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Overview

* Supercurrent through SNS junctions: Andreev Reflection
* Experimental setup: Controllable n-SQUID

« Measured data: Periodicity of COR doubles

* Quasiclasical Theory: energy distribution in the N part

e (Conclusion
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Andreev Reflection

How can subgap quasiparticles cross the N—S interface?

Order parameter A varies slowly over interface
(proximity effect)

A(X) A
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Andreev bound states

9, )

Condensate Fermi sea Condensate

bound state: wavefunctions satisfy the boundary conditions imposed by the
superconducting phases
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where Ap=25k d 1is the relative phase change of the pair and k= €/f v

17.11.2004 4



¢,=0 +) =) $,=0 ¢’1=0 p O,=n/2
S N S S N S

Junction critical current I, determined by:

* energy spectrum of the Andreev bound states

e occupation of these states

m-junction: zero current state at O=n
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central question:

How does the transition occur from the O to the & state ?

Does the minimum at ¢=n start to develop while the one
at =0 1st still present?

Free energy of the junction:

0 ¢
Wig) =32 "1 (ede

. 2

Double mimimum in free energy implies doubling
in periodicity of the supercurrent-physe-relation:

I, =1 sin(¢) — I =1, sin(2¢)
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experimental setup

* Nb/Ag/Nb junctions
it *E.=27pueVvV
Control channel \r i“',’ﬁféi?ﬂi e Thickness 50nm
niobiurn " * Loop surface area 70pum?

 Control channel length = Spm
e [.=1IpA (V.=0)
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Controllable © SQUID:
control voltage V_ creates non-thermal energy distribution in N

:> reduction of I, and subsequent transition to « state
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SQUID geometry

measurement of I__(¢) over entire range of phase ¢ over one of the SNS junctions:

A DCsQUID B IvVcurvefrom3w4
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Negligible self-inductance: Via control voltage:

21Ll <1 = o=, I, >>1,

& &

Ic,SQUID((I)ext) - Icl T Isc2((P2)

SQUID biased with current slightly larger than I

=1 (D.,,) transferred into voltage signal
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measured data:
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FIG. 2. Voltage over the SQUID (from contacts A to B in
Fig. 1) at a bias current slightly larger than /. squip as a
function of the ¢, for different values of V.. The amplitudes
of the two grey curves are multiplied by 1/10. Around
Vecritica = 002 uV, a doubling in periodicity of the voltage
oscillations is observed.



experimental free energy:

Ve=928 nV x1/10
Ve=611, 605, 602, 599, 592 uV, top to bottom
Ve=0.385 uV x1/10
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Free energy [arb. units]

17.11.2004

10



Quasiclassical theory

J(E)

in the diffusive regime, the
ABS have a continuous
energy spectrum J(E):

net supercurrent by integrating over e and h excitation of all + and — states:
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at V_ iica Step distribution will block
all positive contributions of J(E):

‘ Reversal in direction of I,

= 7t state

Supercurrent carrying density of
states for different values of the
macroscopic phase difference:

17.11.2004

. f(E) thermal

b: f(E)step

1

1-2f(E)

0

0

E [E;]

60

J(E,0)

5 10 15 20 25 30

E/E

T

35

12



/ using E and
equilibrium I as fit

From theoretical calculation of J(E,p) and f(E,V ) parameters

‘ Calculate I ,(V_ ¢,): 0.021
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WV =385 uV x 1/10
— V=592, 599, 802, 605, 611 uV,a,b,c.de
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in good agreement with experimental data!
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Conclusions

« Andreev reflection enables supercurrent transport in SNS junctions

* [,.(¢) dependence measured with controllable 7 SQUID

e arount transition from 0 to & state: periodicity of COR doubles

* energy distribution of quasiparticles in N manipulated by control voltage

« experimental results in good agreement with quasiclassical theory

The End.
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