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Thermal diffusivity of Ge-As-Se(S) glasses
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The thermal diffusivity of bulk GgAs,,_ S S)gg glasses has been measured by an optical beam deflection
method as a function of the composition. The dependence of the thermal diffusivity of both the families on the
average coordination numbér has a complex behavior and is interpreted in the frame of chemical and
structural ordering of glasselsS0163-18207)06618-9

INTRODUCTION The bouncing configuration of the optical beam deflection

(OBD) method is used to measure the thermal diffusivity of

The structure of chalcogenide glasses has been a subjabtie sample$>!® The main advantage of this method to the
of extensive studies during the last decades. The lack gfhotoacoustic cell techniq@e!? widely used to determine

translational regularity and of methods of identifying nonpe-the thermal diffusivity of chalcogenide glasses, is that bulk

riodic atomic configurations in noncrystalline solids stimu-samples as well as thin films can be measured by it.
lates compositional investigations of different physical and

structural properties of glasses. The idea of using the average
coordination number to interpret the compositional depen- EXPERIMENTAL DETAILS AND DATA ANALYSIS
dences of these properttésallows the importance of the
topological structure to be put in evidence. By comparing the The glasses were prepared by a standard melt quenching
degrees of freedom of the atoms with the number of thenethod. Appropriate amounts of 99.999% pure Ge, As, and
linear independent constraints, a notion of underconstraine8gS) were sealed in quartz ampoules at”#0Torr and
(floppy) and overconstraineétigid) amorphous solids was mixed in a furnace for 30 h. The samples were held at tem-
introduced. AtZ=2.4 the two quantities are equal and the perature above 800° for at least 12 h. The samples composi-
structure of glasses percolates. Special features have betions were verified by energy-dispersive x-ray analysis and
found in the property-composition dependence¥Zat2.4, their amorphous structure was proven by x-ray diffracto-
due to the floppy-to-rigid transition. Besides, data for differ-meter.
ent physicochemical, optical, and structural properties in bi- The setup used for the present study was a normal mirage
nary and ternary glasses exhibit peculiaritiesZat2.67, setup. The heating laser (Aror He-Ne') beam of about 5
connected with a structural phase transiffodue to the ~mW was modulated by a mechanical chopper at a frequency
medium-range ordering. A=2.67 the structure goes from between 6 and 15 Hz and was focused at the sample surface
a fully developed two-dimension&D) layerlike structure to  to a 1k radius of about 4zum. The beam of a probe 0.6 mW
a three-dimensional network. This is supported also by exHe-Ne" laser fell on the sample surface at a smal2P)
perimental data for GAs,y_,S(Seg, glassed:® angle measured from the surface. Ite Waist radius was
Thermal diffusivity of chalcogenides has been widely about 32um. When this beam passes through the heated area
studied in the past yeafs!? This interest is stimulated by of air near the sample surface, it is refracted by the time
the fact that thermal diffusivity and/or conductivity is very varying index of refraction, so that the direction of the re-
sensitive to the structure of solids. In fact, thermal conducflected beam oscillates. These oscillations were detected by a
tivity in nonmetals is connected to the vibrations of the at-quadrant cell and the signal was fed to a lock-in amplifier
oms in the network around their equilibrium position and (PARC 530). The intensities of both the heating and the
structure changes are expected to influence the heat diffusiaeflected probe beams were measured and were used to nor-
process. In this paper we present results on the thermal difnalize the experimental results. The sample was mounted on
fusivity compositional dependence of glasses from two famia three-dimensional stage with an accuracy @fr.
lies: GgAS,y_xS(S8gg At Xx=0 andx=27 the average co- In our experiments the samples thickness was more than
ordination numberZ is 2.4 and 2.67, respectively. At four times greater than the thermal diffusion length, so that
Z=2.4 the expected mechanical threshold coincides with #&hey were considered thermally thick. Data from ellipsomet-
chemical ordering effett'*and atZ=2.67 no chemical or- ric measurements showed that the optical absorption length
dering exists in our two families, which belong to the (1/e decay of the heating beam was about 0.1—Qufh,
pseudobinary ling As,S(Se;],[ Ge,S(Se3],_x. Thus, the which is much less than the thermal diffusion length in the
influence of the chemical and topological thresholds hasampleg120-180um). We assumed that the light was ab-
been assessed by comparing the behavior of the systems nesarbed at the samples surface. Under these conditions the
Z=2.4 andZ=2.67. OBD signal is given b{
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Here ¢, and ¢,, refer to the transverse and the normal com- =
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ponents of the deflection of the probe beam, respectively; ' . .
Ry andR,;, are the radii of the heating and the probe beams, -400 2200 0 200 400
ds andqg are the thermal wave numbers in the sample and in s (um)

the air[gsq= (\2+27if/ag )2, where a4 are the ther- wm
mal diffusivities of the sample and the aiiris the imaginary
unit, f is the modulation frequency, andis the spatial fre-
qguency. C is a constant and is the distance between the
heating and the probe bearfsg. 1). The function erfwg)

is defined as frequencies and/or heights of the probe beam were fitted si-
multaneously. Usually, four sets of data were used.

