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Dielectric relaxation in glassy Segg_x TexoGey
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Dielectric relaxation studies have been made in glassy Segy_ xTe20Gey alloys where

0 < x <20. The measurements of dielectric constant (¢’) and dielectric loss (¢”) are made in
the audio frequency range (1 kHz to 10 kHz) at various temperatures from 30°C to 150°C.
The results indicate that the dielectric dispersion occurs in the above frequency and
temperature range. An analysis of the results shows that the dielectric losses are dipolar in
nature and can be understood in terms of hopping of charge carriers over a potential
barrier. © 2000 Kluwer Academic Publishers

1. Introduction three different frequencies (1 kHz, 5 kHz and 10 kHz)
Dielectric relaxation studies are important to under-while maintaining a constant temperature inside the
stand the nature and the origin of dielectric lossessample holder. Temperature was varied fromiG@o
which, in turn, may be useful in the determination of 150°C.
structure and defects in solids. Dielectric measurements Parallel capacitance and conductance were measured
on chalcogenide glasses have indicated that the dielesimultaneously using a GR 1620 AP capacitance mea-
tric dispersion does exist [1-6] in these glasses at loveuring assembly and th€ and ¢” were calculated.
frequencies even though these materials are covalentljhree terminal measurements were performed to avoid
bonded solids. The origin and the nature of dielectricthe effect of stray capacitances.
losses in these materials have, therefore, been a matter
of curiosity.

The present paper reports the dielectric relaxatio ] )
studiespin glas:r;)y p$@_ X'IE)ezoGa( where 0< x < 20. 3. Results and discussions L _
Temperature and frequency dependences of dielectri-Ehe temperature depgndenceeéfand € is studied
constant¢') and dielectric losse(’) are studied in the at three fixed frequencies (1,5 and 10 kHz) for glassy

frequency range 1 kHz to 10 kHz and temperature range ®0- x 162068 (=0, 5, 10, 15 and 20). Figs 1 and 2
3OoqC to fé(ycg P gshow the results for glassy &&ey0 and SesTeyoGeys.
' The results for other glassy alloys were similar in

nature. It is clear from Figs 1 and 2 that and ¢”
both increase with the increasing temperature; the in-

2. Experimental crease being more at low frequencies. This indicates
Glassy alloys of S _ x TexgGe, (0 < x < 20) were pre-  that dielectric dispersion exists in these glasses in the
pared by a quenching techniqug N purity materi- operating range of temperature.
als were weighed in accordance with their atomic per- An analysis of the frequency dependent dielectric
centages and then sealed in quartz ampoules (lengtbss shows that” follows a power law with angu-
~5 cm, internal dia~8 mm) in a vacuum-10~° Torr.  lar frequency ) in all the glassy alloys studied, i.e.
The sealed ampoules were kept inside a furnace wherd = A »™. Figs 3 and 4 confirm this behaviour in
they were rocked frequently at 980 for 10 hours. case of glassy $gTexg and SesTexGers respectively
Quenching was done by dropping the ampoules in icavhere Ine” vs Inw curves are found to be straight lines
cooled water and the glassy nature was verified by X-rawt various temperatures. The results for other glassy al-
diffraction. loys were similar in nature. The powanr, calculated

The glassy alloys thus prepared were ground to a finéfom the slopes of Ire” vs In @ curves, is found to
powder and pellets (di&6 mm and thickness1 mm)  be negative at all temperatures in all the glassy alloys
were obtained by compressing the powder in a die at atudied here.
load of 3x 10* N. Guintini et al. [7] have recently proposed a model

For the dielectric measurements, the pellets werdor dielectric relaxation in chalcogenide glasses. This
mounted in between two steel electrodes of a metalmodelis based on Elliott’s idea [8] of hopping of charge
lic sample holder. The temperature was measured bgarriers over the potential barrier between charged de-
mounting a thermo-couple very near to the samplefect states. Each pair of site is assumed to form a dipole
A vacuum~10-2 Torr was maintained over the en- which has a relaxation time depending on its activation
tire range of temperature. ande¢” were measured at energy [9, 10].
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Figure 1 Temperature dependence of dielectric constant and dielectric loss in glasSg.pe

According to the above model [74, at a particu- The composition dependence of the dielectric param-
lar frequency in the temperature range where dielectrieters €’ ande”) is shown in Fig. 5. It is clear from this
dispersion occurs, is given by figure thate’ and¢” both decrease with an increase

of Ge concentration in glassy &e x Tex0Ge;. As the

dielectric loss in these glasses depends upon the total

number of localized sites, the decrease6fvith the

increase of Ge concentration indicates the decrease in

where the density of defect states on addition of Ge tgy$e
binary system.

2
€’ () = (€0 — eoo)anN(n—e) KTod"Wy,*o™ (1)
€0

m=——— (2)

Here,n is the number of electrons that hol, is the
concentration of localized sites, ande, are the static 4. Conclusions
and optical dielectric constants respectivély, isthe  Temperature and frequency dependences of dielectric
energy required to move the electron from a site to theeonstant and loss are studied in glassypSgeTe0Gex
infinity. (0 < x < 20). Dielectric dispersion is found to occur in
According to Equation 1¢” should follow a power these alloys in the audio frequency range in the tem-
law with frequency and the valueswfshould be neg- perature range 3€-150C. A detailed analysis of the
ative and linear withl' as given by Equation 2. results showed that dielectric dispersion is dipolar in
In the present case alsd, follows a power law with  nature. A possible explanation is given in terms of the
frequency and the values of are negative. The linear hopping of charge carriers over a potential barrier be-
relation with temperature can, however, not be ascertween charged defect states. The decrease @fith
tained from the present results due to the narrow temGe concentration indicated the decrease in the defect
perature range of measurements used. density on the addition of Ge to Se-Te system.
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Figure 2 Temperature dependence of dielectric constant and dielectric loss in glagSg.g6e;s.
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Figure 3 Frequency dependence of dielectric loss in glasgyT®s.
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Figure 4 Frequency dependence of dielectric loss in glassy™®80Ge;s.
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Figure 5 Composition dependence of dielectric constant and dielectric loss in glaggy,Je oGe.
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