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We report unusual behavior of the low-temperature thermopower of nonequilibriumy3%} substitutional
solid solutions. The thermopower and resistivity results suggest that the low-temperature anomalies of these
parameters are likely due to electron-phonon interaction enhancement in the vicinity of the fcc lattice insta-
bility in these superconductorsS0163-1827)03238-4

Recent theoretical and experimental efforts have focusegheasurements for several,ALSi, substitutional solid solu-
on the role of electron-phonon interactions in limiting the tions synthesized in the composition range0.08(e.g., be-
thermopower:? Interest in this area has originated from ex- |ow the spinodal boundary valfle Step-by-step annealing
per_iments on conductors with a strong electron-phonon intefagmpined with S(T) and p(T) measurements clarifies the
action, such as glassy metdighe Chevrel compounc;fs, effects of the nonequilibrium state of Si atoms in the fcc
fullerenes? and highT; superconductorSHere the most in-  |attice and the electron spectrum renormalization on the See-

triguing fact is that thermopower can be used to distinguistye oy coefficient in various temperature intervals.
different superconductivity mechanisms and to establish the The Al,_,Si solid-solution samples were prepared by
1—x>MX -

temperature dependence of the Eliashberg funétfon. . . . .

A sifmple and straghtionward way to study the probiem t EE2ECe3 VR L PIEnRdtn B8 BRI B RATE e
experimentally would be an investigation of Al-based non—dg b d | h. terization h g bF:' hed
equilibrium substitutional solid solutions fabricated using a®-'c an Osamp.es characterization nhave been publisne

gl_sewheré. Additionally, the thermopower of these samples

high-pressure treatment. Indeed, in these compounds notic , s i , ,
able lattice instability is evidenced by the dramatic variation'VaS measured by conventional differential technique with

of the superconducting transition temperatufesvith com- ~ 99-999%-pure Au wires used as a reference. A variable-
position. T, can be as high as=11 K in AlygSiy,.” As  temperature differencAT between two end's of a specimen
established recentf/the main reason for th&, increase is Was maintained at less than 1% of the fixeg value for
an enhancement of the electron-phonon interaction in thes@very temperatur@, under investigation. In these limits of
compounds. Hence one can consider these high-pressufel, special attention was paid to the linearity of the ther-
synthesized solid solutionshat fcc lattice is retained up to mopower voltage dependence®dt (AT, Ty) versusAT. To
the solubility limit for Si in Al; charge carriers argandp  test and calibrate the experimental apparatus a sample of
electron$ as a simple “model system” for investigating the Bi-based highf. ceramics was measured within the tem-
correlation between thermopower behavior and the strengtperature range 5—300 K using an Au-wire referetigset in
of the electron-phonon interactfdim superconducting mate- Fig. 1). These results indicate a superconducting transition
rials. near 80 K and allow one to compare the pure gold calibration
Thus an investigation of these compounds is a first steficurve 3 with experimental data beloW,.
towards understanding the behavior of amorphous supercon- The temperature dependences of the thermop&(eE)
ductors or superconductors arranged in the vicinity of latticeof four Al,Si, solid solutions are shown in Fig. 1 and com-
instability limit (such as fullerenes, highz superconductors, pared to pure Al data from Ref. 11. There are no significant
etc) where large local atomic displacements and the softenehanges in the concentration f8¢T), curves 1-3, although
ing of the phonon modes are believed to be important. Thuthe amplitude of the phonon-drag minimum decreases
the aim of the present paper is to introduce results from a&lightly for these disordered solid solutions. These effects
detailed study of thermopowe®(T) and resistivity p(T) correlate with results of Ref. 12 for disordered Al and dilute
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FIG. 2. Family of S(T) dependences at various stages of the
v T Al o-Sig og Solid-solution decomposition procesd) initial state,
T (K) 200 300 T.=54K, (2 T.=5.0K, (3 T,=4.05K,(4) T.=3.75K,(5) T,

=3.18 K, (6) T,=1.87 K, and(7) T,=1.2 K.
FIG. 1. Temperature dependence of the absolute thermopower

S(T) of (1) pure Al (Ref. 19 and Al _,Si, solid solutions for
various Si contentg2) x=2 at. %,(3) 4 at. %,(4) 6 at. %, and5)

8 at. %. Inset show$l) AS(T)= Sgis;cacuaSay @nd (2) absolute
S(T) dependences for BiSrCg ,CuQ, and (3) negativeS(T) de-
pendence for 99.999% gold wire.