FIG. 2. The measured magnitude of the transverse OBD signal
and the fitted theoretical curve for GAs;sSe.

\/; Figure 2 shows experimental results for a transverse OBD
erw(z)=—- exp(z%)erfa(z) signal for the sample GgAs;sSey, and the respective theo-
retical curve(l), obtained from the fitting procedure. The
and erfcg) is the complementary error function. variance of the fitting, given by
After normalizing the experimental data magnitudes, they
were fitted to Eq.(1) by a least-squares multiparameter fit- 3 (8- oh)?
ting procedurgsimplex methoylon a DEC-Alpha 500 mini- — — 2' ,
computer. Two procedures were applied to increase the ac- (i)

curacy and the reliability of the obtained resuftsFirst,

although the beams radii aidwere measured with an ac-
curacy of 1um, they were considered unknown and obtaine
together with the thermal diffusivity of the sample, as a re-
sult of the fitting. Besides, data sets obtained at differen

is used as a measure of the goodness-of-fit. H¢rand ¢}
£re the experimental and the theoretical values. The variance
was between 0.004 and 0.0006, but most frequently it was
9bout 0.001, as in the example shown in Fig. 2.

The obtained results for the thermal diffusivities of the
families GgAs,q_ S and GgAs,y_Sgo are shown in Fig.
3 and Table I. The experimental points are those obtained

. from the fit of all data related to one sample, measured at
heating ’ different frequencies and heights, and the error bars indicate
beam probe the lower and upper values obtained from a single measure-

beam ment at a given frequency artd The difference between
these values does not exceed 5% for the Ge-As-Se family,
§\ Average coordination number
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FIG. 1. A schematic picture of the position of the probe and the
heating beams of the bouncing OBD configurati¢a: side view, FIG. 3. Thermal diffusivity of GgAs, ,Se, and
(b) front view. Ge sy xSeo glasses as a function of composition.
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TABLE |. Values of the average coordination number and theGgAs,,, , Sy, with differential scanning calorimetry showed
thermal diffusivity of GgAss,-xSso and GgAs,o-xSey glasses. a well expressed increase of the specific-heat capadiy
at the glass transition temperattitafterZ=2.67. It is inter-
esting to point out thaACp shows a slight decrease #t

Thermal diffusivity Thermal diffusivity

Ge conocentrauon of G_%‘Asr‘:%‘x_sfo of G%AS‘;?%X??SO >2.4, which stops aroun@=2.55. The influence of the
0 z (107" ems ) (107" emrs™) chemical ordering and its disturbance is also expressed in
0 2.40 2.40 2.16 other property-composition dependences. So, irZtklepen-
4 2.44 2.01 dence of the integrated intensity of the first sharp diffraction
5 2.45 1.80 peak of Ge-As-Se thin filmfresh and annealg¢da decrease
10 250 1.89 167 atZ>2.4 and a broad minimum arouzd=2.55 are seen, as
15 255 151 1.60 well as peculiarities around=2.67% That is why a plau-
19 259 1.60 1.85 sible explanation of the change of the slope of W)
20 260 1.82 curves aroundZ=2.67 is the proposed topological phase
22 262 1.70 1.89 transitior? from a two-dimensional to a cross-linked three-
o5 265 1.92 1.90 dimensional network structure. .
27 267 1.98 1.95 The thermal 'dIfTUSIVIty of several sets of binary .an.d ter-
32 579 . 503 nary chalcogenides have been measrétiAt the stoichio-
36 276 272 234 metric compositions £=2.4) « shows a well expressed

maximum for all binary glasses, Ge-féAs-Tel? Ge-Se'!
The decrease of at Z>2.4 is attributed to a chemical or-
dering change and is consistent with our results. In the
but for some Ge-As-S samples it was 7%. These values cafis-Te-Se system, the highest values of the thermal
be compared with the confidence intervals «f obtained conductivity have also the stoichiometric samples
from data fitting. When using all data for a given sample to(As,Sey),(As,Te;);_4, With Z=2.4. But for the systems
fit the parameters, the 68% confidence intervalsiaPe-4 % Gg(sg(lo)s%(go),x,s there are no stoichiometric samples

