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High Temperature Superconductors - J.'s Creeping Up

In the past six months scientists have made significant advances in
raising the critical current densities (J.) of bulk samples of the
YBa,Cu,0,_ , (1:2:3) superconductor. For many applications the high tempera-
ture superconductors will need to be able to carry electric currents of the
order of 10° amp/em® in magnetic fields up to 10 T. Up until about six
months ago the top current densities at 77 K (liquid N, temperature) was
~10* amp/cm? in a 1 T field, except in thin films where much higher current
densities have been attained.

The first advance was reported by Bell Laboratory scientists [a group
headed by E. M. Gyorgy]| who found that by irradiating a 1:2:3 single crystal
with fast neutrons, the sample could carry a current of 6 x 10° amp/cm? at
77 K and 0.9 T, which is about 100 times larger than that of the unirradiat-
ed crystal. The neutron irradiation produced defects, which served as pin-
ning sites for the magnetic vortices in the 1:2:3 compound. The pinning of
the wvortices prevents the vortices from moving in the solid and thus the
material can carry a higher current. As far as we are aware only one crys-
tal has been irradiated to date and these results will need to be verified.
Assuming this result can be reproduced, there are only a few applications
whereby this technique will be useful, since the improvement in J, by irrad-
iation is limited to single crystals and the majority of uses which require
high J.'s employ polycrystalline materials. Another problem, is that the
YBa,Cu,0, . superconductor becomes radicactive and that short-lived radio-
activity must be allowed sufficient time to decay, so the sample can be
handled without elaborate safety equipment. This requires about a week
before it can be handled. To circumvent this problem, single crystals of
the 1:2:3 were irradiated by 3.5 MeV protons to introduce the defects. Some
success was realized, but the J  value (-2 x 10° amp/cm?) was about three
times smaller than for the fast neutron irradiated sample.

Fortunately, more recently scientists in Japan and the U.5.A. have come
up with another way of introducing defects to pin the magnetic vortices and
improve the J_  wvalues in polycrystalline materials, This, of course, is
much more significant from a practical point of view and inereases the like-
lihood of many important technological uses for the 1:2:3 superconductor.
The defects were produced by carefully heat treating off-stoichiometric
samples, causing a finely divided second phase to precipitate out of solu-
tion. Japanese scientists headed by Y. Shichara of the International Super-
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