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Abstract

Antimony-telluride based phase-change materials doped with different metals have been proposed to be
ideal materials for improving the performance of phase-change memories. It is well known that
Sb70Te30 thin films show a sharp fall in the electrical resistance in a narrow temperature range when
heating. Therefore, it is interesting to study the effect of adding metallic atoms into this composition. In
this work, the crystallization of My(Sb0.70Te0.30)100-y (M = Ag, Sn;y = 0, 7.5) amorphous thin films,
obtained by pulsed laser deposition, has been studied by means of differential scanning calorimetry
under continuous heating regime. The as-deposited samples and the crystallization products have been
characterized by X-ray diffraction. The crystallization and melting temperatures were determined, as well
as the enthalpies involved in such processes. The activation energy for crystallization was also
determined. From the obtained results, it is observed that the addition of metals shifts the crystallization
process to higher temperatures around 15-25 K and increases its activation energy. The transformation
diagrams (Temperature-Time-Transformation and Temperature-Heating rate-Transformation) are
calculated. The experimental results are discussed and correlated with proposed structures for the glass
and the crystalline states. The present results are also compared with those reported by other authors.

1. Introduction

The use of chalcogenide phase change materials (PCM) [1-6] holds great promise for memories new
design in response to the increasing demand for data storage and processing, driven by artificial
intelligence and other applications with data intensive use. Phase change memories take advantage of
the fast and reversible phase transitions between the amorphous and crystalline states for switching,
where crystallization and amorphization are the processes that allow changing the logical state of the
PCM memory. The change in electrical resistance between the amorphous (high resistance) and
crystalline (low resistance) states is used to identify the logical states ("0" and "1") of memories [1-6].
PCM, that are frequently obtained as thin films, are grouped in different families, being the alloys of the
Ge-Sb-Te system one of most studied chalcogenide glasses. In a previous work, the structural and
electrical behaviors with the temperature of thin films with compositions Ge,3SbsTeg,, Ge;Sb,Te,,
Ge,Sb,Tes, Ge;Sb,Te; and ShyyTezy were studied [7]. The electrical resistance contrast in these alloys is
between 3 and 6 orders of magnitude and it is feasible to generate multiple intermediate resistance states
by tuning the amorphous-crystalline ratio in a single memory cell [7, 8].

Some of the most outstanding systems for PCM are (Sb,Te3),,(Sb,), structures consisting of Sb,-and
Sb,Te;-type slabs stacked along [001] direction. Depending on the total number of slabs (and relative to
each other), structures with P_5,, (Sb,Te, SbTe) or R_5,,, (Sb,Tes, SbgTes, Sb,Te;) space group are
usually formed [9, 10]. In the Sb-Te system, the Sb-rich alloys of composition close to Sb;yTes, stands
out for their good properties.

1.1 Alloys based on Sb-gTesg
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One of the most suitable materials for non-volatile storage is the Sb,yTes, composition [1]. With the aim
of improving the performance of PCM-based memories, the effect of adding an impurity such as Al, Ag,
In, Ge, Mg or Zn in SbygTesq glasses has been studied, observing an improvement in properties like
crystallization temperature, activation energy and crystallization rate [11-19]. This fact is corroborated in
the same Sb-Te binary system, where a dopant element (Cr, Ru, Cu, Si, Zr, Ti or W) is added to improve the
performance in phase memories of another alloy rich in Sb and close in composition: Sbg;Tez;. [20-26].

On the other hand, in a previous work, using Rietveld refinements of the experimental XRD patterns and
ab-initio calculations, when studying powder crystalline samples Sn,[Sbg 70Tep 30l100-x (With x=0.0, 2.5,
5.0 and 7.5 at. %), we showed [27] that the increase of tin content in the Sb;yTe;; compound lead to the
progressive distortion of the crystalline structure, favoring a second-order transition from the reference
trigonal structure (space group P_3.,,1) to a monoclinic structure (space group C,,,). The gradual doping
of the Sb,Te;q alloy with Sn causes a soft shift of the positions of some peaks in the X-ray
diffractograms [27] as a result of a very slight structure distortion (the angle B of this structure changes
from 90.00 to 90.14). Ab initio calculations show Sn atoms substitute Sb atoms in the Sb-Te host in an
octahedral environment with similar bond lengths to those of Sb,yTe;o. From now on this crystalline
phase is called 6 - phase.

