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The analysis of Au/Ti0,/n-Si Schottky barrier diode at
high temperatures using I-V characteristics
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In this study, the current-voltage (I-V) characteristics of Au/TiO2/n-Si Schottky barrier diodes (SBDs) were examined at high
temperatures. TiO> thin films were deposited on polycrystalline n-type Silicon (Si) substrate using DC magnetron sputtering
system. In order to improve the crystal quality, thermal anneling process were done at 700 %C. The electrical parameters
such as barrier height (®y), ideality factor (n) and series resistance (Rs) of Au/TiO2/n-Si SBDs have been investigated by
using forward and reverse bias |-V measurements in the temperature range of 340-400 K by steps of 20 K. Also, the values
of Rs and @, were determined by using Cheung’s and Norde methods. It was seen that there was a good agreement
between the values of Rsand @y obtained from the forward bias In(I-V) curves by applying Cheung’s and Norde methods.
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1. Introduction

TiO, is a wide band gap semiconductor material
which has attracted considerable attention for its potential
applications in optical components such as photocatalysis,
gas sensor, solar cell and optical fiber [1-4]. It has three
types of bulk crystal structure in TiO,: anatase, rutile and
brookite [5]. Among these crystal, anatase TiO, has
attracted a greed deal of interest because of its excellent
photocatalytic behaviour. It is known that the deposition
method and calcination temperatures determine the
physical properties of the TiO, material. Depending on the
calcination temperature TiO, films transform first from
amorphous to anatase and then rutil. [6]. Although a
variety of methods have been used to prepare TiO, films,
sputtering is one of the most utilized method. [7].

Recently, there were published many studies on SBDs
which has an important role in modern device technology
[8-16]. The electrical properties of the SBDs depend
especially on the series resistance of device. There are
various techniques to calculate the main electrical
parameters such as forward bias I-V measurements,
Cheung’s method [17] and Norde method [18]. Electronic
properties of a Schottky diode are characterized by its
main electrical parameters such as n, @, and Ry which are
parameters give useful information concerned with the
nature of the diode. Analysis of the I-V characteristics of
SBDs based on thermionic emission theory usually reveals
an abnormal decrease in the BH and an increase in the
ideality factor with a decrease in temperature [19, 20].

In this study, I-V characteristics of Au/TiOy/n-Si
SBDs with anatase phase TiO, were measured in the
temperature range of 340-400 K by steps of 20 K. The
temperature dependence of electrical parameters such as
n,@, and R; were extracted from forward bias -V
measurement. Also, @, and Ry were calculated using
Cheung’s and Norde methods. It was seen that there was a

good agreement between the values of Ry and @, obtained
from the forward bias Inl-V curves by applying Cheung’s
and Norde methods.

2. Experimental procedure

AU/TiO,/n-Si SBDs were fabricated on a 2" diameter
with (100) orientation, 350 pm thickness, 0.01 Q.cm
resistivity and phosphorus doped (n-type) polycrystalline
Si substrate. Si substrate was

degreased using organic solvent. After then, the Si
substrate was mounted onto the stainless steel optically
heated sputtering holder and loaded into the DC
magnetron sputtering system. After the preparation of the
substrate to the deposition of 1500 A thickness TiO, thin
film, the Si substrate was transferred into the deposition
chamber. TiO, thin film was deposited using high purity
(99.999%) Ti target, under specific Ar+O, reactive gas
mixture (Ar/O,=90/10 sccm) controlled with mass flow
controllers. For the deposition, the substrate temperature
and the pressure was set to 200 °C and 4.2x10° mboar,
respectively and kept constant during the whole
deposition. The thermal annealing of the sample was
carried out in air for 4 h at 700 °C. For the electrical
characterization, in the thermal evaporation system ohmic
and rectifier contacts were formed using high purity Au
(99.999%).

The forward and reverse bias I-V measurements were
performed in the temperature range of 340 - 400 K using a
Keithley 2400 source-meter. The temperature was adjusted
using Janis vpf-475 cryostat and a Lake Shore model 321
auto-tuning temperature controllers with sensitivity better
than £ 0.1 K. The whole electrical measurements were
also performed using micro computer through an IEEE-
488 AC/DC converter card.
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The n can be calculated from the slope of the linear
In(1-V) plot for each

3. Results and discussion

The current-voltage  (I-V)
AU/TiO,/n-Si SBDs in the temperature range of 340-400 K

by steps of 20 K are given in Fig. 1. In order to
quantitatively analyze the Au/TiO,/n-Si SBDs we assume

the standard thermionic emission (TE) theory as follows

characteristics  of

[21]
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Where the IR term is the voltage drop across the R, of

structure, V is the applied voltage across to rectifier

contact, |, saturation current is defined by
qo, ]

I, = AAT 2exp| —
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region of the forward bias
temperature and can be written from Eq.(1), as
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The quantities A, A*, T, k and q are the diode area, the

effective Richardson constant of 112 A/cm?®K? for n-type
Boltzmann constant and

temperature in Kelvin,
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Fig. 1. Temperature dependent semi-logarithmic plot of

