Contents

1  Guided Vortex Motion and Vortex Ratchets
in Nanostructured Superconductors ..............ccocviiiiiiiiiiininnnn., 1
Alejandro V. Silhanek, Joris Van de Vondel,
and Victor V. Moshchalkov

1.1 Introduction.......cooiueiiiiiit it 1
1.2 Equation of MOtiON ......oeiiiiiiiiiiiiiiiiiiiiiiii i 2
1.3 Guided Vortex MOtION .....couiiiiiiiiiiiiiiiiiiiiiiiieiiiiieenens 5
1.3.1  Transverse Electric Field and Guided Vortex Motion....... 5
1.3.2  Experimental Results and Theoretical Investigations....... 6
14 RatChetS....cooieiiiiii i 11
1.4.1 BasicIngredients ...........coviiiiiiiiiiiiiiiniiiiiineen. 13
1.4.2  Experimental Considerations ..........cccovvviiieerieannnens 13
1.4.3  Experimental Results and Theoretical Investigations....... 15
1.5 ConCluSiOn.....oiinei i e 20
References. ..o e e 21

2  High-T; Films: From Natural Defects to Nanostructure

Engineering of Vortex Matter ................cciiiiiiiiiiiiiiiiiiiiiienn... 25
Roger Wordenweber

2.1 Introduction.........oooiviiiiiniiiiiiiiiiiii e 25
2.2 Vortex Matter in High-T, Superconductors ...............ccevviuienn. 29
2.2.1  Vortex Motion in Ideal Superconductors..................... 29
2.2.2  Flux Pinning and Summation Theories...................... 30
223 Pinning Mechanismin HTS...............o. 35
2.3 Vortex Manipulationin HTSFilms..........cooiviiiiiiiiiiiiiin.. 35
2.3.1  Vortex Manipulation via Artificial Structures ............... 36

2.3.2  Theoretical Considerations of Vortex
Manipulation via Antidots ...t 39
2.3.3  Experimental Demonstration.............c.ccocoiiiiiiin... 45
24  Vortex Matter in Superconducting Devices ..............ccooieen, 56
24.1 Low-Frequency Noise in SQUIDs ...........ccocevveennnn... 58
2.42  Vortex Matter in Microwave Devices.................o.uee 66
2.5 ConCIUSIONS...couuiiniiiit ittt e e, 74
| S 1401 [+ S PPN 75
ix

|
Bibliografische Informationen digitalisiert durch E : |1_E
http://d-nb.info/1004409486 f\B I0THE!



http://d-nb.info/1004409486

Ion Irradiation of High-Temperature Superconductors

and Its Application for Nanopatterning..............................
Wolfgang Lang and Johannes D. Pedarnig
3.1 INtroduCtion........ccceviiiiiiiiiiiiiiiiiiiiiii e,
3.2  Defect Creation by lon Irradiation..............oooeiiin.
321 Methods...ovvniiiiiiiiiiiiiii e
322  JON SPECIES...eeiiiuiinaiiiiiii i
3.2.3 TonEnergy Dependence.......ccoovvvnnniinienannnann.
324 AngleDependence..........oovvvvnviiiiiiiiiinnninn.n,
325 Experimental Results.........coooeeviiniiiinninnnn..
3.3  Electrical Properties after Ion Irradiation .......................
33.1 Brief ReviewW ....ccccoiiiiiiiiiiiiiiiiiiiiiin i,
3.3.2  Experimental Techniques ...............coooiviinnni,
333 ReSiStVILY coovuriiiiiiiiiiiiiiiiiiii e
334 HallEffect .cooovveeiiiiiiiiiiiiiiiiiii
335 Long-term Stability..........ccovviiiiiiiiiiiii
3.4  Nano-patterning by Masked Ion Beam Irradiation .............
3.4.1 Previous Attempts to Nanopatterning of HTS ........
34.2 Computer Simulation ResultS.....................o....
3.4.3 Experimental Patterning Tests ...............ccoeneen.
3.5 Conclusions and Outlook ..........ccevvviiniiiiiiiiiinnn,
References.....covvuneiiii i

Frontiers Problems of the Josephson Effect: From
Macroscopic Quantum Phenomena Decay

to High-T¢ Superconductivity ...........ccooiiiiiiiiiiiiiiiiiiiiia.

Antonio Barone, Floriana Lombardi, and Francesco Tafuri

4.1  Introduction............oeeveimeiniiiiiiiiiiiii i
4.2 Grain Boundary Junctions: The Tool................coevniiini,

43  Retracing d-wave Order Parameter Symmetry

in Josephson Structures ........coooeviiiiiiiiiiiienienininneen.

