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Accurate measurements of the electrical resistivity of glassy
ZrCu and ZrNi alloys have been performed in the temperature ran-
ge 1.5 to 300 K. It is shown that the temperature dependence of
resistivity is dominated by the quantum coherence effects and
can be quantitatively described by the Fukuyama-Hoshino expre-
ssion. The magnitude of resistivity is also at variance with the
Ziman’s model which is probably due to neglect of d-electron

contribution in this theory.

Accurate measurements of the electrical resistivity of
Zrloo_xCux (26<x<71) and ZrlOO-x
the temperature range 1.5 to 300 K have been performed. As illu-
strated in Fig.l a linear in T (T<100 K) and 71/2 (T >100K) de-
pendence dominate the conductivity variation for all alloys. As

Nix (22sx567) glassy alloys in

already noted /1,2/ these temperature dependences are not con-
sistent with the predictions of the diffraction model /3/ which
was developed from the Ziman’s theory /4/. Indeed, in an amor-
phous metal with a very short electronic mean free path the qu-
antum coherence effects are expected to affect the conductivity
variation. One of these effects, the incipient localisation is
expected to contribute as (D'z-i)_l/2 (D is the diffusion constant
and 7& is the inelastic scattering time) to the change of con-
ductivity over a broad temperature interval /1/. In a non-mag-
netic metal % is determined by the‘eiectron-phonon interaction
for which 7, "~ T?
(OD is the Debye temperature) has been calculated /5/. Apparen-

at low temperatures and ti_%vT for T3>6p/3

tlyi these predictions are in qualitative agreement with our da-
ta (Fig.1) At very low temperatures (T<€ 15 K) the other scatte-

216



ring mechanisms such as the electron-electron interaction (modi-
fied by the disorder) /6/, the superconducting fluctuations, the
spin-orbit interaction and possibly the scattering on two-level

systems (TLS) also contribute to the conductivity.
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Fig.1: Conductivity for some ZrCu (+) and ZrNi (x) alloys vs T
(a) and vs T1/2 (b).

The measurements of the magnetoresistence enable one to ve-
rify the relation Ti=/3T-2 and also to determine the values of
73> and T (the spin-orbit scattering time). Knowing these va-
lues one can use the Fukuyama-Hoshino expression /7/:

A0(Dza [ 3(bec’rHM? —or - w12 4 arl/?] (1)

where aze?/Th, b=(DT,_ )1, d=0.65(1.33- 2}‘* 0.2) (2Mk/Dh)Y/2,

c=(4D3) " 1/2 F=x 11n(1+x) A, x=(2k /k ) ,A 1s the electron-
-phonon cogpllng constant and ko is the screening length, in or-
der to deduce the conductivity variation arising from the quan-
tum coherence effects. Equation (1) includes the contributions
from the localisation, the spin-orbit scattering and from the
electron-electron scattering. We used the magnetoresistance re-
sults for amorphous Zru3Cu57 alloy /8/ in order to deduce the
corresponding 75/ and Tg, - The corresponding diffusion constant
(D). has been determined from the Einstein relation by using the
experimental conductivity and the density of states at the Fer-
mi level /9/ values. Fig. 2 shows that (1) describes well the ob-
served conductivity variation for Zru3Cu5i alloy. The magnetore-
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and (+) calculated

values from eq. (1).

sistance measurements on other alloys will enable a detailed ve-

rification of the applicability of the Fukuyama-Hoshino expre-

ssion to amorphous ZrCu and ZrNi systems.

Although the quantum coherence effects seem to dominate the

conductivity variation in glassy ZrCu and ZrNi alloys, the mag-

nitude of their resistivity is expected to be adequately descri-

bed by the classical type of theory. The simplest such theory is

the extended Ziman model /10/. In this model the resistivity of

an alloy is:

120,

]

e hvf

% 3 2
j £ dqq <Talloy>

(2)

2_ 2 2
where(’Talloy) = cltl(l-cl+clal;(q))+c2t2(1-c2+c2a22(q))+

and £, is the atomic volume, Ve is the Fermi velocity, 6

°1c2(ti

t,+t

*
1t5)(a) o()-1)

is the

scattering angle, a; s are the structure factors, c; are the con-

centrations of the components and t; are the t-matrices. %k ¢ is

determined by the integrated density of state /11,12/. By using

the experimental structure factors for ZrCu /13/ and ZrNi /14,15/
alloys and the published phase shifts /16/ we calculated (assu-
ming the dominant contribution from the resonant d-term) the

electrical resistivities of several ZrCu and ZrNi alloys. The

calculated values (Table 1) are considerably larger(from 1.6 to

3 times) than the measured ones. Although a good quatitative ag-

reement between these values may not be expected because of the

sensitivity of the expression (2) on the position of the maximum

in the structure factor in respect to 2kf, the different concen-

tration dependence of the calculated and measured resistivities

for ZrCu alloys is disturbing. A .possible origin of this discre-

218



Alloy 2kf'10-10m feale Sexp ( $calc fexp) S’exp-1
Zr35Cu65 2.88 280 171.5 0.3
ZPSOCUSO 2.85 350 173.2 1.02
ZPGSCuas 2.82 420 167.2 1.51
ZP37Ni63 2.71 530 176.2 2.Q1
ZPSONiSO 2.87 330 181 .0 0.82

Table 1 Calculated and measured resistivities in /LQcm

pancy is the neglect of the d-electron contribution to conducti-
vity in the Ziman’s theory, which may not be justified for the
amorphous transition metal alloys with a high density of d-ele-
ctron states at the Fermi level. Indeed recent calculation /17/
of the electrical resistivities of glassy ZrCu alloys (which in-
cludes the d-electron contribution to conductivity) yields a ra-
ther good quantitative agreement with the experimental values.
Therefore, if seems likely that the classical theory can account
for the. magnitude of resistivity of our alloys, whereas the qu-
antum corrections are required for the proper description of
their variation of resistivity with temperature.
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