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Disruption, segregation, and passivation for Pd and noble-metal overlayers on YBa2Cu3Q6 9
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We have investigated interfaces formed when Pd and the noble metals Cu, Ag, and Au are de-

posited onto polycrystalline samples of YBa2Cu306.& fractured in an ultrahigh vacuum. Synchro-
tron-radiation photoemission results show that Cu and Pd overlayers leach oxygen from the un-

derlying YBa2Cu30&.9 substrate, disrupt the superconductor, and destroy electronic states near the
Fermi level. Interface reactions become kinetically limited at room temperature after the deposi-

tion of -4 A of Cu or Pd, significantly sooner than for the reactive metals Fe, Al, Ti, and In.
The presence of Ba near the surface after the deposition of more than 100 A of Cu and Pd
reAects substrate disruption and subsequent surface segregation. In contrast, overlayers of Ag
and Au do not disrupt the superconductor substrate, no segregation is observed, but the overlayers

are nonuniform and the quality of passivation is in question for coverages (100 A.

INTRODUCTION

The discovery of materials that exhibit superconductivi-

ty at temperatures above 77 K (Refs. 1 and 2) has result-
ed in a frenzy of activity. Much of the scientific interest
has sought a better fundamental understanding of the
physical mechanisms responsible for the high critical tem-
perature T, and manipulation of the parameters so that
T, can be pushed even higher. Scientific and technical
efforts have also focused on developing devices based on
these materials or integrating them into existing technolo-
gies.

The electronic structures of these ceramic superconduc-
tors have been examined by many workers using photo-
electron spectroscopy 3 7 (PES), inverse photoelectron
spectroscopy 3 s (IPES), and band-structure calcula-
tions. 9' All agree that the valence bands are dominated

by hybrid Cu —0 bonds. The stabilitys" and interfacial
properties ' ' of Lai s5$ro15Cu04 and YBa2Cu306.9

have also been investigated with electron spectroscopies
and the techniques of surface science. Such investigations
have shown, for exam le, that Au passivates the
Lai ssSrp. t5Cu04 surface. In technological applications,
it has been observed that Ag and Au are effective metals
to use at contacts with YBa2Cu3069, but fundamental
studies of surface reactions have not been reported.

In this paper, we report the results of synchrotron radi-
ation photoemission investigations of microscopic interac-
tions that occur when adatoms of Pd, Cu, Ag, and Au are
deposited under ultrahigh vacuum conditions onto frac-
tured surfaces of YBa2Cu3069. We have exploited the tu-
nability of the synchrotron light source to emphasize
changes in spectral features for the Cu 3d satellites, the
Ba 5p shallow core levels, the states near the Fermi level,
and the overlayers. Interest in Cu overlayers reflects the
importance of Cu in current-carrying technologies and the
fact that it is one of the constituents in the 1:2:3and 2:1:4
ceramic superconductors. Great interest in Ag and Au re-

suits from their stability against oxidation. Palladium was
studied because of its near-noble metal character. Our
studies have shown that both Cu and Pd leach oxygen
from the substrate while Ag and Au form nonreactive,
nonuniform overlayers. For Cu and Pd, reactions at the
surface become diffusion limited as the developing metal
oxides act as barriers against oxygen loss.

EXPERIMENT

The photoemission experiments were conducted at the
Wisconsin Synchrotron Radiation Center using the 800-
MeV Aladdin ring. The facility 3-m toroidal grating
monochromator and beamline provided photons in the
range 10~ hv ~ 135 eV. The high-energy cutoff imposed
by the optics of the beamline provided a fortuitous rejec-
tion of second-order radiation in studies of the Cu
valence-band satellites with 70 & hv & 80 eV. Photoelec-
tron energy discrimination was done with a double-pass
cylindrical-mirror analyzer operating at a pass energy of
18 eV. The overall resolution in the energy distribution
curves (EDC's) ranged from 0.2 eV at hv 40 eV to 0.5
eV at hv 135 eV.

