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Changes in the visible and infrared cathodoluminescence (CL) spectra of YBa,Cu,0; ., are
detected during irradiation in the scanning electron microscope. Results indicate the
influence of oxygen content on the appearance of a CL band at 450-600 nm. In irradiated
samples an infrared band at 1600-1700 nm has been observed.

In recent years luminescence technigues have been
used sometimes to characterize bigh T, superconductors.
Such techniques enable the study of the defect structure as
well as the detection of different phases in the sample.
Fujiwara and Kobayashi! observed infrared photolumines-
cence emission in Er-Ba-Cu-O and Nd-Ba-Cu-O systems
which they tentatively assign to electronic transitions in Er
and Nd 10ons, as well as thermally stimulated lnminescence
(TSL) mm Gd-Ba-Cun-C systems in the range 400-600 nn.
TSL measurements in Gd-Ba-Cu-O systems have been also
reported by Cooke et al.’ and were related to defects or
transitions in the rare-carth ions. In addition, cathodolu-
minescence (CL) methods®> have been used to study
YBa,Cu,0, samples. In Ref. 5, CL in the scanning electron
microscope (SEM) has been used to distinguish semicon-
ducting from metallic phases in high 7', superconductors.

In the present work YBa,Cu,0, ceramics are investi-
gated by means of CL in the SEM. In particular the ob-
servation conditions and the evolution of the CL spectra
under the electron beam have been studied.

The samples used in this work were obtained as usual
and were polished by acting directly with the border of a
diamond-covered cuitoff wheel, which leads to a free-
contamination surface.®

The samples were observed in the emissive and CL
modes in a Hitachi 8-2500 scanning electron microscope at
accelerating voltages between 20 and 30 keV. A lens was
used to focus the light onto a photomultiplier attached tc a
window of the microscope, in order to obtain panchro-
matic CL images. A light guide feeding the light into an
Oriel 78215 computer-controiled monochromator was
used to record spectra. In cases of low signals, spectra
representing the average of a high number of measure-
ments were readily obtained. The spectra were corrected tc
include the system spectral response. Monochromatic im-
ages were obtained by using optical filters or by selecting a
wide slit in the monochromator. The photomultiplier used
covered the range 380-850 nm. Measurements were also
carried out in the infrared range 0.8-1.8 um by using a
North Coast EQ-817 germanium detector.

Figure 1 shows the CL spectrum of a
YBa,Cuy;0; . (x ~ 0.1) sample at the beginning of the
observation. The emission is very low and almost no con-
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trast is observed in the CL image. During the observation,
CL intensity gradually increases and the spectrum
changes. Figure 2 shows the spectrum of an irradiated re-
gion. The intensity values in Fig. 2 have been scaled but the
increase in CL intensity is apparent in Figs. 3 and 4. The
emission increase is due to the appearance of a compiex CL
band with several peaks in the range 400600 nm. Figure 3
shows 8 CL image with bright irradiated areas. Figure 3
also shows, in the emissive mode image, a damaged surface
in the irradiated region.

CL intensity increases more rapidly for higher beam
current or beam energy. A threshold current able to induce
CL changes has not been measured but with currents in or
above the range 10~ =10~ % A the evolution of CL can be
clearly observed. Figure 4(a) shows a typical curve of CL
intensity as a function of time when beam currents of
107 7-107 % A are used. A sharp emission increase after
several minutes is observed. When the beam current is high
the CL intensity quickly saturates, as illustrated in Fig.
4(b). Measurements of the CL intensity as a function of
time for several wavelengths show that the increase of the
integrated CL intensity is due to the emission increase in
the spectral range 400-600 nm while the intensity in the
red region (600-700C nm) remains constant. This fact is
also concluded from the corresponding CI. monochro-
matic images.

Unirradiated samples show a very low infrared emis-
sion with several broad peaks in the range 800-1300 nm.
After irradiation an intense composite band with peaks in
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FIG. 1. CL spectrum from an unirrsdiated area.
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FIG. 2. CL spectrum from (a) a slightly irradiated area and (b) a se-
verely irradiated area. Both spectra are not at the same scale. Intensities
of peaks in (b} are higher than in (a).

the 1600-1700 nm region appears. Figure 5 shows the in-
frared spectrum from an irradiated area.

