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A structural model of the bulk Asg 455¢€p 10T€0.45 amorphous alloy has been built by the random Monte Carlo tech-
nique. The model is in good agreement with the atomic radial distribution function obtained by X-ray diffraction. The
mean coordination number obtained was 2.3, thus allowing the sample to be characterized as a bistable material.

Chalcogenide glasses are studied mainly because
they present a switching phenomenon and a memory
effect, and therefore can be used in the making of a
great number of electronic devices [1].

The main interest in the analysis of the glass system
As—Se—Te [2,3], amongst other reasons, is the de-
pendence of the electrical conductivity on sample
composition, as well as presenting memory effect to-
gether with the switching process.

For these reasons, a structural analysis as well as
an electrical study of the glassy alloy
Asg 455€q 10T€g.45 has been undertaken, given that
the establishment of the structural units, the distribu-
tion of chemical bonds between atoms, the radii of the
coordination spheres and the mean values of the bonds,
besides being of intrinsic interest, allows the process of
electrical conductivity to be explained, as it is closely
linked to the type and amount of chemical bonds
existing in the material.

The Asg 45S¢€g 10T€.45 composition was prepared
so that the influence of the amount of Te could be ob-
served, previous studies having been carried out with
a smaller atomic fraction of Te [2,3]. Electrical resis-
tance measurements of the composition with a greater
amount of Te indicate that it reduces electrical resis-
tance, due to the dislocation of covalent bonds as a
result of the metallization of the chemical bond. Anal-
ogous behaviour has been reported in the literature
[4].

The number of bonds between each of the elements,
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together with their ionization energies, allows the pos-
sibility of forecasting its electrical characteristics in an
approximative manner. As electrical resistance is re-
duced, according to observations drawn from other
compositions of this system, it seems likely that the
threshold voltage (the minimum voltage needed to pro-
duce switching) must also be reduced.

Another characteristic seen in the structural anal-
ysis is the degree of stability of the material. The
mean coordination number is an indication of the
flexibility and elasticity of the composition’s struc-
ture, closely related to structural changes and there-
fore to bistable behaviour [1}.

The bulk samples of the glassy alloy
Asg 455€g.19T€q.45 Were obtained from the constitut-
ing elements, prepared as described in ref. [2].

Fig. 1 is a graphical representation of the radial dis-
tribution function of the glassy alloy, obtained from
X-ray diffraction data of the compound after having
eliminated that part of the radiation not providing
structural information, The information set out in
table 1 has been obtained from this function.

One of the data shown in table 1 is the area below
the first RDF peak, representing the mean number of
atoms surrounding an arbitrary reference atom, i.e.
the mean coordination number. This datum provides
a parameter which allows the estimation of the short-
range order in the material.

The area mentioned may be expressed as a function
of NV coordination, attributed to a specific element in
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Fig. 1. Radial distribution function.

the alloy and the number of bonds between certain
type of pairs, according to the relation deduced by
Vizquez et al. [5]:

area = -«——1——2 [Z5(aZy +2vZ5)
100(Z;%,Z)

+ [h+Z,(BZ5 — 28Z)IN+2Z, — Z3) a33], (1)

where h, o, 8, v and § are specific characteristics of the
compound, as they only depend on the concentration
of each element in the compound, on the correspond-
ing atomic number and their coordination.

On the basis of the results from the analysis of the
structural models obtained for other compositions of
the As—Se—Te system [2,3], structural units have
been postulated to generate the theoretical short-
range order of the Asy 45S¢j 19 Teq 45 alloy, consider-

Table 1
Peak positions and area under the peaks of the RDF. Errors
are estimated
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Peak r(A) Area (atoms) A
first 2.65 2.30 0.1
second 3.90 6.94 0.2
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ing that the NV coordination of the As in the glassy al-
loy may be three or four.

The parameters of the compound under study,
which are independent of the value postulated for the
coordination of one species in the alloy, were:

h=4825125, a=-155091,

f=28.64, ~=20045 §&=3682.

From these, by means of expression (1), the area un-
der the first peak in the RDF was determined, which
when considered NV = 3, is:

area = 2.2024 + 0.0037 a33

and for the hypothesis of tetracoordinated As, N = 4,
is:

area = 1.9208 + 0.0037 ay5.

As is seen, they are linear functions only dependent
on a3y, the number of Te—Te bonds in the alloy.

A comparison of these theoretical expressions
with the experimental value obtained for the area
shows that a short-range model based on tetrahedric
As for this alloy cannot be accepted, as a value not
included in the estimated error range would be ob-
tained.

Therefore, in this case, a tocal order model is
proposed, based on tricoordinated As atoms, in which
As—As bonds are admitted, given the high proportion
of this element in the compound.

To establish the theoretical structural model, an
initial atomic configuration was generated according
to the conclusions drawn from the short-range order
analysis of the material, which, as has been described
previously, are:

(1) three-fold As coordination;

(2) the possibility of bonding between all the
atomiic species present in the material.

Bearing in mind that the RDF is a function de-
pending only on the distance, r, to an origin reference
atom, the volume limited by a spherical surface with
a radius of 10 A was used, as a geometrical space for
generating the positions. This volume had to be large
enough to represent the sample appropriately, from
a statistical viewpoint, and small enough so that com-
putation time would not be too great.

