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In this study, we have performed magneto-optical Kerr eff8OKE) measurement on epitaxial
LaysSrsMn0O;3 thin films containing artificial interfaces created by laser-patterning the 3rTiO
substrate. The observed increase of the resistivity and of the high-field magnetoresistance when
measuring the films across the interface arrays are related to the reduction of the magnetization of
the interfaces with respect to the rest of the film. As observed by the local MOKE probe, the
structural disorder in the manganite film induced by the underlying patterned substrate leads to a
large spin disorder responsible for a strong high-field susceptibility of the resistanc200®
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I. INTRODUCTION focused through 25 demagnifying Swarschild type objec-

Magnetotransport measurements through artificial graifiVe: This allowed us to set the spot diameter to aboyi#0
boundaries formed either by bicrystallifé step-edged,or Tracks were formed on the substrate by moving it with re-
laser-patternédsubstrates have provided clear evidence thaBPect to the laser so as to fiora 5 mmlong track parallel to
a large magnetoresistané@R) develops at the interface. In the [100] direction of the STO. The movement of the sub-
this study, we report on magneto-optical Kerr effectstrate during the patterning process was chosen so that the
(MOKE) measurements of arrays of artificial interfaces cre-Spot impacts overlap and define a continuous track. Single
ated on epitaxial LggSr;,sMnO; (LSMO) thin films. One tracks and arrays of five parallel tracks were patterned on the
and five 40um wide track interfaces have been patterned bysame substrate.
pulsed laser impacts onto single-crystalline strontium titanate  After this step, a LSMO film 20 nm thick was deposited
substrates, and characterized by x-ray diffraction and variousn top of the patterned substrate by pulsed laser deposition
imaging techniques. By focusing the laser spot of thefrom a stoichiometric targétThe crystallographic quality of
magneto-optical system and sweeping through the arrays, Wge film was checked by x-ray diffractiofi-26 and ¢ scans.
explore the change of the local magnetic properties of therhe film exhibited full in-plane and out-of-plane epitaxy.
manganite film. It is found that the magnetization at the dis-The rocking curve around tH@02) reflection was as narrow
torted regions is substantially reduced with respect to that ofg g g1°.
the film far from _the interface. These results are discussed Magnetotransport measurements were performed in the
and correlated with magnetotransport measurements. 10-350 K temperature range and with a applied fi¢ldp to

70 kOe in a Quantum Design PPMS. Previously gold pads
II. EXPERIMENT were patterned by dc sputtering with the objective of reduc-

A single-crystalline 10 mmt10 mm SrTiQ (STO) sub-  ing the contact resistance.

strate has been patterned by a 248 nm pulsed laser beam The Kerr effect measurements were performed in the
40-320 K temperature range by using an experimental setup

dAuthor to whom correspondence should be addressed; electronic maiVe briefly describe below. The sample was located onto the
bibes@icmab.es cold finger of a cryogenerator coupled to a temperature con-
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FIG. 2. Temperature dependence of the resistance of the film, ani0
track, and an array of five 4am tracks.

the manganite layer, scanning electron microscé®gM)
was used to image the film. Figurébl displays details of
the 40 um wide track. One important point is that the fea-
tures observed for the substrate are reproduced in the man-
ganite film, especially the oriented cracks and the debris
zone on the sides. We expect the crystallographic disorder in
these regions to be high both in the STO and the LSMO. If
so, the magnetic and transport properties of the manganite
FIG. 1. Optical image of a 4@m track in the SrTiQ substratg@). SEM Shou_lq be greatly aﬁeCted_ ,Sm(.;e this material is extremely
image of the same track in the LCMO filti). sensitive to structural modificatiofis.
We now pass on to the transport characterization of the

tracks. Figure 2 shows the temperature dependence of the
troller. The pressure in the experimental chamber was set tesistance of the film, of one 4@m wide track and of an
a primary vacuum and the pump was stopped during tharray of five 40um wide tracks. Where the film shows the
measurements in order to limit the noise in the signal. Twdypical metal-to-insulator transitionT{~320K), this fea-
glass windows allowed us to point the beam of a linearlyture is almost washed out for the 46n wide track, whereas
polarized He—Ne laser at the sample and to retrieve the rehe five 40 um wide track array is insulating down to the
flected beam whose two orthogonal polarization componentlwest temperature at which it could be measured. At low
were separated by a Wollaston bisprism. The intensity ofemperature, the presence of one 4t wide track in the
these two outcoming beams was read by two photodiodesurrent path increases the resistance nearly 4 orders of mag-
and the difference between the two signals was recorded asnitude. This proves that in the track, regions with very high
function of the magnetic fieldapplied in the plane of the resistivity are present.
film). This signal difference—the Kerr signal—is proportional Figure 3 collects data from resistance versus field mea-
to the Kerr angle and thus to the magnetization. For eackurements performed at 70 K. The film shows a l@bout
Kerr cycle, the intensity of the reflected beam was also re12%) high-field magnetoresistan¢eFMR) and no low-field
corded and used to normalize the Kerr signal. This allowednagnetoresistandé FMR). This indicates that the magnetic
us to cancel the effect of variations in the sample surfacelisorder is small and confirms the good quality of epitaxy.
reflectivity.

In order to characterize different regions of the sample,

the laser focusing system was coupled to a micrometric po- ' ' '
sitioner which allowed us to move the spot with a precision
of about 20um.

IIl. RESULTS

MR (%)

Figure Xa) shows an optical image of a SrTiGubstrate
after the patterning of a 4@m wide track but prior to the
manganite film deposition. Regular cracks roughly parallel to
the [100] and[010] directions of the STO can be observed -60
inside the damaged area while on the sides a region about 3
um wide appears to present a high structural disotdee

overlapping betwee_n ‘?aCh laser impact is about 25_0_/0 anfG. 3. Field dependence of the magnetoresistance of the film ard0
guarantees the continuity of the track. After the deposition ofrack, and an array of five 4am tracks at 70 K.
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This decrease of the magnetization inside the tracks in-
dicates that the magnetic disorder is high. This has to be
related to the observed structural disorder and magnetotrans-
port properties. Indeed, the structural modifications induced
by the laser patterning on the substrate appear to be also
present in the manganite. As revealed by the Kerr effect
measurements, the magnetization inside these regions is
smaller than outside thertin the film). This has to be ex-
plained by the presence of noncollinear spins that prevent a
good propagation of the double-exchange ferromagnetic cou-
pling. Similarly, the subsequent magnetic disorder enhances
the resistivity of the tracks and increases the high-field sus-
ceptibility.

M (a.u.)

IV. CONCLUSION

In summary, we have shown that laser-patterned artifi-
FIG. 4. SEM image of the five 4qum tracks array(a). Kerr signal in  cial interfaces induce a large increase of the resistivity and
function of the laser spot position on the filf). magnetoresistance of kgSr,sMnO, thin films. The magne-
tization of the patterned region has been probed by Kerr
effect measurement and was found to be clearly lower than
When measuring through the 40n-wide track, a substantial that of the rest of the film. We have related this result to
LFMR (some 10% develops, accompanied by a rathertransport data and argued that in these regions the ferromag-
strong HFMR(35% at 70 kOgand high-field susceptibility netic coupling is weakened and the spin disorder is large,
IMR/JH~2.5x10"°Oe *. For the array of five tracks, the which leads to an increase of the resistivity and of the high-
LFMR is nearly absent but the HFMR is even lar¢g0% at  field magnetoresistance.
70 kOa with IMR/dH~6.5x10"20e L. This huge in-
crease of the HFMR related to the presence of tracks on thRcKNOWLEDGMENTS
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