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The Josephson effect
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Material Science driving Superconductivity
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Material Science approaches & Josephson junctions

The notion of an artificial barrier
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Material Science approaches & Josephson junctions
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Junctions vs time
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Fate of the scaling of the junctions

Size of weak
superconductor coupling region




The perception that is important what ... is hot on the
first page of a textbook on the JE

»t-junctions (d-wave, ferromag. barriers,...)
»particle-phase duality (relation between Coulomb and Josephson
energies)
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»higher order harmonics in the

current-phase relation (barrier
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» Coupling with the environment
» Current distribution

> Barrier stability

> Topology of the contact

Codes and languages of
the Josephson effect




The Josephson effect: the general I (¢) relation
1.(9) = ), (I, sin(n@) + J, (cos(n@))
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Phase-sensitive tests of the symmetry of the pairing state
in the high-temperature superconductors—Evidence for d,:. . symmetry

D. J. Van Harlingen

Department of Physics and Materials Research Laboratory, University of lllinois at Urbana-Champaign,
Urbana, lllinois 61801

Reviews of Modern Physics, Vol. 67, No. 2, April 1995
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Temperature
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Thermally Activated Spontaneous Fluxoid Formation in Superconducting Thin Film Rings
Intrinsic and extrinsic d-wave effects in YBa,Cu;0,_ 5 grain boundary Josephson junctions: J.R. Kirtley and C.C. Tsuei
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Spin-mixer

Triplet vs Singlet

* Anti-Parallel spin pairing * Parallel spin pairing
* Evenin momentum
* Odd in frequency
* Net spin!

Odd triplet superconductivity and related phenomena
in superconductor-ferromagnet structures
F. S. Bergeret, A. F. Volkov &K. B. Efetov RMP 77, 1321 (2005)




Emerging field of hybrid JJs

Hybrid Josepshon junctions using barriers with complementary functionalities

(semiconductors, ferromagnets, topological insulators, graphene... also as
) may provide multitasking capabilities.

nature LETTERS
nanotech IlOlOgy PUBLISHED ONLINE: 11 MAY 2015 | DOE 10.1038/NNANO.2015.86

Edge-mode superconductivity in a
two-dimensional topological insulator

Vlad S. Pribiag'¥, Arjan J. A. Beukman®, Fanming Qu¥, Maja C. Cassidy', Christophe Charpentier?,
Werner Wegscheider? and Leo P. Kouwenhoven™




Emerging field of hybrid JJs

Hybrid Josepshon junctions using barriers with complementary functionalities
(semiconductors, ferromagnets, topological insulators, graphene... also as

) may provide multitasking capabilities.
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Induced superconductivity in the quantum spin
Hall edge

Sean Hart'", Hechen Ren', Timo Wagner', Philipp Leubner?, Mathias Miihlbauer?, Christoph Briine?,
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| — a
YHYSICS Dot 103028/NPHYS3026 - H =
‘ a 00
. .II B8 ; 1‘.’:'3
3 2 :

Magretic Ikldn‘)

Magratic field (mT)




Emerging field of hybrid JJs

Hybrid Josepshon junctions using barriers with complementary functionalities
(semiconductors, ferromagnets, topological insulators, graphene... also as
) may provide multitasking capabilities.

Bipolar supercurrent in graphene

Hubert B. Heersche'*, Pablo Jarillo-Herrero'*, Jeroen B. Oostinga’, Lieven M. K. Vandersypen'
& Alberto F. Morpurgo'

Vol 4461 March 2007/ doi:10.1038/ nature05555




A comparative analysis
flakes-based TT and graphene and LAO/STO

PHYSICAL REVIEW B 89, 134512 (2014)

Influence of topological edge states on the properties of Al/Bi;Ses/Al hybrid Josephson devices

L. Galletti,"** S. Charpentier,” M. lavarone,* P. Lucignano,"* D. Massarotti," R. Arpaia,>' Y. Suzuki,® K. Kadowaki,*
T. Bauch.® A. Tagliacozzo,' F. Tafuri.>® and F. Lombardi®
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A comparative analysis

flakes-based TI and graphene and LAO/STO

PHYSICAL REVIEW B 94, 054525 (2016)

Incipient Berezinskii-Kosterlitz-Thouless transition in two-dimensional
coplanar Josephson junctions

D. Massarotti,'>* B. Jouault,® V. Rouco,* S. Charpentier,” T. Bauch,” A. Michon,® A. De Candia,>* P. Lucignano,>*
FE. Lombardi,” F. Tafuri,"? and A. Tagliacozzo>*’
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A comparative analysis
flakes-based TT and graphene and LAO/STO

RAPID COMMUNICATIONS

PHYSICAL REVIEW B 95, 140502(R) (2017)

Signatures of unconventional superconductivity in the LaAlO3/SrTiO; two-dimensional system

