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Tin selenide thin films prepared
through combination of chemical precipitation
and vacuum evaporation technique
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Tin selenide thin films were prepared through combination of chemical precipitation and vacuum
evaporation technique. The vacuum deposition was carried out using different quantities of the starting
material. The differences in the structural and compositional properties of the films deposited were stud-
ied. The films were characterised using various techniques such as X-ray diffractometry, scanning
electron microscope and energy dispersive analysis of X-ray. Photoactivity of the samples was studied
using the linear sweep voltammetry. The films were found to be p-type semiconductors. The optical
bandgap energy was found to be indirect and equal to £, = 1.25 eV.
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1. Introduction

The search for thin-film materials for solar energy conversion and other related
applications has been recently identified. It is not surprising now that a lot of effort
has been geared towards metal chalcogenides as this class of materials had shown
somewhat superior performance when compared to others [1, 2]. The synthesis and
characterisation of metal chalcogenides via different techniques have attracted con-
siderable attention due to their application prospects. These compounds are also
reported to be used as sensor and laser materials, thin films polarizers and thermoe-
lectric cooling materials [1, 2]. They are usually prepared through electrochemical
and chemical deposition method and are quite attractive for designing systems for
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electro-optics and photoelectrochemical (PEC) solar cells. Improvements in process
reproducibility laid the groundwork for introducing a new product, which is com-
posed of several innovative materials and methods. These metal chalcogenides have
been prepared in the form of thin films by various researchers.

A considerable attention has also been given by various researchers to the prepa-
ration techniques of tin selenide (SnSe) thin films. Among the methods used are
chemical bath deposition [3], vacuum evaporation, chemical vapour deposition [4—12]
and electrodeposition [13, 14]. SnSe is a narrow band gap binary IV—VI semiconduc-
tor displaying a variety of applications such as an essential material in photoelectro-
chemical solar cells to suppress the photocorrosion and to enhance the fill factor in
electrical switches and in junction devices [12]. Because of their anisotropic charac-
ter, tin chalcogenides are attractive layered compounds, and can be used as cathode
materials in lithium intercalation batteries [15]. The indirect character of the bandgap of
SnSe is a common property of IV—VI compounds and has been confirmed by band struc-
ture calculations for SnSe [16]. It has orthorhombic crystal structure with layers stacked
along the c axis and ¢ =4.30 A, »=4.05 A and ¢ = 11.62 A [17]. Motivated by the poten-
tial applications of tin chalcogenides, investigations of these compounds are becoming
particularly active in the field of materials chemistry. The studies comprise spectroscopy,
sensing properties and electronic structure of SnSe compounds [18]. In the present work,
we have prepared SnSe thin films through vacuum evaporation. The SnSe source for the
evaporation was obtained through chemical precipitation technique.

2. Experimental

SnSe powder was obtained by the chemical synthesis. The desired amount of ele-
mental selenium was dissolved in 5.6 M NaOH solution and stirred rapidly for 20 min.
Upon complete dissolution of elemental Se, the Sn solution complexed with EDTA was
added and the stirring process was maintained for almost 15 min. Black precipitate
(SnSe) obtained was filtered and washed with distilled water and dried in oven for 6 h.
The required amount of the SnSe powder was used as the source for the vacuum evapo-
ration system to obtain two samples of SnSe films with different thicknesses.

Thin films of SnSe were deposited using the synthesised powder in an Edwards
Auto 306 Vacuum Coating Unit. Indium-doped tin oxide (ITO) glass was used as the
substrate. The substrates were cleaned ultrasonically in ethanol and distilled water
before the deposition process. The vacuum was kept at 8x10~ mbar. SnSe powder
was evaporated from a tungsten filament onto the ITO glass substrate to form the
semiconductor layer. The source-to-substrate distance was maintained at 15 ¢cm. The
films were found to be uniform, free of pinholes and adhered well to the ITO glass
substrate, their thicknesses amounted to 10 and 22 um.

