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Metallic. oxygen-deficient compounds in the Ba — La —Cu—O system. with the composi-

tion Ba,La,_,Cu,0 have been prepared in polycrysiallingfomm. Samples with -~
x=1 aim%mw below 900 °C under reducing conditions. consist of three
phases, one of them a perovskite-like mixed-valent copper compound. Upon cooling.
the samples show a linear decrease in resistivity, then an approximately logarithmic
increase, interpreted as a beginning of localization. Finally an abrupt decrease by up
to three ordcrs of magnitude occurs. reminiscent of the onset of pe IV rco -
nset temperature is observed in the 30 K range. 1t is markedly
reduccd by high current densities. Thus. 1t results parually from the percolative nature.
bute possibly also from 2D superconducting fluctuations of double perovskite layers

Cewe sw megeemme

of one of the phases present.

L Iatroduction

* A1 the cxtreme forefront of rescarch in supercon-
ductivity is the empirical search for new materials™
f1}. Transition-metal alloy compounds of AIS
(Nb,Sn) and B 1 (NbN) structure have-so far shown
the highest superconducting transition temperaturcs.
Among many A 15 compounds, carcful optimization
of Nb - Ge thin films near the stoichiometric compo-
sition ot Nb,Ge by Gavalev et al. and Testardi ot al.
a decade ago allowed them to reach the highest 7, =
23.3 K rcported until now {2, 3}. The heavy Fermion
systems with low Fermu energy, newly discovered. are
not expected to reach very high T.'s (4],

Ounly a small number of oxides is known to exhibit
superconductivity.  High-temperature  supercondue-
tivity in the Li—Ti—O system with onsets us Iugh
as 13.7 K was reported by Johnston et al. [5]. Their
x-ray analysis revealed the presence of three different
crystallographic phascs, one of them. with a spinel
structure, showing the high 7, [5]. Other oxides like
perosskites exhibit superconductivity despite their
small carner concentrations. 2. In Nb-doped SrTiO,,
with #=2x 102" cm . the plasma edge is below the
highost optical phonnn which is theretore unshiclded

[6). This large electron-phonon coupling allows a T,
of 0.7 K [7] with Cooper pairing. The occurrence of
high clectron-phonon coupling in another metallic
oxide. also a perovskite, became evident with the dis-
covery of superconductivity in the mixed-valent con:-
pound BaPb, _ Bi O, by Sicight ¢t al.. also a decade
ago [8). The highest T, in homogeneous oxygen-deli-
cient mixed crystals is 13 K with u comparatively low
concentration of carrics n =2-4x 10°' cm * [9]. Flat
clectronic bands and a strong breathing mode with
a phonon feature near 100 em ', whose intensity is
proportional to T, exist {10]. This fast example indi-
cates that within the BCS mechanism, once may find
still higher T.'s in perovskite-type or related metallic
oxides, i’ the clectron-phonon interactions and the
carrier densitics at the Fermi level can be enhanced
turther.

Strong clectron-phonon interiactions in - oxides
can oceur omang to polaron formation as well as in
mixed-valent systems. A superconductivity (metallic)
to bipolaronic (insulator) transition phase diagram
was proposcd theoretically by Chakraverty [11). A
mechanism for polaron formation is the Jahn-Teller
cifect, as studicd hy Hock et ab. [12). Isokated Fet®,
Ni** and Cu?®* in octahedral oxygen environment
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Fig. 2. Low-temperature resistivity of samples with x(Ba)= 1.0, an-
nealed v O, panial pressure of 0.2 bar (curve D) and
0.2 < 107 bar tcurves @ 10 @)

towards the 30 K region. Curves ® and ®. recorded
for samples treated at 900 °C. show the occurrence
of a shoulder at still lower temperature, more pro-
nounced in curve ®. At anncaling temperatures ol
1,040 °C, the highly conducting phase has almost
vanished. As mentioned in the Introduction, the
mixcd-vilent state of copper is of importance for clce-
tron-phonon coupling. Therefore. the concentration
of electrons was varicd by the Ba,La ratio. A typical
curve for a samplc with a lower Ba concentriation
of 0.75 is shown in Fig. 1 (nght scale). Its resistivity
decreases by at least three orders of magnitude, giving
evidence tor the bulk being superconducting below
13 K with an ot et around 33 K. as shown in Fig. 3,
on an expandea temperature scale. The lauer figure
also shows the influence of the current density. typical
for granular compounds.

L Dicussion -

The resstivity behstour of our samples, Fig. |,
iy qualitatively vers similag o the one reported in
the T -1 -0 wstemy and in saperconducting
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Fig. 3. Low-temperature resistivity of a samplke with x(Ba)=0.75,
recorded for dilferent current densilics

BaPb, .. Bi,O, polycrystalline thin films [5. 18].
Upon cooling Irom room temperature, the latter ex-
hibit a nearly lincar mctallic decrease of p(T), then
a logarithmic type of increase. before undergoing the
transition to superconductivity. One could. of course.
speculate that in our samples a metal-to-metal struc-
tural phase transition occurs in one of the phases.
The shift in the drop in p(T) with increasing current
density (Fig. 3), however. would be hard 10 explain
with such an assumption. while it supports our inter-
pretation thiut we observe the onset of superconducti-
vity of percolative nature, as discussed below. In
BaPb, _,Bi,O,. the onset of superconductivity has
been taken at the resistivity peak [18]. This assump-
tion appears to be valid in percolative systems, ic..
in the thin films [18] consisting ol polyerystals with
grain boundaries, or when different crystalline phases
with interpenctrating grains are present. as found in
the Li=Ti=0 {S) or in our Ba~Lu—Cu—0O system.
The onset can itlso be due to Nuetuations in the super-
conducting wive functions. We assume one of the
Ba—La—Cu—0 phases exhibits this  behaviour.
Theretore. under the above premises, the peak a pe )
AU 35 K. observed tor an V(B =075 (el 1) has
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Abstract. — The susceptibility of ceramic samples in the mctallic
Ba-La-Cu-O system has; been measured as a function of temperature.
Thic systefh had earlier shown characteristic sharp drops in resistivity
at low temperatures. it has been found that the susceptibility for small
magnetic fields of less than 0.1 Tesla becomes diamagnetic at
somewhat lower temperatures than the resistivity drop.lt_ts

highest-temperature diamagnetic shift occurs at 33 + 2 K, and may be

related to shielding currents at the onset of percolative
superconductivity. The diamagnetic susceptibility can be suppressed

with external fields of 1 to 5 Tesla.
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