In this work, My (Sbg 79Teg 30)100-y (M = Ag, Sn; y = 0, 7.5) amorphous thin films obtained by pulsed laser
deposition are analyzed. Our goal is to study the influence of tin and silver addition to Sb,yTez; glass in
crystallization and melting processes. The knowledge of the mechanisms affecting the transformation
kinetics is the base of microstructural control to optimize physical properties of chalcogenide glasses.
Differential scanning calorimetry (DSC) has been used for the determination of both the thermal stability
of the glassy alloys and the apparent activation energy of crystallization. The main mechanisms that
drive the crystallization process of the ternary glasses are analyzed and compared with those acting on
the binary eutectic. The results are correlated with the structures proposed for the glass and the
crystalline states. The transformation diagrams (Temperature-Time-Transformation and Temperature-
Heating rate-Transformation) are calculated.

2. Experimental

M (Sbg70T€0 30)100-y (M =Ag, Sn;y =0, 7.5 at. %) thin films were prepared by pulsed laser deposition
(PLD) from bulk chalcogenide targets. Bulk targets were prepared by direct synthesis loading 10 mm
diameter quartz tubes with pure elements (4N) in their stoichiometric proportions. Loaded tubes were
evacuated and sealed at 3-10™ °> mbar, and then heated at 800°C for 8 h. Melts were slowly cooled down
to room temperature inside the furnace. Bulk samples were sliced and polished in order to obtain PLD
targets with parallel faces. The studied compositions are named as indicated in Table 1.

PLD was performed using a nanosecond-pulsed Nd:YAG laser (Spectra-Physics Quanta-Ray Lab-150)
with deposition times of 45-60 minutes, operating at a 355 nm wavelength. Thin films were deposited on
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chemically cleaned microscope glass slides in on-axis geometry at room temperature inside vacuum
chamber [7, 28].

Thermal analysis was carried out in a Perkin Elmer Pyris 1 differential scanning calorimeter (DSC) in the
temperature range from 300 K to 600 K under a continuous heating regime at scan rates =10, 20, 40
and 80 K/min. In order to observe the melting process, an annealing per sample was carried up to 873 K.
The experiments were done in a dynamic Ar atmosphere using sealed aluminium pans containing
deposited films that were mechanically extracted from glass substrates. Mass of samples was weighted
between 2.00 and 4.50 mg, with a precision of 10 ug.

X-Ray Diffraction experiments were done with monochromatized Cu-Ka radiation on a Smartlab Rigaku
diffractometer., As-deposited films were measured in grazing incidence geometry with a grazing angle w
=0.5°, sweeping at 0.16°/min with 0.05° steps. Thermally treated films were measured in Bragg-Brentano
geometry, sweeping at 0.2°/min with 0.05° steps.

3. Results

Figure 1 shows the calorimetric signal (normalized by the mass and the heating rate) dH/dT of the
samples obtained under a continuous heating regime with 8= 40 K/min. Calorimetric curves show one or
more exothermic transformations, depending on the composition of samples. The Sb,yTegg binary
sample has a single symmetric peak that could be associated with a single process. Ternary samples, on
the other hand, exhibit more complex situations. In the AST7.5 sample there are three superimposed
exothermic transformations which are resolved by observing their respective peak temperatures, while in
the SST7.5 sample there is an asymmetric peak, which may indicate the existence of a complex
crystallization involving more than one process. This fact is confirmed when sweeps at different speeds
are carried out, as can be seen in Fig. 2. At low speeds, at least two superimposed processes associated
with the main exothermic peak are clearly observed, which are not resolved at higher speeds.

X-ray diffractograms of both as-deposited and thermally treated films are displayed in Fig. 3 (a). X-ray
patterns of the PLD as-obtained films are characteristic of an amorphous phase with a minoritary
crystalline phase. Figure 3 (a) shows a broad scattering peak associated to amorphous phase that does
not depend on the concentration and is located at Q=4 1. sin(8)/A = (2.06 + 0.02) A" in agreement with
previous works [7, 29] and close to the values of Sb liquid (Q=2.15 A" at T=933 K) and Te liquid (Q=

210 A1 at T=743 K) [30]. After DSC thermal treatments, films become crystalline as it can be
appreciated from the shown patterns.