X-ray diffraction (XRD) analysis was carried out using a Siemens D-5000 Dif-
fractometer for the 26 ranging from 2° to 60° with CuK, line used as a beam (1 =
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1.5418 A). Scanning electron microscopy (SEM) and energy dispersive analysis of X-
ray (EDX) was performed on a JEOL JSM 6400 Scanning Microscope. Optical ab-
sorption study was carried out using the Perkin Elmer UV/Vis Lambda 20
Spectrophotometer. The film-coated ITO glass was placed across the sample radiation
pathway while an uncoated ITO glass was put across the reference path. From the
analyses of the absorption spectra the band gap energy E, was determined. The ellip-
sometry technique was used to determine the thickness of the films using an ELX-02C
Ellipsometer.

Photoelectrochemical (PEC) experiments were performed in the [Fe(CN)g]™
/[Fe(CN)e]" redox system, by running linear sweep voltammetry (LSV) between —
0.4 V and —1.0 V. The electrolytes were prepared using analytical grade reagents and
deionised distilled water. An EG&G Princeton Applied Research potentiostat driven
by a software model 270 Electrochemical Analysis System was used to control the
LSV process and to monitor the current and voltage profiles in a conventional three-
electrode cell. Ag/AgCl was used as the reference electrode. The working and counter
electrodes were made of SnSe coated ITO glass substrate and platinum, respectively.
The counter electrode was polished prior to the insertion into the electrolyte cell.
A tungsten-halogen lamp (100 W) was used for illuminating the electrode.

3. Results and discussion

The XRD of the SnSe powder obtained from the chemical precipitation technique
is shown in Fig. 1. The peaks in the pattern indicate the formation of the orthorhombic
phase of SnSe. The results are well matched with the standard JCPDS values (File
No. 32-1382) for SnSe (Table 1). No peaks corresponding to Se in the XRD pattern
are seen. This indicates that the sample powder contains no elemental Se.

Table 1. XRD data of SnSe powder

d(A)
26 (deg) Values JCPDS values
obtained | (File No. 32-1382)
252 333 3.52
293 3.04 3.05
30.2 2.94 2.94
31.0 2.90 2.90
375 2.39 2.38
43.0 2.09 2.09
493 1.84 1.83
53.9 1.69 1.68
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Fig. 1 X-ray diffraction spectrum of SnSe powder
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Fig. 2 X-ray diffraction spectrum of SnSe thin films

with different thicknesses: a) 0.10 um, b) 0.22 um
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The XRD patterns of vacuum-deposited SnSe thin films having thickness 0.10 um
and 0.22 um are shown in Fig. 2a, b, respectively. The broad peak appearing at low
angle is due to the glass substrate itself. The observation of X-ray peaks in both SnSe
thin films indicates that the vacuum-deposited films are polycrystalline. The intensi-
ties of the signals are rather weak due to the thin film nature of the samples. Table 2
lists the observed d-values for SnSe thin films in comparison with the JCPDS stan-
dard data (File No. 32-1382). The observed d-values are in a good agreement with the
standard values for the orthorhombic structure of SnSe. The strongest peak for both
films occurred at 26= 30.3° with d = 2.95 A (corresponding to the (111) reflection). It
indicates that the preferred orientation lies along the (111) direction for vacuum de-
posited SnSe thin films.

Table 2. XRD data of SnSe films

Thickness | 26 d(A) d (A) standard i
(um) (deg) | measured (File No. 32-1382)

21.3 4.16 4.15 101

0.10 24.7 3.60 3.52 201

30.2 2.95 2.95 111

25.1 3.54 3.52 201

27.7 3.31 3.37 210

29.3 3.04 3.05 011

022 30.3 2.95 2.95 111

42.8 2.11 2.10 020

452 2.00 2.03 501

50.6 1.80 1.80 221

The dominant orientation in the (111) plane has also been reported by other re-
searchers for the SnSe thin films deposited by vacuum deposition [12, 17, 19, 20] and
electrochemical deposition [4, 13, 21]. As expected, the crystallinity of the thicker
film is better and more X-ray peaks are observed. The intensity of the (111) peak
shows a significant increase as the thickness of the SnSe film increases. The crystal-
lite sizes (grain diameter) D of the deposits were determined using the Scherrer’s
formula [17]:

