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The effects of YBgCu;0;_5 (YBCO) cap layers on the magnetic and electronic properties of
Lay /Sy sMnO5 (LSMO) underlayers was determined by x-ray magnetic circular dichroism and
X-ray absorption spectroscopy techniques. The YBCO caps alter the LSMO in a way that effectively
decreases the concentration of La at the LSMO/YBCO interface20@0 American Institute of
Physics[S0021-897@0)62908-0

The colossal magnetoresistaficeand extremely high Al, Au, and varying thickness of YBCO. By using the
degree of spin polarizatiofr,}° which is important in appli- XMCD and XAS techniques, we can monitor the changes
cations exploiting spin-polarized electron transport, makegreated near the cap/LSMO interface generated by the cap-
manganese perovskites preferential candidates for technping procedure.
logical applications. Devices utilizing highil, cuprate/ The XAS and XMCD spectra were measured at the
manganite heterostructures that exhibit an enhanced breaki?dRL-NSLS Magnetic Circular Dichroism facility located at
of Cooper pairs via spin-polarized quasiparticle injectionbeamline U4B at the National Synchrotron Light Source.
have been demonstrat&t The monochromator spans an energy range of 10—1350 eV

It is reasonable to assume that, for such applications, thand, by accepting radiation from abot@ below) the plane
magnetic and electronic structure at the interface between thaf the orbit of the synchrotron ring, is capable of supplying
Lag ;Srp MnO3 (LSMO) and its overlayer strongly deter- circularly polarized light of variable polarizatiofin this
mines the overall transport characteristics of the structure. case, 75% The monochromator was set to an energy reso-
Noble metals can be used as capping materials, but their potution of 0.15 eV at the M, 3 absorption edge. The details
lattice match with LSMO prohibits the deposition of high of the U4B beamline have been published elsewhére.
quality epitaxial overlayers, excluding them from being used = For each XAS and XMCD spectrum two electron yield
as interlayer materials in epitaxial heterostructures. It waspectra were recorded, one with the incident light helicity
hypothesized that a capping layer or interlayer composed dfcircular polarization oriented parallel to the remnant mag-

a conducting oxide, with an oxygen content and lattice connetization and one antiparallel. The XAS is the average of
stant close to that of the underlying LSMO, would be lessthe two spectra while the XMCD is the difference between
likely to affect the interface stoichiometry, and thus be lesghe two. The remnant magnetization was switched by revers-
likely to affect the desired electronic and magnetic propertiesng a magnetic field that was applied in the plane of the
of the LSMO. One such conducting oxide that meets thesample while the incident light helicity was held constant.
above mentioned requirements is ¥BayO,_5 (YBCO).  The XMCD spectra have been altered to compensate for the
However, even though the structural characteristics of théhcomplete photon polarizatiov5%) and the 45° sample-
YBCO/LSMO superlattices are very good, the resultingplane orientation with respect to the incoming beam. With
transport characteristics are far from the anticipated valueghis sample orientation, the electron yield measurements are
suggesting that the YBCO modifies the LSMO underlayer. sensitive to the first 50-100 A of the LSMO film. The addi-

In order to acquire information about the magnetic prop-tional YBCO overlayer increases the sensitivity of the mea-
erties and electronic structure of such a buried interface aurements to the YBCO/LSMO interfacial region and de-
technique with magnetic contrast which discriminates becreases the signal intensity. Measurements were also taken at
tween the elemental constituents of the underlayer is revery grazing angles of incidence which increases the sensi-
quired. Soft x-ray absorption spectrosco$AS) and x-ray  tivity to the interfacial region. No significant differences
magnetic circular dichroism(XMCD) are techniques that were observed between the spectra taken at normal incidence
provide element-specific information regarding the localand those taken at grazing angles less than 15°. This indi-
electronic structure and magnetic properties, respectively, gfates that the variations in our spectra, as a function of
the constituent atomic species of complex materials. In thi¥’BCO cap layer thickness, are not due to differences in the
article we report the results of XAS and XMCD measure-probing depth. The spectra were collected at pressures less
ments at the MrL, 3 absorption edge of LSMO capped with than 5<10° 0 Torr and were normalized to the incident flux

via the current measured through a gold mesh that was

dAuthor to whom correspondence should be addressed. c/o: NSLS Bldgpla'm_:‘d in the beam in front of the sample.

