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Temperature dependent current-voltage (I1-V)
characteristics of Au/n-Si (111) Schottky barrier
diodes (SBDs) with polyvinyl alcohol (Co, Ni -Doped)
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Current-voltage (I-V) characteristics of Au/PVA(Co,Ni-doped)/n-Si (111) SBDs have been investigated in the temperature
range of 280-400 K. The zero-bias barrier height (®go) and ideality factor (n) determined from the forward bias -V
characteristics were found strongly depend on temperature. The forward bias semi-logarithmic I-V curves for the different
temperatures have an almost common cross-point at a certain bias voltage. While the value of n decreases, the ®go
increases with increasing temperature. Therefore, we attempted to draw a ®y, vs g/2kT plot to obtain evidence of a
Gaussian distribution of the barrier heights, and to calculate the values of mean barrier height and standard deviation at

zero bias, respectively.
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1. Introduction

Conducting polymers have generated a great interest
owing to most attention for possible application in
molecular electronic devices because of their unique
properties and versatility [1-5]. Among these polymers is
Poly (vinyl alcohol) (PVA) which is a water-soluble
polymer produced industrially by hydrolysis of poly (vinyl
acetate) [6-8]. It has been used in fiber and film products
for many years. It has also a widespread use as a paper
coating, adhesives and colloid stabilizer. Recently,
metal/organic semiconductor Schottky junction became an
attractive as an alternate to the metal/inorganic
semiconductor junction. Schottky contacts play an
important role in the performance of semiconductor
devices. Nonetheless, the study of interface states is
important for the understanding of the electrical properties
of Schottky contacts. The transport properties of Schottky
junctions are defined by the barrier height at the junction
and by electronic states in the forbidden gap of the
semiconductor [9-13]. The barrier height depends on the
surface work functions of the metal and semiconductor as
well on dipoles in the interface region. In this study, we
have fabricated Au/ polyvinyl alcohol (Co,Ni-doped)/n-Si
Schottky diodes and current—voltage (I-V) characteristics
and interfacial properties of the diode have been
investigated. Polyvinyl alcohol (PVA) film was used as an
interfacial layer between metal and semiconductor. PVA
doped with different ratio of cobalt and nickel was
produced and PVA /(Co, Ni) nanofiber film on silicon

semiconductor were fabricated by the use of
electrospinning technique. In this work, we report on
extraction of interface state density of Au/ polyvinyl
alcohol (Co,Ni-doped)/n-Si Schottky diodes using the
current-voltage (I-V) characteristics in the wide
temperature range of 280-400 K. The other purpose of this
paper is the calculation of the characteristics parameters
such as ideality factor, barrier height, density of interface
states and series resistance of Au/ polyvinyl alcohol
(Co,Ni-doped)/n-Si Schottky diodes obtained from -V
characteristics at room temperature. In the previous study,
we have fabricated Au/polyvinyl alcohol (Ni, Zn-
doped)/n-Si Schottky diodes and temperature dependent
electrical and dielectric properties of the diode were
calculated from the -capacitance—voltage (C-V) and
conductance—voltage (G/w—V) measurements in the
temperature range of 80—400 K. [14].

