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ABSTRACT

In the present paper, we have studied the temperature and frequency dependence behaviours of ac
conductivity in glassy system Sego_xTezoSny (x=0, 2, 4, and 6). All the measurements have been done in
the frequency range (1-500 KHz) and in the temperature range from room temperature to glass transition
temperature T;. We have found that activation energy and pre-exponential factor both vary with audio
frequency according to Meyer-Neldel’s relation (MNR).

We have investigated MNR by two different approaches. In first approach, the temperature dependence
of ac conductivity is studied at four different audio frequencies without changing the composition of the
glassy system. In the second approach, the composition itself varies at a particular audio frequency. The
results are explained in terms of compensation effect in relaxation time and the multi-excitation character
of the processes suggested by Yelon and Movaghar responsible for MNR in chalcogenide glasses.

Meyer-Neldel'’s rule

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

MNR [1]is observed in many processes in nature. The two main-
stream fields that are most affected by it are diffusion processes and
semiconductor conduction [2-5].

According to this relation, in the case of a thermally activated
electrical conduction, the conductivity (o) obeys the equation
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kT } ’ M
Here AE is called the activation energy and oy is called the pre-
exponential factor. In most of the semiconducting materials, o
does not depend on AE. However in some cases o correlates with
the activation energy AE as

a:aoexp{

00 = 0gp EXP {kATﬂ , (2)
where oo and kT are constants for a given class of materials. ogg
is often called as MN pre-exponential factor and kT is expressed
as MN characteristic energy Eyn. Eq. (2) is frequently referred to as
MNR.

The validity of MNR has been reported in the case of chalco-
genide glasses for different thermally activated process in recent
past[11-20]. Initially, in case of these glasses this rule was observed
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by the variation of AE on changing the composition of the glassy
alloys [6-9] in a specific glassy system. Later, MNR is observed
in chalcogenide glasses by varying the intensity of light [10-14].
Most recently, it is observed by our group by changing AE by
varying electric field across a particular sample in dark in glassy
SesgTesg_xZny system [15]. The application of the MNR in case of
ac conductivity studies has not been studied in detail.

Recently, lelmini et al. [16,17] have reported that structural
relaxation and crystallization in phase-change memory (PCM)
devices are interpreted by the MNR allowing for (i) the devel-
opment of a new temperature dependent analytical model for
structural relaxation and (ii) a unified interpretation of structural
relaxation and crystallization, allowing for a physical interpretation
of the pre-exponential Arrhenius time by many-phonon thermal
excitation. Thus, the significance of MNR appears for technological
applications in addition to theoretical studies.

In the present work, we have observed MNR in the ac conductiv-
ity measurements in Segg_yTe,oSny (x=0, 2, 4, and 6) chalcogenide
glasses. For this, we have measured the temperature dependence of
ac conductivity at different frequencies in audio frequency range.
The reason for the selection of Sn as a chemical modifier in Se-Te
system is based on the fact that the glass-formation region of binary
and ternary chalcogenide glasses with tin as chemical modifier is
very narrow and corresponds to a small amount of tin in the alloy.
Hence, no sufficient studies are reported in literature on tin-based
chalcogenide glasses. Hence, the present study of tin-based chalco-
genide glasses will be useful for the glass physicists working on new
phenomena and the application of chalcogenide glasses.
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Fig. 1. XRD pattern of glassy Se;sTe,oSny alloy.

2. Experimental
2.1. Material preparation

Glassy alloys of Sego_xTezoSny (x=0, 2, 4, and 6) system were prepared by the
quenching technique. High purity Se, Te and Sn materials (5 N) were weighed accord-
ing to their atomic percentages and were sealed in quartz ampoules (length ~5cm
and internal diameter ~8 mm), with a vacuum ~10-° Torr. The sealed ampoules
were kept inside a furnace where the temperature was raised to 1000°C, at a rate
of 3-4°C/min. The ampoules were frequently rocked for 10 h at the maximum tem-
perature to make the melt homogeneous. Quenching was done in ice water and the
glassy nature was verified by X-ray diffraction. The XRD pattern of as prepared sam-
ple of ternary SezsTezoSny alloy is shown in Fig. 1. The absence of any sharp peak
confirms the glassy nature of the sample. Similar XRD patterns were obtained for
the other samples.

2.2. Ac conductivity measurements

The glassy alloys thus prepared were ground to a very fine powder and pel-
lets (diameter ~10 mm and thickness ~1 mm) were obtained by compressing the
powder in a die at a load of 5tons. The pellets were coated with vacuum evapo-
rated indium film to ensure good electrical contact between the sample and the
electrodes.

The pellets were mounted in between two steel electrodes of a metallic sample
holder for dielectric measurements. The temperature measurement was made easy
by a copper-constantan thermocouple mounted in close proximity to the sample. A
vacuum of ~10-3 Torr was maintained over the entire temperature range.

For calculating ac conductivity, conductance and capacitance were measured
using a digital LCR meter (Wayne Kerr Electronics, Model: 4255). The parallel
conductance was measured and ac conductivity was calculated. The experi-
mental results for the temperature dependence of the ac conductivity og(w)
are obtained by subtracting the dc conductivity from the total measured con-
ductivity or. Three terminal measurements were performed to avoid the stray
capacitances.

