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Tunel BUXpeun

1. AdpukocoBckuii BUXpb (Adpukocon, JKITD, 1957)
2. TIupmosckuit Buxps (Pearl, APL, 1964)

3. JIxo3edconopckuii Buxph (Ferrel, Prange, PRL, 1963)
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Onenka qudpdepeHIMaIbHON IIPOBOJAMMOCTH

1. U3amepenne BAX n uncnennoe audhepeHInpOBaHUE

2. I3MepeHne CHHXPOHHBIM YCUINTEIEM aMILTUTYIBI TOKa
IpU OCIUIISTOPOM M3MEHEHHH IToTeHIHana urisl (lock-in)

dl/dV kak dbyakmms eV maeT mpeacTaBieHUE OT JI0KAIBHOM INIOTHOCTH COCTOSHHIMA
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1. U3mepenne BAX u ynciaennoe auddepeHuupoBanmne
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Lock-In

I =1y+ I coswt a

v

V =Vy+ Vjcoswt

Vi = const
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DKCIMIEPUMEHTAIIBHOE HAOJIFOICHUE BUXPEH
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Direct observation of Josephson vortex cores

Dimitri Roditchev'?, Christophe Brun', Lise Serrier-Garcia', Juan Carlos Cuevas?,
Vagner Henrique Loiola Bessa*, Milorad Vlado Milosevi¢*®, Francois Debontridder’,

Vasily Stolyarov' and Tristan Cren'™

Superconducting correlations may propagate between two
superconductors separated by a tiny insulating or metallic
barrier, allowing a dissipationless electric current to flow'?. In
the presence of a magnetic field, the maximum supercurrent
oscillates® and each oscillation corresponding to the entry of
one Josephson vortex into the barrier®. Josephson vortices
are conceptual blocks of advanced quantum devices such
as coherent terahertz generators® or qubits for quantum
computing®, in which on-demand generation and control is
crucial. Here, we map superconducting correlations inside
proximity Josephson junctions’ using scanning tunnelling
microscopy. Unexpectedly, we find that such Josephson
vortices have real cores, in which the proximity gap is locally
suppressed and the normal state recovered. By following the
Josephson vortex formation and evolution we demonstrate
that they originate from quantum interference of Andreev

be manifested as a spatial modulation of the proximity mini-gap in
the quasiparticle excitation spectrum of the normal region of the
junction’. Thus, Josephson vortices could presumably have normal
cores—regions where the proximity gap vanishes, making possible
their detection and imaging by, for example, scanning tunnelling
microscopy (STM), as is readily done for Abrikosov vortices
in superconductors.

With this idea in mind, we created (see Methods) a lateral
SNS network of superconducting Pb nanocrystals (yellow areas in
Fig. 1a) linked together by an atomically thin Pb wetting layer
(brown regions in Fig. 1a). Depending on the growth conditions,
the Pb wetting layer is superconducting when it is crystalline'®*,
whereas it is metallic when its structure is amorphous®. The
Pb islands become superconducting below a critical temperature
T.~6.5K (refs 24-28). The local tunnelling conductance spectra
measured on top of the superconducting islands at T =0.3K <K T
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Pb island Pb WL Pb island

7 x 7 n-Si(111)

1,000 nm x 1,000 nm

Wsmepenns Bbimontensi mpuy P < 3 X 107 MOap

Cuumanu BAX I = I(V), a morom uucienno nuddepennmponanu di/dV
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400 nm x 400 nm



