SQUID Microscope read-out on
a Josephson junction array

Cinzia De Leo and Giacomo Rotoli®

Universita di L'Aquila,
Dipartimento di Energetica and ® UdR I.N.F.M.,

Localita Monteluco 167041, L'Aquila, ITALY

ISEC’O1, OsAKA, JUNE 19-22 2001
POSTER # P 1-B4



ISEC’O1
OSAKA
JUNE 19-22 2001

Superconductivity group

Applied Physics Division
Dipartimento di Energetica
L’ Aquila




Scanning SQUID Experiment

Unshunted Array

Recent experiment
Nb - AlOx -Nb

shows paramagnetism
in LTC JJA

30 x 100 junctions

CSR,

at College Park,
University of Maryland
A.Nielsen et al, [1]

B, =2nL1,/D,=30

.'I.
f

Sapphire

Sample is field cooled
Measured with field turned on



Arrays

Single Mesh

Both show dia and para states

1) mostly para
for about >3

2) small average
magnetization
apparently
unrelated to B,

‘ Arrays only

\
1) 50% para & 50% dia
with a clear dependence
on frustation
2) (relatively) large
magnetization evidently
related to B,

3) para and dia mesh coexist
4) dia meshes appears to be

more dense at boundary



2D Array Equation in full mutual inductance
approach:

We simulate a square array of 10x10 meshes.
The equations describing the array in vector notation read as (cf.

ref.[2]):
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¢ is the vector containing the phases of junctions;
K is a matrix depending on the array geometry and
L is the full mutual inductance matrix of the array,

—

m represents the mesh magnetization and its expression is:

—

- é;t ¢tt 1 (- — s
=G Lo - (V154 277 -2
D, D, 27z( v 77)

M is an integer matrix performing (oriented) summing up the phases of
each mesh; 7 is an integer vector and 7 is the normalized external flux
in each mesh which modulus is the so-called frustation 7=®/®,



Numerical Procedure

1.To simulate field cooling we integrate numerically the JJA
equations starting by a given frustation 7 and increasing B. in

step until its final value 30.
2.After a proper time interval the phases are collected when the

transitory effects in the dynamical terms wane out.

Details of the integration routine can be found in [3]

The prevailing response of N>5 array to field cooling
procedure is found to be paramagnetic just for small
values of frustation, e.q., for />3



Far-field Construction

Once JJA Equations was solved the magnetization can be easily generated
using its expression, but this vector represents magnetization of meshes
on the array plane at zero distance from the array.

Naturally the SQUID is sampling not on the array plane but at a given
distance z above it.

To have a faithful read-out is necessary calculate the JJA far-field. The
magnetic far field of the array is made by superposition. For each branch
we have [4] (cf. Fig.1a):
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After field is known it become possible evaluate the flux in a given loop of

area S which center is placed at distance z with a tilting angle o over the
array (cf. Fig.1b).
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Far-field Construction (2)

Fig.1

(a)

branch current

S5SM equivalent input loop
Sa70

(b) 2

JJA plane



Simulated read-out for f=1.2

a) z=0; b) z=1, S=1/100, c) asymmetric samping; d) z=1, S=1.
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Simulated read-out for f=4.8

a) z=0; b) z=1, S=1/100, c) asymmetric samping; d) z=1, S=1.
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Simulated read-out f=12.2

a) z=0; b) z=1, S=1/100, c) asymmetric samping; d) z=1, S=1.
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Noise Effect

To obtain SSM simulated images comparable with experiments is
necessary to make the random choice of the vector of quantum
numbers 7,

The reason for this procedure is the following: at the beginning of the
simulation Josephson energy is very small so thermal noise is
dominant and can put random phase-slips in the array, these
corresponds to give a random distribution of quantum numbers n over
the array.

This distribution is frozen when the Josephson barriers overcomes the
thermal noise. The variation of the mean magnetization for the
change of distribution of quantum numbers was evaluated to be
roughly of 2% at least for the number of statistical realizations we
have simulated which here is of 10-12 for each frustation value. The
result is the same for larger array [2]-[5], though due to long CPU
times the number of realization is roughly halved.



Simulations on a 10x40 array (ref.[2], subm to PRB), here z=0,1 and S=1




Simulations on a 10x40 array (ref.[2], subm to PRB)
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Conclusion

We have shown by means of numerical simulations of field
cooling experiments over LTC-JJA how magnetic images of the
array taken by a SSM are influenced by resolution, distance
and tilting of the input SQUID loop.

Beyond this a number of improvements and further studies
can be suggested. Among these the study of paramagnetic
response via magnetic images of more complex situation, e.q.,
disordered JJA or arrays containing the so-called m-junctions,
is the most promising.
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