3. Results

The temperature dependence (above the room temperature) of
ac conductivity in glassy Segg_xTezgSny (x=0, 2, 4, and 6) alloys
is studied at different audio frequencies. It has been found that
above the room temperature, In o4 vs. 1000/T curves are almost
straight lines at different frequencies. Such a plotis shown for glassy
Se,gTe oSNy alloy in Fig. 2. Similar results were obtained for other
glassy alloys.

The above results show that, the variation of ac conductivity
with temperature can approximately be expressed by an exponen-
tial relation in the high temperature range:

(3)

*AEac}

Oqc = Op €Xp [ KT

where AE, is called the activation energy for ac conduction and
0y is called the pre-exponential factor.

As evident from Eq. (3), the pre-exponential factor oy and ac
activation energy AEg can be obtained from the semi-logarithmic
plots of the ac conductivity vs. reciprocal temperature. Hence, the
activation energy AE, is determined from the slope of the approx-
imate straight lines in the resulting plots at different frequencies
(see Fig. 2). These straight lines are obtained by the best fit to the
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Fig. 2. Linear plots of Inog. vs. 1000/T at different audio frequencies for glassy
Se;gTez0Sn; alloy.

experimental data using the least squares method. The intercept of
line gives the value of In oy.

As described earlier, we have checked the presence of MNR
in the present glassy system by plotting Inog vs. AE4 curves
by changing audio frequency keeping the composition constant.
Fig. 3 shows such plots of Inog vs. AE,. for bulk samples of glassy
Sego_xTe20Sny (x=0, 2, 4, and 6) alloys at each value of x.

In second approach, we have checked the presence of MNR in the
present glassy system by plotting In o vs. AE,4: curves by changing
composition keeping the audio frequency constant. Fig. 4 shows
such plots of Inog vs. AEg for bulk samples of glassy Segg_xTezoSny
(x=0, 2, 4, and 6) alloys at each value of applied audio frequency.

Figs. 3 and 4 show the straight lines with high correlation coef-
ficients (R2). This gives the evidence of MNR [Eq. (2)] in the present
glassy alloys for thermally activated high field conduction for both
cases.

The slope of Inog vs. AEg curves in Figs. 3 and 4 yields the
values of (kTp)~! and Inogg for the present glasses. Using these
values of (kTp)~! and Inoygg, the theoretical values of Ino have
been calculated for the glassy Segg_xTeaoSny (x=0, 2,4, and 6) alloys
for both cases and compared with the experimental values (see
Figs. 5 and 6). An overall good agreement between the theoretical
and experimental values of In o also confirms the validity of MNR
for the two cases.

From Figs. 5 and 6, it is also clear that the variation of Inog
is not monotonic for some cases. Mott suggested [18] that the
pre-exponential factor o is of significance to differentiate two
conduction mechanisms: (i) conduction in localized states and (ii)
conduction in the extended states. For conduction in the extended
states, the values of o reported for various chalcogenide glasses
[19] are of the order of 10* Q cm~!, while in the present case, the
values of o are of the order of 10~3-103 Q cm~!. Thus, the random
change in conduction mechanism at a particular frequency or com-
position is probably the reason of the non-monotonic behaviour of
oop.

4. Discussion

The chalcogenide glassy material during ac conduction can be
considered as a medium consisting of network of resistors and
capacitors [20]. If the local conductivity is thermally activated, and
all capacitors are assumed to be equal, then the resistance and
capacitance between pairs of sites are given by:

R = Rgexp <%) (4)
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Fig. 3. Plots of pre-exponential factor In oy vs. activation energy AE for first case.
and For P(W) = constant, the relaxation time has an Arrhenius form
(Eq. (7).
C=0C (5) If the distribution of the energy barriers has an exponential form
. 20-22]:
Here Ry and Cy are constant. For the whole system, a broad dis- [ |
tribution of energy barriers [20] P(W) can be anticipated, and the P(W w 9
resistance of the sample is given by: (W) ~ exp <_ﬁ) ©

R = RyP(W)exp (ﬂ) (6) Here Ty is the characteristic temperature, then Eq. (7) yields:
kT
. . . . W
The time constant of the circuit is: T=70€XpP (7= ) eXp | —7= (10)
kT kTO
w w L. .
T = RC = RyCoP(W) exp W)= ToP(W)exp T (7) This is exactly the same as MNR. However, it should be noted
that conduction occurs by percolation in presence of a broad distri-
Here bution of resistance in a 3D network. The overall resistance depends
on the specific random distribution of barriers and on the size of
7o = RoCo (8) the resistor (e.g. very long and narrow, or very short and wide) [23].
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Fig. 4. Plots of pre-exponential factor Inog vs. activation energy AE, for second case.
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Fig. 6. Theoretical and experimental values of In o for second case.

