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Evidence concerning the effect of topology on electrical switching
in chalcogenide network glasses
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Electrical switching properties of Ge-As-Te glasses have been investigated over a wide range of mean
coordination numbers(f)) in a single composition tie line. The results obtained clearly indicate the modula-
tion of the composition dependence of switching fields by network topology. Distinct change is observed in the
slope of the composition dependence of switching field=a25 ((r)=2.4) andx=52.5 ((r)=2.67), which
correspond to mechanical and chemical thresholds, respectively. Present results also rule out the earlier sug-
gestions such as shifting of percolation threshold to highewalues and the likelihood of two isolated rigidity
percolation thresholds in such glass systef86163-1826)02531-3

The relation between the network topology and physicaks the influence of each constituent element cannot be accu-
properties of chalcogenide glasses has been intensely investely ascertained. Hence, in the present study efforts have
tigated recently~® Theoretical studies have revealed the ex-been made to tune the coordination number over a wide
istence of two critical compositions, namely rigidity perco- enough range in a single composition tie line. This involved
lation and chemical threshold® Extrema in various preparation by exhaustive trials of glasses in the composition
physical properties have been obseW&d°®at both of regions where glass formation is difficult.
these thresholds. We have recently establishlest electri- Thel-V characteristics were studied by using a PC based
cal switching can be effectively used to probe the local strucsysteni* developed in the laboratory. Samples polished to a
tural order in chalcogenide glasses. The present study is m@2-mm thickness were mounted between a point contact top
tivated by our earlier workon As-Te glasses in which an electrode and a flat plate bottom electrode. A constant cur-
anomaly in electrical switching fields has been observed at eent was passed through the sample and the voltage devel-
composition at which chemical and mechanical thresholdeped across it was measured. The veracity of the results ob-
coincide. Hence, in this system it is difficult to quantify the tained was checked by repeating the experiments on two
relative contribution of rigidity percolation and chemical or- different batches of glasses and on different samples of the
dering to the anomaly in the switching field. We have undersame composition in a given batch. The switching fields
taken electrical switching studies on Ge-As-Te glasses, imvere found to be reproducible to withih1%.

which rigidity percolation is expected to occur @t =2.4 The current-voltage characteristics of a representative
and chemical threshold &t)=2.67, with an idea of isolat- Ge; AssTes, 5 glass is shown in Fig. 1. The behavior is
ing the contributions of the two thresholds. similar for other GesAs, Tey, 5 glasses. The resistivity of

Also, there are reportd'*’that propose a shift in the as quenched GeAs, Tey, s , samples is of the order 10
percolation threshold of Ge-As-Ch glasg€h=chalcogein ~  cm. With an increase in current, there is an initial linear
from (r)=2.4 to higher values. Contrarily, there are resultsincrease in the voltage across the san{lEF stat@ Above
that indicate the possibility of rigidity percolation a critical fieldE, (corresponding to a critical currehy), the
remaining® at (ry=2.4 in Ge-As-Ch glasses. It has even samples exhibit a current-controlled negative resistance
been suggested that there can be two percolation threshol@SCNR) behavior, which leads to a low resistance ON state.
connected with network rigidity inV-V-VI glasses with a The samples get latched onto that state and do not revert to
layered structuré® The present studies are aimed at clearingthe initial OFF state if the applied current is reduced to zero.

these ambiguities. This indicates that GeAs, Tey, 5 glasses (15x=<60) ex-
Semiconducting glasses &@s, Tey, 5, With 15<x<60  hibit a current-controlled negative resistance with memory.
(covering both(r)=2.4 and 2.6Y were prepared by melt In chalcogenide glasses, memory switching has a thermal

guenching and their amorphous nature was confirmed bygrigin; it involves the formation of a conducting crystalline
x-ray diffraction. It is worth mentioning that earlier investi- channet? between the electrodes and the energy required for
gations of topological effects on physical properties of Ge-crystallization is provided by the electric field. Memory
As-Ch glasses have used glasses belongimifterentcom-  switching is usually observed in Te-rich glasses, because of
position tie-line&° to tune the coordination numbers. Such their greater conductance that results in greater power dissi-
studies cannot present a true picture of the topological effectgation and therefore a conducting channel could be easily
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rigidity percolation and chemical ordering. Rigidity percola-
tion transition takes place when the zero-frequency floppy
modes disappear and a rigid amorphous network appears
2.0-8 Gey.5 ASsoTesz.s from a polymeric glas$-® Applying mean-field approxima-

2 tion and assuming a perfectly covalent network, it was
deduced?® that rigidity percolation occurs at a mean coordi-
nation number (r)=2.4. Several binary chalcogenide
glasses, such as Ge-Te, Ge-Se, and Si-Te eXhibirigidity
percolation afr)=2.4. In a system with van der Waals in-
teraction between unbonded neighbors, the percolation phe-
nomenon can be smeared ddtlt has also been suggested
that in certain chalcogenides glasses, with a layered struc-

2.5

1.5-5

Current (maA)

