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Abstract In this paper, we report the preparation and
characterization of SnO,-PVA nanocomposite film as
interlayer for Schottky barrier diodes (SBDs). The possible
current transport mechanisms (CTMs) of the prepared
SBDs were investigated using the forward-bias current—
voltage (I-V) characteristics in the temperature range of
80—400 K. The structure of nanocomposite film was char-
acterized by an X-ray diffractometer (XRD) and the
surface morphology was investigated using a Scanning
Electron Microscopy (SEM) at room temperature. The
values of ideality factor (n) and zero-bias barrier height
(®p,) showed variation with temperature, such that they
changed from 19.10 to 3.77 and 0.190 to 0.844 eV,
respectively. ®po—n, Ppo—q/2kT, and n~'—q/2kT plots were
drawn to get evidence to the Gaussian Distribution (GD) of
the barrier height (BH). These plots revealed two distinct
linear regions with different slopes for low temperatures
(80-160 K) (LTs) and high temperatures (180-400 K)
(HTs). This behavior is an evidence to the existence double
GD of BHs which provides an average value for BH (®g,)
and a standard deviation (o) for each region. The high
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value of n especially at low temperatures was attributed to
the existence of interlayer: interface states (Ng) and barrier
inhomogeneity at Au/n-Si interface. The values of @g, and
o, were obtained from the intercept and slope of mentioned
plots as 0.588 and 0.0768 V for LTs and 1.183 eV and
0.158 V for HTs, respectively. Moreover, the modified In
(IS/TZ)*chﬁ/ZkZT2 vs g/kT plot also showed two linear
regions. The values of ®p, and effective Richardson con-
stant (47) were extracted from the slope and intercept of
this plot as 0.610 eV and 93.13 A/ecm”® K> for LTs and
1.235 eV and 114.65 A/cm? K? for HTs, respectively. The
value of A" for HTs is very close to the theoretical value
(112 A/em? K?) of n-type Si. Thus, the forward-bias I-V—
T characteristics of Au/SnO,—PVA/n-Si (SBDs) were suc-
cessfully explained in terms of the thermionic-emission
(TE) mechanism with a double GD of BHs.

1 Introduction

It is well known that metal-semiconductor (MS) contacts/
structures are generally called MS-type Schottky barrier
diodes (SBDs), since the first detailed work on this subject
was reported by W. Schottky. When an interfacial insula-
tor/oxide or polymer layer is inserted between metal and
semiconductor by native growth or deposition, MS struc-
ture converts into MIS/MOS- or MPS-type structures or
SBDs. These structures are important devices in the elec-
tronic and optoelectronic applications. In addition, these
interfacial layers are greater than a few hundred [, and
these structures are called MIS/MOS or MPS capacitors. In
this case, these structures can be stored more and more
electric charges or energy. Besides, the use of interfacial
layer at M/S interface prevents diffusion between metal
and semiconductor and regulates the charge transitions
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[1-4]. Owing to the technological importance of these
devices, recently, researchers have focused on the devel-
opment of SBDs with insulator, polymer, or ferroelectric
interlayers in the form of MIS-, MPS-, and MFS-type
SBDs [3-13]. They fabricated SBDs with various inter-
layer materials such as SiO, [3], BaTiO3 [4], SnO, [5],
PVA/p-Si [9], ZnO [10], graphene-doped PVA [11, 13],
and Co304—PVA [12] and then studied their electrical and
dielectric properties using the forward and reverse biases /-
V, capacitance/conductance—voltage (C-V and G/ow-
V) measurements. Among them, organic/polymer interlayer
materials grasped significant attention since their flexibil-
ity, low-cost production, low molecular weight, and large
area of production compared to the conventional SiO,.
Moreover, transition metal oxides or insulators such as
titanium dioxide (TiO,), zinc oxide (ZnO), and tin dioxide
(SnO,) have found utility in a wide range of applications
such as sustainable clean energy, including solar cells,
energy storage devices, and MIS-type SBDs due to their
natural abundance, chemical inertness, and excellent pho-
toelectric and electro-chemical properties [14-16]. In
addition, TiO,, ZnO, and SnO, are materials with similar
band structure and physical properties [17, 18]. Bulk SnO,
is a well-known semiconductor material, and owing to its
wide bandgap (3.6 eV) and mobility up to 240 cm*/(Vs)
[19], it was proposed for a wide range of important
applications including as catalytic materials [20], gas sen-
sors [21], rechargeable batteries [22], supercapacitors [23],
and solar cells [19].

