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ABSTRACT: a-axis oriented EuBa2Cu307 films have been irradiated with high energy heavy ions
in dXferent configurations to study the possible pinning role of the artificial clef- in this krnd of
samples. ‘l%eoriginal pinning limiting mechanism of the samples is not essentially altered what the
irradiation is parallel to the CU02 planes. However, when it is deviated from this direction, an
increase in critical current density and a change in pinniig forco are observed whm the ma~etic
field is parallel to the columnar def~ at values around the matching field.

1. ~ INTRODUCTION

One of the most challenging fields in the Applied Physics of High Temperature
Superconductivity is the study and control of the critical current density (Jc) and flux pinning
mechanisms. In this way, many studies have been f~ussed in the interaction between vortex motion
and the natural defm of the superconductors (Kwok et al 1990, Diaz et al 1998). Also, several
studies have been done to create diffkrent kind of artificial defects in the material that could act as good
pinniig amters (Van Dover et al 1989, Civale et al 1990). One of the most sucassful methods is the
artificial production of columnar tracks by heavy ion irradiation (Budhani et al 1992, Civale et a! .
1991). In particular, it has been shown that these linear dafbcts can move the irreversibility line (H-n
to higher fields and ~icrease the J= values by one Order of magnitude on superconductors of the 123
fimily (Konczykowski et al ]991, Civale 4 al 199]). However, Up to now, nlost of this research has
been pefiormed in platelet single c~stals (paulius et.al 1997, S&ust.er et al 1996) and c-axis orieated
films (Doyle et al 1995), where the CU02 superconducting planes of dle Stmcture are parallel to the
sample plane. Therefore, it is very inbresting to analyze tlm influ~]~ oflleavy ion irrixkticxl in other
samples which present different gwnwtric.d confibwrations. ]n ~~is work, we have studied the
behaviour of critical current density and pinning force in heavy ion irradiated a-axis oriW.d
EuBa2Cu307films, where the CUOZplanes are perpendicular tn the film plane.

2. EXPERIMENTAL

a-axis oriented EuBazCus07thin films have bem prepared on SrTiOJ(lOO) substrates by dc
magnetronsputtering. As it has beemreported earlier (Martin et al 1996), the as-grown samples show
good structural properties, with pure a-axis orientation as analy~ by x-ray diffraction; the C@2

pJanes are perpendicular to the film plane and can be aligned parallel to the two main perpendi~lar
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direc?hns of the cubic substrate su~w, so that the smnples present a microstructure of 20 nm
domains separated by 90° boundaries.

l%ree W%remt u-axis oriented fiIms ha~ beemirradiated by high energy heavy ions at ATLAs
(Argonne Tandem Liiear Accelerator System). The irradiaticm experimental condiions ●re selti ti .
createamo~housmdutnnar tracks in the materiaI (F%ulius et al 1997); theY are uaralhd to t?&.

. ---—
irradiation direction and thread the whole film thickness of 300 nm. One film was irrad~atedwith 0.87
GeV ‘SL$14in the pe~dicular direction to fiIm plane (that is, parallel to u axis ●nd CU02phnes) and
at a dose that corresponds with an avezage defkt density which is the &me as the number of voti”ocs
per unit area with ●n applied field of Be = 0.5 T (the so-called matching field). The seccmdsample WS
irradiated by 1.4 GeV ‘s@” ions at an angle @ = 30° respect to the film nomud and with a dose that
corresponds to B@= 0.5 T. The irmdiation procass in the third film was performed with 2.5 ~ev
IwXe’sl ims at @ = +4s0 for B. = ] T. ~ *8 following we will name these samples as FAO, FA30 and
FA45 respectively aid accordhg to the irradiation angle.

The irradiated samples have been studied by tmnsport nwasurements in a helium ctyostat with
a 9 T superconducting soleaoid and a rotatable sample holder. The p~~) curves show a small decrease
of about 1-2 K in the superconducting transition temperature in the samples after the irradiation. T%ere
is also an increase in the normal state resistivity values but the. samples keep the metallic behaviou~
the reduction of the effkctive crossection for me transport current due to the presmce of the columnar
tracks could be the origin of these changes. The critical current density valuw have beemobtained with
the 1 pV/mm criterium, and applying the magnetic field in the plane perpmdicular to the transport
current at a certain angle@ respect to the film nornlal.

3. REStJLTS AND DISCUSSION
/

Figure 1 shows the J= measurements in sample FAO compared with the values obtained before
the irradiation of the film. As the columnar defms are parallel to the CUOZplanes in this sample, the
possible artificial pinning mechanism is competing with the natural intrinsic pinning of the structure. In
Fig, l(a) the normalized JC(Y) data with H = Oare presented, The curve after the irradiation shows the
same behaviour as beforq the temperature dependence of the unirradiated samples has been attributed
earlier to the 90° boundaries present in the films (V&lezet al 1994), and the new result indicates that
this limiting mechanism is not changed by the irradiation. The field dependence with H parallel to the
irradiation direction can be S= in Fig. ](b). mere is a snlali decr~se in J= values in the low field
range, where boundaries act as the main ]inliting m~anism; however tile cmves before and aller
irradiation present similar values in me high field range, rev~lbg that the usual flux phing
mechanisms that limit the crfical current in this range (Vd]ezet al 1994) have not been changed by the
artificial defects. ‘Ile results of this fiJm reveal that, fil this gwnl~rical ~figurati~, the columnar
tracks are not acting as very effective pinning centers, but their possible role is nlasked by the pinning
due to the natural structure of the samples.

