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Effect of Te addition on some physical properties of
the Se;S, system and a study of the response to

y-irradiation
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Glasses based on sulphur and tellurium were carefully characterized to establish the
interdependence between chemical composition and the magnitudes of the physical
parameters related to their use as infrared optical materials. Parameters considered in this
paper are density, molar volume, transition temperatures, crystallization activation energy,
decomposition energy, direct current (d.c.) electrical properties, optical energy gap and
infrared transmission spectra in the range 400-6000cm~". The vy irradiation has no
detectable effect on both the d.c. conductivity of the bulk glass and the optical energy gap.
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1. Introduction

Numerous chalcogenide glass-forming systems have
been evaluated as sources for new infrared (IR) opti-
mal materials. Chalcogenide glasses exhibit a wide
variety of photoinduced phenomena that enable them
to be used as optical imaging or storage media [1] and
are also well-known IR-transmitting materials [2]
having wide transmission (depending on composition)
from the visible to beyond 15um [3]. Some inves-
tigators have .pointed out [4-6] that several other
parameters are important when evaluating an IR op-
tical material for use with high-energy CO, lasers
emitting at 10.6 ym. IR and Raman techniques have
been used for obtaining information about the struc-
ture of chalcogenide glasses [7]. The aim of this work
is to study some physical parameters and the effect of
y-rays on the fundamental absorption edge at room
temperature and the direct-current (d.c.) electrical
conductivity at low temperatures by using nitrogen for
SesS, _, Te, systems with x = 0.0, 0.5, 1.0, 1.5 and 2.0.

2. Experimental procedures

Glass samples of the system SesS,-,Te, where
x =0.0,0.5, 1.0, 1.5 and 2.0 were prepared by the usual
melt—quench technique [8]. The binary glass composi-
tion containing Se and S corresponding to SesS,
(purity, 99.999%) were weighed and sealed in an
evacuated silica glass tube which was then inserted in
an electric furnace maintained at 200 °C for 3h then
350°C for 3h. The tube was frequently agitated in
order to intermix the constituents to ensure homogen-
eity of the melt. The melt was then quenched in
ice-water. The ternary glasses Se;S,_,Te, were pre-
pared by adding Te (purity, 99.99%) to the binary
Se;S, in an evacuated silica glass tube. The tube was
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then inserted in a furnace and the temperature was
raised in steps, first to 250 °C for 2 h, then to 350 °C for
2h and finally to 600 °C for 2 h. The molten liquid was
frequently shaken to ensure homogeneity in the melt.
The melt was then quenched in ice—water. The density
of the glass was determined by the hydrostatic weigh-
ing of the glass in benzene and was calculated using
Myuller’s [9] formula py, = Y ;(P;/d;)™ ", where P; is
the fraction of the weight of the ith structural unit and
d; is the corresponding density. The concept of the
small polaron is well known. The excess electron so
distorts the surrounding lattice that the potential well
thereby generated is deep enough to induce localiza-
tion. Polarons have been studied in ordered and
disordered solids. For the polaron to be small, the
polaron radius, r,, must be greater than the radius of
the atom on which the electron is localized, but less
than the distance, R, separating these sites. The polar-
on radius can be determined from the relation given

by [10]
1 1/3
-3

where N is the number of Te atoms per unit
volume which could be calculated by using the
Naster—Kingery [11] formula. Hence the polarons
should decrease in size as the number of atoms
increases.
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where pg,.s IS the density of the glass, N, is
Avogadro’s number, AW is the atomic weight of the
Te (in grams), and P is the weight percentage of Te in
the glass matrix. The average spacing of Te-Te in the
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glass was calculated from

