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Photoinduced anisotropy in vitreous AsS;: A reflectance-difference study
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Results of the study of photoinduced anisotropy in a model chalcogenide glgSs Using reflectance-
difference spectroscopy are presented. We find that anisotropy can be induced in the energy range much
exceeding the energy of the photons of the exciting light and that not only defects but also main covalent bonds
of the glass are reoriented by linearly polarized light. We further demonstrate that the sign of the photoinduced
anisotropy, especially at higher energies, strongly depends on the photon energy of the exciting light. The
observed difference is explained by photoinduced change in the bonds topology involving a conversion be-
tween bonding and nonbonding electrons. Strong differences are observed between bulk glass and thin films
which are shown to be caused by interference eff¢&8163-18207)00914-4

INTRODUCTION value of 16°-10?° cm 3. The conclusion on the importance
of VAP’s followed from the fact that the photoinduced an-
Chalcogenide glasses are materials possessing a uniqis@tropy was most effectively induced by the subband-gap

feature to change reversibly their properties under photoexight which interacts with the defects. Previous measure-
citation. See Refs. 1-3 for reviews. The most studied phements were done in a transmission mode which means that
nomenon is the photostructural change when scalar optic#téraction with the photons having the energy substantially
absorption is changetphotodarkening Recently much at- €xceeding the optical gap of the glasses could not be studied
tention was given to the investigation of the light-inducedPecause of strong absorption.
vectorial effect, namely photoinduced anisotropy, which in- /N the present paper we report the results of the reflec-
cludes photoinduced birefringence and photoinduce&?‘”ce study of photoinduced anisotropy using reflectance-
dichroism®~14 In an earlier paper, it was suggested thatdifference spectroscop§RDS). RDS was pleveloped_ rathe_r
photoinduced scalar and vectorial changes reflect two sidd€Cently and so far has mostly been applied to the investiga-
of the same phenomenéiater, it was argued that photoin- tion of the intrinsic anisotropy of solid surfacEsApplica-
duced anisotropy and photodarkening are independer’ﬁon of the reflectance technique allowed us to investigate the
phenomend.A phenomenological explanation of the effect photoinduced anisotropy in chalcogenides glasses in a broad

was suggested recently in Ref. 6 following the idea of Ref. sspectral range. The obtained results evidence that not only

that a macroscopically isotropic glass is made of microscopith€ defects but also the main covalent bonds of the glassy

cally anisotropic domains. Light interacts predominantly Matrix are involved in inducing the anisotropy. A brief sum-
with the domains oriented in the direction parallel to theMary of the first results have been given elsewtitre.
electric vectorkE of the exciting light. Subsequent recombi-
nation of excited carriers results in a photostructural change
accompanied by a loss of the initial orientation and thus
leading to macroanisotropy. Then, it was argued that anisot- The samples were polished bulk glasses and thin films of
ropy was caused by preferential orientation of dipoles withinAs,S;. Bulk samples were prepared by polishing melt-
valence alteration pair§VAP’s)” which are the lowest- quenched glasses and had a typical thickness of several mil-
energy structural defects in amorphous chalcogenides, tHaneters. Thin film was produced by thermal evaporation of a
concentration of which in chalcogenide glasses can reach thatarting bulk glass in a vacuufi0™°® Torr) onto silica glass
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FIG. 1. RD spectra for a gm-thick As,S; film (solid line: = :
annealed film, dotted line: film irradiatedrfd h by full linearly S 0.0000
polarized light of a 1000-W Xe lamp, dashed-dotted line: similar to
2 but the light polarization is rotated by 90°. An insert shows the -0.0001
photoinduced change at higher energies. Notice the difference in -0.0002 - -
scale of the vertical axis of the main plot and insert. I 1 1 1 1 1 L I
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substrates and had thicknesses of 1000 A to% The mea-
surements were done at room temperature using the setup T T T T T T
schematically shown in Ref. 16. For a detailed description of 0.0004  Filtered light of Xe lamp c
the reflection-difference spectroscopy see Ref. 15. Anisot- — first iradiation
ropy was induced using the light of eithés) a 1000 W 0.0002 - i

Xenon lamp equipped with an IR-cutoff filter which gener-
ated radiation in a wide energy range including subband-gap, 0.0000 W
near-band-gap, and superband-gap lightopithe same light )

passed through a few-micron-thick 485 film in order to W
filter out the near-band-gap and superband-gap light)aan -0.0002 L
Ar-ion laser (\=488 nm generating near-band-gap light.

The light passed through a Glan-prism polarizer and the light 15 20 25 30 35 40 45 50
intensity on the surface of the sample was from 25 to 100
mW/cn?. The intensity of the measuring light on the surface
was much smallefabout 5 mW/crf) and did not induce any
noticeable change in the anisotropy during the measure:
ments.