A very different behaviour is found in FA30 sample. Fig. z(a) shows the angular depmdence
of the critical current density at a mnstant field B = 0.5 T = Bo. Besides the usual maximum inJc at @
= 0°, resultiig from the namral anisotropy of the sample, tie CUrve pr~~lts a new maximum close to
@= 30°, that is, when the applied field is parallel to tie irradiation dir-ion. At this angle Jc is
increased by a factor 2 compared witi the value at the initia]lY s~mdric @ = –30°, becoming
comparable ti Jc(@ = OO).Also the dab indi~tes that tiis incr~se in tie criticxd current d~sity
hduced by the irradiation is extended o~r a range of about ~ZOa around the ncw nlaximum. Theso
resuks reveal that, in this configuration, the columnar tracks induced by the heavy ion irradiation are
indeed behaving tis good pinning centers for the vorti~ at fields similar to the matching field lb It is
interesting to plot the pinning force density 1~.= JC x 13measured in this sample at the same T value
and with the magnetic field applied parallel to the irradiation direction @ = 30° (see Fig. 2(b)). me
field dqadmce of l~i*shows that, in this temperature range where an increase in J= is observed, the
characteristic maximum of these pinning force curves appears in a field range similar to Bo = 0.S ‘f. IL

--!! . . . . . . . . - .,.-> . .. . . . .!. - .. .m J.-. ,-. ! . . .?. ,,,,..
—y. --



● ✎✌

✎

is worth to note that nl~inm in the vortex motkm dissipati~ resisti~y ●nd ●n ~-se in the
irreversibility field have also been found ●round ~ = 30° in similar temperature and field rangea.

This emhanwmumtof vortex pinning by the artificial =Jumnar tm~s is lost m sample FA4S
where a splayed irradiathn has k peIRxIA. In provious Wrks ~ C~lS ~wOk ~ al 199& ~’ .

. et al 1997), it has b fbund that this irradiation configwation an kdu~ a tiu~ion m the rusistivi&.
around @ = 0° (that is, when B is perpcmdicular to CUQ planed,** h= ~ Mrhuted to the
entanglementof the vortices with the columnar traoks ~ * di~~s. Our SOSUltSshow no
significant cnhanmrwnt in&when field is at 0 = 0° (ii this case pamllel to CUOzplan=) or ●t any
angle, but an uniform deorease respect to the unirradiated samples mSUIWWIb. It indicates that the
damage induced by these irmdmtion cundkions is not fivoring vortex pinning in tr-axis films.

A good summary of thedifferm behaviors fmd in irradiated a-axis fJJmsis prusmtedin
Fig. 3, whereseveral normalized p“ming foroe densities are shown. ‘Ile field dependeme of these
curves is related with the invoJved pinning mechanisms, so that a cutve shape change indkates
different vortex pinning origin. All data curves plotted in Fig. 3 present the same behaviour &!w the
fiekl corresponding to the maximum, but them are different deprndences in the high field range. First of
all, as it has been dtscussed earlier (Wlez et al 1994), ●ll the measurements in unirradiated auxis
samples lie on the same cuwe implying an universal behaviour for these kind of samples. This

.’ particular dependence in A>is nti changed m the case of FAO film when B is parallel to the irmdiation
direction (~= 0~, indicating that the coluninar tracks are not essentially affecling vortex pinning. This
is different whea the irrad~ation is not parallel to the CU02 planes; the nom~alizedpinning force density
in the FA30 sampIe is more localized around its maximum in comparison with the refemnco curve, as
c.arresponcisto an enhancement of pinning foru around the matching fieId wherethe artificialpinning
is stronger. On the other hand, the F#J) curve of FA45 film when the field is parallel to CUOZplanes
changes in the oppos-he direction and its maximum is diffused, revealing that the splayed irradiaticm is
modifjing the natural pinnfig mechanisms although no enhancement in critical current “density is
found.

Summarizing, critical current density and pinning forces have bees studied in heavy ion
irradiated a-axis oriented EuBa2Cu307 films. While no significant new pinning effbct is obsemed when
ion irradiation is parallel to the CU02 planes, an enhancement in Jc values and moWications in flux
pinning force can be found as the atiificial columnar clef-s firm an angle with the CuOz planes.

‘Ibis work has been supported by the Spanish CICYT (grant MAT96/904). The irradiation at
ATLAS was supported -by the US Department of Energy, BES, Materials Science under contract No.
W-31-109-ENG-38
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Fig 1: (a) Tempemture dependeme of the zero field critical current for FAOfilm, normalized
by the value at 4.2 K J~4.2K): hollow symbols, as grown; filled symbols, afbr imadiation. (b)
Field dependence of the critical current density for FAO sample: hollow symbols, as grmvn;
filled symbols, after irradiation.
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Fig.2 (a) Angular dependence of the critical current for FA30 film, at 0.9Tc and B = O.ST.
Straight line indicates the field direction parallel to the CUOZplanes at@= O“,and dashed line
indkates the irmdiation direction at 0 = 30°. Inset shows a sketch of the irradiation geometry.
(b) Fie~ddependence of the pinning force for FA30 film at O.WCand @ = 30°.
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Fig.3: Field dependence of the normalized pinning force foc as grown a-axis films with B at @
= 0°, hollow circles; FAO film with Bat@= 0°, filled triangleq FA30 film W-hhBat @ = 30”,
fill~ circlw, FA45 film with B at @ = 0°, hollow rhomboids.
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