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Au/n-Si metal/semiconductor (MS) Schottky barrier diodes with and without
(Ag2S-PVA) interlayer were prepared by the ultrasound-assisted method and
their electric and dielectric properties were examined by using current–volt-
age (I–V) and capacitance–voltage (C–V) measuring devices. The structural,
optical and morphological characteristics of the (Ag2S-PVA) were studied by x-
ray diffraction (XRD), scanning electron microscopy (SEM) and UV–Visible
spectroscopy. The observed peaks in the XRD pattern are related to the a-
phase of silver sulfide. The UV–Visible spectrum of (Ag2S-PVA) shows the
quantum confinement and SEM image proves the grain size in nano-scale. The
ideality factor (n) and barrier height (BH) at zero bias (UB0(I–V)) were ac-
quired from the I–V data. On the other hand; Fermi energy (EF), donor con-
centration atoms (ND), and BH (UB(C–V)) values were obtained from the
reverse bias C–V data. The voltage-dependent resistance profile (Ln(Ri)–V)
was obtained by applying Ohm’s law and also by the Nicollian–Brews meth-
ods. Also, considering the voltage-dependent n and BH, Nss–(Ec–Ess) profile
was acquired from the forward biases I–V characteristics. Depending on high,
intermediate and low biases ln(I)–Ln(V) curves have three linear regions with
distinct slopes for MS and MPS structures. The predominant current-trans-
port mechanisms were obtained in related regions via trap-charge limited
current and space-charge limited current, respectively. These outcomes indi-
cate that the (Ag2S-PVA) interlayer enhanced the performance of the diode
considerably in terms of high rectifier rate (RR), shunt resistance (Rsh), and
low surface states (Nss) and series resistance (Rs). Thus, the (Ag2S-PVA)
interlayer can be used in MS type diode instead of a traditional insulator
layer.
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INTRODUCTION

In recent decades, nanomaterials that have a
large surface area to volume ratio have become a
more interesting issue for researchers due to their(Received January 20, 2019; accepted October 9, 2019;
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unique properties.1–3 This large-surface area is
more effective on the structural, optical and electri-
cal properties of the materials.4–6 The quantization
effects are the main impact of nanometer-size on
prepared materials due to the electrons movement
confinement which causes discrete energy levels
based on the size of the nanomaterials.7–9 The
nanostructures, which are building blocks for fabri-
cating functional nanoscale systems in the techno-
logical applications such as nano-electronics nano-
computing, biological and medical sensing,10–12

have been extensively synthesized and their char-
acterization has been investigated by researchers.

Silver sulfide (Ag2S) is an effective I–VI semicon-
ductor material which has direct-bandgap (� 1–
2 eV), high-absorption coefficient,13,14 and three
allotropic forms including a (monoclinic phase at
room temperature), b (bcc phase between 180 �C
and 600 �C), and c (fcc phase up to 600 �C). The a-
Ag2S is a semiconductor with nearly a direct
bandgap of 0.9–1.1 eV.15,16 In addition, Ag2S is
widely used in active absorbents of radio waves,17

superionic conductors,18 photoconductive cells,19

infrared detectors,20 solar cells,21 electrochemical
storage cells,22 magnetic field sensors,23 and Schot-
tky barrier diodes (SBDs).24

Usually, metal/semiconductor (MS) type SBDs
consist of a semiconductor between two metal
electrodes. When a natural or synthesis thin insu-
lator (composite or polymer) layer is sandwiched
between metal and semiconductor, the MS is con-
verted to MIS or MPS type SBDs. Since these two
materials (metal and semiconductor) make contact
with each other under high vacuum and tempera-
ture, a potential barrier occurs at metal and semi-
conductor interface due to the diffusion of electronic
charges (electron and holes) and then these elec-
tronics charges have to pass over this obstacle/
barrier for current. High-frequency applications are
utilized from SBDs on numerous occasions due to
their proper high-speed switching specifications.
While the predominant current-transport or con-
duction mechanism in SBDs depends on majority
carriers, in p–n junction diodes depends on minority
carriers especially at room temperatures and above.
When MS and p–n type diodes are compared with
each other, the switching speed of MS diodes is
quite faster than p–n junction diodes. Also, while th
device is on, MS diodes have a lower forward voltage
drop (VF) and lower overshooting voltage than p–n
junction diodes.25–28