SN

The molar volume, V, of the glass, (i.e., the volume
occupied by 1 g-molecule of the glass), was calculated
from the expression V = (xM,+yMy+zM.)/p,,
where the glass composition is represented by x, y and
z (x+y+z=100%), M,, My, and M, are the mo-
lecular weights of materials a, b and ¢ forming the
glassy network and p, is the experimental density. The
differential scanning calorimetry analysis was carried
out at a constant heating rate of 10°C min~"' using
a Shimadzu series 50. The transformed fraction o was
calculated using the relation o = A(T)/A(total) where
A(T) is the area under the peak of crystallization
through certain interval of temperature and A(total) is
the total area under the peak of crystallization. The
electrical conductivity of the bulk materials was meas-
ured at temperature between about 20 and — 110°C.
The specimen was initially ground flat and the edges
were made parallel with thickness of between 0.35 and
0.45mm. Circular silver electrodes (sandwich type)
were painted on each side of the specimen. The film
samples were deposited by the thermal evaporation
technique using an Edward 306E coating unit in
a vacuum of 10~ ¢ Torr on cleaned glass slide substra-
tes. The thickness of these films were determined with
a thickness monitor. Thin films employed for d.c.
conductivity measurements were primarily coated
with coplanar electrodes separated by a gap of width
2mm. A Shimadzu UV-160A spectrophotometer was
used for the absorption measurements with the neces-
sary facility to eliminate the effect of substrates. For
measurements of o greater than 10>cm ™!, a thin film
of each material was evaporated on a glass slide and
the absorption was measured. The IR absorption
spectra of the studied glass samples were measured
using a Fourier transform IR Unicam Mattson-1000
spectrophotometer using the KBr disc technique, over
the spectral range 400-6000cm™'. All IR measure-
ments were carried out at room temperature. Glass
samples of 1 mg were thoroughly mixed and ground
with 200mg of KBr, after which the mixture were
pressed at 10 tons (disc diameter, 1.3 ¢cm) for 10 min
under vacuum to yield transparent discs suitable for
mounting in the spectrometer and determining the
absorption spectra [12]. The X-ray diffraction pattern
of the produced bulk and thin film on glass slide
showed no clear sharp lines, confirming the amorph-
ous nature of the samples except for x = 2.

3. Results and discussion

The values of the glass density, p,, the molar volume,
V, the calculated concentration of Te atoms in the
glass, the small-polaron radius, r,, the average space,
R, of Te atoms in the glass, the glass transition temper-
ature, T,, the temperature, T;, of crystallization and
the melting temperatures, T,,, of all glasses are shown
in Tables I and II. For ternary glasses both p, and
V depended on the Te concentration. The change in
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TABLE I Glass compositions, densities, molar volumes, the con-
centrations of Te atoms per unit volume, the average spacings of Te
atoms and the small-polaron radii deduced from the density

Nx10*2 R rp

o o

(em™) (GVREN Y

Composition p vV
(gem™)  (em?)

Se,S, 3.86 1561 — - -

SesS;sTeos 404 1725 191 443 179
Se;S;Te, 455 1743 20 437 177
SesSo.sTey s 505 1761 2.38 413 167
SesTe, 547 1800  2.58 402 162

TABLE II Transition temperature as a function of composition at
a heating rate of 10°Cmin~* where T, is the united crystallization
temperature and T, is the Maximum crystallization temperature

Composition T, T.(°C) Ty, Twm kg E, E4

cC) T, °0) €V) eV
SesS, 55 95 99 134 056 427 251
SesS;sTeos 60 115 125 209 044 396 225
Se,S, Te, 65 91 110 275 021 320 187
SesSosTers 66 92 99 285 015 311 10
SesTe, 67 81 109 286 0.19 265 088

