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The kinetics of linear dichroism generation and reorientation in glassy AsSe films induced by linearly
polarized He-Ne laser light of different intensities is studied by means of a polarization-modulation technique.
Two distinct processes are identified: creation of photoinduced defects and their photostimulated orientation
and reorientation. The first process can be carried out by both unpolarized and polarized light and has a much
larger time constant than the second one. The annealing temperatures of the two effects are also shown to be
different. Comparison of restoration of the initial dichroism-generation kinetics after annealing with the pho-
todarkened AsSe film thermobleaching leads to a conclusion about certain identity of the defects responsible
for the photodarkening and photoinduced anisotropy phenomena. Tikhomirov and Elliott’s model of photoin-
duced anisotropy in chalcogenide glasses is further developed.@S0163-1829~96!51918-1#

The phenomenon of photoinduced anisotropy~PA!, mani-
fested as linear dichroism and birefringence in chalcogenide
glasses both bulk and thin films, has attracted the attention of
many researchers in recent years.1–8 Together with new ob-
servations of the anisotropy induced by both above-band-gap
and sub-band-gap linearly polarized light in glasses of dif-
ferent composition, the possibility of PA generation by non-
polarized light was predicted3 and then observed
experimentally.4 Recently, linear birefringence in bulk
glasses was induced by circularly polarized light.6 PA is of
potential interest for optical data recording and holography8,9

and for manufacture of binary phase gratings~Damman
gratings!,10 opening new ways in electro-optics, light wave
communications, and digital optical computing systems.

In the first papers, where the discovery of PA in chalco-
genide glasses was reported,11 this phenomenon was associ-
ated with the existence of highly dispersed, optically aniso-
tropic structural fragments in the isotropic~on the average!
glassy film. Different approaches to explain PA were devel-
oped later that are based on consideration of the interaction
of inducing light with native quasiatomic defects,1 with
quasimolecular defects~three-center bonds!12 or with
bistable centers having a wide distribution of relaxation
times.13 Fritzsche discussed the photoinduced redistribution
of anisotropic microvolumes as a base of PA~Ref. 3! and
Tikhomirov and Elliott recently developed a model5 in which
the PA is connected with photostimulated reorientation of
valence-alteration pairs~VAP’s! that are characteristic de-
fects in chalcogenide glasses.14 Tikhomirov and Elliott
meant the VAP’s existing in the nonilluminated glass~natu-
ral defects! with concentration;531017 cm23, and in order
to explain appearance of the large anisotropy at the expense
of such a small concentration of defects, they suggested a
very strong interaction of VAP’s with their environment.5 It
is worth mentioning that after1 the PA was considered to be
a phenonenon that has nothing in common with the photo-
darkening effect.

In this paper, the data are presented which permit further
development of Tikhomirov and Elliott’s model.5 It is shown
that the whole process of linear dichroism generation in
glassy films in the case of above-band-gap excitation can be

divided into two subprocesses. The first of these is connected
with the creation of some centers that can be oriented and the
second one with photostimulated orientation of such centers.
The attempt to find a correlation between PA and the photo-
darkening phenomenon is also made.

The samples studied were AsSe amorphous films of 0.5–
4.0mm thickness prepared by the vacuum evaporation tech-
nique in which the PA is exhibited very distinctly.1,5 Inves-
tigation of photoinduced dichroism and photodarkening was
carried out using an installation with two linearly polarized
He-Ne laser beams~inducing and probing beams! illuminat-
ing the same area of the fim.13,15When the dichroism reori-
entation was studied, the state of the inducing light polariza-
tion was changed to the orthogonal one.

Figure 1 shows the kinetics of dichroism generation and
reorientation in the typical AsSe film at two different inten-
sities of exciting linearly polarized light. The dichroismD is
determined as a quantity~Ii2I'!/2~Ii1I'!, whereIi andI' are
the intensities of the probing beam transmitted through the

FIG. 1. Kinetics of dichroism generation and reorientation in
AsSe film of 1.2mm thickness stimulated by linearly polarized
He-Ne laser light~l5633 nm! of intensity 2.75 W/cm2 ~1! and 0.24
W/cm2 ~2! with two orthogonal directions of the electrical vector
~↑ and→!.
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film and polarized parallel or perpendicular to the electric
vector of the inducing beam. It is seen that at both light
intensities dichroism reorientation occurs much quicker than
the initial dichroism growth, although at smaller light inten-
sity both initial dichroism generation and its reorientation are
more prolonged than at higher light intensity. It is necessary
to stress that in both cases the dichroism achieves approxi-
mately the same value but for substantially different time
periods. Quick reorientation occurs not only after dichroism
saturation but also in the initial moments of dichroism gen-
eration~Fig. 2!, but in this case the quick process is always
accompanied by a prolonged increase of the anisotropy at
constant state of light polarization. The initial negative parts
in the dichroism generation curves of Figs. 1 and 2 were
shown to be due to dynamical light interference phenomena
caused by the photoinduced change of refractive index16 in
the process of the initial film irradiation. When the film was
initially irradiated for a long time by nonpolarized light, the
following irradiation by linearly polarized light leads to the
quick growth of a dichroism without any prolonged pro-
cesses and initial negative parts did not appear in this case.