Mixed organic and inorganic nanostructure-based sys-
tems have been investigated as new compound materials
for electronic and optoelectronic device applications [24].
Especially, hybrid films of polymers and semiconductor
nanostructures are easy to fabricate and utilize as an
interfacial layer in SBDs and have been reported before
[25, 26].

The performance and quality of electronic devices such
as MS-, MIS/MOS-, and MPS-type SBDs are dependent on
many parameters such as the formation of interface layer
and its thickness/homogeneity, process of surface fabrica-
tion, interface quality, the formation of BH between metal
and semiconductor (M/S interface), density distribution of
surface states (Ng) located between interlayer and semi-
conductor, the magnitude of doping concentration atoms,
series, and shunt resistances (R, and Ry,), temperature, and
applied bias voltage. Among them, the sample temperature
and the form of BH at M/S interface are two parameters
that have considerable effects on the possible trans-
port/conduction mechanisms of these devices. It is well
known that the electrical measurements only at room
temperature cannot supply adequate information on the
form of BH and conduction mechanism both. In this
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respect, it is very important to investigate the current
transport/conduction mechanisms in wide temperature and
voltage range. In general, the semi-logarithmic /-V plots
are linear in the intermediate voltage range (3 kT/
q <V <0.7V for Si-based diodes) with a good linear
behaviour; however, it deviates from linearity at enough
high forward biases due to effect of R, and interfacial layer.

The assessment of the forward biases /- data according
to the standard thermionic-emission (TE) theory, usually,
leads to an increase in ®p, and a decrease in n with
increasing temperature [27-33]. This decrease in Pp,, at
low temperatures leads to a deviation from the linearity in
the Richardson or Arrhenius plot. Contrary to the case at
high temperatures, the charge carriers do not have enough
energy to pass through the higher barriers at low temper-
atures. However, Schmitsdrof et al. [27] and Tung [28]
showed the existence of nonuniform BH at M/S interface
and they showed that the linear correlation between ideality
factor and effective BH could be explained by lateral
inhomogeneities of the BH. When the temperature and
applied bias voltage start to increase, the apparent BH (®,,)
will begin to increase, but more and more charge carriers
will gain energy to pass through higher barriers. In general,
the formation of the barrier height between metal and
semiconductor is not flat and it contain many lower barriers
or patches at around mean single or double barrier heights
(®p,) due to surface properties. While charge carriers do
not have sufficient thermal energy to pass over mean BH at
low temperatures, they can be easily pass through these
patches/lower barriers and lead to an increase, in ideality
factor and decrease in zero-bias/apparent BH <‘DBO/5ap .
When the temperature starts to increase, more and mofre
electrons/charges gain enough energy to overcome the
mean or higher barriers [27, 34—41].

The study reported here is an example of the positioning
of SnO,/PVA as the interface layer in fabricated Au/SnO,—
PVA/n-Si (MPS)-type SBDs. To get more information on
the current transport mechanisms (CTMs), the forward-bias
current—voltage (/-V) characteristics were investigated in
the wide range of temperature (80-400 K) and voltage
[(=4 V)—(+6 V)] ranges. I-V-T characteristics of the pre-
pared MPS structures were successfully interpreted by
double-Gaussian distribution (DGD) of the BHs around a
mean value of BH at Au/n-Si interface.

2 Experimental procedures
2.1 Materials and Instruments
Tin(I) chloride [(SnCl,), high-purity >99%] and sodium

hydroxide (NaOH, purity >99%) were purchased from
Merck. All of these chemical reagents were used without
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purification. Then, morphology and structure investigations
were performed using the LEO1430 VP scanning electron
microscope (SEM) with 15 and 18 kV accelerating volt-
ages. UV-visible absorption spectroscopy of the sample
was characterized by a spectrometer, (Shimadzu, model
1650, Japan). The structural characterization was carried
out by a Philips X Pert X-ray diffractometer with CuKa
radiation (1 = 1.54 A°) employing a scanning step size of
0.02/S, in 26 range from 20° to 80°.