X-ray data of Sb,yTesy and SST7.5 powder samples associated to trigonal structure (P_ 3., space group)
and monoclinic structure (C,,,,, space group) respectively are shown in Fig. 3 (b) for comparison

purposes. This figure shows that both structures have few differences in their pattern diffractograms.
Actually, 5-phase has a continuous second order transition from P_ 3,1 to C,,,, when a third element is

added to the composition Sb,gTezq.

Page 4/27



The three crystalline peaks of the as-deposited and thermally treated films observed in SbygTe;g, SST7.5

and AST7.5 diffractograms (see Fig. 3 (a)) correspond to the crystalline lines of both previously reported
crystalline structures (trigonal P_ 3,,,; and monoclinic C,,,,, structures) that are associated with similar

crystalline structures corresponding to 6-phase.

On the other hand, a broadening of the crystalline peaks, associated with a nanometer-scale grain size, is
observed in Fig. 3 in both as-deposited and thermally treated films.

Figure 4 shows DSC curves of Sb,yTe;, samples for all heating rates. The observed behavior when
changing heating rates is representative of a single transformation process and we see that the peak
maintains its shape for all treated rates. Changes in the crystallization peak temperature T, of the binary
sample determined for different values of Bare presented in Table 2. Crystallization temperature T, at 10
K/min is in accordance with value reported by Her et al [31] when measuring film reflectivity variation
upon heating at same rate.

Cristallization peak temperatures of ternary samples, as well as onset T,,, and melting T, temperatures,
crystallization AH, and melting AH,,, enthalpies, of all samples are also shown in Table 2. An important
result is that the addition of Sn or Ag to the binary composition shifts the crystallization process to higher
temperatures around 15-25 K. Values of T,/ T, ratio (crystallization temperature to melt temperature
ratio) are between 0.49 and 0.55. This is a good property for applications in PCM-based memories. We
notice that onset and peak temperatures increase with tin or silver content. Similar behaviors are reported
when a third element (Al, Ag, Cr, Cu, Ga, Ge, In, Mg, Ru, Si, Ti, W, Zn, Zr) is added to Sbgy,,Tes; , (0<y <
13) [11-26, 33—36]. In particular, Hsu et al [13] found that crystallization temperatures for Sbgq gTesq 1,
Ag4(SbygTesn)9 and Agqg g(SbygTesg)gg » are 409 K, 413 K and 427 K respectively, in good agreement
with this work.

As seen in Figs. 3 and 4, as Bincreases, transformations shift to higher temperatures, showing a
thermally activated nature of the process. The activation energy E, can be determined by the Kissinger

method [37]:

1

where R is the universal gas constant, 7, is the temperature at which the minimum of the crystallization
peak is reached and c is a constant.

Therefore, E, is obtained from the slope of the linear fit in In (%) versus 1000/ T, graph. Figure 5
p

shows these graphs for the main peak of each studied sample. The results obtained from the activation
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energy are shown in Table 2. The addition of a third element to the binary composition produces an
increase in the value of the activation energy for crystallization. This fact was widely observed in other
cases [11-26, 33-36]. In particular, Hsu et al [13] found that the activation energies for the crystallization
of Sbgg gTe30 1, Ag4(SbsgTesn) g and Agqg g(SbgTes0)g9 » are 200,7 kJ/mol, 220,1 kJ/mol and 251,8

kJ/mol respectively in good agreement with this work.

The range for the T,/ T, ratio is between 0.51 and 0. 55, while Hsu et al reported T,/ T, = 0.6 (both results
with 10 K/min heatings) [13].

4. Discussion

The fact that the observed transformation for the binary sample is due to a single process allows a
deeper analysis of the crystallization kinetics. The temperature dependence of the transformation rate
dx/ dt can be determined for each heating rate and the transformed fraction x from the following relation
[38, 39]:

T
AH(T)  Jp, ' dT

- AH..y  (TdH
cris T ar dT

z (T)

2

where AH(T) is the partial area from T, to temperature T of the calorimetric signal normalized by the
mass and the heating rate, 7, and T, are the start and end temperatures of the peak. Figure 6 shows x

and the transformation rate dx/dt normalized by the heating rate (that is dx/dT7) for the crystallization of
the binary sample as a function of the heating rate .

In the case of ternary compositions, understanding the transformation kinetics is more difficult because
the DSC signal is associated with two or more superimposed processes. This implies that in order to carry
out an adequate processing, additional methodologies of an experimental nature must be followed with
the addition of numerical simulations that allow separating each of the processes. This is impossible to
do with the obtained experimental information. However, it can be assumed that the first steps of the
transformation recorded by calorimetry are due to a single first process and that the overlap with other
processes occurs later [38, 39].

