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Abstract— Se-Te based chalcogenide glasses have been
found suitable for optical memory devices dueto their ditinct
amor phous-to-crystalline transformation. In the present work
alloys of SessGesTen b, (a = 3, 6, 9, 12, 15, 18) glasses
have been synthesized using melt quench technique. Author
report investigations leading to optical, thermal and
topological properties of these glasses by varying the
concentrations of Te and Sb. Glass trandtion and
crydtallization kinetics of alloys have been investigated using
differential thermal analysis at different heating rates (5, 10,
15, and 20 KminY). The results so obtained verify the
usefulness of above composition.
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l. INTRODUCTION
It has now very well established that chalcogegidsses are
very promising materials due to their wide rangea@éntific
applications. An increased interest in chalcogehigdearious
researchers is due to their applications in inftametical fibre
communication, environment and materials science3][1
Chalcogenide glasses are widely used in phase-ehang
memories applications. The phase-change materids a
designed with rapid inter conversion. These glassesalso
very useful for rewritable optical recording due tieeir
reversible switching behaviour between phases. WBes t
amorphous state is meta-stable, it has the passiltd
transform into more stable crystalline state [4, 5]
Chalcogenide glasses are more weakly bonded matesa
compared to oxide glasses, resulting in the fomatif both
hetero-polar (e.g., Ge-Se) and homo-polar (e.gSe&3eGe-
Ge) bonds. Amorphous selenium is widely used asfmas
semiconductor, but holds various disadvantages iker
sensitivity and short life time [6]. These shortdogs may be
improved by alloying the amorphous selenium witheot
materials such as Te, Bi, Ge, Sh, Sn etc. The Yinar
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chalcogenide glasses, involving selenium, are tegdo have
several advantages over pure and amorphous selemdm
also found more useful in practical applicatioris For better
applicability, these must be thermally stable asfatime and
temperature during use are concerned.

In order to explore the technological applicationis the
material, we need to study its optical and therbeddaviour.
In order to improve the properties of the Se—Gegylaystem
various efforts have been made by various authogsduring
this process elements such as Te, Sb, Sn, Pb leame b
incorporated in this system [8—10]. It is an esshlgld fact that
Germanium strengthens the glass matrix by incrgatie
cross-linking in the network, which affects therthal and
optical properties. Antimony is a good suitabléotiig agent
to tune the physical properties of a material fquaaticular
technological application. Due to heavy atomic mafsS$b
than Ge, there is red shift in the absorption edgkreduction
in the intrinsic optical losses in Ge—Se bond roesri The
weaker bond strength of Se-Sb bonds and hindrance
introduced by large size of Sb causes strain arakeves the
glass matrix, which opens the possibility to redtloe gap
between the melting and peak crystallization terdpee and
make its suitability for phase change material.

Il. ALLOY PREPARATION
Chalcogenide glasses in bulk or their thin filmgeverepared
using high purity elements (99.999 %). These neltevere
weighed in to quartz ampoules. After sealing the@utes,
under high vacuum conditions (I0orr), they were
suspended in a vertical furnace at@@r 24 hours and also
shaken vigorously for homogeneous mixing. The teatpes
was raised very slowly at a rate of 4 K/min. Forkimg
amorphous alloy the melt was rapidly quenched éaviater
mixture. The samples were then kept at room terfyreran
dark for about one month for attainment of thernmzatyic
equilibrium as stressed by Abkowitz in chalcogeritisses
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[11]. Amorphous nature of the samples was agaioredshy
the absence of any sharp peaks in the X-ray diffggams.
Then various crystallization studies were carried along
with optical studies.

