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Abstract. Thin sulphide (SnS) is a promising candidate for a low cost, no toxic solar cells absorber layer. In this paper
thin films of SnS were prepared by spray pyrolysis onto glass and ZnS/FTO coated glass substrates at different substrate
temperatures in the range 250-400°C. SnS were characterized with X-rays diffraction and scanning electron microscopy
and UV visible transmittance. The electrical properties of SnS/ZnS heterojunctions were determined using recording their
current-voltage I(V) and capacitance-voltage (C-V) characteristics at ambient and at different measurement temperatures
from 28-94°C. The results analysis indicate that the saturation current varied from 0.68 to 2.8 µA and series resistance
from 191 to 800 Ω , The structures ideality factor is ranged from 1.37 to 2.7. The diffusion potential (Vd) was determined
by the intercept of extrapolation of 1/C2-V curve to the abscise axis (V=0) we found Vd values ranged from 0.67 to 1.2
V.
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INTRODUCTION
In these last years, more than 90% of the solar cells are based in semiconductor thin films, like CdTe, Cu(I,
G)Se, CZTS and SnS absorbing layers. Cu(In,Ga)(S,Se)2 is one of the most promising thin- ﬁlm solar cell materials,
demonstrating an efﬁciency of about 20%. However, In and Ga are expensive components, and the band gap is
usually not optimal for high efﬁciency CIGS solar cells. Currently, designing and synthesi zing novel, highefﬁciency, and low cost solar cell absorbers to replace CIGS has attracted much attention. Among the materials that
have been investigated, binary system tin (II) sulfide. SnS is one of the most abundant elements on the earth
perfectly stable, no toxic and a p-type semiconductor with a direct band gap 1.3eV [1, 2]. The percentage of
constituents the SnS phase can be accompanied with other complexes consisting mainly of SnS2, Sn2S3 and Sn3S4;
depending on system and temperature of preparation. The SnS and SnS2 compounds are the most stable [3].
The solar cell, having the structure Mo/p- SnS/n-CdS/ZnO heterojunctions have an open circuit voltage of 260
mV, a short circuit current density of 9.6 mA/cm2,a ﬁll factor of 0.5 and energy efﬁciency of 1.3% in 2006 formed
by Reddy, et al [4]. The SnS layer in this device was synthesized by spray pyrolysis method. In 2008, Ghosh et al
[5]. Solar cells have also been made using the SnS layers, usually using CdS as the n- type partner layer and
efficiencies up to 2% have been observed in the best devices. A combination of Voc of 244 mV, and h of 2.04% for

active cell area of 0.71 cm2 has been reported in 2013 for a solar cell structure, glass/Mo/SnS/Zn(O,S)/ZnO/ITO,
was deposited via pulsed-CVD to one fabricated by Sinsermsuksakul et al. [6].
SnS thin ﬁlm mostly crystallize in the orthorhombic (OR) structure, when formed via spray pyrolysis [7],
chemical deposition [8], electrochemical [9], thermal evaporation [10], atomic layer deposition (ALD) [11].
In this work, we have showed the effect of substrate temperature on electrical properteis of SnS /ZnS
heterojunction deposited by spray pyrolysis technique. Series resistance, ideality factor, current saturation and
diffusion potential were determined by I-V and C-V characteristics.

EXPERIMENTAL
In this study, the studied structure is Au/p- SnS/n-ZnS/FTO heterojunctions deposited on a glass substrate, these
layers prepared by the same spray pyrolysis technique. The first thin films is FTO (tin oxide doped by Fluor which
belong transparent oxide conductor TCO); were prepared at substrates temperature of 450°C. The substrate carefully
cleaned in acetone, ethanol and distilled water in sequence. For each step, the substrates were cleaned for 15 min in
an ultrasonic bath. After a rinse with distilled water. FTO film was prepared using (0.1 M) SnCl2.2H2O as source of
Tin and NH4F (10%) as source of Fluor. Second thin films is ZnS window layers were deposited onto the FTO ﬁlms
at substrates temperature of 400°C. The starting solution was a mixture of (0.1M) Zn(C2H3O2)2.2H2O as source of
zinc and (0.05M) thiourea as source of sulphur.
The thickness of the FTO and ZnS films were about 200 nm, 120 nm. SnS thin layers have been grown, onto
window layers at different substrate temperatures ranged from 300 to 400°C. The used solution is a mixture of
SnCl2.2H2O and thiourea precursors dissolved in distilled water, the solution ﬂow rate was maintained at 10 ml/h.
The measured thicknesses values are varied in the range of 200-400 nm with increasing substrate temperature.
Finally, golden contacts are deposited onto absorber layer SnS by DC sputtering system. The I-V characteristic
of the obtained hetero-structure was recorded using a curve tracer 370 Sony Tetronix.

