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Conclusions

First evidence of macroscopic quantum tunneling in spin filter
ferromagnetic JJs characterized by low values of Jc

Phase dynamics of unconventional JJs: fingerprints of different
sources of dissipation

Critical current density as the third axis of the phase diagram
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Macroscopic quantum dynamics of 77 junctions with ferromagnetic insulators

Shiro Kawabata,!? Satoshi Kashiwaya,® Yasuhiro Asano,* Yukio Tanaka,’ and Alexander A. Golubov'!

L

As proposed by Bulaevskii et al.,? a superconducting ring
with a 7r junction [a 7r superconducting quantum interference
device (SQUID)] exhibits a spontaneous current without an
external magnetic field and the corresponding magnetic flux
is half a flux quantum @, in the ground state. Therefore it is
expected that a S-FM-S 7 SQUID system becomes a quiet
qubit that can be efficiently decoupled from the fluctuation of
the external field.!"'"~'* From the viewpoint of quantum dissi-
pation, however, the structure of S-FM-S junctions is inher-
ently identical with S-N-S junctions (where N is a normal
nonmagnetic metal). Therefore a gapless quasiparticle exci-
tation in the FM layer is inevitable. This feature gives a
strong Ohmic dissipation!>!'® and the coherence time of
S-FM-S qubits is bound to be very short. In practice the
current-voltage characteristic of a S-FM-S junction shows
nonhysteretic and overdamped behaviors.® On the other
hand, as was shown by Tanaka and Kashiwaya,'” a 7 junc-
tion can also be formed in Josephson junctions with a ferro-
magnetic insulator (FI). In S-FI-S junctions, the influence of
the quasiparticle excitation in the FI is expected to be very
weak as in the case of S-I-S junctions'® (where I is a non-
magnetic insulator).
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Switching dynamics in high Jc JJs

App!. Phys. Lett. 63 (10), 6 September 1993
Niobium trilayer Josephson tunnel junctions with ultrahigh critical

current densities

R. E. Miller and W. H. Mallison
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Origin of Hysteresis in a Proximity Josephson Junction
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Switching dynamics in nanobridges
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* Highly localized phase slip events in a point contact
connecting two Al superconducting electrodes

* The main dissipative mechanisms can be ascribed
to a train of thermally driven phase slip events

0.45K g 4Kk
K -

0.35K ] 10°E




MJJs for memory applications
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Our approach
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Pure second harmonic current-phase relation in
spin-filter Josephson junctions

Avradeep Pal', Z.H. Barber, JW.A. Robinson’ & M.G. Blamire
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Current-phase relation
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Pure second harmonic cu rrent_phase re|ation in  Josephson junctions with second harmonic in the current-phase relation:

Properties of ¢ junctions

spin-filter Josephson junctions

Avradeep Pal', Z.H. Barber, JW.A. Robinson’ & M.G. Blamire
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0 1 2 3 Phase retrapping in a ¢ Josephson junction: Onset of the butterfly effect
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Normalized critical current

Normalized critical current

lc(T) curves

PHYSICAL REVIEW B 86, 060506(R) (2012)

£

] Spin-polarized Josephson and quasiparticle currents in superconducting spin-filter tunnel junctions
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Numerical simulations
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Low temperature measurements

Measurement setup
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