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Magnetic instability in YBa2 Cu3 0, films 
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Uslng a magneto-opr~c technrque we have lnvestlgaled tbe magnetic flux propas t ion  Into and out oCsuperconducting 

1 thin YBa,Cu,O,-, &ns Afrer field coo1ln.g below T,, the external magcr lc  field Be,, perpendicular to thc film 15 

' cbnoged which Dves rlse ro sbiclding currents 1n the sample The current dlstnbut~on is disturbed moinentarily by 
I 11e~itlug rv~tlth a focused laser pulqe near ihe sample edge. Thrs rnzgers a magnetlc ~~~s tab l l i ry ,  In which a magnetic flux 

; a\aknche starts to propagate @ 2000 Elsevier Scleuce B.V. All nghts reserved. 
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Farher experiments studled the magneuc flux pattern 

I 
tnggcred by a magneuc lnstabihry Into [be Meissner state 

I superconductlng h [I]. We extended our invest- 
qatlon to study ths flux pattern In diflerent ex~ernal 

, rildsnetic fields. For thrs purpose we have used epltalual 
-211s oriented YBa,Cu, 0,-, 6lms deposited by pul- 

: kcd-laser deposition on MgO wltb CeOl buffer ldyer [ 2 ]  
F. Thcfilms had a thckness of 300 nm and a critlcal current 
; iiens~tv O T J ~  (77 K) = 1 3 A lo6 A/cm2. The expenmcnts \ acre carr~cd out In a small conrinuous flow cryostat. 
Em ~ h l c t l  had jwo optlcal wrndows with a diameter of 25 
) -111n For detectrng the magnetic field penetrating tbe 
i \Uperconductor wc wed a doped fcrnmapnet~c iron 
I 
F Prnet layer grown onto gadohnium-galhum-garnet sub- 

ftrarc by I~quld-phase epitaxy with an a d d ~ t ~ o n a l  alurnl- 
i num layer 133 T l l ~ s  magne~o-optical layer was placed 
!- mnabove the YBCO film By uslng a home-burlr polar- 
I - k. ~~dt1O~-microscope the bca l  Faraday rotatloo of the 

.'nearly polarued ligQt caused by the local Inagnerlc field 
" H z  in -the magneto-optical layer was made vls~ble wlrh 
/ ""r1~ crossed polanzer and analyzer as an Lntenslty con- 
;' W t  and rmaged with a 12-bit slow-scan CCD camera 

T h e  YBCO film was zero-field-cooled down to 10 K 
-&r reaching a stable temperature an external rnaaerlc  

1 field Be,, perpendicular to the sample surface was ap- 
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plied. Magnetic flux penetrated into the superconducting 
film firs1 from the edges and from defects which were in 
conracr with the edges until a localequilibrium of the flux 
distribution due to tbe pinning lorce and the ~~iagneric  
force was reached. This induces a current distribution in 
the superconducting film. 

In order to disturb the equilibrium of tlus current 
distribution and to iuitiare a magnetic instability, a pulse 
of a frequency doubled Nd : YAG laser = 532 nm, half- 
widrh T = 7 ns) was foc~ised onto the filn1 from the sub- 
strate side. The energy deas~ty i o  the laser spot (diameter 
30pm) was up to 30 mJ/m2. The san~ple temperature iu 
the locus could not be measured directly, but we estimate 
that the temperarure is well above the cnrical temper- 
ature. 

If the perfurbation is sufficiently strong, e.g. Cor energy 
densities of rhe laser pulse above 7 rnJ/cm2, this trigzers 
a maguetic instability, in which a ~nagnetic flux ava- 
lanche penetrates into the sin. Fig. 1 shows a mapneto- 
optical image of the resulting flux distribution aller the 
laser pulse. Bright redons correspond to high magnetic 
flux density. In contrast to tlie niore or less llomogeneous 
flux fronts which proplgate towards the sample center 
w h n  thc external field is gradually increased, this insta- 
bility develops in the form oC a dendritic pattern as 
already observed earlier [I]. The total area covered by 
the flux branches is found to increase linearly with the 
ex~ernal  magnetic field B,,, above a threshold (B,,, = 7.5 
mT), whereas the widrh o l  the branches (0.1 mm) remains 
constant witbin our accuracy. 
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Fig. 1. Magncro-optical ~ m a z e s  of a YBCO 61m zero field 
cooled down ro 10 K. The flllx l s t r i b u t ~ o n  after a 10 djcm' 
laser pulse iocused to a 3 0 ~  spot close to the hortom edge o l  
the image (arrow), Thc area d f h e  pat(ern Increases linearly with 
rbe before applied exrer~lal magnerlc field above a thrcshold 
(B,,, = 7.5 rnT). 

In order to demonstrate  hat it k indeed the macro- 
scopic sllieldlng current - induced in rhe superconductor 
by a change in rhe external field - whose perturbadon by 
the laser pulse leads to the observed insrabiliry we  bavc 
also studied the effect oldecr-eab~g the exrrrnal magnetk 
field. A n  example js shown in Fig. 2 ,  where the supercon- 
ductor was field cooled (B,,, = 45 mT) down ro 10 K: 
then rhe field was reduced to zero. Consequently, the flux 
leaves the sample at the edges but in the center remnant 
magnetization due to pinning is still observed, which i s  
again connccrcd with macroscopic currents. As seen in 
Fig. 2, the perturbation with [lie laser pulse ilow leads ro 
a flux avalanche leaving thc sample and hence to 
branclxes with a redtrced f lux density. 

In summary, we have studied nlag~ietic instabilities 
induced by a laser pulse 111 supercorlducting YBCO films 

Fig. 2. MO Image taken under similar conditions as m Fig, 1, 
lnsrcad of increasing B,,,: the e s ~ e m a l  field (here 45 m v  was 
switched off (dB,,, < 0) before appIjring thc laser pulse. 

exposed to dn external perpendicular ~nagnetic field. ne 
resulting f lux distribution has a dendritic strucrure wifb 
a different Hux density and their total area depends on 
the field. Inverse patterns are also observed. 
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