In the literature, there are diversified methods to
make Ag2S nanostructures such as gamma-irradia-
tion,29 microemulsion,30 successive ionic layer
adsorption and reaction (SILAR),31 thermal evapo-
ration,32 hydro-thermal,33 spray pyrolysis deposi-
tion (SPD),34 sol–gel,35 microwave-assisted36

ultrasound-assisted,37 gas–solid reaction
approach,38 bacterial synthesis39 and template
methods.40 Among them; ultrasound-assisted tech-
nique comprises the precursor ultrasound

irradiation during synthesis and it has marked
some advantages; for example, it has good compo-
sitional control, low cost; it has low-temperature
crystallization and it does not need much equip-
ment. Ultrasound irradiation has been used exten-
sively to generate new materials with attractive
features. Due to the great physical and chemical
results of ultrasonic waves in solution, by the use of
this technique, we can fabricate new materials with
attractive properties.41,42

In our previous works,43–46 some polyvinyl alcohol
(PVA)-doped nanostructures such as Cu2O-PVA,
ZnS-PVA, CuS-PVA, and SnO2-PVA were synthe-
sized and then used as an interface thin layer
between metal and semiconductor to create MPS
type SBDs. The obtained experimental results rep-
resented that the use of such an interlayer
increased the performance of the MS type SBDs in
the respect of lower values of surface states (Nss)
and series resistance (Rs) and higher rectifying rate
(RR = IF/IR) for high enough forward and reverse
bias voltages, shunt resistance (Rsh) and barrier
height (BH). These interface layers prevented the
inter-diffusion between metal and semiconductor
and isolated them. In this study, the Ag2S-PVA
nanostructure was prepared by the ultrasound-
assisted method and then this nanostructure was
deposited in the Au/n-Si interface. The current–
voltage (I–V) and capacitance–voltage (C–V) and
conductance-voltage (G/x–V) were utilized to
uncover the electrical and also dielectric qualifica-
tions of the fabricated MS and MPS structure at
room temperature. These qualifications determine
the effect of Ag2S-PVA on Au/n-Si performance and
to understand whether we can use this polymer
interlayer instead of a traditional insulator/oxide
layer such as SiO2, TiO2, etc.

MATERIALS AND METHODS

Preparation of a-Ag2S Nanostructures
in the Presence of PVA

Silver nitrate (AgNO3), (Na2SÆ9H2O), Polyvinyl
alcohol (PVA (C2H4O)x) powder and pure ethanol
purchased from Merck. Preparing 0.2 M solution,
0.68 g AgNO3 and 0.96 g Na2SÆ9H2O were dissolved
in 20 mL pure water. Following, 1 mL PVA (5%)
was added to this solution and the black mixture
was prepared. After that, high ultrasound-irradia-
tion (200 W/cm2, 24 kHz) was applied to this mix-
ture under normal atmospheric conditions for
15 min using Dr. Hielscher ultrasonic devices.
When the reaction was finalized, the sediments
were centrifuged and washed with ethanol and
distilled water 5 times and dried in air condition.
The reactions take place as follows:

2AgNO3ðaqÞ þ Na2SðaqÞ ! Ag2SðsÞ þ 2NaNO3ðaqÞ:

ð1Þ
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Fabrication of Au/Ag2S-PVA/n-Si Schottky
Barrier Diode

