BER SBIBBE 1S (20006)

23

— 1

(O

M-eiisE | —
ES

R X R P R kP —
—Co/Pt AT#FE XU T AHA + Mn BRILH ORI —

N

(1)

B OV — I g e « WE SRR IET

Soft X-ray Magnetic Circular Dichroism
—Studies of Co/Pt Superlattices and Perovskite Manganites—

Tsuneharu KOIDE
Photon Factory, Institute of Materials Structure Science

Soft x-ray magnetic circular dichroism (XMCD) in core-level absorption allows a separate, element-
selective determination of the spin, orbital, and magnetic dipole moments of the 3d and 4f states, which
predominate the magnetism of 3d transition-metal and rare-earth magnetic substances. The basic XMCD
sum rules'are described. Our recent XMCD studies with use of the sum rules are presented that approached
the origin of perpendicular magnetic anisotropy (PMA) in Co/Pt superlattices and of colossal mag-
netoresistance (CMR) of perovskite manganites. We show that the strong interfacial d-d hybridization
produces an enhanced perpendicular Co orbital moment, which causes PMA through the spin-orbit
coupling. Clear evidence is presented for a close correlation between the magnetic moments, lattice distor-
tions, and p-d hybridization in manganites, supporting the O 2p-hole polaron model.
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Figure 1. Schematic diagram of TM L, ; and O K-edge XMCD

and their energy integrals.

(a) Mg, (TM) =0 expected for the 3d° high-spin state. (b) myp,
(TM) >0 with the definition mgy, (TM) >0 expected for more-than-
half d electron systems. (c) g, (TM) <0 expected for less-than-
half d electron systems. (d) O K-edge XMCD direcly reflecting m,y,
(0).
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Figure 2. (a) In-plane magnetic anisotropy and (b) perpendicular
magnetic anisotropy in magnetic superlattices.
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Figure 3. Absorption MCXD spectra of Co(fc,) /Pt(7.5 ML) mul-

tilayers around the Co M, ; and Pt Ny, and O; ; edges deduced
from reflection MCXD and reflectivity spectra by the Kramers-Kro-
nig analysis. Correction for P was made. The inset displays the nor-
mal absorption for 7-,=3 and 15 ML.
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Figure 4. (a) Polarization-dependent XAS spectra of Coltc,)/
Pt(7.5 ML) multilayers for f,=3 and 15 ML around the Co L, ,
edges. The thin solid curve denotes the averaged XAS background.
(b) Co L, ; MCXD spectra normalized by the edge jump above 820
eV in XAS of Fig. (a).
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Figure 5. Orbital magnetic moment of Co perpendicular to the
film plane as determined from the MCXD and XAS spectra of Fig. 4
using the MCXD orbital sum rule. The solid curve represents a fit to
the data based on the model shown in the inset. The dashed curve
denotes an extrapolation for a supposed case of all fec Co layers.
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Figure 6. (a) Experimental ¢, dependence of the maxium of Kerr
rotation angle (8x) of Co(fc,) /Pt(7.5 ML) multilayers. The solid
and dashed lines are guides to the eye.

(b) 8¢ (tc,) expected for the case in which fcc Co layers are changed
into hep Co on structural phase transition from fce Co to hep Co
with increasing fc.. (c) 8x(fco) expected for the case in which fcc Co
is maintained on phase transition from fcc Co to hep Co.
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Figure 7. (a) (c) (e) Polarization-dependent Mn L, ; XAS spec-
tra of (a) AFMI LaMnO;, (¢) FMM La,_ . Sr,MnO; (x=0.3), and
(e) AFMI Lag,SrosMnO;. The insets in (a) and (e) show the ex-
panded L; peak specira.

) (d) (f) Mn L, ; MCXD spectra and their energy integrals of
(b) LaMnOs, (d) La,_.StMnOs.; (0.1<x<0.8; x=0.0 with
§=0.06), and (f) Lay.SrosMn0O;. 5-times expanded spectra are
shown in (b) and (f). B=2T in all spectra. T=100.0K in (a) and
(b) and T=20K in others. Correction for P was made.
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Figure 8. (a) Polarization-dependent O K XAS spectra of
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