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Evidence of ion diffusion at room temperature in microcrystals
of the Bi,Sr,CaCu,0g, s superconductor
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We have studied Bi-2212 microcrystals aged at ambient conditions for 40 days. Combined x-ray
absorption near edge structure and x-ray fluorescence measurements with micrometer space
resolution show both an increase of*Guith respect to Cti and an enrichment in Cu vs Bi and Sr
cation content near the sample edges in ltkexis direction. A parallel study on an electrically
contacted sample has indirectly detected the O loss, observing both a resistivity increase and an
increase in sample thickness near the edges. We conclude that the O outdiffusion albraxighe

is accompanied by Cu cation migration in the same directio20@ American Institute of Physics.
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Single crystals of the BBL,CaCuyOg,s (Bi-2212) high-  Cu cations is expected when they undergo the oxidation state
T. superconductor can be grown in samples whose lengtiariation. Due to its chemical selectivity, the x-ray absorp-
(=500 um) is much greater than both their width and their tion near edge structul&ANES) is the most suitable spec-
thickness(whiskers. These kinds of samples have recently troscopic technique able to investigate both the oxidation and
attracted remarkable interest from the point of view of boththe coordination state of a selected transition metal cation
basic and applied physics. In fact, they have proved to béside a matri¥~® As third generation synchrotron facilities
suitable systems for the study of the excess conductivitpprovide microfocus beamlines, the determination of the local
aboveT, (Ref. 1) and of the transport properties along the oxida_tion state of_ Cu inside aged B_i-221_2 s?ngle crystals is
axis? because of their high quality and small sizes. MoreoverP0ssible at the micrometer scale. With this aim we have per-
they are also good candidates for the fabrication of microformed u-XANES experiments at the ID22 beamline of the
scopic electronic devices based on the intrinsic JosephsdroRF synchrotrof? To verify whether the variation of the
junction stack structuréTherefore, the check of the whisker !0cal Cu oxidation state, induced by O diffusion, is accom-
homogeneity in terms of elemental and electronic structureB@nied by a cation migration or not, x-ray fluorescence
has become an important issue. As far as bulk sanipkes (XRF) has also been measured with the same spatial resolu-

with sizes greater than about 108200 10 um?) are con-  tion of 1 um (vertica) X 4 um (horizonta). .
cerned, it is well known that the material properties can be " Order to better appreciate the expected variation of the

tuned by annealing in proper atmospheres. This procedurg OXi‘lati%n statt)e finducr(]ad by Ohmigration, samples wered
usually involves temperatures above 400 °C in order to engrov(\j/n to t?yst € oaet_t € S_IYQC rOtrOT measurements da?)
sure homogeneous oxygen diffusion throughout the sampl ged at ambient conditions. The samples wereé prepared by

: T e the method of the oxygenation of melt quenched plates, re-
.On a few hours time scaf‘@o that the O-diffusion lengtfn) sulting in crystals with typical dimensions of 58020
is much greater than the sample s{Z¢. On the other hand, % 1 am alona thea. b. and ¢ axis. respectivelv. High-
it has already been shown that Bi-2212 whiskers can underg K g o ' P y. 19

S 4 ) . S uality single crystals were selected at the optical micro-
a significant increase in the in-plane resistivity when aged af

) Sytaost likelv b cope and either mounted on a glass capillary, for synchro-
room temperature on a two-year time S ost likely be- fron measurements, or electrically contacted by Ag thermal

cause of the oxygen loss induced by the favorable Compa”évaporation and diffusionThe single-phase character of the
son betweert and\. . _ . samples was checked by a standard four-probe measurement
Variations in the O nonstoichiometry of Bi-2212 whis- ¢ ihe electrical resistande vs the temperatur@. The typi-
kers must be accompanied by a change of the Cu oxidatiogy| g(T) behavior is reported in the ins&) of Fig. 1, which
state in order to guarantee the electrostatic neutrality of th@howsTC:79.1 K. At the end of this experiment the sample
crystal. If X is smaller or comparable with, then a gradient )5 kept at room temperature for 12 h, then R{&) mea-
; N ; "Yurement was repeated, resulting in the scattered triangles
state, is expected. As Cuand Cd" have very different renorted in insetb) of Fig. 1. To appreciate the small but
chemical behaviors, a significant local modification aro“ndsignificant shift of theR(T) curve AR/R=5x 107 only a
limited T interval has been reported, but the satie/R
¥Electronic mail: truccato@to.infn. it value holds over the whole measurédange. The observed
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