




PART I

)DEULFDWLRQ SURFHVV

7KH <%D�&X�2��δ VXSHUFRQGXFWLQJ ILOPV ZHUH IDEULFDWHG LQ VLWX

E\ GF VSXWWHULQJ IURP LQYHUWHG F\OLQGULFDO PDJQHWURQ RQ 6U7L2�

����� RULHQWHG VXEVWUDWHV�

7ZR NLQG RI ILOPV ZHUH SURGXFHG�

VWDQGDUG FRROLQJ SURFHVV

→ IXOO\ R[\JHQDWHG ILOP �)�

VOLJKWO\ PRGLILHG FRROLQJ SURFHVV

→ R[\JHQ GHILFLHQW ILOP ZLWK GHIHFWHG *%V �'��

Susceptibility transition
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5DPDQ DQDO\VLV

3RVLWLRQ RI WKH OLQH ν
+

⇒ R[\JHQ FRQWHQW ⇒
ILOPV �'�� δ ����
ILOPV �)�� δ ����

LQ WKH <%D�&X�2��δ IRUPXOD

7KH ODUJH 5DPDQ OLQH DSSHDULQJ LQ WKH VSHFWUD RI VDPSOHV �'� DW ���

FP��
DQG WKH EURDG EDQG DW ��� FP

��
FDQ EH DWWULEXWHG WR YLEUDWLRQ

PRGHV DVVRFLDWHG ZLWK R[\JHQ GHIHFWV�
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&ULWLFDO FXUUHQW GHQVLW\ HYDOXDWLRQ

)LUVW KDUPRQLF VXVFHSWLELOLW\ GDWD ZHUH DQDO\]HG LQ WKH

IUDPHZRUN RI WKH &OHP DQG 6DQFKH] PRGHO IRU WKH FDVH RI D WKLQ

VDPSOH LQ D WUDQVYHUVH ILHOG
>-�5�&OHP DQG $�6DQFKH]� 3K\V� 5HY� % ��� ���� ������@

:H H[WUDFWHG WKH YDOXHV RI WKH FULWLFDO FXUUHQW GHQVLW\ E\

QXPHULFDOO\ LQYHUWLQJ WKH UHODWLRQ
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ZKHUH h0 LV WKH DPSOLWXGH RI WKH DF ILHOG DQG t LV WKH VDPSOH

WKLFNQHVV�

7KH DSSOLFDWLRQ RI D GF ILHOG GRHV QRW PRGLI\ WKLV H[SUHVVLRQ DV ORQJ

DV WKH FULWLFDO FXUUHQW LV ZHDNO\ ILHOG�GHSHQGHQW�



02'(/ � LQWURGXFWLRQ

$ VDWLVIDFWRU\ PRGHO RI IOX[ FRQILQHPHQW DQG FXUUHQW

FDUU\LQJ PHFKDQLVPV IRU LQWHUIDFHV LQ +76 ILOPV LV QRW \HW
DYDLODEOH WR GDWH� GXH WR WZR UHDVRQV�

�� WKH LQWHUDFWLRQ FRQFHUQV D KXJH QXPEHU RI FRQILQLQJ

HOHPHQWV �VWURQJO\ LQWHUDFWLQJ ZLWK HDFK RWKHU DQG� LQ
SULQFLSOH� H[KLELWLQJ XQNQRZQ UHOHYDQW ORQJ UDQJH

LQWHUDFWLRQV�

�� WKH GLVWULEXWLRQ DQG VL]H RI WKH SRWHQWLDO ZHOOV FRQWDLQV

D FHUWDLQ GHJUHH RI GLVRUGHU DQG LV XQNQRZQ WR D ODUJH
H[WHQW�

*UDLQ ERXQGDULHV LQ JRRG TXDOLW\ <%&2 ILOPV DUH KLJK�-F
MXQFWLRQV� SOD\LQJ WKH UROH RI ³KLGGHQ´ ZHDN OLQNV

>$�*XUHYLFK� 3K\V� 5HY� % �� ������ �����@

VLPSOH PRGHO EDVHG RQ WKH H[LVWHQFH RI D -- QHWZRUN

RQH GLPHQVLRQDO DUUD\ RI SDUDOOHO� GHFRXSOHG XQLIRUP VKRUW

-RVHSKVRQ MXQFWLRQV

� VWDWLVWLFDO GLVWULEXWLRQ RI MXQFWLRQ OHQJWKV

� ILHOG GHSHQGHQW PDJQHWLF WKLFNQHVV
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&ULWLFDO FXUUHQW GHQVLW\ YV� DSSOLHG PDJQHWLF ILHOG DV

GHGXFHG IURP WKH VXVFHSWLELOLW\ PHDVXUHPHQW� -F

H[SHULPHQWDO GDWD �V\PEROV� KDYH EHHQ ILWWHG �VROLG OLQH�

E\ PHDQV RI WKH PRGHO GHVFULEHG DERYH�

7KH ILWWLQJ SURFHGXUH UHVXOWV LQ WKH GHWHUPLQDWLRQ RI WKH

WZR SK\VLFDO TXDQWLWLHV �/!ζ DQG �/!�σ.
7KH FRUUHVSRQGLQJ MXQFWLRQ�OHQJWK GLVWULEXWLRQV DUH

UHSRUWHG LQ WKH ORZHU SDQHO IRU GLIIHUHQW ζ� YDOXHV�

7KH ILWWLQJ SURFHGXUH LV VXFFHVVIXO ZLWK ERWK R[\JHQ�

GHILFLHQW� IXOO\�R[\JHQDWHG DQG LUUDGLDWHG ILOPV�
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The model considers the diffracting
object as composed by columns of
slightly 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 model, the diffraction line can be written as the weighted sum of
discrete elements:

