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ZnS/p-Si heterojunction diode has been successfully fabricated by depositing the ZnS thin films on p-type
Si substrates using thermionic vacuum arc technique (TVA). The structural analysis was performed with
X-ray diffraction (XRD) and Atomic force microscopy (AFM). The results revealed that ZnS thin film
demonstrates nano-crystalline behavior with very smooth and homogeneous surface properties. The
type was determined as n-type and the carrier concentration was found approximately 3.1 x 107 cm~3
of the ZnS thin film by means of Hall Effect measurement. The dark current-voltage (I-V) and the
capacitance-voltage (C-V) measurements with different frequencies were performed to determine the
characteristics of the ZnS/p-Si heterojunction diode at room temperature. I-V results show that the diode
has a good rectifying characteristic with excellent rectification ratio. The electrical parameters of the
diode have been obtained by using current transport mechanism. It was found that the barrier height
calculated from dark I-V measurements is in good agreement with the value obtained from C-V mea-
surements at a frequency of 1.5 MHz. The series resistance and the built in potential of the fabricated
diode were calculated as 3.6 kQ and 0.7 V using Cheung and Cheung's equation and C-V measurement,
respectively. The low cost and effective film production method were utilized to fabrication of hetero-

junction diode and to investigate characteristics.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Semiconductor materials and devices have been extensively
studied for years. As a result of these studies, many different
semiconductor materials have been developed in the optoelec-
tronic industry such as solar cells, LEDs, lasers diodes, photodiodes,
and light dependent resistance (LDR) etc.

Zinc Sulfide (ZnS), one of the IIB-VIA binary group elements, is
known as n-type semiconductor compound with direct wide-band
gap energy approximately as 3.73 eV at 300 K [1]. Due to this wide-
band gap energy, ZnS has high transparency in optical region
(visible light and near infrared), high absorption in the ultraviolet
region of the electromagnetic spectrum and it plays very important
role to use as an antireflective coating for infrared devices and
window layers for solar cells [2—4]. Furthermore, ZnS is a piezo-
electric and luminescent material with the high refractive index of
2.40 [5]. This feature makes it suitable to develop optoelectronic
devices working in UV region such as high efficient tandem solar
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cells, photodiodes, UV LEDs, and UV laser diodes.

Si-based materials are coated with II-VI group semiconductors
to improve electrical properties of the materials. Among this
semiconductor groups, the most preferred one is ZnS that it has
non-toxic, low cost, high chemical flexibility and good electrical
properties. Moreover, the diamond structure of Si and zinc-blend
structure of ZnS have very close lattice constants, i.e., 5.431 A and
5.420 A, respectively [6] and this feature allows them to form a
good heterojunction. A factor that improves the quality of the ef-
ficiency in solar cells is lattice parameters, nearly close to each
other. Besides, these structural similarities decrease the defects in
the interfacial layer.

Up to now various physical and chemical techniques are utilized
to grow ZnS thin films onto Si substrates including chemical bath
deposition [3], molecular beam epitaxy (MBE) [4], radio-frequency
magnetron sputtering [7,8], pulsed laser deposition (PLD) [9], suc-
cessive ionic layer absorption and reaction (SILAR) [10] and sol-gel
spin coating [11].

The heterojunction solar cell properties of the ZnS microdisks
deposited onto a p-Si substrate by chemical vapor deposition have
reported by Hsiao et al. [3]. Nematollahi et al. [4] investigated
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structural and optical properties of ZnS:Cr/Si film using MBE and
PLD techniques and they stated that Cr into ZnS reduces the grain
size of the final structures. Huang et al. [ 7] have fabricated n-ZnS/p-
Si heterojunction using radio frequency magnetron sputtering.
They found that the heterojunction shows a good rectifying
behavior. Besides, they investigated the photoresponse of the het-
erojunction. They showed that ZnS microdisks have the energy
band gap of 3.4 eV. The photoluminescence properties of the ZnS/
porous Si have investigated by Wang et al. [9]. They used to PLD
technique to fabricate heterojunction films. Authors indicated that
the growth temperature affects the photoluminescence properties
of the heterojunction. Ates et al. [10] have reported thermal,
structural and electrical properties of the Zn/ZnS/n-Si/Au-Sb
sandwich structures deposited by using SILAR technique. From
current-voltage characteristics, they have calculated ideality factor,
barrier height and series resistance as 2.60, 0.71 eV and 3.8 kQ,
respectively at 300 K. Turgut et al. [11] have investigated device
performance of Al/ZnS/p-Si/Al heterojunction diode fabricated us-
ing the sol-gel technique. They found that the heterojunction diode
shows rectification behavior and from electrical measurements,
they were calculated some electrical parameters.