[
0 100

2 of the step-by-step annealing procedure, corresponds to a
small concentration of Si atoms in the fcc lattice positions of
the Al-rich matrix, with nearly spherical Si-rich inclusions
surrounded by aluminurf. There is a large number of struc-
tural defects in the final state Al-Si alloy, and so one can
expect an essential suppression of phonon-drag thermopower
that case. At the same time, t8T) plot of Alg ogSip o2

r relative decomposition curve 6, Fig. 2roduces a promi-
nent reference to extract an additiofaithout phonon drag

and “bare” diffusion part of thermopower for these non-
equilibrium fcc Al _,Si, solid solutions withx=0.04.

It is well known from Refs. 1-6 that diffusion ther-
mopower of metals is very sensitive to electron-phonon in-
Fraction effects. Following Kaiser and co-workéfsthese
. . L ; anomalous low-temperature terms of the Seebeck coefficient
2_at low temperatures Wh'Ch oceurs m_co_mbmanon with N0-shown in Fig. 8a) can be considered as a renormalized
ticeable changes in its width and positidfig. 1). temperature-dependent enhancement of the diffusion ther-

A convenient way to examine the nature of these IOW'mopower:
temperature thermopower anomalies uses step-by-step
annealing’ Indeed, for these nonequilibrium compounds the S—S,=arng(T), (1
decay, by annealing of supersaturated ABi, solid solu-
tions allows one to study variable Si content using only onavhere S, is the “bare” diffusion thermopower, linear in
Al,_,Si, sample’ Here the sample wittkk=0.08 was used. temperature, and the dimensionless electron-phonon cou-
According to Ref. 13, incoherent and spherically coherenpling constant:
precipitates do not contribute to thermoelectric power. Thus,

— 2
in the case of the formation of Si precipitates in the Al-based A=2[(dw/w)aF(w). @
v 9,14
matrix,”™" one can expect that thermopower changes resulipe fynction\g(T) is the normalized enhancement factor:
from Si depletion in the matrix. Moreover, there is a propor-

tionality between thex parameter and superconducting tran-) ¢
sition temperaturd. in Al;_,Si,” and so one can derive the
Si content for any decay state. _ 2 2

S(T) is shown in Fig. 2 for initial k=0.08, curve 1T _f (do/w)a F(w)GS(hw/kBT)/ f (do/w)a’F (o),
=5.4 K) and intermediate stages of decomposition process. 3)
The assertions of Ref. 13 can be verified easily in the case of
Al,_,Si, by analyzingS(T) curves 3 and 6 of Fig. 2 for whereG4(hw/kgT) is a universal function from Ref. 4 and
intermediate stages of decomposition process, along with the’F(w) the Eliashberg function. Moreover, from the de-
Al 9sSig 06 and Al oeSig oo thermopower temperature depen- tailed analysis of the anomalous resistiviBig. 2 of Ref. §
dencegFig. 1, curves 4 and)2The finalS(T) curve 7, Fig.  and the derivative of the resistivity temperature dependences

Al-based alloys, and are in good agreement with well-know
arguments on phonon-drag suppression in the presence ék
large structural scatterirfy.