M. RESULTS AND DISCUSSION

3.1 Transmission spectra
Transmission spectra géeisTen.Sh (a = 10) thin films
shows that the transmission shifts towards longarelength
with Sb addition to the ternary system. A red shis been
observed in interference free region of spectravahio figure
1. In the region of weak and medium absorption ehert
0), the transmittance decreases mainly due to fieet eof
absorption coefficiento) and the refractive index (n). In the
region of strong absorption, the transmittance ebesms
drastically, due to almost exclusively the influerafo. and n
whose values can be estimated by extra plottingydhees in
other region.
3.2 Refractive index
The increase in refractive index has been explaimgdg
polarizability of atoms. The replacement of Te wih leads
to a decrease in refractive index of the systen]. [TBe
decrease in the value of k with addition of Sb enhindicates
that loss of light decreases due to scatterin@.fig red shift
evident from the Kramers—Kronig relation also sufpthe
decreased refractive index [13,14].
The refractive index (n) and polarizability arekéa by the
relation given by Lorentz — Lorentz

nf-1 1

o a2 N

n“+2 35
where n is the refractive index of allay,is the polarizability
andeyis the permittivity of the free space andis\the number
of polarizable units per unit volume.
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Fig. 2: Variation of Refractive Index with wavelength

3.3 Compositional and heating rate dependence of &nd
Et

When the atomic percentage of Sb is increased-Bes€e-
Sh glass system, Sb is expected to combine préfexith Se
because the bond energy of Sb - Se (170.4 kJ/s\gheiter
than that of Sb -Te (125.6 kJ/mol). This resuitsiécreasing
Se-Se bonds. The number of the Sb-Se bonds insredibe
increasing Sb content [7]. The variations g&$ a function of
Sb content in the Se-Ge-Te-Sb system have beemshdhe
following figure 3, it is clear that the value of increases
with the increase in heating rates, as well as initheases in
Sb content. This explains the increase jiwith the increase
in Sb content due to the formation of large nundjéretero-
polar Sb -Se bonds and decrease in homo-polar SEeSEe
and Te-Se bonds [11].
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Fig. 3: Variation of T versus So content
The dependence of;Ton the heating rat§ has been
calculated by the empirical relationship of thenfor

T, = A+Blog 8

The values of3 are found to be different for different glass
compositions, indicating that Se-Ge-Te-Sb alloy argdes
structural changes for different Sb concentratibacause
values of B is an indication of the response of the
configurationally changes within the glass traoaiti
region.[15]

The crystallization process involves two types cfivation
energies: activation energy for nucleation and vatitin
energy of crystal growth. Further the literaturedgt shows
that the activation energy of crystal growth maytéleen as
equal to the activation energy of the whole criigtion E

The activation energy of crystallization has beetednined
by using the established model given by Kissinger

2
In (T—QJ + const = TE
A g 1)

The Kissinger equation can approximately be writigrthe
form

In 8 =—-—+const
KT,
9 @)
The plot of Sb for relations (1 & 2) has been diggidn fig 4.
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Fig. 4: Variation of activation energy with Sb content

Here, the activation energy is found to increaseabse of
cross-linking in glass matrix. Further as the Steot
increases in the glassy matrix, it ruptures thep8gmeric
rings and Se—Se bonds got replaced by Sb—Se bemdise
activation energy increases.
3.4 Cohesive Energy
The stabilization energy of an infinitely large stier of
material per atom, also known as the cohesive grarthe
system, was calculated using a well known approaobywn
as the Chemical Bond Approach (CBA). According to
Chemical Bond Approach, the atoms combine more
favourably with atoms of various kinds, until dktavailable
valences of the atom are completely filled. Thestwepolar
bond energies can be calculated by the followifefiom

E(A—B) = [E(A—A) + E(B — Bf{® + 30(Xx — Xg)?
where E(A-A) and E(B-B) are the homo-polar
bond energies whilega, and yg are corresponding electro
negativities [16].
The cohesive energy may be calculated by usinfptiosving
relation

CE=) CE

here G denotes distribution of chemical bonds andiénhotes
energy associated with the corresponding bondsem Fig 4,

it is evident that cohesive energy decreases nittease in Sb
content from 3 to 18 at %. The selenium atoms moagy
bonded to germanium atoms and fill all the avadallences
of the Te and Sh atoms respectively. But, even, titvene are
some unsaturated Se atoms which appear as exce&e Se
bonds in the system.
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Fig. 5: Variation of cohesive energy with So content

Te decreases (2.131 eV Bond Energy) with increasshi
content (1.97 eV Bond Energy), therefore, Se-Tedbon
concentration also decreases, resulting in decrefageerall
bond energy of the system and hence the value hefsoe
energy. The value of cohesive energy decreasesro8d to
2.050 with increase in concentration of Sb frono 38 at %
as shown in fig. 5.