The phosphors (P) doped single crystalline silicon
wafer (n-Si) with (110) orientation, 300 lm thick-
ness, and 0.2 Xcm resistance was purchased from
Sigma-Aldrich to fabricate the Ag2S-PVA interlay-
ered and without interlayered MS structures. At
first, following cleaning with methanol, the silicon
wafer was rinsed in de-ionized water for 1 h. After
that, this silicon was etched in a hot solution of H2O,
NH4OH, and H2O2 (65:13:13 v/v) and again rinsed in
de-ionized water. In the last step of cleaning in the
silicon wafer process, the n-Si wafer was etched in a
solution of H2O:HF (24:1 v/v) and once again de-
ionized water was used for washing. After this
cleaning process, immediately the silicon wafer was
put in a high-vacuum (� 1.33 9 10�7 kPa) thermal
deposition chamber and pure gold (99.99%) was used
for deposition as a target metal. A thin film of Au with
almost 1300 Å thickness was thermally evaporated
via tungsten filament overall backside of the Si wafer.
After that, the sample was annealed at 550 �C to
obtain a low resistance ohmic contact. At the next
stage, the prepared Ag2S-PVA composite was coated
on the forepart of the Si by the spin-coating process.
Finally, the thermal evaporation system was used in
the same way as in the ohmic contact to perform
rectifier contact. In this process, the pure Au dots
with 1 mm diameter and approximately 1300 Å
thickness was deposited on the Ag2S-PVA thin layer.
Thus, the fabrications of Au/Ag2S-PVA/n-Si (MPS)
type SBD were completed. More information on the
structural analysis of the Ag2S-PVA interfacial layer,
schematic diagram of the SBDs and the system of the
admittance (Y = 1/Z), (C–V and G/x–V) measure-
ments can be seen in our previous study.43–46

RESULT AND DISCUSSION

Structural and Optical Properties

X-ray Diffraction (XRD)

Figure 1 indicates the XRD pattern of Ag2S-PVA
nanostructure. No additional peaks were observed
due to the high purity of this material. All peaks of
diffraction may be easily marked to the monoclinic
(a phase) of Ag2S (PDF file No. 00-014-0072).

The mean crystallite size of PVA capped a-Ag2S
nanostructures was obtained by the Debye–Scher-
rer equation:

D ¼ 0:9k=bcosh: ð2Þ

As k is the wavelength of CuKa and D is the
symbol of the average crystallite size, the full width
at half maximum of the diffraction peak of the
nanostructure and the Bragg angle were denoted by
b and h, respectively, in this expression.47 The
calculated PVA capped a-Ag2S nanocrystallite size
is less than 34 nm.

UV–Vis Analyses

Figure 2 indicates the Tauc curve of (ahm)2 versus
(hm) for Ag2S-PVA nanostructure. The absorption
bandgap energy (Eg) of the materials can be defined
as follows:

ahmð Þ2¼ A hm� Eg

� �
: ð3Þ

In this expression, A is a constant and the photon
energy and the absorption factor are denoted by hm
and a, respectively.48 The corresponding bandgap
energy for PVA capped a-Ag2S was obtained as
2.1 eV. The little increase in the Eg may be related
to the quantum confinement effect of the a-Ag2S
nanostructures.

Scanning Electron Microscopy (SEM)

Figure 3 shows the scanning electron microscopy
(SEM) analysis of Ag2S-PVA nanostructures
obtained by the ultrasound-assisted method. The

Fig. 1. XRD pattern of PVA capped a-Ag2S nanostructure.

Fig. 2. Tauc curve of PVA capped Ag2S nanostructure.
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SEM image shows the PVA capped Ag2S nanostruc-
tures are in nanoscale and have a smooth spherical
shape.