2.2 Synthesis and preparation

In a typical synthesis, for preparation of SnO, nanoparti-
cles, 0.93 g tin(Il) chloride (SnCl,) and 0.16 g sodium
hydroxide (NaOH) were dissolved in 5 ml distilled water,
respectively. The sodium hydroxide solution was then
added to the tin(II) chloride solution, and this mixture was
placed under ultrasonic irradiation for 1 h at room tem-
perature in open room. Ultrasonic irradiation was achieved
using Dr. Heilscher high-intensity ultrasound processor,
UP200H, Germany. After sonication, the solution was
centrifuged for several times. The precipitation was washed
with distilled water and then dried in a desiccator that
connected to a vacuum pump. SnO,—PVA nanocomposite
film was prepared at room temperature by solution-casting
method. For this purpose, aqueous solution of PVA was
prepared by dissolving 5 g PVA in 100 cc-deionized water
with vigorous stirring at 60 °C. Then, 8 ml of the prepared
solution was mixed with 2 cc aqueous of SnO,, to prepare
SnO,—PVA nanocomposites.

2.3 The surface cleaning of n-Si wafers

Au/SnO,-PVA/n-Si (MPS)-type SBDs were fabricated on
the n-type (P-doped) single-crystal Si wafer with (100)
float zone, 1-10 Q cm resistivity, 2" diameter, and 300 pm
thickness. First, n-Si wafer was cleaned in RCA to remove
organic residues. After that, it was rinsed in deionized
water (DW) with a resistivity of 18 MQ cm and dried by
high-pure nitrogen gas. Second, high-purity (99.999%)
gold was deposited on whole backside of n-Si wafer in the
metal evaporation system at about 10°° Torr, and then, the
wafer was annealed at about 550 °C in nitrogen ambient for
5 min to get a low-resistivity ohmic back contact. Later, the
prepared SnO,—PVA solution was grown as nanocomposite
film on the front of n-Si wafer by spin-coating method.
Finally, high-purity Au rectifier/Schottky contacts were
deposited on the SnO,~PVA nanocomposite film with
1 mm diameter in the same high-vacuum thermal evapo-
ration system. Thus, the fabrication processes of the Au/
SnO,-PVA/n-Si (MPS)-type SBDs were completed.

To conduct the /- measurements, the samples were
pasted onto the Cu holder with the help of silver paste, and

the upper Schottky contacts were connected using silver
paste and thin Cu wires. Current—voltage measurements
were performed with a Keithley 2400 source meter, a
microcomputer, and an IEEE-488 AC/DC converter card.
Measurements were conducted in the VPF-475 cryostat for
temperature control and further reduction of external
influences and noises. The schematic representation of the
MPS structure is shown in Fig. 1.

3 Results and discussion
3.1 Structural and optical analysis

The X-ray diffraction (XRD) pattern of SnO, nanoparti-
cles powder is shown in Fig. 2. The peaks at 20 values of
26.6°, 33.8°, 37.9°, 51.8°, and 54.7° can be associated
with (110), (101), (200), (211), and (220), respectively.
The SnO, product shows tetragonal structure. The average
particle size (D) was determined using the Scherer’s
equation:

D =KJ/(p cos0), (1)

where A is the wavelength of the X-ray (1.54 A). 0 is the
angle of the considered peak, B is a full-width at half-
maximum (FWHM) of the peak, and K is a constant close
to unity. Values for the coefficient X depend on factors
such as the geometry of the crystallite and unfortunately
are not always consistently used in the literature.
Nanocrystallite sizes have been calculated from the line
broadening of XRD diffraction peaks according to the
Scherer formula and are listed in Table 1. All calculations
confirm that the structures are nanocrystalline in nature
with average size below 40 nm.

The UV-Visible absorption spectrum of the structure is
shown in Fig. 3. The UV-Visible absorption spectrum of
the sonochemically prepared SnO, nanostructures has a
large bandgap (about 4 eV) due to the quantum confine-
ment effect and the blue shift in bandgap of nanostructure
is related to the confinement of charge carriers in very
small nanosized SnO,.

Fig. 1 Schematic representation of MPS-type SBDs
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Fig. 2 X-ray diffraction pattern of SnO, nanopowders

Table 1 Nanocrystallite size calculated from XRD pattern of SnO,
nanopowders

No. Pos [20°] FWHM [26°] Nanocrystallite size (nm)
1 19.7 1.18 7.19
2 26.7 0.24 37.1
3 34.0 0.29 30.1
4 38.3 0.71 12.6
5 52.1 0.35 26.7
6 55.0 0.71 13.3
7 58.2 0.94 9.91
8 62.1 0.47 20.6
3.0
25
3 204
=
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Fig. 3 UV-Visible spectrum of SnO, nanostructures

3.2 Morphological studies

The surface morphologies of the SnO,—PVA composite were
characterized by SEMs. Figure 4 illustrates the SEM images of
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the sample at magnifications of (a) 10 and (b) 30k, respectively.
As shown in Fig. 4, the SEM images illustrate that the nearly
smooth surface is composed and nanoparticles are spread across
the PVA polymer in the form of polydispersive nanoclusters.

