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Abstract— Tin sulphide is a promising absorber material for
low-cost and earth abundant thin film solar cells. In this regard,
we have studied phase composition, structural, and electrical
properties of n-CdS/p-SnS heterostructure obtained by the close
spaced vacuum sublimation (CSS) method. Surface and cross-
sectional morphology of the structure were studied by using of
field emission scanning electron microscope (FESEM). Thickness
of the layers (450 nm for SnS and 550 nm for CdS) and growth
mechanism were determined directly from heterostructure cross-
section. Crystal structure and films purity were studied by X-ray
diffraction (XRD) and Raman spectroscopy methods. The light
current density-voltage (J-V) characteristic showed small
photovoltaic effect with an open-circuit voltage (Vo) of 0.058 mV,
a short circuit current density (Ji) of 3.83 mA/cm?, a fill factor
(FF) of 0.41 and an efficiency (#) of 0.092 %.

Keywords —phase composition, thin films;CSS method, SnS;
CdS; heterostructure, solar cell

1. INTRODUCTION

Nowadays traditional energy sources are limited, therefore
interest for renewable energy is rapidly increasing. Among
them, the energy of sun is the most environmental friendly and
economically available renewable energy source. More than 50
years a mankind have been converting solar energy into
electricity, using solar cells based on silicon wafer, silicon
ribbon and GaAs technology. Unfortunately, the fabrication
technology of such solar cells is expensive and time
consuming. Therefore, alternative approaches to the design of
novel solar cells have been developed, and the thin film solar
converters is one of the possible options. The most promising
among thin film structures are solar cells based on the
heterojunction using the CdTe, Culn(S,Se), (CIS), Culn.Ga-
9(S,Se), (CIGS) absorber layers [1-4]. One of the main point
for reducing a cost of solar cells fabrication is a searching for
new materials. It is important to find low-cost materials with
optimal structural, electrical and optical properties. In
particular with a small number of structural defects, with high
carrier mobility and long carrier lifetime, with high absorption
coefficient and suitable optical band gap.

SnS is considered to be a non-toxic semiconductor material
promising for solar cells application. It consists of the low-cost
and earth-abundant elements (tin and sulphur). Tin sulphide
has an suitable for the strong light absorption band gap (1,1 —
1,5 eV), a high absorption coefficient of & > 10* cm’! and an
intrinsic concentration of charge carriers [p]~10'> cm™ [5-7].
These properties make it promising material for application as
an absorber layer in thin film solar cells [6—7]. Unlike
CuxZnSn(S,Se)s (CZTS) semiconductor, which has been
proposed as absorber layer [8], SnS films can be obtained by
relatively cheap and technologically simple methods. Usually it
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can be prepared by using sulphurisation, magnetron sputtering,
electrochemical deposition, spray pyrolysis and thermal
vacuum evaporation techniques [6].

Traditional buffer layer of thin film solar cells is a cadmium
sulphide (CdS). It has wide band gap (2,42 — 2,45 V), which is
close to optimal for high transmittance of light in the visible,
and a high reflectance in the infrared spectral region [9].
Conventionally, deposition of typical CdS buffer layer is
performing by using of chemical methods, first of all, chemical
bath deposition [9].

CSS is a widespread method for fabrication of high-
efficiency CdTe based solar cells [10]. This technique allows to
obtain high crystal quality and stoichiometric binary
semiconductor films under controllable technological process
[11-13]. Therefore, in this work SnS and CdS films were
deposited by CSS method.

Ref. [14] reports study of solar cells using thermally
evaporated SnS and CdS layers. However, formation of n-
CdS/p-SnS heterostructures obtained by CSS method has not
yet been studied.

Thus, the goal of this work is to fabricate n-CdS/p-SnS
photovoltaic structure by CSS method and to determine the
main solar cell parameters, as well as to study the phase
composition and structural properties of CdS and SnS films.