Electrical Characteristics

Current–Voltage (I–V) Characteristics

Figure 4 indicates the logarithmic I–V curves of
the Au/n-Si (MS) SBDs with and without interfacial
(Au/(Ag2S-PVA)/n-Si) layer between � 3 V and
+ 6 V. As illustrated in Fig. 4, both the MS and
MPS structure has a rectifying rate (RR= IF/IR

at ± 3 V) but the RR value for MPS structure is 38
times higher than MS structure. In other words, the
used (Ag2S-PVA) interfacial layer leads to a consid-
erable decline (38 times) in the value of leakage
current due to its passivation effect on surface
states (Nss) and dislocations.

The basic electrical parameter of the MS and MPS
structure was acquired from the intercept and
slopes of the linear region of Ln(I) versus V via
standard thermionic emission (TE) theory. To

examine how close is the MPS structure to the ideal
diode behavior, the experimental forward biases I–V
properties of these structures at intermediate bias
voltages (V ‡ 3 kT/q) were analyzed by using
following relation49–51:

I ¼ AA � T2 expð�qUBo=kTÞ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Io

exp
qðV � IRsÞ

nkT

� �
� 1

� �
:

ð4Þ

In Eq. 4, the pre-factor used before the bracket is
the reverse saturation current (I0), UB0 is the zero-
bias barrier height, n is the ideality factor, A* is the
Richardson constant (112 A.cm�2K�2 for n-Si), A is
the rectifier contact area of the diode, and the
(VRs= IRs) is the voltage drop on the series resis-
tance (Rs), respectively.52 Thus, the values of I0, n,
and UB0 were found as 1.17 9 10�7 A, 6.78, and
0.74 eV for the MS and 3.62 9 10�8 A, 6.17, and
0.77 eV for the MPS structure, respectively. These
results also confirmed the utilized (Ag2S-PVA)
interface layer causes the increase of MS type
SBD performance. Moreover, as illustrated in
Fig. 4, the current value in the forward biases
exponentially increases with the increasing voltage
and then deviation revealed due to the presence of
the Rs and deposited interface layer. As implied in
Fig. 4, in the reverse biases zone there is not a
significant increase in current value when com-
pared to the forward bias region. But, there is not
any clear saturation in the forward bias region due
to some reasons, for example; image force lowering
of BH due to an external electric field, recombina-
tion current and the presence of the interface layer
between metal and semiconductor.53–55 Addition-
ally, many surface states or traps can appear
between metal and semiconductor which cause
electronic states with energies located in the for-
bidden bandgap of the semiconductor. These traps
lead to an increase in leakage current. But, the
formation of barrier height between metal and
semiconductor and its in-homogeneities are effec-
tive in the current transport mechanism, especially
in the forward bias region.

The other two main electrical parameters are the
shunt and series resistances (Rsh and Rs) of the
diodes, which are more effective on the performance
of electronic devices such as diodes, photodiodes,
and solar cells. As Rs value is effective on the high
forward biases, the influence of Rsh is evident in the
reverse biases. There are various methods reported
in the literature to determine the value of Rs such as
Ohm’s law,49 Norde,52 and Cheung’s function.56

Firstly, the voltage-dependent profile of resistance
(Ri) was carried via Ohm’s law (Ri= Vi/Ii) for both
structures, which are represented in Fig. 5. Usu-
ally, the Rs values may be based on the ohmic
contact, the contact manufactured by the probe
wires to the rectifier contact, the resistance of the

Fig. 3. SEM image of PVA capped Ag2S nanostructure.

Fig. 4. The current–voltage (I–V) curves of the fabricated Au/n-Si
(MS) and Au/(Ag2S-PVA)/n-Si (MPS) SBDs.
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bulk of semiconductors, and no uniform doped
atoms in the semiconductors.49,50 Moreover, the
Rsh value based on the physical defects such as holes
in the bulk structures of crystals, high conductibil-
ity ways like grain boundaries or dislocations and
also leakage current paths going through the inter-
layer between gate (front) and back contact or probe
to the ground wire.49,50

The Fig. 5 shows that the Ri has a constant value
and is independent of applied bias voltage both at
the reverse and forward bias which matches to the
real Rs and Rsh values, respectively. Hence, the Rs

and Rsh values were calculated as 2.1 kX and
1.6 MX for MS and 2.5 kX and 66 MX for MPS
structures, respectively. Consequently, in MPS
diode the value of Rsh is closer to the ideal diode
(‡ 109 X) compared with MS type SBD.