Energy (eV)

FIG. 2. Photoinduced anisotroggolid line) and its reorienta-

n (dotted ling in bulk As,S; glass, the irradiation source being
full light from a 1000-W Xe lamp(a), Ar-ion laser (b), and
subband-gap lightc).

RESULTS

and below the band gap of 4& (E;=2.4 eV). It should be

noticed that the change is also induced at higher energies as

shown in the insert to Fig. 1. Notice that the scaling of the
insert is 20 times smaller than that of the main plot.
Figure 2a) shows the photoinduced anisotropy and its
eorientation for the bulk AS; induced by the saméull
light of the Xe lamp light. Different from a thin film, the
—(r _ largest change is observed for energies corresponding to the
Arr=(rery)/Lnct /2], interaction of light with bonding electron@.5-5.5 eV. It
wherer, andr, are field reflectances for the polarization of should be noticed that absolute changes in the reflection an-
the probing beam in the direction parallel to thaxis andy isotropy for energies higher tha, are of a comparable
axis shown in Ref. 16, the polarization of inducing beammagnitude for both bulk glass and thin film.
being parallel to thex axis. One can see that the starting film  Figure Zb) shows the photoinduced anisotropy induced in
is very isotropic(solid line) while after one cycle of irradia- bulk As,S; glass by an Ar-ion laser light. Again, the ampli-
tion the film becomes strongly anisotrogidotted ling. On  tude of the change is of the same magnitude but there ap-
changing the light polarization to orthogonal, the reflectancepears a very important difference. While for the glass excited
curve was reversed with respect to thaxis (dashed-dotted by Xe-lamp light the trend in the reflectance change was the
line) indicating a change in the anisotropy sign. It can besame(increase or decrease depending on the polarization
seen that the change is mainly observed at energies close tfiroughout the studied spectral range, for the case of excita-

Figure 1 shows the reflectance-differef&D) spectra of
an as-evaporated AS; film before light irradiation and after
irradiation by linearly polarized full light of the Xe lamp
with two different(orthogonal polarizations. Changes in the
amplitude of the reflected light are shown. The measureg
value is defined as
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FIG. 3. Comparison of kinetics of photoinduced anisotropy in / lone-pair orbitals

an annealedclosed circlesand preirradiatedopen circley As,S;

film induced by the subband-gap light. FIG. 4. Schematic representation of the photostructural change

. . . . . induced by th -band- light.
tion with the Ar laser, sign variation of the effect is clearly nduced by the nearband-gap g

observed. While the increase &r/r is observed for larger bonded to “regular” atoms. Such a change in the topology
photon energiegabove 4.0 ey similar to the case of poly- of covalent bonds results in photoanisotropy at higher photon
chromatic light excitation, for smaller photon energies anenergies.
opposite changé&lecreasgis detected. A change in the light ~ We would like to stress that rearrangement of VAP defect
polarization results in a reversal of the photoinduced anisotpositions necessarily involves bond switching. This process,
ropy with the same crossover energy of 4.0 eV preserved. details of which have been discussed in Ref. 16, results in a
Similar measurements with the subband-gap liglaissed change of the covalent bond topology in such a way that,
through an AsS; filter) led to the same result, namely, an following the bond breaking, lone-pair orbitals are left in
increase in larger energies accompanied by a decrease face of covalent bonds andriented in the direction of
smaller energiegFig. 2(c)]. The crossover energy was former covalent bond€On the other hand, in place of lone-
shifted to smaller energies in this case. pair orbitals and in their direction covalent bonds are
Now we would like to concentrate on the effect of pre- formed. Such conversion between lone-pair and bonding
liminary photoexcitation on the magnitude of the photoin-electrons explains the opposite trend Am/r in different
duced anisotropy. Figure 3 shows photoinduced anisotropgnergy ranges.
created by subband-gap light in an annealed film and in a Assuming, as suggested in Ref. 17, that irradiation results
film which was preirradiated fo3 h by thenonpolarized full  in the creation of photoinduced VAP defects, a different mi-
light of the same lamp. One can see that the anisotropy isroscopic mechanism can be suggested. When the semicon-
induced faster and to a larger magnitude in the preirradiateductor is excited by the light with the photon energies close
film. to the band gap, lone-pair electrons which form the top of the
valence band are excited, preferably in the direction parallel
to the E vector of the exciting lightz axis in Fig. 4, and a
DISCUSSION dynamical interchain bond is form&dwhich breaks into a
Below we discuss possible microscopic mechanisms fovalence alternation pair. The initial and final configurations
the photoinduced anisotropy. The fact that anisotropy can bare shown schematically in Fig. 4 for a simplified case of
observed at energies much larger than the photon energy efemental amorphous selenium. As a result, a new covalent
the inducing light, indicates that by irradiation of chalcogen-bond is created parallel to theeaxis between atoms 1 and 3
ide glasses with linearly polarized light not only the defectswhile breaking of an existing bond between atoms 3 and 4
can be reoriented by light but also the main covalent networkeads to the formation of two lone-pair orbitals oriented par-
of the glass becomes anisotropic. allel to they axis as seen from the figure. This bond recon-
We believe, following Ref. 9, that in the subgap region struction decreases the number of lone-pair electrons and in-
defects play an important role. Since these defects, which amreases the number of bonding electrons in the direction
valence-alternation pairs, are charged and have a dipole thgarallel to the orientation of thé vector of the exciting light
can interact with light the electric vector of which is oriented with an opposite change in the direction perpendicular to the
parallel to the dipole arm. After the excitation the defects areE vector. In other words, we have a conversion between
reoriented as suggested in Refs. 9, 11-13. Both intrinsic andonding and nonbonding electrons which results in the op-
light-induced defects can participate in this process and thiposite change in the anisotropy measured at lower and higher
is clearly evidenced if one compares the kinetics of the initialenergies. We believe that this component of photoanisotropy
and subsequent photoinduced anisotropy shown in Fig. 3s closely related to scalar photodarkening.
When anisotropy is induced by the subband-gap light due to In the case of broad-spectrum light, this process still ex-
reorientation of defects, the geometry of the main network ofsts but, in addition, direct excitation of bonding electrons
the glass is also changed since ‘“defective” atoms arebecomes possible. In such a case, weak bonds, present in
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amorphous materials, can be excit@hd brokep directly