3.5 lonic Character of Covalent Bond

It is now a well established fact that all bonds absolutely
covalent for coordination number Z = 2.4 [17, 8]t for any
value of Z other than Z = 2.4, the covalent boralgehsome
ionic character in order to confirm the nature aflecule as
polar. The iconicity describes the tendency towandiering
due to non-directional character. The ionicity diftead can be
calculated by using the famous Pauling formula.

02501 ¥

Percentage of ionic characte]-:_

where {,—g) is denoting the difference in electro negatigitie
of atoms A and B. There must be a direct connedt@ween
glass formations and bond strength [19]. The glassing
tendency used to be increased as a result of higk vf bond
strength. Since chalcogenide glasses are formedabgrials
such as S, Se, Ge, Te etc., which have predomyrzothlent
bonds, the degree of covalence in the bond of a@mogp
glass may be calculated by using the Pauling osisttip as

Amount of covalent character € 2> A ™e 7
Higher the covalent character, higher will be thedency of
glass formation; hence the elements with more @%b
covalent character are more predominantly formgtasses.

3.6 Average Coordination Number
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As per predictions as reported by Phillips [17],ewhthe
number of degrees of freedom exactly equals thebeurof
constraints, the tendency of glass formation woblel
maximum.For the composition Sg5esTe.Sh, (a = 3, 6,
9, 12, 15, 18), the average coordination numberwa}
calculated by using the standard method [18]

Z = WNSe + XNGe + yNTe + ZNSJ

W+X+y+z

where w, X. y. z and d are the at. % of Se, Geafl@ Sb
respectively and BD(2), Ne(4), Nre(2) and Ny, (3)are their
respective coordination numbéerhe variation of average
coordination number with Sb contents is illustraiedig. 6,
from where it is clear that values of Z increagemr2.33 to
2.48 with increase in concentration of Sb from 28at %.
3.7 Deviation From Stoichiometry Of Composition
The parameter R is generally used to determineleh@tion
from stoichiometry [20]. It is expressed by theicabf
covalent bond possibilities of chalcogen
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Fig.6: Variation of Z with Sb content
atoms to that of non-chalcogen atoms. FoGasTe.Shy
(@a=3, 6,9, 12, 15, 18) system, the parameterdgiven by
[19, 20].

—_ WNSe + yNTe
XNg, + ZNg

where w, X. y. z are atomic frictions of Se, Ge, ded Sb
respectively. The threshold at R=1 (the point aétnce of

only heteropolar bonds) marks the minimum selenium

content at which a chemically ordered network issilde
without metal-metal bond formation. For R>1, theteyn
is chalcogen rich and for R<1, the system is clggogooor.
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Fig. 7: Variation of Rwith Sb content

For quaternary chalcogenidegsgeesTenSh, (a = 3, 6, 9,
12, 15, 18 at.%) the variation of stoichiometry hwiSb

contents is depicted in fig. 7.

It is clear from fig. 7 that parameter R decre&s88 to 1.18
with increase in concentration of Sb from 3 to 1.8& which

clearly shows that our system is chalcogen richyever,

turning towards less chalcogen rich with the inseean

content of Sb in the system, but still it is welthin limits of

being chalcogen poor. The high energy lone-paictieas

lead to qualitative different electronic densitigéstate due to
chalcogen rich nature of the selected material.

3.8 Lone-pair

When the central atom is surrounded by one or rhgbeid
orbital containing lone pair of electrons in thdevae shell,
the geometry of the molecule is distorted to somerg.
Since the lone—pair occupies more space aroundetial
atom it can interact more and therefore it will ekephe
electron pairs in the neighbouring orbital’s motsorggly,
whereas the repulsive interaction between the toval kpairs
will be less [19,21]. This can be summarized aswel
Lone-pair-Lone-pair  repulsion >  Lone-pair—bond-pair
repulsion > bond-pair—bond-pair repulsion.