The YBa2Cu3069 samples were high-density, polycrys-
talline posts with superconducting transition temperatures
of -92 K. ' These -4X4X12 mm posts were fractured
in situ at pressures of 8X10 " Torr and all measure-
ments were performed at room temperature. Detailed
XPS core-level analysis of these samples showed that the
fractured surfaces were at least as good as those prepared
by scraping, as judged by the amount of Ba, C, and 0
emission representative of residual impurities. [A discus-
sion of these x-ray photoemission spectroscopy (XPS)
comparisons for a wide range of samples will be given by
Meyer et al. j Overlayers of the metals were deposited
via standard evaporation from resistively heated W boats.
The amount of material deposited was determined with a
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quartz thickness monitor. Stable evaporation rates were
established before the samples were exposed to the sources
for the appropriate lengths of time. The typical deposition
rate was —1 A/min and the;&ressure in the experimental
chamber was below 2x10 o Torr during evaporation.
Depositions, e, are reported in angstrom units based on
the density of the bulk metals. They represent the amount
of material deposited rather than the thickness of the
overlayer since the latter cannot be known, particularly
when reaction is observed. Data acquisition time for each
EDC was -5 min.

RESULTS AND DISCUSSION
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FIG. 1. Synchrotron radiation photoemission spectra for

Cu/YBa2Cu306. y using hv 50 eV. The spectra are normalized
to constant peak height for visual clarity. The loss of emission
near EF signiies surface disruption. Ultimately, a metallic Cu
overlayer starts to form at a Cu coverage of 4 A, as indicated by
the sharp Fermi level.

Cu/YBa2Cu30g. y—disruption and segregation

In Fig. 1, we summarize the valence-band emission for
the Cu/YBa2Cu30s 9 interface as measured with a photon

energy of 50 eV. The bottom curve for the freshly
prepared surface shows the valence bands to be dominated
by Cu 3d-0 2p hybrid bands that extend from the Fermi
level, Ep, to -8 eV below EF. The states at EF are de-
rived from the antibonding Cu 3p„2 ~a-0 2p, ,~ levels '
and are presumed to play a crucial role in superconduc-
tivity. Emission from them can be seen to be very low, a

fact supported by inverse photoemission (IPES) spectra
which show the top of the Cu —0 band to extend to —1.5
eV above EF. (The Y4d, Ba 5d, and Ba 4f states lie far-
ther above EF ). The remaining Cu —0 bands show a
dominant peak at 4.8 eV and a shoulder at 2.3 eV below
EF. It is likely that part of the strength of the 4.8 eV
structure is due to residual contamination present in all of
the samples studied to date, as suggested by Miller,
Fowler, Brundle, and Lee5 and Fujimori, Takayama-
Muromachi, Uchida, and Okai. s Indeed, in the very re-
cent investigations of single crystals, Stoffel et al. showed
a line shape with more weight on the leading edge at 2.3
eV and less at 4.8 eV. Finally, Fig. 1 shows a prominent
feature 9.1 eV below EF. Although it has been observed
in every low-energy photoemission study of these materi-
als, its origin remains the source of continuing discussion.
In general, very similar spectra have been observed in al-
most all of the photoemission studies of fractured or
scraped surfaces.

In Fig. 1, the EDC's offset upward show the effects of
Cu depositions from 0.25-50 k For visual clarity, they
have been normalized to constant height. The deposition
of even small amounts of Cu reduces the total emission
close to EF, and this suppression suggests the destruction
of superconductivity in the region probed by our measure-
ments. The reduced emission at EF is apparent for
ec„0.25, 0.5, 1, and 2 k Thereafter, a well-defined
Fermi-level cutoff reappears as the metallic Cu contribu-
tion near EF becomes apparent. The valence band devel-
ops further and shows the characteristic line shape of Cu
metal with a dominant maximum at 2.4 eV. By ec„16
A, its shape is indistinguishable from that of Cu metal, ex-
cept for a small feature at -9.8 eV. 's A similar scenario
of interface disruption, followed by eventual Cu film
growth, has been reported for Cu/La~ s5Sro l5Cu04 based
on XPS and IPES studies. '4 These studies showed that
the loss of emission at EF is accompanied by the conver-
sion of Cu from a nominal 2+ to a 1+ valence and
changes in the binding energy of the 0 Is core levels.