V was due to the change in structure caused by the
variation in interatomic spacing, which could be at-
tributed to the change in the number of bonds per unit
volume of the glassy network. The value of p, in-
creases from 3.86 to 4.04, 4.55, 5.05 and 547 gm cm ™3,
respectively, as shown in Table 1. So, the molar vol-
ume of the ternary glass system would be higher than
the binary Se;S, glass, as shown in Table I. From the
change in molar volume it was clear that the corres-
ponding structural unit, with its surrounding space,
increases by introducing tellurium metal into the glass
network, i.e., the basic structural units are linked more
randomly. The number of Te atoms per unit volume,
the average spacing of Te atoms and the small-polar-
on radius are obtained from density measurements
and are shown in Table I. For low concentrations of
Te the energy levels associated with the presence of Te
would be likely to form a band as the minimum Te
concentration (i.e., for Ass7¢Sge3Te;) would be high
enough for significant interaction between the appro-
priate electrons; the average spacing of the Te atoms
in Ass;¢Sg63Te; is about 33.4 A and that of the Te
atoms in the other alloy glasses is less [13]. Table 11
shows the transition temperatures, the glass
transition, Ty, the crystallization temperature, T, and
the melting temperature, T,,. The exothermic trans-
formation takes place between 99 and 125°Cfor x =0
and 0.5, respectively. The activation energies, E,, of
Se;S,_,Te, glass systems were calculated by the
Avrami [14] method as shown in Table II. The value
of T, increases with increasing tellurium concentra-
tion. This may indicate a tendency for stronger bond-
ing in tellurium-rich glasses. Also from Table II it can
be seen that the crystallization peak (T,) increases with
increasing Te to S ratio at a constant heating rate. The
glass-forming tendency, kg, which was a useful para-
meter in comparing the devitrification tendency of the
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Figure 1 Relation between log ¢ and 1000/T as obtained from
thermogravimetric analysis of the Se;S,_,Te, glass system. (@),
SesS;Teo; (), SesSiTeo; (M), SesS;Tey; (A), SesS;Teps; (A),
Se;SoTe,.

glass is given by ky =(T. — T)/(T, — T,) [15]. The
variation in log ¢ (from thermal gravimetry thermo-
grams) versus 1/T, where ¢ is the heating rate for all
system (2, 5, 10, 15, 20 and 25°C min~?) is shown in
Fig. 1. The activation energy, E4, of decomposition is
useful for evaluating the thermal stability of materials,
and the E, values were calculated by the Ozawa [16]
method. Table II shows a decrease in E4 with increase
in Te concentration.

The measurements of electrical conductivity as
a function of temperature as shown in Fig. 2. The
values obtained for the electrical energy gap, E, from
the conductivity and the values of the conductivity,
orrT, at room temperature (about 20 °C) are shown in
Table II1. Values of E; and oy are plotted in Fig. 3 in
the same manner as that used by Farag and Edmond
[13]; also plotted (Fig. 3, line A) is a line represented
by the equation ¢ = oyexp( — E,/2kT). If the mobili-
ties of the carriers were constant and not activated,
this line would represent the variation in the carrier
concentration in the glasses. One cannot normally
deduce much about the mechanism of conductivity
from measurements only of conductivity versus tem-
perature. Nevertheless, it should be possible to see
whether the measurements could be consistent with
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Figure 2 Temperature dependence of the d.c. conductivity of the
SesS,_,Te, glass system.
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Figure 3 Conductivity of the glass system versus E for Se,S, (point
1), SesS;.s Teg.s (point 2), SesS;Te; (point 3) and Se;Sy.sTey s
(point 4). Line A is drawn through point (1) for Se;S, with a slope
given by the equation ¢ = oexp ( — E,/2kt).

the results of optical absorption and our suggested
explanation.

The values of the optical gap, E,p, of these films
with various tellurium concentrations is shown in
Table III. Band theory for crystalline semiconductors
suggests that the absorption coefficient, o, in an

TABLE III Values of the measured parameters of bulk and thin film compositions associated with optical absorption and electrical

D

conduction; in the last column, 8, corresponds to the optical Debye temperature; 6E = E(SesS,) — E(ternary)