leading to a decrease in the number of bonding electrons in 0.010 oot
the direction of the light polarization. Since the density of Ae (+0.002, 0)
- . . 0.005 .

states is larger for bonding electrons than for lone-pair elec-
trons, this process willovencompensate a decrease in the S Rk b
number of covalent bonds caused by excitation with the 3 0.000 V"
subband-gap light resulting in the same change in the sign of w
anisotropy for both lower and higher energies. -0.005 7]

We now turn to observed differences between bulk glass
and thin films where changes in the subband-gap region cor- -0.010 2'0 : 3’0 ' 4'0 :
responding to defects are much more strongly pronounced. ) ’ ’ >0
There was a possibility that this difference resulted from the
fact that as-evaporated films used in our experiments contain 0.020 T T
a large number of so-called “wrong” As-As and S-S | B
bonds® and these local deviations from stoichiometry might 0-015 4e (0,+0.002)
have played a role. In order to check this, we have studied + 0.010F .
photoinduced anisotropy in as-prepared and anngébed® E
h at 160 °Q films. Our Raman measuremer(tsot shown 0.005, n n .
revealed that the concentration of As-As bonds decreased 0.000 AA
after annealing but the magnitude and character of photoin- . UUUWV®
duced anisotropy remained unchanged which demonstrates -0.005 o S
that the role played by “wrong” bonds is not decisive for the 2.0 3.0 4.0 5.0
different behavior of thin films and bulk glass. Energy (eV)

Another possibility to explain an increased signal for the

subband-ga}p region was a strong signal coming from 'reflec- FIG. 5. Simulated photoinducetir/r for an AsS; film assum-
tion at the film/substrate interface. In order to check this, weIng a uniform change i@ (for a change in real part: top, and for a

have evaporated a film of AS; onto a bulk glass of the cpange in imaginary part: bottomThe assumed numerical change
same composition. In such a sample the amplitude of thg, . is marked on the figure.
anisotropy was decreased which indicated that interference
could be responsible for the different behavior. We havenear-band-gap light decreases reflection at smaller energies
apart from that, simulated ar/r curve for a thin film using  while increasing it at larger energies. On the other hand,
a three-phase modéambient-film-substrajeand assuming broad-spectrum light increases the reflection in all spectral
for simplicity a uniform photoinduced change in The e  range. This difference is explained on the basis of the pro-
values for amorphous AS; were taken from Ref. 20. The posed mechanisms of the photoinduced effect in the two
generated curves, one for a change in real pastarly and  cases. Preirradiation of the glass by nonpolarized light in-
the other one for a change in imaginary partsabnly (Fig. creases substantially the magnitude and creation rate of the
5), although not identical to the experimental one, are quitgphotoinduced anisotropy indicating that both native and
similar to it and from this similarity we conclude that pro- photoinduced defects play a role. The observed difference in
cesses in thin films and bulk glass are essentially identicgbhotoinduced anisotropy of thin films and bulk glass is
and the seeming difference is caused by an interference phshown to be caused by an interference phenomenon.
nomenon.
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