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The superconducting transition temperature 7, of La, g5 Srq ;s Cu0, is measured to be 34.7 K
(midpoint) with a transition width (10-90%) of 2.6 K. The critical field slope at 7. is 2.13 T/
K. Using the Werthamer, Helfand, and Hohenberg expression in the dirty limit we estimate
the upper critical field H, (0) to be at least 50 T for this system. The measured transition
width broadens initially with increasing field to 4 K, then saturaies at this value for fields
above 2 T. The critical field siope for the lower T, material La, ;s Ba, ,. CuQ, is messured to be

1.78 T/K, which yields an A, (0) of at least 3¢ T,

Recently a new class of superconductors has been dis-
covered with the promise of anprecedented transition tem-
peratures. Bednorz and Muller reported the onset of super-
conductivity in the LaBaCuQ system’ above 30 K; however,
zero resistance was not achieved until temperatures near 10
K. Sabsequently, Uchida ef al. reported zero resistance
at 23 K with onsets at 35 K for the system’
La gsBay s Cu0, |, where p indicates the presence of O
vacancies. Recently, Jorgensen et ¢l. report netren diffrac-
tion measurements which assign the formula’
La, 45 Bag ;s CuQ, to the superconducting phase. These sam-
ples also have broad superconducting transitions with onsets
at 33 K and zero resistance at 19 K. The neutron diffraction
results indicated a strain field involving significant displace-
ment of near-neighbor oxygen atoms around the Ba defect
and also a highly strained ¢ axis of the unit cell when Ba is
substituted for La. We believe this strain is responsible for
the broad transitions reported for this compound.” The re-
sults of Jorgensen ef af.”® suggest that the role of Ba in this
compound is to prevent the tetragonal I4/mnum structure
from undergoing a Peierls 2K instability. We have therefore
made a Sr-substituted sample with the same composition as
the Ba-doped sample in order to avoid this ¢-axis strain
(since the Sr ionic radius more closely matches that of La),
and still provide the same electron transfer necessary to sta-
bilize the tetragonal structure.

The samples have been prepared using a co-precipita-
tion technique followed by pressing and sintering. In this
techrique the soluble pitrates of La, Cu, and Ba or Sr are
mixed in solution in their correct proportions. After thor-
ough mixing (usually ® 30 min with a magnetic stirrer} the
materials are co-precipifated as inscluble oxycarbonates
through the addition of sodinm carbonate. The precipitate is
filtered and washed until the pH of the rinse solution is neu-
tral, then dried overnight in a 140 °C drying oven.

The co-precipitation technigue, although time consum-
ing, has the advantage of more uniform mixing than oxide
powder technigues. This chemistry was chosen over the oxa-
late and citrate techniques described earlier™” since, in those
techniques, it is difficult to be sure of the stoichiometry of the
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final product because all of the Ba or Cu may not precipitate
out of solution. In the carbonate technique, by carefully ad-
Jjusting the pH of the solution to neutral prior to precipita-
tion, all of the components come out of solution, and the
stoichiometry is accurately kncwn.

The dried oxycarbonate powder mixtures are then fired
at 825 °C for 2 b to decompose the carbonates into oxides.
The 28 x-ray diffraction paiterns clearly show the formation
of the tetragonal phase even at this low temperature, indicat-
ing the high degree of intimate mixing achieved with this
technique. The oxide powders are then pressed using a 3/8-
in. die to approximately 60% of the theoretical density and
sintered at 1100 °C in air for 4 h. The resulting pellets are
generally about 83% of the theoretical density of 7.14 g/cc.
Resistivity samples are cut from the peilets using a diamond
wire saw.

Using a four-probe de resistance measurement, with a
sample current of 1 mA, we have measured the transition
temperatures of both the Sr- and Ba-doped materials in fields
to 6 T. Both samples have onset temperatures near 40 K;
however, the Sr-doped sample reaches zerg resistance above
30 K. The best Ba-doped sampie has zero resistance at 23 K,
while for other samples the vajues are as low as 19 K. In both
systems the sample current was increased by two orders of
magnitude without strongly influencing 7. . For sample cur-
rents of 50 mA and above, hysteresis effects indicate that
sample heating occurs. This causes the large drop in 7. ob-
served at higher currents {sce inset). However, the zero re-
sistance state below 7, is preserved even for the larger sam-
pie currents. This demonstrates that true zero resistance is
being observed below T,. In Fig. ! we show the zero-field
resistive transitions for both the Sr- and Ba-doped samples.
The dramatic improvement in transition width for the Sr-
doped sample should be noted. The buik of this transition
has 2 midpoint of 34.7 K with at A7, = 2.6 K (10-90%
transition width). The width of the transition broadens to
~4 K in magnetic fields then saturates at this value above 2
T. We associate this improvement in transition width with
the reduction of the c-axis strain in this compound, as com-
pared to the Ba-doped compound, achieved by substituting
with Sr. The small resistive foot at the bottom of the transi-
tion is sample dependent, and we believe, is due to smail
amounts of lower 7', material remaining in this sample.
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FIG. 1. Superconducting transition temperature in zero field s measured
with a four-probe dc resistance for La, g Ba,sCuQ, (B) and
La, 45 St 15 Cul, (C1). The inset shows the effect of sample current on the
La, ys Ba, s CuO, sample.

Using transitions measured in fields up to 6 T we have
determined the critical field slope near 7', In Fig. 2 we show
the critical field data for both the Sr- and Ba-doped samples.
These data are determined using the midpoints of the resis-
tive transitions. The critical field slopes of these data al T,
are 2.13 T/K and 1.78 T/K for the Sr- and Ba-doped sam-
ples, respectively. Using the Werthamer, Helfand, and Ho-
henberg (WHH) expression® in the dirty mit
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we determine that &, (0) =50 and 36 T for the Sr- and Ba-
doped samples, respectively. Because of the limited amount
of data, in field, for each sample these estimates of 7, (0}
are approximate at best. However, for new materials such as
these, we felt it important to demonstrate the potential for
targe upper critical fields in these materials for two reasons.
Firstly, unpublished reports suggest® that the Ba-substituted
materials do not have large upper critical fields. Moreover, a
similar low electron density superconducting system,
BaPb, _ , Bi, O,,° does not possess large upper critical fields.
Secondly, there are remarkable techinical possibilities sug-
gested by such large H,, values. Measurements in pulsed
magnetic fields up to 45 T are in progress at the Francis
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FIG. 2. Superconducting transition temperature {midpoinis) vs magnetic
field for La, g Bag - Cu, (B8) and La, 45 Srg (s CuC, (0.

Bitter National Magnet Laboratory and will be reported ina
subsequent publication.

Superconducting transition temperatures of 35 K are
measured for La, 45 Sty ;5 Cul, with onsets near 40 K. The
transition widths are « 3 K due to a reduction of the c-axis
strain by substituting with Sr instead of Ba. The critical field
slopes at 7, have been measured to be 2.13 and 1.78 T/K,
which yield &, (0) ~ 50T and 36 T using the WHH expres-
sion for the Sr- and Ba-doped samples, respectively.
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