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Temperature-induced transformations are considered to be interesting characteristic properties 
of amorphous materials including the SixTe60_xASaoGe~0 system, wi th x = 5, 10, 1 2 and 20. 
Density (~o), X-ray diffraction and differential thermal analysis (DTA) were used to characterize 
the compositions. DTA traces of each glass composit ion at different heating rates from 5 to 
30~ min -~ were obtained and interpreted. Fast and slow cooling cycles were used to deter- 
mine the rate of structure formation. Cycling studies of materials show no memory effect but 
only ovonic switching action. The compositional dependence of the crystallization activation 
energy (E) and the coefficient of glass-forming tendency (KQ~) have been calculated. The 
thermal transition temperatures and associated changes in specific heat have been examined 
as a function of the Te/Si ratio by differential scanning calorimetry. It was found that ~o and E 
increase linearly wi th increasing tellurium content, whi le the heat capacity (cp) and KQ~ 
decrease wi th increasing tellurium content. E = 1.54eV and cp = 0.246J g-~ K -~ for x = 20 
whi le E = 2.74eV and cp = 0.22Jg-~ K t for x = 5. 

1.  I n t r o d u c t i o n  
The characteristics of threshold switches have been 
widely investigated since the original publication by 
Ovshinsky in 1968 [1] and general surveys of the sig- 
nificant results have been provided recently by Adler 
et al. [2] and Homma et al. [3]. The study of crystal- 
lization kinetics and the thermal properties of the 
material of the threshold switches provides a poten- 
tially sensitive measure of the differences in the 
structure. 

For the present work, four bulk glassy compo- 
sitions of the system SixTe60_,.As30Gel0 (x = 5, 10, 12 
and 20) were prepared by heating mixtures of the 
elements (99.999% purity) in vacuum (_~10 6torr) 
sealed fused silica ampoules at 800 ~ C for 8 h in which 
the molten solution was occasionally shaken vigor- 
ously, then followed by liquid nitrogen quenching, 
yielding a high cooling rate [4, 5]. Details of the 
experimental arrangement and measuring techniques 
for the differential thermal analysis (DTA), differen- 
tial scanning calorimetry (DSC) (Shimadzu model 
DT30 and DS30), hydrostatic density and X-ray 
(CoKc~ source) are the same as those described else- 
where [6]. 

2.  R e s u l t s  a n d  d i s c u s s i o n  
The density of the prepared amorphous glasses of the 
system Si,Te60 .,As3oGe~0 was determined by the 
hydrostatic method [7] with an accuracy of _+ 0.05%. 
Fig. 1 shows the variation of density, p, with tellurium 
content. The value of p increases linearly from 4.90 to 
5.79 g cm -3 with increasing tellurium content indicat- 

ing the additive nature of density as a character of the 
glassy structure. 

X-ray diffraction patterns of crushed samples of 
SixTe60_xAs30Ge~0 show no characteristic diffraction 
lines, indicating the absence of crystalline structure. 
However, a short-range ordering characterizes the 
amorphous phase. The diffraction pattern in Fig. 2 is 
similar to that of As 2 Se~--As2 S 3 [ 8 ]  and As 2 Se3-As2Te 3 
[9]. The pattern has two stepped humps around 
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Figure 1 Dependence of density, specific heat and energy of crystal- 
lization on tellurium content of the system Si,.Te60_,.As30Get0. 
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Figure  2 X-ray diffraction patterns of the bulk samples of the system 

Si,.T%0 ,.As30Ge=0. 
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Figure  3 DTA thermograms for the system Si.,.T%o_,As3oGeio at 
4~ = lO~ 

the Bragg angles 12 ~ to 19 ~ and 20 ~ to 40 ~ (20~ 
respectively. The second has the highest intensity and 
occupies the largest angular range. This means that 
the second possesses the highest contribution of dif- 
fracting atomic planes. 

The characteristic difference between a structurally 
stable material and a reversible material is demon- 
strated most simply by DTA [10]. A number of typical 
DTA scans at a rate of 10~ -~ are shown in 
Fig. 3 for the four glasses under investigation. All the 
thermograms are characterized by the presence of an 
endothermic effect of softening at T = Tg, occurring 
over a temperature range of 165 to 185~ The value 
of Tg decreases with increasing tellurium concentra- 
tion. This may indicate a tendency for weaker bonding 
in tellurium-rich glasses. Also from Fig. 3 it can be 
seen that the crystallization peak (To) decreases with 
increasing Te/Si ratio at constant heating rate with the 
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Figure  4 DTA thermograms of the composition Si12Te48 As30 Gel0 at 
different rates. 

exception of composition x = 12. Following the 
crystallization exothermic peaks, the endothermic 
peaks due to melting of crystalline material appear on 
the DTA traces in Fig. 3. The melting temperature 
(Tm) of composition x = 12 does not appear on its 
DTA trace; it may appear at higher temperature. For 
compositions x = 10, 20, two melting peaks appear 
on the DTA traces, but due to the broadening of the 
crystallization peaks and their shifting towards the 
higher temperature region, the first melting peak is 
overlapped by part of the crystallization peak. The 
value of Tn, increases with increasing silicon content. 
Table I gives the observed transition temperatures at 
a rate of 10~ -1 and the coefficients of glass 
forming tendency, K~ [11, 12], which are small and 
increase with increasing silicon content. 