There are various methods to obtain Rs values.
The nature of these methods may vary due to
different voltage biases and measuring sys-
tem.49,52,56,57 On the other hand, the values of BH,
ideality factor and Rs of the SBDs usually depend on
applied bias voltage and the nature of measurement
system or method. Therefore, the values of BH and
Rs were also acquired by the Norde functions
modified by Bohlin.52,58 Especially, when the LnI–
V curve does not have a distinctive linear region or a
very narrow linear region, the accuracy and relia-
bility of calculations are reduced. In this case, Norde
developed a method to calculate the BH and Rs by
using the curve of the function (for n = 1). Later, the
Norde52 method was modified by Bohlin58 as
follows:

F Vð Þ ¼ V

c
� kT

q
ln

I Vð Þ
AA*T2

� �� �
: ð5Þ

In Eq. 5, b(= q/kT) is thermal energy, c is the
dimensionless quantity which is larger than n.

Thus, F(V) versus V curves for without interlayer
and Ag2S-PVA interlayered structures were
extracted from Eq. 5 and presented in Fig. 6.

These curves for two types of SBDs pass a
minimum point (F(V0)). Concerning the Norde
method, the valuation of Rs and UB0 can be acquired
from the relations below:

Rs ¼
kT c� nð Þ

qIo
; ð6aÞ

UB0 ¼ F Voð Þ þ Vo

c
� kT

q
; ð6bÞ

where V0 and I0 are the minimum points coordi-
nates of the F(V0) in F(V) versus V curve. Thus, by
using Eqs. 6a and 6b, both the value of Rs and UB0

were found as 3.17 kX and 0.710 eV for MS and
5.28 kX and 0.806 eV for MPS type SBDs. Obser-
vations showed that both BH and Rs values
acquired by using the Norde method are higher
than TE theory/Ohm’s Law for the two types of
structures. These discrepancies of the BH depend
upon applied bias voltage or the nature of the used
calculation method.

In general, the valuation of the n and UB0 which
was acquired from the intercept and slope of the
linear part of Ln(I) versus V curves at forwarding
bias region, are practically independent of the
applied voltage. But after the linear region, they
are mightily dependent on applied bias voltage as
related to Eqs. 7a and 7b51: Therefore, while the
value of Rs dominates in the downward of the I–V
curve, Nss dominates at the low and intermediate
bias voltages. The profile of Nss changes from region
to region between interlayer and semiconductor in
the bandgap. This distribution of Nss with energy
can be obtained by considering the voltage-depen-
dent effective BH (Ue) which is contained in the n as
follows.51

Fig. 5. The semi-logarithmic curves of the resistance of the MS and
MPS SBDs. Fig. 6. The F(V)–V curves of the MS and MPS SBDs.
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Ue ¼ UBo þ a ðVÞ ¼ UBo þ 1 � 1

nðVÞ

� �
V; ð7aÞ

nðVÞ ¼ qV

kT � Ln I=Io

	 
 ¼ 1 þ d
ei

es

WD
þ qNssðVÞ

� �
: ð7bÞ

In Eqs. 7a and 7b, a(V) (= dUe/dV) is the changing
in the BH with applied biases, WD is the depletion
layer width which may be computed from the
reverse bias C�2 versus V curve at higher frequen-
cies, es and ei are the permittivity of semiconductor
material and interface layer, respectively. For the n-

type semiconductor, the energy of surface states
(Ess) to conduction band edge (Ec) is expressed by51

