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Electrical conductivity of Cu,(Asy4Seq3T€0.3)100-x
glasses
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Results of the dc electrical conductivity (o) measurements (from 90 to 420 K) on 15
compositions of the Cu,(Asg4Segs3Teg3)100-x glasses (x from 0 to 30) are presented. Similar
to that observed [1] in the composition dependencies of the mean atomic volume (V) and
the glass transition temperature (T,) of these glasses, it is possible to delineate three
regions in the composition dependence of the o of these glasses. (i) For addition of Cu up
to 1 at %, the o register a decrease compared to that of the parent Asg4Seq3Teq s glass. (ii)
For Cu > 1 at %, the conduction activation energy (AE) and the pre-exponential factor (C)
decrease, with a concomitant increase in o (at 250 K) by about six orders of magnitude. (iii)
Both AE and C show saturation for Cu > 23 at %. The o-composition data are examined
using the model developed earlier [1] to understand, the V (and T4)-composition
dependencies of these glasses. © 17999 Kluwer Academic Publishers

1. Introduction stage melt quenching method [2]. Appropriate quanti-
As part of a programme on the synthesis and study of théies (2 b 3 g total per batch) of these elements were
role of metallic additives to chalcogenide glasses, thaveighed into 10 mm diameter fused silica ampoules,
effect of addition of Cu to the AsiSe sTeps glasswas ~ which were sealed under a pressure ofLTorr. The
investigated. In an earlier communication [1], the mearampoules were first heated gradually to 1000n a
atomic volume ¥) and the glass transition temperaturerotary furnace (for homogenisation). After a couple of
(Ty) of Cux(Asp.4Se& 3Tep 3)100-x glasses (with Cufrom  hours, the temperature of the ampoule was reduced to
0.2 to 30 at %) were discussed. 800°C and held under constant rotation at this temper-
It was found that [1], th& showed a small decrease ature for about 8 or 10 hours. The temperature was then
(about 0.53%) andy was essentially invariant up to reduced te~500°C and the ampoule containing the vis-
addition of 1 at % of Cu to the parent AsSe)3Tep 3 cous melt was dropped into an ice cooled copper boat
glass. These results were accounted with clusters of Cand the ampoule immediately cooled by a lateral flow
atoms occupying interlayer positions in the layered netof ice cooled water. This procedure was found to yield
work of the parent glass, without drastically affecting bright, shiny and pore-free glasses. The investigated
its basic structure. compositions have glassy state which was confirmed
For Cu> 1at %, adecreaseVhandanincreaseify, by using X-ray diffractograms of the bulk samples.
were seen. For Ci+ 1 at %, the Cu atoms form bonds  As in our earlier measurements [3-5], the samples
with As, Se and Te. A structural model was proposed [1for o measurements were flat (about 0.8 to 1 mm thick
to account for th&/-composition andg-composition ~ and cross sectional aread.25 cnt), with the oppo-
data. Accordingly, with progressive increase in the Cusite surfaces rendered parallel. Silver paste was applied
content in these glasses, structural units of CuAsSeon the surfaces of the sample to ensure proper electri-
and of CuAsTe begin to form in lieu of some of the ori- cal contacts with the spring loaded Cu electrodes. A
ginal As,;Se; and AsTes structural units of the parent chromel-alumel thermocouple in contact with the sam-
Asg4Se 3Teg s glass. For C> 23.08 at %, afterthe for- ple was used to register the temperature. Fheas
mation of CuAsSgstructural units, there is no Se avail- measured from 90 K to the respectiVgs (Ty's rang-
able for the formation of AsSe; structural units. Due ing from~400 K to~470 K) on annealed samples. The
to this, changes in slope are seen intheomposition annealing was performed for about 15 min atthe respec-
andTg-composition data at = 23.08. In this commu-  tive Ty and then the sample was furnace cooled to room
nication, the results of measurementsoofor these temperature. Low temperature (90 to 300 K) runs were
glasses are reported and discussed. performed in a cryostat using liquid nitrogen under re-
duced pressure as the refrigerant. To prevent condensa-
tion of moisture on the sample, the sample chamber was
2. Experimental evacuated during the low temperature runs. An appro-
High purity (99.999%) As and Cu (from Johnson priate tubular furnace was used for the high tempera-
Matthey, UK), Te and Se (from Atomergic Chemmet- ture (300 to 400 K) measurements. The resistance of the
als, USA) were used to synthesise the glasses using twsamples, ranging from10**Q to ~50Q (depending
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on the composition and the temperature range inves -4
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Figure 1 log o vs. 1/ T data for the Cu(Asp.4Se.3Tep3)100-x glasses  Figure 3 log o vs. I/ T data for the Cu(Asp4Se3Tep 3)100-x glasses
with x of 0.2 (V data points), 0.44 data points), 0.60( data points)  with x > 1. The data foxx of 2 and 3.5 which lie between the data of
and 1 (O data points). The broken curve is the data for the parentompositions withk =0 and 5 are given separately in Fig. 2 for purposes
Asp4Se 3Tep 3 glass. of clarity.
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Asp4Se) 3Tey 3 glass (i) the region from 1 te-23 at %
of Cu, with decreases INE andC and an increase in
o with increasingx and (iii) The region for Cu- 23 at
%, with levelling off in theA E andC values.