3.3 Current—voltage—temperature (I-V-T)
characteristics

Figure 5 shows typical semi-logarithmic forward- and
reverse-bias /- characteristics of the Au/SnO,—PVA/n-Si
(MPS)-type SBDs in a wide temperature range (80-400 K)
by 20 K steps. It is seen that the current has an exponential
increase in the forward bias and weaker voltage dependence
in the reverse bias regions for all temperatures. To determine
whether or not MPS-type SBD has an ideal diode behavior,
its experimental forward-bias /- characteristics at low and
intermediate voltages (V>3 kT/q) were analyzed on the basis
of thermionic-emission (TE) theory [1, 2]:

I=1 [exp (%) - l} (2)

In Eq. 2, I, is the reverse-saturation current, V is the
voltage applied on the diode, k is the Boltzmann constant,
the term of IR, is the voltage drops on the series resistance

(a)

300nm

Fig. 4 SEM images of SnO,-PVA nanocomposites at different
magnifications a 1 um and b 300 nm
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Fig. 5 Semi-logarithmic current—voltage characteristics with temper-
ature for Au/SnO,-PVA/n-Si (MPS)-type SBD

(Ry) of the diode, and 7 is the ideality factor [1]. Inset of
Fig. 5 shows that InI-V plot in the forward-bias region has
a good linear region for all temperatures (3 KkT/
q < ¥<0.3 V) with different slopes. The values of /, in Eq. 2
were obtained from the intercept of the linear part InlI-V
plot for all temperatures. I, is expressed as [1, 2]

I = AA'T? exp(—%dﬁ;o), (3)
where A" is the Richardson constant (112 A/cm? K for n-
Si), A is the Schottky contact area, T is the absolute tem-
perature in K, and ®g, is the zero-bias barrier height.
Similarly, the values of n can be obtained from the slope of
the linear part of Inl-V plot for all temperatures using the
following equation [2, 41]:

_q 4dr
" krdng) )

@, values were obtained using the extracted I, values
and theoretical value of A in the following equation for all
temperatures [1, 41]:

kT [(A.AT?
b, = —1 . 5
Bo q n< I, > ( )

The experimental values of [, n, and g, are repre-
sented in Table 1 for all temperatures, such that they
changed from 2.58 x 107° A, 19.10, and 0.19 eV (at 80 K)
to 1.34 x 107° A, 3.77, and 0.844 eV (at 400 K), respec-
tively. The changes in n and ®p, with temperature are also

given in Fig. 6. Table 2 and Fig. 6 clearly show that all of
these parameters (I,, #, and Pp,) are strong functions of
temperature. It is also seen that the value of ®g, is
decreased and the value of n is increased with decreasing
temperature. Such a temperature dependence of the » and
@g, suggests that there exists deviation from the ideal TE
theory.

This positive temperature coefficient of BH does not
obey negative temperature coefficient of forbidden band-
gap of Si (o = dE/dT = 4.73 x 107 eVK") or an ideal
diode. Therefore, the change in # and ®g, with temperature
for the fabricated Au/SnO,-PVA/n-Si (MPS)-type SBDs
could be associated with the existence of a spatially inho-
mogeneous BH which consist of lower and higher barriers
or patches with different areas [8, 11, 28-31] due to the
poor interface quality, spatial density distribution surface
states (Ngs) and dislocations, the inhomogeneities in the
interfacial insulator or polymer layer, and non-uniformity
of the doping concentration atoms. Very recently, Giiclii
et al. [8] and Yerigkin et al. [11] have reported similar
results. Due to the existence of low and high patches along
BH, Sullivan et al. [33] and Tung [28] modified TE theory.
On the other hand, Song et al. [29] proposed another model
for current transport at low and intermediate temperatures
by considering a Gaussian distribution (GD) of BH. They
assumed that the M/S interface of an SBD comprises many
parallel SBDs.

