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Anomalous temperature dependence of photoinduced fluidity in chalcogenide glasses
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A temperature-dependent, sub-band-gap, light-scattering study of the vibrational modes of vitrg®us As
fibers during the photoinduced fluidity effect is reported. The structural changes that give rise to the effect are
detected mainly through variations in the degree of polarization of the scattered light. The results show a
nonmonotonic behavior in the observed structural changes interpreted as a reduction in the flow ability of the
glass a few degrees above room temperature followed by a subsequent increased ability to plastic deformation
at higher temperatures, but still well below the glass-transition temperature. Studies on the nonstoichiometric
concentration AgS;s at room temperature revealed noticeable differences with arsenic trisulfide. The relation
between the illuminating energy and the band gap of the glass has also been investigated. An account for the
possible nature of these experimental facts is attempted in terms of the specific structural units constituting the
glass structure.
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[. INTRODUCTION eventually through bond reforming processes. Whereas vari-
ous effects, emerging from such structural changes such as
The issue concerning the flow or plastic deformation ofphotodarkening(redshift in the optical absorption edge
solids without heat provision has been recently addressed iphotoinduced anisotropy, volume photoexpansion, and ather-
the case of an amorphous semicondutttirwas demon- mal photomelting at low temperatures, to name a few, have
strated that fluidity enhancement of a chalcogenide glass cadreen extensively studied and understood to a good eXtent,
be obtained in a purely athermal way, i.e. by illuminating thethe reported photoinduced fluidity effect has received less
glass with light having energy smaller than the band gap o&ttention up until now.
the semiconductor. In particular, athermal increase of the There exist few works so far aimed at elucidating the
chalcogenide-glass network fluidity due to the simultaneousnicroscopic origin of the photoinduced fluidity effect.
effect of (i) sub-band-gap light illumination an@) applica-  Fritzsche has tri¢tdto account for the athermal fluidity en-
tion of an external mechanical stress was evidenced throughancement through the well-known, self-trapped exciton
the increasing length of a vitreous /& (v-As,S;) fiber.  model® According to this idea some of the photoexcited
This was interpreted as the result of specific structural transte-h pairs may recombine nonradiatively through an inter-
formations occurring at the illuminated point. The photoelec-mediate transient state. The final recombination may yield a
tronic or athermal origin of this effect, that has been calledoonding arrangement orthogonal to the initial configuration
photoinduced fluiditycan be evidenced through the unex- and the observed macroscopic change in the fluidity can be
pected temperature dependence it exhibiSpecifically, considered as the cumulative effect of these local configura-
while ordinary flow of glass-forming liquids follows either tion changes. First-principles molecular-dynamics simula-
strong or mild temperature dependence, being always faciliions used to calculate light-induced structural changes and
tated when the temperature of the material increasesas  diffusive motion in a chalcogenide glass (Se;) revealed a
observed that photoinduced fluidity is hindered at elevatedliffusive motion characterized by short time scale. This find-
temperatures. This was manifested in the considerable supg was interpreted as the initial stage of the athermal photo-
pression of the material's ability to flow or to plastically induced fluidity?
deform at the illuminated point as the temperature From the experimental point of view, Raman spectros-
increased. It has been pointed out in Ref. 1 that bdth  copy has been used to study both the low-energy excitations
tramolecular and intermolecular photoinduced structural and high-frequency optical modes @fAs,S; during the
mechanisms might be possibly involved; although their disphotoinduced fluidity effect at room temperatifePrelimi-
tinct role was not specified. nary data on the temperature dependence of the photoin-
Photoinduced structural changes occur in amorphouduced fluidity effect have also been reported in Ref. 9. The
chalcogenide semiconductors when they are illuminated bgim of the present work is twofold. First, to present a de-
band-gap or sub-band-gap light. The absorption of light retailed temperature-dependence Raman spectroscopic study in
sults in the creation of electron-hole-h pairs (excitons, order to monitor the specific spectral features associated with
whose subsequent recombination leads to structural changés® anomalous temperature dependence of the photoen-
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hanced fluidity originally observed by Hisakuni and Tan&ka. ful to briefly mention the most important facts emerged from
Second, apart from the AS; (or As,Sgo) Stoichiometric  the previous room-temperature studiédt was shown that
concentration that forms a layerlike structdrere have also  the main changes detected in the Raman spectra as a function
included in our study the nonstoichiometric compoundof the external stress are related to changes in the scattered-
AsysS75. The latter is characterized by a more flexible struc-intensity depolarization ratip(w). The systematic varia-
ture than to the AgSso, having also a wider band gap that tions in p(w) with the magnitude of the external stress were
will allow us to check the role of the incident energy on the consjdered as an indicator of the photoinduced fluidity effect;
strength of the photoinduced fluidity effect by choosing dif- thjs was based on the observation that no detectable changes
ferent illuminating sources. . ~are discerned from the measured spectra, pfas) remains