As stated above, CL emission of YBa,Cu;0; samples
in the blue-green region has been previously reported. An-
dreev er al.® observe CL bands at 400 and 640 nm which
increase under electron bombardment. They assume that
dielectric yitrium oxide crystals are involved in the emis-
sion. Luff et al.* found bands at 450 or 500-550 nm, de-
pending on the samples used and observed some changes
produced by electron irradiation. In Ref. § it was found
that the total CL emission from oxygen-depleted
YBe,Cu; 3y (x > .5} is consistently higher than that
emitted by oxygen-annealed YBa,Cu; 3, _  (x ~ ). The
role of oxygen in the luminescence emission of high 7,
superconductors has also been pointed out in Ref. 2. In
particular the authors in Ref. 2 suggest by analogy to sim-
pler oxide systems the possibility that luminescence peaks
in 450 and 660 nm are related to F and F* centers.

On the other hand, the change in oxygen content in
YBa,Cu;07 _ , is known to produce metal to semiconduct-
ing transitions, the metallic phase corresponding to small x
valnes. Cannelli et al.” attribute the metal to
semiconductor-like transitions they observed under vac-
uum annealing to the removal of oxygen atoms from the
Cu-0O basal planes which are thought to supply the carriers
for the electrical conduction.

Taking into account the results described in Refs. §
and 7 it is suggested that in the present observations,
changes in the oxygen content could potentially be
involved. Since oxygen-depleted regions show a higher CL
emission® the increase of CL during electron irradiation
may be due to a loss of oxvgen atoms. In that case the
emission in the region 450-600 nm would be associated
with the presence of oxygen vacancy defects. The sugges-
tion of Ref. 2 that pre-existing vacancies are transformed
into F or F* centers during electron irradiation appears
then less likely. In particular the curve of Fig. 4, with a
sharp discontinuity, does not indicate a continuous trans-
formation of vacancies into F-type centers. The disconti-
nuity would rather suggest a local phase transition taking
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FIG. 3. SEM images from an irradiated area: {2} emissive mode; (b) CL
mode.

place as a consequence of changes in oxygen content, sim-
ilar to that reported in Ref. 7. On the other hand, the
strong surface damage observed in the irradiated samples
could imply some oxygen loss. The suggested influence of
oxygen content on the appearance of the 450-600 nm CL
band does not exclude the possibility that rare-earth ions
are also involved in the emission.

While previous results indicate the relation between
visible luminescence and oxygen content, no similar resuits
relative to the infrared emission are available. Although
changes in stoichiometry could be related to the appear-
ance of the 1600 nm band, other possible origins of this
band cannot be ruled out. As mentioned above, infrared
photoluminescence bands have been observed! in other
kigh T, superconductors and assigned to electronic transi-
tions in ions. On the other hand, Cannelli ef al.” have found
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FIG. 4. Evolution of CL intensity with irradiation time (a) lower beam
current (10 —107% A) and (b) higher beam current (above 10 -TA).

that the temperature dependence of resistivity of
YBa,{Cuy0; _  after the metal to semiconductor fransition
follows the exponential law of classical semiconductors
with an energy gap of 0.77 eV. It is interesting to point out
that this energy corresponds closely to the energy of the
infrared band at about 1600-1700 nm (0.73-0.77 eV} ob-
served in the present work.

The present results indicate that a broad CL band is
refated to oxygen-depleted zones of YBa,Cu3O; .. This
impties that CL can be used, not only to identify impurities
in this material, but also to detect different phases related
to the oxygen content. The electron beam of the SEM can
produce drastic changes in YBa,Cu;05 as revealed by vis-
ible and infrared luminescence. This means that, in princi-
ple, controlled local transitions can be induced and on the
other hand, that care has to be taken when the SEM is used
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FIG. 5. Infrared CL spectrum from an irradiated area.

to study some properties or structural features of high 7,
superconductors.
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