DTA traces in Fig. 4 for the composition Si~2- 
Te4aAs30Gel0 show the kinetic crystallization tempera- 
ture, T~, which follows Tg at different heating rates. T~ 
is dependent on the heating rate because crystalliz- 
ation is a kinetic, rather than an equilibrium thermo- 
dynamic process for the glasses. At low heating rates 
(5, 10, 15~ - ~) the DTA traces show two crystal- 
lization peaks, which at higher heating rates (20, 
30 ~ C min-~) more peaks appear. 

The effect of heating rate, ~b, on the DTA traces of  
compounds x = 5, 10 and 20 was also investigated 
and it is identical to compound x = 12. It was also 
found that when 4) increases, the areas under the 
crystallization and melting peaks of the DTA traces of  
the system Si,.Te60 .~As30Gel0 increase, with some 
exceptions. The question arises as to why the areas 
under the crystallization and melting peaks are 
smaller at low heating rate (i.e. only a small amount of 

T A B  L E I The density and DTA data of  the investigated glasses in the system Si,Te60 y As30Ge~0 (q5 - 10~ ~) as a function of  
composition. The tendency to form the glass is calculated according to the formula K~I = (T~ - Tg)/(T~, - T~), using the temperatures in 
K [l l] 

Composition Density Tg Tq (~ C) T~2 (~ C) T m (~ C) K~ I 
(gcm 3) (oc)  

Begin Peak Begin Peak Begin Peak 

Si:0Te40 As30 Gel0 4.90 185 200 295 395 408 0.97 
Si12Te48 As30 Gel 0 5.41 178 230 290 340 365 - 
Sil0TesoAs30Gel0 5.47 172 240 285 325 388 395 405 0.94 
Si 5 Te55 As~0 Ge m 5.79 165 175 202 - 345 360 0.23 
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Figure 5 DTA thermograms of  Si~oTesoAs30Gej0: (a) heating curve 
at 30~ min ~, (b) fast cooling at 50~ min -~, (c) slow cooling at 
5 ~  i and (d) heating again at 30~  L. 

the sample material has been crystallized) and may be 
enlarged at higher heating rates. Turnbull [13] has 
pointed out that the resistance of liquid and glasses to 
nucleation implies something about their structure. If 
an amorphous material contained microcrystalline 
regions, there would be no nucleation barrier, and the 
crystallization kinetics would be limited only by 
growth. Thus, at temperatures below the melting 
point, slow crystallization kinetics would indicate that 
nucleation was required. 

The heat capacity at constant pressure, Cp, has been 
determined for all glasses under investigation in the 
system SixTe60 xAs30Gel0 by using differential scan- 
ning calorimetry measurements. The data were taken 
over the temperature range from room temperature to 
200 ~ C. 

Fig. 1 shows the compositional dependence of the 
slope of the linear plots of Cp = f (T).  This figure 
indicates that the value of cp (Jg ~K ~) slightly 
increases linearly with increasing silicon concentra- 
tion. Also, the values of specific heat of each composi- 
tion are nearly constant over the temperature range 70 
to 140~ The DTA thermograms of heating and 
cooling cycles are obtained for x = 10 and are shown 
in Fig. 5. This figure shows that the fast rate of cooling 
(b) and the slow rate of cooling (c) do not exhibit any 
reaction. 

The activation energy of crystallization (E) can be 
calculated from the shifts in the Tp (the maximum of 
To) values with the heating rate, q5 [14] by 
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Figure 6 Plot of  in (4>IT 2) against llTp according to the Kissinger 
method for glassy Si12TegsAs30Get0 for the first peak. 

d In (q~/T~) - E  
d(1/rp) R 

where R is the gas constant. A plot of ln (~b/T~) against 
Tp j (K J) is shown in Fig. 6 for the composition 
x = 12. A straight line could be fitted to give an 
activation energy for the first peak. Table II gives the 
values of activation energy of crystallization (E) for 
the glasses under investigation. Fig. 1 shows that the 
crystallization activation energy increases linearly 
with increasing tellurium content. 
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T A B L E I I Activation energy and specific heat for the vitreous-crystalline temperature of  the composition of  SixTe60_xAs30Gel 0 

Composit ion Activation energy of crystal, E (eV) 

First peak Second peak 

Specific heat, 
Cp ( j g - t  K - I )  

from 70 to 140~ 

Si2oTe4oAs3o Gelo 1.54 0.246 
Si12Te48 As3oGelo 2.05 2.40 0.23 
SiloTesoAs3oGe~o 2.31 2.57 0.23 
SisTe55 As3oGelo 2.74 - 0.22 
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