To investigate the changing Cu bonding configurations
during interface evolution, we examined the Cu final-state
satellite structures in the valence band. This is done best
through resonance enhancement of the Cu-derived
features using a photon energy of -76 eV. '7 In the right
half of Fig. 2 we show the energy region from 6 to 20 eV
below EF where the Cu d final-state satellite features are
clearly visible at 12.4 eV and, less clearly, at —10.0 eV.
(The latter is obscured by the larger feature at 9.1 eV.)
As can be seen, the detmsition of up to 1 A of Cu leads to
the rapid loss of the d" satellite feature and the growth of
a new feature at 15.4 eV. This corresponds to the conver-
sion of Cuz+ to Cu'+ throughout the probed region since
the feature at 15.4 eV is due to the Cu d final state of
Cu2Q. ' Moreover, it shows that the adatoms of Cu react
with Q to form the Cu'+ valence state. For depositions
greater than -2 A, we see another change in the satellite
features. The vertical lines in Fig. 2 draw attention to the
growth of structure at 14.2 and 11.5 eV. These reflect the
nucleation and growth of Cu metal with final-state
configuration d. ' Spectra taken with hv 73 eV verified
that these features were indeed Cu satellites since their
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FIG. 2. Resonant photoemission spectra for Cu/YBa2-
Cu306.9. The right panel shows the enhanced Cu ds (12.4 and
—10.0 eV), d9 (15.4 eV), and d'0 (14.2 and 11.5 eV) final-state
satellites. These three Cu configurations reflect the Cu valence
state in the superconductor, the thin Cu20 interlayer, and me-
tallic Cu. The left panel displays the enhanced Ba Sp features.
The 0.7-eV shift of the Ba Sp levels reflects the destruction of
the Ba phase which appears in the superconductor (lower
binding-energy shoulder).

Cu (probe depth is three times the mean free path). If we
assume that each Cu atom in the superconductor sub-
strate relinquishes an average of 0.5 0 atoms to form the
Cu20 overlayer, then a 2-A Cu deposit would scavenge 0
from —10 A. of the ceramic. We consider 10-15 A to be
a lower limit for substrate modification because Cu 2
XPS studies, with a greater probe depth of -50
showed complete Cu valence change for
Cu/La~. ssSro ~5Cu04. ' With additional depositions of Cu
onto this modified interfacial region, the Cu d9 satellite
emission was gradually attenuated and disappeared by
e 16 A. when only the Cu d'o satellite features can be
observed (Fig. 2). Since the Cu d satellite disappears,
we conclude that a rather uniform metallic overlayer
forms on the CuqO interlayer. Although we have no
direct electrical measurements for these interfaces, we
suspect that the result is a complex, high-resistance con-
tact between Cu and the buried superconductor.

To determine whether the Cu-derived layer eff'ectively
covered the surface, we investigated the Ba Sp emission as
a function of Cu deposition. In the left panel of Fig. 2, we
show the resonantly enhanced Ba Sp features for selected
depositions using Itv 105 eV. (It is a consequence of res-
onance photoemission that changing the photon energy
makes it possible to suppress or enhance the spectral
features of Ba relative to the Cu satellite even though they
appear at very nearly the same energy. ) The apparent Ba
Sp3/q maximum is at 13.7 eV while the Spt/q is at 15.4 eV
for the freshly cleaved surface (bottom left EDC). This
Ba Sp feature is composed of contributions from Ba in the
chemical environment representative of the superconduc-
tor and those from chemically shifted residual BaO,
Ba(OH)q, and BaCO3 located in the exposed grain boun-
daries of our polycrystalline sample. 4 5 Detailed analysis
of the multi le Ba phases presented by Meyer et al. 4 and
Miller et al showe. d that the contaminant Ba phases have
higher binding energies and that the lower binding-energy
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FIG. 3. Attenuation curves representing the normalized integrated emission from the Ba Sp features as a function of Cu, Pd, Ag,
and Au coverage in[1(e)/I(0)]. The dashed line indicates the behavior expected for layer-by-layer growth. Barium atoms segregate
to the surface for Pd and Cu overlayers, as reflected by the almost fiat attenuation curves for e) 30 A. For Ag and Au, deviations
reflect inhornogeneous growth.
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shoulder represents Ba in the ceramic superconductor.
Unfortunately, the Ba content of these contaminant
phases is larger than that of the superconductor and emis-
sion from exposed intergranular Ba overwhelms emission
from Ba exposed by transgranular fractures.