Yelon and Movaghar [24-26] have proposed a model of multi-
phonon excitation to explain the MNR in amorphous as well as in
crystalline materials. The model suggests that the optical phonons
are the source of the excitation energy in such process. Accord-
ing to this model, the MNR may be understood as arising naturally
when the activation energy for a process is significantly larger than
the typical excitations available and kT both. Yelon and Movaghar
suggested that many phonons involve in trapping and detrapping
of electrons, either by cascade or by multi-phonon process. Vari-
ous authors have adopted the YM model for explanation of MNR in
many chalcogenide glassy systems [12,13,27]. One common thing

Table 1

Values of Eyy for first and second case.
Epn (meV)
First case Second case
x=0 43.5 500 kHz 31.6
x=2 32.0 100 kHz 30.6
x=4 29.9 10kHz 34.5
x=6 37.4 1kHz 333

in these data is the value of Eyy that is shown to be between 25
and 50 meV for different samples. The values of Eyyy for present
glassy alloys are given in Table 1 for the first and second case.
From these tables, it is clear that the value of Ey shows the
excellent agreement of the experimental data observed by other
workers.

5. Conclusion

Bulk samples of glassy Segg_xTexoSny (x=0, 2, 4, and 6) alloys
have been prepared by quenching technique. Temperature depen-
dence of ac conductivity is studied at different frequencies. We
have found that ac conductivity shows strong temperature depen-
dence and can be considered to be thermally activated with single
activation energy. The activation energy, however, depends on the
applied audio frequency. The detailed study shows that activation
energy and pre-exponential factor for ac conduction satisfies the
MNR. The results are explained in terms of MNR rule in the acti-
vated form of the relaxation time. The Meyer-Neldel characteristic
energy, Eyn, lies in the range 25-45 meV which seems to be too
small for band transport.



3472 A. Sharma et al. / Journal of Alloys and Compounds 509 (2011) 3468-3472

Acknowledgements

The author wishes to acknowledge the assistance of the review-
ers in helping to improve this manuscript. The authors are also
thankful to Prof. O.N. Srivastava, Physics Department, B.H.U.,
Varanasi for providing research facility of XRD technique.

References

[1] W. Meyer, H. Neldel, Z. Tech. Phys. 18 (1937) 588.

[2] W.B. Jackson, Phys. Rev. B 38 (1988) 3595.

[3] Y.L. Khait, R. Beserman, D. Shaw, K. Dettmer, Phys. Rev. B 50 (1994) 14893.

[4] D.G. Papageorgiou, G.A. Evangelakis, Surf. Sci. 461 (2000) L543.

[5] D.J. Fisher (Ed.), Defects and Diffusion Forum, vol. 192-193, Scientific Publica-
tions Ltd., Switzerland, 2001.

[6] S.K. Dwivedi, M. Dixit, A. Kumar, J. Mater. Sci. Lett. 17 (1998) 233.

[7] Y.L.A. Ei-Kady, Physica B 305 (2001) 259.

[8] A. Abd-El Mongy, Egypt J. Sol. 24 (2001) 207.

[9] E.-H.S. Abou, Physica B 307 (2001) 86.

[10] D. Kumar, S. Kumar, Chalcogenide Lett. 1 (2004) 79.

[11] D. Kumar, S. Kumar, Vacuum 74 (2004) 113.

[12] S. Singh, R.K. Shukla, A. Kumar, ]. Non-cryst. Sol. 351 (2005) 1577.

[13] N. Kushwaha, R.K. Shukla, A. Kumar, J. Non-cryst. Sol. 352 (2006) 5670.

[14] N. Mehta, D. Kumar, A. Kumar, Philos. Mag. 88 (2008) 61.

[15] S.Yadav, S.K. Sharma, A. Kumar, J. Alloys Compd. 509 (2011) 6.

[16] D. Ielmini, M. Boniardi, Appl. Phys. Lett. 94 (2009) 091906.

[17] D.lelmini, M. Boniardi, A.L. Lacaita, A. Redaelli, A. Pirovano, Microelectron. Eng.
86 (2009) 1942.

[18] N.F. Mott, Philos. Mag. 22 (1970) 7.

[19] R.A. Street, Phys. Rev. Lett. 49 (1982) 1187.

[20] J.C. Dyre, J. Appl. Phys. 64 (1988) 2456.

[21] J.M. Hvam, M.H. Brodsky, Phys. Rev. Lett. 46 (1981) 371.

[22] J.C. Dyre, . Phys. C: Solid State Phys. 19 (1986) 5655.

[23] D.Fugazza,D.lelmini, S.Lavizzari, A.L. Lacaita, IEDM Technical Digest, Baltimore
(ML), 2009, pp. 723-726.

[24] A. Yelon, B. Movaghar, Phys. Rev. Lett. 65 (1990) 618.

[25] A.Yelon, B. Movaghar, H.M. Branz, Phys. Rev. B 46 (1992) 19.

[26] A. Yelon, B. Movaghar, Appl. Phys. Lett. 71 (1997) 3549.

[27] K. Shimakawa, F. Abdel-Wahab, Appl. Phys. Lett. 70 (1997) 652.



	Dependence of activation energy and pre-exponential factor on audio frequency in glassy Se80−xTe20Snx alloys
	Introduction
	Experimental
	Material preparation
	Ac conductivity measurements

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