725A/U4B, Brookhaven National Lab, Upton, NY 11973; electronic mail: Pulsed laser depOSitidﬁ’Lp) metQOdS were used to pre-
STADLER@BNLLS3.NSLS.BNL.GOV pare the LSMO and YBCO film&:'® The thick (1000 A)
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FIG. 1. MnL,3; XAS and XMCD spectra for LSMO capped with various and blegcz(émes a better match with the overlylng YBCO

thicknesses of YBCO. lattice:
Additional evidence for this conclusion is the observed

decrease in the dichroism intensity as a function of increas-

Lag /Sty sMnO3 (LSMO) films were grown in an oxygen am- ing YBCO thickness. Whereas La,Sr,MnO; is ferromag-
bient of 400 mTorr on a SrTiIQ(STO) substrate at a tem- netic for concentrations in the range €.2<0.61"%! the
perature of 800 °C. The Al and Au films were deposited bymaterial becomes antiferromagnetic AF as the Sr concentra-
plasma sputtering with the substrate held at room temperaion is increased®?°As more interfacial Mn is transformed
ture. into the antiferromagnetic state the XMCD signal will dimin-

The Mn L, 3 XAS and XMCD spectra for YBCQ)/  ish, but will not change in shape, as is indeed observed. In
LSMO (1000 A)/STO with thicknesses=0, 20, 50, and 80 addition to the simple diminishing of the XMCD intensity, a
A are shown in Fig. 1. The XAS spectra were normalized smew peak appears at high YBCO coverages, occurring at a
that their respective integrated areas were equal. The changslgghtly higher energy640 e\) than the secon@lower bind-
in the spectral weight distributions represent electronic strucing energy peak in the XAS spectra. The source of this peak
ture variations occurring at the buried YBCO/LSMO inter- in the XMCD and its shift in energy with respect to the XAS
face. The changes in the XMCD spectra are related to thpeak is not known.
magnetic behavior at the interface. It is clear that the depo- To confirm the similarity in each of the XMCD spectra,
sition of the YBCO strongly affects the electronic and mag-the spectra were scaled so that all of the spectra ovéfigp
netic properties of the LSMO in the interface region, reveal-2). The strong similarity in each of the spectra, in compari-
ing the source of the poor spin-polarized transport propertieson to the distinct changes in the XAS spectra, demonstrates
observed for these structures. that although the Mn is in multiple chemical sites, it exists in

The XAS spectra of Fig. 1 exhibit three distinct changesonly a single ferromagnetic site. Furthermore, the scaling
as the YBCO overlayer thickness is increased fitonD to  factors are quantitative measures of the relative concentra-
t=80A: the development of a second feature in thedis-  tion of the ferromagnetic Mn phase present in this sample.
tribution at a fixed lower binding energy, the continuous en-This demonstrates the utility of XMCD to separate the spec-
ergy shift of theL; maximum to higher energies, and the tra of a magnetic phase from coexisting nonmagnetic or, in
narrowing of thel ; distribution. The XMCD spectra exhibit this case, antiferromagnetic ones. If the Mn was present in
a decrease in magnitude with increasing overlayer thicknesenly two phasesferromagnetic and antiferromagnetithen
The XAS spectral variations are very similar to results ob-these scaling factors could be used to extract what the XAS
tained for the MnL, 3 XAS of La,_,Sr,MnO; as a function  spectrum of Mn in the antiferromagnetic phase would look
of changing Sr concentratid!® Abbate et al.}” have re- like. By subtracting the contribution of the ferromagnetic Mn
ported MnL, 3 XAS spectra that exhibit precisely the same XAS spectra(represented by appropriately scaling the pure
spectral change&arrowing, doubling, and continuous en- LSMO spectra from the measured spectra, the remaining
ergy shif) as the concentratiaxvaries from 0.3 to 0.9 as our spectra should represent the XAS spectra of the antiferro-
Mn L, 3 spectra do for increasing YBCO coverages. Thismagnetic Mn phase. For a two-phase system, each of these
strongly suggests that the deposition of the YBCO overlayeremaining spectra should be similar and represent the con-
facilitates a cation displacement or exchange whose net etentration of the AF phase. This procedure yielded only ex-
fect is the out-diffusion of Ldinterchange of La with Beor  traneous results, suggesting that the assumption that the XAS
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R T Ty 30 Sr to La, which is similar to that observed by Gabal,*
21or 3 ] for YBCO deposited on LaAl@where a thin interfacial tran-
g r 48 1205 sition layer of BaAl,Og was observed.
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