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ABSTRACT

Amorphous Ge,Seioo_x (With x=10, 20 and 40 at%) alloys were prepared using the melt-quench
technique. Two-dimensional Monte Carlo of the total pair distribution functions (MCGR) have been
found and used to assemble the three-dimensional atomic configurations using the reverse Monte Carlo
(RMC) method. The simulations are useful to compute the partial pair distribution functions gt ..(r),
gane . (r), gic..(r) and the partial structure factors STac .. (r), SEac . (r), ST, () of the studied glasses. The
partial pair distribution functions indicate that the basic building units are GeSe; and Ge,Seg
tetrahedral units in the Se-rich and Ge-rich glasses, respectively. Some of these tetrahedral units are
connected by the homopolar units as confirmed by the bond angle distribution functions. The partial
structure factors have shown that not only the homopolar Ge-Ge bonds, but also Se-Se bonds are

Short-range order
Medium-range order

behind the appearance of the first sharp diffraction peak (FSDP) in the total structure factor.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Chalcogenide glasses present a great potential for application
in technological devices, such as optical fibers, memory materials
and switching devices, but their use is limited due to several
factors. One of them is the difficulty in obtaining information
about atomic structures, which define the short-range order (SRO)
of the alloy. Although, many kinds of structural studies for
amorphous Ge-Se alloys [1-6] have been performed to investi-
gate the short-range order of the system, the glass network
structure of these alloys is not yet fully understood.

High-resolution diffraction technique with a wide range of the
scattering vector (K) is required for structural studies of the
amorphous materials. For example, high-energy X-ray diffraction
measurements have some advantages [7]: highly structural
information due to the wider range of K, smaller correction
terms, and easy to compare with neutron diffraction data because
of similar transmission method. Unfortunately, the X-ray source
used in the present experiment, CuKa target emits radiation with
wavelength 1=1.5418 A, does not have wide range of the
scattering vector. To overcome this problem, two-dimensional
Monte Carlo of the total pair distribution function (MCGR) has
been found, which is used to assemble three-dimensional atomic
configuration using the reverse Monte Carlo (RMC) method.
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Some of the structural intermediate-range order (IRO) infor-
mation can be obtained from the experimental diffraction data.
Reverse Monte Carlo (RMC) simulation [8,9] represents, when
used carefully, a powerful tool to extract these information. It
assembles three-dimensional atomic configurations using experi-
mental diffraction data implicitly in the simulation. The intimate
connection between computational and experimental processes
means that the better quality, and higher resolution of the
experimental data, the more reliable RMC model of a network
structure for vitreous materials. The RMC method is considered as
an inverse problem in which the experimental data are enforced
to build atomic configurations that have the desired structural
and electronic properties. The main point is to set up a general-
ized function containing as much information as possible, and
then optimize the function for generating configurations toward
exact agreement with the experimental data.

X-ray diffraction study of the glassy Ge,Se; _, systems [10,11],
in a wide concentration range 0 < x < 0.33, has demonstrated that
besides the well-established SRO information, a pre-peak
appeared in the total structure factor S(K) at a scattering vector
K of about 1.1 A~'. The pre-peak, being clear evidence for
existence of the intermediate-range order (IRO), showed a
systematic decrease in intensity and shifts towards higher
K-values with decrease in Ge concentration. A similar variation
in the pre-peak of the structure factor with Ge content was also
observed using the neutron diffraction measurement [12]. In the
present work, the short- and intermediate-range orders (SRO and
IRO) for three GegSegq, GexgSego and GeypSego glasses have been
studied using Monte Carlo of pair distribution (MCGR) and the
reverse Monte Carlo (RMC) simulations.
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2. Reverse Monte Carlo (RMC)

Three-dimensional arrangement of N atoms is placed into a
cubic cell with periodic boundary conditions. The atomic number
density (p) should be the same as the experimental value. The
positions of the atoms are chosen randomly. The partial pair
distribution function gg."’(r) can be calculated from the initial
configuration [8] by

n;(r
gicjal(r) = Wt(ir)pc, (1)
where ¢; is the concentration of i-type atoms and ny;(r) the number
of j-type atoms at a distance between r and r+dr from a central
i-type atom, averaged over all atoms as centers. The total pair

