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Anomalous Electrical Resistivity and Defects in A-15 Compounds
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(Received 4 June 1976)

Measurements of the temperature dependence of the electrical resistivity and correla-
tions observed with T~ for V3Si, V3Ge, and A-15 Nb-Qe show (i) the existence of a univer-
sal defect in the A-15 superconductors which is not nonstoichiometry, {ii) a normal state
anomaly also strongly influenced by the defects, and (iii) evidence that T, and the elec-
tron-phonon interactions for transport processes are - 100 times more sensitive to de-
fectproducing sample modifications in the A-15 compounds than in Nlb.

It has recently been shown' ' that, for A-15
Nb-Ge, the crucial condition for high supercon-
dueting transition temperatures was not the ex-
istence of exact stoichiometry as previously ex-
pected but the minimization of a generic defect to
which this compound is susceptible. We report in
this note' evidence that the defect has a universal
behavior in a number of the well-studied A-15
superconductors, and that the defect has signifi-
cant influence on some of the normal state anom-
alies as well as the superconducting transition
temperature.

In a previous work' a correlation between T,
and electrical resistance ratio p(300 K)/p(25 K)
was found for a wide variety, both chemical and
processing, of A-15 Nb-Ge sputtered films. A
similar correlation has now been found ' in V,Si
and V,Ge. The results for as-grown V,Si are
given in Fig. 1. For resistance ratios -1 to 3,
where all Nb-Ge data fell, the correlations for
the two systems look quite similar. The princi-
pal difference is that for V,Si (and V,Ge) one can
obtain resistance ratios up to - 20 in these sput-
tered films which compare favorably with many
bulk single-crystal results. Thus the low resis-
tance ratios (~3) in Nb-Ge (max T, -23 K) com-
pared to V,Si (max T-17 K) are likely not due to
impurities or some limitation of the sputtering
process but indicate that the increases in T, and
difficulty of preparation are accompanied by an
increase in the number of naturally occurring
structural defects.

The clearest evidence that the T, -resistance-
ratio correlation is rooted in defects comes from
defect-producing bombardment with 2-MeV 4He

particles (which do not stop in the film). These
results, given in Fig. 1 and similar to that ob-
tained in Nb-Ge' and V,Ge, show that the corre-
lation for as-grown films can be retraced in in-
itially high T, samples by the controlled intro-
duction of defects at constant chemical composi-
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FIG. 1. T, versus electrical resistivity ratio for as-
grown and radiation damaged VBSi sputtered films. Er-
rors in absolute resistivities may be as high as 26/p
due mainly to film thickness uncertainties but temper-
ature dependences are accurate to within 5 /p.

tion.
The influence of defects on one of the well-

known normal state anomalies is shown in Fig. 2
which gives the temperature dependence of p for
seven films of Nb-Ge whose T, 's ranged from 23
K (lowest curve) to &4 K (highest curve). ' The
anomaly is the existence of large negative curv-
ature in p(T) first observed in Nb, Sn by Woodard
and Cody. ' For our films the lower T, 's have
been achieved by nonstoichiometry, nonoptimal
growth, and by 'He damage in initially high T,
films. Note that, at least in qualitative features,
lower T, 's, however achieved, are accompanied
systematically by the gradual loss of the Woodard
and Cody anomaly. Similar data have also been
obtained for V,Si and V,Ge. Thus, again, defects
with a universal character (and not nonstoichio-
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FIG, 2 Temperature dependence
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