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ABSTRACT

The investigation of composition dependence ofouariproperties of chalcogenide glasses has beerdsed in

recent years. In the present work, the effect erpthysical properties viz. average coordination bemmean bond
energy, glass transition temperature, Average lidatomization etc., with the variation in Ge cantbas been
studied theoretically for G8lys Tess (X = 4, 8, 12, 16, 20 at. %) glassy semiconducttirias been found that
almost all the parameters, studied here, exceptprameter R, were increased with the increase énc@ntent,

thus making this suitable for phase change optieabrding.

Keywords. Chalcogenide Glasse8yverageCoordination Number; Glass Transition; mean bonergy) Average
heat of atomization.

INTRODUCTION

Recently, chalcogenide glasses have attracted wastest due to their extensive uses in photo tresis
microelectronics, optoelectronics applications [1-Bhe major advantage of these materials is thatd can
transmit across a wide range of infrared electroretig spectrum [4]. Some chalcogenide experieneental
driven amorphous — crystalline phase changes, faynihe basis of rewritable optical discs and nolatile
memory devices. More recently, amorphous chalcatgesivitching has been applied quite successfullpV¥®
technology where the quest for discovery of bettéted materials continues. The switching granéeaeches with
an active area of technology as well as fundamesttaly now a days [5].The bond constraint theory agidity
theory provide a powerful framework for understamgdithe structure and physical properties of amanpho
materials. Applications of these theories to switghin amorphous chalcogenide materials leads teldping the
best composition suited for switching applicati¢fs The long researches into amorphous semicondsidtave
now borne technologies fruit in the developmenplodse change memory devices that exploit rapidlistalizing
chalcogenide alloy materials in programmable mendemsices [7].

The compositional dependence studies on glassysallere reported for Bi-Se, Ge-Se, Bi-Se-Te, Ga-8e5e-Se-
Ga, Ge-Se-Ag etc. [8 — 12]. Through a number if gphous chalcogenide alloys are reported in thealitee,
amorphous Ge-Sb-Te glass has received particulantiain [13, 14]. Ge atoms act as bond modifietsstthey
strengthen the average bond by cross-linking thecHan structure, thereby enhancing the propelikesglass
transition temperature and resistivity. Chalcogengiasses can also be used as reference materialglér to
develop a better understanding of the glassy stiadeits specific properties. Moreover, as thesesrisds show a
continuous change of their various properties withnge in their chemical composition, it is possiial investigate
the correlation of the features observed in th@erty-composition dependence with the structuredregement in
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the glass. Such studies on the thermal, mecharétattrical, optical and physicochemical have régebeen
reported [15 — 17].

In Ge-Sb-Te system, bond energies for Sh-Sb (38a#/rkol) and Sb-Te (40.6 kcal/mol) suggest that $iheTe

bonds account for most of the backscattering sigraah Sb atoms [18]. The shorter Sbh-Te distance lzan
attributed to an electrostatic bond between Sb angbsitively charged three fold coordinated Te atdine

homopolar Ge bond data suggest that virtually allaBms are bonded to one Ge atom and three Sls at@nthen
interspersed evenly throughout the structure viitbe Te neighbours in giie; arrangements.

In the present work, we have incorporated Ge inShele alloy for the compositions belonging to&®s.,Tess (X
=4, 8, 12, 16, 20 at. %). The addition of thirdreent used to create compositional and configuratidisorder in
the material with respect to the binary alloys [10has been established that physical propeirti¢isis system are
highly composition dependent [19, 20]. The presesper is concerned with the theoretical predictibrsome
physical parameters related to composition, viardmation number, mean bond energy and the glassition
temperature etc. for G8bss., T €5 alloys.

THEORETICAL STUDIES AND DISCUSSION

Bonding Constraints & Average Coordination Number

Phillips [3] gave the mechanical-constraint cougtaigorithms to explain glass forming tendenciesngiraints
associated with the weaker forces of more distaeighbours must be intrinsically broken leadinghe absence of
long-range order. The well known Phillips—Thorpemach [4, 5] is based on comparing the nhumbertahiz
degrees of freedom with the number of inter-atofmice field constraints. The bond constraint theogintains the
balance between stressed and floppy materialsrmstef arrange number of constraints per atomeririter-atomic
force field space and the number of degree of fyeeith real space.

