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Abstract

E�ect of electron-induced anisotropy was observed in glassy As2S3-based samples irradiated by accelerated electrons

(E� 2.8 MeV) in the perpendicular plane to the probe light. Spectral and compositional dependences of this e�ect and

its time stability at room temperature were discussed. It was supposed that the microstructural mechanism of the

anisotropy e�ect was connected with electron-induced formation of new oriented (relatively to the electron ¯ow) defects

in the form of broken chemical bonds. Ó 2000 Elsevier Science B.V. All rights reserved.

PACS: 71.55Jv

Keywords: Electron irradiation; Anisotropy; Optical transmission; Glass

1. Introduction

The electron-induced anisotropy e�ect (EIAE)
was ®rst observed in the cubic samples of glassy g-
As2S3 in a speci®c geometry of high-energetic (�3
MeV) electron irradiation and experimental mea-
surements [1]. It revealed itself as the di�erences
between transmission coe�cients for completely
linearly polarized probe light with parallel and
perpendicular orientations of polarization plane
with respect to the direction of electron beam ir-
radiation (dichroism). We discussed in detail the
problem of thermal stability and microstructural

mechanism of the EIAE for the g-As2S3 in our
previous papers [2±4].

In this paper we shall consider some problems
concerning spectral, compositional and time-re-
lated dependences of this e�ect at room tempera-
ture in chalcogenide glasses of the quasi-binary
As2S3±Sb2S3 system.

2. Experimental

The investigated g-(As2S3)x(Sb2S3)1ÿx (x � 0:7;
0:8; 0:9 and 1:0) samples were synthesized from
high-purity constituents (99.999%) in evacuated
quartz ampoules by direct melting method. The
temperature of synthesis did not exceed 1050 K.
The cooling of ampoules was carried out when the
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furnace was turned o�. All investigated samples
had cubic forms with 8±10 mm lengths and high
quality polished plane borders.

The irradiation was carried out by a directed
beam of accelerated electrons with 2.8 MeV energy
and 5� 1016 cmÿ2 ¯uence perpendicular to one of
the specimen plane. The adjacent plane of the
sample was chosen as the investigated one. The
completely linearly polarized light probe beam had
a diameter near 3 mm and passed perpendicularly
through this plane at 2 mm distance from the ir-
radiated plane. In such a way we distinguished two
mutually orthogonal directions for probe light
with parallel (k) and perpendicular (?) polariza-
tions with respect to the electron beam direction.
The estimated penetration depth of the 2.8 MeV
electrons for our glasses was about 5±6 mm [5].
Hence, the whole investigated zone of the samples
was really treated by absorbed electron beams.

All measurements were carried out in the region
of fundamental optical absorption edge of the
samples using `Specord M-40' spectrophotometer
(200±900 nm). The e�ects produced by inhomo-
geneity of scalar electron-induced darkening were
excluded changing the direction of the light beam
by 180° with respect to the sample surface.
The magnitude of the EIAE was described by
di�erences of optical transmission coe�cients
Ds � s? ÿ sk for probe light with perpendicular
(s?) and parallel (sk) orientation of polarization
plane.

3. Results and discussion

It is known that electron-irradiation leads to
the long-wave shift of the fundamental optical
absorption edge of the chalcogenide vitreous
semiconductors [6]. In the case under consider-
ation the polarization e�ect of the probe light
causes the splintering of the optical absorption
edge of the electron-irradiated samples (relatively
to the light beam polarization). As a result, we
obtain two di�erent optical transmission coe�-
cients s?�hm� and sk�hm� curves (hm ± photons en-
ergy) shifted to the long-wave spectral region with
respect to the initial s�hm� curve for non-irradiated
samples.

The spectral characteristics of the EIAE in the
form of Ds�hm� dependencies for four investigated
compositions of the g-(As2S3)x(Sb2S3)1ÿx are
shown in Fig. 1. The curve 1 corresponds to Ds�hm�
spectral characteristic for the g-As2S3. It has an
asymmetric bell-shaped form with well-pro-
nounced maximum Dsmax � 0:068 observed at the
photons energy of hmmax � 1:93 eV. The left part of
this curve is the so-called long-wave `tail' of the
EIAE which spread to the low photons energy
region up to 1.6 eV. The right part of the Ds�hm�
curve is the sharp high-energetic edge of the EIAE
with large slope and small variations of the photon
energies (no more than 0.10±0.15 eV).

The chemical bonds metallization of the inves-
tigated glasses owing to substitution of As atoms
by Sb ones associated with x values decreasing in
the g-(As2S3)x(Sb2S3)1ÿx formula leads to the
passivation of the EIAE. This process reveals itself
as low-energetic shift of the Ds�hm� curve and
su�cient decrease of their intensities Dsmax. Thus,
it was established that in the g-(As2S3)0:7(Sb2S3)0:3

specimen (with maximum Sb content)
Dsmax � 0:028 and hmmax � 1:82 eV (Fig. 1, curve
4). Apart from the observed concentration changes
in the high-energetic part of the Ds�hm� depen-
dences are more signi®cant in comparison with
low-energetic ones and, ®nally, these curves take
more symmetric shapes.

