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Amorphous antimony trisulfide films were deposited on glass using thermal vacuum
evaporation technique at substrate temperatures Ts = 300 K. The films were annealed in air at
atemperature of 500 K for 30 minutes. The structure and chemica composition of films were
determined by X-ray and eectron microscopy investigations. The films are composed of an
amorphous structure that includes nanocrystallites of antimony trioxide. The amorphous as-
deposited films transform into polycrystalline films during trestment above 500 K. Absorption
coefficients of the films were determined using spectrophotometric measurements of the
transmittance, T, a normal incidence in the spectrd range 460-1400 nm. The optica
properties of amorphous film differ substantialy from those of polycrysta line films, after heat
trestment the direct energy band gap decreases from 2.46 eV to 2.40 eV and the indirect band
gap from 1.64 eV to 1.20 eV, respectively.
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1. Introduction

Antimony trisulfide, Sh,S;, has been the subject of intense work because of its diverse
applications in the target materials for tdevision cameras [1], microwave devices [2], switching
devices [3] and various optod ectronic devices [4-6].

Various methods such as vacuum evaporation; sintering and precipitate, dectrodeposition and
chemica methods have been employed to prepare Sh,S; thin and thick films [7-13]. From the
methods used for the preparation of antimony trisulfide thin films, the therma vacuum evaporation is
often preferred because it offers large possibilities to modify the deposition condition and so to obtain
films with determined structure and physical properties.

Post deposition annealing in air changes the optical and dectrica properties of the deposition
thin films due to the changesin their structure [14].

The objective of this paper was to study the effect of annealing in air a a temperature above
crystallization on the structural and optical properties of amorphous antimony trisulfide thin films.

2. Experimental

Thin films of Sh,S; were prepared by thermal vacuum evaporation at about 5x107 torr, from
ingot powder of 99,99 % purity on glass substrates [15]. For investigating the thermal annealing, we
have chosen the thin film deposited at substrate temperatures Ts = 300 K. The thickness of the
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antimony trisulfide film (d = 400 nm) was determined by an interferometric method (multiple-beam
Fizeau fringe method [16]), using an MII-4 type microscope. The post—deposition heat trestment was
carried out in air for 30 minutes at temperatures T, = 500 K.

The structure of the thin films, before and after the heat treatment, was examined by X-ray
diffraction technique using a Dron 3 diffractometer with CuK, radiation (A=1.5418 A) and dectron
mi croscopy investigations. A transmission dectron microscope (Philips CM 120), operating at 100
kV with a cdibrated resolution 4 A, was used for the microstructure study

The optical data were derived from the optical transmission spectra measured by doubl e-beam
spectrophotometer (Specord UV-VIS M-40). The films were measured in the spectra range from 400
to 1400 nm at room temperature.

3. Results and discussion

The X-ray diffraction measurements (XRD), obtained for 28 scans between 20° and 60°, has
been made on Sh,S; thin films deposited onto glass at substrate temperatures T<=300 K, in order to
obtain their structure. The X-ray diffractogram obtained for Sh,S; compasition in a powder formis
represented in Fig. 1.

Caeful andysis of X-ray diffraction pattern indicates the polycrystaline nature of the
orthorhombi ¢ structure phase with lattice parameter a=1.127 nm, b=1.129 nm and ¢=0.384 nm. These
values arein agreement with that reported by Salem et al [8] and by Desai et d [9].
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Fig. 1. X-ray diffraction pattern of Sb,S; in apowder form.

Fig. 2 illustrates that the typical X-ray diffractograms of the as-deposited Sh,S; thin films of
thickness 400 nm are amorphous (curve a), while those annealed in air for 30 minutes & T, = 500 K
become poal ycrystalline (curve b). This last fact is proved by the appearance of diffraction peaks at 20
of about 28°, 32°, 55° and 59°, witch correspond to diffraction from (211), (221), (132) and (242)
planes of Sh,S; orthorhombic unit cel (a=1.127 nm, b=1.129 nm and ¢=0.384 nm). Other small peaks
that appeared in the diffraction patterns of the annealed films (Fig. 2, curve b) indicate a partia
oxidation of the samples, as it was to be expected. Thus, after the thermal treatment, the samples
contain a mixture of Sh,S; and Sh,0s. Wenoticein Fig. 2 (b) asmall peak at 26=35° corresponding to
diffraction on the (331) planes of the cubic crystalline structure of Sb,Os. Also in Fig. 2b there are a
peaks at 20=46° that also bel ong to the antimony oxide, witch correspond to diffraction from the (440)
planes of cubic unit cdl of Sh,0Os. The computed lattice parameter of cubic unit cdl of Sb,0O; is
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a=11.16 A [17]. It appears that the preferred orientation of such grown polycrystalline films is (211),
which is paralld to the substrate plane. The interplanar spacing values (di) were calculated and are
givenin Table 1.
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Fig. 2. X-ray diffraction pattern of Sb,S; thin film before and after heat treatment.

