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Atomic displacements effects on the electronic properties of Bi2Sr2Ca2Cu3O10
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The displacements effects of the oxygen atom associated to the Sr-plane (O3) in the electronic properties of Bi2Sr2Ca2Cu3O10 (Bi-2223),
have been investigated using density functional theory. We determined intervals of the O3 atomic positions for which the band structure
calculations show that the Bi-O bands, around the high symmetry pointM in the irreducible Brillouin zone, emerge towards higher energies
avoiding its contribution at Fermi level, as experimentally has been reported. This procedure does not introduce foreign doping elements
into the calculation. Our calculations present a good agreement with the angle-resolved photoemission spectroscopy (ARPES) and nuclear
magnetic resonance (NMR) experiments. The two options found differ in character (metallic or nonmetallic) of the Bi-O plane. There are
not any experiments, to the best of our knowledge, which determine this character for Bi-2223.
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1. Introduction

The Bi2Sr2Ca2Cu3O10 compound (Bi-2223) is a high-
temperature superconductor (HTSC) which shows a transi-
tion to the superconducting state at∼ 110K [1,2]. There are
very few theoretical studies for this compound in the litera-
ture in spite of the fact that it is one of the most suitable HTSC
materials for applications [3–5]. Also, experimental reports
show that the composite CdS/Bi-2223 and the Bi-2212/Bi-
2223 intergrowth single crystals display the reentrant super-
conducting behavior [6,7], which is not yet fully understood.

In a previous work [8] we calculated the electronic prop-
erties of Bi-2223 that show the Bi-O pockets problem, which
means the presence of Bi-O bands at the Fermi energy (EF )
around the high symmetry pointM in the irreducible Bril-
louin zone (IBZ). This problem appears in all the bismuth
cuprates, a result which does not correspond to the experi-
ment. This is an issue that has been present in the literature
since long ago [8–15]. H. Linet al. showed that this issue can
be solved by doping the bismuth cuprates with Pb [16, 17].
Also, V. Bellini et al., simulated a Bi-O plane terminated
(001) surface in Bi2Sr2Ca1Cu2O8 (Bi-2212) and obtained
that the Bi-O pockets become less distinguishable [18].

As it is known, atomic displacements in the crystalline
structure generate considerable changes in the electronic
properties. Hermanet al. reported band structures for Bi-
2212 that were calculated by displacing the Bi and O atoms,
and found significant shifts in the bands [19]. However, their
band structures differ greatly from those obtained by other
researchers [11].

Based on this idea, in this paper we study the effect of dif-
ferent atomic displacements in the electronic properties of Bi-

2223, and found that the displacements of the oxygen atoms
associated to the Sr plane induces important changes in the
band structure around theM point, displacing Bi-O bands to-
wards higher energies, and avoiding the presence of the Bi-O
pockets in the Fermi surface. This simple procedure produces
a good agreement between theory and experiment of the elec-
tronic properties of Bi-2223.

2. Method of Calculation

In this paper the calculations were done using the full-
potential linearized augmented plane wave method plus local
orbital (FLAPW+lo) [20] within the local density approxima-
tion (LDA), using the wien2k code [21]. The core states are
treated fully relativistically, while for the valence states the
scalar relativistic approximation is used. We used a plane-
wave cutoff atRmtKmax = 7.0 and for the wave function
expansion inside the atomic spheres, a maximum value for
the angular momentum oflmax = 12 with Gmax = 25. We
choose a17×17×17 k-space grid which contains 405 points
within the IBZ. The muffin-tin sphere radiiRmt (in atomic
units) are chosen to be 2.3 for Bi, 2.0 for Sr, 1.9 for both Ca
and Cu, and 1.5 for O (1.02 for the structure II see below).

3. Structures

In this work, we start from the Bi-2223 compound in a body
center tetragonal structure (bct) and space group I4/mmm
(D17

4h). The structure consists of three Cu-O planes, one Cu1-
O1 plane between two Cu2-O2 planes, with Ca atoms be-
tween them. Each Cu2-O2 plane is followed by a Sr-O3 and
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FIGURE 1. Schematic structures for the different atomic configurations a) structure Opt, b) structure I and c) structure II.

TABLE I. The O3 atomic positions and the interatomic distances
between Cu2 and O3 (dCu2-O3) and between Bi and O3 (dBi-O3) for
the different configurations. The intervals for the structures I and
II. The data for structure Opt were taken from Ref. 8. The experi-
mental data were taken from Ref. 23.

