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ABSTRACT

The electrical properties of Au/BisTi;01,/SnO, structures were investigated by forward bias I-V, forward and
reverse bias C-V and G/®-V measurements. The results indicate structural disordering, presence of the interface
states in the BTO capacitors and existence of polarization. Dielectric constant(e'), dielectric loss(¢") and
dielectric tangent(tand) were found as 170, 309 and 1,8 respectively at 50 kHz. C-V and G/®-V were measured
in the frequency range of 1 kHz-5 MHz. It was found that dielectric constant(e') and dielectric loss(e")
systematically decrease with increasing frequency in 10 kHz-1 MHz frequency range and tand versus frequency
plot exhibits a minimum at about 5 kHz. The ideality factor and series resistance were found to be 1,5 and 1030
Q respectively from I-V measurements and series resistance was found as 350 Q from the measured
conductance in strong accumulation region. The observations are comparable with the other values for BTO

structures reported in the literature.
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1. INTRODUCTION

When a metal is brought into intimate contact with a
semiconductor, a potential barrier is formed at the
metal- semiconductor (MS) interface [1]. In 1938,
Schottky suggested that the rectifying behavior could
arise from a potential barrier as a result of the stable
space charges in the semiconductor. This model is
known as the Schottky Barrier (SB). Metal-
semiconductor devices can also show non-rectifying
behavior; that is, the contact has a negligible resistance
regardless of the polarity of the applied voltage. Such a
contact is called an ohmic contact. The height of
potential barrier can be determined by the difference
between the work function of the metal (®,) and
semiconductor (®;) [1]. The work function is the energy
difference between the vacuum level and Fermi level
(Eg). When a forward bias voltage V, is applied to the
junction, the effective barrier height in the
semiconductor becomes q (®p-V,) and the electron
flow from the semiconductor into the metal is enhanced
by a factor, exp(qV./kT). Experimentally obtained
barrier heights deviate from this rule and the basic
mechanisms of the Schottky Barrier formation are still a
field of intensive research. BisTi;O,, structures are the
simplest and among the most well known compounds
among the bismuth layer-structured ferroelectrics and
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are particularly interesting because of their peculiar
switching behavior [2,3] resulting from a small c-axis
component of the spontaneous polarization and a small
coercive force. BiyTi30p, is a typical ferroelectric
material with useful properties.

2. MATERIAL AND METHODS

The BisTi;01, (BTO) thin film which is used in this
study was obtained through hot compaction of
Bi4Ti30;, powder. The mixture of Ar and O, was used
as a working medium. The structure of the obtained
BTO thin film was determined by rf magnetron
sputtering. The BTO thin film was grown on SnO,
substrate. The chemical composition of film was
determined by the X-ray energy dispersive spectroscopy
method using a scanning electron microscope REM-
101M. The spectral line intensity relation for BTO films
was compared with a standard sample. After composing
the back ohmic contact, the gold top contacts
(rectifying contacts), with a thickness of about 2000 A
and a diameter of 2.5 um, were deposited on the films
by using a shadow-mask at room temperature by rf
sputtering. The electron diffraction patterns of
Bi4Ti30; film with a thickness of ~2 um were obtained
by magnetron sputtering on crystal substrate at
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temperatures around 700 °C. The measurements of
capacitance vs. voltage (C-V) and conductance vs.
voltage (G-V) characteristics for the Au/Bi;Ti30,,/SnO,
structure were performed by using a Hewlett-Packard
HP 4192 A LF impedance analyser (5 Hz-13 MHz) at
various frequencies between 1 kHz and 5 MHz. The
current-voltage I-vy characteristics for
Au/Bi,Ti501,/Sn0, structure were obtained by using a
Keithley model 614 electrometer and 220
programmable constant current source at room
temperature. The sample was mounted on a copper
holder in a box and the electrical contacts were created
with the upper gold electrodes by using tiny silver
coated wires with silver paste.

2.1. Current-Voltage Characteristics

A typical forward bias semi-logarithmic In(I)-V
characteristics of Au/BiyTi;0,,/SnO, structures is
shown in Figure 1. The In(I)-V curve consists of two
linear regions with different slopes, one at low bias <0,7
V and one at mid bias region (0,7V<V< 0,9V) showing
the exponential relationship between the current and
voltage.
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Figure 1. Forward bias I-V characteristics of
Au/Bi4Ti30,,/Sn0, structures.

