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Experimental features of the stacked array

➣ Nb electrodes, Al2O3 barriers, SiO2 in-

sulation

➣ The middle electrode is < �L (� 100nm)

➣ L = 600�m, w = 20�m, d = 20�m,

< �J � (60�m)

➣

P
w < �j

d

y

x
z

I

I

A

B

VA

VB

H

L

w

� Magnetic �eld perpendicular to the long dimension

1. Two families of Fiske Steps

2. Whichever the polarity of the bias of each array, they can be locked to the same

voltage (absolute value) on FS's belonging to the c� family

3. Locking range is quite large

4. Voltage locking is also observed on FS's belonging to the c+ family

� Magnetic �eld parallel to the long dimension

1. Nonevenly spaced current steps in one array (using the bias in the other to

generate the �eld)

� Zero external magnetic �eld

1. Zero Field Steps in one array (the other is at V = 0 or in the McCumber state)

2. Phase-locking of both the arrays on ZFS's (c�)

3. The asymptotic voltage of ZFS's in the single array sometimes is > c�



Experimental features of the stacked array /2

From top to the bottom:

ZFS's recorded from the top array of a two-

stack while the bottom array is biased with

a negative constant current

voltage of the bottom array while the bias

current of the top array is swept on the ZFS's

voltage of the bottom array as a function of

the voltage of the top array.
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The model equations /2

For the internal junctions:

'ntt = 'nxx � sin'n � �'nt � " nxx +
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( n+1 � 2 n +  n�1)
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For the �rst (1) and the last (p) junctions:
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Boundary conditions:
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Nonlinear wave analysis

To investigate the stability of the solitonic states we shall go through the

following steps:

➣ Consider the unperturbed system in the limit of in�nite-length junctions
➣ Take the basic solitonic solution � = 4 tan�1

n
exp

h


�
up
1��"

�
x�utp
1��"

io
➣ Build up the ansatz for F-F and for F-A pairs (misaligned ) in the V plane

➣ Build up F-F or F-A strings, misaligned

➣ Write the Hamiltonian density of the system ...

➣ ... and the interaction energy between pairs (nearest-neighbours)

➣ Calculate numerically the energy ...

➣ ... or get analytical approximation for small misalignment

ϕϕ

ψ ψ

γ

γ
1

1 p

p

B

A
To calculate the I-V characteristic:

➣ Assume a stable state

➣ Apply power balance

The stable uxon states:

strings (rows) of uxons in the H planes... ➣

...bound to strings of antiuxons (uxons ) in

the V planes... ➣ ...oscillating with velocity u�

(u+ ).



Nonlinear wave analysis /2

F A interaction in the V-plane

E"(�) = �8��" (��)

sinh(��)

� = �1

� = 
�
up

1� �"
�
1p

1� �" :

ξ

F A (F) interaction in the H-plane
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4

3
�3�"�2

+
8

�
�(1� �")�2 � 7
45

�"�5�4

+
4

3
�3

�"
�

�2�2 � 2
9

�3
�

(1� �") �4

η



W
or
k
in
p
ro
g
re
ss

W
e
h
av
e
re
co
rd
ed
,
an
d
ar
e
g
o
in
g
to
co
m
p
ar
e
to
th
e
p
re
d
ic
ti
o
n
s
o
f
th
e
m
o
d
el
,
th
e
fo
llo
w
in
g

fe
at
u
re
s:

1
.
T
h
e
st
ab
ili
ty
ra
n
g
e
o
f
th
e
st
at
ic
st
at
e
(V
=

0
)
at
H

=
0

2
.
T
h
e
st
ab
ili
ty
ra
n
g
e
o
f
th
e
st
at
ic
st
at
e
at
H

6=
0

3
.
T
h
e
st
ab
ili
ty
ra
n
g
e
o
f
th
e
si
n
g
le

u
xo
n
st
ri
n
g
in
m
ag
n
et
ic
�
el
d

4
.
T
h
e
st
ab
ili
ty
ra
n
g
e
o
f
th
e

u
xo
n
-a
n
ti

u
xo
n
st
ri
n
g
s
in
m
ag
n
et
ic
�
el
d

5
.
T
h
e
st
ab
ili
ty
ra
n
g
e
o
f
th
e
si
n
g
le

u
xo
n
st
ri
n
g
va
ry
in
g
th
e
cu
rr
en
t
in
th
e
o
th
er
ju
n
ct
io
n

(s
ta
ti
c)