from the data given in Fig. 3 and Table I. with Z=2.4 and no maximum connected with chemical or-
dering effects can be seen at this point. Maxima appear at
DISCUSSION Z~2.67, where the composition &&b,,Se;s, which exhib-

its the highest thermal diffusivity of the family

The thermal diffusivity variation withZ can be inter- GgSh,Se_,, may be written a§Sh,Se;),(GeSe), _, with
preted on the bases of change in the chemical ordering and j=1/6. The sample Ge Sh;Ses, 5 with the highest value of
the network topology. Our results show a complex behaviorq in the family GgSh;Seys_,, cannot be written in the same
At Z>2.4 « first decreases but @&>2.55 an increase i form but its composition is closer to the stoichiometric one
with the increment of the average coordination number cafhan any other sample from the family. It is seen that in this
be seen. Besides, a change in the slope inat{|) depen- case the expected topological phase transition coincides with
dence of the Ge-As-S family is evidentzat2.67. The three the chemical ordering in the system. In our case no chemical
regions are indicated by straight lines, obtained from lineabrdering exists aZ=2.67 and the change in the thermal
fitting of the corresponding data. In the Ge-As-Se family alldiffusivity dependence od@ can be connected only with to-
the changes in ther values are relatively weaker, and the pological changes.
increment of the slope goes through an inflection point near The results shown in Fig. 3 can also be compared with the
Z=2.67, as can be seen from the line given as a guide to theompositional dependence of the elastic properties of chal-
eye. cogenide glasses. There is a simple relation between the ther-

Because AsSgS); are stoichiometric compositions, the  mal diffusivity of insulators and semiconductors and the ve-
values aZ=2.4 can be influenced by the chemical orderinglocity of the soundlong-wave phonons
of the compounds. AZ>2.4 the incorporation of Ge disor-
ders the dense packing of the molecular structure and a de-
crease ofa should be expected. With increasi@gnot only 1—
As-based but also Ge-based quasimolecular species are =3 vn, 2
formed. The AsSE)3, pyramidal units and the Ge&,,
tetrahedra begin to connect in a layerlike structure. This may,
be the reason for the broad minimum n&ax2.55 and the
thermal diffusivity increase with the further incrementaf

If Z increases up to 2.67 the layerlike structure is ex-
pected to be fully evolved and a cross-linking beginghich interatomic spacing: When applying Eq(2) to our samples

can change the(Z) dependence. We have found extrema Orus:ng_;/ . 20(r)]O|m/s, W(;"Ch is a t{)’?'?ﬂ \galg\e_lfﬁ_r the sound
inflexions atZ~2.67 in glasses and thin films from the in- velocily In chaicogenides, one obtains-3 A. 1hiS 1S near

vestigated systems in various physicochemical, optical, anf'® bond lengths in chalcogenide glassasis given by

structural compositional dependenéés,*8which are con-
nected with the topological 2D-3D transition. In the Ge-As-S

family the features are better expressed than in the more VAN A ) @
compact Ge-As-Se family. The investigations of p (14+u) -~

hereV andn are the average sound velocity and the aver-
age free path of the phonofslt seems that in amorphous
solids at temperatures above 100 K, the low limiinos the
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Here K is the bulk modulusp is the density, anglk is the CONCLUSION

Poisson’s ratio. The coefficiestis introduced to account for We have investigated thermal diffusivites of

the fact thatV is a}_cwbination of longitudinal a_nd trans- GeAsy ,SES)g glasses by an OBD method. THedepen-
verse sound velocities. may be expressed approximately aSyence of the diffusivities shows a broad minimum near

3 : :
N=Y\v, wherev, is the atomic volume. The values pf  7_5 55 \hich may be explained by the disturbance of the

have been measured and were calculated for the investi- chemical ordering aroun@=2.4. Peculiarities exist also

gated sample%.Both of them vary by 5-6 %. Taking into 515 ndz~2.67, which are attributed to a structural phase
account thaj is also a weak function of the sample micro- ¢ansition from a 2D to a 3D network structure, better ex-

structure, one can approximately writec K. pressed in the GAS._ ,Seo family.
Many investigations of Ge-As-$8) glasses show an in-

crement of the bulk or longitudinal moduli witl. After
Z=2.67 the curves change the slope and the increment be-
come more rapid>~2’ At the same time the system As-Se
has been shown to have a maximum of the bulk modulus at This work was supported by the Bulgarian National Sci-
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