On the other hand, it was found that Sbg5Tes; and other Sb-rich alloys have faster reversible phase

change character owing to its growth-dominant mechanism with negligible nucleation [18, 40-42].
Therefore, it can be expected that the crystallization is controlled by grain growth without nucleation for
the studied samples in this work. Moreover, in a previous work [43] we found that three-dimensional
growth of pre-existing nuclei is the governing mechanism in the crystallization of Sb,yTezq binary thin

films. Due to the structural information obtained by X-rays and the closeness in their compositions, we
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assume the same mechanism for ternary samples. Under this hypothesis, we are able to model first
crystallization steps for the three studied compositions and construct the transformation diagrams.

4.1 Initial steps of crystallization

Following previous works [44-47], the initial steps of the formation of crystals (crystalline fraction x<
0.1) are modeled from experimental calorimetric data. The crystallization of these glasses is complex.
However, as mentioned above, the first steps of the crystallization of the samples can be modeled
assuming three-dimensional interface-controlled crystal growth of pre-existing nuclei with mean density
N, [48].

The classical equations used for the growth rate u are expressed as [46, 49, 50

u (T) = (apAb/n)[1 — exp(—AG/RT )]

b= kT/ (?mLZai)

where a, is the mean atomic diameter, T is the temperature, A is the product of the fraction of surface
sites where atoms are preferentially added and the length of the interface in units of a,, L is the mean
interfacial thickness in units of a,, and nis the viscosity. The dependence of npwith T follows a Vogel-
Fulcher expression [20—-21]:

n = n,exp(A/(T —To))
4
In (3) AG is the Gibbs free-energy difference between the supercooled liquid and the crystal [49, 50]:
AG =AHn, (1 -T,)(1 —-T) — I'TIn(T; )]
5

Here T, = T/Tn, = AC,/AS,, AG, is the heat capacity difference between the liquid and the crystal, T,
AS,, and AH,, are the melting temperature, melting entropy and melting enthalpy, respectively.

For a process of three-dimensional interface-controlled crystal growth of pre-existing nuclei, the time
temperature transformation (TTT) and temperature-heating rate-transformation (THRT) diagrams can be
calculated using [44-46, 51, 52]:

\varvecz(T,t) = 1 — exp(—(47/3). N,.u (T)*. %)
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[TTT diagrams - pre-existing nuclei and growth]

with tthe time,

T
\varvecz(T,8) = 1 — exp(—(47/3 )N, | i u (T") dT'/ﬁ]?’)

7
[THRT diagrams — pre-existing nuclei and growth]

with Bthe heating rate.

4.2 Initial steps of crystallization for the SbyyTe3q, AST7.5
and SST7.5samples

As mentioned above, we assume that &-phase crystallizes in the Sb,yTesp, AST7.5 and SST7.5 samples.

The first steps of crystallization for these samples were modeled assuming the three-dimensional
interface-controlled crystal growth of pre-existing nuclei. We calculated the TTT and THRT curves using
calorimetric data obtained under continuous heating rate regimes using Eq. (3) to (7). In these equations

we assumed that parameters that were not measured in our experiments (a,, AC,, L?/A, and n(T,,)) are
the same in all the samples and they were determined as following: a, was estimated using a weighted
average of the atomic radii of the elements; AC, = 0.15 J/g K was estimated using data for Te and Se
based glasses [53]; L2/ A =1 was estimated using the work of Clavaguera-Mora et al. [46]; n(T,,,) was
estimated using the values of viscosity at melting point for PCM chalcogenide glasses [54-55]. AH;, and
T, were measured for each sample in DSC experiments, so AS,, and /" were calculated as AH,,/ T, and
AC,/ AS;, respectively. N,/L? Aand T, were fitted using Egs. (6) and (7) to reproduce the experimental

DSC data (x=0.1) in all the samples. Measured, estimated as well as fitted parameters are given in
Table 3.

Calculated temperature-heating rate (THrT) and time temperature transformation (TTT) curves for
different crystallized fractions (x =107°, 1073 and 0.1) as well as experimental data obtained for x = 0.1
are reported in Figs. 7 and 8. We observe a very good agreement between the calculated curve and the
experimental data.