However, as mentioned above, the ZnS films were grown on Si
substrate by using physical and chemical fabrication techniques in
the application has some limitations including, being an expensive
method, long production time, low vacuum condition, a choice of a
substrate at high temperatures and non-homogeneous surfaces.
These restrictions cause some negative effects for production and
analysis of the films.

The novelty of this study is to utilize a new method of the
fabrication ZnS/Si heterojunction diode and investigate their
characteristics. In this context, non-reactive thermionic vacuum arc
technique (TVA) has been used [12]. The advantages of this tech-
nique are; very short processing time, high deposition rate, very
low surface roughness and good adhesion in nanostructured thin
films. Furthermore, in the implementation of this technique, a thin
film under high vacuum condition can be produced without needed
any buffer gas.

2. Experimental details

A p-type Si wafer used in present work has 1-10 Q cm resistivity
and (100) orientation, respectively. Si wafer consecutively was
cleaned in ethanol for 5 min, then rinsed deionized pure water,
afterward etched in 10% HF acid solution for 2 min and finally,
rinsed with deionized pure water in order to remove native oxide
layer before making back contact. Al was selected for making ohmic
contacts. The back side of Si wafer made ohmic contact (~100 nm)
by using thermal evaporation and for good ohmic contact, p-type Si
wafer was heat-treated at 400 °C for 10 min in an N, atmosphere.
After ohmic contact, Si wafer etched in 10% HF acid solution for
2 min to remove the native oxide layer and then rinsed deionized
pure water. The surface of the Si wafer was highly hydrophobic
after this process. The fabrication process of the ZnS/p-Si hetero-
junction thermionic vacuum arc technique (TVA) has been used.
Detailed information about the working principle of the TVA
technique was indicated by Ozen et al. [12—14]. We summarized
here the working principles of this technique. TVA is composed of
an anode and cathode. An anode electrode consists of the crucible
and is used for storage of materials while cathode electrode con-
sists of 3 mm diameter tungsten wire surrounded by a Wehnelt
cylinder. By using a high dc voltage, accelerated electrons collided
with anode using Wehnelt cylinder. Then anode materials begin to
melt and evaporate. A stable condition occurs between the anode
and the cathode. By increasing the voltage, a bright discharge oc-
curs inside the vacuum chamber due to the evaporation of the

anode materials and the coating begins to start.

TVA chamber was evacuated to pressure under the 8 x 10~ Torr
before start to deposition ZnS films. Filament current, acceleration
voltage and deposition process time were 18 A, 400 V, and 2 min,
respectively. The film thickness of ZnS/p-Si heterojunction has been
measured approximately 300 nm by using FilMetrics thin film
thickness measurement system. For the front contact, Al was
deposited to the other side of Si wafers with thermal evaporation
and the thickness and diameter of Al contacts were approximately
100 nm and 2 mm, respectively. Al/n-ZnS/p-Si/Al heterojunction
device is obtained by all these processes.

Atomic force microscopy (AFM, NanoMagnetics Instruments)
was used to examine the surface morphology of ZnS thin films. The
crystalline properties of the ZnS thin films were analyzed by using
X-ray diffraction (XRD, Bruker D 8 Advanced), operated at 40 kV,
40 mA and using Cu-Ka radiation (A = 0.154 nm). To characterize
the device parameters of the heterojunction, current-voltage (I-V)
(Keithley 6517 electrometer) and capacitance-voltage (C-V) mea-
surements (Hewlett Packard 4192 An LF model impedance
analyzer) were performed. The type and the carrier concentration
of the ZnS thin film were determined by Hall Effect (HMS 3000
Ecopia).

3. Results and discussion

3.1. Structural and morphological investigation of ZnS/Si
heterojunction diode

Fig. 1 depicts XRD spectra of the polycrystalline ZnS thin films
grown on p-type Si wafer.

