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ABSTRACT

The effects of annealing of evaporated tin sulphide thin Films (SnS) are described. The
films were initially deposited onto glass substrate, followed by annealing in an
encapsulated carbon block under the running argon gas at 310°C. Short time annealing of
the films results in a slight change of the compositions to a mix SnS/SnS2 compound, and
the tendency of increasing SnS2 formation was observed on the films annealed for longer
periods up to 20 hours. X-ray results showed the transformation of SnS peaks ((040) and
(080)} to predominantly SnS2 peaks {(001), (100), (101) and (110)). The associated
absorption coefficients measured on the films were found to be greater than 105 cm1, with
indication of higher photon energy leading to the formation of SnSi compound.

INTRODUCTION

SnS is a semiconducting material with an optical band gap in the ranges 1.10- 1.26 eV u

and hence has the potential to become a versatile solar energy material. There were also
reports on the use of SnS in the holographic-recording system3 and optoelectronic
devices.4 Recent interest in SnS thin film was due to the high in conversion effeciency of
about 25% obtainable from it in photovoltaic devices and also its availability, low cost,
less toxicity and stability.5 Tetragonally-structured SnS2 is one of the sulphur-rich
derivative of rhombohedrally-structured SnS. The n-type nature in the former and p-type
conduction exhibited by the latter is an interesting feature for the tin-base semiconducting
material technology in very near future.6'8

Much attention has been given on the bulk and single crystal properties of SnS and SnS2
so far. It is hence of prime importance in the interest of semiconductor material
technology to understand the basic thin film properties to promote versatile
electronic/optoelectronic devices. The studies of SnS thin films have been made by
Grozdanov et al.9 whom they investigated the effects of annealing on the chemically
prepared films. Annealing for 24 hours in air at 280°C results in change of type of
conductivity from p-type (SnS) to n-type (SnS2). Evaporated SnS thin films are normally
non-stoichiometric, i.e. access of either Sn or S atoms which leads to the formation of
higher derivatives of SnSi, Sn2S3 and S3S4 and are temperature dependent. Deraman et
al.1011 have successfully deposited SnS thin films at substrate temperature of 300°C, and
the measured optical band gap was found to be 1.07 eV.
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EXPERIMENTAL

Thermally evaporated SnS thin films were prepared from its granules (6N) onto cleaned
glass substrate at room temperature and at a pressure about 10"5 mbar. Two set of film
thicknesses were fixed at 71 nm and 400 nm using quartz crystal monitor and
ellipsometer during and after the evaporation, respectively. These were later confirmed
and further justified using a computer programme. The films were placed in a carbon
block (35 mm x 35 mm x 6 mm) which was mounted at the centre of electrically-heated
cylindrical tabular glass. Annealing process was carried out at pressure 10"' mbar under
the running argon gas at 310°C for 2, 6, 12 and 20 hours. The 400 nm films were studied
using a Philips PW 3710 X-ray diffractrometer in order to observe the compositional
changes occurring in the as prepared and annealed samples. The optical absorption
measurements were carried out on transparent samples of 71 nm thick, using a UV
Hitachi Spectrophotometer within the visible wavelength regions, and the absorption
coefficients were obtained using an expression given in equation (1).

RESULTS AND DISCUSSION

Figure 1 shows the X-ray diffraction spectrum of as deposited film (a) and annealed films
(b to d). It is clear that SnS composition becomes the predominant film in the former case
except the existence of (003) SnS2 peaks which are also detected in the latter case. Such
a behaviour is expected from the analysis of thicker films greater than 70 nm, probably by
the slow diffusion of sulphur atoms into the Sn atoms. Deraman et al.10 found weak
Sn2S3/ S n ^ peaks with stronger SnS peaks observed on 50 nm films. After 2 hours of
annealing at 310°C a detectable chemical change takes place; part of SnS
disproportionates to SnS2, resulting in a weak (001) peak. See Figure l(b). The samples
annealed for 6 hours give a clear (001) peak and an additional (100) peak on the X-ray
diffractogram (Figure l(c)), showing an increase of the SnS2/SnS ratio. Similar trend is
observed on the samples annealed for 12 hours (not shown in Figure 1). Further annealing
for 20 hours results in considerable amount of SnS2 composition, with more pronounce
detectable peaks of (001), (100), (101), (102) and (110) and the disappearance of SnS
composition. See Figure l(d). A longer period of annealing (attempted for 30 hours)
caused a considerable reduction of these peak intensities, probably the loss of Sn and S
atoms by prolong heating. The existence of most of the SnS2 peaks obtained in this
experiment predicts that, during annealing prefered orientation of the crystal along the
axes (a-, b- and c-axis) takes place. This result is different from those obtained earlier10

on chemically prepared SnS films where the dominant crystal orientation occurred along
the c-axis only. X-ray analysis of the annealed films is shown in Table 1.

The optical absorption, a varies with photon energy according to the curves shown in
Figure 2. For the as prepared films a increases in the range 0.8 - 8.0 x 105 cm"1 With an
increase of photon energy. Similar curves are observed for the annealed films but the
trend shifts to the right with slight reduction in the range of a (0.3 - 3.8 x 10s cm"1

annealed for 20 hrs.) due to compositional changes occurring in the films. These higher
values of a are expected to meet the prerequisite requirements for solar cell material
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which ensures effective light absorption into the film, and the results are in a good
agreement with those reported earlier.6 7

a is related to the intensities of light incident, I and light absorbed, Io ( > I ) to the film of
thickness, t given by

= Ioexp(-at) or a = -ln( — (1)

where T is the transmittance of the absorbed light (%) on the transmittance-wavelength
plot. Accordingly, for the as prepared films with known a and T in the range 0.5 - 47.8%
the calculated film thicknesses or so-called absorption thickness limits, ti vary from 7100
to 7380 nm. This means that, any SnS thin film deposited at thicknesses less than 7380
nm has the absorption amount fairly enough for solar energy conversion. t| for the
annealed films are tabulated in Table 1 as follows,

TABLE 1. Results of the calculated absorption thickness limits, ti and X-ray analysis

Measurement

Absorption thickness
limit (nm)

X-ray analysis
(SnS2 peak)

Annealed samples

2hrs

7083-7270

SnS/SnS2

(003), (001)

6 hrs

7025-7180

SnS2/SnS
(003), (001)
(100)

20 hrs

7000-7100

Mostly SnS2

(003), (001), (100)
(101), (102), (110)

CONCLUSIONS

The effects of annealing on evaporated SnS thin films is based on the X-ray analysis and
optical absorption measurements. It was found that, in the former case, annealing for 20
hours caused the transformation of orthorhombically-structured SnS into tetragonally-
structured SnS2, compared to a SnS/SnS2 mixture for shorter period of annealing (less
than 6 hours), with the expectation of crystal orientation occurring along all the three
axes. In the latter case, annealing caused the photon energy to increase its magnitude in
order to enable light absorbtion into the films, but the absorption coefficient remain
unchanged. In other word, extra energy is needed for light absorption into SnS2 films if
compared to the SnS films. These properties, together with the wider absorption thickness
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limits and ease of fabrication make SnS and SnS2 thin films the possible choices for solar
cell material in the near future.
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FIGURK 1. X-ray diffraction spectra of SnS thin films: a) SnS as prepared,
and annealed for b) 2 his., c) 6 Ins. and d) 20 iirs.
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FIGURE 2. Absorption coefficient, a of the as prepared and annealed SnS thin films