The deposition of 4 A of Cu produces a sharper Ba Sp
doublet that appears shifted 0.7 eV to higher binding en-
ergy with respect to the cleaved surface. Significantly, the
shoulder representative of the Ba bonding configuration in
the superconductor is lost. This loss provides additional
evidence for substrate destruction and shows the changing
chemical environment for Ba. It is also interesting to note
that, although the Cu20 interlayer was covered by
ec„16A., the Ba emission persists after ec„50 A.
This is consistent with inverse photoemission results where
Ba emission persisted past ec„500 k'9 These facts
hint that Ba segregates to the surface of the growing me-
tallic overlayer. Comparison of the final energy and split-
ting (Ba Sp ~~2 y2 doublet at 16.3 and 14.5 eV) with the re-
sults of Ref. 20 suggests that these Ba atoms are in an ox-
ide form.

To further characterize interface evolution, we present
in Fig. 3 the integrated Ba Sp emission normalized to the
clean surface emission In[1(e)/l(0)] as a function of
overlayer deposition for Cu, Pd, Ag, and Au. The total Ba
Sp intensities were obtained after subtraction of a linear
background and corrections for changes in photon flux.
For Cu overlayers, there is an initial rapid attenuation
that is consistent with a photoelectron mean free path of
-7 k At higher coverage, the rate of attenuation is
much slower, suggesting either poor covering up of the
surface or Ba segregation. Since the Cu d valence-band
satellite attenuated at a rate consistent with layer-by-
layer growth, we conclude the Ba segregates to the surface
region of the thickening Cu film. Moreover, the very small
decrease in the Ba emission at high coverage indicates
that it continues to float and the solubility of Ba in Cu is
very small. This is consistent with the presence of Ba at
ec, 500 A, as reported by inverse photoemission.

PdfYBa2Cu30q. 9—disruption and segregation

In Fig. 4, we show the evolving valence-band spectra for
the Pd/YBa2Cu30q. 9 interface taken at a photon energy of
hv 76 eV to emphasize the Cu ds satellite features.
Again, we see that the substrate emission near EF is re-
duced by metal adatom deposition, especially between
0.35 and 2 A; this is more obvious in spectra taken at
hv=50 eV spectra, as in Fig. 1 for Cu. We attribute this
reduction to the disruption of Cu —0 hybrid states as oxy-
gen is withdrawn from the near-surface region to form
Pd —Q. Emission from this Pd —0 reaction product has a
distinct valence-band feature at 3 eV (tic marks). When
epg =4 A, there is the reappearance of emission at EF and
we associate this with the nucleation of Pd metal. There-
after, there is a steady increase in the characteristic Pd-
derived peak centered at 0.6 eV and the valence-band
s ctra are indistinguishable from metallic Pd by ep4 50

It is also interesting to note that the authors of Ref.
21 found a reduction in the Pd-derived 0.6-eV peak when
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clean Pd was exposed to oxygen.
The results of Fig. 4 show the loss of all of the valence-

band features other than those of Pd, suggesting that a
rather uniform Pd overlayer has formed. This can be seen
most graphically from changes in the Cu ds satellite at
12.4 eV since it is well isolated from the dominant states
near the Fermi level. With Pd deposition, it declines rap-
idly in intensity, disappearing by ep4 8 A.. There is also
a total shift of 0.3 eV to higher binding energy, a shift
which was also found for Cu overlayers. This reflects sub-
tle changes in Cu ion final-state screening associated with
variations in environment and oxygen depletion. Unfor-
tunately, we know of no studies of the ds satellite as a
function of oxygen stoichiometry within the nominal
Cu + configuration, although the numerous XPS investi-
gations of different superconductor samples show 2p satel-
lites of varying intensities. When the Cu satellite js lost
by conversion of the Cu + configuration, we find a feature
appearing at —14 eV. This feature grows to a peak be-
tween cpu 2 and 4 A., and thereafter attenuates and
disappears by 26 A..

More detailed insight into the evolving Ba environments
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FlG. 4. Valence-band spectra (hv 76 eV) for Pd/YBa2-

eu3O6.9. The destruction of the states near EF reflects the

growth of PdO at the expense of the substrate. The loss of the

resonantly enhanced Cu ds satellite after cps 4 A suggests the
destruction of superconductivity in the near-surface region. For
cps ) 26 A, only metallic Pd valence-band features can be seen.
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the metallic Pd overlayer uniformly covers the interface
but that elemental Ba segregates to the surface. Such
segregation would then be analogous to that frequently
observed at metal/semiconductor interfaces involving
reactive metal overlayers.