Structure O3 site Interatomic distance (Å)

z/c dCu2-O3 dBi-O3

Experiment 0.1454 1.7719 2.4281

Structure Opt 0.1519 2.4946 2.0287

Structure I 0.1335 1.8196 2.7037

Structure II 0.1592 2.7624 1.7609

Structure I Interval (z/c) (0.133-0.134)

Structure II Interval (z/c) (0.1583-0.16)

Bi-O4 planes respectively. In a previous work [8] we opti-
mized thec/a ratio and relaxed the internal parameters of the
structure taking as A starting point the experimental internal
parameters given in Ref 23. Henceforth, we will refer to
this optimized structure as structure Opt (see Fig. 1(a)). In
the band structure calculations for the structure Opt, the Bi-O
pockets appear [8].

R. Koubaet al. found that one has to start from the theo-
retical equilibrium volumei.e. to optimize the structure, be-
cause the use of the experimental lattice parameters represent
an inconsistency [22]. We have checked that starting from the
experimental lattice and internal parameters the Bi-O pockets
do not appear atEF at the cost of avoiding the optimization
procedure, which as we just mentioned leads to a non-optimal
description of the electronic properties.

Taking the optimized internal parameters of the structure
as the starting point, we performed small displacements of
the positions of the Bi, O4, O3 and Sr atoms in different con-
figurations and found that some of them generate changes
in the band structures that remove the Bi-O pockets. The
simplest way is just to displace the O3 atoms in two small
intervals around the optimized position (see Table I). These

intervals are defined in two structures which we labeled as
structure I and structure II. It is important to note that O3
atomic positions out of these intervals show the Bi-O pockets
back. We will discuss here the resulting electronic properties
in two cases when the O3 atoms are displaced by∼0.68Å to-
wards the Cu2-O2 planes (structure I) and when they are dis-
placed by∼0.27Å towards the Bi-O4 planes (structure II).
See Fig. 1(b) and Fig. 1(c).

In Table I we present the O3 atomic positions and the
interatomic distances between Cu2 and O3 (dCu2-O3), and be-
tween Bi and O3 (dBi-O3) for the different configurations, and
the intervals for the structures I and II. The atomic positions
of the other atoms in the crystal structure of Bi-2223 remain
without changes and can be found in the Ref. [8].

As it can be seen from Table I, the displacements of O3
in the structures I and II produce important changes in the in-
teratomic distancesdCu2-O3 anddBi-O3. In the structure I the
dCu2-O3 is very close to the the experimental value (the differ-
ence is∼ 0.05 Å), while in structure II thedBi-O3 is∼ 0.67 Å
less than the experimental value. As we will see later these
features will have consequences in the metallic or nonmetal-
lic character of the Bi-O planes.

4. Results and discussion

4.1. Band structure

In this section we will present the band structures of the
different crystalline configurations described in the previous
section. The band structure of the structure Opt is shown in
Fig. 2. (Notice thatM is the midpoint between theΓ and
Z along theΣ direction). A detailed analysis of this band
structure can be found in the Ref. 8.

In the band structure of the structure Opt we note the
presence of five bands crossing atEF around theM point
and in the Z-X direction. These bands are derived from
Cu1 d, Cu2 d, and Bi p states. In the Z-X direction (see
Fig. 2(b)) there are three bands labeled asα, β, and γ, de-

Rev. Mex. Fis.61 (2015) 88–95



90 J.A. CAMARGO-MART́INEZ AND D. ESPITIA AND R. BAQUERO

FIGURE 2. (Color online) The band structure of the
Bi2Sr2Ca2Cu3O10 compound of the structure Opt. The rectangles
in the figure (a) are amplified in Figures (b) and (c) respectively.
The blue, red and green lines represent the Bip, Cu2d, and Cu1
d respectively. The hybridized states from these bands are repre-
sented by their respective color mixture and the black line repre-
sents the other states.

rived from the Cu-O planes, crossing atEF (which is char-
acteristic of the HTSC cuprates). The relevant feature here is
the presence of Bi-O bands labeled asδ andε which drop be-
low EF (∼ 0.29 eV) around theM point, hybridizing with the
Cu-O bands. This behavior has never been observed experi-
mentally [12–15]. The band dispersion in theΓ-Z direction
(perpendicular to the basal plane) is minimal, which means
that the bands are strongly two dimensional.