In agreement with the experimental density of
527¢g cm ™3 , with relative error less than 3%, 134

361



Volume 4, number 8,9

atomic positions were generated by means of an alea-
tory method, each being admitted if it obeyed the
geometrical and coordination conditions, deduced
previously from the experimental RDF. In the present
case these are:

(i) the distance between first neighbours must be
within the interval (2.20—3.05 A), defined by the first
peak of the radial distribution function;

(i) the bonding angle between an atom and two
others in its immediate vicinity may vary between 60
and 180°;

MATERIALS LETTERS

August 1986

(iii) the maximum number of first neighbours must
not be greater than three.

Adjustment of positions was carried out after the
initial model was determined, by allowing it to evolve
through successive atom movements. Movements
which implied the breakage of As atom bonds were
not allowed, the object being to maintain the coordi-
nation of this element.

When 512 movements had been carried out and the
standard deviation between the reduced RDFs of the
model and those obtained experimentally was 0.0239,

Fig. 2. Spatial representation of the model of Asg 455€g.10T€0.45-
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Table 2
Model coordinations
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Type Coordination

3 2 1 0
As 60(60) 0(0) 0(0) 0(0)
Se 0(0) 11(14) 3(0) 0(0)
Te 9(0) 44(60) 6(0) 1(0)

the adjustment was considered as having been com-
pleted, giving the spatial distribution shown in fig. 2.

Table 2 summarizes the coordinations obtained for
the different elements in the material, deduced from
the generated model. The coordinations correspond-
ing to the postulated model on the basis of the infor-
mation from the experimental RDF, which has alrea-
dy been indicated, are shown in parentheses.

Table 2 shows coordination defects in the configu-
ration created, which is characteristic of amorphous
materials. These defects may be partly justified by

Table 3
Averaged bonding distances (A)

Bond Material ) Ref.
As—As Asg a5Se0.10Te0 45 2.57 a)
Asg 205€0.50T¢0,30 2.59 {31
AsaSa 259 (6]
As—Se Asg.455€0.10T€0 45 2.46 a)
Asg.205¢0.50T¢0.30 2.49 [31
As, Ses 2.43 [7.8]
As-Te Asg 455¢€¢.10T€0.45 258 a)
Asp205¢050Te030 255 [3]
sum of covalent radii 2.58 9}
Se—Se Asg 455€9.10Teg 45 244 a)
Asg 205¢€0. 50 Te0,30 2.45 [3]
amorphous Se 2.40 [101
Se—Te Asg.455¢€0. 10T€0.45 2.58 a)
Asg.4058€p 30Teg 30 2.55 [2]
Te—Te Asg.asSeo.10Teg 45 2.67 a)
Asg.405¢9 30T€0.30 2.60 (2]

Alg 238€q 77 21 [11]

4) This paper.

August 1986

the finite size of the model, given that the three Se
atoms with coordination one are found less than 2 A
from the surface limiting the model, and of the six
Te atoms with coordination one, three are found at
less than 1 A from this surface.

One way of estimating the agreement between the
generated model and the real structure of the alloy
under study, is by analyzing the structural parameters,
bonding distances and bonding angles, obtained from
the model, relating their values with those given in the
literature for similar compounds.

Table 3 shows the mean bonding distance between
the different pairs of elements. It is seen that the
values calculated for the bonding distances show good
agreement with data from the literature. Table 4
shows the mean bonding angles obtained from the
model generated at random representing the
Asg 455€9,10Teq 45 alloy.

From the reports by S.R. Ovshinsky [1] on the
mean coordination numbers of two types of materials
destined for the making of electronic devices, i.e.
threshold or unistable, and memory or bistable, it is de-
duced that the glassy composition Asj 45Seq 10Teq 45
presents the typical characteristics of memory ma-
terials [14]. The criterion used establishes that uni-
stable materials have a mean coordination number of
approximately 2.9, while in bistable materials it is
very close to 2.3. These values are remarkably differ-
ent, which explains the different physical characteris-
tics of each one. The parameter indicating the num-

Table 4
Averaged bonding angles (deg)

Type (@) Material Ref.
As 108.2 AsoasSeg 10Teg 45 )
109.5 Asg 0S¢0 s0Teg a0 [3]
109.9 Asga0S€0.30Teo 30 2]
107.1 AsSe glass (12}
Se 1077 AspasSeo 0Tegas )
105.5 Asg208e0.50Te0.30  [3]
106.7 Asg 405€9.30T€0,30 (2]
107.5 Se glass [12]
Te 107.0 AsgasSeq.10Teoqs )
104.6 Asg205€0.50Teo.30  [3]
104.7 Asg408¢€0.30Te0.30 (2]
102.0-109.5  TeGe glass {13}

a) This paper.
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ber of atoms within the first coordination sphere is
the area under the first peak of the RDF. In this case,
the value is 2.30 atoms, which justifies the electrical
characterization carried out previously, that is to say,
the structure type of this material allows easy crys-
tallization.

Thus, the RDF obtained from X-ray diffraction
studies throws light on the possibilities of a specific
material destined for the manufacture of electronic
devices.
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