‘The paper is arranged as follows. Section Il contains &onstant independent of the exposure time, if no stress is
brief description of the experimental details, i.e., fiber prepazpplied. Thus, the changes observed in the depolarization
ration and light-scattering apparatus. In Sec. Il the result$atio are due to theombinedeffect of illumination and the
are presented. Section IV contains their discussion fOCUSi”SppIication of the external stress. This implies that illumina-
on the temperature dependence of the depolarization ratio ¥n alone does not engender fluidity; it rather brings the
stress curves, the difference in the structure between the tW@ycture to a state amenable to flow or to plastically deform
glasses studied in this work, and the degree of depolarizatiofith the aid of an external mechanical stimulus. Therefore,
of the individual vibrational lines in the high frequency re- tne whole effect could also be conceived as a kingtudto-
gion. Finally, the most important conclusions drawn from thejnquced ductility Summarizing, what became clear from the

present study are summarized in Sec. V. room-temperature study is that the monotonic-sigmoid in-
crease of the depolarization ratio vs stress is a systematic
Il. EXPERIMENT indicator of the structural changes occurring during the com-

bined stretching/illuminating effect.

v-As,S; fibers have been obtained through rapid extrac-  As mentioned in the introduction, Hisakuni and Tanaka
tion of tiny quantities from the melt at about 600 °C. The studied the temperature dependence of the photoinduced flu-
obtained fibers had diameters in the range 90-280 The  dity and found that the effect became less appreciable at
diameters were found to be constant for lengths much longsiigher temperatures. In particular, they calculated the fluidity
than those used in our experiment5 cm). A homemade yp to the temperature-50°C and found an Arrhenius in-
stretching microdevice has been devised that can—in a colgrease of almost one order of magnitude in an interval of
trollable Way—provide the desired elongation stress to th%bout 40°C. In the present work, we have recorded Raman
attached fiber as described elsewhétdypical values for  spectra in the temperature interval 20—120 °C, thus extend-
the applied stress fall within the rangex@0’ to 24  ing the information over a region much higher than that used
X107 dyn cmi 2. A specially constructed heating mantle hasin Ref. 1. The Stokes side of the high-frequency Raman
been adapted to the stretching device in such a way so as &pectra ofv-As,S; fibers at four different temperatures as a
provide the required heat to the fiber. Great care was taken finction of the applied stress are shown in Fig. 1. The low-
avoid any undesired heating to the stress-providing sprinrequency region has also been registered but will not be the
that could change its precalibrated force constant. Thereforgubject of the present work. Extensive treatment concerning
temperatures as high as 160 °C could be reached at the fhe stress dependence of the low-energy excitations can be
ber’s location while keeping the spring at room temperaturefound elsewheré.