Ec � Ess ¼ q Ue�Vð Þ: ð8aÞ

In the MIS or MPS structures, the surface states
are completely governed by a semiconductor or in
other words, the charges at surface states are in-
equilibrium with semiconductor when the interfa-
cial layer thickness is higher than 30 Å. Thus, the
energy-dependent profile of Nss is deduced by Card
as follow51:

Nss Vð Þ ¼ 1=q ei=d n Vð Þ � 1ð Þ � es=WD½ �; ð8bÞ

where, d is the interfacial layer thickness. There-
fore, the Nss density distribution profiles for both
type SBDs were acquired from the forward bias I–V
data by using Eqs. 8a and 8b and are given in
Fig. 7.

As shown in Fig. 7, for both SBDs, the Nss versus
(Ec–Ess) have almost U shape behavior and this
behavior indicates that the Nss value increases from
just about the forbidden band gap’s center (Eg) of Si
towards the conduction band’s underside. The tail in
Fig. 7 for Nss is attributed to the surface states deep
level density in the nearly forbidden bandgap of
silicon. Figure 7 shows that from the conductivity
band (Ec) to almost the middle of the forbidden band
gap (Eg) the Nss values of the MPS structure are
lower than that of the MS structure and thereafter
the Nss values of these two structures approach each
other. This is the consequence of particular density
distribution of the Nss and their re-order and re-
structure under an applied bias voltage. The
schematic energy band diagrams of the Au/n-Si
(MS) and Au/(Ag2S-PVA)/n-Si (MPS) diodes includ-
ing the interface states, interface polymer layer and

Fig. 7. The energy density distribution curves of the MS and MPS
SBDs.

Fig. 8. Energy band diagram of (a) Au/n-Si (MS) and (b) Au/(Ag2S-PVA)/n-Si (MPS) diode.
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BH are shown in Fig. 8. This figure shows that the
interface layer between metal and semiconductor
provides the band bending that leads to an increase
in BH. Moreover, such a polymer interfacial layer
filling interface states (Nss) or traps and, therefore,
regulates electrical charge flows. These results
confirm that the Ag2S-PVA interface layer enhanced
the performance of MS diode due to the increase of
BH and decrease of the average Nss.

To specify possible conduction mechanisms such
as space charge limited current (SCLC), trap charge
limited current (TCLC), and ohmic behavior; the
Ln(I) versus Ln(V) curves were drawn and repre-
sented in Fig. 9. It is clear that these curves have
three prominent linear areas with various slopes,
correspond to low, intermediate and high forward
bias voltages for both structures. This attitude of
the Ln(I)–ln(V) curves display a power-law behavior
of the current (I � V m), where m is the slope of the
curves. The values of slope of the Ln(I) versus Ln(V)
curve for low, intermediate and high bias regions
were found as 2.09, 3.44, and 2.40 for the MS type
SBD and 1.75, 4.18, and 2.58 for the MPS type SBD.
When these slopes are taken into account, the
current conductions in the low bias display almost
ohmic behavior for two types of structures due to the
existence of the thermally generated carriers.55

Both in the intermediate and higher bias voltages
(n> 2), the current conduction is governed by
TCLC. As for the TCLC, an increase in the injected
charges number causes the Nss or traps to be filled
and an increase in the space charge.

Capacitance–Voltage (C–V) Characteristics

The C–V and G/x-V data for all types of metal–
semiconductor structures can be used to understand
the origin of Nss, which are in equilibrium with
semiconductor and possible conduction mecha-
nisms. Since these measurements are applied at
enough high frequencies (‡ 0.5 MHz), the charge

located Nss cannot follow the ac signal.57 The C–V
and G/x-V characteristics of the fabricated SBDs
for 1 MHz are presented in Figs. 9 and 10
respectively.

