High 7. oxide
Superconductors

M. Brian Maple, Guest Editor

This issue of the MRS BULLETIN is
devoted to high T, superconductivity. It
is the sequel to a previous series of arti-
cles on the same subject which appeared
in the MRS BULLETIN in January 1989.
While the articles in the January 1989
issue emphasized the families of high T,
superconducting oxides known at that
time, as well as novel processing tech-
niques and thin films, the papers in this
issue focus on the physical properties of
high T, oxide superconductors.

The quality of polycrystalline and
single-crystal bulk and thin-film mate-
rials has improved to the point where
researchers can now make reliable mea-
surements of many physical properties
representative of the intrinsic behavior
of these materials. As a result, a broad
spectrum of important issues such as
the nature of the electronic structure, the
type of superconducting electron pair-
ing, the magnitude and temperature de-
pendence of the superconducting energy
gap, the behavior of fluxoids in the vortex
state, etc., can be addressed meaning-
fully. Presently emerging is a consistent
picture of the physical properties of the
high T. oxides, which will form the
foundation to eventually developing an
appropriate theory for the normal and
superconducting states of these remark-
able materials.

Akey ingredient in achieving an under-
standing of the normal and supercon-

“ducting states in the high T. oxides is

the underlying electronic structure—in
particular, how it evolves as the insulat-
ing parent compounds are doped with
electrons or holes to render them metal-
lic and superconducting. The article by
J.W. Allen and C.G. Olsen in this issue
reviews direct and inverse photoemission
spectroscopy studies of the electronic
structure of high T. oxide superconduc-
tors, with emphasis on distinguishing
models for the normal state.

Infrared absorption is an effective
method for studying the superconduct-
ing energy gap as wel: as the dynamics
of highly correlated electron systems in
the normal state. Since the penetration
depth for electromagnetic radiation in
the high T cuprates is about 1,500 A, in-
frared measurements are essentially bulk
probes in these materials. The article by
Z. Schlesinger and R.T. Collins in this
issue describes the current status of
infrared studies of the superconducting
energy gap and normal state dynamics
of oxide superconductors.

Electron tunneling has proven to be a
powerful technique for measuring the
superconducting energy gap and obtain-
ing information about the electron-
phonon interaction in conventional
superconductors. The electron tunnel-
ing spectra of high T, cuprates reveal a
number of significant features, includ-
ing a linear conductance in the normal

state that is apparently associated with
electron correlations, multiple struc-
tures which are presumed to be due to a
gap (or gaps) in the electronic density of
states, and features at high energies that
are reminiscent of the phonon struc-
tures in conventional superconductors.
The article by J.M. Valles Jr. and R.C.
Dynes discusses electron tunneling mea-
surements in the high T, cuprates and
bismuthates.

The behavior of fluxoids in the vortex
state of high T, oxide superconductors,
a problem of fundamental interest, also
has important implications for the per-
formance of superconducting materials
in technological applications. A.P. Mal-
ozemoff considers these issues in connec-
tion with the rich and complex magnetic
field-temperature phase diagram of the
high T, oxide superconductors.

One of the most interesting of the high
T, oxides is Ba,.,K,BiO;, which exhibits
superconductivity near 30 K for x = 0.4.
This material is distinctively different
from the other high T. oxides in the fol-
lowing respects: (1) it has a simple cubic
perovskite crystal structure, (2) it does
not contain copper, and (3) it does not
exhibit antiferromagnetism in its insulat-
ing phase. The structural properties and
various aspects of the superconducting
state in the Ba;,K,BiO; system are dis-
cussed in the article by D.G. Hinks.

An important recent development on
the materials front is the discovery of
electron-doped superconductors of the
type Ln,,M,CuO,, (Ln = Pr, Nd, 5m,
Eu; M = Ce, Th; y = 0.02) for which T, =
25 K. These materials are particularly in-
teresting because they are the first exam-
ples of high T, oxide superconductors in
which the charge carriers involved in the
superconductivity appear to be electrons
rather than holes that reside in the con-
ducting CuO, planes. In the final article
in ‘this issue, I briefly review the super-
conducting and magnetic properties of
these new electron-doped materials. O
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California Institute of Tech-
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tures and, more recently,
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temperature superconduc-
tors.

R.C. Dynes is director of the
Chemical Physics Research
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(CIAR), and a member of the
National Academy of Sci-
ences and MRS. His research
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PhD in chemistry from Ore-
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and applications of high
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associated committees, and
actively participates on a
variety of national commit-
tees and advisory boards
concerned with high temper-
ature superconductivity.

Clifford G. Olson is a senior
physicist with the Ames
Laboratory which is operated
by lowa State University for
the U.S. Department of En-
ergy. He has been involved in
synchrotron-radiation-based
research for the past 20 years
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current research interests
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received his PhD in physics
from the University of Massa-
chusetts and did postdoctoral
work at AT&T Bell Laborato-
ries for two years. Valles’
research efforts include stud-
ies of the electronic and mag-
netic properties of high
temperature superconductors
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and extremely disordered
metals and conventional

superconductors. He is a
member of APS and MRS.

Zack Schlesinger is a mem-
ber of the research staff at the
IBM T.J. Watson Research
Center. After undergraduate
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work at the University of
California at Santa Barbara,
he studied the propagation of
infrared surface electromag-
netic waves at Cornell Uni-
versity, receiving a PhD in
physics in 1981. While on
postdoctoral assignment at
Bell Laboratories, he studied
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the far-infrared properties of
two-dimensijonal electron
layers at semiconductor
interfaces. His current inter-
ests span the physics of
conducting two-dimensional
systems and high tempera-
ture superconductors.

a

members include:

community.

Physics.

= Alisting in and copy of the MRS Membership Directory.
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Membership in the Materials Research Society

The Materials Research Society is an organization of scientists. Membership is open to those interested
in materials properties, development, processing, or characterization. Membership benefits for regular

» A subscription to Journal of Materials Research, an archival interdisciplinary journal which is
 the official journal of the Materials Research Society.

= A subscription to the MRS Bulletin, a monthly news publication which contains summaries of
Society symposia, news of Society members, announcements of meetings and other
activities of interest to members, reports about developments in research and industry, and
editorial and feature articles covering research and policy matters affecting the materials

= Call for papers and preliminary program booklets for both the Spring and Fall meetings.

= MRS symposium proceedings at discounts of 15-25% and reduced rates for publications
from other scientific organizations and publishers, including the American Institute of
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