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XPS studies of the Bi-Sr-Ca-Cu-0 ceramics at temperatures near T,
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Ceramic samples of the oxide superconductor Bi~ „PbSr2Ca2Cu30~ with x =0, 0.2, and 0.3 have
been prepared and studied by x-ray-photoelectron spectroscopy. A comparison of the Cu 2p, Bi 4f, and
O 1s spectra of undoped and doped samples from ambient temperature down to 96 K near the critical
temperature suggests the formation of dimer oxygen species in the superconducting state. A mechanism
of charge transfer between Cu02 and BiO planes is proposed to explain this possibility, which is suggest-
ed to be related to the change of the conductivity of the ceramics.

I. INTRODUCTION

Bi-Sr-Ca-Cu-0 ceramics form an important class of
high-T, superconductor materials. It was found that
several phases can be obtained from these ceramics de-
pending on the preparation conditions. ' These phases are
the following: 2:2:0:2 (T, -22 K), 2:2:1:2 (T, —80 K),
and 2:2:2:3 (T, —110 K). It has also been observed that
mixtures of these phases are usually obtained and some
techniques have been elaborated, aiming to purify the
materials and select the highest proportion of the 2:2:2:3
phase. The most studied method consists of doping the
ceramic by lead adjunction. It was found that with con-
trolled lead concentration, the 2:2:2:3phase could be sta-
bilized. However, there is still some controversy on the
elaborating technique and even on the nature of the
doped ceramics.

We can make some generalizations about the copper
oxide superconductors:

(i) Superconduction occurs within two-dimensional
Cu02 planes and in compounds exhibiting mixed-valence
copper.

(ii) The Cu02 planes in perovskite-like structure are
not initially conducting. They need to be charged with
injected carriers.

(iii) Superconducting CuOz planes are separated by
charge-reservoir layers.

(iv) The charge transport occurs via electrons or holes
belonging to the Cu(3d) and O(2p) bands, and probably
originates in the Cu02 planes.

(v) The electronic band at the Fermi level is strongly
hybridized due to the similarity in energy between the Cu
3d and O 2p states.

(vi) The superconduction appears in all cases at the
doping level for which the antiferromagnetic insulator
loses its local moment to become metallic.

(vii) The bismuth sites are distorted (mismatched) not
only electrostatically but also for electronic reasons. In
fact, the Bi layer is the only one that could accept the
electrons from the CuO2 planes.

In a previous work on Bi-Sr-Ca-Cu-O ceramics, we

have shown that with optimum lead doping level
(0.2 —0.3), the 110K phase was greatly (-50%%uo) stabilized
with substitution of Bi by Pb atoms. X-ray-
photoelectron-spectroscopy (XPS) experiments per-
formed on samples with different doping levels show that
the PbIv oxidation state increases with that of Biv. A
broadening of the Cu 2p line was also observed. Howev-
er, the Cu oxidation state could not be clearly estab-
lished. We suggest that both CuII and CuIII states are
present in doped samples. Since these states have much
bearing on the mechanism of superconduction, we have
carried out a temperature-dependent XPS study of both
copper and oxygen species in Bi-Sr-Ca-Cu-0 ceramics
and propose an explanation of the charge-carrier process.

II. EXPERIMENT

The ceramics were synthesized with the nominal com-
position Biz Pb Sr&CazCu30~ with x varying from 0 to
0.3. The preparation method has been described in detail
in a previous paper.

A SQUID (superconducting quantum interference de-
vice) magnetometer with a maximum field of 55 kG was
used for magnetic measurements. The resistivity mea-
surement was performed by the standard four-probe ac
method on bars cut from the pellets. XPS experiments
were carried out on a ESCA LEYBOLD LH 12 (Univer-
site de Nantes-CNRS) using Mg Ka radiation at 1253.6
eV. Binding-energy data were referenced to the Au 4f7/2
line (84 eV) from a gold plate fixed on the sample holder.
The analyzed surface was about 1 mm with an effective
depth of about 100 A. The XPS samples were pressed
pellets with no epitaxy, which were scraped with a steel
blade to expose new surface. The data were analyzed
with a computer program which performs satellite and
background subtraction, smoothing, and deconvolution
to obtain the different components of the spectra.