The 647.1-nm E"~1.92eV) and 514.5-nm H' The most obvious observation from Fig. 1 is that the main
~2.41 eV) lines emerging from Krand Ar" lasers(spectra  changes taking place in each set of spectra pertain to a mono-
physicg, respectively, were used to induce the photostructonic and more rapid increase of the depolarized spectrum
tural changes to the systems studied. At the same time théompared to the polarized one. This is better discerned by
right-angle scattered light was collected and analyzed by following the changes of the isotropitSO) component of
double monochromator with a resolution fixed at 1.5¢m the spectrum defined a8°=1YV - (4/3)I", which is plot-
during all measurements. The laser power was set at a levedd in Fig. 1 as a dotted line alongside with the polarized and
low enough(10 W cmi ? on the fibey so as to avoid thermal depolarized intensities. It should be reminded that the isotro-
effects due to laser heating. Both MVertical-vertical and  pic part of the Raman spectrum arises from the diagonal
HV (horizontal-vertical scattering geometries were em- elements of the polarizibality tensor and therefore reveals
ployed, while the fiber was kept always perpendicular to thanformation related to the symmetry properties of the vibra-
scattering plane. The signal after its detection from a watertional modes. Similar changes in the spectra were also ob-
cooled photomultiplier and its amplification from standardserved in the room-temperature, light-scattering study of
electronic equipment was transferred to a computer. Detailg-As,S;. "8
concerning the experimental procedure can be found However, what interestingly emerges from the
elsewheré:® temperature-dependence study is that the rate of increase of

the depolarization ratio is not constant, even nonmonotonic,
IIl. RESULTS as a funcf[ion of the temperature, as can be seen from Fig. 1.
To quantify these changes we have followed a procedure

Before proceeding to the presentation and the discussiosimilar to that described elsewhétdn particular, three

of the results obtained in the present work, it would be help-Gaussian lines were used to fit the 260—430 tinequency
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FIG. 1. Representative high-
frequency Stokes-side Raman
spectra ofv-As,S; fibers under
external elongation stress at 40,
60, 90, and 120 °C. Both polariza-
tion geometries, VV and HV, are
shown alongside with the purely
isotropic spectrddotted ling that
are determined as described in the

T}z‘};ﬁ D Lo text. The magnitude of stress ap-
. . r i plied is given in terms of
10’ dyncm 2,

Intensity (arb. units)

Intensity (arb. units)

250 300 350 400 450 250 300 350 400 450

Raman shift (Cm_l) Raman shift (cm—l)
region for both the polarized and the depolarized spectrawith the applied stress. Their data demonstrated that the
The depolarization ratios of the 260—430 charea calcu- photoinduced fluidity decreases by almost one order of mag-
lated either from the fit or by integration were found almostnitude in an interval of 40 °C, however, being always many
equal. These ratios are presented in Fig. 2 as a function of therders of magnitude higher than the fluidity of the “dark”
applied stress at the four measured temperatures. We obsery®t illuminated sample.
that at 40°C the sigmoid curve, representing the This picture changes drastically when the measurements
depolarization-ratio increase, reaches a plateau that hardire extended over a wider temperature range than that of Ref.
exceeds the half of the corresponding plateau value of thé. Indeed, it is evident from Fig. 2 that the depolarization
room-temperature curve. Subsequent temperature rise, up tatio (and presumably the fluidijyincreases again as is seen
60 °C, renders the effect even less appreciable. In otheat the 90 °C data, which eventually coincide with those of the
words, structural reorganization during the photoinduced fluroom-temperature study. A further increase of the tempera-
idity effect seems to be hindered at higher temperature.  ture to 120°C leads to more noticeable changeg@b)