The results reported show that both polarized and nonpo-
larized light leads to creation of some centers in the nonirra-
diated film that can be oriented quickly under the action of
linearly polarized radiation~in the case of polarized light
these centers are oriented immediately!. The constant value
of the dichroism saturation at different light intensities testi-
fies to the limited number of centers that can be oriented.

The influence of heating of preliminary irradiated aniso-
tropic films on the dichroism value and on the kinetics of
repeated dichroism growth was studied next. Disappearance
of the dichroism was shown to take place at 80–100 °C in
agreement with Ref. 1. Figure 3 demonstrates the room-
temperature kinetics of repeated photoinduced dichroism
generation after heating the film to a certain temperature,
keeping it at this temperature for ten minutes~annealing! and
then cooling to room temperature. The kinetics of room-
temperature dichroism reorientation in the nonannealed film
is also shown. A gradual increase of annealing temperature
was shown to bring the form of the dichroism growing curve

nearer to that in the virgin film. Perfect coincidence of the
form of these curves was observed on annealing at tempera-
ture 170–180 °C, close to the softening temperature. We
note here that the bleaching of photodarkened AsSe film in
the process of heating also starts at a certain temperature~the
threshold of thermobleaching!, while the total bleaching oc-
curs at a temperature close to the softening temperature.17

The results of the heating experiments imply that the
same centers which cause photodarkening of the film~possi-
bly some part of these centers, capable to be oriented! are
also responsible for the photoinduced anisotropy. Such cen-
ters~defects! are created from the regular atoms in the form
of VAP’s in the reactions14

2C2
01hn→C1

21C3
1 and C2

01P3
01hn→C1

21P4
1 , ~1!

whereC and P mean the chalcogen and pnictogen atoms
respectively, and the superscript and subscript refer to the
charge state and the coordination number.

Combining the ideas proposed in Refs. 3 and 5, it is pos-
sible to assume that polarized light initiates the one-photon
reactions

C1
11C3

11hn→C1
01C3

0 and C1
21P4

11hn→C1
01P4

0

~2!

and that these reactions occur much more preferably in the
VAP’s with dipole moment oriented parallel to the electrical
vector of the exciting light, decreasing their number. All sin-
gly, threefold-, and fourfold-coordinated neutral defects are
unstable14 and therefore afterwards, the energetically advan-
tageous reactions

C1
01C3

0→C1
21C3

1 and C1
01P4

0→C1
21P4

1 ~3!

proceed but now the restoredC1
21C3

1 andC1
21P4

1 defects
are oriented randomly. The whole process is accompanied by
a decrease of the number of defects having dipole moments
codirected with the electrical vector of the inducing light and
by diminishing the absorption of the probing light with elec-

FIG. 2. Kinetics of dichroism generation and reorientation in
AsSe film of 1.2mm thickness stimulated by linearly polarized
He-Ne laser light~l5633 nm! of intensity 2.75 W/cm2 when reori-
entation cycles are carried out in the process of dichroism genera-
tion.

FIG. 3. Kinetics of room temperature dichroism generation in
virgin AsSe film of 1.2mm thickness~1!, repeated dichroism gen-
eration after annealing at 75 °C~3!, 95 °C ~4!, 140 °C ~5!, 180 °C
~6!, and kinetics of one of the cycles of room temperature dichroism
reorientation in such film~2!. Intensity of linearly polarized He-Ne
laser light is 2.75 W/cm2.
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trical vector parallel to that of the inducing light, i.e., by
appearance of an anisotropy which we recorded in our ex-
periments. The positive sign of the observed dichroism just
corresponds to smaller absorption of the probing light with
electrical vector parallel to that of the polarizing light.

The same consideration allows us to understand the reori-
entation of the anisotropy as the number of lone-pair defects
with dipole moments parallel to the new direction of the
electrical vector of the reorientating light will decrease
quickly.

The concentration of the photocreated defects responsible
for photodarkening is very large, about 1020 cm23 ~Ref. 18!
and if some substantial part of these defects provides the
dichroism, it is not necessary to assume a strong interaction

with the environment to explain the large anisotropy genera-
tion as was made in Ref. 5.

In conclusion, we want to stress that the model considered
can be applied only in the case of above-band-gap light di-
chroism excitation in the thin chalcogenide films. We believe
that PA in bulk chalcogenide glasses excited by the sub-
band-gap light2,6,7has another nature, as it is difficult to sup-
pose effective creation and recharging of defects by light
quanta having so small an energy. Generation and reorienta-
tion of anisotropic scattering centers7 is a substantially more
appropriate mechanism of PA in this case.
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