I. O. Kulik. Superconductivity of narrow-band metals
and semiconductors and the model of superconducting glass.
In recent years, in connection with the problems of super-
conducting materials technology and the search for high-
temperature superconductors,' considerable experimental
data have been accumulated and the superconducting com-
pounds exhibiting significant deviations from the Bardeen-
Cooper-Schrieffer (BCS) model have been discovered. They
include, in particular, the following: 1) superconducting ox-
ides with the perovskite structure BaPb,_ , Bi, O,* and
spinels Li,,,Ti, ,O,> Chevrel phases of Eu, MogSs*
tungsten M, WO; and vanadium M, VO, bronzes
(M=Rb, K, Cs),® superconducting semiconductors
Pb,_, _,Na,T1,Te,° variable-valence compounds with
“heavy fermions” CeCu,Si,, etc.” They have the following
general properties: 1) quite high transition temperatures
(~13 K in the case of BaPb,_, Bi, O,); 2) nonmonotonic
dependence of the superconducting transition temperature
T. on the composition and a transition into the dielectric
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phase at a definite value of x; 3) semiconducting behavior of
the resistance as a function of temperature for > T, ; and, 4)
strong sensitivity to the structural state. In this report, the
possibility of explaining such properties within the frame-
work of the “superconducting glass’ model®~'° is examined.
Analogous models were later studied by Aleksandrov and
Ranninger,' Robashkevich et al.,'> and Rice and Sneddon.!?

The electron-phonon interaction (EPI) leads to the ap-
pearance of attraction between electrons U = g?/{(w), where
g is the EPI constant and (w) is the average vibrational fre-
quency. If the value of U is smaller than the Fermi energy
{the width of the conduction band) ¢, i.e., the dimensionless
constant A ~ U /t % 1, then we are dealing with the BCS the-
ory of superconductivity or its modifications to the case of
“strong” coupling. A different situation appears for 4 > 1
{Fig. 1) when pairs are localized at lattice sites and due to the
polaron narrowing of the band (t ~t,e ~#%/¢“) the transi-
tion temperature does not increase, but rather drops as the
coupling constant A increases. The coherence length (pair
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FIG. 1. Schematic behavior of the critical temperature (T ), coherence
length (£ ), and penetration depth of the transverse field (5 ) as functions of
the coupling constant 4.

radius) in this case is of the order of the lattice spacing, while
the transition temperature is of the order ¢ 2/ U.

Since the bands are narrow, the disorder in the lattice—
fluctuations of the position of the band bottom (diagonal
disorder) and the site-to-site transition probability of an elec-
tron (off-diagonal disorder) strongly affect T, . This situation
is in some sense reminiscent of the concept of percolation
and according to Refs. 14 and 15 the appearance of super-
conductivity is determined by the attainment of the mobility
threshold.

It is precisely for this reason that it is natural to call
superconductivity with A2 1 a “superconducting glass”
(SG).

The Hamiltonian of the SG model has the form'°

=—2(U1+H)Ni—W1(%])ATA:—E-Wn(%)N:N;, (1)

where 4 ;" (4,) is the creation (annihilation) operator of an
electron pair at lattice site 7, N, =4t d4,, W, =2t%/U,
W,=2t*/U+ V, where V is the Coulomb repulsion at
neighboring centers. The second term in (1) corresponds to
the superconducting pairing and the third term corresponds
to the formation of a nonuniform state of the Wigner crystal
type—ordering of electron pairs in space.'® The tempera-
tures of the corresponding transitions in the mean-field ap-
proximation are'’
1—2v

T 3 = le T[(’-_'T)/V]— ’
(z is the number of nearest neighbors in the lattice, v is the
average number of pairs per site, and v = x/2). The ratio of
the quantities W, and W, determines the type of phase dia-
gram of the SG (Fig. 2). Taking into account interstitial cor-
relations (going outside the framework of the mean-field ap-
proximation)'” does not qualitatively change the picture of
the coexistence of the superconducting (SC), charge-ordered
(CO), and mixed (M) phases. In the superconducting state,
the gap is of the order of 7, (the ratio 24 /T, % 4), while in
the charge-ordered states it is of the order of T 4. Diagonal
disorder decreases both T, and T'4. In this case, in the limit
of strong disorder Sud T2, we have (Fig. 2b)

re-c 2w, (3, o

T{=2Wyzv(1—w) (2)
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FIG. 2. Phase diagram of a “superconducting glass.” a) Ignoring disorder;
b) superconductivity in the presence of strong diagonal disorder.

where 0 < @ < 1, whie the value of 4 is determined from the
relation tanh A=(2v—p)/p for v<p and tanh
A =(2v —1—p)/(1 — p}for v > p; pis the relative number of
siteswith U, = (U ) 4+ 86U /2and 1 — pisthenumber of sites
with (U) — (5U /2).

Above the transition temperature, in the presence of a
narrow polaron band, the conductivity is primarily deter-
mined by single electrons, so that it will increase with the
temperature. The SG model actually describes the semicon-
ductor-superconductor transition in exactly the same man-
ner (due to the presence of COj) as the transition into the
dielectric state accompanying a change in composition. On
the whole, in spite of the apparent large discrepancy in the
starting assumptions forming the foundation of the BCS and
SG theories, they differ quantitatively rather than qualita-
tively and because superconductivity in reality is impossible
either for very low (T, ~e~'/*) or for very high (T, ~(1/
A )e ~#/¢“) )values of A, it can be revealed by a detailed study
of quantities such as 24T, Ac/c (Ac is the jump in the heat
capacity), H.,/H,, and soon inthecases A S1and A2 1. It
is interesting that the value of the critical field H_ , in the SG
model turns out to be very high'® and greatly exceeds the so-
called paramagnetic limit.
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