In high bias region (= 0,9 V) the series resistance R can
be dominated from linear part. The most interesting
region for a Schottky diode, i.e., the mid bias region
which is dominated by the diffusion component of the
current, shows a linear behaviour in the semi-
logarithmic plot enabling one to extract the important
diode parameters (ideality factor n, reserve saturation
current I and barrier height ). The most common theory
of Schottky barrier diode is based on the thermionic
emission (TE) and according to this model, the current-
voltage (I-V) relationship is given by;

I:I{exp[qk?j—l} 0]

where q is the electronic charge, k is the Boltzman
constant, T is the absolute temperature, Vy is the
voltage across the junction and Ig is the reserve
saturation current and described by [1],

I, = AA'T? exp(— q¢, / kT) @)
where A is the area of rectifying contact (diode), A" is
the modified Richardson constant and ¢ is the effective
barrier height from metal to semiconductor. The Is was
found as 6,13.10""> Amphere by extrapolating the linear
mid bias region of the curve to zero applied voltage axis
and the ideality factor n was found to be 1,5 from the
slope of this linear region. When the structure has a
series resistance and interface states, ideality factor n
becomes higher than unity; most practical Schottky
diodes show deviation from the ideal thermionic theory.
For the case of the diode with a high series resistance
and ideality factor, the relation between the applied
forward bias V and the current I can be written as [10-
13],

I=1I, exp[qu (v - IR, )} 3)

when Vp > 3kT/q [1]. A method to extract the series
resistance R of ideal Schottky diode (i.e., n=1) was first
proposed by Norde [10]. For 1<n<2 case, Sato and
Yasamura [11] and n>>1 case Bohlin [12] modified
Norde’s approach to extract the values of n, Rg and ¢
from the forward bias I-V data of any Schottky diode.
The equation can be written as:

V=RA+ndy +n' L Ly aa'T?) @
q

Differentiating Eq.(4) with respect to I and rearranging
the terms,

dv) _ (5T, p (5a)
dLn(I) q S

H(I):V—(%Jln(%qA*Tz):n% +RI (5b)

can be obtained [13]. Thus, a plot of d(V)/dIn(I) vs I
will give R as the slope and n(kT/q) as the y-axis
intercept. At room temperature the d(V)/dIn(I) vs. I plot
for Au/BiyTi301,/Sn0, structure is shown in Figure 2
(a). The values of ideality factor n and series resistance
R were found as 1,5 and 1030 Q respectively. As can
be seen, the values determined for the ideality factor n,
obtained from the plots, are incompatible with each
other.
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Figure 2. The experimental dV/d(Inl) vs. I and
H(D)vs.plots for Au/BisTi;0,,/SnO, structure.

Using the n value determined from Eq.(5a), H(I) vs. I
plot will also give a straight line (Figure 2b) with y-axis
intercept equal to n¢g. The slope of this plot also
provides a second determination for Ry, which can be
used to check the consistency of this approach. A
departure from the linearity in In(I)-V characteristics at
high forward bias (V = 0.9 V) is usual and attributed to
interface states and the series resistance of device[14,1].

2.2. Capacitance -Voltage Characteristics

With the top and bottom metal electrodes, the
parameters of the Schottky diode, including the
depletion layer capacitance (C;), built-in voltage (Vy;)
and space charge density (Np or N) can be determined
from a plot of 1/C,, (C,, is the measured capacitance)
versus d,, (d,, is measured thickness), at various bias
voltages. In this section we will show our calculations
to determine the built in voltage Vi, space charge
density Np, series resistance R; and frequency
dependence of dielectric constant (g'), dielectric loss
(e") and dielectric tangent (tand) quantitatively by using

C-V and G/®o-V measurements and a detailed
equivalent circuit analysis of BTO structures.
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Figure 3. Measured capacitance(C) and
conductance(G/w) vs. gate bias for Au/BisTi;0,,/SnO,
at different frequency.