The observed peaks in the film indicated that the thin film
corresponds to the cubic structure of polycrystalline ZnS with
diffraction planes (111) and (220). (JCPDS card no: 01-072-9262).
With this result, it is revealed that there has been a good junction
between ZnS thin film and Si substrate. Besides, no impurity or
another peak was observed in XRD pattern. The average crystalline
size of the ZnS thin film was measured using Debye-Scherrer for-
mula [15] approximately 43 nm for the dominating crystalline
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Fig. 1. X-ray diffraction pattern of the ZnS thin film grown on Si substrate.
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orientation (111). In addition, by using this dominating orientation,
lattice strain and dislocation density [2] were found to be
(1.67—8.73) x 102 and (1.5—5.4) x 10" lines/m?, respectively.

The surface morphology of the ZnS thin films grown on p-type Si
substrate was analyzed by AFM. Fig. 2 shows 2-D and 3-D AFM
images of the ZnS thin film surface scanning at 2 x 2 pm?. As seen in
Fig. 2, grains are distributed homogeneously and over the scan area,
the root mean square roughness (RMS) of the ZnS/Si heterojunction
structure is determined approximately 1.5 nm. This RMS value is
very low and compared with Bouguila et al. [1] and Turgutetal. [11]
measurements, it is seen that the homogeneous and smoother
surface is fabricated using TVA technique. In the literature, there
are a few investigation about the surface formation of the ZnS thin
film grown by different production methods. Nematollahi et al. [4]
have utilized scanning electron microscopy (SEM) to investigate the
surface of ZnS thin films. They stated that undoped ZnS films have
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Fig. 2. 2-D and 3-D AFM images (2 x 2um?) of the ZnS film surface grown on Si
substrate.

higher grain size than Cr doped ZnS films. Besides, ZnS films grown
by MBE (200 °C substrate temperature) have RMS value of 9.3 nm
and the film grown by PLD (500 °C substrate temperature) has RMS
value of 2.8 nm. Madugu et al. [5] have used AFM to determine ZnS
thin film surface topographies grown on FTO/glass substrates. In
the electrodeposition growth method, structural discontinuity and
high roughness values have been observed.

3.2. Electrical characterization of ZnS/Si heterojunction diode

In order to determine the electrical parameters of ZnS/Si het-
erojunction diode, dark I-V measurements were performed at
300 K and are presented in Fig. 3. As seen from the dark I-V plot, the
fabricated device shows an excellent rectifying behavior with no
leakage current and it indicates p-n heterojunction characteristic.
The rectification ratio of our device was calculated as 1100 at
+1.25 V. I-V plot exhibits different behavior in the forward current
with bias voltage region (0 < V < 0.55). Semi-logarithmic current
versus voltage plot shows that the current increases with the
increasing voltage. From the thermionic emission theory known as
current transport mechanism used for heterojunction, the current
can be written as a function of the applied voltage across the
junction as [16]

qv
exp (nkT) 1] (1)
Herein, n is the dimensionless parameter called as ideality fac-

tor, q is electronic charge, k is the Boltzmann's constant and T is
absolute temperature. Saturation current Is can be expressed as

Is = AA'T? {exp (%)} (2)
Herein, A is diode area, A" is Richardson constant and op is

barrier height. An expression can be written for barrier height from
Eq. (2) as:
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Fig. 3. I-V plots of Al/n-ZnS/p-Si/Al heterojunction device at 300 K. The inset depicts I
versus V of Al/n-ZnS/p-Si/Al heterojunction.
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Saturation current Is was obtained by extrapolating semi loga-
rithmic I-V plot to V = 0 and Is found as approximately 5.36 x 108
A. The theoretical value of Richardson constant for p-type Si is
A* =32 Acm~2 K2 [17]. By using this saturation current value and
Eq. (3), barrier height for the fabricated ZnS/Si heterojunction was
calculated as ¢p = 0.73 + 0.02 eV.

