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The current—time and non-linear current~voltage characteristics in the Cug s Asg 15Sey 5o chalcogenide semiconductor glass
are analyzed. From the measurements it is deduced that the electrical conductance varies according to G, exp(V/ V;). The role
played by Joule heating in the switching phenomenon is investigated. Results obtained for the delay time are in agreement with
solutions given by the thermal balance equation for the impulse breakdown limiting case.

1. Introduction

The last twenty years have seen the subject of
amorphous semiconductors develop into a distinct
field of solid-state electronics and physics [1]. Much
of the initial impetus arose from the great interest
provoked by electrical switching phenomena in chal-
cogenide glasses [2—4]. Generally, these are charac-
terised by high resistivity values, which limit applica-
tions as well as measurements. However, the addition
of copper to the amorphous materials can lead to sig-
nificant changes in their conductivities [5—-7].

Research in high-voltage electrical conductance is
of considerable interest, since it can provide valuable
information about the switching mechanism. How-
ever, the number of voltage-dependent electrical con-
ductance measurements of the Cu—As—Se system
published in the literature is limited.

The aim of the present study is to find the current—
time characteristics, and the dependence between the
electrical conductance and the applied voltage of
Cuy 15Asg 355€q 50 glass, using rectangular voltage
pulses. The switching delay time #y, (period elapsed
between the application of a voltage high enough to
provoke switching and when this occurs) has been
measured for several values of applied voltage. The ex-
cellent agreement between the solution of the thermal
balance equation and the experimental results per-
mits us to clarify the nature of the process.
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2. Experimental

The amorphous bulk material used in the experi-
ment was prepared by heating appropriate mixtures
of the elements in vacuum-sealed fused-silica am-
poules, for about 3 h at 950°C, and which were then
air-quenched, The non-crystalline character was veri-
fied by X-ray diffraction experiments. Fragments of
the ingot were inserted into an epoxy-type resin, and
finished with 0.05 um alumina polishing powder un-
til a mirror-like surface was obtained,

An electrode-holding device described elsewhere
[8] was used to carry out the electrical measurements,
by means of which rectangular voltage pulses were
applied to the sample under study. These pulses had a
width of 50 s, and an interval of 10 min. This time
span was considered sufficient for the sample to cool
down. Delay time was measured by means of a mem-
ory oscilloscope (Trio, model MS-1650B) time base.
All measurements were carried out on virgin surfaces
in air at room temperature (299 K).

3. Results and discussion

3.1, Current—time characteristics

When a pulse is applied to a sample, the current
rises from an initial value (¥, Q) to reach a final
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steady value J(V, =) characteristic of the sample. The
time dependence of the current is similar to that
found in the literature for glass thin film [9]. The ini-
tial capacitive spike is very rapid, and the time depen-
dence of the current is:

KV, 0)=IV,0)+ AV, 1) ¢))
and

NJH(V’ t) = NJH(V’ °°)F(t)

= Aly(V, )1 — exp(—t/1)], 2

where 7y, is a time constant which characterizes the
thermal process taking place. Similar results have been
described for other glassy alloys using the same dispo-
sition of the electrodes [3], although no information
is given about the thermal process, or about the depen-
dence of Alyy(V, =) on the voltage. The value of
Aly(V, £) was found to correspond to the internal
heating undergone by the sample as a result of the cur-
rent. The temperature increase in the conduction re-
gion calculated from the current increase, being the
expected one for this kind of material [10]. Therefore,
it seems reasonable to interpret Alyy(V, t) as the
Joule heating current component at the instant ¢,

Table 1 shows a set of results obtained. From the
regression analysis it is deduced that the experimental
values are correctly adjusted to the proposed func-
tional model. Within the experimental limitations, it
seems that the thermal time constant is independent
of voltage. The value of f(V, 0) was determined by
extrapolating the functional model at the instant
t=0.

