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How do electrons pass from N to S?
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Andreev Reflection:

an electron-like excitation is retro-reflected as a hole-like excitation,
while a Cooper pair is transmitted into the superconductor.



Proximity Effect
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BTK Theory
ballistic propagation of quasiclassical electrons through
the normal metal region, accompanied by Andreev
and normal reflections from NS interface
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Single SNS junction [1]

Scanning electron micrograph of the PtSi wire
with length L = 1.5 µm and width W = 0.3 µm
formed by electron beam lithography and
subsequent plasma etching

Schematic view of a junction (not to scale) showing
the layout of the wire in the Hall bridge
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Single SNS junction [2]

PtSi

Si
substrate

Scanning electron micrograph of the sample
with a single constriction formed by electron
beam lithography and subsequent plasma
etching of the 6 nm PtSi film grown on a Si
substrate

Schematic view of a junction (not to scale) showing
the layout of the constriction in the Hall bridge

-750 -500 -250 0 250 500 750 1000
0.8

1.0

1.2

1.4

1.6

1.8

2.0

R N = 530 Ω ∆

100

295
250

325
355
390
420
455
475

500

535
552
565

T, mK

 

DC bias voltage  ( µV )



SN NS+

2T

D
l

kT
ξ

π
= = h

[ ]

[ ]

1 35 mK 5 6%2

2 100 mK 5 6%2

SNS

T N

SNS

T N

RLSNS T l R

RLSNS T l R

∆
=

∆=

; ;

; ;

( 1 m)L µ∼

12%

18%

 Calculations        Experiment



D
ξ∆ =

∆
h

( )0 1 2.64N

dV
R

dI L

ξ∆ = − 
 

SN

N

R
r

R
=

[1] 7%

[2] 10%

SNS

N

SNS

N

R
SNS

R

R
SNS

R

∆

∆

;

;

12%

18%

 Calculations        Experiment



Tw
o-

di
m

en
si

on
al

 a
rr

ay
 o

f 
S

N
S

 j
un

ct
io

ns
   

   
  P

uz
zl

e

∆
∆

≠
=

⇒
≠

(
)

(
)

(
)

(
)

2
2

if
an

d
i

j
i

j
n

n
R

R
V

V
en

en
no

rm
al

 m
et

al

su
pe

rc
on

du
ct

in
g 

is
la

nd
s

(
)i

R
(

)j
R

electrode

electrode



Two–dimensional array of SNS junctions
The structure

  

Scanning electron micrograph of the sample formed
by electron beam lithography and subsequent
plasma etching

Schematic cutaway view

Schematic view of the two-dimensional array of SNS junctions

Si

PtSi



Two-dimensional array of SNS junctions
Experiment

-600 -400 -200 0 200 400 600

1400

1500

1600

1700

(a)

T  =   100 mK

 

 

dV
 /

 d
I 

 ( 
Ω

 )

DC bias voltage per SNS junction     ( µV )  

-30 -20 -10 0 10 20 30 40

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

11

10

9

8

7

6

5

4

3

2

1

x 4

 

 

*

( 
dV

 / 
dI

 )
 / 

R

50 100 150 200 250 300 350

0.90

0.95

1.00

1.05

1.10

1.15

(b)

        T, mK
 1   -   488
 2   -   477
 3   -   464
 4   -   456
 5   -   448

 6   -   440
 7   -   420
 8   -   390
 9   -   340
10   -   220
11   -   100

2

4568
10

16

11

10

9

8

7

6

5

4

3

2

1

DC bias voltage per SNS junction     ( µV )

  

 



Two-dimensional array of SNS junctions
Experiment
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Andreev reflections occur simultaneously!

NSN



One-dimensional array of SNS junctions
The structure

current

S N

1.7 mµ1.2 mµ

2.1 mµ 0.4 mµ

PtSi
Si

substrate
SEM images of the structure which consists of
islands of the film connected by narrow necks.

The layout of the one-dimensional array of SNS junctions showing the dimensions of the structure.



One-dimensional array of SNS junctions
Experiment [1D - 20 SNS]
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One-dimensional array of SNS junctions
Experiment
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One-dimensional array of SNS junctions
Above-energy-gap structure
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calculated on a basis OTBK theory
with Z = 0.55: (a,b) at eV = 4∆; (c,d) at eV = 6∆ and T = 0.

eV = 6∆

6∆

4∆

e

e

S          N         S        N1 1 2 2

−6

0

f®f¬

f f® ¬−  

f¬ f®

f f® ¬−  

(c) (d)

4e V = ∆

6e V = ∆

( ) ( )I f E f E d E
+ ∞

→ ←
− ∞

∝ −  ∫

(a) (b)