In addition to this characteristic, ideality factor n derived from
Eq. (1) is another parameter and it can be calculated from forward
bias I-V plot and defined as [18]

_q(_av
=R (d(lnu))) @

The ideality factor n is found to be 2.72 for low bias voltage
region, while for higher bias voltage region, n is found to be 5.21. It
is observed that the ideality factor n is increasing with the
increasing bias voltage. In this study, n is slightly different from the
ideal value of 1 measured at low forward bias and high forward
voltage region. This is probably either the interfacial defects or
series resistance or might be the existence of an oxide layer be-
tween the ZnS thin film and the p-type Si substrate. The ideality
factor measured in present work is in good agreement with those
reported [7,10,11]. By contrast, the barrier height is found to be
better than their results [10,11].

To investigate series resistance effect on the electrical parame-
ters of the ZnS/Si heterojunction diode, Cheung and Cheung's
method [19] have been utilized. Nevertheless, Cheung's method
also can be used to calculate device parameters.

dv nkT

Herein, Rs is the series resistance. As can be seen from Fig. 4,
experimental dV/d (Inl) versus I plot shows a straight line and using
Eq. (5), Rs and n can be determined from the slope of the dV/d (Inl)
versus I plot and y axis intercept, respectively.

The n and Rs can be also obtained by Cheung and Cheung's
function (H(I)). Experimental H(I) versus I plot shows straight line
and the slope of this plot will give series resistance Rs and from
the y axis intercept, barrier the height ¢, can be calculated by
using Eq. (7).
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Fig. 4. dV/d (Inl)-I and H(I)-I plots of Al/n-ZnS/p-Si/Al heterojunction device at 300 K.

H)=V - (%) In (Aﬁ) (6)
and
H(I) = n¢y, + IRg (7)

The ideality factor n and series resistance Rs is measured as 5.2
and 3.2 kQ from experimental dV/d (Inl) versus I plot, while the
series resistance and barrier height obtained from H(I) versus I plot
is calculated as 4.0 kQ and 0.70 + 0.02 eV, respectively. Here, it is
seen that the series resistance Rs values obtained using Egs. (5) and
(7) is compatible with each other. The average series resistance Rg
of the ZnS/Si heterojunction diode was found to be 3.6 kQ. The
obtained series resistance value here is lower than those reported
by Turgut et al. [11]. The I-V results in this work and the related
literature data are listed in Table 1.

The room temperature capacitance-voltage (C-V) measure-
ments were fulfilled to determine the interface quality of the
junction region and to investigate carrier concentration and barrier
height of the heterojunction diode. In the inset of Fig. 5, the forward
and reverse bias C-V characteristics of the heterojunction diode at
room temperature for different frequencies are shown. It is clearly
observed that the capacitance value decreases with increasing
frequencies.

In consequence of the donor concentration is quite higher than
the acceptor concentration (Np >> Ng), the junction capacitance per
unit area can be described as [20]

A2 _2(vb,.7vf'<§>

- £sqNy (8)

Herein, Vpi, Na, and g are built in potential, the carrier con-
centration and the permittivity of Si (es = 11.9¢g), respectively.
Other variables have the same meaning as mention before. Fig. 5
shows A%/C? versus V characteristics for all frequencies obtained
at room temperature. As seen from Fig. 5, qVp; values were calcu-
lated from the point where the linear region intercepts along the x
axis and Np values were calculated from the slope of the plot. These
values are listed in Table 2. As seen from Table 2, N values are
changing from 6.15 x 10" to 7.23 x 10" cm~>. This indicates that
Na is in a good conformity with the doping concentration of Si
wafer.

The barrier height of the ZnS/Si heterojunction can be measured
using C-V plot and can be described as [20]

kT /Ny
@p = Vpi + q ln(NA) 9)

Herein, Ny is the density of states in valance band. For Si, Ny is
equal to 1.0 x 10'® cm~3 at 300 K. Np is the ionized acceptor con-
centration and all the other variables meaning are mention above.
The barrier height values obtained from A%/C% — V plot varied from
1.06 to 0.91 eV by increasing frequency which changing from
50 kHz to 1.5 MHz, respectively. This reduction of the barrier height
with increasing frequency of the ac signal indicates that the higher
frequencies eliminate the contributions of interfacial defects or an
oxide layer at the junction. The barrier height measured at a fre-
quency of 1.5 MHz is in conformity with the barrier height calcu-
lated from I-V measurements. The reason of the distinction in
barrier height values calculated from C-V and I-V method might be
either the interfacial oxide layer or interface state [20]. The calcu-
lated results are listed in Table 2.
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Table 1
The I-V parameters of ZnS/p-Si heterojunction diode and the related literature data.