2. Experimental

The Au/ polyvinyl alcohol (Co, Ni-doped)/n-Si
Schottky diodes were fabricated on the n-type (phosphor
doped) Si single crystals, with a (111) surface orientation,
350 um thick, 2 inch (5.08 cm) and 0.7 Q-cm resistivity.
For the fabrication process, Si wafer was degreased in a
mix of a peroxide- ammoniac solution in 10 minute and
then in H20+ HCI solution and then was thoroughly
rinsed in deionised water using an ultrasonic bath for 15
min. Preceding each cleaning step, the wafer was rinsed
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thoroughly in de-ionized water of resistivity of 18 M Q cm
for a prolonged time. After surface cleaning, high purity
aluminium (Al) metal (99.999%) with a thickness of
2000A° was thermally evaporated on to the whole back
surface of the Si wafer at a pressure about 10 Torr in high
vacuum system. The ohmic contacts were formed by
annealing them for 5 minutes at 450°C in N2 atmosphore.
0.5 g of cobalt acetate and 0.25 g of nickel acetate was
mixed with 1g of polyvinyl Alcohol (PVA), molecular
weight=72 000 and 9 ml of deionised water. After
vigorous stirring for 2 h at 50°C, a viscous solution of
PVA/( Co, Ni-doped) acetates was obtained. PVA(Co, Ni-
doped) nanofiber film was fabricated on n-type Si by
electrospinning technique[15,16]. The electrospinning
system is composed (i) A high voltage power generator (ii)
A syringe (iii) A collector made of a metallic material and
(iv) A dosage pump (new era pump systems). The
composite solution for spinning was loaded in to a 10 mL
hypodermic stainless steel syringe with a needle (0.8 mm
in diameter and 38 mm length) connected to a digitally
controlled pump(New Era) which provides a constant flow
rate of 0.02 ml/h. The metal tip of the syringe is
connected to the power supply (SP-30P, Gamma High
Voltage Research) and the other end is connected to the
collector wrapped with Al folio. Si wafer was placed on
the aluminum foil. The distance between the metal tip and
the collected was kept 15 cm. Upon applying a high
voltage of 20 kV on the needle, a fluid jet was ejected
from the tip. The solvent evaporated and a charged fiber
was deposited on to the Si wafer as a nonwoven mat. After
spining, the Schottky/rectifier contacts were coated by
evaporation with Au dots with a diameter of about 1.0 mm
(diode area= 7,85x10~cm?). A simple illustration of the
electrospinning system is given in Fig. 1. The current—
voltage (I-V) measurements were performed by the use of
a Keithley 220 programmable constant current source, a
Keithley 614 electrometer. All measurements were carried
out with the help of a microcomputer through an IEEE-
488 ac/dc converter card at room temperature.
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Fig. 1. Schematic representation of the electrospinning
process.

3. Results and discussion

The current through a Schottky barrier diode at a
forward bias ‘V’, based on the thermionic emission

theory (V > 3KT/q) , is given by the relations [2].

S SO

where Rs is the series resistance, V the applied voltage, n
the ideality factor, q the electronic charge, k the
Boltzmann constant, T is the absolute temperature in
Kelvin and Io is the reverse saturation current and can be
written as

l, = AA'T? exp[— LDBO) @
kT

where @ o 1s the zero-bias barrier height, A is the diode

area, A* is the effective Richardson constant and equals to
120 A/em® K? for n-type Si. The ideality factor is
calculated from the slope of the linear region of the
forward bias In I-V plot and can be written from Eq. (1) as

nzq( dv j 3)
kT \ d(Inl)

The zero-bias barrier height ®p, is determined from
the extrapolated I, and is given by

2
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The semi-logarithmic I-V characteristic of the Au/
PVA (Co, Ni-doped)/n-Si Schottky diode, measured at
different temperatures over the range 280400 K are
shown in Fig.2. As can be seen in Fig.2, the forward and
reverse bias currents of the diode increase with increase of
temperature due to the increase in the numbers of carrier
charges across the barrier height. This suggests that the
carrier charges are effectively generated in the junction
with temperature. It is seen that the temperature can
improve the reverse and forward performance of the diode.
The forward bias [-V characteristic is exponential at low
bias voltages. But, at higher voltages, a deviation in -V
characteristic is observed due to series resistance and
interfacial layer. The values of zero-bias barrier height

@ g, and ideality factor (n) were calculated from Egs. (3)

and (4) for each temperature, respectively.
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Fig. 2. The experimental forward bias -V characteristics
of the Au/ PVA (Co, Ni-doped)/n-Si Schottky diodes at
various temperatures.