The band structure of the structure I is shown in Fig. 3.
We observed that the general behavior of this band structure
is similar to the one calculated for the structure Opt, although
several important differences are present. It is observed in
the band structure that only three bands cross atEF in two
regions, in the Z-X direction and around theM point. In Ta-
ble II we present in detail the contribution atEF from the
different atomic states.

In the first region (see Fig. 3(b)) there are three bands.
Two of these bands are nearly degenerate (labeled asβ and
γ); these are composed of Cu2d, O2p, and O3p states. The
other band (labeled asα) is composed of Cu1d and, O1p
(see Table III).

In the second region, in the X-M direction (see Fig. 3(c))
there are three bands crossing theEF . Two of these bands are
nearly degenerate (labeled asα′ andβ′), these are composed

FIGURE 3. (Color online) The band structure of the
Bi2Sr2Ca2Cu3O10 compound of the structure I. The rectangles in
the figure (a) are zoomed in Figures (b) and (c) respectively. The
blue, red and green lines represent the Bip, Cu2d, and Cu1d re-
spectively. The hybridized states from these bands are represented
by their respective color mixture and the black line represents the
other states.

of Bi p, O4 p, O3 p, Cu2d, and O2p states (see Table II).
Here the metallic character of the Bi-O bands is evident. The
other band (labeled asγ′) is composed of Cu1d, O1 p, and
Bi p states.

The main difference between the structure I and the struc-
ture Opt, is present around theM point in the Γ-Z direc-
tion (see Fig. 3(a)), where it is observed that the bands de-
rived from hybrids Bi-O and Cu-O states raise aboveEF

∼ 90 meV, while the bands belowEF (with the same com-
position that the ones calculated in the structure Opt) reach
∼ −25 meV.

It is observed in the band structure of the structure I that
some Bi-O bands do not follow a rigid displacement to the en-
ergies aboveEF . BelowEF important changes are observed
in the dispersion of Cu-O bands with presence of Bi-O states
aroundM.

The band structure of the structure II is shown in Fig. 4.
Just as in the previous case the band structure of the structure
II is similar to the one calculated for the structure Opt. Again
it is observed in the band structure that three bands crossEF

in two regions, in the Z-X direction and around theM point.
In Table III we present in detail the contribution atEF from
the different atomic states.

TABLE II. Detailed contribution (structure I) from the different atomic states to the bands atEF .

Bi O4 O3 Cu1 O1 Cu2 O2

Direction Band px,y pz px,y px,y pz dx2−y2 px py dx2−y2 px py

α - - - - - 48% 16% 36% - - -

Z-X β - - - 11% - - - - 33% 20% 36%

γ - - - 11% - - - - 33% 20% 36%

α′ 7% 65% 8% 4% 4% - - - 5% - 7%

X-M β′ 18% 8% 21% 10% 10% - - - 15% - 18%

γ′ - 10% - - - 60% - 30% - - -
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TABLE III. Detailed contribution (structure II) from the different atomic states to the bands atEF .

Cu1 O1 Cu2 O2

Direction Band dx2−y2 px py dx2−y2 px py

α 15% 8% 11% 44% 8% 14%

Z-X β - - - 69% 11% 20%

γ 40% 10% 22% 19% - 9%

α′ 36% - 16% 82% - 18%

X-M β′ - - - 15% - 18%

γ′ 32% - 15% 42% - 12%

FIGURE 4. (Color online) The band structure of the
Bi2Sr2Ca2Cu3O10 compound of the structure II. The rectangles in
the figure (a) are amplified in Figures (b) and (c) respectively. The
blue, red and green lines represent the Bip, Cu2d, and Cu1d re-
spectively. The hybridized states from these bands are represented
by their respective color mixture and the black line represents the
other states.

In the first region (see Fig. 4(b)) there are three bands.
Two of these bands (labeled asα andγ), are composed of
Cu1d, O1p, Cu2d and, O2p states. The other band (labeled
asβ) is composed of Cu2d and O2p states (see Table III).
Note that theα andβ bands are nearly degenerate.

In the second region, in the X-M direction (see Fig. 4(c))
there are three bands crossing theEF . Two of these bands
(labeled asα′ andγ′) are composed of Cu1d, O1p, Cu2d,
and O2p states. The other band (labeled asβ′) is composed
of Cu2d and O2p states.

