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ABSTRACT

The effect of compositional variations on variousperties of chalcogenide glasses has been incteaseecent

years. The effect on the physical properties wierage coordination number, lone-pair electron Aags heat of
atomization, mean bond energy, glass transitiorpemature, etc., with the variation in Ge contenstieeen studied
theoretically in the present work for (S, ,Tesg(X = 3, 6, 9, 12, 15, 18, 21 at. %) glassy semicabor. The glass
transition temperature and mean bond energy haea lwalculated by using the Tichy-Ticha approactmast all

the parameters, studied here, except the lone-plaictron L and parameter R, were found to increaité the

increase in Ge content, thus making this suitatehase change optical recording.

Keywords. Chalcogenide GlasseAyerageCoordination Number; Average heat of atomizatioeambond energy;
Glass Transition Temperature.

INTRODUCTION

For the past couple of decades, chalcogenide gldese attracted vast interest due to their extensses in photo
resist, optoelectronics, microelectronics, hologiampplications [1-4]. The major advantage of thasaterials is
that these can transmit across a wide range ofriadr electromagnetic spectrum [5]. Impurity effeats
chalcogenide glasses may have importance in fabmicalassy semiconductors. The infrared transparesf
chalcogenide glasses allows their use in optidsr§ for transmission of light generated by CO &} lasers
operating in infrared region and such fibers arpliag towards high-precision tools in surgery, isgial cutting
and welding etc. More recently, amorphous chalcmgeswitching has been applied quite successfol{pYD
technology where the quest for discovery of bettéted materials continues. The switching granéeaeches with
an active area of technology as well as fundamettialy [6]. The bond constraint theory and rigiditgory provide
a powerful framework for understanding the struetand physical properties of amorphous materighgliéations
of these theories to switching in amorphous chaoate materials leads to developing the best coitiposuited
for switching applications [7]. The long researcl®® amorphous semiconductors have now borne tdopies
fruit in the development of phase change memoryicgsvthat exploit rapidly crystallizing chalcogemidlloy
materials in programmable memory devices [8].

The compositional dependence studies on glassysall@re reported for various combinations like Bi-&e-Se,
Ge-Se-Ag, Bi-Se-Te, Ge-Se-Te, Ge-Se-Pb, Ge-Se-85d5Ga, Ge-Se-As etc. [9 — 15]. Through a numiper o
amorphous chalcogenide alloys are reported in iteeature, amorphous Ge-Sb-Te glass has receiveitiar
attention [16, 17]. Ge atoms act as bond modifiets they strengthen the average bond by crosswirtke Te
chain structure, thereby enhancing the properitkesglass transition temperature and resistivitprébver, as these
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materials show a continuous change of their varjpnperties with change in their chemical componitiit is
possible to investigate the correlation of the desd observed in the property-composition deperaevith the
structural arrangement in the glass [18 — 22].

In Ge-Sb-Te system, bond energies for Sb-Sb andeSbuggest that the Sb-Te bonds account for mosteof
backscattering signal from Sb atoms. The shortef&histance can be attributed to an electroshatizd between
Sb and a positively charged three fold coordindtecaitom. The homopolar Ge bond data suggest thagily all

Ge atoms are bonded to one Ge atom and three Bis aie then interspersed evenly throughout thetstei with
three Te neighbours in ge; arrangements. The molecular structure of Ge-Slglidsses then includes three local
bonding arrangements, viz: (a),3b; (b) GeTe; and (c) threefold coordinated Te atoms, the nearighbours of
which are Sb and Ge [23].

In the present work, we have modified the compasitby varying Ge content in the Ge-Sb-Te glassesafo
compositions belonging to &y, ,Tess (X = 3, 6, 9, 12, 15, 18, 21 at. %). The additidrihird element used to
create compositional and configurational disordethie material with respect to the binary alloy§][1t has been
established that physical properties in this syséeenhighly composition dependent [24, 25]. TheSbeTe glass
system is of special interest as it forms glasses a wide domain of compositions. The variatiorpadperties has
been discussed on the basis of their compositibims.present paper is concerned with the theorgtialiction of

some physical parameters related to compositian,caordination number, average heat of atomizatisean bond
energy and the glass transition temperature et&éShs, Tess glassy alloys.