In the MS-type SBDs with and without interfacial layer,
various current transport mechanisms, such as thermionic
emission (TE), thermionic-field emission (TFE), and field
emission (FE), may dominate the others at a certain tem-
perature and at voltage regions. Tunneling through the
barrier is consistent with TFE and FE mechanisms. On the
other hand, a simultaneous contribution from two or more
mechanisms could also be possible. Among the possible

20 0.9
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= - 05 %
10 e = em
104
8t . s
™1 o 103
6 o,
| | LN Y
4f = ® 00000 102
. ; : ; i ; ; ; o
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Fig. 6 ®g, and n vs T characteristics for Au/SnO,-PVA/n-Si (MPS)-
type SBD
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Table 2 Change in /,, n, and g, values with temperature for Au/
SnO,-PVA/n-Si (MPS) SBD

TEK L@ n Dp, (€V)  Pper (6V) 0T (K)
80 258 x 107 19.10  0.190 0.988 1528.0
100 289 x 10° 1440  0.240 0.972 1440.0
120 3.02 x 107 1140  0.291 0.961 1368.0
140 456 x 10° 972 0.339 0.944 1360.8
160 687 x 10° 835  0.385 0.910 1336.0
180 6.02 x 10° 697 0439 0.895 1254.6
200 844 x 10°  6.00  0.485 0.843 1200.0
220 1.84 x 10°% 566  0.523 0.811 1245.2
240 222 x10% 510  0.570 0.796 1224.0
260 484 x 108 5100 0.604 0.792 1326.7
280 723 x 108 486  0.644 0.782 1360.5
300 789 x 10 427  0.691 0.742 1280.9
320 135 x 1007 412 0.726 0.717 1318.9
340 1.80 x 1077 3.85  0.767 0.693 1309.0
360 315 x 107 382  0.798 0.676 1375.2
380 6.65x 107 380  0.821 0.630 1444.0
400 134 x 10° 377  0.844 0.580 1508.0

mechanisms, TFE and FE are particularly important at low
temperatures and high-doping concentration of donor or
acceptor atoms. The increase in @p, and decrease in n with
increasing temperature point out a deviation which may
occur at low temperatures due to high number of doping
concentration atoms [1, 2, 40—42]. In this case, the rela-
tionship between current and voltage can be expressed as
follows [1, 2, 42]:

V — IR,
I = L [exp <q(7> — 1] (6)
E,
with
_Ey Ew\  Eo
Man = o coth(kT) = (7

In Eq. 7, Ey is the characteristic tunneling energy,

which is related to the tunnel effect transmission
probability:

ho( Ny 1/2
Eyo =— 8
o) Q

where m.* (=0.98 m,) is the effective mass of electron, &
(=11.8¢,) is the permittivity of Si, and ¢, (=8.85 x 102
F/m) is the permittivity of free space. Thus, the value of
E,, was found as 0.36 meV at room temperature. It is well
known that the tunneling mechanism, which is including
TFE and FE theories, should be dominant when E,, = kT/q
and E,, [ kT/q, respectively. In this case, the TFE and FE
theories are both invalid. Figure 7 shows E, (=nkT/q) vs
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kT/q plot for the Au/SnO,—PVA/n-Si (MPS)-type SBD in
the temperature range of 80-400 K. The value of E, was
calculated to be 118 meV corresponding to a doping con-
centration of 4.70 x 10%° cm .

The obtained experimental value of E,, is not close to the
theoretical value of 0.36 meV calculated from the donor
concentration (Np) of n-Si. To explain these abnormal
forward-bias -V characteristics in the fabricated Au/
SnO,-PVA/n-Si (MPS)-type SBDs, a spatial distribution of
the BH by a GD P (Pgo) with a mean value of ®g, and
standard deviation o, can be expressed as [27-31]

1 ex |:_ (q)Bo - (D—Bo:|
oov2m T 200 |

In this case, the total current across the BH in the for-
ward-bias region can be expressed by the following
equation.