Again around theM point in the Γ-Z direction (see
Fig. 4(a)), it is observed that the bands derived from Bi-
O states do not crossEF and are displaced aboveEF

∼ 230 meV. Notice that in this case (structure II), the Bi-O
bands does not contribute toEF , therefore in this structure,
the Bi-O plane is nonmetallic. Now, belowEF the bands
derived from Cu-O states reach∼ −270 meV.

Comparing the band structures from structure II with the
ones obtained from structure Opt, it is observed a rigid dis-
placement of∼ 0.6 eV of the Bi-O bands toward higher en-
ergies. As a result of this, all states associated to the bismuth
atoms are now aboveEF . Also, the general behavior from
the Cu-O bands belowEF show no significant changes.

It is important to note that in the three band structures

Fig. 2, Fig. 3 and Fig. 4, the bands mainly derived from
the Cu-O planes, which cross theEF in the Z-X-M direc-
tions, show no important differences in its dispersion, al-
though some changes in its composition can be found (see
Table II and Table III). These three band structures present
strongly two dimensional characters.

4.2. Fermi surface

In Fig. 5 we show the Fermi Surface (FS) of the Bi-2223
compound in an extended zone scheme for the three analyzed
structures. A detailed study of the FS for structure Opt is pre-
sented in Ref. 8. In this surface the important feature is the
presence of the Bi-O pockets around theM point, which are
in disagreement with the experimental data [12–15].

It is observed from Fig. 5(b) and Fig. 5(c) that the topol-
ogy of the FS’s is strongly affected by the atomic displace-
ment of the O3. There are three not quite degenerate hole
surfaces around the X point, labeledα, β, andγ. These sur-
faces are derived from Cu-O planes, although the structure
I has a contribution of the O3 atoms (see Table II). In these
surfaces the most relevant feature is the complete absence of
the Bi-O pockets around theM point, in agreement with the
experimental results [12–15].

In Fig. 5(b) around theΓ point, spiky sheets appear in the
γ surface that are different from the one around the Z point,
causing a lower two dimensional character as compared to
structure II. Also in structure I, in the X-M direction there is
a presence of Bi-O states, contributing to the FS, which was
observed in the band structure, as can be seen in Table II.

Mori et al. [24] show that the number of bands crossing at
EF (in the nodal direction) is proportional to the number of
the Cu-O planes in the multilayer cuprates. LDA electronic
calculations present the same feature [8]. The band structures
from the structures I and II (see Fig. 3(b) and Fig. 4(b)) show
again these three bands crossing atEF . Two of them are
nearly degenerate. The three band splitting is not observed
in the experiment due to the degeneration of these bands and
the resolution limitations inherent to the experimental equip-
ment [8,13].

The FS of Bi-2223 measured by angle-resolved photoe-
mission spectroscopy (ARPES) is shown in Ref. 13. In that
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FIGURE 5. (Color online) The Fermi Surface (FS) atkz = 0 of Bi2Sr2Ca2Cu3O10 in an extended zone scheme. (a) shows the FS for
structure Opt. The Bi-O pockets are represented by violet and black lines (dashed lines). (b) and (c) show the FS for structure I and II
respectively. These two FS’s do not show Bi-O pockets.

FIGURE 6. (Color online) (a) The Fermi surface (FS) of Bi-2223 measured by ARPES [13] in the nodal direction. (b) and (c) Schematic FS
showing the band splitting in the structures I and II respectively.

work they found two surfaces on the nodal direction (see
Fig. 6(a)), that were assigned to the outer copper planes Cu2-
O2 (OP) and to the inner copper plane Cu1-O1 (IP) and sug-
gest the possibility that the OP’s are degenerate. Other ex-
perimental work with the same technique does not report this
band splitting [14,15].

In Fig. 6 the comparison between the experimental
FS [13] and the calculations done in this work for structures
I and II in the nodal direction are shown. A good agreement
with the experiment can be observed here.

In the FS of structure I (Fig. 6(b)) it is observed that the
β andγ surfaces are nearly degenerate and derived from the
Cu2-O2 planes (OP) with a contribution of the O3px,y states
(see Table II), while theα surface is derived from the Cu1-
O1 plane (IP). This result shows a good agreement with the
composition of the surfaces assigned by Ideta et. al. in the
experiment reported in Ref. 13.