Conventional (I-V) method

Cheung — Cheung's method

n o (eV) Io (A) n dp (eV) Rs
Our work 2.72 0.73 5.36 x 10°% 5.2 0.69 3.2 kQ/4.0 kQ
7] 1.9 - - - - -
[10] 2.6 t0 1.68 0.71 to 0.62 - - - -
[11] 2.34 0.77 - 43 0.77 12.3 kQ[12.5 kQ
2E-09 investigated. The ideality factor and the zero bias barrier height of
4E+15 - the heterojunction diode are determined by using I-V and C-V
2E-09 - o~ IET15 + gggz; measurements. The barrier height value is found in good agree-
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- S JE+15 Qgggp‘]djjj using Cheung and Cheung's formulas as 3.6 kQ and 4.0 kQ. Fabri-
s} ..,U‘ _ . ~ e _
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1E-09 - é‘ i +++ o Bias (V) TVA technique has a significant advantage in production for thin
HEQQQDD‘S films due to its low cost and short production time. In a subsequent
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R gy g DDDD study, optoelectronic properties of the ZnS/p-Si heterojunction
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Fig. 5. The reverse bias A%/C>-V characteristics of the ZnS/Si heterojunction diode at
different frequencies at 300 K. The inset depicts the forward and reverse bias C-V
characteristics of the heterojunction diode for different frequencies at room
temperature.

Table 2
The C—V analysis results of the ZnS/p-Si heterojunction diode.

Capacitance — Voltage method

Frequency (kHz) Na (cm™3) qVpi (eV) bp (eV)
50 6.34 x 10" 0.84 1.06
100 6.28 x 10" 0.82 1.04
500 6.15 x 10" 0.77 0.99
800 6.48 x 10" 0.79 1.01
1000 6.59 x 10" 0.76 0.98
1500 7.23 x 10" 0.70 0.91

4. Conclusion

ZnS/Si heterojunction device was successfully fabricated by
using thermionic vacuum arc technique. The characterization of
ZnS film and the parameters of the ZnS/Si heterojunction diode
were determined in detailed. XRD results demonstrate that the
produced ZnS thin film has a cubic crystal structure. AFM image
revealed the homogeneous distribution of the ZnS thin film on Si
substrate with 1 nm surface roughness. The carrier concentration
and the type of the ZnS thin film were obtained as 3.1 x 10" cm—3
and n-type at the room temperature. ZnS/Si heterojunction diode
shows an excellent rectifying behavior at room temperature. The
main electrical parameters for heterojunction diode are

ZnS as anti-reflective coating for solar cell applications, Opt. Comm. 388
(2017) 84—89.

[3] YJ. Hsiao, T.H. Meen, LW. Ji, ].K. Tsai, Y.S. Wu, CJ. Huang, Preparation of ZnS

microdisks using chemical bath deposition and ZnS/p-Si heterojunction solar

cells, J. Phys. Chem. Solids 74 (2013) 1403—1407.

M. Nematollahi, X. Yang, L.M.S. Aas, Z. Ghadyani, M. Kildemo, U.J. Gibson,

T.W. Reenaas, Molecular beam and pulsed laser deposition of ZnS: Cr for in-

termediate band solar cells, Sol. Energy Mater. Sol. C 141 (2015) 322—-330.

M.L. Madugu, O.I.O. Olusola, O.K. Echendu, B. Kadem, .M. Dharmadasa,

Intrinsic doping in electrodeposited ZnS thin films for application in large-

area optoelectronic devices, ]. Electron. Mater. 45 (2016) 2710—2717.

I. Tapan, M.A. Ahmetoglu (Afrailov), F. Kocak, A ZnS—Si isotype heterojunction

avalanche photodiode structure for scintillation light detection, Nucl. Instrum.

Meth. A 567 (2006) 268—271.

J. Huang, LJ. Wang, K. Tang, R. Xu, ].J. Zhang, X.G. Lu, Y.B. Xia, Photoresponse

properties of an n-ZnS/p-Si heterojunction, Chin. Phys. Lett. 28 12 (2011)

127301.

