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The YBa,Cu;0-s superconducting films were fabricated in situ
by dc sputtering from inverted cylindrical magnetron on SrTiO;
(100) oriented substrates.

Two kind of films were produced:

standard cooling process
- fully oxygenated film (F)
slightly modified cooling process
- oxygen deficient film with defected GBs (D).

Susceptibility trangition
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Position of the line v, [1 oxygen content []

films (D): 6 = 0.34

films (F): 6 = 0.02

The large Raman line appearing in the spectra of samples (D) at 230
cmi?t and the broad band at 580 cm™ can be attributed to vibration

modes associated with oxygen defects.

in the YBa,Cu;0-.5 formula
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e First harmonic susceptibility data were analyzed in the
framework of the Clem and Sanchez model for the case of a thin

sample in a transverse field
[J.R.Clem and A.Sanchez, Phys. Rev. B 50, 9355 (1994)]

o We extracted the values of the critical current density by
numerically inverting the relation

Y = 2)7;0 [(1-cosd) S[(x/ 2)(1-cos?)] cosd &

s = L Boga0 1 0, sinhx
- ZXQ: FosnxH cosnixH @ X = ho/Ha= 2ho/(Jt)

where hy is the amplitude of the ac field and t is the sample
thickness.

Xy X7,

The application of a dc field does not modify this expression as long
as the critical current is weakly field-dependent.



e A satisfactory model of flux confinement and current
carrying mechanisms for interfaces in HTS films is not yet
available to date, due to two reasons:

1) the interaction concerns a huge number of confining
elements (strongly interacting with each other and, in
principle, exhibiting unknown relevant long range
interactions)

2) the distribution and size of the potential wells contains
a certain degree of disorder and is unknown to a large
extent.

Grain boundaries in good quality YBCO films are
., playing the role of “hidden” weak links

[A.Gurevich, Phys. Rev. B 50 (1994) 13563]

simple model based on the existence of a JJ network

v

one dimensional array of parallel, decoupled uniform short
Josephson junctions
+ statistical distribution of junction lengths

+ fleld dependent magnetic thickness



FITTING PROCEDURE
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e (ritical current density vs. applied magnetic field as
deduced from the susceptibility measurement. J,
experimental data (symbols) have been fitted (solid line)
by means of the model described above.

e The fitting procedure results in the determination of the
two physical quantities <L>{ and <L>/o.

e The corresponding junction-length distributions are
reported in the lower panel for different {[] values.

e The fitting procedure is successful with both oxygen-
deficient, fully-oxygenated and irradiated films.

IN ORDER TO OBTAIN ALL THE PHYSICAL PARAMETERS INTO PLAY,
WE NEED AN INDEPENDENT DETERMINATION OF THE JUNCTION
LENGTH DISTRIBUTION p(L)

J L

THE JUNCTION LENGTH
DISTRIBUTION p(L) AND THE
GRAIN-SIZE DISTRIBUTION
p(D) ARE VERY SIMILAR AND
DISPLAY THE SAME NAMETRIC

SCALES
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On the basis of this correspondence, we used the p(D)
distribution to obtain new fits of the experimental Jc
vs. B curves. In this second analysis the only free
parameter left is {




By The model considers the diffracting

LKL} object as composed by columns of

" dightly different size D, each column

lying perpendicular to the (HKL)

diffraction plane.

Each column consists of stacking of unit cells and contributes incoherently
with one another to the total scattering intensity. According to the column-
like modél, the diffraction line can be written as the weighted sum of
discrete elements:

I(s=5) =) P(s—5,D;,€,)W(D;,g;)

where &=Ad, /d, is the mean lattice distortion over the ™ column and D; is
the size of thei™ column.
A Montecarlo procedure is performed to find out the grain size
distribution W(D,, &) that best approximates, in aleast square sense, the
measured rocking curve.,

[P.E. Di Nunzio, S. Martelli, R. Ricci Bitti, J. Appl. Cryst. 28 (1995) 146]
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DETERMINATION OF { and J.-B SCALING
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e We have found a striking correlation between nano-sized
structural patterns in YBCO sputtered films and their
macroscopic transport current

e A model based on the presence of a network of Josephson
junctions with statistically distributed junction-lfengths and
field-dependent magnetic thickness accounts for the
measured J. vs. B behavior

The comparison between the macroscopic J. measurement
and the structural analysis on a nanometric scale enables us
to determine the properties of the Josephson junctions
involved in the transoprt mechanism and to find out a
scaling law for J. in the (B, T) plane
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Part I - Introduction

In this part we make an analysis of the JJ network as a discrete set of parallel
junctions (1D Josephson array), in quasi-static conditions. One dimensional
arrays was suggested very early in the study of HTC.
Superconductors [1], though their applications was limited to
phenomenological considerations by complex nature of phenomena occurring
In HTC bulk materials. Only recently considerations on the physics of HTC
Y BCO films make possible modeling the film transport properties as flow of
supercurrents through links between granular structure of the film [2]. The
coupling between the junctions of the array is introduced via standard fluxoid
guantization rule and sef-inductance of superconducting path between
junctions of the network. In this model the coupling is represented by a suitable
value of the parameter:
_ 2n,(O)L