Up to this point, the temperature dependence of the depaven at low values of the applied stress. Bearing in mind that
larization ratio is reminiscent to the temperature dependenciie glass-transition temperature of the materidl
of the photoinduced fluidity dataThis is a further supportto ~210°C1% is still well above the highest employed tem-
the idea that the depolarization-ratio changes can indeed hgerature in our experiment, it seems highly unlikely that a
related with the photoinduced fluidity effect. Hisakuni and substantial softening of the glass structure at 120 °C takes
Tanaka managed to calculate the viscosity of the glass, inplace. In fact, even at the temperature of 120 °C the “dark”
duced by light illumination, relating the viscous strain rateviscosity of As$S; is two or three orders of magnitude higher
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FIG. 2. Stress dependence of the area depolarization ratio in thier As,sS;s at room temperaturéilled squares The room tempera-
region 260—430 cm' as a function of the externally applied stress ture data of AgSy, are also shown for comparison. Empty and
for As,S;p at the temperatures: 20 °Cilled and semi-filled filled diamonds represent the data for,4&s recorded with the
circles, 40 °C (starg, 60 °C (semifilled triangles 90 °C (crossed  514.5-nm laser line.
squares and 120 °C(filled squares The diameter of the fiber em-
ployed in each case is also given on top of the figure. hence on the photoinduced fluidity is much weaker com-

pared to the room-temperature data of,#Sgy. The A$:sS;5

than the viscosity a; and therefore thermal softening of glass has a wider band gap than the stoichiometric glass,
the glass structure is not expected to intervene. Ey=2.55 eV and therefore the 514.5-nf2.41 eV} laser

To affirm that temperature does not play a “direct” role, line can also be used as a sub-band-gap illuminating source.
that is we have no thermal structure softening at the highesthe depolarization ratio as a function of the applied stress for
temperature reached in the present work, the following exthe As,:S,s concentration measured with the 514.5-nm laser
periment was performed. A fiber was stressed at 120 °C for §ne are shown in Fig. 3 as open and solid diamonds for two
h without being illuminated at a stress magnitude of aboujifferent runs of the experiment. These data show the obvi-
8% 10" dyncm *. Then, the fiber was cooled down to room ;5 ineffectiveness of the 514.5-nm laser line, which lies
temperature and t_he depolarization ratio was found to bggjow but very close to the band gap of the glass, to produce
~0.23, only 0.04 higher than the corresponding value beforg, ., 54 ctural changes that could result in the plastic defor-
the th.ermal treatment. We may, therefore, conclude that th ation of the fiber. This will be discussed in the following
combined effect of temperatur@t least up to the value section

120°C used in this wodkand stress, without illumination, Before proceeding to the discussion of the above results,

does not cause any structural changes. Thus, the features ) . .
illustrated in Fig. 2 are indeed photoinduced. we have to stress two particular points. First, one could argue

So far, the studies on the athermal photoinduced fluidity"at the preparation procedure might induce some ordering in

effect have been concentrated only on the stoichiometridh€ fiber due to its rapid extraction of the melt. The depolar-
composition AsS; or As,Sso. 178 To examine if the effect 12ation ratio(which is sensitive to such ordering effectsf