THEORETICAL STUDIES AND DISCUSSION

Bonding Constraints & Average Coordination Number

The mechanical-constraint counting algorithms tplax glass forming tendencies was first given byllips [4].
The well known Phillips—Thorpe approach [4, 5] &skd on comparing the number of atomic degreeseeflébm
with the number of inter-atomic force field congtta. The bond constraint theory maintains the ridabetween
stressed and floppy materials in terms of arrangehber of constraints per atom in the inter-atoroicé field space
and the number of degree of freedom in real sp&oeording to Phillips, the tendency of glass forimatwould be
maximum when the number of degrees of freedom Bxaquals the number of constraints. Materials abisrized
by this coordinate are so called ‘good glass foshérocal configurations play a major role in thgphcation of
bond constraint theory.

The average coordination number (Z) was calculas#dg standard method [26] for the compositionShe T egs,
Zis given by

Z o XNGe+ yNSb+ ZNTe
X+y+z

where X, y and z are the at. % of Ge, Sb and Tpentively and N«4), Nsi(3), Nre(2) are their respective
coordination number [27, 28]. Fig. 1 shows valueg ocrease from 2.35 to 2.53 with increase incaniration of
Ge from 3 to 21 at. % using the calculated valdemverage coordination number for Sz, 4Tess (X = 3, 6, 9, 12,
15, 18, 21 at. %) system.
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Fig. 1: Variation of Average Coordination Number with Geat. %

Tablel
Ge|Sh |Te| Z L R Hs <E> Tg
3 | 29| 68| 235 330 1374 5177 1.72 256
6 | 26| 68| 238 324 13338 52723 1.7 266
9 | 23| 68| 241 3.18 1.295 52.68 1.74 275
12 | 20| 68| 244 312 1.259 53.13 1.81 284
15 | 17| 68| 247 3.06 1.225 53.58 1.84 294
18 | 14| 68| 25| 3.00 1198 54.04 1.84 304
21 | 11 | 68 | 252 | 2.9¢ | 1.16: | 54.4¢ 1.91 | 31t

Lone Pair Electrons & Glass Forming Ability

As per the view point proposed by Pauling [29, 20],increase in the number of lone-pair electrawahses the
strain energy in a system and structures with latgabers of lone—pair electrons favors glass faomatf L is the
number of lone pair electrons, V is the valanceted& and Z is the average coordination numberntivaber of
lone—pair of electrons is calculated using theti@ia31]

L=V-Z

The results of Lone-pair electron for Ss,..Tess System are tabulated in table 1.Variation of loag-glectron
with Ge content are shown in fig. 2. It is clearmfr the variation of lone-pair electrons that witle increase of Ge
content, the number of lone—pair electrons decseesitinuously in G&hs, ,TesgSystem. This behaviour is caused
by the interaction between the Ge ion and lone-@eictrons of bridging Te atom. The role of loné-éectrons in
the glass formation decreases by this interaciosimple criterion was proposed by Zhenhua forraabj system
and ternary system i.e. for a binary system thebmirof lone-pair electrons must be larger thana?® for ternary
system it must be larger than 1. This is clear ftbentable 1, that the values of lone-pair electriom GgSh;, (T €ss
system decreases from 3.30 to 2.94 with increas®mmeentration of Ge from 3 to 21 at. %. From thisiay be
concluded that the present system under studyhibiéing good glass forming ability.
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Fig. 2: Variation of Lone-pair electronswith Ge content

Deviation from the Stoichiometry of Composition

The parameter R that determines the deviation fetaichiometry is expressed by the ratio of conteand
possibilities of chalcogen atoms to that of nonlobgen atoms. For G8hs,.,Tesgsystem, the parameter R is given
by [32]

_ zCN(Te
" XCN(G8+ yCN Sk

where X, y, z are atomic frictions of Ge, Sb, aedrdspectively.

