parameter
values ¢, €", and tan d have been found to decrease with
increasing frequency. However, these changes are more
pronounced in the depletion region, particularly at low
frequencies, because of the extra carrier charges in the

4x10

70kHz
100kHz
200kHz

310 F

3x101

3x107

rpoOOERDIOO

2x10!

2x10-

Loss tangent (tan §)

Voltage (V)

Figure 4 (a). Frequency-dependent the variation of the tan & of the
Ag/SnO,-PVA In-Si SBDs at room temperature.
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Figure 4 (b). Voltage-dependent the variation of the tan & of the
Ag/SnO2-PVA /n-Si SBDs at room temperature.

surface states or traps, their relaxation times, and the
polarization effect.
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Figure 5 (a). Frequency-dependent the variation of the M' of the
Ag/SnO,-PVA /n-Si SBDs at room temperature.
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Figure 5 (b). Voltage-dependent the variation of the M’ of the Ag/SnO.-
PVA /n-Si SBDs at room temperature.
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Figure 6 (a). Frequency-dependent the variation of the M" of the
Ag/SnO,-PVA /n-Si SBDs at room temperature.
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Figure 6 (b). VVoltage-dependent the variation of the M" of the Ag/SnO.-
PVA /n-Si SBDs at room temperature.

Real and imaginary electric modulus M* formulas have
been discussed by various authors in dielectric analysis
studies of electronic materials [8]. M* expressions
obtained using complex permeability (¢*=1/M*) data are
shown in equations 4a and 4b.

. & . &
M*=M"“+iM"= +i (4)
8‘2+8"2 €I2+8“2

Using the €', ", and Equation 4, M' and M" were derived
and are shown in Figures 5 and 6, respectively. As we can
see in Figure 5, M' values are low in the low-frequency
zone but increase with frequency because of the charge
carriers' short-range mobility. M" values, in contrast to M’
values, fall as frequency increases. This is because as
frequency rises, polarization and Nss effects diminish.

Dielectric relaxation is responsible for the rise in electrical
modulus and dielectric properties in depletion and
accumulation zones. All these characteristics decrease
with increasing polarization because increasing
polarization causes an increase in the number of carriers,
which is proportional to the applied bias voltage [8].
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Figure 7 (a). Frequency-dependent the variation of the o, of the
Ag/SnO.-PVA /n-Si SBDs at room temperature.
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Figure 7 (b). VVoltage-dependent the variation of the o, of the
Ag/SnO,-PVA /n-Si SBDs at room temperature.

In order to determine the dielectric properties of the
interfacial layer, the strong accumulation region is
considered. In particular, in this region, the actual values
of the ¢" and o, parameters are investigated [8]. The
following formulas were used to determine the diode
structure's frequency- and voltage-dependent ac electrical
conductivity (oac) at room temperature. The outcomes are
displayed in Figure 7:

o,. =oCtan 5(d—Ai) =g 2nfe, =ba’, (L>s>0) ®)

In here, is angular frequency of the applied ac voltage, b
and s are constants. Figure 7 shows oac-V plot of the
Ag/SnO2-PVA /n-Si SBDs. While the value of s is almost
constant at low frequencies, increases almost as
exponentially and shows a peak at high frequencies which
correspond to o4 and o, respectively.
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Figure 8. The Ln (o)-Ln (F) of the Ag/SnO,-PVA /n-Si SBDs at room
temperature.

It is well known, that the hoping of carrier charges from
one state to another state located between (SnO2-PVA)
and n-Si in the forbidden band gap of the semiconductor
leads to an increase in frequency-dependent ac electrical
conductivity as seen in Eqg. (5). To the value of s, double
logarithmic In(oa) vs In (f) plot was drawn for various
applied bias voltage and given in Figure 8. As seen in
Figure 8, the In(oa) vs In (f) graph shows good linear
behavior for each voltage, and its slopes (s) are found to
be 0.74, 1.12, 1.03 for (-0.1V), OV and 1V, respectively

(8]
4. DISCUSSION AND CONCLUSION

In this study, SnO2-PVA nanostructures were prepared
and the electrical and dielectric properties of this structure
were examined. How electrical and dielectric properties
change, especially with frequency changes (increase or
decrease), has been examined graphically. For
interpretations, real and imaginary parts of the dielectric
parameters (¢, €", M', M", tan 8, and oa, €tc.) were
obtained. These obtained values were examined
graphically.

All obtained results confirmed that Ny is an important
parameter in electrical and dielectric characterization
processes and must be taken into consideration. It has
been shown that the diode performance improves in the
presence of the SnO,-PV A nanocomposite interface layer
and that the SnO2-PVA layer can be a good alternative as
a dielectric material in MPS-based devices.
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