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The present work deals with the study of the structural properties of the SniSy thin films deposited by
the closed-spaced vacuum co-evaporation (CSVCE) method. Calculation of temperature dependencies of the
sulfur and tin vapor pressures allows to estimate growth conditions of the films with the stoichiometric
composition. The effect of growth conditions on surface morphology and structural properties of SnxSy films
were studied. Surface morphology of obtained films was determined by the scanning electron microscope
(SEM-102E). Structural investigations of the films were performed with the X-ray diffraction (XRD) meth-
od. The analysis of chemical composition of the layers was carried out by the scanning electron microscope
by energy dispersive X-ray (EDAX) spectroscopy. Influence of the substrate temperature on chemical com-
position of thin films and their structural characteristics was also investigated.
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1. INTRODUCTION

The usage of solar energy is the progressive way to
overcome global energy crisis. Among widely known
modern methods of conversion of solar energy into elec-
tricity the photoelectric with the application of semi-
conductor solar cells (SC) based on heterojunction is
the most effective one [1].

A set of demands is placed on the base-layer materials
of highly effective thin films SC. Namely, optimal band
gap for converting solar energy E; = (1.0-1.5) eV, p-type
conductivity, substantial lifetime (z = 7.5:1077 sm2-V1)
and mobility of free carriers (u = 21 cm?2/V-s), also it
should be a direct band gap material with high photonic
absorption coefficient (~ 10° cm!) [2-4]. Such materials as
GaAs, CdTe, CulnSez (CIS), Culni-.GaxSez (CIGS) fulfill
above mentioned requirements. Unfortunately, these
compounds include rare (In, Ga) or toxic (Cd) elements,
this complicates use of their materials in creation of large
— scale terrestrial thin film solar cells [2].

This led to the search for new economic semiconduc-
tor materials for third generation SC [5]. Today SnS
could be considered as the perspective material for thin
film SC. This is presupposed by the fact that it fully
meets demands to highly effective SE, possess bang gap
E;=1.36 eV, and includes no toxic or rare elements [6].
Besides of that, the SnS, Sn2Ss and SnSz compounds
with different band gaps and conductivity type could be
formed within sulfur-tin system [7]. This gives an op-
portunity to create heterojunctions SC based on the, n -
SnSa/p - SnS [8].

Nevertheless today record efficiency of SnS based la-
boratory SC is only 2.46 % [9]. This is due to difficulties
in obtaining films SnS with optimized properties and
ineffectiveness of the construction of converters [10].

Properties of thin films Sn.Sy were studied in vari-
ous works [11-15]. Several different techniques have
been successfully employed in SnS thin films deposi-
tion, such as spray pyrolysis [5,16], chemical deposition
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[17], pulsed chemical vapor deposition (P-CVD) [18],
electrochemical deposition [19], pulsed electrochemical
deposition [20], atomic layers deposition [21], sulfuriza-
tion of Sn [22], thermal vacuum evaporation [3,6,11-
15,23-25], hot wall vacuum deposition method [7,12]. It
was showed that with the changing of the growth
method or growth parameters it is possible to obtain
both single-phase films SnS, Sn2Ss, SnSz and layers
including several phases.

In order to use SnxSy as a SC base layer it is neces-
sary to obtain thin films with controllable and prede-
fined optical and electrophysical characteristics, which
in their turn are defined by their crystal structure.
However, currently there are only few works dealing
with the study of the influence of growth conditions on
the phase composition and structural characteristics of
films, deposited by close-spaced vacuum co-evaporation

(CSVCE).

2. EXPERIMENTAL DETAILS

Thin films SnxSy were obtained on ultrasonically
cleaned glass substrates in vacuum chamber under
interstitial gas pressure not higher than 5:103 Pa. The
CSVCE was used as growth method due to necessity to
obtain films with small deviation from stoichiometry, in
conditions close to thermodynamic equilibrium. For
this purpose a system for co-evaporation of sulfur and
tin was created and approbated. This evaporation sys-
tem is presented at Fig.1.

The temperature of sulfur evaporator was Ts2 = 420
K and for tin - Tsn = 1190 K. Temperature of the sub-
strate Ts was changed within range from 573 to 732 K.
Deposition time was ¢ = 5 min. Thickness of the ob-
tained layers was estimated by the SEM from the
cross-section of samples.

Surface morphology of the films was investigated by
a scanning electron microscope (SEM-102E).
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Fig. 1 — Scheme and 3D model of the system closed-spaced
vacuum co-evaporation of sulfur and tin

The chemical composition of the films was estimat-
ed by X-ray radiation energy-dispersive analysis
(EDAX). Hereby calculation of concentration was per-
formed in at least 5 points on the sample’s surface with
the averaging of results. The following formula was
used to convert mass concentration to atomic concen-
tration:

C;(% mas)

n Ci(% mas)j
Al Y
(Z A

Ci (% at) = (1)

where A; — atomic weight of the i-element (As = 23.066;
Asn = 118.71), Ci — atomic and mass concentrations of
the i-element. To estimate the deviation from stoichi-
ometry, correlation Cs/Csn was used.

Structural analysis of the SniSy films was per-
formed by XRD. The samples were studied by the X-ray
diffractometer DRON 4-07 in the Ni-filtered Kq radia-
tion of a Cu anode in the range of diffraction angles 26
from 20° to 800.

