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o X M H Pb-substitution effect on the Bi-based cuprate superconductors

A cuprate superconductor consists of a blocking layer and a CuO; layer. In Bi-based cupratre
superconductors, Bi2201, Bi2212 and Bi2223 phases, transition temperature (7¢) increases with increasing the
number of CuO; planes. 7 of the cuprate superconductor also depends on carrier concentraition. In cupratres,
with increasing the carrier concentration, transition from semiconductor via superconductor to metal is
observed. Bi-based cupratre superconductors have an intrinsic modulation structure due to the lattice mismatch
btween the CuO; layer and the BiO layer. This modulation structure is relaxed by the substitution of Pb for Bi.

In Bi2201 and Bi2212 phases, the carrier concentration increases with increasing formal valence. This
tendency is coincide with Mott-Hubbard theory. However, only few papers are reported for Pb-substituted Bi-
based cuprate superconductors. The purpose of this study is to clarify the effect of Pb-substitution on the
electronic structure of the Bi-based cuprate superconductors.

It was found that for the Pb-substituted Bi2201 and Bi2223 phases, the holes are doped in the Pb ion
preferentially. At the same time, other holes migrate from Cu to Pb ions and localize there. Moreover, for the
Bi2212 phase, it was found that the holes are doped in the Cu ion preferentially, but above a certain value, the
holes are doped in the Pb ion.

For Pb-substituted Bi2201, Bi2212 and Bi2223 phases, we consider why the holes are doped in the different
ions preferentially. For the Pb-substituted Bi2201 and Bi2223 phase, the hole source lies the Bi(Pb)O layer.
On the other hand, for the Bi2212 phase, the hole source lies the CuO layer. Therefore, it is considered that
the ion in which a hole is preferentially doped is nearer to the hole source. The localization of holes at the Pb
ion is also suggested from relation between the modulation period and the ionic radius of Pb ion.

This doctoral thesis consists of the following six chapters and one appendix.

In Chapter 1, introduction is written. Bi-based cuprate superconductors Bi2201, Bi2212 and Bi2223
exhibits superconductivity at 7 K, 85 K and 107 K, respectively. The single phases of Bi2201 and Bi2212 can
be prepared without Pb substitution, but the single phase of Bi2223 is prepared by substituting Pb for Bi. The
modulation structure is relaxed by the substitution, leading to the change in transition temperature (7¢), critical
current () and critical magnetic field (/). Elucidation of this mechanism contributes to the application of Bi-
based cuprate superconductors. For Pb-free Bi2201 and Bi2212 phases, the relation between formal valence
and hole concentration follows the Mott-Hubbard theory. However, for Pb-substituted Bi-based
superconductors, the trend is not sure because only few papers are reported. The purpose of this study is to
clarify the effect of Pb-substitution on the electronic structure of Bi-based cuprate superconductors.

In Chapter 2, experiments are written. Control of the formal valence by elemental substitution and oxygen
content, preparation of the specimens, identification of the crystal structure, and measurement of the formal
valence and the hole concentration are explained.
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In Chapter 3, Pb substitution effect on the electronic structure of Bi2201 phase is studied. For the Ph-
substituted Bi2201 phase, it is found that the holes are doped in the Pb. Additionally, the holes migrate from
Cuto Ph and localize there. . |

In Chapter 4, Pb substifution effect on the electronic structure of Bi2212 phase is studied. For the Pb-
substituted Bi2212 phase, it is found that the holes are doped in the CuQ; plane preferentially, but above a
certain value, the holes are doped in the Pbjon.

In Chapter 5, Pb substitution effect on the electronic structure of Bi2223 phase is studied. For the Pb-
mbsﬁhﬁedBﬂZZSphase,;txstbundfaaithehnlesaredopedmﬂaePbm Additionally, the holes migrate
from the Cu to the Ph ion and localize there,

In Chapter 6, summary is written. Tt is considered that the holes are doped in different sites preferentially for
the Bi2201, Bi2212 and Bi2223 phases. For the Bi2201 and Bi2223 phases, the hole source lies the Bi(PbjO
layer. On the other hand, for the Bi2212 phase, the holes source lies the CuQz layer. The difference of the hole
source position explains the difference of position where a hole is doped preferentially. |

In Appendix, modulation structure of Bi2212 phase is written. The modulation structure of Bi2212 phase
is relaxed by Pb substitution and its period becomes constent, This result suggests the idea that the holes are
not only in the Cu(); layer but also in the Bi(Pb)O layer.
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