Composition Bulk Thin film
opr X 10714 E, (eV) E, 3E Eopt E; — Eon AE B 1x107¢ 00,
Q tem™) V) V) (eV) V) V) (cm eV) (XK)
First Second
SesS, 1.54 1.76 — 1.79 0.0 1.58 0.21 0.52 1.085 575
SesS; sTeq.s 90.3 1.58 — 1.70 0.09 1.31 0.49 0.57 1.230 575
SesS, Te, 4770 1.42 0.22 1.18 0.61 1.15 0.03 0.60 1.070 575
SesSo.sTey s 22600 1.26 0.27 1.14 0.65 1.04 0.10 0.64 1.030 575
Se;Te, — — - 0.69 1.1 1.02 —033 0.66 0.746 575
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Figure 4 Absorption coefficient as a function of photon energy for
the Se;S,_,Te, glass system. (A), Se;S,; (A), SesS; sTeq s (M),
Se;8;Tey; (O0), SesSo.sTey s; (@), SesTe,.

indirect transition can be written as o = constant.
IM|2(he> — E,p)*/ho, where M is the matrix element of
the electrical transition. If M is constant, plotting
(ahw) against o should result in a straight line [17].
The optical gap is obtained by intersection of this line
with the energy axis. Quite a high concentration of Te
produces a large displacement of the absorption edge
as shown in Fig. 4 towards the lower energy. Consider
Fig. 5, which shows a simple structure network with
increasing concentration of Te, i.e., atoms Te’ and Te”,
etc., successively replacing S atoms. It seems probable

60 1 I
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Figure 5 A structure (without disorder) for Se;S, _,Te,. The ratio of
the numbers of atoms would correspond to SegS,Te, or Se;S, Te;.

that the addition of the first atom, Te’, could produce
a new electron level relatively deep into the
pseudogap, while the addition of the second atom,
Te”, while adding to the number of levels, would only
have a small effect on the position of the levels. We
note that Table I that the Te atoms are not far apart
(their separation is down to about 4.4 A on average in
SesS;Tey) and their separation may vary owing to
compositional and network disorders. Hence the Te
atoms could interact and produce subbands (as dis-
tinct from localized states suggested by Kosek et al.
[18]) and we would expect the push-out to be large
at first, but then to increase more slowly with increase
in x.

The IR transmittance as a function of wavenumber
is shown in Fig. 6. The peaks at 1600, 2300 and 3400
cm ™! presumably are due to dissolved gases. They are
variable in magnitude and in intensity relative to one
another. The presence of these bands reflects the
evolution of some gases from diffusion oil during
evacuation, perhaps the presence of residual dissolved
gases in the reactants and probably the evolution
of H,O from silica during the seal-off process.
The Debye temperature 65, was taken to be the tem-
perature characteristic of the lower peak in the vibra-
tion spectrum (hwy/K) [19]. The v irradiation has no
detectable effect on both the d.c. conductivity of bulk
glass (up to 28 Mrad) and the optical energy gap of the
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Figure 6 IR transmission spectra for the Se,S, -, Te, glass system, (glass powder, 1 mg; KBr, 100mg). Curve 1, pure Te; curve 2, pure S,
curve 3, pure Se¢; curve 4, Se;S, glass (amorphous); curve 5, Se;S; sTeq s (amorphous); curve 6, Se;S;Te; (amorphous); curve 7, Se3Sq sTe; 5

(amorphous); curve 8, Se;Te, (crystalline).
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thin film (upto 8§ Mrad). Our result are consistent with
the optical gap of system (AS,Ses); -, Tl [20] and
contradict the effect of v radiation on both the optical
energy gap of oxide glass [21] and a thermolumines-
cence study in amorphous semiconductors Si, Tegg -,
As3oGeyp system [22].

4. Conclusion

On the basis of the physical parameter data presented
here, on changing completely from a sulphur base to
a tellurium base and considering only the physical
properties, an increase was observed in the density
(about 42%), the molar volume (about 15%), the glass
transition temperature (about 22%) and the max-
imum crystallization temperature (about 10%). A de-
crease was observed in the d.c. electrical energy gap of
bulk (about 28%) and the optical energy gap of the
thin film (about 35%). The vy irradiation has no detect-
able effect on the electrical and optical properties. This
system with x = 0.5 is considered to be a good IR-
transmitting material in the night vision range
(8-12 pum).
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