Thus, by introducing P(®g,) and I(®g,) from Egs. (9)
and (10), the current of SBD with the modified barrier will
be in the following form:

I(V) = AA*T* exp

2
g9 (= 40 q(V — IR,
— L (Dp, — 2= AL R
. |: kT( ? 2kT>:| |:exp( naPkT > :|

(10)

P( (DBO) = (9)

The apparent BH (5@) and apparent ideality factor (n,p)
are given [27-31]:

0 = [Tl =0) —%} (1)
(n—ip— 1) —py— (%). (12)

In Eq. 12, p; and p; are the voltage coefficients, which
may depend on temperature, and they quantify the voltage

25
——@—— 1 experimental
N e @ 80 meV
s | 3 ——-y-—— 118 meV
15
g
=
=
=
10 |
5 | . | .
®.-9.9 0. .9.9.9
0 L L ! L L ! '

50 100 150 200 250 300 350 400 450

Fig. 7 Variation of ideality factor with temperature for the Au/SnO,—
PVA/n-Si (MPS)-type SBD
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deformation of barrier height distribution [30, 31].
According to the Gaussian distribution model for BHs, the
modified BH and standard deviation (c,) have linear
dependence on Gaussian parameters, which are bias
dependent. Therefore, another way to obtain the more
reliable and accurate value of BH or possible conduction
mechanisms is to use the values of BH and » in Egs. 9-12
and to draw the modified Richardson plot in the whole
temperature range.

@g, vs n plot (Fig. 8) was drawn to determine if there is
a linear relationship between these parameters. It is seen in
Fig. 8 that there is a good linear relation between ®g, and
n. This plot has two distinct linear regions with different
slopes which correspond to the LTs and HTs ranges. The
mean value of BH (®p,) (n = 1 for ideal case) was
extracted as 0.334 eV for LTs and 1.142 eV for HTs. The
decrease in Pg, and increase in n are also a result of the
existence of inhomogeneous BH at M/S interface. There-
fore, for the purpose of obtaining an evidence on the GD of
BHs, both ®g, vs ¢/2kT and (n '=1) vs q/2kT plots were
drawn and is given in Figs. 9 and 10, respectively. Clearly,
both these plots have two linear regions at low (80-160 K)
and high (180-400 K) temperatures. Such a behavior of
these two plots provides evidence the double GD of BH at
M/S interface. Thus, according to Eq. 11, the intercept and
slope of Fig. 9 yield ®g, and o, as 0.588 eV and 0.0768 V
for LTs and 1.183 eV and 0.158 V for HTs, respectively.
The value of o, is a measure of the barrier homogeneity.
Therefore, low value of o, indicates homogeneous BH
distribution, whereas high value of it suggests inhomoge-
neous BH distribution. In other words, many patches or low
barriers may be located around mean BH, and in this case,
the current passing through the diode is often governed by
these low patches/barriers, and therefore, it leads to an
increase in the ideality factor especially at low
temperatures.

0.9
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Fig. 10 n '=1 vs q/2KT plots for Au/SnO,-PVA/n-Si (MPS)-type
SBD

In addition, (n '=1) vs q/2kT plot for the Au/SnO,—
PVA/m-Si (MPS)-type SBD is given in Fig. 10 to obtain
voltage-dependent coefficients (o, and o3). This plot also
revealed two distinct linear regions with different slopes in
the same temperature range. Utilizing Eq. 12, the values of
p> and p; were extracted as —0.8203 and —0.0018 V for LTs
and —0.6265 and —0.0073 V for HTs, respectively. Fig-
ures 8, 9, 10 suggest that &g, and n, both, are quite
dependent on temperature and voltage. These experimental
results for the Au/SnO,—~PVA/n-Si (MPS)-type SBDs
indicate that there are two different CTMs or two different
BHs (®g,) in the temperature range of 80400 K.

The high values of n even at high temperatures can be
explained by the barrier inhomogeneity rather than the
existence of (SnO,—PVA) interfacial layer, image force
lowering, recombination current, and Ny [42-44]. At low
temperatures, the charge carriers (electrons and holes) are
able to surmount the lower barriers/patches and this leads
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to higher values of n [28, 30, 31], but at high temperatures,
more and more electrons gain sufficient energy to over-
come higher barriers.

Another way to determine the value of BH is to drawn
the conventional Richardson plot [In(I,/T°) vs q/kT]. The
value of 4* and BH or activation energy (E,) can be
obtained from the intercept point and slope of this plot.
Therefore, the [ln(IO/Tz) vs g/kT] plot was drawn and is
given in Fig. 11. It is seen in the figure that the Richardson
plot deviates from the linearity especially at low temper-
atures. In addition, the values of 4* and BH were extracted
as 78 meV and 2.9 x 1072 A/em” K2, respectively. It is
clear that especially, the value of A* is 3.9 x 10" times
lower than their theoretical value (112 A/em® K?), and
therefore, this result shows that there is a deviation from
the TE theory. Previously, the experimental data showed
that there is an increase in ®p,, whereas a decrease in n as
the temperature is increased. This finding also provided an
evidence to deviation from the TE theory, such that »n val-
ues suggested that the TFE and FE could be possible
current conduction mechanisms at intermediate- and low-
temperature ranges, respectively [45-47]. It is well known
that the FE and TFE theories require a change in the tun-
neling current parameter E, (=nkT/q) with temperature
[3, 44].

