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INFLUENCE OF THE ABRICOSOV'S VORTICES ON
SUPERCONDUCTING TUNNEL JUNCTION PROPERTIES

AA Golubov and M.Yu.Kuprivanov

Institute of Solid State Physics, Academy of Sciences
of the USSR, 142432 Chernogolovka, USSR

Josephson tunnel junctions are widely used in various cricelectronic
devices. One of the problems encountered in the development of tun—
nel junctions based circuils is variation in its parameters caused Ly
the magnetic flux {rapping in the superconducting electrodes in he
form of Abricosovis vortices .J_:j. So an influence of the lrapped
magnetlic flux on junclion properties is of interest now. Neverlheless
no rigorous leorelical sludy of lhis question had beern previously  re—

ported,

We have sludied this problem on the basis of microscopic approach
in the following assumptions: 1) dimensions of junclion are small
compared to the Josephson penetralion depth; 3) clectrodes are iden-
lical dirty superconducling (ilms with GL parameler 2 >> 1; 3) exter—
nal magnelic field penetrates into eleclrodes as regular slalic vorles
lattice orienled perpendicular lo thice junclion; 1) wvortices in bolh
electrodes are exaclly aligned wilh each olher on the scale of super—
conducting coherence lenglh and no spalial variation in the phasc
differcnce belweon two suporconductors resulls; )) ransparency ol
tunnel junction is small, =so that the resulls of tunnel l(;"-_n'_\".J are wvalid,
bul with modified normal and anomalous Green's funclions 1 and G

in eclectrodes due to lhe prescnce of the brapped (lux quanta. In the
problem under consideration I7, (i arc cnergy and space dependonl
and ils calculation on the basis of Usadel's equalions is lhe lwo sia-
ge ;.)roblem!—}. On the firsl stage lhe spalial dependence ol order para-
meter  Afr) wilhit vortex unit cell is oblained. The lalter is laken ac—
cording to the well known circudar cell approximalion for the vortes
lattice, Here r denotes the coordinate relalive to the cell center. On

the second stagse wilh known funclion  4fr) Usadel's equalions are
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analitically continued by replacing the discrete Matsubara frequence
w with continuous energy variable -{& , and functions F (E,f’ )
G (E.."" ) are calculated. Then with known functions I (E_‘r ) and
G (EJF } tunnel current components are numerically found for vari-
ous magnetic fields H/Hca and temperatures T/Tc by energy interga-
tion and spatial averaging on the circular unit cell, Here T¢ and Hca
denote critical temperature and upper critical field of superconducting
film electrodes, respectively. The results of this procedure are shown

on fig. 1,2.

Fig. la shows increase of the quasiparticle current I‘ﬁ with increa=-
se of lhe magnetic field at the low vollage V< 24,/e ( A, is an
equilibrium wvalue of order parameter) for the temperature T=0.6 Tc.
This "leakage current" is caused by excess density of low energy
exitations, localized in the kern regions of the vorlices. There is a
"knee! structure on differential conductance curves al volitage nearly
equal to A,/é , which is shown on fig. 1b for the low temperature
T=0.1 Te. Its amplitude is significanlly reduced with the temperature
rise. It is necessary to note that this structure 1s due to the trapped
vortices only and is unrelated to the well known anomalies at V= A,/
caused by the multiparticle iunnolmgb. Supercurrent and interference
current amplitudes, _!rp and IP‘i' , respectlively, are suppressed by
magnetic field (for fig. 2a temperature T=0.1 Tc; for fig. 2b T=0.6 Tc).
In particular, critical current of junclion is reduced with magnelic
field incr‘ease. All curves, prescnled on the fig. la and Z2a,b, show
the smearing of jumps and singularvilies, predicted by tunnel teory",
In the weak field limit {isolated vortices) tunnel current is a linear
function of the field., All mentioned fenomena are in good agreement

" 1-3
with the experimenl :
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Fig. 1. Quasiparticle current (a) and its firsl derivalive (b).
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Fig. 2. Supercurrent (a) and inlerference current (b) amplitudes.
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