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TO CRYSTALLINE STATE AND THE SEEBECK
COEFFICIENT OF METAL GLASSES

J.VAIDAY, p. SVEC?, §. VARGA"Y, . KREMPASKY", Bratislava

Some low-temperature anomalies in the temperature dependence of electrical resis-
tivity in metal glasses were calculated on the basis of the theory of the modified
relaxation time. The theory also enables to explain the temperature dependence of the
Seebeck coefficient and both its signs. A simple mechanism of the electrical resistivity
change during transition to the crystalline state is presented. A way of a more realistic
approach to the model is suggested in the discussion,

Metal glasses Tepresent solids which make it possible to investigate theoretically
and experimentally, the influence of the absence of long-range order on various
transport properties. The most important feature of these materials in comparison
with universally known glasses is a substantial content of metallic elements.
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mentioned rule, e.g. the temperature dependence of mean electrical resistivity
o(T) has a typically metallic character, although it presents some unusual common

anomalies observed in some types of glasses. It is remarkable that the model
enables us to explain also a so-far unknown anomaly, the so-called “jumps” in the
low -temperature dependence of o(T).
These facts stimulated a turther analysis of the model. The authors present results
of theoretical calculations which are continuations of [1]; in the following there are
results for 1) the low-temperature part of the curve o(T) with emphasis on the
already mentioned resistivity “jumps”’ minima and maxima, 2) the temperature
dependence of the Seebeck coefficient of metal glasses and 3) resistivity-time
curves representing a simulation of the transition to the crystalline state,
Applications of a more realistic approach to calculations of the o(T) curves of
metal glasses within the framework of the proposed mode] are analysed in the
discussion.

is based on the idea of the so-called modified relaxation time, Formulae for
calculation of different transport coefficients are formally similar to those well
-known from the theory of crystalline solids. Thus for mean electrical resistivity
there holds

m 1
0=rE D) (1)
and for the Seebeck coefficient a(T)
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where m is the effective mass, e the charge, E the energy and n the concentration

of electrons; T is the temperature, Er the Fermi energy and 7 the relaxation time
of scattering. The symbol () will be explained below,

The dispersion on both thermal oscillations and impurities was considered in the

calculations. Disorderliness of structure was taken into account by introducing

ﬂAmu 3” ﬂnOE.Am. j 1 N'»Wm. va 1~ OA.m.v va
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where 1., is the “crystalline” relaxation constant, I, the mean free path of charge
carriers, d is the distance between barriers and

Q(E)=exp A lmﬂ: ds ﬂv

Q(E)=1

is the transition probability for the rectangular barrier of height W and thickness
dp.

for E<w (4)

for Ez W

HI. ELECTRICAL RESISTIVITY AT LOW TEMPERATURES

The analysis of the given formulae was done on a digital computer, as the symbol
(7) is represented by the integral [3]

(r)=E;" h " EBy(E) A:w\mv dE, )

which, due to the presence of the Fermi-Dirac distribution fo cannot be evaluated

“analytically.

Fig. 1a shows a typical example of the “jumps” in the o(T) curve of metal
glasses. In contrast with the preceding publication [1] it was demonstrated that this
“jump” is part of a complicated anomaly observed only recently at low tempera-
tures in the metal glass of the Fe20Pdg,Sise type [4). It is obvious from Fig. 1b that
the model provides at low temperatures an unusually sharp and relatively deep
extreme, which, however, could only be obtained by a proper choice of model
parameters. As in [5] it was shown that the model accounts for a number of other
unknown irregularities in the dependence o(T) of metal glasses; some of these
have already been experimentally observed [ 12].
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Fig. 1a. Experimental temperature dependence of Fig. 1b. o(T) calculated for input parameters
electrical resistivity of metallic glass Co, Pd,,Si,,. L.=300K, R=15x 107"s, d=1nm, (1)
(1) - unannealed sample, (2) - sample anneated Er=75eV, W=3g eV.do=1nm;(2) ~ E.=
for2hat 150 .C, (3) - sample annealed for 2hat 9.2 eV, W=10eV, d,=05 nm; (3) - as (2),
250 °C. Full circles represent the measured val. ds=0.25 nm. Full circles represent the calculated
ues. (According to Ref, {ip. values of o at the temperature T. Parameter T,