RESULTS AND DISCUSSION
STRUCTURAL PROPERTIES
In figure 1 we have reported a typical XRD spectrum of SnS films prepared by spray pyrolysis technique with
various substrate temperatures in the range 250 to 400oC. As can be seen, films grown at temperatures Ts = 250,
350 and 400°C, presence strong peak at 31.8 assigned to the plane (111) orientation of the SnS monophase
orthorhombic structure. As can be seen, (111) plane is a preferential orientation. This is in consistent with the results
of Reddy et al and T.H. Sajeesh et al [4, 12] . However, films deposited at Ts = 300°C show the presence of SnS and
Sn2S3 phases corresponding to the (112) and (150) planes respectively. Bellow 300 0C of substrate temperature, it
has not been reported the presence of Sn2S3 phase in films prepared by spray pyrolysis [12-14].
SURFACE MORPHOLOGY
In figure 2 (b, c) we have reported the SEM images of SnS films prepared at 250 and 400°C substrate
temperatures. As can be seen, films surface morphologies are dense and continuous. But films prepared at substrate
temperature 250°C, small pores and pinholes are visible in films surfaces.
OPTICAL PROPERTIES
The transmittance spectra of SnS films are display in fig.3. The optical transmittance versus wavelength in the
visible range of different films is reported in figure 3(d). Films prepared at high substrate temperature have a larger
transmittance then films deposited at low substrate temperature due to thickness films. Optical band gap Eg and
absorption coefficient is related as:
(αhν)1/p = A(hν - Eg)
(1)
Where A is a constant, exponent p is the transition probability. For p = ½ the transition is direct and allowed, p=2
indirect and allowed and p =3/2 for direct forbidden.

To determine direct allowed band gap a graph between (αhν)2 and hν is plotted and the straight portion of the
graph is extrapolated to energy axis to give Eg. From figure 3(e) the band gap decreases from 1.11, 1.3 and 1.51ev
with increase substrate temperature Ts = 250, 350 and 400°C respectively. However, films grown at temperatures
300°C the energy gap 1.57ev. This is due to attributed to the presence of other phases of SnS such Sn2S3.
I-V CHARACTERISTIC
Fig. 4 shows the current–voltage characteristic of the ZnS/SnS heterojunction with films of SnS prepared at
350°C; Based on the dark current as a function of the applied bias,. This heterojunction measured at room
temperature and at different temperatures from 28 to 94°C in the dark.
Curve I(V) to divide has two region, the first with low direct polarization if V vary between 0 and 1.5 and
current varied exponentially with the tension, the current of the structure will be given by:

I = Is (e (qv/nKT) - 1)

(2)

Is = A*T2 exp (-qb / kBT)

(3)

And is given below:

Where q is the electronic charge, V is the applied voltage, k is the Boltzmann constant, n is the ideality factor, T
is the temperature, b is effective barrier height, A* is effective Richardson constant and Is is the reverse saturation
current [15].
The second region with high direct polarization, V superior with 1.5V the current varies linearly with the tension
it is written by:
I(v) = (1/Rs)V

(4)

