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PARTIAL PAIR CORRELATION FUNCTIONS OF AMORPHOUS AND
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X-ray and neutron diffraction study of amorphous and liquid Ge;sTegs aloys has been
carried out. The experimental data have been simulated with the reverse Monte-Carlo
technigue and the partial pair correlation functions were derived. Analysis of the
experimental and modelled results showed that there exist similarities between the
amorphous and low-temperature liquid structure. The temperature induced structurd
transformations in liquid Ge;s Tegs are connected with the changes in grete(r) and geere(r) and
they are more pronounced close to the melting point.
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1. Introduction

Liquid GeisTegs eutectic adloy exhibits peculiar temperature dependence of the physical
properties. For example, the dectricd resistivity for the liquid GejsTegs decreases by nearly two
orders of magnitude within ~100 °C above the eutectic temperature (Tex. = 375 °C) [1, 2]. The
temperature dependence of the dynamic viscosity of liquid GesTegs aloy shows positive deviations
from the Arrhenius plot below ~525 °C [3]. The specific heat, isothermal compressibility and
therma expansion determined as functions of temperature showed extrema at ~100 °C above the
eutecti c temperature [4]. The anomal ous behaviour of the physica properties of molten GesTegs has
been explained by existence of some structural units and by the structural changes occurring with
variation of the temperature (e.g. [1-7]). But there is not a unique point of view on this problem so
far.

Amorphous chalcogenides based on Ge and Te (Ge-Sb-Te, Ge-As-Te €etc.) are of a high
industria interests due to such physicd phenomena as éectric switching [8] and optical phase
change recording [9]. For understanding of the multicomponent systems knowledge of binary Ge-Te
aloysisrequired. However, in spite of a number of research works carried out so far (e.g. [10-14])
the atomi ¢ structure of amorphous GejsTegs is still not completey known.

In the present work we perform the experimental investigations of liquid and amorphous
GesTegs with X-ray and neutron diffraction and model atomic structure with the hep of reverse
Monte Carlo simulation technique [15].

2. Experimental

Ge and Te pieces of high purity (99.999 %) were used for preparation of GeisTess samples
by melting at 800 °C in evacuated and sealed quartz ampoul es. The amorphous GejsTess dloy was
obtai ned by the melt spinning technique.

Neutron diffraction experiments were carried out with the liquid and amorphous materials
diffractometer SLAD at NFL, Studsvik [16]. The samples were filled into quartz glass capillaries (6

" Corresponding author: hoyer @physi k.tu-chemnitz.de



1978 I. Kaban, P. Jovéri, W. Hoyer

mm diameter and 0.2 mm wall thickness) and sedled under vacuum. The incident wavelength of
neutrons was 1.11 A. The measurements have been performed in the Q-range between 0.4 A™* and
10.4 A™. Structure factors were obtained from the scattering intensities after absorption and
indasticity corrections and normdization to a vanadium standard, which were done with the
CORRECT program described in [17].

X-ray diffraction experiments were carried out at the BW5 experimental station [18] at
HASYLAB, DESY. The samples were filled and sealed into quartz capillaries of 2 mm in diameter
and with wall thickness of about 0.02 mm. The energy of the radiation was 125 keV. The scattered
intensity was measured between 0.4 A"t and 20 A™* with the scanning step AQ = 0.04 A™. Statistical
error a the tail of curve was less than 0.2%. Raw data were corrected for detector dead-time,
background, polarization, absorption, and variations in detector solid angle.

3. Reverse Monte Carlo simulations

It has been illustrated in a number of studies that RMC [15] is a useful tool for modeling of
the atomic structure of non-crystalline substances and determination of the partia pair corrdation
functions and other structural parameters (details of the technique one can find in a recent review
[19]). Recently we have proven that rdiabl e structure factors and partial pair correation functions of
abinary liquid aloy can be obtained with two independent diffraction curves if additiona physical
information (e.g. atomic size differences or coordination constraints) can be built in the simulations
[20]. Dueto different values of the X-ray atomic scattering factors (fee(0) = 32 e.u., fre(0) =52 e.u.)
and the neutron scattering lengths (bee = 8.185 fm, bre = 5.8 fm [21]) for Ge and Te and application
of plausible physical constraints one may expect to get ardiable picture of the Ge-Teand Te-Te pair
distribution functions.