denotes the temperature at which the phonon and

impurity scattering mechanisms equally contri-

bute to o(T) and thus there iS R=Tpppon(Er, T.)
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Fig. 2a. Resistivity minimum in metallic glasses  Fig. 2b. o(T) calculated for various E.. Input
Pda,_.Co,Sis0. Experimental dependence taken parameters:  W=10eV, R=10"" 5, da
from Ref. [15]. =d = 1nm, 7,=120K. Full circles represent

the calculated values of © at the temperature T,
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Fig. 3a. Resistivity maxima observed on amorph-  Fig. 3b. Influence of W on o(T) calculated for
0us ZrCuso-, Fe, [14]. input parameters B/ W=092, d, = 4 = | nm,
R=8%10""s, T, =90 K. Full circles represent

the calculated values of o at the temperature T.
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Fig. 4a. Thermopower a(T) for amorphous thin
film SnCu (drawn schematically). Numbers de-
note percentual content of Cy in samples [16].
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Fig. 5a. Temperature dependences of ther-
Mmopower measured in varioys amorphous sam-
ples (drawn schematically according to {7]).
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4b. a(T) of both signs calculated for W=4 eV,

b =d=1mm T, = 1 K Fy circles represent
the calculated values of ¢ at the temperature T,
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Fig. 5b. Influence of Won the shape of theoreti-
cal (T) ~ curve. Caleulated points (full circles)
for input parameters Er = 1evV, R = 107*s,

L=1K da=d=1mm
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Fig. 6a. Temperature dependence of electrical re-
sistivity of metallic glass PdgoSis during glas-
sy-to-crystalline phase transition. Linear heating
regime 1.5 K/min. [8].
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Fig. 6b. The calculated o(T) ~ curve for various
values of parameter 7, at high temperatures. For
T=T, the numerical values of barrier height W
start to decrease continously. For low W the
caleulated points of ¢ (dots and crossed dots) lie
below the points corresponding to the case with-
out barriers (W=0). The case W=0 represent
the crystalline state.

V. ELECTRICAL RESISTIVITY DURING TRANSITION
TO CRYSTALLINE STATE

The least coped with theoretical problem in metal glasses has been the transition
to the crystalline state. So far no theory has been able to supply satisfactory curves
of o(T) during the initial stage of crystallization. It is, however, well known
experimentally [8] that the dependence o(T) exihibits here a characteristic
decrease (Fig. 6a) which may also consist of some “steps”. Above all it is
remarkable that in some metal glasses in the vicinity of transition to the crystalline
state the resistivity value of glass in the process of crystallization decreases below
the value of a stable crystalline phase. This observation has not been explained yet.

Accepting a simple notion that at a certain temperature the height W of our
model barriers starts to decrease continuously due to crystallization, one can obtain
a curve as shown in Fig. 6b; surprisingly enough, there appears an interval of
temperatures with o( T) below the value of resistivity of the crystalline specimen. It
should be noted that the decrease of the barrier height is not the only parameter
which can change during the process of crystallization. The influence of changes in
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some other parameters on the shape of the o(T) curve was analysed in a previous
publication [1].

VL. DISCUSSION

The fundamental problem of the presented model is to find a reason for the
existence of potential barriers. Some possible dispersion mechanisms of charge
carriers in metal glasses having the character of potential barriers are proposed in
[1]. One of the possibilities is the assumption that metal glasses are composed of
basic “structural units” -the so-called icosahedral microclusters [9], separated from
each other by less ordered regions which, from the point of wiev of electron
transport appear as potential barriers. This situation could be modified further by
another possibility: addition of a certain amount of “magnetic** impurity to

Due to the fact that the used value of height W of potential barriers has been
relatively high, there has been an attempt at “lowering” the value W. The relation
(4) supposes that for electron energies E= W the electron does not “feel” the

presence of barriers. A more realistic approach allows for the dispersion of

~ 2m(E—- W)
OAmvl m a S\ummzn m &w ’ ml. DN s A@v
4E(E- W)

A detailed analysis has shown [11] that all above-mentioned curves remain
principally unchanged by the introduction of rel. (6); the value of W at which
several extremes in o(T) start to appear, however, is by 30 —40 % lower than in
the preceding cases. Another way is a different choice of the shape or a change in
the width dj of the potential barriers. Thus one can see that there are various ways
~of making these model assumptions more realistic.

ViI. CONCLUSION
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the curves as well as both signs of a(T). A more realistic approach to the model! has
also been suggested.
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