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The composition-dependent microstructural morphology variations of Se ,Zn, Te In, and Se,Zn, Te In, chalcogenide alloys

are investigated. Glassy and nanophase surfaces and structural morphologies of these alloys have been described with help

of scanning electron microscope (SEM) and transmission electron microscope (TEM), and their elemental concentrations

are confirmed from the energy dispersive X-ray spectroscopy (EDX). Experimental results demonstrate that the microstruc-

ture of Se,,Zn, Te In, alloy belongs to pure glassy state, while the Se,,Zn, Te.In, alloy is with nanophase structure.
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Nano-embedded chalcogenide glasses (ChG) or amorphous
semiconductors have been the extensive research topic re-
cently"?! due to their potential applications in high speed
nano-electronics. ChG are multifunctional, so they can be
used for threshold switchesl, memory elements, optical fi-
bers*fl, functional elements in integrated-optic circuits!”,
nonlinear opticst®, holographic and memory storage medial®',
chemical and bio-sensors!'"'?! and infrared photovoltaics!'?,
etc.

Study of nanophase separation in multicomponent ChG
is getting much attention in material science!’’), to deduce
the potential materials like nano-crystalline and nano-em-
bedded ChG. The nanophase not only induces pronounced
effects on physical properties of materials, but also influ-
ences their working performance. Therefore, it is useful to
have a good understanding on the nanophase formation within
the microstructure in ChG and its effect on physical proper-
ties of the materials.

Non-metal, metal and semi-metal containing multicom-
ponent chalcogenide alloys have become attractive compo-
sitions owing to their enhanced thermal, electrical and opti-
cal properties. In order to achieve such composition multi-
component alloys, we also demonstrated Se-Zn-Te-In alloys
and performed study on their physical variationst'*'6l.
Specifically, the significant changes in thermal stability!*,
electrical conductivity" and UV/visible & IR-transmission !
are getting much attention. The results of previous studies
on Se-Zn-Te-In multicomponent ChG!'*'%! demonstrated that
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the thermal, electrical and optical parameters have been dras-
tically changed at 6 atomic percentage of indium. The dras-
tic change in physical properties of Se,,Zn,Te In, composi-
tion alloy has arisen due to nanophase formation within the
glassy microstructure.

In this paper, the composition-dependent scanning elec-
tron microscopic (SEM) and transmission electron micro-
scopic (TEM) microstructural analyses of Se ,Zn, Te In, and
Se,,Zn,Te In, ChG are reported. Subsequently, alloying el-
emental concentrations have been confirmed from the en-
ergy dispersive X-ray spectroscopy (EDX) analysis.

Bulk amorphous and nanophase glassy materials were pre-
pared by conventional melting quenched technique. High-
purity (99.999%) elements of selenium, zinc, tellurium and
indium were used, which purchased from alfa aesar. The de-
sired amount of elements was weighed by electronic balance
and put into cleaned quartz ampoules with the length of 8 cm
and the diameter of 14 mm. The ampoules were evacuated
and sealed under a vacuum of 10~ Torr to avoid the reaction
of glasses with oxygen at high temperature. A bunch of sealed
ampoules was continuously heated in electric furnace with
1173 K at the rate of 5-6 K/min and held at that temperature
for 1011 h. During the melting process, the ampoules were
frequently rocked with interval of 30 min to ensure the diffu-
sion homogeneity of molten materials. After achieving the
desired melting time, the ampoules with molten materials were
frequently quenched into ice-cooled water!!¢).

Microstructural characterizations were performed by us-
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ing SEM with high resolution (JEOL 840A model with
KEVEX-EDX attachment) in magnification range of 1000 <.
To prevent the conducting nature of specimens, gold coating
was used. However, TEM images of prepared samples were
obtained from the FEI, TECNAI 20G?. For the TEM analysis,
the powder sample floated in fresh water which is invisible
from naked eyes, and it was picked from the copper grids.