In the FS of structure II (Fig. 6(c)) it is observed that the
α andγ surfaces are derived from the hybridization of the
Cu2-O2 and Cu1-O1 planes (OP+IP), while theβ surfaces
ARE derived from the Cu2-O2 planes (OP). In this case the

α andβ surfaces are nearly degenerate, which are mainly de-
rived from Cu2-O2 planes (82% OP), while theγ surface is
mainly derived from Cu1-O1 plane (72% IP). The composi-
tion that we got from our calculations slightly differs from
the ones assigned by Idetaet al.

Notice that structure I agrees with the experimental as-
signment of the OP’s as being degenerate(Fig. 6(b)). Struc-
ture II (Fig. 6(c)) indicates that it is the OP degenerate
surfaces, in disagreement with the assignment of Idetaet
al. [13].

On the other hand, nuclear magnetic resonance (NMR)
studies of the Bi-2223 compound show that the hole concen-
tration of the OP is larger than that of the IP [25,26], in agree-
ment with our calculations in both cases.

4.3. Density of states and total energy

The Fig. 7 shows both the total Density of States (DOS) and
the atom-projected density of states (pDOS) for the structures
Opt, I, and II. The analysis for the DOS of the structure Opt
is presented in the Ref. 8.
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FIGURE 7. Total and atom-projected density of states for Bi2Sr2Ca2Cu3O10 for the structure Opt (a), structure I (b) and, structure II (c).
Note the change of scale for each atom contribution.

TABLE IV. Atomic contributions to the density of states at theEF , N(EF ), total N(EF ) and total energy for structures Opt, I, and II. The
values are given in units of states/eV-atom, states/eV-cell and Ry respectively. The data for structure Opt were taken from Ref. 8.

Atomic state Total Total energy

Compound Cu2d Cu1d Bi p O1p O2p O3p O4p N(EF ) (Ry)

Structure Opt 0.47 0.44 0.10 0.12 0.12 0.06 0.04 3.55 -113112.127

Structure I 0.27 0.34 0.12 0.10 0.12 0.07 0.09 3.14 -113111.839

Structure II 0.37 0.38 - 0.07 0.06 - - 2.15 -113108.197

As we just saw the displacement of the O3 atomic posi-
tion in the crystalline structure generates significant changes
in the band structure and in the FS. As expected, these
changes are also visible in the DOS. Comparing the DOS of
the structure Opt with the structure II we found that the gen-
eral behavior is similar (as observed in the band structure and
the FS). On the contrary, important changes are observed in
the DOS in the structure I.

The most important feature in the DOS for the structure II
is the absence of any contribution of the Bip, O3p, and O4
p states atEF , a fact that leads to a lower density of states
at EF , N(EF ), which is 2.15 states/(eV-cell) as compared to
3.55 states/(eV-cell) in structure Opt and 3.14 states/(eV-cell)
in structure I. In Table IV we presented both the atomic and
the total contributions to the N(EF ) for structures Opt, I, and
II.

In the DOS of the structure I (see Fig. 7(b)) it is observed
that the Bi-O planes have a contribution atEF , and as a con-
sequence the Bi-O planes have a metallic character (see Ta-
ble IV). In the DOS of structure II a shift with respect to the
structure Opt of the DOSp from Bip and O4p states towards
higher energies from theEF is observed (see Fig. 7(c)). This

results in a nonmetallic character of the Bi-O planes (see Ta-
ble IV).

An explanation for the metallic or nonmetallic character
of the Bi-O planes can be understood as follows. The ionic
character of the Bi atoms in the crystalline structure tends
to attract electrons into the Bi-O planes competing with the
affinity for the electrons towards the Cu-O planes [16]. This
may involve the charge transfer between the Cu2-O2 and Bi-
O4 planes. This charge transfer is possible by the interaction
of the O3 atoms with the aforementioned planes. In the struc-
ture I, when O3 is closer to the Cu2-O2 planes it acts like
a bridge for the charge transfer to the Bi-O4 planes, giving
these planes the metallic character observed in one of our cal-
culations. This explains the possible reason why the structure
I has a larger contribution of Bi-O states atEF than the struc-
ture Opt (see Table IV). On the other hand in the structure
II, O3 is closer to the Bi-O4 planes (away from the Cu2-O2
plane) which nullify the charge transfer between these planes,
explaining the nonmetallic character of the Bi-O planes.