is quite general, studies on other chalcogenides or even othH€ unstressed fiber and the bulk glass are found to be equal
concentrations of the AS,q_» glass-forming family have to  Within experimental error. This implies that the structure of
be performed. The latter is an interesting case since one cdRe fiber is still homogeneous and indistinguishable from the
almost smoothly pasgby reducingx) from the layerlike Structure of the bulk glass. Second, changes in the fiber di-
structure k=40) to the more flexible arrangement contain- ameter, including photoinduced expansion of the unstressed
ing the chainlike or ringlike fragments characteristic of or slightly stressed fiber and subsequent contraction in the
sulfur-rich mixtures. For this, we have chosen to study thediameter due to the applied stress, are not expected to influ-
As,:S;5 glass whose structure is less rigid compared with theence the nonmonotonic temperature behavior of Fig. 2. This
stoichiometric one due to the lower mean coordination numstems from the fact that the depolarization ratio is the ratio
ber per atom. The room-temperature results for thgs®g  between two scattered intensities and therefore the depen-
composition are shown in Fig. 3 as solids squares. It iglence on the incident number of photons, inducing the effect,
clearly seen that the effect on the depolarization ratio ands eliminated.
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IV. DISCUSSION provided may allow the atoms to relax their strained bonding
arrangement rendering the layer smoother.
The aforementioned data offer a possibility to explain the
anomalous behavior of the photoinduced fluidity observed
Having established a link between the photoinduced fluthrough the Raman depolarization ratio. Indeed, the non-
idity effect and the monotonic increase of the Raman-monotonic dependence on temperature of phe) curves
scattered intensity depolarization ratio, at a particular temshown in Fig. 2 may arise from the competition of two op-
perature, the following observations emerge from Fig. 2. Theposing effects. The first is the decreasing geminate recombi-
rise of temperature at least up to 60 °C causes a hindrance iration rate, discussed previously, which is considered to per-
the flow process, as was also demonstrated in the work bgist over the whole temperature range scanned in the present
Hisakuni and Tanaka. This finding supports the athermayvork. On the other hand, ordering effects, viz, enhanced lay-
character of the effect and could be rationalized by considering, have an opposite trend compared to the previous
ering that the geminate recombination rate of the photoexechanism, tending to facilitate the plastic deformation im-
cited e-h pair is reduced with increasing temperatiing.is ~ Posed by the external stress. The reversal of the fluidity vs
expected that geminate recombination, i.e., recombination dfmperature curve occurring above 60 °C implies the pre-
the same(e-h) pair that has been previously created, resultdominance of the second mechanism, that is, layer ordering.
in the atomic bond transformation that contribute to the flowTn€ énhancement of layer ordering is presumably the origin
facilitation under the application of external stress. Bearingf the increased zero-strepéw) value at 120 °QFig. 2).
in mind that rise of temperature monotonically reduces the Finally, one could argue that the band-gap lowering due to
geminate recombination ratejue to diffusion of the excited the temperature rise up to 120 °C might have some impact on
(e-h) carriers apart from each other, a plausible explanatioﬁhe observed behavior of the depolarization ratio. The _bandi
is provided to account for the decrease of the photoexcite§@P change between room temperature and 120°C is esti-
flow ability at 40 and 60 °C. mated to beAE;~0.072 eV [E4(20°C)~2.409 eV and
The aforementioned picture changes drastically when thEq(120 °C)~2.337 eV, calculated from the data given in
study of the vibrational modes is performed at higher temRRef. 14. Therefore, the 3% lowering of the band gap is not
peratures. As it was actually shown in Fig. 2 the data conexpected to have strong influence on the photoinduced fluid-
cerning the stress dependence of the depolarization ratio 8y effect. This is further supported by the fact that the band
90°C are almost indistinguishable from the correspondingl@p decreases monotonically with increasing temperature,
room-temperature data. Since the influence of temperatut@hile the observed changes in the depolarization ratio are
on the geminate recombination rate is monotonic, we have tgonmonotonic.
reckon on another factor determining the structural changes
observed at elevated temperatures. We had considered in the  B. Photoinduced fluidity for the nonstoichiometric
room-temperature stulythat the “orientation” of bonds As5575 glass
_along the strgssing _direct?on might arise from Changes either The study of the structural changes during the photoin-
in local atomic conflgura_tl_on a_md/or by Iay_er unfoldlng_pro- duced fluidity effect for the AsS;s glass, revealedFig. 3)
cesses like those specified in the buckling mdaeT.ms_ that these changes are less significant than the respective
model is based on the widely adopted idea that particulageg in the stoichiometric composition (AS). In the fol-
chalcogenides, such as the stoichiometrig@ysglass, retain 1oing. we will discuss three possible factors that might con-
to some degree the layered structure of its parent crystal, thysp te to the different properties of théw) vs stress room-
containing two types of bonds, i.e., strong covalent Oneﬁemperature curves between the,dSs, and AssS;s glasses,
within the layer and weak van der Waals bonds between thgi; i) the difference in their structuréii) the relation be-
layers. The co_valent bonds are _respon5|ble for the glas§,een incident light energy and band gap, 4iiid the role of
structure integrity of the chalcog_enlde layers and other propg,o glass-transition temperature.
erties such as the glass-transition temperature and are af-
fected by temperature only close and ab®ye On the other (i) It is well established that increasing the sulfur content
hand, the sublattice of the weak bonds is the one that corin the AsS;,-, glass family above the stoichiometric point
tains the entities that are easily responsive to incident ligh{1—x=60) one can in a controllable way modify the struc-
and is ultimately responsible for the photoinduced phenomture and hence the rigidity of the glass. In particular, in
ena. Due to the smaller energy barriers that are involved isulfur-rich glasses the quasi-two-dimensional layers are par-
this case, weak-bond restructuring may occur even at tentially disrupted and chainlike fragments and/or eight-
peratures much lower thar, . membered sulfur rings are the main structural uhitgibra-
Studies on the temperature dependeimem room tem-  tional spectroscopy has shown thatr8olecules are present
perature to aboveTy) of the x-ray structure factor of in the sulfur-rich glasses up to=351 It is evident from
As,S;00-x glasses have revealed an unexpected increase Ifig. 3 that the ordering effects accompanying photoinduced
the first sharp diffraction peak intensity with increasing tem-fluidity are less prominent in the case of the less rigid struc-
perature, while the second diffraction peak intensity nor-ture. This seems reasonable in the framework of the buckling
mally decrease® These finding have been interpreted asmodel. Indeed, the reduction of the layered fragments with
evidence of an increasing layering with temperature. Thisncreasing sulfur, softens the structure considerably and re-
may occur since, as the temperature rises, the thermal enerdyces also its ability to respond to the external stress. This