D. Stornaiuolo,"2* D. Massarotti,"2 R. Di Capua,'-? P. Lucignano,’ G. P. Pepe,'-2 M. Salluzzo,? and F. Tafuri’
! Dipartimento di Fisica “E. Pancini”, Universita di Napoli Federico II, Monte S. Angelo-Via Cintia, I-80126 Napoli, Italy
XCNR-SPIN UOS Napoli, Monte S. Angelo-Via Cintia, 1-80126, Napoli, Italy
3Dipartimento di Ingegneria Industriale e dell’Informazione, Seconda Universita di Napoli, I-81031 Aversa (CE), Italy
(Received 19 January 2017; published 7 April 2017)

We study the superconducting state of the two-dimensional electron gas (2DEG) at the LaAlO5/SrTiO; interface
using Josephson junctions as spectroscopic probes. The transport properties of these devices reveal the presence
of two superconducting gap structures and of an unconventional superconducting = channel. These features
provide evidence of an unconventional superconducting ground state, possibly related to the interplay between
superconductivity and the large Rashba spin-orbit coupling in the 2DEG.
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A comparative analysis of different I-V

at the switch: transition from S to N

ARTICLES

Ge/Si nanowire mesoscopic Josephson
junctions

JIE XIANG?, A. VIDAN?*, M. TINKHAM?3, R. M. WESTERVELT23t AND CHARLES M. LIEBER"2f
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Tunable Supercurrent Through
Semiconductor Nanowires

Yong-Joo Doh,™ Jorden A. van Dam,"* Aarnoud L. Roest,"?
Erik P. A. M. Bakkers,? Leo P. Kouwenhoven,’
Silvano De Franceschi 't
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What'written

Decreasing J,

Increasing C




What'written
inI-V?

U(¢,I)=EJ(—IL¢—COS(¢)
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Phase dynamics
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dt
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What is written in I-V?

FIG. 3. I-V characteristic of a
low-current-density (10°
A/cm?) junction.

FIG. 4. -V characteristicof a
high-current-density (4 X 10°
A/cm?) junction.

High-quality submicron niobium tunnel junctions with reactive-ion-beam

oxidation

A. W. Kleinsasser and R. A. Buhrman
Appl. Phys. Lett. 37(9), 1 November 1980 School of Applied and Engineering Physics, Materials Science Center, and National Research and Resource
Facility for Submicron Structures, Cornell University, Ithaca, New York 14853




What is written in I-V?

The return of a hysteretic Josephson junction to the zero-voltage state:
i-V characteristic and quantum retrapping

AVl aj

Y. C. Chen®

Department of Physics, University of Iilinois at Urbana-Champaign, 1110 West Green Street, Urbana,
Hliinois 61801

Matthew P. A. Fisher

IBM Research Division, Thomas J. Watson Research Center, P.O. Box 218, Yorkiown Heights,

New York 10598
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PHYSICAL REVIEW B VOLUME 9, NUMBER 11 1 JUNE 1974
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Lifetime of the zero-voltage state in Josephson tunnel junctions (IC)‘?’B:(QQ‘S
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Bell Laboratories, Murray Hill, New Jersey 07974
(Received 29 October 1973)

THI) (sec™

PHYSICAL REVIEW LETTERS 27 Jury 1981

Vorums 47, Numnez 4

Macroscopic Quantum Tunneling in 1-um Nb Josephson Junctions
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PHYSICAL REVIEW LETTERS 28 OCTOBER 1985

VOLUME 55, NUMBER 18

Measurements of Macroscopic Quantum Tunneling out of the Zero-Voltage State
of a Current-Biased Josephson Junction

Michel H. Devoret,® John M. Martinis, and John Clarke
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VOLUME 89, NUMBER 20 PHYSICAL REVIEW LETTERS 11 NOVEMBER 2002

Intrinsic d-Wave Effects in YBa;Cu3;07;_5 Grain Boundary Josephson Junctions

E Lombardi.! E Tafuri.>? E Ricci.! E Miletto Granozio.! A. Barone.' G. Testa.* E . Sarnelli,*
J.R. Kirtley.? and C. C. Tsuei®
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week ending

PHYSICAL REVIEW LETTERS 4 MARCH 2005

IPRL 94, 087003 (2005)

Macroscopic Quantum Tunneling in d-Wave YBa,Cu30,_5 Josephson Junctions

T. Bauch,' F. Lombardi,' F. Tafuri,> A. Barone,? G. Rotoli,* P. Delsing.I and T. Claeson'
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Quantum Dynamics of a d-Wave
Josephson Junction
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Tord Claeson,* Floriana Lombardi*
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Spin-filter Josephson junctions

Kartik Senapati**, Mark G. Blamire and Zoe H. Barber
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Most common anomalies in Ic(H)
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Macroscopic quantum tunneling in
SFS JJ

Received 12 Dec 2014 | Accepted 1 May 2015 | Published 9 Jun 2015

Macroscopic quantum tunnelling in spin filter
ferromagnetic Josephson junctions

D. Massarotti'2, A. Pal3, G. Rotoli4, L. Longobardi4'5, M.G. Blamire3 & F. Tafuri?*




Multiple Escape and Retrapping
TA

Moderately damped
JJs (1«Q<H)

Iansiti, Tinkham et al. PRB 39 (1989)

