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Electronic structure of clean and Ag-covered single-crystalline Bi2SrzCu06
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Photoemission studies of single-crystalline samples of Bi2Sr2Cu06 show clear resemblance to the
corresponding data for single crystals of Bi2Sr2CaCu208. In particular, a sharp Fermi-level cutoff,
giving evidence of metallic conductivity at room temperature, as well as single-component 0 1s
emission and Cu 2p satellites with a strength amounting to about 50% of that of the main Cu 2p
line, are observed. An analysis of the relative core-level photoemission intensities shows that the
preferential cleavage plane of single-crystalline Bi2Sr2Cu06 is between adjacent Bi-0 layers. Depo-
sition of Ag adatoms causes only weak reaction with the Bi and 0 ions of the Bi2Sr2Cu06 substrate,
while the Cu states rapidly react with the Ag adatoms, as monitored by a continuous reduction of
the Cu 2p satellite intensity as the Ag overlayer becomes thicker.

Among the Cu-0 based high-temperature supercon-
ductors, the BizSrz(CuOzCa)„Cu06 (n=0, 1,2. . . ) sys-
tems have received much attention. This interest is part-
ly due to the high transition temperatures achieved for
n = 1 and 2, for which transition temperatures around 90
and 110 K have been reported, and partly to the ease
with which large single crystals of primarily
Bi2Sr2CaCuz08 can be made. As a result, to date most of
the experimental investigations have been direct-
ed towards the Bi2SrzCaCu20, material, for which a
wealth of information is available in the literature. '

An interesting characteristic of the
BizSrz(CuOzCa)„Cu06 (n=0, 1,2, . . .) systems is the ap-
parent direct correlation between the number of layers
and the superconducting properties. Indeed, the transi-
tion temperature increases monotonically as the number
of (CuOzCa) layers increases from zero to one and two.
Therefore, of special interest is to explore the structural
and electronic properties of the BizSrz(CuOzCa)„Cu06
(n =0, 1,2, . . .) systems for dift'erent numbers of
(CuOzCa) layers.

In this paper, we have employed photoemission spec-
troscopy (PES) in both the ultraviolet (UPS) and the x-
ray (XPS) photon energy ranges to study the surface elec-
tronic structure of clean and Ag-covered single crystal-
line Bi2Sr2Cu06. Both the UPS and the XPS spectra
show strong similarities to the corresponding data for
single crystals of Bi2Sr2CaCu20, . In particular, an appre-
ciable density of states immediately below the Fermi en-
ergy, giving rise to a well-defined Fermi level cutoQ; is
clearly observed. In addition, as for the Bi2Sr2CaCu208

material, a single 0 1s peak is observed and a Cu 2p satel-
lite to main line intensity ratio of 0.5 is determined-from
the XPS data. An intensity analysis of the various core-
level spectra in comparison with the predictions of a
theoretical model shows that also single crystals of
Bi2Sr2Cu06 preferentially cleave between the Bi-0 layers.
Overlayers of Ag show only weak reaction with the Bi
and 0 states of the Bi2Sr2Cu06 substrate, while the Cu
states display an appreciable degree of reaction, as is evi-
dent from the monotonic loss of intensity of the Cu 2p sa-
tellites as the Ag overlayer becomes progressively thick-
er.

The photoemission experiments were carried out in a
Varian photoemission chamber, operating at a pressure
of less than 1X10 ' Torr. A He discharge lamp and a
Mg x-ray source provided photons with energies 40.8 and
1253.6 eV, respectively, while a cylindrical mirror
analyzer (CMA) was used to detect the energy distribu-
tion of the photoemitted electrons. Ag deposition was
performed using a carefully outgassed Ag bead. A
transfer arm directly attached to the photoemission
chamber allowed for easy replacement of samples without
breaking vacuum. The single crystals were transferred
into the photoemission chamber and then fractured
in situ. The preparation of these crystals is described
elsewhere. X-ray difFraction showed evidence of a single
phase, the composition of which was determined using
microprobe analysis to be Bi2,Srl 8Cu»06. Magnetic-
susceptibility measurements showed that the samples
were nonsuperconducting.

