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Incoherent transportIncoherent transport
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The Model (The Model (FFIISSIIFF))



Scattering ProblemScattering Problem
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Scattering ProblemScattering Problem
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Solid State Solid State CommunCommun. . 7878, 299 (1991)., 299 (1991).
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Wave vector componentsWave vector components
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Wave vector componentsWave vector components
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Boundary conditionsBoundary conditions







Scattering probabilitiesScattering probabilities



Two limitsTwo limits

• Metallic limit (Z = 0)
Andreev reflection vanishes at geometrical resonances:
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• Tunnel limit (Z  ) 
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Metallic vs. TunnelMetallic vs. Tunnel NSNNSN junctionjunction

( ) 4
0

( ) 3

10  [ / 10]

0

1, 10

0

/

S
F

S
F

k

E

X

l l ξ
θ

κ −

= ≈
=

= ∆ =

=

M. M. BoBožovi�žovi� and Z. and Z. Radovi�Radovi� inin
SupercondSupercond. and . and RelRel. Ox.: Phys. and . Ox.: Phys. and 
nanoengnanoeng. V, Proc. of SPIE, vol. 4811. V, Proc. of SPIE, vol. 4811
(Seattle, 2002), p. 216.(Seattle, 2002), p. 216.



FSFFSF double junction (P alignment)double junction (P alignment)
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FSFFSF double junction (P alignment)double junction (P alignment)
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Differential Differential conductancesconductances
(at (at TT=0)=0)
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FSFFSF
double junctiondouble junction

((thinthin S film)S film)

( 3

0
( ) 4

)

[ / 1]

,  

10  

1, / 10

0.50
S

F

S
F

llk

E

XZ

κ
ξ

−

=

= =

=

∆

≈
=

M. M. BoBožovi�žovi� and Z. and Z. Radovi�Radovi�, , 
Phys. Rev. B Phys. Rev. B 6666, 134524 (2002), 134524 (2002)



FSFFSF
double junctiondouble junction

((thickthick S film)S film)
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FSFFSF
double junctiondouble junction

((thickthick S film)S film)
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TransparentTransparent NSNNSN double junctiondouble junction
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NSNNSN
double junctiondouble junction
((1D1D, , thickthick S film)S film)
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How to infer How to infer and and vvFF in the in the 
superconductor?superconductor?

Conductance minima satisfy:Conductance minima satisfy:
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TransparentTransparent NSNNSN double junction: double junction: 
selfself--consistent pair potential consistent pair potential 

in in thin filmsthin films
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TransparentTransparent NSNNSN double junction: double junction: 
the conductance spectrathe conductance spectra
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((thickthick S film)S film)

0
( ) 4

( ) 3

10  [ /

 

1 ]

/ 1

0

0

0

S
F

S
F

l lk

E

X

ξ
−∆ =

≈=
=

M. M. BoBožovi�žovi� and Z. and Z. Radovi�Radovi� inin
SupercondSupercond. and . and RelRel. Ox.: Phys. and . Ox.: Phys. and 
nanoengnanoeng. V, Proc. of SPIE, vol. 4811. V, Proc. of SPIE, vol. 4811
(Seattle, 2002), p. 216.(Seattle, 2002), p. 216.

Influence of Influence of and and ZZ



The Model (The Model (SSIIFFIISS))



Scattering ProblemScattering Problem
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Wave vector componentsWave vector components
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Wave vector componentsWave vector components
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The The JosephsonJosephson currentcurrent
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The normal resistanceThe normal resistance



Generalization of the Generalization of the FurusakiFurusaki--TsukadaTsukada
formula … formula … 

A. A. FurusakiFurusaki and M. and M. TsukadaTsukada, , 
Phys. Rev. B Phys. Rev. B 4343, 10164 (1991)., 10164 (1991).

… to the ballistic double… to the ballistic double--barrier SNS barrier SNS 
junctionjunction