The glass temperature T, can be determined assuming that the viscosity at the glass temperature 1(7)
is about 10'2 Pa-s. Obtained values of Ty for SbypTesp AST7.5and SST7.5 samples are 357.5K, 381.5K

and 378 K respectively. The addition of Ag or Sn increases the glass temperature. This fact was also
observed when Ag or Sn was added to Sb,Te binary composition (near Sb,,Tes,) [56]. Prokhorov et al

[33] found the expression T = xgp, 420 K+ X7, 204 K (with xg, and x, the atomic fraction of Sb and Te
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respectively to determine 7 in Sb-Te binary alloys )- When evaluating this expression for Sb,yTes, a
value of 355 K is obtained. This is in good agreement with our estimation from n(7y).

The transformation diagrams shown in Figs. 7 and 8 are essentially built from experimental DSC
measurements, where the limiting mechanism is the mobility of atoms, which is characterized by the
viscosity. The viscosity, shown in Fig. 9 for the three samples, follows Eq. (4), where its parameters are
obtained from fitting of transformation diagrams. In this figure, we highlight the temperature ranges
corresponding to glass transition, crystallization and melting. The addition of a third element to the
binary composition SbygTes, increases the viscosity, as well as the glass temperature, 7,/ T, and

Ton/ T

4.3 Structure and PCM switching

The structures of liquid and amorphous Sbg;Tes; phases were studied by Kang et al [57]. In amorphous
Sbg;Tes3, Sb and Te atoms are almost in an octahedral environment, as occurs in crystalline phase. They

suggest that structural similarity of octahedrons between the crystalline and amorphous phases
promotes the rapid and low-energy switching of Sbg;Tess.

In this work, the crystallization of M (SboTez)100-y (M = Ag, Sn; y =0, 7.5) amorphous thin films,

obtained by pulsed laser deposition, have been studied by means of differential scanning calorimetry
under continuous heating regime. Considering that:

1. It is expected that the amorphous structure of the three studied samples is the same as that of the
Sbg;Tes3 composition glass, due to the closeness in composition. This means that both Sb and Te
atoms are almost in an octahedral environment.

2. X-ray patters of crystallized samples in this work are similar for the three samples. Their crystalline
structures correspond to trigonal structure (space group P_3.,1) for the Sb,,Te;q binary sample and
is a very slight distortion to monoclinic structure (space group C,,,,) with the addition of Sn. This
distortion can be seen in the variation of the B angle of the structure (changes from 90.00 to 90.14).
It is important to highlight that these structures have a predominance of octahedral environments.
Moreover, the crystalline structure of Sbg;Tes; is the same crystalline structure

3. In the case of SST7.5 we found in a previous work, that Sn atoms in the monoclinic crystalline
structure substitute Sb atoms and are in an octahedral environment with six coordination of Te
atoms. Moreover, considering that Sn-Te bond (338,1 KJ/mol in [58]) has greater dissociation energy
than Sb-Te bond (277,4 KJ/mol in [58]), the crystallization temperature in SST7.5is expected to be
higher than in the Sb,Te;y binary sample. This agrees with crystallization temperatures that are
reported in this work.

Therefore, it can be concluded that the ideas of Kang et al [57] can be used for the studied samples in this
work. The key for understanding rapid glass-crystal transition in the studied samples for their application
in PCM memories is the structural similarity of octahedrons between crystalline and amorphous phases.
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5. Conclusions

In this work, the thermal evolution of thin films obtained by PLD of compositions M, (Sb;Tesg)1gg-y (M =
Sn, Ag; y =0, 7.5) was analyzed and compared with the binary Sb,yTe3,. The addition of a third metallic
element, Ag or Sn, generates a delay in the crystallization temperature and an increase in the activation
energy for crystallization. This fact implies that the amorphous state is more stable, and therefore it
improves the properties for applications in non-volatile memories, since it broadens its thermal range. The
crystallization of the binary sample could be associated to a single process, whereas the crystallization
of the ternary samples is more complex. The parameter 7,/ T, of the studied films show good values for
the application in non-volatile memories.