II. EXPERIMENTAL

A. Thin film deposition and heterostructure fabrication

SnS based solar cell was fabricated in superstrate
configuration. CdS and SnS films were deposited in a VUP-5M
vacuum chamber using CSS method with a vacuum level of
<5x10* Pa. A detailed description of the CSS method is
presented in [15]. All layers were obtained using the
stoichiometric powders of cadmium sulphide and tin sulphide,
respectively. ITO-coated glass substrates were ultrasonically
cleaned in the isopropanol for 10 minutes prior to the
deposition of CdS film.

CdS film was obtained using the following growth
conditions: evaporator temperature of 700 °C, substrate
temperature of 450 °C, and deposition time of 3 min. Whereas,
SnS absorber layer was deposited on ITO/CdS structure under
evaporator temperature of 725 °C, substrate temperature of 250
°C, and deposition time of 2 min. Tin back metal contacts was
deposited by vacuum thermal evaporation technique on SnS
layer. Contact area is 3.14 mm?.

Schematic diagram of ITO/CdS/SnS heterostructure are
shown in fig. 1.
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Fig. 1. The schematic diagram of ITO/CdS/SnS heterostructure fabricated in
superstrate solar cell configuration

B.  Thin films characterization

Surface and cross-sectional morphology of the sample were
studied using FEI Nova NanoSEM 650 field emission scanning
electron microscope.

The phase composition analysis of the layers was
investigated using Rigaku Ultim+ X-ray diffractometer with
K,Cu radiation source. The measurement were carried out in
the range from 10° to 80° 20 angles. The identification of the
crystal phases was performed by comparing interplane
distances and relative intensities of the lines with reference data
for CdS and SnS single crystals (PDF-2 database).

Raman analysis was carried out using micro-Raman
spectrometer Renishaw InVia90V727. Room temperature
measurements for CdS and SnS films were conducted in the
range of 80-2000 cm!. As the excitation source was used Ar
green laser (A =514 nm). The signals was recorded using CCD
camera. Calibration of the micro-Raman spectrometer was
carried out by measuring the 520 cm Raman line of the
silicon. The parameters of measurement was set up to get
strong enough signal-to-noise ratio of the spectra.

C. Solar cell characterization

Tektronix 4020 DMM and a stabilised voltage source was
used for the light and dark J-V measurements of the sample.
The light J-V characteristics of the solar cell was measured at
room temperature under 1.5 AM illumination, using LED-light
solar simulator. Such simulator with different light-emitting
diodes helps to create light flux with parameters similar to solar
radiation.

Light J-V curve of ITO/CdS/SnS heterostructure allows to
determine basic solar cell parameters (Vo, Ji, FF, and ).

FF was calculated via the equation:

P max
LV

FF = (1

where Pmax —output maximum power of solar cell.

Jse was calculated using the following expression:
ch = Isc / S N (2)

where S is area of the contact.

Photovoltaic efficiency of n-CdS/p-SnS solar cell was
calculated from the well-known formula:

— IsclyacFF s (3)
77 Pin

where Pj, is the input power of light illumination (P; = 100
mW/cm?.

III. RESULTS

Fig. 2 shows FESEM images of the surface morphology of
SnS film (a) and cross-sectional image of ITO/CdS/SnS
structure (b). As can be seen from Fig. 2 (a), SnS film consists
of randomly oriented blade-like crystallites with an average
size and thickness of 300 and 20 nm, respectively.

CdS (550 nm)
=—|TO (70 nm)

Glass

Fig. 2. Plane-view FESEM image of SnS film (a) and cross-sectional
image of ITO/CdS/SnS structure (b)

Cross-sectional analysis of ITO/CdS/SnS structure (Fig.
2 (b)) allowed to estimate the average layer thicknesses and to
determine their growth mechanism. Hereby, heterostructure
consists of ITO transparent conductive layer (70 nm), CdS
buffer layer (550 nm), and SnS absorber layer (450 nm). It

03NE18-2



NAP-2017, 2017 IEEE 7th International Conference on Nanomaterials: Applications and Properties (NAP)

was found that CdS and SnS films have a columnar crystal
structure which is preferable for highly effective solar cell.
Due to the high absorption coefficient (10* cm™) of SnS [16—
17] 450 nm film thickness can provide sufficient absorption of
the incident sunlight. For example, the record solar cell with
an efficiency of 4.4% contained 500 nm thick of SnS film
[18]. It should also be noted that films have no voids, pores
and cracks, which presence adversely affected on the electrical
parameters of the solar cells.