The surface segregation of Ba for Pd overlayers is fur-
ther indicated by our attenuation curve in Fig. 3. The at-
tenuation of the total Ba 5p signal has a 1/e length of
-260 A for 8pd) 26 A., as shown in Fig. 3. This ex-
tremely slow attenuation would be characteristic of Ba
segregation on the surface. Although it might also reflect
clustering or a nonuniform Pd overlayer, the absence of
emission from other substrate components for 8pd 100 A
argues against such nonuniformities. Moreover, since the
Coo r minimum for Pd 4d electrons occurs at —120
eV, z our results at hv 105 eV would be very sensitive to
Cu 3d states at -2.5 eV. Since our valence-band spectra
near EF stabilize by 8pq 50 A to a shape very similar to
that found by Ref. 23 for Pd, and there is no obvious sign
of Cu 3d contribution, we conclude that the Pd overlayer
is quite uniform and the Ba signal at 8pd 100 A is due to
surface segregation.

Ag/YBa2Cu&Os. 9 aad Au/YBa2Cu&Os. 9—passivation
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FIG. 5. EDC's for Pd/YBaqCu3069 which emphasize the Ba
features. The initial sharpening and shift to higher binding en-

ergy reAects the destruction of the low-binding-energy shoulder
which is attributed to Ba in the superconductor. For cps & 4 )t,
the Ba features sharpen and shift to lower binding energy be-
cause of surface segregation of elemental Ba.
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Of all the interfaces studied to date with YBa~Cu3O69,
the only ones which do not exhibit reaction of the sort just
described are those based on Ag and Au. The results,
summarized in Fig. 6, show that the states at the Fermi

can be obtained from the resonantly enhanced Ba 5p and
Ss features shown in Fig. 5. As noted above, Ba is present
at the freshly prepared surface in several bonding
configurations. The multiphase Ba Sp and Ba 5s features
identified in Fig. 5 sharpen with Pd deposition and shift
0.7 eV to higher binding energy upon the deposition of
only 8pd 1 k At higher coverage, the Ba features re-
turn 0.4 eV to lower binding energy and become consider-
ably sharper, with no change observed after 8pd 26 k
In-depth analysis of the Ba Ss emission showed that Pd
deposition quickly diminishes the low-binding-energy
component and the peak position appears at 0.7 eV higher
binding energy. The full width at half maximum
(FWHM) decreases from 2.5 eV for the fresh surface to
2.0 eV at 8pd 4 k We interpret these changes as
reflecting the initial disruption of the superconductor,
which destroys the Cu satellite and changes the Ba envi-
ronment in the depleted superconductor. Ba is still
present in its nonsuperconductor environment, as well as
the contamination phase. Thereafter, the Ba Ss emission
shifts to lower energy by 0.4 eV and sharpens to 1.6 eV,
close to that found for metallic Ba. Concurrently, the Ba
Sp emission sharpens and stabilizes with a splitting of 2
eV. We speculate that after the initial surface disruption,
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FIG. 6. Valence-band spectra for Ag/YBa2Cu306, 9 (right
panel) and Au/YBa2Cu30s. 9 (left panel). The states at EF are
not destroyed by Ag or Au, suggesting that superconductivity is
not suppressed in our substrate. The results show the conver-
gence of the Ag and Au d bands by 8 A nominal coverage.
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FIG. 7. The top panel shows the resonantly enhanced Cu d

satellite and Ba 5p feature for Ag/YBa2Cu306. 9. The bottom
panel shows similar spectra for Au/YBa2Cu306. 9. These spectra
show attenuation eN'ects indicative of overlayer growth, with no
signs of surface disruption.

level are not destroyed by interaction with Ag and Au
adatoms. Instead, the Cu 3p, 2 —y2 0 2p, ,~ emission
remains almost constant as the overlayer simultaneously
attenuates the substrate and contributes its own sp-
derived states. By coverages of -8 A, the distinctive Ag
and Au line shapes near EF have developed. The relative
emission at EF for our metallic Ag or Au overlayers is
rather low since hv =50 eV is near the peak in the photo-
ionization cross section for the Au 5d and Ag 4d levels. 24

Likewise, the valence-band splitting of the Ag and Au d
bands, which increases as the layer thickness increases,
becomes stable at coverages of -8 k This is consistent
with what is found for Au deposited onto nonreactive
graphite substrate. z5 We conclude that there is little in-
termixing or surface reaction. This is supported by the
fact that the feature at 9.1 eV shows no chemical shift of
the sort observed for the reactive Cu and Pd overlayers.