),(),,()(
,

00 ji
ji

ji DWDssssI εε−Φ=− ∑
where εj=∆dj /d0 is the mean lattice distortion over the jth column and Di is
the size of the ith column.
A Montecarlo procedure is performed to find out the grain size
distribution W(Di,εj) that best approximates, in a least square sense, the
measured rocking curve.
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3$57 , � &21&/86,216

:H KDYH IRXQG D VWULNLQJ FRUUHODWLRQ EHWZHHQ QDQR�VL]HG

VWUXFWXUDO SDWWHUQV LQ <%&2 VSXWWHUHG ILOPV DQG WKHLU

PDFURVFRSLF WUDQVSRUW FXUUHQW

$ PRGHO EDVHG RQ WKH SUHVHQFH RI D QHWZRUN RI -RVHSKVRQ
MXQFWLRQV ZLWK VWDWLVWLFDOO\ GLVWULEXWHG MXQFWLRQ�OHQJWKV DQG

ILHOG�GHSHQGHQW PDJQHWLF WKLFNQHVV DFFRXQWV IRU WKH
PHDVXUHG -F YV� % EHKDYLRU

7KH FRPSDULVRQ EHWZHHQ WKH PDFURVFRSLF -F PHDVXUHPHQW

DQG WKH VWUXFWXUDO DQDO\VLV RQ D QDQRPHWULF VFDOH HQDEOHV XV
WR GHWHUPLQH WKH SURSHUWLHV RI WKH -RVHSKVRQ MXQFWLRQV

LQYROYHG LQ WKH WUDQVRSUW PHFKDQLVP DQG WR ILQG RXW D
VFDOLQJ ODZ IRU -F LQ WKH �%�7� SODQH

5HIHUHQFHV

(� 0H]]HWWL HW DO�� 3K\VLFDO 5HYLHZ % �� ������ ����

*� *KLJR HW DO�� 6XSHUFRQGXFWRU 6FLHQFH DQG 7HFKQRORJ\ �� ������ ����

*� *KLJR HW DO�� 3KLORV� 0DJ� %� �� ������ ���

(� 0H]]HWWL HW DO�� 3K\VLFD &� ��� ������ ���

&� &DPHUOLQJR HW DO�� 3K\VLFD &� ��� ������ ��

*� *KLJR HW DO�� 3K\VLFD &� LQ SUHVV ������



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
YBCO 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
quantization rule and self-inductance of superconducting path between
junctions of the network. In this model the coupling is represented by a suitable
value of the parameter:

0

0 )0(2

Φ
=

LIπβ

Single junctions of the network are modeled as RSJ elements (at this moment
all perfectly equal without spread in the critical currents or electrical



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

→→→→→
++=+ γϕϕαϕ fttt ÃM

here 
→
ϕ  and 

→
f  are respectively the phase vector representing the phase in each

junction and the frustation vector, Ã is the matrix relating frustation to phases,
M is the coupling matrix which is proportional to Lβ/1  and contains in general
both self-inductance and mutual inductance terms (here we consider only next
neighbor mutual inductances), Cβα /1=  is the damping parameter, finally 

→
γ  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.1a: where we report
the normalized current as function of Rotation Number, i.e. the number of flux
quanta 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: βL =225, N=40, α=1. In a typical
simulation current bias current is increased starting from zero in a given 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 several
avalanches of (Josephson) vortex (fluxons), corresponding in this model to a 2π
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 almost continuosly 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=∆ϕ/2π, evalued as phase difference ∆ϕ=ϕk+1-ϕk, 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
quanta 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 again
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: βL=225, N=40, α=1, the normalized magnetic field is
η=40.
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We show that the plateau like shape of the Jc 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 βL 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 βL are relatively
smaller, ranging from 25 to 400. So the plateau length depends on the
coupling βL between the JJ and the number of JJ in the array. It is
found that the normalized crossover field b* depends roughly on
NβL

1/2 in all simulations, so also for small values of βL (typically
between 1 and 10) should be possible have large value of b* if the
number of junctions is high (however for such small βL effects of
mutual inductance cannot be typically ignored and a full inductance
model have to be considered). In all simulations α=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 typical results for different
temperatures and for films with different oxygen content.
The characteristic feature is the plateau in the Jc 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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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 similar 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 differences in the 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.



Acknowledgment

This work was supported on MURST COFIN98 Project “Dinamics
and Thermodynamics of vortex structures in superconductive
tunneling".

References

1. F. Parodi and R.Vaccarone, Physica C173, 56-64, 1991.
2. E. Mezzetti et al, Phys. Rev. B60, 7623, 1999.
3. C. Lucheroni, Phys.Rev.B55, 6559, 1997.
4. G. Filatrella, A. Petraglia and G. Rotoli, Eur.J.Phys. 12, 23-30, 1999.
5. E. Mezzetti et al., Physica C332, 126, 2000.

Giacomo  Rotoli
This publication is based (partly) on the presentations made at the European Research Conference 
(EURESCO) on "Future Perspectives of Superconducting Josephson Devices: Euroconference on 
Physics and Application of Multi-Junction Superconducting Josephson Devices, Acquafredda di 
Maratea, Italy, 1-6 July 2000, organised by the European Science Foundation and supported by the 
European Commission, Research DG, Human Potential Programme, High-Level Scientific Conferences, 
Contract HPCFCT-1999-00135. This information is the sole responsibility of the author(s) and 
does not reflect the ESF or Community's opinion. The ESF and the Community are not responsible 
for any use that might be made of data appearing in this publication."