One can observe the significant changesSErF) depen-
dences when the Si concentration increases up=t0.06
and 0.08(Fig. 1), which are in the vicinity of a lattice
instability® There are two main features of thermopower
changes that appear with an increasing Si content. The first
the increase of absoluf&T) maximum by about a factor of
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[Fig. 3(b)], one can exclude any noticeable influence of T (K)
phonon-drag effects in the low-temperature thermopower for 0 50 100 150 200
both Al,_,Si, and intermediate stages of AbSio g in the B
step-by-step annealing process. Indeed, as was established in
Ref. 8, the electron-phonon interaction enhancement is pos-
sibly the main reason for not only the observedincrease,
but also for the appearance of an anomalous diffusion com-
ponent of the resistivit p1. Thus both the low-temperature
AS(T) anomalies[Fig. 3(@] and A(dp/dT)=f(T) pecu-
liarities [Fig. 3(b)] can possibly be attributed to the non-
monotonic behavior of the electron-phonon interaction con-
stant in these compounds. It is worth noting that the peaks
obtained inAp; (Ref. 8 are very similar to features ob-
served in the tunneling?l/dV? characteristics of Al films
and point-contact spectra of ARef. 15 in the presence of
disorder. These particular features are characterized by very
large amplitude changes in(d?I/dV?) seen neakgT~15
meV. Moreover, the appearance of an additional component
AF(w) in the phonon density of states was reported near 15 T (K)
meV in data from inelastic-neutron-scattering experiments in i 3. (a) Temperature-dependent thermopower enhancement
fec Al Sic.*° AS(T) of AlggesSiggg With step-by-step annealing staged) T,

It is necessary to point out that according to E@.and =54k, (2) T,=4.05 K, (3) T,=3.75 K, and(4) T,=3.18 K rela-
(3) theX andA g(T) parameters are mainly determined by thetive to T.=1.87 K stage as referengsee text (b) Temperature-
Eliashberg functionv®F (») behavior. As a result, while the dependent metastable part of resistivity derivatisédp/dT)
phonon density of statdS(w) changes only slightly under =(dp/dT),,—(dp/dT)4,a for some stages of the MSiyos de-
Al to Si substitution'® the electron-phonon interaction en- composition process(l) T,=5.4 K, (2) T,=3.75 K, and(3) T,
hancement can be considered as the main reason both for thel .87 K.
\ increase betweenr0.4 and~0.9 (Ref. 8 and also for the
appearance of diffusion thermopower anomaliey. 3]  anomalies of the thermopower in the framework of the
in the vicinity of fcc lattice instability in ASi, solid solu-  ,,4e|€18 for the case of the nonequilibrium substitutional
tions. Thus the drastic increase of[see Eq.(2)] and the  q4jig solutions A]_,Si, . A detailed study is in progress and
aforementioned anomalies afs(T) [see Eq.(3) and Fig. i pe reported in a subsequent publication.
3(2"")] are possibly caused by the nonmonotonic behavior of |5 symmary, we have used thermopower and resistivity
a”(w,T). Itis also interesting that similar anomalies @ gata to show that the low-temperature anomalies of these
have been predicted by Weber for higip-La; SKCUQ,  parameters are likely due to an electron-phonon interaction

SUperCO”d“CtO’g _ enhancement in the vicinity of the fcc lattice instability in the
At the same time, according to recent restffithe quan- substitutional solid solutions AL S, .

tum interference between electron-phonon-impurity scatter-

ing plays a crucial role in the thermopower renormalization, The authors are grateful to Professor W. Hayes, Professor
especially for materials with substitutional disorder. As wasA. N. Vasil'ev, Dr. J. Singleton, and Professor S. V. Popova

shown by Sergeev and co-workéfsthis effect dominates for useful discussions. This work was supported by INTAS

the pure phonon renormalization of the thermopower angrogrammes 93-2400, 94-1788, and 94-3562, the Royal So-
other kinetic mechanisms, and describes the experimentalety (UK), Russian Foundation of Fundamental Research
data ofS(T) for ordinary metals with substitutional disorder, Grant No. 16176, and programmes of the Russian Ministry
as well as for highF, superconductors. Finally, it is very of Science and Technology “Fullerenes and atomic clus-

important to examine quantitatively the low-temperatureters” and “Microwaves.”
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