As shown in Table 1, the experimental values of
@®,, and n for the Au/ PVA (Co, Ni-doped)/n-Si

Schottky diode ranged from 0.908 eV and 1.51 (at 400 K)
to 0.747 eV and 2.13 (at 280 K), respectively.

Table 1. Temperature dependent values of various diode
parameters determined from 1-V characteristics of Au/
PVA (Co, Ni-doped)/n-Si Schottky diodes in the
temperature range of 280-400 K.

T(K) lo(A) n Do (eV) | Dei(eV)
280 2,72x107 2,13 0,7470 1,362
300 9,76x10” 2,09 0,7709 1,372
320 1,90x107 1,83 0,8074 1,283
340 5,06x10° 1,70 0,8327 1,243
360 1,81x107 1,62 0,8458 1,208
380 3,97x107 1,55 0,8705 1,195
400 5,54x107 1,51 0,0084 1,225

As shown in Fig. 3 and 4, the values of n and @y

determined from semi-logarithmic forward bias -V

characteristics are strong function of temperature. The
obtained results from I-V characteristics show that there is

a decrease in @, and an increase in the ideality factor

with decreasing temperature. Similar results have been
reported in the literature [11].
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Fig. 3. The variation in the ideality factor with
temperature for Au/ PVA (Co, Ni-doped)/n-Si Schottky
diodes.
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Fig. 4. Temperature dependence of zero-bias barrier
height and flat-band barrier height for Au/ PVA (Co, Ni-
doped)/n-Si Schottky diodes.

Also, It is seen from Fig. 4, the flat band barrier
height @ can be calculated from the experimental ideality
factor and zero-bias BH @y, according to [9, 17-19].

KT (N,
Dy :n¢so_(n—1)qln(NDj ©)

where Nc is the effective density of states in the
conductivity band, and Np is the carrier doping density of
n-type Si with 5.86x10" cm™. As shown in Fig. 2, the
temperature dependence of the flat band BH can be
expressed as
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O (T)=Dy, (T =0)+aT ©6)

where @ is the flat band BH extrapolated to T =0 K, and
a is its temperature coefficient. The obtained

experimental values,CDBo,dibf and n were reported in

Table 1. This result is attributed to inhomogeneous
interfaces and barrier heights. Also Schmitsdorf et al. [20]
used Tung’s theoretical approach and they found a linear
correlation between the experimental zero-bias SBHs and
ideality factors. Fig. 5 presents the barrier height versus
the ideality factor for various temperatures. As shown in
Fig.5, shows a plot of the experimental BH versus the
ideality factor for various temperatures. The straight line
in Fig. 5 is the least squares fit to the experimental data. It
is seen from Fig. 5, there is a linear relationship between
the experimental effective BHs and the ideality factors of
the Schottky contact that was explained by lateral
inhomogeneities of the BHs in the Schottky diode.
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Fig. 5. Linear variation of apparent barrier height vs.
ideality factor.

The extrapolation of the experimental BHs versus
ideality factors plot to n = 1 has given a homogeneous BH
of approximately 0.993 eV. Thus, it can be said that the
significant decrease of the zero-bias BH and increase of
the ideality factor especially at low temperature are
possibly caused by the BH inhomogeneties.

4. Conclusions

The current conduction mechanism across Au/ PVA
(Co, Ni-doped)/n-Si  Schottky diode have been
investigated using forward bias I-V measured in the
temperature range of 280-400 K. The basic diode
parameters such as the ideality factor and barrier height
were extracted from electrical measurements of Au/ PVA
(Co, Ni-doped)/n-Si Schottky diode. The ideality factor of
Au/ PVA (Co, Ni-doped)/n-Si Schottky diodes decreased
with the increase in temperature but the barrier height

increased. The changes are quite significant at low

temperatures. Temperature dependence behaviour of @

(1-V) and n is attributed to Schottky barrier inhomogenities
by assuming a GD of BHs due to barrier inhomogeneties
that prevail at M/S interface.
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