To avoid misinterpretation of the phase composition
analisys of ITO/CdS/SnS heterostructure, which may be
associated with peaks overlapping of different phases on XRD
patterns, the measurements were carried out in the following
steps: 1) ITO-coated glass substrate was measured; 2)
measurement of ITO/CdS structure was performed; 3)
ITO/CdS/SnS heterostructure was studied.

XRD analysis of ITO layer (Fig. 3(a), black line) reveals
reflection from the (222), (400) and (441) crystallographic
planes of the cubic phase of In;Sn>O7.x (PDF-2 card Ne 00-039-
1058). XRD pattern of ITO/CdS two-layer structure (Fig. 3(b),
green line) shows strong intense peaks from the (002), (004),
(105) and weak intense peaks from the (100), (103), (112)
planes that in good agreement with the hexagonal phase
(wurtzite) of CdS (PDF-2 card Ne 00-041-1049). It should be
noted that no reflections from the crystallographic planes of the
cubic phase (sphalerite) of CdS, which could also be formed in
the films [19], were detected.

XRD pattern of ITO/CdS/SnS heterostructure are shown in
Fig. 3(c), blue line. In addition to the peaks of ITO and CdS,
reflections from the (101), (040), (131), (212), (251) and (171)

0 15 20 25 30 35 40 45 50

To study the vibrational properties and phase composition
of the films the Raman analysis was carried out. It is well
known that this method is a good complement to the XRD
analysis in the case of the presence of secondary phases in
material.

Fig. 4 shows Raman spectra of CdS (a) and SnS (b) films.
Raman spectrum of CdS film exhibits a clear intense peak at
301 cm! that corresponds to the longitudinal optical phonon
(ILO) mode and its overtone (2LO) at 603.2 cm™ [20].
According to Ref. [21], the frequencies of the cubic wurtzite
structure coincide with the frequencies of the hexagonal
sphalerite structure of CdS, and hence cannot be used to
identify these two structures.

As can be seen from Fig. 4(b), Raman spectra exhibits
SnS-related lines at 92.8, 185.6, 221.6 and 288.6 cm™ of A,
vibrational mode. Along with this, B, mode at 158 cm™! of
SnS was observed. Weak peak at 307.8 cm™! that corresponds
to Ag mode of sulfur-rich Sn»S3 phase was also detected.

Thus, based on XRD and Raman spectroscopy data CdS
layer is single-phase with hexagonal wurtzite crystal structure,
while the SnS layer is predominantly single-phase with a small
amount of Sn,S;3 secondary phase.

Fig. 4 shows dark and light (in the inset) J-V
characteristics of n-CdS/p-SnS heterojunction. Dark J-V curve
has a typical diode behaviour. The rectification factor of 200
was calculated as the ratio of currents at -0.5 and +0.5 V.
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Fig. 3.

crystallographic planes of the orthorhombic SnS phase were

detected (PDF-2 card Ne 00-014-0620). Furthermore, a very

weak peak from the (260) plane of the orthorhombic Sn,S;
phase was found (PDF-2 card Ne 00-030-1379).

55 60 65 70 75 80

XRD data of ITO ((a), black line), ITO/CdS ((b), green line) and ITO/CdS/SnS ((c), blue line)
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Fig. 4 Ramans spectra of CdS (a) and SnS (b) films

The main parameters of solar cell were determined from the
light J-V curve (Fig. 4, insert): V, is 0.058 V, Ji is 3.38
mA/cm?, FF is 0.41, and # is 0.092%. These parameters are
significantly lower than those of the record SnS solar cell [18].

behavior with a rectification factor of 200 as the ratio of
currents at -0.5 and +0.5 V was observed. Under illumination,
photovoltaic effect with Vo of 0.058 V, J,. of 3.38 mA/cm?,
FF of 0.41 and # of 0.095% was observed.
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