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Chapter 1. Introduction

Chapter 1. Introduction

1.1. Overview
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Abstract

Studies on Doping and Annealing Condition
Dependent Electronic Structure of

e—doped High— T¢ Cuprate Superconductors

Woobeen Jung
Department of Physics and Astronomy

The Graduate School

Seoul National University

Since the discovery of the superconductivity in mercury in 1911,
variety of superconducting materials have been found. The
superconductivity in those superconductors are well—explained by
the BCS theory reported in 1957. However, Bednorz and Muller
have discovered that doped copper oxide compounds have 7T¢s that
exceed 30 K, and they are now called high temperature
superconductors (HTSC). The superconductivity in those newly

discovered superconductors cannot be explained by the
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conventional BCS theory based on the formation of phonon mediated
Cooper—pairs. Undoped cuprates or mother compounds are not
superconductors but antiferromagnetic (AF) insulators and they
become superconductors when electrons or holes are doped
(consequently AF weakens).

Although the only difference between the two compounds is the
sign of the charge carriers, electron—doped cuprates possess lower
Tes, narrower superconducting and wider AF regions in the phase
diagram compared to hole doped compounds. As electron doped
cuprates have generally have lower 7s, they have attracted less
attention compared to h—doped cuprates. However, much progress
has been made in the last several years in material quality of e—
doped cuprates in regards to single crystal growth and annealing
technique. Due to such development, it became possible to measure
physical properties much more precisely. When it comes to the
electronic structure, such development also made it possible to
analyze the electronic structure properties such as pseudogap and
exact Fermi surface topology change.

It has been recently found that the so—called protect—annealing
results in much better superconducting properties in terms of the
superconducting transition temperature and volume fraction. We
report on Angle Resolved Photoemission Spectroscopy studies of a
protect—annealed e—doped cuprate PrgglaCep;CuO4 such as
annealing condition dependent superconducting and pseudogap

properties. Remarkably, we found that the one showing a better
79 .
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superconducting property possesses almost no pseudogap while
others have strong pseudogap features due to an AF order.

In the doping dependent electronic structural study, it is observed
that energy gap at the nodal point vanishes with doping. When we
increase the doping, the band gradually shifts toward the Fermi
level and forms a hole pocket near the optimal doping, resulting in
Fermi surface topology transformation. Whereas, raising
temperature only contributes to in—gap spectral weight filling with
the vertex of the band fixed at a constant energy. The topological
change in Fermi surface by electron doping may be considered a
Lifshitz transition, indicating the presence of first Lifshitz critical

point (LCP) near optimal doing.

Keyword : Superconductivity, High— 7. Superconductor, e—doped
Cuprate, Protect—Annealing, Electronic Structure, Pseudogap,
Lifshitz Transition

Student Number : 2015—22597
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