In Figs. 10 and 11, the C–V and G/x–V curves
especially in depletion and accumulation regions
have noticeable changes with the voltage due to the
effects of surface states, interface layer and series
resistances. While the surface states are the effec-
tual factor in the depletion region, series resistances
and interlayer are effectual factors at the accumu-
lation region. Usually, C–V and G/x-V curves
indicate an increment with the rising voltage. In
this case, both the C–V and G/x-V curves give a
peak at about 1.5 V. Such an anomalous peak can be
attributed to the existence of Rs and particular
density distribution of Nss between the interlayer
and semiconductor in the forbidden bandgap.59,60

Fig. 9. The ln(I)–ln(V) curves of the MS and MPS SBDs.

Fig. 10. The C–V curves of the MS and MPS SBDs.

Fig. 11. The G/x–V curves of the MS and MPS SBDs.
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The reverse bias of the C�2–V curve is very
important to analyze the experimental C–V data.
Applying the C–V measurements at 1 MHz and
higher frequencies, all types of structure’s capaci-
tance in the depletion region can be determined as 49;

C�2 ¼ 2 V þ V0ð Þ=ðqese0A
2NDÞ: ð9Þ

In Eq. 9, V0 is the intercept voltage, which is
extrapolated from the leaner part of the C�2–V
curves. Therefore, to assess the parameters such as
VD, Fermi energy level (EF), ND, WD, and UB(C–V) of
the fabricated structures, the C�2–V curves were
drawn and are shown in Fig. 12. As shown in this
figure, the C�2–V curves as a function of reverse
bias voltage have a good linear behavior that
indicates the formation of SBDs. The value of the
ND was calculated using the slope of the C�2–V
curve for both structures. Consequently, the value
of UB(C–V), was determined as:

UB C� Vð Þ ¼ Vo þ kT=qð Þ þ kT=qLn Nc=Ndð Þ
¼ Vd þ EF ð10Þ

with

EF ¼ ln NC=NDð ÞkT=q; ð11aÞ

NC ¼ 2½2pme �m0kT=h
2�1:5: ð11bÞ

In Eq. 11a and 11b, NC is the effective density of
states in the conduction band of silicon, me

*(= 0.98
m0) is the effective mass of the electron, and m0 is
rest mass of the electron, respectively. Thus, the
value of EF was readily calculated from
Eq. 11a.49–51 The results for the VD, ND, EF, WD,
and UB(C–V) for two types of SBDs are tabulated in
Table I. The obtained experimental values of BH
from the forward bias Ln(I)–V is lower than the
reverse bias C�2 versus V characteristics due to the
nature of measurement method and various bias
voltage range. The other reason for the discrepancy
in BH determined from I–V and C–V characteristics
are the result of barrier inhomogeneity and a special
energy density distribution between metal and
semiconductors. In other words, the current flows
through the lower barriers at about a mean value of
BH in the forward biases. Contrarily, the electronic
charges distribution at the depletion region affect
the BH values determined from reverse biases C–V
characteristics and these charges distribution com-
plies with the weighted arithmetic mean of the
barrier inhomogeneity.55 On the other hand, Song
et al.61 reported that, this discrepancy in the BH
specified from forwarding biases I–V and reverse
biases C–V characteristics are the result of interface
layer composition, its non-homogeneity and the
distribution of surface charges.

All experimental results indicate that the use of
(Ag2S-PVA) organic interfacial layer at Au/n-Si
interface leads to an increase in the performance
of Au/n-Si (MS) structure such as causes a distinc-
tive reduction in the leakage current, surface states,
Rs and increase in BH which were obtained from
both forward bias I–V and reverse bias C�2–V
characteristics. These results are evidence of the
increased performance of the MS type SBD due to
the effect of the organic interfacial layer. In other
words, (Ag2S doped-PVA) organic interlayer can be
utilized successfully instead of conventional insula-
tor or oxide layer due to easily grown processes, low
cost, low weight, low energy requirement, and
flexibility of them. Experimental results show that
the MPS structure’s rectifying ratio is 38 times
greater than the MS structure. Additionally, the Nss

value of the MPS structure at near mid-gap of Si is
lower than the MS structure at about 10 times.
These results also confirmed that (Ag2S-PVA)
organic interfacial layer improved the MS struc-
ture’s performance due to the passivation effect of
the interfacial organic layer. Because, conjoining
Ag2S in PVA lattices decreases the oxygen vacanciesFig. 12. The C�2–V curves of the MS and MPS SBDs.

