
  

BCS Theory

John Bardeen, Leon Cooper, 
John Schrieffer, Nobel Prize in 
Physics 1972

Attractive electron-electron interaction

Phonon-mediated 

leads to bound state

Cooper pairs

at U=0:  k1 + k2 =0    &  σ1 + σ2 = 0

Symmetry: s



  

Fast electron - slow lattice



  

Superconductivity



  

Superconductivity



  

Superconductivity

ηk

ηk



  



  



  

Superconducting gap  tunneling data

 microwave or IR absorption

EG(T) → 0  for T → TC: 2nd order phase transition
(1st order would imply discontinuity of EG)
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Infrarot-Reflektivität

P. L. Richards, M. Tinkham, Phys. Rev. 119, 575 (1960)

1 cm-1 = 123,985 μeV



  



  

Superconductor Tunnelling

Ivar Giaever

Nobel prize 1973



  

Normalleiter -

Normalleiter

Tunnelkontakt

U

I



  

Normalleiter-

Supraleiter

Tunnelkontakt



  

Experimentelle Daten



  

Supraleiter-Supraleiter Tunnelkontakt



  

DC Josephson effect: Cooper pair tunnelling

Nobel prize laureate 1973

1962: 22-year-old Welsh student Brian D. Josephson predicted two effects 
    which could experimentally verified shortly afterwards

Phys. Rev. Lett. 11, 80 (1963)

U 

I 
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Josephson - Effekt

B. D. Josephson, Phys. Lett. 1, 251 (1962).
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tunnelnde 
Cooper-Paare

tunnelnde 
Quasiteilchen



  

Josephson effect
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Threshold for SQUID: 10-14 T

Magnetic field of heart: 10-10 T

Magnetic field of brain: 10-13 T

constant bias current

measured V oscillates with ∆φ at junctions

depends upon flux change

oscillation count corresponds to flux change

SQUID Magnetometer



  



26

Gleichstrom-SQUID
dc squid

SQUID:
superconducting quantum
interferometer device



  

Alex Müller, Georg Bednorz 

1983: copper-oxides

insulating ceramics

Nobel prize 1987

Cuprates

Courtesy of IBM Zurich Research Laboratory



  



  

High Temperature Superconductors (HiTc)

Superconductivity occurs in Cu2+O2− planes,
which are stabilized by an ionic lattice

Adapted from F. Himpsel



  



  

Superconducting carriers are holes introduced by doping

Big open question:  Nature of the Boson that gives rise to pairing ?



  



  

Organic superconductors



  

TC = 39 K

non-oxide

''will outperform NbTi & Nb3Sn in high B-applications''

2001 MgB2



  

Ultrafast Josephson junction circuitry

proposed by Likharev, Mukhanov, Semenov (then @ Moscow State U.)

bits coded by single flux quanta 

picosecond pulses for switching

estimated LSI clock frequency> 100 GHz

i.e. > 300 times > than fastest complex semiconductor circuits

Rapid Single-Flux-Quantum (RSFQ) devices



  

Aharonov-Bohm-Effekt



  

Weak Localization


