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On the linear temperatura dependeace of the resiativity 
in the new superconductor»

L. Civale and E.N. Martínez 
Centro Atómico Bariloche 

8400 Bariloche, Rio Negro, Argentina

Abstract
He present an elementary proof that, irrespective of 

dinensionallty, the eleetrical resistivity of a simple conductor
■* ■

should be linear with temperature if T > 2Pp s/h< <eDif PF<<a, 
where Pp is the Fermi moaentim, s the speed of sound, a the 
lattlce constant, and © the Debye temperature.

D

PACS 72.10.Di, 74.70.Vy
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The properties of the new high-Tc superconductors* have 
atraeted widespread interest ©ver the last year. In particular, 
it has been felt by many researchers tbat the electrical 
resistivity ic the normal State in. sorae samples is linear over 
too-wide a range of temperature . Indeed, in well-oxygenated 
sampies this linear dependence starts right at the transítion 
temperatura and extends, with a constant slope, to the highest 
temperatures that have been measured, 1100K. The ab3ence of 
saturation at high temperatures means that the electrón 
mean-free-path is still longer than the lattice constant at those 
temperatures, and at low temperatures should be much longer than

'V ̂ j 4the extreraely short coherence lengths which have been deduced for
these materials, which should accordingly be treated as clean

5superconductors . What is deemed to be unusual about the linear
•j

temperature behavior of the electrical resistivity is that, while 
it is the expected one for temperatures larger than SD, the Debye 
temperature of the solid, if it is due to electron-phonon 
interaction, in these Materials it can start at temperatures 
markedly lower than d The situation is specially striking
infirst generation high-T superconductors, with their lower 
transitlon temperatures: in Fig. 1 we show a typical re3Í3tivity 
curve for La¿ QSrQ ?C?u04 tafeen from reference 3. The Debye
temperature, as obtained from low-temperature specific-heat

8 7measurements or independently, from ir and Raman measurements is
shown on the T axis. The slight upturn at high temperatures is

8attributed to loss of oxygen over the finite time taken by the 
resistivity measurements.
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?Recently, Hienas, Ranninger and Fobassklewics have addressed 
this problera: they find that this behavior might be linked to the 
two-dimensional character of electrical conduction (along Cu~02

Qplanes) in these material3 , provided that the Ferrol monten turo, 
PF , is much less than nh/a* where a is the lattice constant.
They find that under these conditions, whenever the temperature is

j|¡.higher than T = 2spF/kQ <<®B » where s is the speed of sound in 
the médium, a linear temperature dependence of the resistivity 
should be observed.

We shall show in this note, using the simplest argumenta, 
that the above defined T* should replace in determining the
differetít temperature regimes for the electrical resistivity, in

2agreement with Hienas et al. It will be evident from our
argumenta that the results need not be restricted to
two-dimensional systems, and that dimensionality is in fact
irrelevant in this context.

For the sake of simplicity we shall work with the same
2assumptions as Hienas et al : quasi free electrons with a

parabolic dispersión relation and Fermi veloctty VF; and Debye
6 7 10phonons with speed of sound s. That V_>>s is well known ’ *I*

Electron-phonon interactions cause the electric current 
carried by electrons with momentum p and energy e(p) to decay at a 
rate given by**



where is the energy of a phonon with momentum q, H(w) and fC«)
Vv A**

are equilibriura Bose and Fenol distributlon functions at
4ft

temperature T respectively, and v(k) is the electrón-phonon
scattering' matrix element. D Is the dimensional i ty of the system.

Ir normal situations, the only temperature scale in 
expression (1) is provided by the Debye temperature &a : There are 
no phonon» with energies larger than &BeD. The second energy 
entering (1), the chemical potential of the electrons e , is so 

as to be irrelevant at ordinary tempera tures. Consequently, 
there are two distinct regimes in r(e^) (and also in the 
eleetrical resistívity P(T), as its calculation from r(ep) entalla
no energy constants other than er): For T<<^D, as T is raised, 
new, more energetic phonon modes come into play which cause 
wider-angle electrón scatterings, thus increasing their efficiency 
to relax the electric current. The result is the well known T5(in

T>>&d all phonon modes are classically excited, electrón 
scattering by phonons is as wide-angle a3 it can be, and raising 
the temperature only produces more processes of the same kind. 
The number of processes increases linearly with temperature, and 
the linear regirae in P(T) is obtained.