Si,
electronic charge, respectively.
Once |, is determined the @, is obtained by rewriting
Eg. (2) as
the Inl-V characteristics of Au/ TiO,/n-Si SBDs with
KT AAT 2 anatase phase TiO, at various temperatures.
D, = In{ } (3)
q o
Table 1. Temperature dependent of various parameters determined from I-V characteristics of Au/TiO,/n-Si SBDs.
T @(1-V) Ry(dV/dIn(1)) @,(H(1)) Ry(H(1)) @y(F(V)) Ry(F(V))
(K) (eV) Q) (eV) (©)] (eV) ()
340 0.74 179.85 0.78 199.07 0.78 156.4
360 0.78 172.65 0.86 211.08 0.82 170.92
380 0.82 178.81 0.88 231.24 0.84 212.59
400 0.85 184.33 0.93 217.03 0.88 217.89
obvious disagreement with the reported negative
temperature coefficient of the Schottky barrier height.

Using Eqgs. (3) and (4) the values of @, and n of the
AU/TiO,/n-Si SBDs at different temperatures were
calculated. The experimental values of @, and n of
AU/TiO,/n-Si SBDs were changed from 0.74 eV and 2.47
at 340 K to 0.85 eV and 2.24 at 400 K, respectively. Also,

R, values were determined from the I-V characteristics. Ry
values of Au/TiO,/n-Si SBDs were changed from and
288.24 () to 318.56 Q2 at 340 K and 400 K, respectively.
The @, calculated from forward bias I-V characteristics

shows an unusual behavior that increase with the increase
of temperature. Similar results have been reported in the
literature [15]. Such temperature dependence was an

Series resistance (R;) and barrier height (®,) were

calculated from the forward bias |-V data using methods
developed by Cheung and Cheung [17]. Cheung’s function

dv nk—T+RSI

dLnl

()
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The experimental dVv/dIn(l) versus | and H(I) versus |
plots of at different temperatures are given in Fig. 3 ()
and (b), respectively.
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Fig. 2. (a) Experimental dV/dIn(l) vs I and (b) H(I) vs |
plots of Au/ TiO,/n-Si SBDs at various temperatures.

The values of series resistance of Au/TiO,/n-Si SBDs
were calculated from both dV/dInl versus I plot according
to Eq. (5) and H(l) versus I plot according to Eq. (6) in the
temperature range of 340 K to 400 K. The determined
values of R; and @, are given in Table 1. As can be seen,
the determined values of Ry (dVv/dIn(l) wversus 1) of
AU/TiO,/n-Si SBDs were changed from 179.85 Q to
18433 Q at 340 K and 400 K, respectively. The
determined values of Ry and @, (H(l) versus 1) of
AU/TiO,/n-Si SBDs were changed from 199,07 Q and
0,78 eV at 340 K to 217,03 Q and 0,93 eV at 400 K,
respectively. It was seen in Table 1,The values of R,
obtained from dV/dIn(l) versus I and H(l) versus I plots are
in good agreement with each other. Also, the difference in

the values of @, obtained from Egs (3) and (6) is an effect
of existence of Ry and thickness interfacial layer

Norde proposed an alternative method to determine
the value of the Ry and @, The values of R; and @, were
obtained from the modified Norde method developed by
Bohlin [22]. The modified Norde method is expressed as

(AA{ T ) ()

where | is current obtained from the |-V curve, ¥ is the
dimensionless value greater than ideality factor. A plot of
F(V) versus V for Au/TiO,/n-Si SBDs at different
temperatures are given in Fig. 3 From the plot of F(V)
versus V, the value of @, can be determined as follows

v
F(V,y) = i %ln

®, = F(V,) +% ®)

where F(V0) is the minimum point of F(V, ¥) versus V
and Vo is the corresponding bias voltage. R can be
experessed as

R, = (%) r—n) ©

From the F(V) versus V plots the values of Ry and @,
were changed from 165,4 Q and 0,78 eV at 340 K to
217,89 Q and 0,88 eV at 400 K, respectively, by using the
values F(Vy) and V, were changed from 0,687 V and
0,599 V at 340 K to 0,798 V and 0,549 V, respectively.
The Ry and @, values from the modified Norde and
Cheung’s methods have been compared with each other
and results were given in Table 1.
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Fig. 3. F(V) vs V plot of the Au/ TiO,/n-Si SBDs at
various temperatures.
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4. Conclusion

The forward and reverse bias -V characteristics of
AU/TiO,/n-Si SBDs have been investigated in the
temperature range of 340-400 K by steps of 20 K. The
temperature dependence of electrical parameters were
extracted from forward bias 1-V  measurement.
Experimental results show that @, and R, values are found
to be changing depending on temperature. The values of
@, and R; have been obtained from two methods:
Cheung’s and Norde methods. It were found that @, and
Rs values obtained from the forward bias In(1-V) curves by
applying Cheung’s and Norde methods were in good
agreement with each other. In summary, in the present
study, TiO, thin films were deposited on polycrystalline n-
type Silicon (Si) substrate using DC magnetron sputtering
system. In order to improve the crystal quality, thermal
anneling process were done at 700 °C. After then, For the
electrical characterization, in the thermal evaporation
system ohmic and rectifier contacts were formed using
high purity Au. Furthermore, @&, and R, have been
obtained from two methods and compare with each other.
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