05 E= 7.27kV ! ture, the rigidity percolation may shift'3to higher(r) val-
i o ues. For example, in Ge-As-85¢ glasses, it has been
o ‘ oo B pointed out that rigidity percolation occdfs*!” at (r)
o) 2.0 4.0 6.0 8.0 =2.67.
Field (kvem™) In any glassy system, the composition dependence of

switching fields is determined by three factors, namely, re-
FIG. 1. 1-V characteristics of a representative;G&ssoTes s sistivity of the additive element, rigidity percolation, and
glass. chemical ordering. Typically, taking the example of

o . . As, Tejgo-x OF G& As, Tey, 5, the switching field can be
formed. Smaller switching fields perforce mean easier Conéxpected to increase with composition owing to the lesser

gﬂgg?c(e:hannel formation, which is a result of greater COMmetallic character of As compared to that of Te. Rigidity

; o T . percolation, due to increasing dimensionality of the network,
Figure 2 shows the variation of switching fields with com- . T .
position for Ge (AS, Tesy s, glasses (15:x=60). It can be can mfluepce SWItC.hIr.1g. in two ways. Elrst, there can be an
seen thatE, increases linearly withx, in the composition increase n the _resystlwt_y of the materlal_ and henc_e, an in-
range 15x<25 (2.3<(r)<2.40). Atx=25 ((r)=2.4), a crease in the switching field. Secor_1d|y, with increasing rigid-
distinct change in slope is observed. In the composition relty the network becomes less flexible and structural reorga-
gion 25<x<50 (2.4<(r)<2.65), E, varies linearly again Nization can become more difficult. Therefore, switching
with X, but with greater slope. At the composition=50 fields needed progressively increase with increasing network
((r)=2.65), the trend is reversed afig hits a minimum at  rigidity. Considering the above aspects, one should expect an
the compositionrx=52.5 ((r)=2.67). Beyondx=52.5, E, increase irE; with x and a slope changérom a lower to a
increases with composition again. higher valug across the percolation threshold. It is seen from
As mentioned earlier, property extrema in chalcogenidgig. 2 that such a slope change is, indeed, observés] at
glasses are associated with two topological effects, namelys)=2.4, which shows clearly that rigidity percolation
threshold occurs at thig') value and that there iso shifting
in the threshold in contrast to earlier suggestions. Elastic
5 " - As .« x (at- %) constant measurements as a function of comp_ogition of Ge-
100 . . 35 42 = 5 As-Se glasses also indicate the occurréhoé rigidity per-
/ colation at(r)=2.4.
Ger.5ASx %25 / The third factor, which influences the composition depen-
dence of switching fields, is the ordering of the chemical
species. In any system, the stoichiometric glass is considered
to be maximally ordered and hence closer to the crystalline
phase. Therefore, the energy barrier and the driving force,
required for the crystallization of the ordered glass are the
lowest. Interestingly, in many glassy systems, the molar vol-
ume is found to be maximum at the chemical thresRdId,
which implies that the network is least constrained for any
structural reorganization. Consequently, the energy required
for crystallization of this glass is the lowest. Therefore,
memory switching fields should exhibit a minimum at the
chemical threshold of a glassy system. The minimum ob-
20 5——5 ;4 S5 = f2{7 o served in the composition dependence of glassy
Coordination number (<) semiconductor-crystalline metal transition pressure of chal-
cogenide glasses at the chemical threshold also strengthens
FIG. 2. Composition dependence of the electrical switchingthis ideat? Hence, the minimum i, of Ge-As-Te glasses at
fields (E,) of Ge, As,Teg, 5 4 glasses. The vertical arrows &ty (r)=2.67 in Fig. 2, can be clearly associated with chemical
=2.4 and 2.67 indicate the mechanical and chemical thresholdgrdering andnot to another threshold connected with net-
respectively. work rigidity.

®
o
T

Threshold Field (kVem™)
o
(o]
T

»
)
I




54 BRIEF REPORTS 4415
We would also like to emphasize that the compositionfields for As-T& and Ge-As-Te glasses are quite different for
dependence of any physical property of chalcogenide given(r). For example, the threshold fields for 4&es,
glasses, is determined by the combined effect of rigidity ancind Ge (As,<Teg; 5 glasses with(r)=2.4 are 3.2 kV cm’
chemical ordering. In the Ge-As-Te system, the rigidity per-and 2.75 kV cm?, respectively. The relative shift in the
colation dominates in the region 23r)<2.65. At(r)  switching fields of samples having the safmé, belonging
=2.65, the chemical ordering starts dominating, accountingg different composition tie lines, may arise due to the de-
for the reversal in trend i, at (r)=2.65. The chemical partyre of the network from covalency. The most important
ordering continues to influenc&, in the region 2.65 assumptiof of the constraint theory is the covalency of the
<(ry<2.67, until th'e. minimum at the. chemical threshold atnetwork and this, in principle, requires that the physical
(r)=2.67. The positive slope with higher magnitudeBn 1 orties solely depend on the network topology. The de-

versus(r) above 2.67 reveals a renewed domination of net'parture from covalency could be attributed to the presence of

work rigidity. The enhanced slope in this range is also . )
reflection of the less metallic character of the additive elea—the metallic atoms and the Coulomb forcésng-range

. , forces can no longer be neglected.
ment As in comparison to Te.
An important outcome of the present investigations is that The authors gratefully acknowledge the assistance ren-
the switching fields depend on both the network topology, aslered by their colleagues S. Murugavel and S. Prakash dur-
well as chemical composition. It is found that the switchinging the course of the experiments.
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