The I–V curves of the devices show good rectifying behavior in a wide temperature range and the leakage
current was very small at 94°C. The corresponding diode series resistance, defined as Rs= (dI/dV)-1[16], which is
obtained from the slope of high voltage region of I-V plots is decreases with the increase in measurement
temperature.
The plot of log I against V is shown in Fig.5(h). Which indicates that the current at low voltage (V ˂ 1.2V)
varies exponentially with voltage. The characteristics can be described by the standard diode equation (2).
The value of the ideality factor of SnS/ZnS heterojunction is determined from the slope of the straight line region
of the forward bias log I–V characteristics and the saturation current Is was obtained by extrapolating the forward
characteristics log I–V to zero voltage.
I can be seen, at the lower forward bias (V ˂1.2V), the values of the ideality factor and the reverse saturation
current are 1.8 and 1.04x10-6A, respectively, using the standard diode equation (2). From the result the ideality
factor is varied between 1.37 and 2.7.
Where n=1.89; this is close to ≈ 2 and Is=1.04x10-6A. The result of the calculation (using the standard diode
equation (2)) is similar to the measurement from the I–V curve. This result indicates that the recombination
current (Ir ≈ exp (qV/2kT)) dominates in this range.
At higher voltages (V 1.2V) the curves deviate from the exponential behavior, which is seen from the flattening
of the characteristic curve. Indicating the effect of a series resistance. A simple series resistance model eq (4) can be
applied in an attempt to linearism the characteristics. The series resistance of the ZnS/SnS heterojunction grows at
350°C substrate temperature from 394 to 981Ω.
Fig.4(g) shows the Variation of the saturation current as a function of 1000/T; of the SnS films grow at different
substrate temperature. The activation energy Ea is extracted from this plot is varied from 0.072 to 0.63 eV.
The barrier height, qφb is obtained from the saturation current variation with the temperature according to the
relation (3). The value of potential barrier is varied between 0.78 and 0.25eV. I can be seen, the values of the
potential barrier decreases with the increase in substrate temperature.
In the assumption of an abrupt junction, the reverse capacitance of a p-n junction can be expressed as [17]

1/C2 = (Vb +V)

(5)

Where C is the reverse-bias capacitance and V is the reverse-bias voltage. A plot of (1/C2–V) intercept on the xaxis is essentially equal to the diffusion potential Vb. Fig.5(i) shows the C-V characteristics were measured. The
capacitance values obtained yield a linear 1/C2 versus V dependence with an intercept Vd values ranged from 0.67
to 1.2 V. The slope of the straight line gives donor concentration; (present in tableau 1).

Tables
TABLE 1.Variation of the saturation current, ideality factor and potential barrier as a function of different substrates
temperatures
substrat
température (°C)

250
300
350
400

Ideality
factor

reverse saturation
current(A)

QB(e
V)

1.75
1.76
1.8
1.4

1.34X10-6
0.6 X10-6
1.02X10-6
1.36 X10-6

0.46
0.21
0.63
0.072
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FIGURE 1. (a) : XRD patterns of tin sulfide ﬁlm grown at 250 and 400°C substrate temperature.
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FIGURE 2. SEM image of SnS films deposited at different substrate temperature (b) 250°C and (c) 400°C.
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FIGURE 3. (d) : UV-Visible transmittance spectrum of SnS thin films deposited at different substrate temperature.
(e) : Dependence of optical band gap on the deposition substrate temperature.
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FIGURE 4. (f) : I–V curve of the SnS/ZnS heterojunction device in dark with SnS prepared at 350°C.
(g) : Variation of the series resistance as a function of temperature measurement.
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FIGURE 5. (h) : The corresponding logarithmic scale in current with forward bias condition of ZnS/SnS heterojunction at room
temperature of SnS film grow at 350°C.
(i) : The 1/C2 -V of the ZnS/SnS heterojunction at substrate temperature: Ts= 350°C

CONCLUSIONS
Heterojunction of ZnS/SnS has been fabricated with SnS thin ﬁlms grown at different substrate temperature in
the range 250-400°C; ZnS and SnS thin films are prepared by same technique spray ultrasonic. SnS single phase
with orthorhombic structure and band gap equal 1.3eV are observed from the film as grown at 350°C. The results of
characteristic I-V indicate that the saturation current varied from 0.68 to 2.8 µA and series resistance from 191 to
800 Ω, The structures ideality factor is ranged from 1.37 to 2.7. The diffusion potential Vd values ranged from 0.67
to 1.2 V.
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