6
.
R
es
o
n
an
ce
s
in
th
e
I-
V
ch
ar
ac
te
ri
st
ic
s
th
at
m
ig
h
t
co
rr
es
p
o
n
d
to
co
m
p
le
x
st
at
es
co
n
si
st
in
g

o
f

u
xo
n
s
su
p
er
im
p
o
se
d
to
o
th
er
d
yn
am
ic
al
st
at
es
(u
n
if
or
m
ro
ta
ti
o
n
or
ca
vi
ty
m
o
d
es
)

T
o
b
e
d
o
n
e:
ex
p
er
im
en
ts
w
it
h
m
ag
n
et
ic
�
el
d
p
ar
al
le
l
to
th
e
lo
n
g
d
ir
ec
ti
o
n

A
c
k
n
o
w
le
d
g
m
e
n
ts

T
h
is
p
u
b
li
ca
ti
o
n
is
b
a
se
d
(p
ar
tl
y)
o
n
th
e
p
re
se
n
ta
ti
o
n
s
m
a
d
e
a
t
th
e
E
u
ro
p
ea
n
R
es
ea
rc
h
C
o
n
fe
re
n
ce
(E
U
R
E
S
C
O
)
o
n

"
F
u
tu
re
P
er
sp
ec
ti
ve
s
o
f
S
u
p
er
co
n
d
u
ct
in
g
Jo
se
p
h
so
n
D
ev
ic
es
:
E
u
ro
co
n
fe
re
n
ce
o
n
P
h
ys
ic
s
a
n
d
A
p
p
li
ca
ti
o
n
o
f

M
u
lt
i-
Ju
n
ct
io
n
S
u
p
er
co
n
d
u
ct
in
g
Jo
se
p
h
so
n
D
ev
ic
es
,
A
cq
u
a
fr
ed
d
a
d
i
M
ar
a
te
a
,
It
a
ly
,
1
-6
Ju
ly
2
0
0
0
,
or
g
a
n
is
ed
b
y
th
e

E
u
ro
p
ea
n
S
ci
en
ce
F
o
u
n
d
a
ti
o
n
a
n
d
su
p
p
or
te
d
b
y
th
e
E
u
ro
p
ea
n
C
o
m
m
is
si
o
n
,
R
es
ea
rc
h
D
G
,
H
u
m
a
n
P
o
te
n
ti
a
l

P
ro
g
ra
m
m
e,
H
ig
h
-L
ev
el
S
ci
en
ti
�
c
C
o
n
fe
re
n
ce
s,
C
o
n
tr
a
ct
H
P
C
F
C
T
-1
9
9
9
-0
0
1
3
5
.
T
h
is
in
fo
rm
a
ti
o
n
is
th
e
so
le

re
sp
o
n
si
b
il
it
y
o
f
th
e
a
u
th
or
(s
)
a
n
d
d
o
es
n
o
t
re

ec
t
th
e
E
S
F
or
C
o
m
m
u
n
it
y'
s
o
p
in
io
n
.
T
h
e
E
S
F
a
n
d
th
e
C
o
m
m
u
n
it
y

ar
e
n
o
t
re
sp
o
n
si
b
le
fo
r
a
n
y
u
se
th
a
t
m
ig
h
t
b
e
m
a
d
e
o
f
d
a
ta
a
p
p
ea
ri
n
g
in
th
is
p
u
b
li
ca
ti
o
n
.

T
h
e
a
u
th
or
s
w
is
h
to
th
a
n
k
M
.
C
ir
il
lo
,
U
n
iv
er
si
t�a
d
i
\
T
or
V
er
g
a
ta
"
,
It
a
ly
,
w
h
o
p
ro
vi
d
ed
th
e
p
h
o
to
m
a
sk
s
u
se
d
to

fa
b
ri
ca
te
th
e
d
ev
ic
e.
T
h
is
w
or
k
w
a
s
p
ar
ti
a
ll
y
su
p
p
or
te
d
b
y
a
M
U
R
S
T
C
O
F
IN
9
8
p
ro
g
ra
m
(I
ta
ly
).