A. As,S;: Temperature dependence
of the p(w) vs stress curves
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TABLE I. Ratio r of the illumination light energy to the band (iii) The glass-transition temperature is another factor that
gap of the glass. The numbers in parentheses indicate the glassas to be taken into account to elucidate the difference of the

transition temperature taken from Ref. 10. room-temperature dat&47.1 nm wavelengirshown in Fig.
- 3. The significant role offy has been demonstrated in Ref.
Laser line 13 where the temperature dependence of the first sharp dif-
(nm) AS40Ss0 (210 °0 AS5575 (140 °Q fraction peak intensity was found to follow a master curve in
514.5 1.00 0.94 aTg-scaled plot for different glasses in the,&goo-« family.
647.1 0.80 0.75 Thus, a direct comparison between the room-temperature

data for AgySgp and AssS;s may be not so informative and
a comparison should be instead dond @scaled or reduced

. . . . .. temperaturesy=T®"T,. The 20° f T
may be envisaged in two different ways. First, the chainlike__ 150 °C) co?respond gtowo 71 Tiedra:Ztigra’:gs%uSrﬁe(s '?he

sulfur configurations could be entangled, thus hindering th% me valuer~0.71 in the case of the AsSs glass
flow process. Second, the quasi-one-dimensional character Q210°C) for lrexp%moc implying that Othe roo?n-