Table 1
Physical parameters corresponding to the time dependence
of the current

Applied Thermal Initial Current
voltage constant current increase
VV) T¢h () IV, 0) Aly(V, )
(uA) uA)
110 9.6 6.63 0.76
120 10.0 7.51 1.12
140 9.5 10.21 1.62
150 9.6 11.79 1.91
160 9.6 13.23 242
200 9.7 17.83 4.48
220 95 22.04 6.15
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Fig. 1 represents [I(V, %) — I(V, )] /AI4,(V, =)
versus ¢ on a semilogarithmic scale, It is clear from
fig. 1 that the thermal time constant remains approxi-
mately invariable. A correlation coefficient of
0.9872 was obtained for the straight line of fig. 1, a
value of 9.6 s being calculated for 7y,

3.2. Dependence of the current on the applied voltage

The following relation between I(V, 0) and V was
found:

from which an expression for conductance may be ob-
tained:

G(V) = Gq exp(V/Vy), C)

where G = Iy/Vp; i.e. the conductance becomes su-
perchmic at high voltages. Therefore, as usual in the
current-voltage characteristics for amorphous semi-
conductors [11], the linear region at low voltage is
followed by a non-linear region, fig. 2, before normal
S-type switching occurs (conventionally observed
switching from the high to low resistance state). Fig,
3 shows the normalized experimental values on a
semilogarithmic scale, as well as the regression line,
with a correlation coefficient of 0.9966. Also, the
values of the parameters V, and I, found were: [y =
8.25 uA, V=223 Vand Vy/I5 = 27 MQ, the last
value corresponding to that of weak field resistance.
By means of another independent experimental proce-
dure (multimeter Thurlby, model 1905a) the ohmic
resistance was determined. This value was approxi-
mately the same as before, thus confirming the validity
of the functional dependence (4). The current—volt-
age characteristics for the Cug 19Asq 39S€q ¢ speci-
men, with sandwich-type electrode configuration, un-
like the present case, show linear behaviour up to a
voltage value close to the threshold voltage [7].

3.3. Delay time of the switching

Measurements of delay time were analyzed in
terms of a thermal model, based on the thermal bal-
ance equation. If the duration of the change from the
off to the on state is short compared to the thermal
time constant, then the thermal balance equation de-
scribes adiabatic heating. According to this approxi-
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Fig. 1. Semi-logarithmic plot of [I(V, «) — KV, )]/ Alyy(V, o) versus ¢ for the different applied voltages
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Fig. 2. I-V characteristics in the highresistance state for sample under study at 299 K.
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Fig. 3. Normalized conductance in the off-state versus applied
voltage at room temperature (299 K).

mate solution, the relation between ) and ¥ in the
case of a square-wave voltage pulse is given as follows

(121,

tp = CLkg TAR(T)S/V2AE. (5)
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Here, AE is the ohmic activation energy, ky the
Boltzmann constant, Ty the ambient temperature,
R(T) the resistance at ambient temperature, C the
specific heat per volume, L the electrode separation
and § the total cross-sectional area.

Fig. 4a shows a good linearity for the relation be-
tween V and l/tllj/ 2, the correlation coefficient being
0.9986. This result indicates that

th =k/(V = V)2, (6)

where k is a constant and ¥y, is the threshold voltage
corresponding to fp, = °°. Similar results are found in
the literature [13], for the same electrode configura-
tion as the one used in this study but with a different
glassy system. In the case of thin films of chalcogenide
glasses, Ovshinsky reported that 7y, is proportional to
exp(—V/V}) [2]. The present data plotted on a semi-
logarithmic scale in fig. 4b showed deviation from a
straight line,

Eq. (6) approximates eq. (5) in the limiting case of
the impulse thermal breakdown, i.e. when the applied
voltage is much greater than the threshold voltage.
Therefore, the result of the simple analysis based on a
thermal mechanism is consistent with the observed de-
lay time—volitage characteristics.
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Fig. 4. (a) Linear relationship between applied voltage and the inverse square-root of delay time. (b) Semilogarithmic plot of delay

time against applied voltage.
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