We found two configurations that remove the pockets
around theM point associated to the Bi-O planes. The rele-
vant difference between these configurations lies in the metal-

Rev. Mex. Fis.61 (2015) 88–95



94 J.A. CAMARGO-MART́INEZ AND D. ESPITIA AND R. BAQUERO

lic (structure I) or nonmetallic (structure II) character of the
aforementioned planes.

Experimental results using scanning tunneling mi-
croscopy (STM), show that the Bi-O planes are nonmetallic
in Bi-2212 [27–30]. To the best of our knowledge there are
not any experiments that define the metallic or nonmetallic
character of the Bi-O planes in Bi-2223, except for the re-
port presented by K. Asokanet al. using X-ray absorption
near edge structure (XANES), that shows a metallic char-
acter of the Bi-O planes for Bi-2223 and Bi-2212 [31], the
last one is in disagreement with the previous works just men-
tioned. However, the nature of the Bi-O planes character for
Bi-2223 needs to be tested with more experiments. The lack
of enough experimental data for Bi-2223 does not allow us to
choose which of the two studied configurations completely
agrees with the experiments. Knowing the Bi-O planes char-
acter would permit us to support (or not) the assignation done
by Idetaet al. in the FS compositions in the nodal direc-
tion [13]. If the metallic case (structure I) is supported by the
experimental results, it would confirm that the surfaces de-
rived from OP’s are closer to theΓ point which would agree
with Idetaet al., while if the nonmetallic case happens, our
calculations suggest that the surface that is closer to theΓ
point derives mainly from states associated to IP.

In Table IV is observed the total energy calculated in the
system with structures Opt, I y II. The systems with structures
I and II present total energies higher than the structure Opt,
i.e. those O3 atomic displacements do not lead the system
to a minimal energy state. Thus, the O3 positions proposed
which remove the Bi-O pockets does not represent a minimal
local of the total energy system. This point requires a more
detailed analysis.

Finally, we also calculated the total spin magnetic mo-
ment per cell for the structures Opt, I, and II and obtained
∼0.01µB , ∼0.02µB , and∼0.03µB respectively. This im-
plies that the compound does not exhibit a significant mag-
netic character at T=0 K.

5. Conclusions

In this paper we addressed the so called Bi-O pockets prob-
lem, namely, the appearance of states at the Fermi energy
that are attributed to the Bi-O plane in theoretical ab initio
calculations of the electronic band structure of Bi-cuprates,
and that are in contradiction with experiment. These pock-
ets disappear in two ways, either by using the experimental
parameters and avoiding any optimization procedure (as we

have checked) or by doping with 25% of Pb [16]. R. Kouba
et al. [22] points to the need of the optimization procedure to
get an electronic band structure that reproduces properly the
electronic properties of the system in consideration.

So, we have considered several ways in which the pres-
ence of Bi-O pockets in the Fermi surface can be avoided
without doping and keeping the optimization procedure pre-
vious to the ab initio calculation, in agreement with the ex-
periment. We perstructureed small displacements of the po-
sitions of the Bi, O4, O3 and Sr atoms in several config-
urations and found that some of them generate changes in
the band structures that remove the Bi-O pockets that appear
around the high-symmetry pointM. These pockets appear
in all the theoretical ab initio electronic calculations of bis-
muth cuprates. The simplest way to remove the Bi-O pockets
that we found is to displace the O3 atoms (the ones associ-
ated to the Sr-O planes) within two small intervals around
its optimized position. Positions out of these small intervals
lead to calculations that again show the Bi-O pockets. We
studied the effect of an atomic displacement of the O3 atoms
in two configurations which we called structure I and struc-
ture II in the electronic properties of Bi2Sr2Ca2Cu3O10 using
the LDA. In both cases the Bi-O pockets are removed. The
relevant difference between these two configurations lies in
the metallic (structure I) or nonmetallic (structure II) char-
acter of the Bi-O planes. This procedure is absent of any
doping. Our calculations for both structures present a good
agreement with the experimental results measured by angle-
resolved photoemission spectroscopy (ARPES) and nuclear
magnetic resonance (NMR). Since the experimental situation
of the character (metallic or nonmetallic) of the Bi-O planes
in Bi-2223 has not been totally clarified, we cannot decide
which of the two structures reproduces more exactly the ex-
perimental results. Both, we emphasize, the Bi-O pockets are
not observed in the Fermi surface.
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