44  Macroscopic Quantum Phenomena in Josephson
Systems: Fundamentals and Low Critical Temperature

Superconductor JUNCHONS .......oocevvvniiviniiiiiiiiiinae..

44.1 Resistively and Capacitively Shunted Junction

Model and the “Washboard” Potential.................

442 Macroscopic Quantum Tunnelling (MQT)

and Energy Level Quantization (ELQ) ................

4.4.3 Developments of Quantum Measurements
for Macroscopic Quantum Coherence Experiments
4.5 Macroscopic Quantum Effects in High-T¢ Josephson

Junctions and in Unconventional Conditions ...................

4.5.1 Macroscopic Quantum Phenomena

in High-T¢ Josephson Junctions .......................

Contents



Contents xi
4.5.2  Switching Current Statistics in Moderately
Damped Josephson Junctions ...........oovieeiiiiiiianne, 125
453 MQT Current Bias Modulation....................coeele. 126
4.6  Mesoscsopic Effects and Coherence in HTS
NANOSIIUCTULES .. . ..\ eteeeeteree v et e eee e et erneererneeaneaane 127
477 Conclusions........cooiiniiiiiiiiiiiii 129
References. ... oot 130
5 Intrinsic Josephson Tunneling in High-Temperature
R} 813 (111 L TR 1) o PN 137
A. Yurgens and D. Winkler
5.1 INtroduCtion..........coveiiineeiiiiiiiiiiiiiiiiiiiie i 137
5.2 Sample Fabrication............ccoooooiiiiiiiiiiiiiii i 140
521 Simple Mesa ...oooiiiiniiiiiiiiiiiiii i 140
5.22  Flip-Chip Zigzag Bridges .......c.ccoeevviiiiiiiiiiiii, 141
523 OtherMethods.....coiieiiiiiiiiiiiiiiiiiiiiiiiiii 142
5.3  Electrical Characterization...........cccocviiiiiiiiioiiiiiiininnn, 143
5.3.1 I-V Curves of Intrinsic Josephson Junctions in Bi2212 ....143
5.3.2  Critical Current Density of Individual CuO Plane .......... 144
5.3.3  Superconducting Critical Current
of Individual CuO Planes in Bi2212.................ol 144
5.3.4 Tunneling SPECtrOSCOPY ..euuvviiinniiiiinnieiiniiiiniiinnns 149
5.3.5 THzRadiation ........ccoiiiieiiiiiiiiiiiiiiiiiiiiinainns 152
5.3.6 Joule Heating in Mesas.......c.ooiveveiiinnnraeniinuennnnnn. 155
5.3.7 The C-Axis Positive and Negative Magneto-
Resistance in a Perpendicular Magnetic
Field ..o 157
54 SUMMAIY ...ttt ittt e e eriaaeeees 159
ReferenCes . . covitii i 159
6 Stacked Josephson Junctions..................cooiiiiiiiiiiiiiiiiiiiiicnn, 163
S. Madsen, N.F. Pedersen, and P.L. Christiansen
6.1  INtroduCtion.......c..coiiiiiiiiiiiiiiiiiiiiiiiii e 163
6.2  Model ..o 163
6.2.1 Numerical Method.............coiiiiiiiiiiiiiiii, 168
6.2.2  Analytic SOIUtIONS .....ooviiiii it 169
6.3 Bunching of FIuXons .......c..c.oooiiiiiiiiiiiiiiiiiiiiiiniii s 170
6.3.1  Bunching due to Coupling Between Equations ............. 170
6.3.2 Bunching due to Boundary Conditions...................... 175
6.3.3  External Microwave Signal ..............ccooiiiiin 178
6.3.4 External Cavity ......cccceiiiiiiiiiiiiiiiiiiiiiiiiias 179
6.4  Experimental Work.........ooooviiiiiiiiiiin 184
LITIIN F1 111 11721 o O 185



xii

Contents

Point-Contact Spectroscopy of Multigap Superconductors.............. 187
P. Samuely, P. Szabé, Z. Pribulov4, and J. Ka¢marcik
7.1  Point-Contact Andreev Reflexion Spectroscopy.........ccecevvunnnsn 188
7.2  Two Gaps in MgB, and Doped MgB; Systems ...........ccceneenns 189
T2 1 MEBo i s 189
7.2.2  Aluminum and Carbon-Doped MgB; ...l 195
7.3  Multiband Superconductivity in the 122-type Iron Pnictides ........ 203
T4 ConCluSIONS....coiiiirriiiiii ittt aaaes 208
ReferenCes . oottt e 208