1 ?The time-proven Qrüneisen-Bloch relatlon

3D„ or T* in 2D) dependence of p(T) at low temperatures. For

(2)
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gives a useful interpolation between these two regimes in térros of 
only one parameter (C is scale factor), the temperature &R . For 
most metallic elementa this coincides with wi-thin a factorR D

13of two (even within 20% in most cases) .
fonConsider now what happens if we assuiae that p <<__, i.e. thatF a

the Ferroi surface is mucb smaller than the Brillouin zone. The
conservation relations that electron-phonon collisions must
satisfy should be studied now. Energy conservation is expllcitly
contained in the delta functions in (1). In normal processes,
momentum is also conserved. Figure 2 shows which phonons may be
either absorbed or emitted by an electrón with initial momentum 
14p Neglecting -berras of order s/v <<1, we see that- phonons with

iww ^
momenta larger than 2p cannot interact with such an electrón.

At temperatures much lower than the Fermi temperature « /k_,F B
the only electrons which contribute to the transport of electrical 
current are in a narrow energy región around . This implies 
that phonons with momenta larger than 2pp do not contribute to 
normal scattering processes. Although such phonons lead to valid
Omklapp processes, these will be exponentially scarce if T<#D> as

2discussed by Hicuas et al , and can be safely neglected.
If phonons with momenta larger than 2pf, or énergies larger 

than 2p f s , cannot take part in electrón scattering, the electrical 
résistivity should behave as if they were not there: its 
temperature dependence will be that of a solid with eD=2prs/k8. 
This was obtained in reference 2; we can see that dimensional!ty 
is not relevant.
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The Grüneisera-Blocjh temperatura sbould then be given, within 
a factor of two, by

2p fsA b]

hns
and as 0,

D r~~» we have

min j1» Ppa/h (3)

Thls result 1» easily generalized to non-spherical Ferml surfaces: 
Ppa/h in (3) is basically the ratio between the "diameters" of the 
Ferrad surface and the first Brillouln aone.

Does (3) allow us to derive any conclusión on the size of the 
Ferrol surface in, say * La-Sr-Cu-O? Not really. Although it would 
be tempting to’ conclude fro® the fact that La-Sr-Cu-0 shows a 
linear resistivity for T£40K and a © ^ O O K ® ’̂  that p_a/h 2 0.1,■ W -2the. conclusión would be unwarranted (albeit probably true ). The
fact is that in normal conductora the linear regirae extends very
often to temperatures rather lower than This is shown in the

15standard Grüneisen-Borelius relation : P(T)/p(í?R) is linear in 
T/e? for T/6 5:0.2 for isotropic metáis. Deviations do occur. InK R
addition to this» @R can be jaarkedly lower than ©D. 5 Some examples

1 Ticontained in Meaden's monograph should suffice: for calciuro 
6r/@d^0.65; for uraniutn 0.62, for Zn 0.71. A linear behavior 
starting at 0.15©D does not constitute an exception, and for none 
of these metáis can we draw the above conclusión.

There is another factor that should be taken into account:
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the Debye temparature of La-Sr-Cu-0 is taken a3 400K in order to
obtain the right specific heat at hight temperatures. It has to
account for the 21 phonon branches. The Debye temperature from

6low-temperature speciflc heat which talses into account only the 
three acoustical branches, is nearer 200K, and this would be more
appropriate for comparlson in (3).i

• h '
We conclude that, while the existence of a small Fermi 

surface in the center of the first Brillouin soné should extend 
doftnwards, due to the con ser va t ion rules for electron-phonon 
processes, the range of linear temperáture dependence of the ,
resistivity, the available data for La-Sr-Cu-0 do not allow one to' i
draw useful conclusions, either about the size of its Ferrol 
surface, or about the dimensionality of the systfem that 
effectively conducts the electricity in this material. For 
Y-Ba-Cu-O, with its lower &0 and higher Tc> the same cónclusion 
applies.
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Figure Captions

Figure 1: Electrical résistivity vs, temperature for 
óptima!ly-oxygenated La„ BSr „Cu() sarople. The Debye

* > o v  • Z 4

temperature &n is roarked on the T-axis.
Figure 2: One-phonon scattering of electrón with initial monten turo 

p. The tips (tails) of aílowed phonons lie on the full 
outar (inner) energy surface for phonon absorption
(entission). The e constant energy surface is shown byP
a dotted line. The ratio s/vF is vastly exaggerated, to 
0.1.
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