thg chainlike fragme_nts (_)fferg thg po_ssibi_lity qf new relax'temperaturep(w) data of AscS,s glass should be compared
altlon pathways, during |II_um|nat|on, in directions perpen-q the 70 °C data of A§Sso. The closest available data set of
dicular to that of _the applleq stre_ss; such processes are nggmsﬁo is that of the 60 °C, which interestingly is located
expected to corltrlbute to orientation enhgncement. Both th@ery close to the room temperatuys&o) of the As;sS;s glass.
above mechanisms cannot be realized in the case of tWorhis finding allows us to adopt the idea that structural
dimensional layers. Proceeding one step further, we coul@hanges accompanying photoinduced fluidity might be gov-
add here that the photoinduced fluidity effect is expected terned by glass-transition dynamics. If the above hypothesis
be not so prominent also in the case of glasses with threds correct, then the photoinduced fluidity effect for the
dimensional network structures since the compact form ofAs,sS;s glass is not less prominent compared to that ob-
the structure and the lack of the weak van der Waals bondserved for the stoichiometric composition. Measurements of
would impede the flow process. It seems that the particulathis glass (AgsS;s) at T~ — 20 °C would result in @(w) vs
structural softness of the layered materials maximizes thetress curve similar to the room-temperature curve of
possibility of structural changes that lead to the plastic deAs,,Sg, if glass transition dynamics do indeed rule photo-
formation (flow) of the material. induced fluidity.

(ii) Another possible source for the difference in fiie)
Vs stress curves at room temperature for the two studied o it ; o
glasses could be the effectiveness of the light inducing the C- Individual depolarization ratios of the high-frequency
structural changes or equivalently the relation of the illumi-
nating light energy to the band-gap energy. The modification UP until now, we have treated the high-frequency in-
of the glass structure by increasing the sulfur content iniramolecular vibrations of AgSso as a whole without focus-
creases the band gap of the material changing also the ratidd on the spectral features of the individual bands forming
of the illuminating light energy to the band-gap energy. Thethe 260-430 cm' spectral envelope. We should remind here
values of the ratia =E"/E, for the materials and the laser that according to a “molecular model” analy$fshe above
lines used in the present work are given in Table I. For region contains three vibrational modes; theandv; vibra-
=1.00 (that is, illumination of AgeSs, with the 514.5-nm  tional modes of the AsSpyramidal unit(C3, symmetry at
laser ling it was not possible to perform any light-scattering 342 and 310 crit* respectively, and the; vibrational mode
experiment due to strong absorption/heating conditions. Af the waterlike As-S-As unifC,, symmetry at 392 cm™.
wavelength dependence could be realized only for théA more detailed examination of the band shapes in this fre-
As,sS;s glass. The fact that the structural changes for thigjuency region reveals significant systematic changes as a
glass(r=0.75 or 647.1 nmare less important than the re- function of the applied stress for all temperatures studied. In
spective for the AgSso glass ¢=0.80) is not likely to be particular, the three peaks;, v3, and v; exhibit a clear
due to their difference imr. Actually, the twor values are difference in the degree of modification gfw) as a function
comparable and the penetration of the 647.1-nm laser line iaf the applied stress. Analyzing the spectral envelope 260—
the case of AgS;s (r=0.75) is even better than the penetra-430 cm ! with a set of three Gaussian peaks, we were able to
tion of the same wavelength for the ASo (r=0.80) glass. track the changes ip(w) for each peak. These individual
Let us see now what is the impact of different wavelengths t@lepolarization ratios have been normalized to the zero-stress
the same structure. As it is obvious from the data of Fig. 3value in order to reveal their relative changes and are plotted
when the illumination is performed with near-band-gap lightin Fig. 4 for all temperatures studied in the present work. It is
(r=0.94) the structural changes leading to photoinduced fluevident that the increase of thg peak plays the dominant
idity are minimal and not detectable. This is quite plausiblerole in all cases. This particular vibrational mode corre-
for the reason that although the efficiency of light in produc-sponds to the interplay of the polarizability ellipsoid of the
ing excitons is higher with near-band-gap light, the effectwaterlike AsS-S-AsS unit between two orientations, how-
occurs only on the surface due to strong absorption, resultingver, maintaining unchanged the magnitude of the polariz-
in a vanishing penetration depth and as a consequence eloability ellipsoid® see Fig. Ba). Therefore, the fact that this
gation of the fiber cannot occur. particular vibrational mode is the most amenable to the

vibrational modes
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P (a)

S o o

d=280um
T=120°C

Normalized Depolarization Ratio

Ys FIG. 5. (@) Schematic representation of t¢ vibrational mode
corresponding to the waterlike AsS,-AsS, unit. (b) Idealistic

J sketch of the layer flattening during the athermal photoinduced flu-
v idity effect: (i) layer before stretchindji) layer after stretchingS;
denotes the central sulfur atom of the AsS-AsS, unit.