Do KA
wcosf

where A is the wavelength of X-rays, & the Bragg angle and o the full width at a half
maximum (in radians). K varies with (4k/) and crystallite shape but usually is nearly
equal to 1. The grain size increased from 14.3 nm to 15.0 nm when the thickness of
the film was increased (see Table 3).
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Table 3. Grain size in SnSe thin films

Thickness Grain size
Peak
(um) (nm)
0.10 111 14.3
0.22 111 15.0

Figure 3 shows the SEM micrographs of SnSe films. The thinner films exhibit
growth of small grains distributed across the surface of the substrate. To have a visual
reference on the two films and to be able to compare them, a small portion of the sub-
strate surface containing the thicker film was cleaned with HNO;. This portion of the
surface is marked with ‘X’ in Fig. 3b. This reveals the thicker surface coverage of the
SnSe onto the substrate in the latter film. The micrographs of these films indicate
uniform surface coverage and smooth SnSe texture. The EDX analysis indicates the
Sn to Se ratio to be 0.9, which is almost at the stoichiometry level.

a) b)

Fig. 3. SEM micrographs of SnSe prepared at different thickness: (a) 0.10 pm (b) 0.22 pm

The band-gap energy and transition type was derived from mathematical treatment
of the data obtained from the optical absorbance vs. wavelength with the following
relationship for near-edge absorption:

k(pv—E, )"
hv

where v is the frequency, 4 is the Planck’s constant, & equals a constant while » car-
ries the value of either 1 or 4. Figure 4 shows the absorbance spectra of the films of
different thicknesses. It is clear that the thicker film has a higher absorption. This
could be due to more SnSe material deposited onto the surface of the substrate. The
band gap £, could be obtained from a straight line plot of (4% vy as a function of hv:
an extrapolation of the value of (441)”" to zero, will give E,. If a straight line graph is
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obtained for » = 1, it indicates a direct electron transition between the states of the semi-
conductor, whereas the transition is indirect if a straight line graph is obtained for # = 4.
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Fig. 4. Optical absorbance vs. wavelength spectrum
for SnSe films. Thickness: a) 0.22 pm, b) 0.10 pm

A linear trend is apparent where » in the relationship (1) equals 4. The straight-
line behaviour in Fig. 5 testifies an indirect transition of the band structure. The line
segments required to by pass the energy of the gap lies at about 1.25 eV for the SnSe
film. A similar band-gap value has also been reported by other researchers for vacuum
evaporated SnSe films [6, 17, 19, 20].
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Fig. 5. Plot of (4hv)*" vs. hvin an SnSe film with n = 4

Figure 6 shows the difference between the photocurrent 7, and the dark current 7,
for the two films when illuminated with a tungsten-halogen lamp (100 W). An in-
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crease in the current could be observed for the both samples, which was employed as
a cathode in the electrochemical cell as the potential is swept to more negative region.
A comparison between the two samples indicates an increase in the photoresponse for
the thicker film. The reason for the increase in the photoresponse could be explained
in term of the grain size. As the grain size increases from 14.3 to 15.0 nm, the grain
boundaries are reduced. The boundaries are known to act as recombination centres for
minority carriers and trapping centres for majority carriers.
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Fig. 6. Comparison of photosensitivity of the samples. Thickness (a) 0.22 um (b) 0.10 um

The dependence shown in Fig. 6 confirms that the films possess semiconducting
behaviour. The fact that the photocurrent occur on the negative (cathode) potential
indicates that the films prepared are of the p-type and they can be deployed as photo
cathode in the photoelectrochemical cell application to facilitate a reduction reaction
of the electro active species in the solution.

4. Conclusion

Clear, transparent SnSe films with different thickness could conveniently be pre-
pared by combination of chemical precipitation and vacuum evaporation technique.
The SnSe powder preparation method is less tedious than the previously used solid-
state method [6, 17, 19, 20]. The preferred orientation of the crystallites lies along the
(111) direction. The thicker SnSe film exhibits a higher photoactivity. The band gap
was found to be indirect and equal to 1.25 eV.
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