distribution g®(r) is calculated from
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where m is the number of elements in the sample (m=2 for the
present work), f; the atomic scattering factor and (f) = >;cfi(K).
The deviation y? of the calculated g(r) from the experimental,
g%P(r), obtained from the MCGR method, can be computed from
the expression
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where n is the number of experimental points and ¢%(r;) the
statistical error. Move one atom at random, and recalculate g°(r)
of the new configuration. If y? decreases, the change is accepted,
while if it increases, the move is accepted with probability of
exp(-Ay?/2) where Ay? is the change in 2. As the number of
accepted atom moves increases, y? will initially decrease until it
reaches an equilibrium value. Thus, the atomic configuration
corresponding to the equilibrium should be consistent with the
experimental functions within the experimental errors. All the
results shown in this article are based on the partial and total
functions obtained at the equilibrium level. Fourier transforma-
tion of the partial pair distribution, g;(r), gives the partial
structure factor

sinKr
Kr

The above function is important for determination of the
intermediate-range order parameters and also to specify the bond
type responsible for the existence of the FSDP. On the other hand,
the short-range order parameters such as the inter-atomic
distances, the partial coordination number and the bond angle
distribution can be obtained from the g;(r) functions.

S;(K) = p /0 Anr(gy(r—1) dr 4)

3. Experimental technique

Glassy chalcogenide of Ge,Seigo_x (With x=10, 20 and 40 at%)
alloys were prepared using the melt-quench method. The glassy
nature of the quenched alloys was confirmed by X-ray diffraction
technique. X-ray diffraction experiment was done using a Philips
diffractometer (PW-1710). The XRD patterns were recorded at
40 kV and 30 mA, with a graphite monochromator, using the
CuKo line (1=1.5418 A), with scanning speed of 0.04°/min. The
experiment was done in the scattering angle range 4 <26 <115°
in steps of 0.1°, which corresponds to K-vector range
0.284 < K< 6.874 A=, Copper source was chosen for two reasons.
Firstly, its characteristic energy is lower than Ge K absorption
edge energy. Therefore, the scattering comprises no fluorescence
X-rays, and the anomalous terms in the atomic factors of Ge and
Se are very small. Secondly, for obtaining the precise data of the

pre-peak, the K-resolution is better than that with targets having
higher characteristic energies.

4. Results and discussion

The experimental X-ray data of the present three GeoSego,
Ge,oSegp and GeypSego compositions were analyzed using some
computer programs. The first step was to correct the observed
X-ray intensities through background subtraction followed by
absorption and polarization corrections. From the corrected X-ray
intensities, the variations in the total structure factor, S(K), with
the scattering vector (K=4mnsin 0/, where 0 is half the scattering)
can be obtained [13]. Fig. 1 shows the experimental total
structure factors, S(K), of the investigated glasses up to
K=6.874 A=, The existence of the first sharp diffraction peak
(FSDP) is clear especially for the Ge4oSeso glass, which is located
at K=1.0A-'. FSDP is commonly observed in covalently
bonded amorphous materials, which implies the presence of
intermediate-range order. Its intensity decreases with decrease in
Ge content to the point it appears as a shoulder in the Ge;gSegq
composition. Indeed, not only its height changes with Ge content,
but also it is shifted to a higher K-values with decrease in Ge
content. The pre-peak is known to be much dependent on Ge-Ge
correlations and, to a lesser extent, on Ge-Se correlations [14-16].

In the structural analysis using Fourier transformations
[17,18], a modification factor was suggested to reduce the effect
of termination data at a finite K. This factor in turn, while
reduces the spurious oscillations, leads to a broadening of the
genuine peaks in g(r). To overcome this problem, an inverse
method was applied to determine the pair distribution function
from the total structure factor, measured by neutron or X-ray
diffraction, using a MCGR program [19]. One of its advantages is
that a direct estimation of errors in g(r) is possible by repeating
the process until getting a minimum deviation of the simulated
values from the experimental S(K) ones, as shown in Fig. 1. The
g(r) function obtained from the MCGR method does not require
integration process or integration limits, which means that
considering K4 instead of infinity has no effect on the obtained
functions [12]. For the present work, the starting value of g(r) is
zero below r < 1.9 A and equals one for r> 1.9 A. Fig. 2 shows the
conventional (solid circles) of the pair distribution functions, g(r),
of the investigated Ge,Se go_ x glasses together with the simulated
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Fig. 1. Experimental X-ray structure factors (@) together with the results of
MCGR (©) and RMC (—) simulations of the investigated Ge,Sejgo_x glasses.
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