In Fig.1(a), SEM microstructure of Se,,Zn,Te In, glass is
shown, and it is fractured, rough and dry, while the SEM
microstructure of Se..Zn,Te In glass exhibits comparatively
lush and fractured surface morphology as shown in Fig.1(b).
Such a compact and lush SEM microstructure of Se.,Zn, Te.In,
arises due to the higher steric hindrance in alloy configuration.
The SEM microstructural studies reveal that the Se,Zn, Te In,
alloy has comparatively inferior physical properties than the
Se,,Zn,Te In, alloy. This interpretation of SEM microstruc-
tural observation is also consistent with past studies about
the electrical, thermal stability and optical parameters of Se-
Zn-Te-In ChGH'#161,
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(b) Se,,Zn,Te.In,

Fig.1 SEM microstructures of Se,Zn,Te,In, and Se,,-
Zn,Te,In_ bulk chalcogenide alloys at resolution of 1000 X

TEM microstructure and selected area electron diffrac-
tion (SAED) pattern of Se ,Zn_Te In, composition glass are
given in Fig.2. TEM microstructure of this composition al-
loy shows homogeneous morphology, and the correspond-
ing SAED (inset of Fig.2) image exhibits a clear ring struc-
ture without any bright spot. This composition alloy only has
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glassy structures, and there is no clear evidence for nanophase
formation within the microscopic morphology. However,
TEM microstructure of Se,Zn, Te In, system shown in Fig.3
exhibits very fine crystallization growth within the glassy
morphology. SAED image (inset of Fig.3) of this composi-
tion alloy also verifies the observation by showing the fine
bright spots between two conjunctive rings. Thus TEM and
SAED analyses reveal the clear evidences for nanophase for-
mation within the microscopic structure of Se,,Zn, TeIn, com-
position glass.

Fig.2 TEM image and SAED pattern of amorphous Se,Zn,-
Te,In, chalcogenide glass

Fig.3 TEM image and SAED pattern of nano-embedded
Se,.Zn,Te,In, chalcogenide glass

To ensure the elemental concentration of glassy and nano-
phase glassy alloys, the energy dispersive X-spectroscopy
(EDX) measurements were also performed. EDX patterns of
studied alloys are given in Fig.4. The EDX pattern of Se,,Zn, Te In,
glassy alloy shows the SeL, & SeLg phases with high elemen-
tal concentration and InL, & InLg and TeL, & TeL; phases
with lower compositional amounts. The EDX pattern of nano-
embedded Se,Zn, Te In, glassy alloy also shows the Se L, &
SeLg intense and other InL,, InLg, TeL, and TeLg with low
concentrations. High counts of SeL,, SeLg, and InL,,, InL el-
emental phases for optimum composition arise due to the large
number of unsaturated bonds under the influence of reducing
and increasing compositional amounts of Se and In. It might be
accounted to produce the microstructural variation within the
glassy morphology. Here the peak of element Zn does not
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appear in both EDX patterns of systems, owing to alloying
element concentration is below the detection limit of

instrument.
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Fig.4 EDX patterns of Se,Zn,Te,In, glassy chalcogenide
alloy and Se_,Zn,Te,In, nanophase glassy chalcogenide
alloy

The composition-dependent microstructure variations in
SEM, TEM, SAED and EDX of Se,Zn, Te In, and
Se,,Zn,Te In, alloys can be demonstrated with help of bond
theory of solids. It is expected that the metallic Zn, metallic
chalcogen element Te and semi-metallic In bonds dissolve
in Se chains, which possibly makes Zn-Zn, Te-Te, Se-Se, In-
In, Se-Zn, Se-Te, Zn-Te, Se-In, Se-Zn-Te-In homopolar and
heteropolar bonds with cross-linked metastable state structure.
The Se-In heteropolar bonds play an important role in mor-
phology variation owing to the fixed amounts of Zn and Tel'”’.
Incorporation of additional amount of indium increases the
steric hindrance in glassy configuration and produces large
number of defects in density of localized states!'®'?). As a
result, high order cross-linking has occurred in the configu-
ration of Se_,Zn Te In, alloy. The existance of large number
of defects or vacancies?*2! influences the microstructure of
glassy alloy and accounts for nanophase formation within
the morphology of Se.,Zn, Te In, alloy.

In conclusion, the composition-dependent microstructural
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transformations of Se ,Zn,TeIn, and Se . Zn,Te In, ChG al-
loys are discussed. TEM and SAED experimental observa-
tions reveal that the Se  Zn, Te_In, composition alloy is a pure
glassy material, while Se.,Zn, Te In, composition alloy can
grow the nanophase (or nano-embedded) structure within the
homogeneous glassy morphology. It is also obtained that the
EDX pattern elemental phase counts and the intensity of
nanophase alloy are higher than those of pure amorphous
alloy, owing to the existence of larger number of unsaturated
heteropolar hydrogen-like bonds in localized states.
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