The average coordination number (Z) was calculagddg standard method [17, 21] for the compositESh;s.
« 1 €s5, ZiS given by

Z — XNGe+ yNSb+ ZNTe

X+y+z
where x, y and z are the at. % of Ge, Sb and Tpentively and Nd(4), Nsy(3), Nre(2) are their respective
coordination number [22]. fig. 1 shows values dhZrease from 2.39 to 2.55 with increase in corregioh of Ge

from 4 to 20 at. % using the calculated valuesvefage coordination number for &5, Tess (X = 4, 8, 12, 16, 20
at. %) system.
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Fig. 1: Variation of Average Coordination Number with Geat. %
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Deviation from the stoichiometery of composition

The parameter R that determines the deviation fetaichiometry is expressed by the ratio of conteond
possibilities of chalcogen atoms to that of nonlobgen atoms. For G8hss.Tess system, the parameter R is given
by [23]

_ ZCN(T@
" XCN(G8+ yCN Sk

where X, y, z are atomic frictions of Ge, Sb, amdr&spectively. The values of R are mentioned inlda which
shows that R decreases from 1.19 to 1.04 with &s&én concentration of Ge from 4 to 20 at. %. ffimeshold at
R=1 (the point of existence of only heteropolar dg&rmarks the minimum selenium content at whichendcally
ordered network is possible without metal-metalcbéormation. For R>1, the system is chalcogen aold for
R<1, the system is chalcogen poor. From fig. & itlear that our system is chalcogen rich and taay towards
chalcogen poor with the increase in content of iSlé system.

Mean Bond Energy And Glass Transition Temperature

There are many properties of chalcogenide glaskeshvare related to overall mean bond energy <Exofding to
Tichy and Ticha [24, 25], the value of glass triaositemperature should not only be related to estedness of the
network which is related to Z, but should also blated to the quality of connections, i.e., the mband energy
between the atoms of the network. The overall nfeard energy for the G8hss T ess System is given by
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Fig. 2: Variation of parameter R with Ge content

<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 &g Te, system, where
(x +y + z) =1, in selenium rich systems (R>1) vehthere are heteropolar bonds and chalcogen-deidoonds

Ec = 4XEGe—Te+ 3ZETe S|

22— 4x- 3y
Erm = Z ETe—Te
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It is clear from fig. 3 that <E> increases from1Lté 1.89 with increase in concentration of Ge frérto 20 at. %
i.e. in selenium rich region.

An impressive correlation of mean bond energy withss transition temperaturg Was illustrated by Tichy and
Ticha by the relation [24, 25]

T, =311< E>-0.9]

The variation of T with Ge content is shown in fig. 4, which is clgadepicting the rise in glass transition
temperature from 253.37 to 308.4@h increasing the content of Ge due to rise irambond energy of the glassy

system.
2.00
1.90 -
N i
A 1.80
\
1.70 A
1.60 .
0 4 8 12 16 20 24
Ge%
Fig. 3: Variation of overall mean bond energy with Ge content
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Fig. 4: Variation of glasstransition temperature Ty with Ge content
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Average Heat of Atomization

As proposed by Pauling [26], the heat of atomizeti§(A-B) at standard temperature and presence of arpin
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

H, =8H +2 (H2 +HE)

The termAH in the above relation is proportional to the squaf the difference between the electro negaisitj
andyg of two atoms involved i.e.

AH a (xa 'XB)2

In case of ternary and higher order semiconductaterials, the average heat of atomizationidHdefined for a
compound AB, C, is considered as a direct measure of the cohesi@ggy and thus average bond strength, as

H _XHA+ yHP + zHS
® X+Yy+z

where X, y, z are the ratios of A(Ge), B(Sb), arfdie} respectively. From the Table 1, it is cleatthverage heat of
atomization H, increases from 52.42 to 54.84 with increase irc@#ent from 4 to 20 at. %, resulting in increate

optical band gap. A graphical representation ofaye heat of atomizationghvith the variation in Ge content is
shown in fig. 5.
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Fig. 5: Variation of average of heats of atomization Hswith Ge content

Tablel.

Ge|Sh |[Te| Z R <E> Tg Hs

4 | 31 ] 65| 23¢| 1.1¢| 1.71 | 253.37 | 52.42

8 | 27| 65| 2.43] 115 176 266.56 53.p3
12 | 23| 65| 247 111 18D 280.15 53.3
16 | 19| 65| 251 1.07 1.8p 294.13 54.p3
20 | 15| 65| 255 1.04 1.80 30846 54.p4
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CONCLUSION

It is concluded here that the variation in Ge cohte Ge-Sb-Te glassy alloys leads to change inptimgsical
properties. As it is clear from various figures aable given that almost all the parameters, extepparameter R,
increase with the increase in content of Ge iRSBg «Tess system. It has been found that mean bond energyisE
proportional to glass transition temperature anth licreases with the increase in content of Gé #lso found
that average heat of atomizatiog Hhcreases with increase in Ge content from 40t@at2%b, resulting in increase of
optical band gap.
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