The values of R are mentioned in table 1. The Hulesat R=1 (the point of existence of only het@lap bonds)
marks the minimum selenium content at which a chaltyi ordered network is possible without metal-ahébnd
formation. For R>1, the system is chalcogen rict for R<1, the system is chalcogen poor. The vabfeR are
found to decrease from 1.374 to 1.162 for our caitjpms with increase in concentration of Ge frono 21 at. %.
From fig. 3, it is clear that our system is chakogich and may turn towards chalcogen poor withititrease in
content of Ge in the system.
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Fig. 3: Variation of parameter R with Ge content
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Average Heat of Atomization

As proposed by Pauling [29, 30], the heat of atatinin H(A-B) at standard temperature and presence of ain
semiconductor formed from atom A and B is a surhedts of formatiodAH and average of heats of atomization
H and HE that correspond to the average non-polar energig®dwo atoms, is given by the relation

1
Ho=AH +Z(HA+H®)
2
The termAH in the above relation is proportional to the squaf the difference between the electro negadisiti

andyg of two atoms involved i.e.

AH o (xa - XB)2

In few materials, the amount of heat of formatidi is about 10% of the heat of atomization and nheyefore be
neglected. Hence

H,=2(HE+HY)

In case of ternary and higher order semiconductaterials, the average heat of atomizatigniHdefined for a
compound AB, C. is considered as a direct measure of the cohesiggy and thus average bond strength, as

_aH +bH? + cH
a+b+c

H

S

where a, b, c are the ratios of A(Ge), B(Sb), afiie¢respectively. From the table 1, it is cleatthverage heat of
atomization H, increases from 51.77 to 54.49 with increase irc@sent from 3 to 21 at %, resulting in increake o
optical band gap. A graphical representation ofaye heat of atomizationghvith the variation in Ge content is
shown in fig. 4.
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Fig. 4: Variation of average of heats of atomization Hswith Ge content

Mean Bond Energy & Glass Transition Temperature

There are many properties of chalcogenide glaskeshvare related to overall mean bond energy <Exofding to
Tichy and Ticha [33, 34], the value of glass triaositemperature should not only be related to estedness of the
network which is related to Z, but should also blted to the quality of connections, i.e., the mband energy
between the atoms of the network. The overall ntand energy for the G8hs,.,Tess System is given by
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<E>=E +E,

where E is overall contribution towards bond energy agsirom strong heteropolar bonds ang, E contribution
arising from weaker bonds that remains after thengtbonds have been maximized. Fog Sig Te, system, where
(x +y+2z)=1,in selenium rich systems (R>1) vehthere are heteropolar bonds and chalcogen-ajetdoonds

Ec = 4XEGe—Te-i- 32ETe S|
E - {22— 4x- Sy} £

Te-Te
Z

It is clear from fig. 5 that <E> increases from2Lté 1.91 with increase in concentration of Ge frf®ro 21 at. %,
i.e. in selenium rich region.
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Fig. 5: Variation of overall mean bond energy with Ge content

An impressive correlation of mean bond energy wiéss transition temperaturg Was illustrated by Tichy and
Ticha by the relation [33, 34]

T, =311k E>-0.9]

The variation of § with Ge content is shown in fig. 6, which is clgadepicting the rise in glass transition
temperature with increasing the content of Ge duése in mean bond energy of the glassy system.
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Fig. 6: Variation of glasstransition temperature T4 with Ge content
CONCLUSION

It is concluded here that the variation in Ge cohie Ge-Sb-Te glassy alloys leads to change inptmgsical
properties. As it is clear from various figures aalble given above that almost all the paramsettcept the lone
pair electron L and parameter R, increase wighiticrease in content of Ge in Sb;,.,Tess System. It has been
found that average heat of atomizatiog lHcreases with increase in Ge content from 31t@®%, resulting in
increase of optical band gap. It is also found thmtan bond energy <E> is proportional to glasssttiam
temperature and both increases with the increaseritent of Ge.
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