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THE JOSEPHSON JUNCTION
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SUPERCONDUCTING WEAK LINKS
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MESOSCOPIC DESCRIPTION OF THE
JOSEPHSON EFFECT

Andreev Bound States
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CONDUCTION CHANNELS
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ANDREEV REFLECTION
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PHASE BIASED SHORT SINGLE CHANNEL
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Analogous to Fabry-Pérot (with phase-conjugating perfect mirrors!)



ANDREEV BOUND STATES

in a short ballistic channel (t =1 )

Andreev spectrum
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ANDREEV BOUND STATES

in a short reflective channel (t <1 )
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The atomic contact: a model system

System with a few tunable
and measurable channels
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Small superconducting loop
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A SUPERCONDUCTING REVERSIBLE SWITCH
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“ATOMIC SQUID”
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(5) OF ATOMIC CONTACTS
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« SUPERCURRENT THROUGH AN ATOM
« WELL DESCRIBED BY ABS PICTURE
« EXPERIMENT PROBES ONLY THE GROUND STATE

* ONLY INDIRECT EVIDENCE FOR UPPER STATE, NO SPECTROSCOPY YET

16



SUPERCURRENTSIN CNT
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Kazumov et al. Science (1999)
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SETUP FOR TUNNELING SPECTROSCOPY
IN CNT

nanotube
Flux @ controlled with a coil

tunnel probe




TUNNEL CURRENT
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TUNNELING DENSITY OF STATES (TDOS)

Density of states (a.u.)
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TDOS GATE DEPENDENCE
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BASIC MODEL

Vecino, Martin-Rodero, Levy-Yeyati, PRB 2003

Quantum dot with single spin-split level + superconducting leads
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PREDICTED DOS vs GATE AND SPLITTING
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COMPARISON WITH THE DATA

depairing in electrodes ~.1A to get linewidth
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Loops : Spin-split levels
|dentify states of opposite spin coupled by AR : New Spectroscopy

Some adjacent pairs coupled : Need need to enlarge model



TWO DOTS MODEL
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INCLUDING COUPLED PAIRS OF LEVELS

200

DOS (A.U.)

Ve (V)




FLUX DEPENDENCE
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* FIRST OBSERVATION OF INDIVIDUAL ABS

* NEW SPECTROSCOPY OF WELL-COUPLED NANOTUBE:

o MOLECULAR LEVELS PERSIST (QUANTUM DOT MODEL VALID)
o SPIN-SPLIT LEVELS

o SPIN RELATION BETWEEN SUCCESSIVE COUPLED LEVELS
oALL PARAMETERS ACCESSIBLE



PERSPECTIVES
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POTENTIAL APPLICATIONS

- MAGNETOMETER
- SUPERCONDUCTING FET
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