Lattice constant of the materials of films was de-
fined with the use of well-known equation [26].

3. RESULTS AND DISCUSSION

The difficulty in obtaining films SnxSy with vacuum
methods could be explained by the incongruent dissoci-
ation of the compound during evaporation and great
difference in vapor pressure of components of the com-
pound Sn and S [27,28]. That is why to obtain SnxSy
thin films of a defined composition by vacuum evapora-
tion, it is very important to calculate the vapor pres-
sure of sulfur and tin. This gives possibility to estimate
optimal evaporation temperatures at which it is possi-
ble to obtain the material with the close to stoichiome-
try composition. Correspondent calculations were car-
ried out according to a standard formula [29]:

log P=A + BT @)

where P — pressure (Pa), A, B — constants (Sz2: A = 10.07,
B =4928.53; Sn: A = 6.036; B = —15710), T — tempera-
ture (K).

Correspondent coefficients A, B were taken from the
reference literature [29] or were calculated by approxi-
mation of the experimental data [30].
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Results of calculation of the pressure of sulfur and
tin at different evaporation temperatures are presented
at Fig. 2.
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Fig. 2 — The temperature dependence of the vapor pressure of
S2 and Sn on (the dotted lines show optimal temperatures,
which allow to obtain similar vapor pressure of the compo-
nents during their co-evaporation)

It was determined that, optimal temperatures for
sublimation of the components at the vapor pressure of
Sz and Sn P=0.1 Pa is Ts2 = 420 K and Tsn = 1190 K.
This temperature regimes were used to obtain SnxSy
films.

Surface morphology of the films, obtained at differ-
ent temperatures of the substrate, is presented at Fig.
3. SEM picture show that thin layers are polycrystal-
line and consist of platelet-shaped grains.
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Fig. 3 — SEM images of SniSy films, obtained at different T,
K: 573 (a), 623 (b), 673 (c), 723 (d)

Thickness of the grains was about 300 nm. It was
observed a tendency of increasing in size of platelet-
shaped crystals from 0.7 um to 4.2 pm with the increas-
ing of the temperature of the substrate from 573 K to
732 K.

Thickness of the SnxSy films was estimated from
SEM picture of the samples cross-section (Fig. 4) and it
was about d = 6 um.
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Fig. 4 — Typical cross-section of the film Sn.Sy obtained at T =
673 K

To define the influence of substrate temperature on
stoichiometry of the SnxSy films, obtained by closed-
spaced vacuum co-evaporation, their chemical composi-
tion was investigated by X-ray microanalysis. The
EDAX spectrums of the samples are shown at Fig. 5.
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Fig. 5 —-EDAX spectrum of the SniSy films, obtained at differ-
ent substrate temperatures Ts, K: 573 (a), 623 (b), 673 (c), 723
(G

The Fig. 5 shows that at the spectrum there are on-
ly lines of components of the compound. The lines from
uncontrolled impurities were not observed. Analysis of
the films showed homogenous composition on the whole
surface. To define stoichiometry of the films mass con-
centrations of components were converted into atomic
ones and there ration was calculated. Results of the
calculation are presented in Table 1.

As the results of the investigation of film composi-
tion by EDAX method (Fig. 6) proved, these films in
general are slightly tin-rich. Hereby with the change of
substrate temperature, composition of films was chang-
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ing within the limits y = Cs/Csn = 1.03 — 1.41. It was
determined that stoichiometry of films was becoming
better when condensation conditions were close to
thermodynamic equilibrium. The most stoichiometric
samples y= Csn/Cs= 0.96 were obtained at 75 =573 K .

Table 1 — Stoichiometry of the SnxSy films

Ts, mas.% mas. at. % at.% Csn/Cs | Cs/Cs
K S % Sn S Sn n
573 21.85 78.15 50.86 49.13 0.96 1.03
623 19.79 80.21 47.73 52.26 1.09 0.91
673 21.8 78.20 50.78 49.21 0.96 1.03
723 27.59 72.41 58.51 41.48 0.70 1.41
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Fig. 6 — Influence of the substrate temperature on the com-
position of films

The X-ray patterns of the SnxSy films deposited at
different substrate temperature presented on Fig. 7.
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Fig.7 — XRD patterns of the films obtained at different
substrate temperature

At XRD patterns a range of peaks, which were iden-
tified by us as returns from crystallographic planes
(103), (011), (111), (112) and other orthorhombic phase
were observed. Positions of this peaks coincides with
the JCPDS data for Sn2Ss (card Ne 75-2183), that is not
fully understandable, as according to EDAX, correla-
tion of atomic concentrations of tin and sulfur is about
1, that corresponds to compound SnS. Calculated pa-
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rameters of the crystal lattice of the material made up
a =0.88741 — 0.89129 pm, b = 0.37525-0.37568 pm, ¢ =
1.40209-1.40948 pm.

As XRD analysis show, with the increase of sub-
strate temperature, peaks (210), (211), (212), (314) in-
crease their intensity. That proves the change of the
quality of samples texture.

4. CONCLUSION

1. The work deals with creation and approbation of
the system for deposition SnxSy films by closed-spaced
vacuum co-evaporation of elements of a compound. Cal-
culated vapor pressures and evaporation temperatures
of sulfur and tin allows to provide deposition of thin
layers of stoichiometric composition.

2. Analysis of surface morphology and structure of
deposited films depending on the substrate tempera-
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