Examination of the resonantly enhanced Cu d satellite
shown in the right panels of Fig. 7 indicates that the satel-
lite remains stationary and clearly visible for Ag and Au

depositions of 8 k Unfortunately, there is a broad Sp~~2
VV Auger feature for Au that appears with a kinetic ener-
gy of -54 eV. This grows with coverage and partially ob-
scures the Cu d satellite. Nonetheless, the results of Fig.
7 show strong evidence for its existence at eA„30 A..
Since the results for Ag are free of this complication, it is
possible to detect the satellite to eAs 80 4 In the left
panels of Fig. 7 we show the evolving Ba Sp region, again
using resonance photoemission to enhance the Ba contri-
bution. The invariance in binding energy suggests that
the chemical environments of Ba did not change. Howev-
er, Ba emission persisted to coverages of eA„-60 A and
eAs-80 A, suggesting that both Au and Ag cover the
substrate nonuniformly. Similar results have been report-
ed for the Au/La~ s5Sro ~5Cu04 interface where clusters
were shown to form at low coverages and eventually
coalesced at coverages in excess of 100k '

Line-shape analysis of the Ba 5p and Ss emission sug-
gests that the Ba phases are covered at different rates.
The low-binding-energy components characteristic of the
superconductor are attenuated more rapidly than the con-
tamination components. For Ag, the Ba 5s FWHM is re-
duced from 2.5-2.2 eV by the deposition of 80 A due to
the loss of emission from the superconductor component.
This suggests that overlayer growth is more effective on
the superconductor, but detailed discussions of surface
mobility are impossible without suitable single crystals.

The attenuation of the Ba 5p feature for Au and Ag
overlayers is shown in Fig. 3. The Au attenuation curve is
nearly identical to that found for the Au/Lai. s5$ro. &5Cu04
interface. '3 At high coverage, the 1/e lengths are -26 A
in our study, compared to -20 A for Au/La&. ss-
SrotqCu04. This suggests that there is little or no Ba
outdiffusion or segregation. We can speculate that at
higher coverages (eA„-100-150A) the similarities will
persist and that the clusters will coalesce to form a stable,
protective overlayer. For Ag, the 1/e attenuation length is
-50 A at high coverage. As for Au, we suggest that Ag
clusters on the surface.

CONCLUSIONS

We have shown that the deposition of Cu and Pd onto
YBa2Cu3069 is disruptive. The destruction of the hybrid
Cu —0 bonds and the changes in the core-level emission
indicate changes in chemical bonding and almost certainly
signifies the loss of superconductivity in the near-surface
region. However, metallic la ers of Cu and Pd appeared
at nominal coverages of -4 . This suggests that the in-
terface reactions are kinetically limited at room tempera-
ture. Comparison of these results to those for Fe, Al, Ti,
and In showed that the disruption caused by Cu and Pd
was much less than the others. Indeed, interface reactions
were not kinetically limited until coverages of -24 A for
Fe, —14 A for Al, -10 A for Ti, and -8 A for In on

YBa2Cu3Q69. '2 For depositions of -50 A of Cu and Pd,
the overlayers were found to be nearly uniform with a sub-
stantial amount of segregated Ba from our disrupted in-
terface region. The interfaces formed by Au and Ag on
YBa2Cu3069 are significantly different than those involv-

ing Pd and Cu since there is no evidence for reaction.
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This suggests that superconductivity in the near-surface
region would not be affected. However, for Au and Ag
coverages of -4 to —100 A, we observe the overlayers to
be nonuniform.

As we have emphasized in the text, the existence of in-

tergranular contaminants has complicated the interpreta-
tion of the data. Nevertheless, we are able to identify
spectroscopic features of the superconductor. By follow-

ing these features during the interface formation, we elim-
inated the influence of the contaminants and deduced pic-
tures of interface formation of the noble metals (Cu, Ag,
Au) and the near noble metal (Pd) with the high-T, su-

perconductor YBa2Cu30$ 9.
Note added in proof. Our more recent studies with

metal overlayers on single crystals of 1:2:3and 2:1:4su-

perconductors support these conclusions while giving more

precise information about the intrinsic properties of the
clean surfaces.
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