4. Discussion

4.1. Compositions with Cu < 1 at %

Theo-T data of Cy(Asp.4Se3Tep 3)100-x glasses for

X up to 1 are only marginally affected compared to
the As4Se3Teys glass (Fig. 1), indicating that the
electronic structure of the parent glass is not drasti-
cally affected as Cu does not form bonds with the other
elements of the parent glass [1]. The observed small
decrease i is due to the increase in the scattering
of the carriers by the clusters of Cu atoms. A similar
small reduction inr is observed on addition of Cu, Ag
or T1from 0.2 to 1 at % to AssSes glass [9]. This is
attributed to an increase in the carrier scattering either
by the introduced impurities or by the lattice imper-
fections caused by them. In the X&\So.4T€0.6)100-x
glasses also, the small decrease wbserved for addi-

-9 | | [ tion of Ag of up to 1 at% is attributed to the dispersed
0 10 20 30 Ag atoms acting as neutral scattering centres [3].

x—+at % Cu

Figure 4 Variation of AE, log C and logo (at 250 K) with at % of Cu

. . o
for the Cu(AS04S8 360 2)100_« IASSES, 4.2. Compositions with Cu > 1 at %

Though theo-T data of Fig. 3 are reminiscent of
the ‘chemical modification’ observed in chalcogenide
parent Ag4Se 3Tep s glass (broken line data, Fig. 1) glasses [10-16], the following differences are seen on
obtained presently agree with the earlier reported data closer examination of the data. Large changes in
[4,6-8]. Thelogr vs. (1/ T) data of the Ag4Sey3Tegs  are brought about in chalcogenide films [10-16] by the
glass is linear above 250 K and can be representeihtroduction of transition metals (such as Ni, Mn, W,
aso =Cexp(—AE/KkT), whereAE is the activation Mo) by the co-sputtering method in which the reac-
energy for electrical conductivity an@ is the preex- tion between the host and the modifier takes place on a
ponential factor. The absence of any time dependertold substrate and not in the corresponding melt. In the
effects in the dc conductivity data indicated that thepresent study, large changessirare observed in bulk
conduction was essentially electronic in nature. samples by introducing Cu in the melt itself. In the case
Theo of the glasses witlx from 0.2 to 1 are lower of GesTezoSeAs, films modified with Ni [11-13],
than that of the parent glass by about 0.4 log unitdhe modification effect starts only around room tem-
(Fig. 1). TheirAE values are almost the same as that ofperature or higher, while, in the present case the mod-
the As.4Se) 3Tep 3 glass. A reduction i for the par- ification effect starts from-150 K (Fig. 3). Also, the
ent glass by about 0.6 log units is observed at0.2.  changes im observed presently result from changes in
On further increase of Cu up to 1 at %, no substantiathe overall gap of the glasses, rather than due to neu-
change occurs in the-T data. tralisation of charge carriers which cause shift of the
Forx > 1, o of these glasses are higher than that ofFermi level.
the parent glass (Figs 2 and 3). There is a decrease in theA large change i observed due to introduction of
AE and an increase in thevalues with increasing Cu  Cu in Ag4Se s glass [16, 17] is attributed to the in-
content. With increasing Cu content, the temperaturereased content of three component CuAsieictural
over which the linearity of the log vs. (1/ T) data units. This unit is more conducting than the rest of the
is valid, extends to lower temperatures (Fig. 3). Due tomaterial and enters as a whole unit into the structure of