R
ef
er
en
ce
s

R
.
D
.
P
ar
m
en
ti
er
,
in
S
o
li
to
n
s
in
A
ct
io
n
,
ed
s.
K
.
L
o
n
n
g
re
n
an
d
A
.
C
.
S
co
tt
,
(A
ca
d
em
ic
P
re
ss
,

N
ew
Y
or
k,
1
9
7
8
).

D
.
W
.
M
cL
au
g
h
lin
an
d
A
.
C
.
S
co
tt
,
P
h
ys
.
R
ev
.
A
1
8
,
1
6
5
2
(1
9
7
8
).

N
.
G
r�
n
b
ec
h
-J
en
se
n
,
M
.
R
.
S
am
u
el
se
n
,
P
.
S
.
L
o
m
d
ah
l,
an
d
J.
A
.
B
la
ck
b
u
rn
,
P
h
ys
.
R
ev
.
B
4
2
,

3
9
7
6
(1
9
9
0
).

S
.
S
ak
ai
,
P
.
B
o
d
in
,
an
d
N
.
F
.
P
ed
er
se
n
,
J.
A
p
p
l.
P
h
ys
.
7
3
,
2
4
1
1
(1
9
9
3
).

N
.
G
r�
n
b
ec
h
-J
en
se
n
,
D
.
C
ai
,
an
d
M
.
R
.
S
am
u
el
se
n
,
P
h
ys
.
R
ev
.
B
4
8
,
1
6
1
6
0
(1
9
9
3
).

A
.
V
.
U
st
in
o
v,
H
.
K
o
h
ls
te
d
t,
an
d
C
.
H
ei
d
en
,
A
p
p
l.
P
h
ys
.
L
et
t.
6
5
,
1
4
5
7
(1
9
9
4
).

N
.
G
r�
n
b
ec
h
-J
en
se
n
,
D
.
C
ai
,
A
.
R
.
B
is
h
o
p
,
A
.
W
.
C
.
L
au
,
an
d
P
.
S
.
L
o
m
d
ah
l,
P
h
ys
.
R
ev
.
B

5
0
,
6
3
5
2
(1
9
9
4
).

S
.
S
ak
ai
,
A
.
V
.
U
st
in
o
v,
H
.
K
o
h
ls
te
d
t,
A
.
P
et
ra
g
lia
,
an
d
N
.
F
.
P
ed
er
se
n
,
P
h
ys
.
R
ev
.
B
5
0
,

1
2
9
0
5
(1
9
9
4
).

N
.
G
r�
n
b
ec
h
-J
en
se
n
,
J.
A
.
B
la
ck
b
u
rn
,
an
d
M
.
R
.
S
am
u
el
se
n
,
P
h
ys
.
R
ev
.
B
5
3
,
1
2
3
6
4
(1
9
9
6
).

G
.
C
ar
ap
el
la
,
G
.
C
o
st
ab
ile
,
A
.
P
et
ra
g
lia
,
N
.
F
.
P
ed
er
se
n
an
d
J.
M
yg
in
d
,
A
p
p
l.
P
h
ys
.
L
et
t.
6
9
,

1
3
0
0
(1
9
9
6
).

G
.
C
ar
ap
el
la
an
d
G
.
C
o
st
ab
ile
,
A
p
p
l.
P
h
ys
.
L
et
t.
7
1
,
3
4
0
9
(1
9
9
7
).

G
.
C
ar
ap
el
la
,
G
.
C
o
st
ab
ile
,
an
d
P
.
S
ab
at
in
o
,
P
h
ys
.
R
ev
.
B
5
8
,
1
5
0
9
4
(1
9
9
8
).

G
.
C
ar
ap
el
la
,
G
.
C
o
st
ab
ile
,
S
.
S
ak
ai
,
an
d
N
.
F
.
P
ed
er
se
n
,
P
h
ys
.
R
ev
.
B
5
8
,
6
4
9
7
(1
9
9
8
).

G
.
C
ar
ap
el
la
,
P
h
ys
.
R
ev
.
B
5
9
,
1
4
0
7
(1
9
9
9
).

G
.
C
ar
ap
el
la
,
G
.
C
o
st
ab
ile
,
R
.
L
at
em
p
a,
G
.
F
ila
tr
el
la
,
an
d
J.
M
yg
in
d
,
P
h
ys
.
R
ev
.
B
6
2
,
(2
0
0
0
).

(t
o
b
e
p
u
b
li
sh
ed
)


