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Abstract 

Dendrltlc flux palleriic in superconducting YBCO films are studled on a niulosecond t~me-scale. I l  ir fourid that 
delld~rtes only develop fbr certarn v;llucs uf !he exlerr~al field and tetnperaturc. 
8 2003 Puhlished by Elsewer Sclencc 0.1'. 
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Tt is well-known that superconductors carrying high 
critical current densities tend t o  develop instabilities in 
their magnetic flux patterns which manifest tl~ernselves 
as macroscopic flux jumps [I]. A combinalion o r  mag- 
neto-nplics and pulsed laser irradiation can be used to 
investigate the flux propagation wiih high spatial attd 
temporal resolution i r i  the lnicroineter and nanosecond 
range. Using this technique it wis  fouild that for thin 
supcrcanductirig films t l ~ c  flux jump instability can p v e  
rise to dendritic magnetic flux avalanches propagating 
wilh tip velocities as high as 50 kmls [2.3]. 

In this work we report on a systelnatic magneto-optic 
smdy uf various types of dynamic R I ~ X  pitllerns in thin 
films. Dcpendir~g on temperature T and maynetic field B 
wc observe two completely dimerent regimes of flux 
pelletratioti: eithcr in the form of a smooth flux front, o r  
as a dendritic flux iivalancIje. 

In our experirnents we used YBCO films with thick- 
nesses 100, 200, 330, and 690 nm. grown on a SrTiO; 
substrate by thermal reactive co-cvi~poration (the (:-ilXi5 

is perpendiculiir lu the substrate) [j]. The supercon- 
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ducting transition temperatrires are between Kh and Y O  K 
and critlcal current densities arc between 2 x 10h and 
4 x  l oh  Alm2 at 77 K. 

To v~sualize thc magneuc c-component of the field a 
BI-doped yttrium iron giirnet (YrG) film uri g,ldollti~urn 
galllum garnct wlth in-plane anlsotropy is used as 
magneto-optic layer 141, which is rrjc}urited on top uf the 
supcrco~lductor 151. En order to distinguish between 
positive :rnd negative direclion of the field the polarizer 
and ai~alyzer in our polarization microscope were not 
crosseti comple~t.1y and fields between -50 and + 180 m T  
cotlld be observed. The YlG film i~llows lo nhldin a t ime 
resolution of about 200 ps (sce [6]) 

Each experiment is clone d s  rollows. The sample is 
zero field cooled below T,. After reaching! a stable tem- 
pernlurt: a magnetic field L], perpendicular to rhc sdmple 
surface is applied, and then the laser pulse i s  Lnggered 
The thin filrn geotnetr); enhances thc field at the edges 
and the magnetic flux penetr:ttes into the supzrcon- 
d u c t ~ r ~ g  filtn from therc. Thc filst part of the laser pulse 
IS now used to change the lociil magnetic held Th~s  is 
done by focusing the laser pulse n i th  a cylindrical lens 
onto the film rrom lhe substrate side uf the sample. A 
stripc of 50 pm width is  heated above T,, dividing the 
quadratic sample ~t l tu  two teglotls of equal nzc. Mag- 
netic flux fills the non-superconducting stripe and Lhe 
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Fig. 1 Milpe t~s  flux prolil<* a?lc.r .I tllne d e ! , ~ )  b > f  O7 4 ns . ~ n d  
r>Ttllc lir1.11 sti l t? ( 7 -  - If) K .  8 ,  - 15.2 mT). 

flrlr rl'nr~ly IS ~rlcr~iscd up r o  ;) constnnl valr~e This 
mcthod ;illows tc. apply m;ig.ne~ic field vcry  rapidly 110' 
T!'s). NOH. the ~ n a g n c ~ i c  flux staris Lo penetrate perpen- 
dicular to rhc slrlpc i n l n  the :auprrconductor. Fig. I 
s h u ~ n  ~ltlu flux plofilf a t  30 K a k r  a timc del i~y of h7.X 
ns crop) i ~ n d  the final sfate  (ho~l( t rn) .  

Wc iound th r~ t  [his honlogcnersus Hux pcnct r ; r~io~l  IS 

rrstncted lo ;i regiun In ~ h t  T:'l, vcrsus B,:,,. diagram ;IS 
shaun in Fig 2 Srhote a certain magnullu held uhich 
deperltl?, cln itrr1pcr;lturc the dendrite-type flux penelra- 
tion dc~,clops, A sn;ipqhu~ or t Ilc flux d~s t r i bu t i n~~  in this 

dcndritic rcgirne 15 depicted in f;ip. 3 hloreover,  ahniw a 
certnln "critical" lernp51aturc Ila dcndrilcs are f o r m ~ d  

evcn if onc goes to  high rnilcnrt~c held.; 'l'hih obscr~,+- 
tiun is in gr,)od i~gI'ccn>cllt with other exptriments whcre 

dendrites 

1 Homogsneous regime 

! - I <  ? 51:67~~1 IIL'TC I T  :I diagram which sep;br~tus the t w o  di3- 
1 1 1 1 ~ 1  rcgin115 of !ILI\ d ~ t i a ~ l ~ l c ~  'I'Iic squarcs .ind circles drc 
{slurs Cor t'BCO s;lrnplcs with Ihlcbnckl i l X )  .ind qrl(l nm rtl- 

spcci~vclv The ~r~angler represcnl data for MpD- rrum lohan- 
sen ct ;I! IE] It,tkc~~ 11clrn the ~ I , I ~ ~ I L < ) .  Fnl 1. rhe tempcr;lture 
depntlcnf ~ a l u c s  m'crc uscd ,, vancs ruu~llly hy '1 r a ~ t n r  nl two 
In fhc rcpnlc ichrrr dendrlles arc nhwrved 

F I ~  3 !D n?ag!lcfr~-i>lpt1~31 i ~ n . ~ p c ~  or thr: Hu?; dcnsily di>lrl- 
hullrm after 50 11s and of rhz Kn:lI state a1 I l l  K wirh an applicd 
f r t l r l  ilf 30 mT. Thc size of thc arca shnun IS 2 28 * I 5 :  ntrn: 
aelcl ~ l ic  n~aximnl !rwgnetic held drnsity i s  95 m T .  

1nstc;iti nf a local h e a m g  rvirll a laser an cxrrrnnl per- 
pendicular magnetic field was swept to nt~clc;itc llle 
rientlr~les [?,XI The  spccd or tllc dendrite tlps 1s In the 
b e ~ i n n i n p  on the nrrirr of clrli mlc ;tnd dccrcascs 
th t rc i~r te r  to e. 10' I ~ S .  
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