Table I. The calculated V0, EF, ND, UB, and WD values from the C–V data of the MS and MPS SBDs

Structure V0= Vi (V) EF (eV) ND (cm23) UB (eV) WD (cm)

Au/n-Si 0.507 0.309 5.84 9 1013 0.842 2.18 9 10�05

Au/Ag2S/n-Si 0.321 0.289 1.29 9 1014 0.736 1.74 9 10�05
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and causes effects to charge carriers at lower
densities, which can effectively enlarge the barrier
height at the metal–semiconductor interface.

CONCLUSION

The preparation of Au/n-Si (MS) SBDs with and
without (Ag2S-PVA) interlayer were made by the
aid of the ultrasound-assisted method. Their struc-
tural, optical, morphological and electrical charac-
teristics were obtained via x-ray diffraction (XRD),
scanning electron microscopy (SEM), UV–Visible
spectroscopy and finally I–V and C–V measuring
devices. The XRD result proved the existence of a-
phase in the Ag2S nanostructure, UV–Visible spec-
trum proves the quantum confinement of Ag2S
nanostructure, and SEM image shows the grain
size of the Ag2S in nanoscale. The ideality factor (n)
and barrier height (BH) at zero bias (UB0(I–V)) were
obtained from the I–V data. Thus, the values of I0, n,
and UB0 were found as 1.17 9 10�7 A, 6.78, and
0.74 eV for the MS and 3.62 9 10�8 A, 6.17, and
0.77 eV for the MPS structure, respectively. Here,
the results confirmed the utilized (Ag2S-PVA) inter-
face layer causes MS type SBD performance to
increase. Other important electrical parameters
that directly indicate the performance of the SBDs
are the series and shunt resistance. In this case, the
shunt and series resistances values were calculated
as 1.6 MX and 2.1 kX for MS and 66 MX and 2.5 kX
for MPS structure, respectively. Consequently, in
the MPS diode the value of Rsh is closer to the ideal
diode (‡ 109 X) in comparison with MS diode.
Furthermore, it has been found that from the
conductivity band (Ec) to almost the middle of the
forbidden bandgap (Eg) the Nss values of the MPS
structure are lower than that of the MS structure
and thereafter the Nss values of these two struc-
tures approach each other. Generally, it can be said
that the (Ag2S-PVA) interlayer enhanced the per-
formance of the diode considerably in terms of high
rectifier rate (RR), shunt resistance (Rsh), and low
Nss and Rs. Thus, the (Ag2S-PVA) interlayer can be
used in a MS type diode instead of the other
insulator layer.
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Anandan, P. Bonete, R. Gómez, and T. Lana-Villarreal,
Phys. Procedia 63, 85 (2015).
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53. S. Altındal Yerişkin, M. Balbaşı, and _I. Orak, J. Mater. Sci.:

Mater. Electron. 28, 14040 (2017).

54. Y. Badali, A. Nikravan, S. Altindal, and I. Uslu, J. Electron.
Mater. 47, 3510 (2018).

55. V.R. Reddy, Thin Solid Film. 556, 300 (2014).
56. S.K. Cheung and N.W. Cheung, Appl. Phys. Lett. 49, 85

(1986).
57. E.H. Nicollian, Mos (Metal Oxide Semiconductor) Physics

and Technology (Hoboken: Wiley, 2002).
58. K.E. Bohlin, J. Appl. Phys. 60, 1223 (1986).
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