
Contents

Introduction vii

I Theory 1

1 The ferroelectric thickness limit 3
1.1 Piezoelectricity . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Ferroelectricity . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Electrical boundary conditions . . . . . . . . . . . . . . . . . . 16
1.4 Mechanical boundary conditions . . . . . . . . . . . . . . . . . 20

2 Quantum-mechanical tunneling 27
2.1 Tunneling effect . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.2 Elastic and inelastic electron tunneling . . . . . . . . . . . . . 30

3 Concept of a Ferroelectric Tunnel Junction 35
3.1 Piezoelectricity and tunneling . . . . . . . . . . . . . . . . . . 36
3.2 Ferroelectricity and tunneling . . . . . . . . . . . . . . . . . . 42

4 Heteroepitaxy of oxide perovskites 49
4.1 Material systems . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.2 Deposition techniques . . . . . . . . . . . . . . . . . . . . . . . 55

5 Characterization techniques 61
5.1 Structural characterization . . . . . . . . . . . . . . . . . . . . 61
5.2 Electrical characterization . . . . . . . . . . . . . . . . . . . . 68

II Experimental results 71

6 Structural properties 73
6.1 Pulsed-laser-deposited (Ba, Sr)TiO3 thin films . . . . . . . . . 73
6.2 Molecular beam epitaxy of SrRuO3 and BaTiO3 thin films . . 76



ii CONTENTS

6.3 High-pressure sputtered SrRuO3 and Pb(Zr, T i)O3 thin films 89

7 Ferroelectric properties 97
7.1 Influence of different patterning methods . . . . . . . . . . . . 98
7.2 Influence of boundary conditions . . . . . . . . . . . . . . . . 101
7.3 Thickness dependence of ferroelectric properties . . . . . . . . 107

8 Current transport through ultrathin films 119
8.1 Resistive switching effects in I-V curves . . . . . . . . . . . . 120
8.2 Current transport mechanisms . . . . . . . . . . . . . . . . . . 124
8.3 Similar switching effects reported by other groups . . . . . . . 131
8.4 Final remarks on resistive switching and current transport

mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

Summary 139

Literaturverzeichnis 145