hopping conductivity, the of the various compositions the glass without substantially disturbing the continuity
level off at lower temperatures. of its network. For Cu(Asp4Se 3Ten3)100-x glasses
Decreases imME from ~0.6 eV t0~0.23 eV and also, with increase in the Cu content, three component
in log C from 2.85 to~0.8 and an increase in lag  CuAsSe and CuAsTe structural units are formed with-
(at 250 K) by about five orders of magnitude are ob-out substantially disturbing the continuity of the basic
served ax varies from 0 to~23 (Fig. 4). TheAE  As;Se-As,Tes network [1]. The reason for the large
and log C values level off at ~23. Thus, similar to change iy observed in the present studies is therefore
that observed in the-composition andg-composition  due to the higher conductivity of the CuAsSand the
data [1], three regions can be delineated in the CuAsTe structural units, compared to the original glass.
composition data of these glasses; (i) the region up to In the Cy(Aso.4Se 3Teys)100-x glasses, with pro-
1 at % of Cu, with theiw being lower than that of the gressive increase in the Cu content, CuAs%ed
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CuAsTe structural units are formed in place of the ori-to a reduction in the mobility gap (brought about by
ginal AsSe; and AsTe;s structural units of the parent structural changes on introduction of Cu).
glass; forx > 23.08, all the Se available is used up in
the formation of CuAsSestructural units thereby pre-
cluding the formation of AsSe; structural units [1]. 5. Conclusions
For x > 23.08, structural units of CuAsSeCuAsTe, The variation ofc with temperature and composi-
CuTe and AsTe; are formed [1]. Due to this, changes tion have been reported for fifteen {GAsosSe s
in slope in theV-composition data were seen at the T€.3)100-x glasses, withx ranging from 0 to 30. For
composition withx ~ 23. The levelling off ofAE and ~ Cu up to 1 at % thes of these glasses register a de-
log C values fromx ~ 23 (Fig. 4) observed presently crease compared to that of the parent glass. The reduc-
is due to this change in the type of structural units thation in o up tox =1 is due to the Cu atoms acting as
occurs forx > 23.08. neutral scattering centres. For Gul at %, there is

As chalcoaenide glasses normally have p-type con@ decrea_se in the co.nduction activatiqn energy and an
ductivity, the observed reduction iAE (Fig. 4) with ~ increase inr (about six orders of magnitude at 250 K)
increasing Cu content indicates that the difference beWwith increasing Cu content. The results suggest that the
tween the Fermi level and the top of the valence bandeduction ofAE, is due to a reduction in the mobility
is reduced. This may be due to (i) a reduction in thedap, brought about by structural changes which result
mobility gap of the material which results due to alloy- in the formation of CuAsSeand CuAsTe tetrahedral
ing of Cu with the parent glass or (ii) the formation of complexes in the glasses.
electron hopping sites in the gap or (iii) a shift of Fermi
level towards the valence band due to the filling up of
the gap states by the carriers supplied by the charg
additives [14]. For identification of the cause for this
reduction inAE, data on optical gap and thermoelec-
tric power on the Cl(Asp 4S& 3Tep 3)100-x glasses are
necessary; but these data are not yet available for these
glasses. However, according to the results available for
Cuk(ASo.4S@6)100-x and Ag(AsosSos)100-x glasses References .
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