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Due to the broad spectrum of photo-induced phenomena, chalcogenide 

vitreous semiconductors are widely applied as the media for information 

recording and fabrication of surface relief structures. In the present report we 

have adduced the results of investigations of the laser illumination and 

annealing influence on the Raman and transmission spectra and, respectively, 

on the structure and optical parameters of As40-xSbxS60  (x=0, 0.8, 1.6, 4, 6) 

amorphous films.  

Thin As-Sb-S films were obtained by vacuum evaporation of the 

glasses of corresponding compositions from quasiclosed effusion cells onto 

cold (293 K) silica substrates. The films thickness was ~ 1µm. Uniform 

thickness of layers was provided by planetary rotation of substrates. 

Unfocused illumination of semiconductor laser (λ=530 nm, P=100 mW) was 

used for exposure of films. Investigation of transmission spectra of films was 

carried out by means of "МДР - 23" spectrometer in the wavelength region of 

450-800 nm at T=300 K. Raman spectra were measured at T=300 K using the 

spectrometer Renishaw System 1000 and diode laser (λ=785 nm).  

The investigations have shown that with growing of antimony content 

in the composition of films, at laser illumination and annealing, absorption 

edge of films is shifting into longwave region testifying to decrease of their 

pseudoforbidden gap width (Eg). Refractive index n in this case is increasing 

(Table). The walues of Eg and n (at λ=700nm) were determined by the 

methods described in [1]. In this table ΔE, ΔEg and Δn are absorption edge 

shift, chahges in Eg and n, respectively, after the illumination for 1 min.  

We note that the largest absorption edge shift and changes in Eg  and n 

are observed at small irradiation times. The levels of photoinduced changes in 

the given parameters of films essentially decrease, as the light-striking 

duration increases. It is shown, that under the same conditions of illumination 

and annealing, the largest changes in optical parameters occur in the films 

with х=4. The level of photoinduced changes in optical parameters of the 

annealed films is lower than for the as-prepared ones. It is shown, that in the 

transparent region (λ>600 nm) for the studied films the refractive index 

dispersion is well described within the single-oscillator model [2]. 
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Table. Optical parameters of films and their changes under illumination 
Composition ΔE(eV) Eg(eV) ΔEg(eV) n Δn 

As40S60 

As39.2Sb0.8S60 

As38.4Sb1.6S60 

As36Sb4S60 

As34Sb6S60 

0.018 

0.047 

0.057 

0.098 

0.076 

2.376 

2.354 

2.349 

2.334 

2.324 

0.025 

0.046 

0.040 

0.070 

0.048 

2.270 

2.275 

2.284 

2.366 

2.442 

0.029 

0.048 

0.032 

0.064 

0.054 

 

The parameters of this model (oscillator energy E0, dispersion energy 

Ed and effective coordination number per cation Nc) for as-prepared, 

illuminated for 1 min. (І), annealed at 423 K for 1 hour (ІІ) and illuminated (1 

min.) after annealing (ІІІ) As40-xSbxS60  films are calculated. It is seen that the 

laser illumination and annealing of films lead to a slight decrease in E0 and 

increase Ed and Nc. For As36Sb4S60 film we get the following values of these 

parameters:  

E0
 
=4.70 eV, Ed=18.81 eV, Nc=2.67; 

E0(І)=4.56 eV, Ed(І)=20.2 eV, Nc(І)=2.88; 

E0(ІІ)=4.64 eV, Ed(ІІ)=19.87 eV, Nc(ІІ)=2.83; 

E0(ІІІ)=4.60 eV, Ed(ІІІ)=20.57 eV, Nc(ІІІ)=2.93. 

For other films the values of these parameters and the character of their 

changes are similar.  

Changes in optical characteristic and parameters films (ΔE, Eg, n, E0, 

Ed, Nc) are caused by structural transformations, which occur at laser 

illumination and annealing.  

The analysis of Raman spectra showed, that the matrix of as-prepared 

As40-xSbxS60  films, like the matrix of glasses of the corresponding 

compositions, is mainly constructed of pyramidal units As(Sb)S3, but 

structural groups with homopolar bonds As-As and S-S are present in a large 

amount. We revealed no structural groups with Sb-Sb bonds. After 

illumination and annealing the matrices of films contain a much less number 

of structural fragments with homopolar bonds. The increase of coordination 

numbers at the illumination and annealing of films is caused by the 

polymerization of molecular groups with As-As and S-S bonds and by the 

ordering of their structural network.  

The mechanism of structural transformations in As-Sb-S amorphous 

films under the illumination and annealing is discussed. 
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