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Introduction The interest in electrical transport properties of amorphous alloys is
caused by a number of their specific features distinguishing them from their
crystalline structures. First of all, this relates to the temperature dependence of
the electrical resistivity R(T). An anomalous behaviour of R(T) has been found for
numerous glassy alloy: temperature increase results in a decrease of the resistivity
and this takes place only at definite compositions of alloys. The temperature
coefficient of resistivity (a) for glassy alloys with p < 150 Qem has  positive
value and for alloys with p > 150 pfcm o becomes negative /1/. This
characteristic behaviour has been found experimentally for Nil-xPx alloys as well
12/, with a definite composition where o becomes zero.

Forecasting the electrical properties of amorphous alloys for different component
concenirations and different temperatures is possible only in case of having a
substantially reliable theoretical access to this problem. Details for fundamental
theoretical studies are found in /2, 3/.

In our opinion, one of the main problems in investigations of the electrical
properties of amorphous alloys is the determination of the partial structure factors
S(q), because the resistivity can be determined by S(q) /3, 4/:
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where ti(i., k') is the scattering matrix
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QO is the atomic volume, Vg is the Fermi velocity, Cys C are the concentrations of
components, Sij are partial structure factors, ni are dispersion phase shifts at the

Fermi energy (in the present work, we use ni from /3/). Mostly Sij are
determined from the Percus-Yevick equation for the hard sphere model /3/ and the
temperature dependence is considered as change in the packing coefficient.

A significantly fast development in molecular dynamics, however, opens new
opportunities investigating electronic properties of amorphous systems. A molecular
dynamic approach to the Ni-P amorphous system has been successfully applied for

structural investigations /5/. Therefore, we apply molecular dynamics calculation

for the amorphous Nil—xPx system to determine the vesistivity in terms of
structure factors.

Two compositions have been investigated, the N185P15 and N75P25 alloys. This
selection was taken because at phosphorus concentration of x = 23 %, the
temperature coefficient of resistivity, @, changes its sign /2/. Hence it seemed to
be interesting to perform calculations for various temperatures both at higher and
lower phosphorus concentrations than the critical one.

The Nil-xPx alloy structure has been calculated in the frame of the
microcanonic assembly (NVE), where the N (the number of particles), V *(the
volume of the system), E (the energy of system) remain unchanged. The
displace'ments of Ni and P atoms (total of 256 atoms) in a box was calculated with
periodic boundary conditions. The interactions of atoms were modeled by the

potentials
V(r) = g[exp(-ZA(ﬁI - 1)) - éxp (-A(RE-- 1))Jf(—R£> @
o o °

The parameters r, and £ were taken from /6/, and

1 for y <1 ’
- 4 3 2
f(y) = 3z - Bz" + 62 for 1<y« RJ/R, (5)
0 for y > Rc/Ro ,

where

zZ = (y - Rc/Ro)(l - Rc/Ro) , A =23.7, RCIR0 =1.4
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Table 2

Calculated resistivities for different temperatures

alloy kF (at. units) | T (X) Peale sign of o
{ulicm)
i 17.
NigePys | 0.739 1600 117.8 a >0
300 108.4
NigePor 0.862 300 160.0 a <0
20 167.6
The integral of motion was solved by the so-called leap-frog method with
10"15 s time step.
In the initial state the atoms were arranged in nodes of an f.c.c. lattice having
a Maxwell velocity distribution at the initial temperature of T = 2000 K.

Thereafter, during 3000 steps the alloys were thermally stabilized by averaging the
thermodynamic and structural characteristics of the system. Starting from this
temperature the system was cooled at constant volume in 20000 steps (with average
speed of 1()14 K/s) to reach an amorphous state. The whole process consists of a
sequence of cooling, stabilizing, and averaging at some intermediate temperatures,
rescaling the atomic velocities after every 10 steps.

At the glass-forming temperature (T ) - when the solid amorphous state has
been reached - the self-diffusion coefficient abruptly decreased.

The radial distribution and partial structure factor Si.(q) were determined for
NiP containing 15% and 25% phosphorus. These results were applied for calculations
of the electrical resistivity. The essential results are summarized at 300 K in
Table 1.

The valence-electron concentration Z (electrons per atom) as well as kF and EF
were taken from /3/. The agreement with experiments for Ni,85P15 is good but for
Ni75P25 is a little worse. In the frame of the given theory Z could be used as a
fitting parameter. An average is taken on the valences of the components /3/,
chosen an optimum at ZNi = 0.5, ZP = 5. The recalculated resistivity with this
average Z has been evaluated as p = 160 uQcm agreeing well with the experimental
results.

Some calculated data for other temperatures are given in Table 2. By increasing
the temperature for N185P15 alloys o is growing but falling for the Ni75P.25 alloy.

‘Anomalies in the behaviour of the electrical resistivity can be explained by
determining the temperature and concentration dependences of the structure factor
by ‘this computer modeling. A simple explanation of anomalies can be given by

studies on systematic changes of S(q) [,
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Fig. 1. Schematic change of S(q) of the
amorphous alloy for two different
temperatures (see text)

The structure factors are schematically
shown at two different tempratures in Fig. 1.
Increasing the temperature, the maximum of

the structure factor decreases, smearing out
the shape of S(q), and increasing the half-
band-width of the curve.

/(/; kE

In the case kF being in such a position that the area A2 is greater than area
A1 (kFl) with growing temperature the resistivity will increase as well, o > 0.
However, at increased phosphorus concentrations kF is increasing and there
could be such a situation when the area A3 becomes greater than the area A2
(kFZ) (see Fig. 1). In this case the temperature coefficient of the resistivity will
be negative.

With this kind of approach it becomes clear why most significant is the position
of kp
calculations.

in relation to the maximum position of the structure factor in similar

In conclusion, the calculations based on molecular dynamics are capable to
describe the resistivity of amorphous alloys as well as to explain microscopically
the change of sign of the temperature coefficient of the electrical resistivity.
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