Contents

T INtroduction............cccoooiiiiiiiiiiic e 1
RETEIENCES ... vttt 4
2 Overview of Superconducting Materials with 7, Higher than 23 K ..... 7
2.1 INtrodUuCtiON .....cveuiiiiiiiiieiiiiecctet et 7
2.2 Materials with Phonon-Mediated Pairing ..........c.ccccecevcerinincncnenncnn. 8
2.3 High-T, Superconductivity in MgB, ......cccoovrmiiiiiiiiiiiiiiciie, 9
2.4 Other Electron-Phonon Superconductors with Fairly High 7............ 10
2.4.1 Doped Bismuthate BaHKxBiO3 ............................................. 10
2.4.2 Elemental Superconductors at High Pressures..........c.ccccc...... 12
2.43 Borocarbide YPd,B,C.....ococoooviiiiiiiiiiii 13
2.4.4 Electron Doped B-HINCI .......ccccoveniniiniiniiiiiiiicccnencee 14

2.4.5 Doped Fullerides (C;) and Polycyclic-
Aromatic-Hydrocarbons..........coccveeverieneieieieceinencnceenee 15
2.5 Materials with Unconventional Pairing ...........cccccceevevereninccncnennenn. 16
2.6 Possibility of Higher T in Electron-Phonon Superconductors............ 18
RETEIENCES ....eviiieiciccc ettt e 19
3 Copper Oxide Superconductors ................coceoieienieiiniencnieeieneeieeeens 23
3.1 INtrodUCHION ..ottt 23
3.2 Abrief history of high-T, cuprates ...........ccoooeeviiiiiiiiiien, 24
3.3 Uniqueness of the CUPTates..........cocererierenienieieieieieieeeceese e 26
3.3.1 Characteristics of the CuO, Plane..........c.cccoovriiiiiininnnnnn. 26
3.3.2  Necessary Ingredients for High T,..........cccooooiiiiiiiinnn. 28
3.4 Temperature-Doping Phase Diagram.......c..ccccceeverveieincinccneniencnenne. 30
3.4.1 Unconventional Superconductivity.........ccccceecvveeecenenencnnenne. 30
3.4.2 Phase Diagram and Pseudogap Regime.........cccccecevervrcnnenne. 31
3.4.3 Quantum Critical Points and “Strange” Metal..........c..c..c....... 37
3.5 Material Dependence of 7, and Factors that Influence T ................... 40
3.5.1 Doping Effect.....ocoieiiieieeeeeeee e 40
3.5.2 Disorder Effect......cccocvirinininineninicicicccececceee e 41

X



Contents

3.5.3 Multilayer Effect ......cooveiiiieiiiee e 43
3.54 Lattice Effect.....coooieiiiieiiieccee e 47
3.6 Possibility of Enhancing 7, ...........ccoooeiiiiiiiiiiiiiii, 48
3.6.1 Increasing T, by Reducing Disorder...........ccoooeeviiiiiiiiininnnnn. 48
3.6.2 Optimizing Multilayer Structure............ccccoveeeereeienieene 53
RETEIENCES ... vttt 55
Iron-Based Superconductors .................coccooieiiiiiiiiieniieeeee e 61
4.1 INtrodUCHION ...cviiiiiiiiieiicecc ettt 61
4.2 Material Dependence of T and Parameters that Influence T, ............. 62
4.2.1 Material Dependence of T ,.......c.cccovvvririiiiiiiiiiniiicie, 62
4.2.2  Parameters that Influence 7.........ccoooeeiiiiiiiiiiiiiniien, 64
4.3 Uniqueness of Iron Arsenides/Selenides...........ccevereeriieenciiencnnnn. 66
4.3.1 Unique Fe-As(Se) Combination............ccceceveeeereeneneeniennenns 66
4.3.2 Unique Electronic State..........cccoeveririeriiieneeie e 67
4.4 Phase Diagram and Competing Order...........ccceveereriereneeneeienennnn 69
4.4.1 Temperature-Doping Phase Diagram..........c.ccoccovvriininnnnncns 69
4.4.2 Nature of the Competing Order..........ccoeveeereerereeneiieeeeans 70
4.43 Unconventional Superconductivity..........ccceveereereereneeniennenns 74
4.5 Role of Doping and Electronic Correlations...........ccoceevveeeneeeeneenen. 75
4.5.1 ROle 0f DOPING....eoiuiiiiiiieiiiiieeeiiee et 76
4.5.2  Electronic Correlations............coerververuenieieiecrereeenenenenennene 79
4.6 Possibility of Enhancing T, .........cccocoooiiiiiiiiiiiiiiicn, 82
RETEIENCES ... vttt e 83
Summary and Perspectives ..............ccocooriiiiriiiieiiee e 87
5.1 What Have We Learned from the Known High-7, Materials?............ 87
5.2 What is a Candidate for Next High-T, Superconductors?................... 89

RETEIEICES ..ot 92



2 Springer
http://www.springer.com/978-4-431-55299-4

High Temperature Superconductivity

The Road to Higher Critical Temperature

Uchida, S.4.

2015, X, 92 p. 46 illus., 33 illus. in color., Hardcover
ISBN: 978-4-431-55299-4



	Contents