Conventional Richardson plot (In(Z,/T°) vs q/kT] devi-
ated from the linearity especially at low temperatures and
yields very low Richardson constant (4”) and BH due to
barrier inhomogeneities between metal and semiconductor.
Therefore, the more reliable value of the A" and mean
value of BH were calculated by employing modified
Richardson plot [ln(Is/Ta)—qzcz/Z KT vs q/kT], as given in
Fig. 12. Like the previous plots, modified Richardson plot
also revealed two linear regions for low- and high-tem-
perature regions. The values of ®p, and effective

-25
[ ]

261 o
o~
E” .
~ _27 -
< °
h{.\ .
g, »
= a8} °
s
-

[ X) L4
°
229 + [ ] °
°, °
30 X . . X . .
20 40 60 80 100 120 140 160
q/kT (eV)*

Fig. 11 [ln(IQ/Tz) vs ¢/kT] plot for Au/SnO,—PVA/n-Si (MPS)-type
SBD

@ Springer

Richardson constant (4") were extracted from the slope and
intercept of these plots as 0.610 eV and 93.13 A/cm” K* at
LTs and 1.235 eV and 114.65 A/cm? K* at HTs, respec-
tively. The value of A4~ for HTs is very close to its
theoretical value (112 A/cm? K?) for n-type Si. Thus, the
forward-bias /-V-T characteristics in MPS-type SBD were
successfully explained in terms of the thermionic-emission
(TE) mechanism with a double GD of BHs. These results
could be attributed to the greater inhomogeneity at the
Schottky interface and it leads to the reduction of the
intimate effective area that represents only a small fraction
of the geometric area.

4 Conclusion

Temperature dependence of electrical characteristics of the
Au/SnO,-PVA/n-Si (MPS)-type SBDs was investigated
using the forward-bias /-V measurements in the wide
temperature range of 80-400 K to get detailed information
on the BH and possible current transport/conduction
mechanisms. Obtained experimental results showed that
with increasing temperature, the value of Pg, increased,
whereas the value of n decreased. This anomalous behavior
of BH and high values of n at low temperatures could be
associated with the nature of inhomogeneous BH which
consists of low and high barriers or patches between metal
and semiconductor. The plots of @g,—n, Ppo—q/2kT, and
n~'—q/2kT were drawn to explore evidence to the GD of the
BH. These plots exhibited two distinct linear regions with
different slopes that correspond to the low (80-160 K) and
high (180-400 K) temperature ranges. Therefore, it was
found that the conduction mechanism is quite different at
low and high temperatures. Such a behavior of these plots
provides an evidence to the existence of a double GD of

-30
-40
o~
§ -50 |
~
& Low Temperature
F,P' -60 High Temperature Y =-0.610X+1.073
ﬁ Y=-1.235X+1281 R’ =0.996
o, R’ =0996
L 701
=)
Y
P
-80 .
te
=g
5 0t =
-100 L 1 L ) L L
20 40 60 80 100 120 140 160
/KT (eV)*

Fig. 12 Modified Richardson plot for the Au/SnO,—PVA/n-Si
(MPS)-type SBD
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BHs for the Au/SnO,-PV A/n-Si-type SBDs. Moreover, the
values of ®p, and o, were obtained as 0.588 eV and
0.0768 V for LTs and 1.183 eV and 0.158 V for HTs,
respectively. In addition, the values of ®g, and effective
Richardson constant (A") were extracted as 0.610 eV and
93.13 A/em® K* at LTs and 1.183 eV and 114.65 A/em® K*
at HTs, respectively. It is clear that this value of A"
especially for HTs is very close to its theoretical value (112
A/em? K?) for n-type Si. Thus, the forward-bias /—V—
T characteristics of the fabricated Au/SnO,—PVA/n-Si
(MPS)-type SBDs were successfully explained in terms of
the TE theory with a double GD of BHs.
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