B= o,
Single junctions of the network are modeled as RSJ elements (at this moment
al pefectly equal without spread in the critica currents or electricd



parameters with an intermediate damping corresponding to B¢).
Equations describing the array can be written as DSG (Discrete Sine-Gordon)
eguation in the following form [ 3,4]:

b tad, =M+Af+y

here ¢ and f are respectively the phase vector representing the phase in each
junction and the frustation vector, Ais the matrix relating frustation to phases,
M is the coupling matrix which is proportional to 1/ 3, and contains in general
both self-inductance and mutual inductance terms (here we consider only next
neighbor mutual inductances), a =1//B. is the damping parameter, finaly v is
the induced bias current vector (in this model representing the AC
magnetization current generated in the sample). In order to reproduce the
transport current mechanism used in the experiments magnetic field was
Introduced only at one extreme (active end) of the array representing the
physical edge in which the field penetrate in the film progressively advancing
toward the full penetration toward the center of the sample, represented by the
other extreme of the array (passive end).



An illustration of the dynamics of JJ array is shown in Fig.1la: where we report
the normalized current as function of Rotation Number, i.e. the number of flux
guanta entering the array, for three values of active end normalized magnetic
field as shown in the legend. The critical state is reached at the end of each curve.
The parameters of the array are the following: 3. =225, N=40, a=1. In a typica
simulation current bias current is increased starting from zero in agiven magnetic
field until array becomes critical and a finite voltage apppears at its ends. Before
critical current is reached due to strongly discrete nature of system severd
avalanches of (Josephson) vortex (fluxons), corresponding in this model to a 21t
wrap in the phases, penetrate in the array from the active end This process
continue until the array is uncapable to accomodate other fluxons because it will
be completely penetrated by the field and no room is found for other fluxons. At
this values of bias current critical state sets on. For lower current values the
dynamical mechanism of penetration of the field in the array is dominated by
fluxon avalanches as is shown in the Fig.1b where arrows indicate approximately
the start of a series of sharp increases in rotation number, this mechanism is
referred as "avalanches or burst regime". For higher (subcritical) current values
avalanches become less evident because the array amost continuody is
penetrated by a large number of fluxons, so we refers to this as "continuos flux
diffusion regime" (cf. Fig.1a).
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In Fig.2 is shown the normalized magnetic flux distribution
h=A¢/211, evalued as phase difference Ad=0¢,.1-¢y, Over the array, i.e,,
the number of flux quanta for each cell in the array. In Fig.2a for a
given value of external normalized magnetic field the number of flux
guanta in each cell is shown for different values of current. Higher
currents corresponds to complete penetration of flux in the array,
whereas lower current the flux is essentially concentrated near the
active end. The flux distribution is essentially linear (Bean) and also
for higher subcritical currents is clear that passive end is agan
untouched by flux penetration occurring also at few cells of distance,
thus confirming that criticality is connected to full penetration. In
Fig.2b the magnetic flux distribution is plotted just before and after
the process of penetration of an avalanche of fluxons in the array in
the "avalanche regime", can be view how fluxon will distribute along
the first cells near active end. The parameters of the array are the
following: [(3,=225, N=40, a=1, the normalized magnetic field is
n=40.
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We show that the plateau like shape of the J. vs B curve can be
reproduced also in this case. In Fig.3a we show the magnetic field
pattern for a small array of N=10 JJ. The plateau extends over some
decades like in the experimental data, values of 3, can be as high as
6400 to obtain the longest plateau. In Fig.3b the same plateau is
shown for an array of N=40 JJ. The plateau extends approximately
over the same length of previous case, but values of 3, are relatively
smaller, ranging from 25 to 400. So the plateau length depends on the
coupling . between the JJ and the number of JJ in the array. It is
found that the normalized crossover field b* depends roughly on
NB .2 in al simulations, so aso for small values of B, (typicaly
between 1 and 10) should be possible have large value of b* if the
number of junctions is high (however for such small 3, effects of
mutual inductance cannot be typically ignored and a full inductance
model have to be considered). In all smulations a=1.
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The experimental dependence of the critical current
density on the applied magnetic field in YBCO thin films
has been obtained from susceptibility measurements [2].
Fig.4a and Fig.4b show typica results for different
temperatures and for films with different oxygen content.

The characteristic feature is the plateau in the J. vs. log B
curves, that can be explained in terms of Josephson
currents through the nanosized granular structure of the
film[2].

It has been shown that such links have a statistical length
distribution, with a mean value of the order of 20 nm [5].
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Part Il - Conclusions

In this model all junctions in the array are supposed identical (same critical
current and dissipation) and pointlike JJ and moreover cells in the array are
supposed have ssimilar inductances which is obviously not the case for the true
superconducting HTC films. We note that a spread in the junction parameters
via statistical distribution of parameters can add some quantitavive difference
In the set up of critical state, because pinning barriers will vary within the array
so giving arise to more disordered flux distribution, but we expect no
qualitative substantial differencesinthe global behavior of the array especially
In the plateau feature. Most important here, also for the comparison with
experimental data (cf. Fig.4), is the fact that junctions are typically not
pointlike object but can shown a distribution of lengths on nanometric scale.
This implies that JJ in the array cannot be treated in principle as pointlike
object, though they have to be considered short junctions. Further
Investigations on these points are in progress.
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