Nanoscale Structures and Pseudogap in Under-doped

High-Tc Superconductors ...........ccooviiiuiieiriiiirineaieeeeennaanes 211
M. Saarela and F.V. Kusmartsev

8.1  TntrodUCHON....coviiiiiiiiiiiiirteiiiireiiiireiicannananareneees 211
8.2  Microscopic Origin of Two Types of Charge Carriers................ 214
8.3  Pseudogap and Two Types of Charge Carriers........................ 220
8.4  Nanostructures in STM Measurements............... e e 225
8.5  ConcluSiONS......ciiiniiiiii i e 228
References......oocvvvveinnnnneannn. s 228
Scanning Tunneling Spectroscopy of High 7, Cuprates.................. 231

Ivan Maggio-Aprile, Christophe Berthod, Nathan Jenkins,
Yanina Fasano, Alexandre Piriou, and @ystein Fischer

9.1  INtrodUCHON ... ..ttt er e eaaananaas 231
9.2  Basic Principles of the STM/STS Technique ..............ccvoueeee.. 232
9.2.1 Operating Principles...........cooovviiiiiiiiiiiiiiiiiiianas 232
922  Topography .......coiiiiiiiiiiiiiiiiiiiiiiie i 233
923  Local Tunneling Spectroscopy ..ovvevvrvrrereneiienneennnees 234
924  STS of Superconductors.........cocevviienirineiraannnanennns 235
9.3  Spectral Characteristics of HTS Cuprates............cccovvveriiinnn... 236
9.3.1  General Spectral Features of HTS Cuprates................. 236
9.3.2  Superconducting Gap and Pseudogap ....................... 238
9.4 Revealing Vortices and the Structure
of their Cores by STS . .ooeniiiiiiiiiiiii i ereeeneees 240
94.1  Vortex Matter in Conventional Superconductors............ 241
942 VortexMatterin HTS............ooiiiiiiiiiiiiiine. 242
94.3  Electronic Structure of the Cores ............ccevvveeinennns 243
9.5 Local Electronic Modulations seen by STM.............ccceinienenn. 246
9.5.1 Local Modulations of the Superconducting Gap............ 247
9.5.2 Local Modulationsof the DOS .............ccocvviiiinnn. 249
053  SUMMALY oottt erreeeanneeenn 251

2053 {5 19 1 0 - S PP 252



Contents xiii

10 Scanning Tunnelling Spectroscopy of Vortices

11

12

with Normal and Superconducting tips.................................... 257
J.G. Rodrigo, H. Suderow, and S. Vieira
10.1  Introduction...........cooiiiiiiiiiiiiiiiiiiii e ceea e 257
10.2 Experimental: Low Temperature STM
with Superconducting tips ....ccooveiiiiiiiiieieeiiei e 259
10.2.1 Low Temperature STM...........oocciiiiiiiiiiiiiniann.... 259
10.2.2 Tips Preparation and Characterization....................... 260
10.2.3  Spectroscopic Advantages of Superconducting tips ........ 262
10.3  Vortices Studied by STS «...oeeiiiiiiiiii e 265
10.3.1 The Vortex Lattice: General Properties
and Visualization ...t 265
10.3.2 NbSe, Studied with Normal
and Superconducting tips.........ccveiieerviinieriniannnannns 266
10.3.3 NbSez V8. NbSz c.vineiiiiiiii e 269
10.3.4 The Vortex Lattice in thin Films: A 2D Vortex Lattice ..... 271
10.4  Other Scenarios for the Interplay of Magnetism
and Superconductivity ........c.oceiiiiiiiiiiiiiii 273
10.5 Summary and ProSpects........cooteiiiiiiiiiiiniiiannieneennenae. 271
References.....oovvniiiiiiii e 278
Surface Superconductivity Controlled by Electric Field ................. 281
Pavel Lipavsky, Jan Koldcek, and Klaus Morawetz
11,1 Introduction........coiiinieiiii ittt eeaeeeaas 281
11.2 Limit of Large Thomas-Fermi Screening Length .................... 282
11.3 de Gennes Approach to the Boundary Condition..................... 284
11.4 Link to the Limit of Large Screening Length ......................... 287
11.5 Electric Field Effect on Surface Superconductivity .................. 289
11.5.1 Nucleation of Surface Superconductivity ................... 289
11.5.2 Solution in Dimensionless Notation ......................... 290
11.5.3 Surface Energy......coccoviiiiiiiiiiiiiiiiiiiiiiiiiiiiiinns 293
11.6  Magneto-CapacitanCe.......ovvreeerinnrernnreeeieeeeeanaceaneeasnnneens 294
11.6.1 Discontinuity in Magneto-capacitance ...................... 295
11.6.2 Estimates of Magnitude .............ooeiiiiiiiiiiiiiii... 295
T1.7  SUMMALY ...t et as 296
References. .. .oouuin i 297