Figure 1 shows the valence-band spectrum of a single
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crystal of Bi2Sr2Cu06 (monolayer) [part (a)] using 40.8-eV
radiation, in comparison with the corresponding spec-
trum recorded from a single crystal of Bi2SrzCaCu208 (bi-
layer) [part (b)]. In both compounds a clear Fermi-level
cutoff, defining the energy reference level, is observed.
As compared to the strength of the main valence-band
peaks between —3 and —4 eV, the emission intensity im-
mediately below the Fermi level is shghtly larger in
BizSrzCaCuz08, in qualitative agreement with their re-
sults of a previous photoemission study of polycrystalline
samples of BizSrzCu06 and BizSrzCaCuzOg. Thus, at
room temperature both compounds show evidence of me-
tallic conductivity. At higher binding energies, some
significant differences in the photoemission spectra from
the two compounds are apparent. In the valence-band
region, between —7 and —2 eV, the line shape is slightly
different. In BizSrzCu06, the shoulder at ——5 eV is
more clearly discernible, while in BizSrzCaCuz08 the
emission between —2 eV and the Fermi level appears to
be somewhat larger. At energies between —13 and —8
eV, emission due to a Cud satellite and Bi6s states is
visible for both compounds. The peak between —17 and—19 eV, which originates from Sr4p and 02s initial
states, is obviously more intense in BizSrzCu06. Hence,
since the relative Sr content is larger in BizSrzCu06 than
in BizSrzCaCuz08, the increased strength of the feature
centered at —18 eV points towards Sr 4p as its main ori-
gin, although it is possible that 0 2s states also contribute
to the photoemission intensity in this binding energy
range.

In Fig. 2, we present core-level photoemission spectra
utilizing Mg Ka (1253.6 eV) radiation for selected core

ENERGY RELATIVE TO THE FERMII ENERGY (eV)

FIG. 1. Comparison of valence-band photoemission spectra
using 40.8-ev radiation for (a) Bi2Sr2Cu06 and (b)
Bi2Sr2CaCu208. Note the different line shapes of the features
around —4 and —18 eV. Both compounds show a clear Fermi-
level cutoff at room temperature.

TABLE I. Comparison of experimental relative core-level

photoemission intensities corrected for the transmission char-
acteristics of the analyzer, the nominal composition
(Bi2 &Sr& 8Cu»06), and the photoionization cross section
[I„„(expt)],with a theoretical model taking account of both the
lattice geometry and the mean free path of the photoelectrons
(I,h„,„) (Ref. 9). For comparison the 0 1s signal has been nor-
rnalized to 100.

Core level

Bi4f
Cu 2p
Sr 3d
G ls

I„, (expt)

63
9.0

S9
100

ltheory

63
8.1

62
100

levels of Bi2SrzCuO6. part (a) Bi4f, part (b) 0 ls, part (c)
Sr 3d, and part (d) Cu 2p3iz. The spectra in Fig. 2 are in
overall agreement with the corresponding spectra previ-
ously recorded from single-crystalline BizSrzCaCuz08.
The energy positions of the Bi4f7i2, 0 ls, Sr 3d~iz, and
Cu Zp3/z core levels are —158.5, —528. 8, —132.3, and
—933. 1 eV, respectively, in good agreement with the re-
sults from similar studies of single crystals of
BizSrzCaCuz08. Furthermore, the absence of
multiple-component 0 1s emission, similar to the
BizSrzCaCuz08 case, gives evidence of the surface cleanli-
ness . We also note prominent Cu2p satellite emission
[Fig. 2(d)], giving a satellite to main line intensity ratio of
approximately 0.5, consistent with results from single-
crystalline BizSrzCaCuz08. However, it is important to
note that since the relative Bi content is larger in
BizSrzCu06 than in BizSrzCaCuz08, the Bi 4s signal,
which appears in the same energy region as the satellite,
possibly overestimates the relative strength of the copper
satellite in BizSrzCu06 as compared to BizSrzCaCuzO8.