-600 -400 -200 0 200 400 600
350

400

450

500

550

600

650

SNS[2]
T = 100 m

 
K

1D − 20
1D − 3
1D − 1

dV/dI  (
 
Ω

 
)

V  (
 
µV

 
)

  

The decrease of the effective
suppression voltage for the excess
conductivity

ZBA ZBA ZBA(1D 1) (1D 3) (1D 20)V V V− > − > −

per SNS junction

ZBA ZBA ZBA(1D 1) (1D 3) (1D 20)V V V− < − < −

total value



C
on

cl
us

io
ns

:

M
ul

tip
ly

 C
on

ne
ct

ed
 S

N
S

 S
ys

te
m

s 
 ≠

  (
S

N
S

) 1
 +

 (
S

N
S

) 2
 +

 (
S

N
S

) 3
...

C
oh

er
en

t p
he

no
m

en
a 

go
ve

rn
ed

 b
y 

A
nd

re
ev

 r
ef

le
ct

io
n 

m
an

ife
st

 n
ov

el
pr

on
ou

nc
ed

 e
ffe

ct
s 

in
 M

ul
tip

ly
 C

on
ne

ct
ed

 S
N

S
 s

ys
te

m
s:

♦
 th

e 
gr

ad
ua

l d
ec

re
as

e 
of

 th
e 

V
Z

B
A
 a

s 
th

e 
qu

an
tit

y 
of

 th
e 

S
N

S
 ju

nc
tio

ns
 in

cr
ea

se
s

♦
 th

e 
st

re
ng

th
en

in
g 

of
 s

ub
ha

rm
on

ic
 e

ne
rg

y 
ga

p 
st

ru
ct

ur
e

♦
 a

bo
ve

 e
ne

rg
y 

ga
p 

st
ru

ct
ur

e

It 
is

 n
ec

es
sa

ry
 to

 ta
ke

 in
to

 a
cc

ou
nt

:

Ø
 p

ar
am

et
er

s 
of

 th
e 

N
S

 in
te

rf
ac

es

Ø
 th

e 
su

pe
rp

os
iti

on
 o

f m
ul

tip
le

 c
oh

er
en

t
sc

at
te

rin
g 

at
 th

e 
N

S
 in

te
rf

ac
es

 in
 th

e
pr

es
en

ce
 o

f d
is

or
de

r

Ø
 e

le
ct

ro
n-

el
ec

tr
on

 in
te

ra
ct

io
n

Ø
 th

e 
co

he
re

nt
 A

nd
re

ev
 r

ef
le

ct
io

n 
on

 b
ot

h 
N

S
in

te
rf

ac
es

 o
f t

he
 s

up
er

co
nd

uc
tin

g 
is

la
nd

Ø
 e

ffe
ct

 o
f q

ua
si

pa
rt

ic
le

 in
je

ct
io

n 
in

 b
ot

h 
th

e
su

pe
rc

on
du

ct
in

g 
an

d 
no

rm
al

 r
eg

io
ns

 o
f

M
ul

tip
ly

 C
on

ne
ct

ed
 S

N
S

 s
ys

te
m

s



Publications

Diffusive single and multiply connected SNS systems

with high-transparent interfaces

1. T.I. Baturina, Z.D. Kvon, R.A. Donaton, M.R. Baklanov, E.B. Olshanetsky, K. Maex,

A.E. Plotnikov, J.C. Portal, “Mesoscopic S-N-S Junctions on the Basis of

Superconducting PtSi Films”, Physica B 284-8/2002, 1860 (2000). (LT22)

2. Z.D. Kvon, T.I. Baturina, R.A. Donaton, M.R. Baklanov, K. Maex, E.B. Olshanetsky,

A.E. Plotnikov, J.C. Portal, “Proximity effects and Andreev reflection in a mesoscopic

SNS junction with perfect NS interfaces”, Physical Review B 61, 11340 (2000).

[cond-mat/9907247]

3. T.I. Baturina, Z.D. Kvon, and A.E. Plotnikov. “Two-dimensional array of diffusive SNS

junctions with high-transparent interfaces”. Physical Review B 63, 180503(R) (2001).

[cond-mat/0008402]

4. T.I. Baturina, Z. D. Kvon, A. E. Plotnikov, R. Donaton, M.R. Baklanov, “Diffusive

single and multiply connected SNS systems with high-transparent interfaces”. Usp. Fiz.

Nauk (Suppl.) 171, 91 (2001).

5. T.I. Baturina, D.R. Islamov, Z.D. Kvon, “Subgap anomaly and above-energy-gap

structure in chains of diffusive SNS junctions”. Pis'ma JETF 75, issue 7, 397 (2002).

JETP Letters, Vol. 75, No. 7, 326 (2002) [cond-mat/0202467]

Tatyana I. Baturina