The concentration dependences of the Dsmax�x�
and hmmax�x� for all investigated samples are shown

Fig. 1. Spectral characteristics of the EIAE in g-

(As2S3)x(Sb2S3)1ÿx ± curve 1: x � 1:0; curve 2: x � 0:9; curve 3:

x � 0:8 and curve 4: x � 0:7.
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in Fig. 2. The decreasing of both parameters with
Sb2S3 concentration is more essential in the As2S3-
riched glasses (near x � 1:0), whereas at smaller x
values this process goes to relative saturation.

The EIAE is unstable and disappears in the
investigated glasses at room temperature com-
pletely up to 15 days after electron-irradiation.
This decaying of the EIAE is accompanied by the
Dsmax vanishing and replacing of the Ds�hm� curves
to the short-wave region (high-energetic shift).
Both the processes are close to linear ones during a
few days after electron-irradiation. With the next
increase of the post-irradiation period they obtain
more distinguished non-linear behaviour with
slight saturation. These peculiarities are shown in
Fig. 3 for Dsmax (curves 1 and 3) and hmmax (curve

2) parameters of the g-As2S3 (curves 1 and 2) and
g-(As2S3)0:7(Sb2S3)0:3 (curve 3) samples.

It was shown by us previously that one of the
possible explanations of the EIAE was the exis-
tence of broken chemical bonds in the structural
network of the electron-irradiated chalcogenide
glasses [3,4]. In other words, the 8-N rule is not
satis®ed in these materials because some atoms do
not saturate their normal valency [7]. These atoms
with anomal unsaturated valencies are the speci®c
structural defects with smaller coordination (un-
dercoordinated atoms) [8]. Whereas the process of
bond breaking in chalcogenide glasses has a ho-
molytical character, i.e. electrons forming the co-
valent bond are localized after bond breaking only
at one atom [7], there are no unpaired spins in this
process and these defects are really pairs of un-
dercoordinated atoms with opposite electrical
charges. These topological defects appear in the
glassy matrix owing to displacements of covalent-
linked atoms at the bombardment by electrons in
accordance with a threshold mechanism [9]. They
are preferentially oriented along the direction of
electron-beam propagation in the sample and, as a
result, they can be considered as oriented electrical
dipoles producing the observed EIAE.

It was established, using the method of IR
Fourier spectroscopy, that in the case of the g-
As2S3 these topological defects are undercoordi-
nated atoms in the form of (As�2 , Sÿ1 ), (Asÿ2 , As�2 )
and (Sÿ1 , S�1 ) pairs [3,4,8]. The charge of the defect
centre is de®ned by the superscript and the quan-
tity of nearest neighbouring atoms ± by the
subscript. With increasing of the Sb atoms con-
centration in the investigated g-(As2S3)x(Sb2S3)1ÿx

system, the new types of the topological defects do
not appear owing to low energetic barrier of the
corresponding metastable state [7]. The concen-
tration of As2S3-related defects vanishes due to
metallization of the chemical bonds matrix by Sb
atoms. It means that the EIAE decreases in the
investigated glasses in good accordance with our
experimental results (Figs. 1 and 2). Because of
their instability these defects annihilate after
electron irradiation at room temperature with
characteristic duration up to 15 days (in the Sb2S3-
riched glasses this process is shorter), explaining
the time dependence of the EIAE presented in

Fig. 2. Concentration dependences of Dsmax and hmmax param-

eters for g-(As2S3)x(Sb2S3)1ÿx.

Fig. 3. Time-related characteristics of Dsmax (curves 1 and 3)

and hmmax (curve 2) parameters in g-As2S3 (curves 1 and 2) and

g-(As2S3)0:7(Sb2S3)0:3 (curve 3).
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Fig. 3. The broken chemical bonds of the irradi-
ated chalcogenide glasses are restored completely
during this process [4].

4. Conclusion

This paper presents the experimental data on
spectral, compositional and time-related depen-
dences of the EIAE in the g-(As2S3)x(Sb2S3)1ÿx

(x � 0:7; 0:8; 0:9 and 1:0) samples.
It was shown that spectral characteristics of the

EIAE in the form of Ds�hm� curves shifted to the
low-energetic region and vanished with Sb2S3

concentration. This process is more essential in
As2S3-riched glasses (near x � 1:0), whereas at
smaller x values it goes to the relative saturation.
The EIAE is unstable and disappears in the in-
vestigated glasses at room temperature completely
up to 15 days after electron-irradiation with Dsmax

vanishing and replacing of the Ds�hm� curves to the
high-energetic spectral region.

The observed changes are explained in the
framework of the topological coordination defects
formation model in chalcogenide glassy semicon-
ductors.
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