Polarity-Dependent Vortex Pinning

and Spontaneous Vortex—Antivortex Structures

in Superconductor/Ferromagnet Hybrids .............................. 299
Simon J. Bending, Milorad V. MiloSevié¢,

and Victor V. Moshchalkov

12,1 Introduction........ccoeviiiiiiiiiiiiiiiiiiiii e 299
12.2 Theoretical Description of F-S Hybrids ..ol 300
12.2.1 Ginzburg-LandauTheory ..........ccoeiiiiiiiiiiiiiiiinanns 300

12.2.2 LondonTheory ......ccovviiiiiiiiiiiiiiiiiiiiiiiienens 304



13

14

Contents
12.3  Experimental Results.........oooooiiiiiii 307
12.3.1 Scanning Hall Probe Imaging.................oooviiinnet. 307
12.3.2 Low Moment Dot Arrays with Perpendicular
Magnetisation .........ovvvviiiiiiiiiiiiiiii e 308
12.3.3 High Moment Dot Arrays with Perpendicular
Magnetisation .........ooeiiiiiiiiiiiiiiiiii e 311
12.3.4 High Moment Arrays with In-Plane Magnetisation......... 315
12,4 ConclusionS......cooviueiiiiiiiiiiiiiii i 320
References.....oveeeiiiii i 321
Superconductor/Ferromagnet Hybrids: Bilayers
and Spin Switching ... 323
J. Aarts, C. Attanasio, C. Bell, C. Cirillo, M. Flokstra,
and J.M.v.d. Knaap
13.1 INtroduCtion........ccceiiiiiiiimiiiiiiii it eeeiiaeaees 323
13.2 Some History of the Field.............c..ocoiiiiiiiiin, 324
13.3 Sample Preparation and Ferromagnet Characteristics ................ 327
13.4 Interface TranSparency .........ccceieeiiiieiiiiieiiniiiinniriinennee. 329
13.5 Domain Walls in S/FBilayers ........cccoiiiiiiiiiiiiirirrrenieennnn. 333
13.5.1 Domain Walls in Nb/Cuyg3Nis7 ...oovveviviinniiiiiiiinnn..n. 334
13.5.2 Domain Wallsin Nb/Py ..o, 336
13.6  On the Superconducting Spin Switch ... 339
13.6.1 Spin Switch Effects with CulNi ...........cooviieiiiiien. 340
13.6.2 Spin Switch Effects with Py ...t 341
13.7 Concluding Remarks ........c.cooiriiiiiieiiiiiiniiiiiciiiaanennens 343
References. ...ooueiiiiiii e 345
Interplay Between Ferromagnetism and
Superconductivity ............ocoiiiiiiiiii e 349
Jacob Linder and Asle Sudbg
14.1  INtroduction.........ooevuiiniieeineiiiirtiiterreraeneeireaeaaeeaanaans 349
14.2  Artifical Synthesis: F|S Hybrid Structures ............cceveeeeinn... 351
14.2.1 BasicPhysics ......ccooviiiiiiiiiiiiiii i 351
14.2.2 Quasiclassical Theory ..........occoviiiiiiiiiiiiiiiiiininnnn, 355
1423 FISBilayers.....ccoiiveiriiriiiiiiiiiiiiiirieeieaeaneens 361
14.2.4  S|F|S Josephson JUnctions ............cceeeeeneeernennnananns 365
14.2.5 F|S|F Spin-valves.......ccoveiiiiriiiiiiieniiienneeannnenens 369
14.2.6  Future ProSpects .....veuvveerneirinneineienneanennennannensn. 373
14.3 Intrinsic Coexistence: Ferromagnetic Superconductors............... 374
14.3.1 Experimental Results .........ccocovvviviieiiiineninnnnannn... 374
14.3.2 Phenomenological FrameworK..............cc.ccvvevinnnnn 376
14.3.3 Probing the Pairing Symmetry .............ccoeevvivininennn, 383
14.3.4 Future ProSpects .......coeveeeneerinniinriiinsenneeneenennns. 384
ReEfErenCes. .. ..uiuiiiiiii i et 385



