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Study of YBCO strip-line inductances

connected to nano-Josephson junctions
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ABSTRACT

e The inductances of high-Tc YBCO striplines have been studied as a function of temperature and geometry with several SQUIDs defined on a mono

superconducting layer.

* The devices are made with nanometre-sized Josephson junctions defined by ion irradiation in order to investigate the potential of the technology for digital

applications in the 20-60 K temperature range.

« Different techniques have been used to model the inductances and compare these with experimental data:
= one technique relies on analytical formulas associated with coplanar lines and coplanar waveguides based on conformal mapping
= another uses InductEx and a modified version of FastHenry that takes into account the superconducting behaviour of the films and the distribution of the

superconducting currents on the layers;
= a third technique is based on 3D-MLSI software.

« Several geometries have been investigated in order to decrease the effect of manufacturing tolerances and provide a wider range of test values.
« Using the experimental measurements to verify the analytical formulas and simulation results, we have obtained reasonably accurate simulation models for
the YBCO strip-line inductances - something not possible with conventional inductance extraction software such as LMETER.
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SQUID DESIGN WITH NANO-JUNCTIONS
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MODELLING THE INDUCTANCE
Conformal mapping

Based on the Telegraphist's equation with the quasi-static assumption valid
for the range of frequencies involved in the study. Effective dimensions are
used to take into account edge effects. The topology of the normal metal
coplanar structure is taken into account through geometrical parameters
derived from [1-2] . The superconducting behaviour is considered through
the insertion in the expressions of the geometrical parameters of the kinetic
inductance connected to the superconductor London penetration depth A . A
detailed description of the formalism can be found in [3].
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InductEx

InductEx uses FastHenry with
superconducti-vity support as field solver,
and post-processes results to calculate
multi-port network inductance.

We used 2.5 um segment size and modelled
A to be equal to the ground line width (50
um).

Solution time is shorter than 10 seconds SQUID inductance modelled with InductEx

RESULTS

London penetration depth at 135 nm - w=4 ym - s = 2 ym

The agreement is
relatively good
for the smallest
coplanar lines.

Suprisingly, the
agreement is not
as good for the
wider lines. A
shadow
coefficient of
0.785 allows a
good fit but it is
still to be
explained.

More
experiments and
simulations are
in progress.
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