Coupled simulations of the X-ray and neutron diffraction measurements were carried out
with boxes of 15000 - 20000 atoms. The density in the amorphous state was taken to be 0.0282 A
[22].The densities of liquid GesTess were taken from [7]. The minimum distances between Te-Te,
Te-Ge and Ge-Ge pairs were 2.5, 2.3 and 3.5 A, respectivdy. In the amorphous state one Ge atom
could have 3, 4 or 5 Te neighbours and Te atoms were forced to have either 1 or 2 Te neighbours
(the detail ed study of the amorphous GeysTess one can find in [23]).

4. Results and discussion

The experimenta structure factors of the amorphous and liquid GejsTegs are shownin Fig. 1.
As an example, the simulated total structure factors for amorphous aloy are plotted there. The
experimental data have been simulated with asimilar quality for all temperaturesin theliquid state
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Fig. 1. The experimenta (black) and RMC simulated (light) structure factors of amorphous and
liquid GeysTegs.
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The partia structure factors and pair distribution functions of the amorphous and liquid
aloys obtained with RMC are presented in Fig. 2 and the partid coordination parameters are given
in Table 1. It should however be noted that the weight of the Ge-Ge partia structure factor is so
small for GeysTess composition that the diffraction measurements are not concl usive concerning the
Ge-Ge pair distributions.
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Fig. 2. Partia structure factors and pair correl ation functions of amorphous and liquid GeysTegs.

The partia structure factors and pair distribution functions are strongly temperature
dependent (Fig. 2). In the amorphous state and in the liquid state close to the meting temperature
(Tm = 375 °C) both grere(r) and geete(r) have a distinct first minimum. With increasing temperature
the overlap between the first and second coordination spheres in grere(r) and geere(r) becomes
stronger. It can be also observed from Table 1 that structura transformations of the eutectic GeysTegs
aloy under heating are reated with changes both in Te-Te and Ge-Te pairs.

Table 1. Bond lengthsr and coordination numbers N for amorphous and liquid GeysTegs.

Tefnpaature ITeTe (A) lGeTe (A) NTeTe NGeTe NT@(
Amorphous 2.72 2.62 171 3.63 2.35
380 °C 2.75 2.7 17 3.7 2.35
450 °C 2.85 2.77 1.9 4.0 2.6
550 °C 2.88 2.82 1.9 4.0 2.6
650 °C 2.83 2.77 1.9 4.6 2.7
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It is also seen (Fig. 2, Table 1) that the temperature induced structurd changes in liquid
GesTegs are very pronounced in the temperature interval from the eutecti c temperature up to 450 °C
and they are not so strong at higher temperatures. This agrees with the temperature behaviour of the
physico-chemical properties mentioned in I ntroduction.

The X-ray structure factor of the amorphous GeisTess and the neutron structure factors of
amorphous and liquid aloy near the meting point have a characteristic feature — the prepeak at
about 1.05 A. As the prepeak has much smaller amplitude for the X-ray caseit can be assumed that
this feature is connected to Ge-Te or Ge-Ge corrdations, which have a larger contribution to the
neutron scattering pattern. Analysis of the origin of prepeak in amorphous GeisTess [23] has
revealed that the prepeak is a consequence of enhanced Ge-Te and Ge-Ge corrdations in the 1% - 3
coordination shells.

Fig. 3 shows changes of the medium range order in amorphous and liquid GejsTess. The
medium range Ge-Te and corrdations in the amorphous sample reach up to 25 A™. The medium

range order is partly preserved in the liquid state close to the melting point and vanishes at devated
temperatures.
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Fig. 7. Change of the medium range order in amorphous and liquid GeysTegs.

5. Conclusions

Due to simultaneous reverse Monte Carlo simulations of the X-ray and neutron diffraction
data for amorphous and liquid Ge;sTegs aloy the partial pair correlation functions and coordination
parameters have been obtained. Analysis of these data has reveded that there exist similarities
between the amorphous and liquid structure near the melting temperature. It is also established that
in accordance with the physical properties the temperature induced structural changes in liquid
GeisTegs are more pronounced close to the mdting point. The structural transformations under
heating are related with changes both in grere(r) and geete(r). The medium range Ge-Te correl ations

in the amorphous sample reach up to 25 A™ and they are partly preserved in the liquid state up to
450 °C.
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