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Abstract. The effects of dielectric polarization and photoconductivity have been 
studied in the wide gap vitreous semiconductor As2S3 by He- Ne laser radiation. 
Relaxation time has been determined and it is a function of defects of levels. 
Schematic representation of the density of states in As2S3 has been proposed. 

1. Introduction 

The compounds As2S3, As2Se3 and As2 Te3 are very interesting from scientific and 
practical point of view [ 1]; they can be used as a model in investigating the structure 
and properties of vitreous glasses with more complex composition. On the other hand 
they are a component of new complex vitreous semiconductor systems, having great 
practical application in the recent years. 

It is well-known, that recently the amorphous semiconductors have been studied 
intensively [2, 3), but the mechanism ofphotoinduced processes (physical and chemical 
phenomena under radiation, such as photoconductivity, luminescence, optical record, 
etc.) and the mechanism of photostructural changes (short-range order, defects etc.) 
have not been investigated sufficiently [ 4]. 

In the present paper we investigate the effects of dielectric polarization and photo
conductivity in As2S3 by He- Ne laser radiation. As2S3 is a wide gap vitreous semicon
ductor (Eg = 2.32 eV) with high dark resistivity (p = 10 D.cm). It is a very convenient 
medium for appearing effects of electrical polarization and depolarization. 

2. Experiment 

The samples were prepared by melting the elements As and S of semiconductor purity 
in stoichiomatic correlation [5]. The syntheses were carried out in evacuated quartz 
ampules at a definite temperature regime. These ampules were placed in a ve1iical 
swinging furnace with a power of 2 kW. This furnace has a device which allows a 135 
bending around the horizontal axis for 2 minutes. The swinging furnace has ensured the 
homogeneity of the melt. The regimes of synthesis were chosen. The temperature of 
the furnace was increased gradually up to 550 °C at a speed not higher than 150 K/ h. 
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The temperature was kept for an hour. Then the temperature was increased up to 700 -
800 °C at the same speed. The ampule was left for 10- 20 hours at this temperature. 
After that the ampule was taken out of the furnace and cooled by quenching in the 
air. The samples - plates 0.5-1 mm thick, with an area of 2-3 cm2 were polished. 
(Then metal electrodes were evaporated.) The samples were subjected to He- Ne laser 
radiation with a wave length 632.8 nm and energy 1.96 eV, power 25 mW and 3 mm 
diameter of the spot. The currents of polarization and photoconductivity were measured 
by a schwing-capacitor-electrometer VA-1-51. All measurements were carried out at 
room temperature. The applied electric intensity was approximately 10 V / m. 

3. Results 

After the application of.an electric field across the sample the current decreases grad
ually to a stationary saturated value Is (polarization current). Then the sample is sub
jected to He-Ne laser radiation and the current increases (photoconductivity). When 
irradiation is switched off the current decreases. After about 20-30 minutes the sample 
is grounded and a depolarization current flows in the opposite direction. 
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Fig. 1. Time dependence of current, respectively, curve l - polarization current, 
curve 2 and 3 - relaxation curve of photoconductivity, curve 4 - depolarization 
CUITent 

The time dependence of the polarization current, relaxation curves of photoconduc
tivity and depolarization current are shown in Fig. 1. The number of curves corresponds 
to: curve I - the polarization current, curve 2 and 3 - the relaxation curve of photo
conductivity, curve 4 - the depolarization current. 

The investigation shows the following: 
1. The photoconductivity current increases to a saturated value of different time 

depending on light intensity (from 20 s to 180 s corresponding to a light intensity from 
4.88 x 1020 to 5.37 x 1020 photons/ (m2 .s) (Fig. 2). 
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Fig. 2. Time dependence of the relaxation curve of photo
conducti vity depending on light intensity 
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Fig. 3. Time dependence of the 
exponential decay photoconduc
tivity curve In(! - Is) = f(t) 

2. The two-photon photoconductivity occurs at a light intensity of 2 x l 020 

photons/(m2.s) [7]. 

3. The time for decay of photoconductivity is independent from the light intensity 
(Fig. 2). 

4. The time dependence of decay photoconductivity curve (Fig. 3) may be presented 
as the sum of two exponents with relaxation time t 1 and t 2. 

t t 
I(t) = Io1 exp - + Io2 exp - +Is 

T1 T2 
(1) 

where I 01 and Io2 are the current at moment t = 0, Is - the saturation current. 

Different samples have been measured. The calculations on the basis of the least 
square method gave the following values of the parameters: 

T1=(6±l)s 

T2 = (92 ± 5) S 

Io1 = (1.6 ± 0.1) pA 

Io2 = (1.0 ± 0.1) pA. 
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4. Discussion 

The effects of electrical polarization and depolarization are observed in some wide 
ba.ndgap crystalline semiconductors, which grow with vacancies and other structural 
defects. They act like traps on free can-iers in these materials. The trapped carriers 
create a localized space charge, which may alter considerably the distribution of the 
electric field in these crystals. 

It is known [2, 3] that the energy gap in crystalline semiconductors is a gap between 
extremities in the density while in an amorphous solid it is really a gap between ex
tremities in the density and in an amorphous solid it is really a gap between "mobilities 
edges". The electronic states are perturbed at the band edges in the amorphous semi
conductors, particularly the chalcogenide glass when prepared in bulk form by cooling 
a melt. The density of states fem1inates in the gap and fonns the tails of localized 
states at the bonding (v~lence) states - (Es-Ev) and anti-bonding (conduction) states 
- (Ee-EA)· These tails a.re due to the absence of long-range order. The states between 
EA and Es deep into the band are due to structural defects (dangling bond, defects of 
chemical bond, etc.) [6]. In our case they are defect of the chemical bond, respectively, 
sulphur - ct, C! and arsenic - Pt, P2. Fig. 4 shows schematically energy depen-
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Fig. 4. Schematic representation of energy dependence of the electronic density of states N(E) 
in As2 S3 [I 0, 11]. Ev - the valence band, Ee - the conduction band, EF - Fermi level 
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dence of the electronic density of states N(E) in As2S3 [10, II]. By analyzing the 
decay photoconductivity curve we found two relaxation times T1 and T2. We propose 
that these relaxation times can be connected with the presence of two types of traps 
with different energetic positions in the band gap, respectively, Pt, ct (see Fig. 4). 
An approximate evaluation of the energetic position of the traps can be obtained from 
the formula [8] 

g Ea - E1 
Ti = vuNe exp kT 

where E 1 is the energetic position of traps in bandgap, g - the statistical weight of 
traps, v - the thennal velocity of free electron, u - the cross section of trapping, Ne -

the density of states in conduction band. For a semi-isolating material 9,.., = 10-11 

VU He 
[9]. At kT = 0.025 eV the following values of the energetic position of the traps were 
obtained: 
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