0 3 6 9 58 2l to 60°C, i.e., a decreasing ability to plastic deformation or

Stress [10” dyn cm”] flow was observed with increasing temperature. This behav-
o o ] ior was reversed at higher temperatures where ordering ef-
FIG. 4. Normalized depolarization ratio in the region 260-430tacts start to become significant. This nonmonotonic tem-
cm ! as a function of the externally applied stress. At all tempera-perature dependence of the structural changes during the
tures_shown the} pegk,_as describgd in the text, exhibits the morephotoinduced fluidity effect has been rationalized by invok-
drastic changes. Solid lines are guides to the eye. ing the competition between two opposing effects. These are
(a) the decreasing geminate recombination rate with increas-
stress-illumination process is not irrational, and can be acing temperature that impedes photoinduced fluidity &nyd
counted for by the simplistic sketch of Fig(h describing  |ayer unfolding processes at higher temperatures that domi-
the layer flattening as a result of light illumination and the nate above-60 °C.
application of the mechanical stress. The disposition of the The magnitude of the photoinduced fluidity in the case of
composite waterlike AsSS-AsS molecule in a less ruffled 3 “softer” or more flexible structure (AsS;s) was found to
layer [sketch(ii)] changes also the orientation of the polar-pe considerably less than the corresponding one of the sto-
|Za.b|||ty e||ipSOidS that can f|na."y lead to the behavior ob- ichiometric (ASfOSGO) g|aSS, both measured at room tempera_
served in Fig. 4. ture. Arguments have been presented to account for this ef-
fect based on either the reduced ability of the soft structure in
response to the external mechanical stimulus or the fact that
T4-scaled data should be compared. In the latter caggS4s
In the present work, we have undertaken an inelasti@and AssS;s exhibit comparable photoinduced fluidity behav-
light-(Ramany scattering investigation of the vibrational ior at the sameT,-scaled or reduced temperature. The illu-
modes during the evolution of the photoinduced fluidity ef-mination energy dependence of the effect fopsSs; showed
fect for the AsySsy and AssS;s chalcogenide glasses. that near-band-gap light although more effective @h
Changes in the depolarization ratio for the former one haveair creation results in no detectable structural changes re-
been investigated at different temperatufasvays below lated to fiber elongation, since it acts only on the surface of
Tg), while for the latter the incident-light-energy dependencethe fiber due to high absorption conditions.
has been examined. The main conclusions drawn from the A close examination of the individual depolarization ra-
present work can be summarized as follows. tios of the high-frequency vibrational modes in 4S8, has
The temperature dependence of the Raman depolarizatiaevealed that the vibrational mode related to the interpyrami-
ratio follows the trend observed by Hisakuni and Tanaka uplal connection is systematically more sensitive to the

V. CONCLUDING REMARKS
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illumination/stress effect. Layer flattening process might bephotomelting® as well as reversible nanocontraction and di-
possibly involved to this finding. lation in thin amorphous AgSey, films induced by polarized

In conclusion, what emanates from the present study ifight.?* Further, the recently reported effect of optical field-
that the anomalous temperature dependence of the photoeinduced mass transpéftby band-gap excitation in AS;
hanced fluidity is a photoelectronic process that belongs to glass and the concomitant formation of giant relief modula-
general class of light-induced, phase changing phenomertions seems to be closely related with the photoenhanced
such as photocrystallizatioh,photoamorphizatioh’ and  flow process on which the present study focuses.
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