The TTT and THrT transformation diagrams were calculated for the first stages of crystallization, which
allows us to predict how these alloys will behave for other thermal evolutions different from those carried
out in this work.
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Tables

Table 1: Name of the studied samples
Composition (at. %) Name

Ag;5(Sbg70T€030)925 AST7.5

Sn; 5(Sbg70T€p30)925 SST7.5
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Table 2: Thermal magnitudes of the studied samples: The peak temperature of the crystallization T,, the
onset temperature T, (measured to 8= 20 K/min ), the melting temperature T,,,, the crystallization
enthalpy AH,, the melting enthalpy AH,,,, the activation energy E,, for the different peaks of
crystallization of the samples Sb,yTezg, AST7.5and SST7.5.

Sb70Te30
T (K) 813
AH, (J/g) 138

First crystallization peak
Ton (K) 400

E, (kJ/mol) 190+ 10

B/min) T (K) AH.(J/9)

10 4133 17.1
20 419.7 17.8
40 4245 1738
80 428.6  19.1
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AST7.5
T (K) 788

AH, (J/9) 130

First crystallization peak
Ton (K) 436

E, (kJ/mol) 210+ 10

BK/min) T (K) AH,(J/g)

10 4359 7.6
20 4400 7.5
40 4455 7.7
80 4514 122

Second crystallization peak

E, (kJ/mol) 190 + 30

Third crystallization peak
E, (kJ/mol) 140 % 40

AH,(J/g) 17
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SST7.5
T (K) 819
AH, (J/9) 146

First crystallization peak
Ton (K) 410

E, (kJ/mol) 310+ 10

BK/min) T (K) AH,(J/g)

10 4276 1438
20 430.6 13.9
40 4343 164
80 4379 152

Second crystallization peak

AH.(J/g) 15

Table 3: Measured, estimated and fitted values used to model the first crystallization steps of the
samples SbygTezg, AST7.5 and SST7.5.
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Figures

Sample

AH,. (kJ/mol)

T (K)

-
a, (m)
L2/A

n(Tm)(Pa s)

Sb70Te30

Measured Parameters:

17.044

813

Estimated Parameters:

0.9

1610710
1.0

0.005

AST7.5

15.903

788

0.9

1610710
1.0

0.005

Fitted Parameters:

N,/L? (1/cm3)
+10%
AK)+5%
T, (K) 4

310°

640
339

21010

891
356

SST7.5

17.980

819

0.9

1610710
1.0

0.005

21010

1010
349
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Figure 1

Calorimetric signal (normalized by the mass and the heating rate) dH/dT of the Sb;yTe;p, AST7.5 and
SST7.5 samples obtained under a continuous heating regime with 8= 40 K/min.
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Figure 2

Calorimetric signal (normalized by the mass and the heating rate) dH/dT of the SST7.5 sample obtained
under a continuous heating regime with 8= 10, 20, 40 and 80 K/min.
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Figure 3

X Ray Diffraction patterns of the studied samples (a) thin films as deposited and after DSC experiments

at 20 range 20-45°, (b) thin films after DSC experiments at 2 8 range 20-80°, and, as-cast sample powder
of compositions SbyTe;; and SST7.5.
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Figure 4

Calorimetric signal (normalized by the mass and the heating rate) dH/dT of the Sb,;Te;5 sample
obtained under a continuous heating regime with =10, 20, 40 and 80 K/min.
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Figure 5

Kissinger method. In(B/(Tp2 )) versus 1000/ T, obtained for the crystallization of Sb;Te;q, AST7.5 and
SST7.5 thin films.
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Transformed fraction x and transformation rate dx/dt normalized by the heating rate (dx/dT) obtained for
the crystallization of the Sb,yTe;q thin film.
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Figure 7

Time temperature transformation (TTT) curves for different crystallized fractions (x= 109,102 and 0.1)
obtained for the crystallization of Sb,yTe;q, AST7.5 and SST7.5 samples. The temperature range of the

DSC measurements is shown.
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Figure 8

Calculated temperature-heating rate (THrT) curves for different crystallized fractions (x= 10, 10 and
0.1) obtained for the crystallization of (a) Sb,yTesq, (b) AST7.5 and (c) SST7.5 samples. Experimental

data for x = 0.1 obtained using DSC are shown with square symbols. A detail of the agreement between
the experimental data and the calculated curve is shown in the inset figure.
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Figure 9

Temperature dependence of the viscosity for Sb,yTezo, AST7.5 and SST7.5 samples obtained using Eq
(4) and Table 3. The three temperature zones, where the experimental or reference data are known (glass
transition, DSC data and melting point) are shown.
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