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The behaviour of the low temperature resistivity ( p=
9(90, T/GD), where Oy is Debye characteristic temperature

and $o is residual resistivity) is different both for the
different pure metals and for their dilute alloysl’a. In the
"pure limit", i.e. for p < g (ga is "breakdown resistivity")

the relation_9T19°=BiT5holds for 3ll the systems which have
been investigated. With addition of nonmagnetic impurities
an "impure region" ggozga) is reached, where for a constant
temperaturefT S is increasing with o* There is no universal
law for different metals. In the empirical relationB’
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n varies from B(Al? Ga) to 5(Zn&). The logharitmic dependence
on_f° is universal up to the highest values °f,90 achieved in
dilute region, but with different values of‘ga(T/OD) and
different slope (nggo) per decade of o  for different metal
systems.

So far no theory explain in detail all these differences
among the various systems. But the approach, based on the
differences in the anisotropy of the Fermi surfaces and
consequently on different contribution of the "umklapp"(U)
electron-phonon scattering in different metals, seems promi-
sing?’ 27 Particularly important seems to be the result
that strong U processes contribute to the temperature vari-
ation of resistivity with n=5 for T/OD< 0.05 followed by a
somewhat slower variation (n=2 and 4) at higher T.

228



#ith this general picture in mind we will compare
the existing experimental results for the resistivity
of different metals (most of them appesred in ref. 2)
to see whether they cen be related to the strength of
the low temperature U processes in electron-phonon
scattering.

In Tzble 1 we compare for different systems the cal-
culated coefflclent (BN) of the Bloch-Gruneisen resisti-
vity termS (which includes only normal (N) processes and
does not include U processes) with the coefficients Bi
of the measured T resistivity term® in "pure limit".
In the systems with a strong intrinsic anisotropy of
el.-ph. scattering the contribution of U processes in
Bi will be large and therefore we expect Bi§>BN‘ In
spite of a considerable uncertainty in the intrinsic
resistivities QETZPO)i end GD values, the ratio Bi/BN
is bigger for Zn, Pt and Sn i.e. for the systems where
a pure T5 dependence is shown (or at least indicated)
and which also have the most anisotropic Fermi surfaces.
For Al and the noble metals Bi/BN is much smaller
although still greater than 1 which indicates that also
in these metals the contribution of the U processes does
not vanish even at the lowest temperature.

Furthermore these results imply that the intrinsic
resistivity.gi(T/OD) should be relatively higher for
those metals which have the more anisotropic Fermi sur-
face(i.e. where low temperature U processes are relati-
vely stronger). This is really so, #s one can see in
Fig.l where“‘),:L is plotted vs T/OD for all the systems
where it was determined with reasonable accuracy”.

So far we have considered only the parameters (BN,
By, fi) which deal with intrinsic resistivity, i.e.
without any influence of impurities. The role of impu-
rities (for_go>\gé) should be to isotropize (gradually
remove) the intrinsic anisotropy of el.-ph. scattering,
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Table 1l: Data relevant to the investigated systems.

OD is the Debye temperature at T=0K, BN is the coeffi-
cient of the Bloch-Gruneisen resistivity term, B; is
the coefficient of a Ts term in the resistivity (in
pure limit) end T is the temperature at which B; is
taken.

op(K)  By(1078Qn/w?)  m(x) Bi(lo_la.Qm/Ks)

Cu 340 2.2 15.7 2.6
23.4 2.4
Ag 225 9.6 10 11
Au 162 51 7.2 77
Zn 310 11 7 150
10 130
20 100
Al 428 1.5 20 2.2
In 111 800 4.2 2300
Sn 195 12C 4.2 570
Pt 240 52 20.3 120

causing the appearance of an additional term in the
temperature dependent part of the resistivity (or
causing it to chunge). This change is rather different
for the different systems. In Fig.2 we plotted the in-
crease in the temperature dependent part (gijo) of the
resistivity per a decade of go in impure region vs T/GD
for various metals. The result is rather obvious: The
stronger the intrinsic anisotropy of Ferni surface, the
larger is the increase of the resistivity in the impure
region. The differences among various systeams are pretty
large: up to more than a factor 100.

The order of different systems in Fig.l and Fig.2
as well as in Table 1 is essentially the same. This
reflects the fact that the dominont mechanism of tempe-
rature dependent resistivity is the same both in the
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Fig.l: Law temperature Fig.2: Increase of tempe-
intrinsic resistivity rature dependent resistivity
deduced fror "pure limit" (gmr o) per decade of 90 vs
for different metals. '1‘/9D for different systems.

pure limit and -in the impure region. This could be better
seen from Fig.3 where we plotted the ratio of ZSQPTTPO)
per decade of_ P and.fi VS T/OD for various metals. In
spite of the fact that this ratio depends on T/OD in a
somewhat peculiar way, there is a rather universal beha-
viour for different systems. It follows thet impurities
themselves ma2ke no essential change in the el.-ph. scatte-
ring. The influence of impurities is mainly to cause the
appearance of an interference term between inelastic el-
ph. scattering and elastic electron-impurity scattering.
This interference is expected (i.e. becomes significant)

when the impurity resistivity (_?6" _9;) is of about the
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same magnitude as the intrinsic resistivity. So,‘fa
should depend on T. Once that interference appeared
it is stronger for larger.gi.
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exhibits nearly universal behaviour.

As it was shown earlier2 38 increases approximatelly
with the square of T/OD and it is higher for the more
anisotropic systems. But because it is implicitly rela-
ted to fi(T)’ there is a need for a physically more
explicit picture. We hope that more relevant information
could be given by the ratio.gifgé i.e. the retio between
effective fractions of el.-ph. and el.-imp. scattering
in the situation when the interference scattering is
Just appearing. This ratio was plotted for various
systems in Fig.4. We can see two important facts:a) For
a given system.yi<9; is increasing with T/OD. I.e. at
lower temperature ‘there should be relatively more sca-
ttering on impurities present (than on the phonons) for
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the interference process to appear. The reason should
be the smaller total amount of U processes in el.-ph.

scattering.

b) There are remarkable differences among

different systems..fifpa(T/QD) is higher for the systems
with more anisotropic el.-ph.. scettering. I.e. there
should be relatively less impurities present to influ-
ence the begining of the isotropization process than

in less anisotropic systems. Probably the reason is
again higher total amount of intrinsic el.-ph. scatte-
ring, which allows earlier appearance of the interfe-

rence tern.
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Pig.4: Ratio gi(gs of the intrinsic resistivity znd
"breakdown" resistivity for different metals vs. (T/OD).
Note that both the dependence on temperature and on
anisotropy of intrinsic el.-ph. scattering support the

same physical picture.
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This plot could provide a slight correction to the
previous ones. Xamely, we do not know exactly whether
l:rge fi(T) always means larse‘gu. Consequently Fig.

1, 2 z2nd 3 could give a less précise describtion of

resl situation. Fig. 4 contains physically more rele-
vant deta which possibly could give us a better idea
about the concurrence of different scattering mechanisms
in metrls.

In conclusion we believe that all disscused paremeters
sre in agreement with general theoretical approach based
on anisotropy of Fermi surfaces.
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