D.H. Hwang, J.H. Ahn, K.N. Hui, K.S. Hui, Y.G. Son, Structural and optical

properties of ZnS thin films deposited by RF magnetron sputtering, Nanoscale

Res. Lett. 7 (2012) 26.

C.F. Wang, B. Hub, W.B. Li, H.H. Yi, Luminescence properties of ZnS/porous Si

composites, Optik 125 (2014) 554—556.

[10] A. Ates, B. Giizeldir, M. Saglam, ZnS thin film and Zn/ZnS/n-Si/Au-Sb sandwich
structure grown with SILAR method and defining the characteristic parame-
ters, Mater. Sci. Semicon. Proc. 14 (2011) 28—36.

[11] G. Turgut, E.F. Keskenler, S. Aydin, S. Dogan, S. Duman, E. Sonmez, B. Esen,
B. Diizgiin, A study on characterization of Al/ZnS/p-Si/Al heterojunction diode
synthesized by sol-gel technique, Mater. Lett. 102—103 (2013) 106—108.

[12] S. Ozen, V. Senay, S. Pat, S. Korkmaz, Investigation on the morphology and
surface free energy of the AlGaN thin film, ]. Alloy. Compd. 653 (2015)
162—-167.

[13] V. Senay, S. Ozen, S. Pat, S. Korkmaz, Optical, structural, morphological and
compositional characterization of a Co-doped GaAs semiconducting thin film
produced by thermionic vacuum arg, J. Alloy. Compd. 663 (2016) 829—833.

[14] S. Ozen, V. Senay, S. Pat, S. Korkmaz, Deposition of a Mo doped GaN thin film
on glass substrate by thermionic vacuum arc (TVA), ]J. Mater. Sci. Mater.
Electron 26 (2015) 5060—5064.

[15] B.D. Cullity, Elements of X-ray Diffraction, Addison-Wesley, Reading, MA,
1978.

[16] S.M. Sze, Physics of Semiconductor Devices, second ed., John Wiley & Sons,
New York, 1981.

[4

[5

(6

[7

8

[9


http://refhub.elsevier.com/S0925-8388(17)32417-9/sref1
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref1
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref1
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref1
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref1
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref2
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref2
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref2
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref2
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref3
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref3
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref3
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref3
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref4
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref4
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref4
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref4
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref5
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref5
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref5
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref5
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref6
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref6
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref6
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref6
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref6
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref7
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref7
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref7
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref8
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref8
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref8
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref9
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref9
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref9
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref10
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref11
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref12
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref13
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref14
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref15
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref15
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref16
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref16
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref16

548 H.K. Kaplan et al. / Journal of Alloys and Compounds 724 (2017) 543—548

[17] A. Tataroglu, F.Z. Piir, The Richardson constant and barrier inhomogeneity at forward current voltage characteristics, Appl. Phys. Lett. 49 (1986) 85—87.
Au/Si3N4/n-Si (MIS) Schottky diodes, Phys. Scr. 88 (2013) 015801. [20] V. Janardhanam, HK. Lee, K.H. Shim, H.B. Hong, S.H. Lee, K.S. Ahn, CJ. Choi,

[18] E.H. Rhoderick, R.H. Williams, Metal—semiconductor Contacts, second ed., Temperature dependency and carrier transport mechanisms of Ti/p-type InP
Clarendon, Oxford, 1988. Schottky rectifiers, J. Alloy. Compd. 504 (2010) 146—150.

[19] S.K. Cheung, N.W. Cheung, Extraction of Schottky diode parameters from


http://refhub.elsevier.com/S0925-8388(17)32417-9/sref17
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref17
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref17
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref18
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref18
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref18
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref19
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref19
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref19
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref20
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref20
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref20
http://refhub.elsevier.com/S0925-8388(17)32417-9/sref20

	The characteristics of ZnS/Si heterojunction diode fabricated by thermionic vacuum arc
	1. Introduction
	2. Experimental details
	3. Results and discussion
	3.1. Structural and morphological investigation of ZnS/Si heterojunction diode
	3.2. Electrical characterization of ZnS/Si heterojunction diode

	4. Conclusion
	References