Table 1. The interplanar spacing values (dy) of heat annealed Sb,S; thin film.

hkl d1k| (nm) |/|0
(211) S5, 0.323 100
(221) Sb,Ss 0.277 22
(331) Sh,0; 0.255 12
(440) Sb,0, 0.197 25
(132) Sb,S, 0.166 18
(242) S0,S, 0.154 11

The same results were obtained by dectron diffraction studies of Sh,S; films to check the
polycrystalline nature of films after heat treatment. Fig. 3(a) and (3b) shows the transmission dectron
micrographs (TEM) and the corresponding sd ected area eectron diffraction patterns for Sh,S; thin
films, before and after heat treatment, respectivey.

@

Fig. 3. Transmission el ectron micrograph of Sh,S; thin films: (a) as-deposited (b) annealed.
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The scanning eectron micrographs (SEM) showed amorphous featurdess structure for as-
deposited films at Ts = 300 K as seen in Fig. 4(a). The as-deposition films are composed of an
amorphous structure that includes nanocrystallites of antimony trioxide. The polycrystalline structure
is clear in the micrograph of anneded films a To = 500 K in Fig. 4(b). This micrograph show
randomly distributed particles on the film surface. The grain sizeis determined to be 1.05 pum.

(b)
Fig. 4. Scanning el ectron micrographs of Sb,S; thin films: (8) as-deposited (b) annealed.

The optical properties of the Sh,S; thin films are aso influenced by the therma treatment. In
Fig. 5 the transmission spectra in the waveength range 460-1400 nm for thin films deposited at
substrate temperature Ts = 300 K, before and after therma treatment, are presented. The presence of
the maxima and minima of the transmission spectrum for the as-deposited films indicates that the
films are thin pdlicles with plane-paralle surfaces. As it can be seen, after the therma treatment, the
films transmittance decreases. We consider that the lower transmittance of the heat-annealed films is
due primarily to the increased of the crystalite size. Also, the increased roughness of the heat-
anneal ed thin films plays an important part in the drastic decrease of optical transmittance. Thisis due
to the destructive interference of the light transmitted through the high and irregular grains of the
sampl es that form nonlevdled surfaces.
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Fig. 5. The dependence of transmittance of Sh,S; thin films on the wavel ength.
The dependence of the absorption coefficient,a, of the photon energy isimportant in studying

energy band structure and the type of transition of the eectrons. The absorption coefficient, a, was
estimated by the transmittance data, using the Swanepod’s method [18] (Fig. 6). In the high photon
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energy region, the energy dependence of the absorption coefficient (o = 10° cm?) suggests the
occurrence of direct dectron transitions. Namdy, the great value the absorption coefficient in the
range of 2.25 —2.70 eV is due to optical excitations across the direct interband transitions. On the
other side, in the range 1-2.25 eV the absorption coefficient indicates indirect interband transitions,
and it issmaler compared with the absorption coefficient which is due direct interband transitions.
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Fig. 6. The dependence of absorption coefficient (a) on photon energy (hi).

In order to determine the optical band gap of the semiconductor the following dependence of
o on the photon energy equation [19] is used:

(ahv)=B(hv-E4)" (1)

where B is a parameter that depend on the transmission probability, Eq is the band gap energy, a isthe
absorption coefficient and nis an index that can assume values of (1/2, 2) depending on the nature of
the e ectronic transitions.

For the direct allowed transitions, n has a value of 1/2 and, using a graphic presentation
(ahv)? = f(hv) (Fig. 7) on theintercept of the straight part of the curves with the hi-axis, the optical
band gap of Sh,S; films was estimated. From Fig. 7 we obtain the values for the optica band gap of
2.47 eV and 2.40 eV for as-deposited films and heat anneal ed film, respectivey.

In the theory of indirect interband transitions assisted by phonons, the absorption coefficient
can be expressed as [20]:

a=ay +0=Bs(hv —Eg +Epy ) + Ban(hv —Eg —Epy )? @)

where Ep, is the phonon energy and the parameters Ba,s and Bey, correspond to the absorption and
emission of a phonon, respectively.

The optical band gap of Sh,S; films for indirect transitions was estimated from the intercept
of the straight part of the curves with hi-axis using a graphic presentation of dependence of (ahv)* 2

of photon energy (Fig. 8). A great decrease in the indirect optical band gap from 1.64 eV
corresponding of as-deposited filmsto 1.20 eV for anneal ed films was observed in Fig. 8.
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Fig.7. The dependence of (ahv)2 on the photon energy (hv).
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Fig. 8. The dependence of (ah V)l/ 2 onthe photon energy (hv).

5. Conclusions

The vacuum evaporation method enabled us to deposit amorphous Sh,S; thin films. Both X-
ray and e ectron microscopy studies indicate a complex structure of the films. The as-deposited films
are composed of amorphous matrix that includes nanocrystalites of Sh,S;. The amorphous
as-deposited films transform into polycrystalline films during thermal treatment in air at 500 K for
30 minutes.

The calculated optical constants of the Sh,S; thin films indicate that both direct and indirect
optical trangitions are present. The optical energy band gap due to the direct transitions shows a
dlightly decreases from 2.46 €V to 2.40 eV after heat treatment. The energy band gap of the existing
alowed indirect optical transitions in amorphous Sh,S; films is found to be 1.64 eV and it is
decreased to 1.20 eV for polycrystdline films.
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