Z. Z. RadoviRadovi , N. , N. LazaridesLazarides, and N. , and N. FlytzanisFlytzanis, , 
Phys. Rev. B, in press (2003)Phys. Rev. B, in press (2003)



SNSSNS junction (junction (XX=0=0))
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SFSSFS double junction: double junction: 
the maximum current the maximum current IIcc
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Weak Weak 
ferromagnetferromagnet

Z. Z. Radovi�Radovi�, N. , N. LazaridesLazarides, and N. , and N. FlytzanisFlytzanis, , 
Phys. Rev. B, in press (2003)Phys. Rev. B, in press (2003)
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SFSSFS double junction: double junction: 
the currentthe current--phase relation phase relation 

close to the transitionclose to the transition
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Coexistence of stable and Coexistence of stable and metastablemetastable
0 and 0 and statesstates

Z. Z. Radovi�Radovi� et al.et al.,,
Phys. Rev. B Phys. Rev. B 6363, 214512 (2001)., 214512 (2001).Z Z = = X d X d kkFF



Magnetic flux Magnetic flux vs. external flux in vs. external flux in 
SQUIDsSQUIDs

Z. Z. Radovi�Radovi� et al.et al.,,
Phys. Rev. B Phys. Rev. B 6363, 214512 (2001)., 214512 (2001).

Effectively two Effectively two 
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TemperatureTemperature--induced 0induced 0-- transitiontransition

V. V. V. V. RyazanovRyazanov et al.et al., , 
Phys. Rev. Phys. Rev. LettLett. . 8686, 2427 , 2427 

(2001).(2001).



TemperatureTemperature--induced induced 
00-- transitiontransition

Z. Z. Radovi�Radovi�, N. , N. LazaridesLazarides, and N. , and N. FlytzanisFlytzanis, , 
Phys. Rev. B, in press (2003)Phys. Rev. B, in press (2003)
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ConclusionConclusion
Features of finite size and coherency in clean FISIF:Features of finite size and coherency in clean FISIF:

(1)(1) SubgapSubgap transport of electronstransport of electrons
(reduction of the excess current in thin S film)(reduction of the excess current in thin S film)

(2) Oscillations of differential (2) Oscillations of differential conductancesconductances
(vanishing of the (vanishing of the AndreevAndreev reflection at geometrical reflection at geometrical 
resonances)resonances)

(3) Resonances in (3) Resonances in metallicmetallic vs. bound states in vs. bound states in tunnel tunnel 
junctionsjunctions



ConclusionConclusion

NonNon--trivial spin polarization of the current trivial spin polarization of the current 
without excess spin accumulation in S,without excess spin accumulation in S, i.e.i.e.
without destruction of superconductivitywithout destruction of superconductivity, , 

even in the even in the APAP alignment.alignment.

Reliable Reliable ballisticballistic spectroscopyspectroscopy

of of quasiparticlequasiparticle excitations in superconductors excitations in superconductors 
–– measurements of measurements of and and vvFF..



ConclusionConclusion
Features of finite size and coherency in clean SIFIS:Features of finite size and coherency in clean SIFIS:

(1) Geometrical oscillations of the maximum (1) Geometrical oscillations of the maximum 
JosephsonJosephson currentcurrent

(2) Oscillations related to the crossovers between 0 (2) Oscillations related to the crossovers between 0 
and and statesstates

(3) Temperature(3) Temperature--induced 0induced 0-- transition when junction transition when junction 
is close to the crossover at is close to the crossover at TT=0, with finite =0, with finite 
transparency and strong transparency and strong ferromagnetferromagnet



ConclusionConclusion

Region of coexisting 0 and Region of coexisting 0 and states is states is 
considerably largeconsiderably large..

Possible application: Possible application: 

SQUID with improved accuracy which SQUID with improved accuracy which 
operates with effectively 2x smaller flux quantumoperates with effectively 2x smaller flux quantum


