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M&crowave absorption in a dcp a dc magnetic field up to 12 kG attr'
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i i y, appears at T, as the sam le is
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e samp e &s cooled. ESR measureme ts of Y-
u exists only in the fraction of the sam l

in a distorted octahedral surrounding
o e sample which is not superconducting

INTRODUCTION

The recent discover of hi h-y ig.".-T, superconductivity'
as triggered a variety of experimental studies in order t

causes the su
poun s an to understand what

e superconducting state at such hi h t
tures. Much roprogress has been made in order to under-
stand this phenomenon and Y-Ba-Cu-0

as een one of the most studied systems. The Cu +

ion is intimately associated with the su ercond

ver sible orthorhombic-to-tetragonal ha
e ai s, t ereisare-
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fr ', - in ca a
a ec t e quality o the superconductor as d t d

om its T„ its current-carr in ca a
s e ermined

ying capacity, and its Meissner

measurements since such t h
'

a ec nique is a local robe
of the sample. We report here ESR a-cre and microwave ab-
sorption measurements on the Y-Ba-Cu-e - a- u-0 system and the

s o s ructure and chemical composition, in the nor-
mal as well as superconducting states.

EXPERIMENTAL DETAILS

Four differ'fferent samples were prepared. Sample A was a
green semiconducting powder (which does not becom

o d ti lti h tp ase system prepared according to
e . an visibly having a mixture of th'd 'nS' 1C

presented in R f 4 d
~ amp e was prepared accordin

es. an 5. Sam le D w
g to the method

p g p

s ows the teh
a2 u3 7 —b with tetragonal structure F 1

temperature dependence of th
igure

these samples. The su er
o he resistance of

a show an onset of su11

es. e superconducting samples B C d D, an

d
superconductivity about 95 K. S

ard dc four-terminal
tan-

'
a measurements were made with

RESULTS

Above the transiti on temperatures a paramagnetic reso-
nance signal associated with Cu ions in sites with a dis-
orted octahedral symmetry w b dwas o serve in all four sam-

p es. This signal, which is shown in Fi .. T, g. , is strongest for

p e, t e orthorhombic semiconduct'uc ing compound.
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FIG. 1. Thhe temperature dependence of the norm
()/ ( ). o:. O: multiphase sample B. ~: multiphase

p e . : single-phase sample D.

measuring currents of 100 mA. The Meissner effect w

had multi le h
e pow er diffraction patterns. Samples B d C

ip e p ases; the volume fraction of 1

es an

formin the
o samp e

sam le B
g orthorhombic phase was large th her ant atof

Sam le D wa
p, as determined from the inten t fensi y o x-ray peaks.

p e was almost entirely single phase with tetragonal
symmetry at the composition YB C 0a2 u3 7 —q and the cell
parameters were a 3.852 A, and c =11.67 A.

measurements were performed i h'

from 293 down
e in t is compound

down to 4 K on a Bruker ER200D-SRC spec-
trometer operating in the X band (9.4 G

measured i
z e mo ulation. The microwave bve a sorption was

easured in the ESR cavity from zero to 12 kG.
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identical in the two cases, we shall make no attempt in this
paper to distinguish between the two possibilities.

In superconducting systems of this type the dc diamag-
netic susceptibility is indeed an equilibrium property, but
the ac diamagnetic susceptibility is greatly enhanced and,
in fact, it can be interpreted as measuring the nonequili-
brium (lossy) response of the system for those clusters of
superconducting grains where the characteristic relaxa-
tion frequency (for decay into a different metastable
configuration) is less than that of the applied ac magnetic
field. Ebner and Stroud' argued that the characteristic
relaxation rates for the clusters extend over a very wide
range corresponding to frequencies as low as 1 Hz and as
high as 100 GHz at low temperatures. If these estimates
are correct, our experiments at 9.4 GHz are probing the
losses due to most of the nonequilibrium configurations
which are possible. Although another mechanism for this
absorption could be due to the skin effect, " we rule this
out because of the lack of normal-state absorption and the
observed temperature dependence.

At low frequencies (—100 Hz), Razavi, Koffyberg, and
Mitrovic have shown that superconducting composites in
the system Ba-La-Cu-0 exhibit an enhanced ac suscepti-
bility which fits the expected behavior for percolation su-
perconductivity which we have just described. We believe
our experiments also show a greatly enhanced ac suscepti-
bility from the microwave absorption at zero field at 9.4
GHz, which was not present in a control sample of super-
conducting Nb powder, and which appears here abruptly
at T, . In fact, because these measurements (Fig. 3) can
be made with sensitivities which extend over many orders
of magnitude, the microwave absorption may be a very
good way to characterize T, in these composites. It may
also be a better indication of the bulk transition than resis-
tivity or Meissner measurements.

A comparison of Figs. 1 and 3 shows that the supercon-
ducting transition is broader in the tetragonal material
(sample D) and that the onset of percolation zero resis-
tance occurs at a lower temperature (—50 K). The
sharpest superconducting transition, which occurs in sam-

pie C (filled circles), is demonstrated clearly in both the
resistivity measurements of Fig. 1 and the microwave ab-
sorptions measurements of Fig. 3. Measurements of the
Meissner efIect on these samples also correlate well with
the relative sharpness of the superconducting transitions
in these three samples.

The magnitude of the zero-field microwave absorption
at low temperatures (Fig. 3) may also be an important ex-
perimental parameter for high-T, superconductors, be-
cause it appears to scale accurately with the volume frac-
tion of superconducting material in the sample. Compar-
isons with measurements of the Meissner effect at low
temperatures, for example, indicate that the ratio of su-
perconducting volume fractions in the two best samples-
the tetragonal phase sample D (triangles) and the best
mixed orthorhombic and tetragonal phase sample C (filled
circles) —are in qualitative agreement. This ratio for the
two mixed phase samples, B and C, is -2 by the Meissner
eA'ect and —1.5 by the microwave absorption technique at
75 K.

In summary, we have shown that the valence state of
the copper in the orthorhombic Y~Ba2Cu307 q supercon-
ducting phase is probably diamagnetic (Cu'+ or Cu +)
and that Cu + exists only as an impurity or in a second
semiconducting phase in these ceramics. The utility of
microwave absorption measurements for probing metasta-
ble eff'ects in these materials has also been demonstrated.
The data are qualitatively explained by a description of
the superconducting behavior in these ceramics which in-
volves percolation between superconducting grains for
which the penetration depth is on the order of the charac-
teristic grain size.
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