L=V-Z
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Fig. 8: Variation of Lone pair with Sb content

The variation of lone pairs with Sb contents isvaman fig 8
which shows that the values of lone pair decre@se 8.34 to
3.04 with increase in concentration of Sb from 38at. %.

3.9 Electronegativity

Electronegativity was defined by Pauling [19] aes plower of
an atom in a molecule to attract electrons to if. se
Electronegativity of a composition may also be i as the
geometric mean of all the constituents requireddaming a
compound. In the present case, the presence ofaBbsnthe
alloy typically ionic in character. Electronegatyvi was
calculated from thermo dynamical data of differefgment
and samples. Pauling considered that in a reaafitre type

1 1
~(A-A)+=(B-B) -~ A-B
> ( )+ )

The bond dissociation energy of (A — B) is higheairt the
mean of the bond dissociation energy of (A — A) é®d- B)
bonds and their differenc@)is related to the difference of
the Electronegativity of A and B according to tleidwing
empirical equation:

B=E, 4= By +Er) 23X X
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Fig. 9: Variation of electronegativity with Sb content

Where Egs, Exa and kg represent the bond dissociation
energy of A-B ,A-A and B-B bonds respectively apd and

¥ denotes the Electronegativity of A and B respebti

The values of electro negativity were found to berdasing
from 2.378 to 2.370 with increase in concentratibB8b from
3to 18 at. % (Fig. 9).

3.10 Average Heat of Atomization

The average heat of atomization, Hs, may be defaedl
calculated as a direct measure of cohesive enévgythe

present quaternary systemyse sTe,q..Sh, [22].
Se Ge S Te
H = WH." +XH "+ yH " +Z2H
° W+X+Yy+2z

From figure 10 the values ofskvere found to be increasing
from 245.39 KJ/mole to 255.14 KJ/mole with increase
concentration of Sb from 3 to 18 at. %.
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Fig. 10: Variation of Hs with Sb content
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3.11 Theoretical Band Gap
It is now an established fact that the values afdbgap
reflect the bond strength of the system. As disedisbove
about increase in values of Hs, if we divide it Hythen
average single bond energy (Hs/z), which specifiesbond
strength, decreases with an increase in the Skerbfrom
3 to 18 at. % . Then the bond strength of the sysiéso
decreases. The following Shimakawa’s relation hasnb
used here to calculate the band gap values [23],

Ey = WEy(Se) + XE(Ge) + YE(Te) + ZE(Sb)
where W, X, Y, Z are the volume fractions of Se, Ge
and Sb, respectively, while;ESe) = 1.95, E(Ge) = 0.95
eV, E (Te) = 0.33 eV and HSb) = 0.101 eV, are the
energy gaps of corresponding element. The varguisre,
with increase in content of Sb are sketched inrdiyli, which
shows a decrease in the values gfr&m 1.429 to 1.413 with
increase in concentration of Sb from 3 to 18 at. %.
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Fig. 11: Variation of band gap with Sb content

V. CONCLUSIONS

A systematic investigation of of the sample forfatiént
composition revels that the energy band gap isddonbe
decreased with Sbh% which is useful for the phasengh
memory. Study of ohw)"? versus b plot and Refection
curve can be used in optical communication. Crijztdion
kinetics of SgsGesTeyn.Sh, glass system reveals a heating
rate dependence of, TThe glass transition temperaturgs’
found to increase with the increase in heatingsrate well
as increase in Sb at. %. The slight increaseyinbBerved,
with the variation of Sb content from 3% to 18%probably
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due to the increase in mean molecular weight ofjtasses
with increasing Sb content.

The values of activation energies for glass tramsi; were
found to increase with increase in Sb content. Vidiees of
activation energies, using two different methods, in good
agreement with each other. So it can be concltiagdany of
these two methods can be used to calculate glassition
activation energy. Therefore the thermal stabibfy these
glasses is also found in good command to form thssgs
with ease. All other physical parameters are fdsad to be
varying linearly. It is concluded that the glasséth higher
Sb content are easy to form compared to thoselaviter Sb
content.
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