III. RESULTS

Using both magnetic and resistivity measurements, we
find the superconducting transition at 80 K for undoped
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FIG. 1. Zero-field-cooled magnetization curves at 50 G for Bi

compounds: (a) for undoped and (b) for 0.3 Pb-doped samples.

samples and at 110 K for 0.3 Pb-doped samples (Fig. 1).
Furthermore, a comparison of M/M (after zero-field
cooling of the sample) with I /4' indicates that approxi-
mately 25% of the doped sample is superconducting
below 110 K and 70% of its is superconducting below 80
K.

The XPS spectra then were obtained for the 0.3 Pb-
doped sample. Figure 2 shows the 0 1s spectra at various
temperatures from (a) 296 K and (d) 96 K. We can see
that they present two peaks (denoted as 0, and 0„,re-
spectively) located at 532 and 529 eV at room tempera-
ture. While the O„peak is clearly established to be relat-
ed to the oxygen in the ceramic, the peak found at 532

eV is suggested to be due to carbonate contamination of
the surface and disappears after oxygen annealing. ' In
our experiments on freshly cut ceramic surfaces, the con-
tamination effects seem to be negligible and the surfaces
are found to be free of carbon (within experimental sensi-
tivity). Hence, the two observed peaks would correspond
to oxygen in the ceramic systems. When cooling the
samples at just below their critical temperatures [3(c) and
3(d)], we observe that, whereas the peaks 0, and 0» do
not change, a shoulder appears at the high-binding-
energy side of the spectra. By subtracting curve d from
curve a, we can see that a new peak, denoted as 0&„,is
situated at 534 eV near the sample critical temperature
and remains approximately constant for temperatures
lower than T, (110 K). This peak decreases and vanishes
when bringing the sample back to room temperature.

Figure 3 shows the Cu 2p spectra of these samples at
the same temperatures along with a Cu0 sample at 296
K. At room temperature, the Cu spectrum of the sample
[3(a)] has a full width at half maximum (FWHM) of 3.g
eV with a peak located at 933.6 eV. In a previous study,
considering the large value of the FWHM together with
the apparent shakeup satellites located at about 943 eV,
we have established that the Cu 2p line is composed
principally of Cu II and for a lesser extent, of Cu III oxida-
tion states. When the sample is cooled to 96 K, we note a
decrease of the FWHM of the spectrum resulting from a
decrease in its intensity at 934 eV [shown by 3(e) resulting
from the difference between 3(a) and 3(d)]. This binding
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FIG. 2. XPS spectra of O 1s for 0.3 Pb-doped samples: (a)
T=296 K, (b) T= 130 K, (c) T= 110 K, (d) T=96 K, (e) the
d —a difference spectrum.
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FIG. 3. XPS spectra of Cu 2p for CuO and 0.3 Pb-doped
samples: (a) T=296 K, (b) T=130 K, (c) T=110K, (d) T=96
K, (e) the d —a difference spectrum.
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also note that the Bi planes seem to be the most suitable
ones to collect these electrons since they are electrostati-
cally mismatched. The change in Bi spectra suggests
that Bi atoms would be enriched with electrons from the
Cu-0 planes. In fact, we observe a redistribution of the
BiIII and Biv states in the superconducting state with
the BiIII component increasing to the detriment of the
Bi v one; Bi ++2e —+Bi +. The reduction of Bi appears,
hence, as a further proof of the possibility of dimer oxy-
gen formation and the existence of charge transfer be-
tween superconducting Cu02 planes and reservoir BiO
ones in the superconducting state.

V. CONCLUSION

In summary, we have performed photoemission mea-
surements on the Bi-Sr-Ca-Cu-0 ceramics (undoped and
doped with lead) from 296 K to temperatures close to T, .
The changes observed in the oxygen spectra of the doped
samples suggest that there is formation of the dimer oxy-
gen species, taking into account the decrease of the Cu II
state and the reduction of Bi v to Bi III oxidation states.
The charge transfer between CuOz planes and reservoir
BiO ones is suggested to be in strong relation with the
modification of the surface conductivity of the ceramics.
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