Kautz & Martinis, PRB 42 (1990)

Vion,Joyez, Esteve, Devoret PRL 77(1996)
Kivioja, Pekola et al. PRL 94 (2005)

Mannik, Lukens et al. PRB 71 (2005)

Krasnov et al. PRB 76 (2007)

Krasnov, Bauch et al. PRL 95 (2005)

Longobardi et al. PRB 84 (2011); PRL 109 (2012)

In a 'nano-world’, reduction of I unavoidably leads to a
reduction of Q (increase in dissipation)
and of the ratio E;/E=(I.®,/2n)/(e?/C)
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Conduction Channel Transmissions of Atomic-Size Aluminum Contacts

E. Scheer, P. Joyez, D. Esteve, C. Urbina.* and M. H. Devoret

Service de Physique de I’Etat Condensé, Commissariat a I’Energie Atomique, Saclay, F-91191 Gif-sur-Yvette Cedex, France
(Received 4 February 1997)
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Supercurrent in Atomic Point Contacts and Andreev States

M.F. Goffman,' R. Cron,! A. Levy Yeyati? P. Joyez,! M. H. Devoret,! D. Esteve,! and C. Urbina!
! Service de Physique de I’Etat Condensé, CEA-Saclay, F-91191 Gif-sur-Yvette Cedex, France
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FIG. 2. Micrograph of Al microbridge in a dissipative envi-
ronment. Each /V probe contains a AuCu (weight ratio 3:1) re-
sistor (10 wm-long, 500 nm wide, and 30 or 50 nm thick) and . L T
alarge (2.5 mm ), 180 nm thick AuCu/Al pad (not shown) that 200 300 400
forms with the metallic substrate a large capacitor. Substrate is V(uV)
phosphor-bronze covered by a 2 um thick layer of polyimide.

Left inset: side view of bridge (150 nm thick Al layer with
100 nm wide constriction in the middle) suspended by selective

o

FIG. 3. Large scale IV characteristic of atomic contact, mea-
sured at 17 mK (dots). Switching at current /, from super-

VOLUME 86, NUMBER 2 PHYSICAL REVIEW LETTERS 8 JANUAn1 2uus

Proximity Effect and Multiple Andreev Reflections in Gold Atomic Contacts

E. Scheer,"* W. Belzig,2 Y. Naveh,>' M. H. Devoret,* D. Esteve,* and C. Urbina*
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Hamiltonian approach to the transport properties of superconducting quantum point contacts

) _ J.C. Cuevas, A. Martin-Rodero, and A. Levy Yeyati )
Departamento de Fisica Teorica de la Materia Condensada C-V, Facultad de Ciencias, Universidad Autonoma de Madrid,




Phase dynamics in the ‘very' low Jc limit
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Phase dynamics in the 'ver

PHYSICAL REVIEW B VOLUME 39, NUMBER 10 1 APRIL 1989

Charging effects and quantum properties of small superconducting tunnel junctions

M. Iansiti, M. Tinkham, A. T. Johnson, Walter F. Smith, and C. J. Lobb
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Noise-affected I-V curves in small hysteretic Josephson junctions

R. L. Kautz and John M. Martinis
National Institute of Standards and Technology, 325 Broadway, Boulder, Colorado 80303-3328
(Received 11 June 1990)
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Phase dynamics in the ‘very' low Jc limit

PHYSICAL REVIEW B

VOLUME 42, NUMBER 16 1 DECEMBER 1990

Noise-affected I-V curves in small hysteretic Josephson junctions

R. L. Kautz and John M. Martinis
National Institute of Standards and Technology, 325 Broadway, Boulder, Colorado 80303-3328
(Received 11 June 1990)
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Thermal Activation above a Dissipation Barrier: Switching of a Small Josephson Junction
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Multiple Escape and Retrapping
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Pieces for the dissipation map:
comparatively high-Jc B
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What happens for high Jc?
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a. Experimental setup
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c. Simplified model

Inherent Stochasticity of Superconductor-Resistor Switching Behavior in Nanowires

Nayana Shah, David Pekker, and Paul M. Goldbart
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The physical meaning

f

'

Collapse’ of the Josephson effect driven
by a too large J, i.e. by non-equilibrium effects.

A switching behavior from S to N,
that does not follow the standard
stochastic Josephson phase dynamics, is the main
indicator of the onset of non-equilibrium effects.




How much ‘coupling’ can be sustained
for a phase-carrying current ?!
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FIG. 1. Current-voltage charactenistic for sample No. 4 1llustrat-
ing the experimental definitions of /. and I R, , indicated by arrows
(T=0.7 K).
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How much ‘coupling’ can be sustained
for a phase-carrying current ?!
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FIG. 2 (color online). Current-voltage characteristic of the
sample 1 S-N-S junction (bottom panel) shown on the same
current scale with the S-I-N-I-S thermometer voltage response
(top panel) measured simultaneously at a 50 mK cryostat tem-
perature. In the top panel, the right vertical axis gives the
corresponding electron temperature.




Phase slips and switching dynamics in nanowires
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Conclusions

Importance of
decoding fluctuations
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