To extract more information from the core-level photo-
emission spectra presented in Fig. 2, an intensity analysis
was performed based on a model previously described.
This model, which is generally applicable to single-
crystalline materials, allows an indirect comparison be-
tween the relative photoemission intensities, corrected for
transmission characteristics of the analyzer, nominal
composition, and photoionization cross section, and es-
timated (theoretical) relative photoemission intensities
based on an assumed crystal model and with corrections
made for the mean free paths of the photoemitted elec-
trons. Using this approach, and assuming that the single
crystals of BizSrzCu06 are terminated by the Bi-0 layer,
as in the case of BizSrzCaCuz08, we can indirectly relate
the structural properties to the electronic structure, as
summarized in Table I. Note that all intensities are nor-
malized to the 01s signal that has been given the value
100. It is clear from Table I that all deviations between
experiment and theory are within +10%, thus supporting
the model used. The overall agreement between experi-
ment and theory firmly suggests that the preferential
plane of cleavage occurs between two adjacent Bi-0 lay-
ers, as in the case of BizSrzCaCuz08. ' ' Furthermore,
it is particularly encouraging to note that the intensity ra-
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TABLE II. Analysis of the intensity ratio (I, /I ) of the
C 2 satellite to the Cu 2p3/2 main line for dift'erent Ag cov-u p3/2 sa e
erages (e).

e (A)

0.0
1.1
2.5

0.5
0.4
0.3

I I I

-20 -15 -10 -5 0
ENERGY RELATIVE TO THE FERMI ENERGY (eV)

I I I I I I I I

-168 -&64 -160 -156 -152
ENERGY RELATIVE TO THE FERMI ENERGY {eV)

(c
0
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FIG. 3. The evolution of the valence band and selected core
levels of Bi2Sr2CuO6 as a function of Ag coverage. The various
figures show the valence-band [part (a)], an

' f [pd the Bi 4f [ art (b)],
O ls [part (c)], and Cu2@ [part (d)] core-level photoemission
spectra using . -e1253.6- V radiation for diff'erent Ag coverages
(8).

and the near valence-band states ( —7 eV to the Fermi
level) is vastly diminished.

In contrast, both the Bi4f and the O ls core levels are
more or less unaffected by the Ag overlayers, although
h B'4~~ re levels exhibit a small shift towards lower

binding energies by 0. 1 —0.2 eV for coverages beyon
A. This inertness of both the Bi and the 0 states, which
supposedly form the surface layer (see the discussion
above), suggests that the surface of the Bi2SrzCuO6 ma-
terial reacts only weakly with Ag adatoms.

The Cu 2p core level, however, shows evidence of reac-
tion as is obvious from the monotonically decreasing in-
tensity of the Cu 2@ satellite for progressively thicker Ag
overlayers. In fact, at a coverage of 5.3 A the Cu 2p sa-
tellite is hardly visible. In Table II we summarize the in-
tensity ratio of the Cu 2@3/2 satellite to the Cu 2p3/2 main
line as a function of the Ag coverage. Thus, we conclude
that the Cu valency —as reflected by the intensity ratio o

e u p3/2h C 2 satellite to the Cu2p3/2 main line —is ex-
tremely sensitive to the chemical environment. is
ending is in agreement with the results of similar studies
performed on polycrystalline and single-crystalline sam-
ples of the Bi2SrzCaCu208 material that showed a clear
reaction of the Cu 2p states without hardly any sign of re-

14, 15action in the 0 1s core-level data.
In short, the electronic structure of single-crystalline

Bi2Sr2Cu06 has been studied using ultraviolet and x-ray
photoemission spectroscopy. The valence-band spectrum
hows an overall agreement with the corresponding spec-

lthou htrum for single-crystalline Bi2Sr2CaCu208, althoug
differences in the line shapes and strengths of the
Sr' —02s semicore feature and the valence-band struc-
tures are observed. Both compounds exhibit a sharp
Fermi-level cutoff, giving evidence of metallic character
of Bi2SrzCu06 and Bi2Sr2CaCuz08 at room temperature.
Also the core-level photoemission data show general
agreement with the corresponding results for single-
crystalline BizSr2CaCu208; a single-component 01s core
level and a Cu 2p satellite to main line intensity ratio of
about 0.5 are observed. An analysis of the relative core-
level photoemission intensities shows good agreement
with a theoretical model assuming a Bi-0 terminate
crys a, at 1 lthough the Sr and Cu signals are found to devi-

'
ns —10%).ate somewhat from the theoretical predictions (-

Deposition of Ag onto the cleaved crystal shows that the
Bi and 0 ions, which form the surface layer, are only
weakly affected by the Ag adatoms, while the Cu2p
core-level spectra show evidence of reaction as the Cu
valency is strong reduced.
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