Figures 3(a) and 3(b) shows typical C-V, and G/®-V
curves of the structure whose BTO layer has a thickness
d is 2 pum, at different frequencies (5 kHz -200 kHz).
Additionally, the figures indicate the C-V-f and G/®-V-
f response for the Schottky diode, showing that the
measured capacitance (C) and conductance (G/w) are
dependent on bias voltage and frequency. The voltage
and frequency dependence is a function of a Schottky
barrier; interface state density and high series resistance
[16]. In Figure 4(b), the series resistance versus
frequency curves show that at high frequency (f > 100
kHz) the series resistance of the diode decreases with
increasing frequency. Figures 4(a) and (b) confirmed
that the series resistance varies with applied bias and
frequency. Here we assumed that Schottky barriers
were formed at the top and bottom interfaces [11,13].
With built in voltage Vy;, a depletion width should
follow a relationship such that
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where Np, is the donor density, g is the relative
permitivity of interfacial layer and g, is the permitivity
of vacuum [1].
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Figure 4. Frequency dependence of series
resistance(Rs) for Au/BisTi30;,/SnO, structure.

It is known that a capacitance of a Schottky diode [1]
can be represented by:

L_ 2(Vbi _V‘)

i

= > (M
C, qsé&,NyA

where V; represents a drop of an external voltage at the
interface of the capasitor when an external voltage is
applied. The Eq.7 predicts a linear relationship between
(1/C? and V under strong bias conditions. The carrier
doping density (Np) values used in the calculations

were determined from the slope of the linear part plot of
C?vs. V curves (Figure 5).
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Figure 5. Plot of 1/C* vs V for BTO structure at
frequency of 50 kHz.

In 50 kHz frequency and at room temperature Np value
was found in the range of 1,36x10" cm™. The built in
voltages of the BTO structure is cowed and obtained by
fitting the high field with linear lines. From the x-axis
(voltage) intercepts, it was found that Vy=1,6 Volt.
Additionally, series resistance can be calculated from
the measured admittance (C-V and G-V) when the
devices are based in a strong accumulation region
according to [17]:

Gm (8)

R =
TG +(0’C?)

where G, and C, represent equivalent parallel
conductance and capacitance in the strong accumulation
(at 6 volt) for the measured device. The series resistance
is calculated ~350 Q from the C-V and G-V curves in
the strong accumulation bias. This value is higher than
that of obtained from d(V)/dIn(I) vs. I plot because I-V
measurement was carried out only under forward bias
conditions.

Additionally €', €" and tand were obtained at various
frequencies, as shown in Figure 6. Dielectric constant €'
decreases with increasing frequency above 20 kHz. The
measured small signal €', " and tand were found to be
170, 309 and 1,8 respectively at 50 kHz. These
observations are comparable to the reported values for
BTO structures [18-22].
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3. RESULTS AND DISCUSSION

A small signal of 40 mV amplitude and 50 kHz
frequency was applied to the bias across the sample
while bias was swung between -7 V and +7V. There
was a decrease in the capacitance at strong bias and this
reduction in the capacitance may be attributed to
increased conductivity at strong dc bias. The dielectric
constant (g'), dielectric loss (¢") and dielectric tangent
(tand) at frequency 50 kHz were found to be 170, 309
and 1,8 respectively. Frequency response for dielectric
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Figure 6. Dielectric constant, loss and tangent as a
function of the frequency for Au/BisTi30,,/SnO,,

properties, C-V and G/®o-V of Au/BisTi3;0;,/SnO,
structures were measured in the frequency range of 1
kHz-5 MHz. While dielectric constant(e') and dielectric
loss (g") decrease with increasing frequency, in the 10
kHz-5MHz frequency range, show a minimum at about
5 kHz. The ideality factor n and series resistance Rg
were found at room temperature to be 1,5 and 1030 Q
respectively in forward bias I-V measurement.
Additionally series resistance Ry was found to be 350Q2
from the measured conductance in the strong
accumulation region. The higher value of the ideality
factor n and the dielectric constant (¢') may be
attributed to a structural disorder of the structure, and
also indicates the thickness of the structure layer and
surface charge density. C-V-f and G/o-V-f
measurements confirmed that the measured capacitance
C and conductance G strongly depend on applied bias
voltage and frequency. This dependence is due to the
presence of Schottky barrier, doping concentration (N
or Np), density of interface states (D;) and series
resistance (R;). These observations are comparable to
the reported values for BTO structures.
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