dichroism

XMCD study of the Ruddlesden-Popper (La,Sr)O interlayers.The sample shows CMR effect connected
with ferromagnetic behavior beloweF 74K. Below | = 38K

Phase La1:Nd2Sr16Mn207 the alternating ferromagnetic bilayers have an anti-ferromagnetic

spin arrangement. In external magnetic fields the system

F. Weigand, * E. Goering, * J. Geissler, * M. Justen, * undergoes a metamagnetic transition from anti-ferromagnetic to

K. Dorr, ® K. Ruck ® and G. Schitz 2 ferromagnetic state at 20K. This transition is continuous, starting
at 0.3T and saturating above 1T (Dorr 2000). XMCD
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Germany

X-ray Magnetic Circular Dichroism (XMCD) measurements of 2. Experimental Procedures and Data Evaluation
the Ruddlesden-Popper Phase INd, .St Mn,0O, are reported.
The Mn K, La and Nd 4L; edges have been measured on aThe preparation of the polycrystalline sample is explained
powder sample at two different magnetic fields at low €lsewhere (Dorr 1999). To get a homogenous sample, we ball-
temperature. The analysis of the spectra at B = 1T indicates Hilled the sample several times and spread the powder on a tape.
large orbital moment of the Ndd5tates and a significant spin-
polarization of the Ladband. Furthermore at the Mn K-edge a XMCD spectra were recorded at the A1l beamline at HASYLAB
XMCD-signal is observed, showing a polarization of the Mn 4 With a Si (111) monochromator in two-crystal mode. The energy
band. At lower field (0.2T) all XMCD-signals are about two resolution AE/E) of the monochromatic system was about&-10
times smaller corresponding to the lower total magnetization. Théd super-conducting magnet system was used and the applied
signal at the Nd $edge vanishes completely at 0.2T. magnetic fields were 0.2 and 1T. For each energy point the
magnetic field was flipped. The intensity of the monochromatic
incoming beam () and the transmitted intensity after the sample
Keywords: x-ray magnetic circular dichroism; manganese; (In,9) for different magnetic field directions were measured with
metamagnetism; CMR. ionization chambers. During the measurement the sample
temperature was kept at 5K. Several spectra were recorded for
every edge in order to get a better signal to noise ratio. The raw
data were underground subtracted and then the spectra edge
normalized. The difference in absorption measured with magnetic

Since the first publications abou@élossalM agnetoResistance*  fields, parallel and antiparallel to the incoming beam, is the
(CMR) (Helmolt 1993) (Chahara 1993) in perovskite-like XMC_:D signal. AI_I d|th0|c spectra were norr_nallged Fo the _degree
Lay.M,MnO, (M=Sr,Ca,Ba) ferromagnetic films, a lot of interest of circular polarlzatlon. To extract the white line intensity the
was attracted in magnetism related basic research and spliPrmal absorption spectra were averaged and an arctan was
electronics. The CMR systems show a paramagnetic insulator tguPtracted, shown in Fig.1. The XMCD effect is visible (Lat
ferromagnetic metal transiton (PI-MI), which is not 1T a@bout1% compared to the edge jump).

quantitatively understood up to now. Different models were used

to explain the ferromagnetism in magnetic oxides. One model

uses double-exchange between two neighboring Mn-ions via the _. .
O-ion (Zener 1951). However the disorientation of Mn-spins and> D'Scussion
the corresponding decrease of kinetic energy are not sufficien

enough to describe the paramagnetic insulating phase in CM%

materials (Millis 1995) (Millis 1998). Furthermore dynamic . . oS
coupling of electronic degrees to lattice degrees of freedorﬁhe photoabsorptl_on process. The _dlchr0|c sugna_l_at the, L L .
(electron-phonon-coupling) should play an important role (Jahn-e.dges shows derivative-like behavior at the position of the white
Teller effect) (Zhao 1996) line peak. For an applied field of 1T a negative (positive) peak of
' 2eV FWHM and an amplitude of -9.531(3.1-16) is observed at
bout +1eV above the,l(L 5) edge. These peaks are surrounded
y two smaller neighbor peaks at -3 and +3 eV with positive

ggegative) amplitude.

1. Introduction

s seen in Fig. 1 strong white lines for the La edges are observed
ue to the narrow unoccupied bands, being the final state of

In addition to these nearly cubic systems, homologous syste
like (La,Sr}+iMn Oz, o(with n = 1,2,3) (Moritomo 1996), called
Ruddlesden-Popper Phase (Ruddlesden & Popper 1958), a
discussed in the last few years. These systems are natural )
layered manganites (Battle 1998) (Mitchell 1999) and combinel?/O compare g at the La L, Ls edges the energy of the first

the properties of three-dimensional perovskites with a more tWO_mﬂection point of the particular edge is set to zero. Furthermore

dimensional behavior (Perring 1997). Their properties like the c_iichroidc sig?al sof thet lgtr:edgz_? mu{tipliﬁdt byl thte factor_
magnetoresistance or magnetic interactions between the differen ’I in order O_ accc_)un _ © 2' eren 2p orc])_e ec ronl spin
layers depend significantly on the effective dimensionality with Polarization 6., = -0.5; ;3 = +0.25) (Fig.2). This reveals a

changing n from 1 teo (Mahesh 1996) (Seshadri 1997) (Dorr S|gn|f|ca_nt fpln p_olarlzatlon of thte Ianttr:lanulm? gband. d
1999). Neutron-diffraction measurements indicate that layere omparing to previous measurements on the refated compoun

perovskite systems could be a natural bulk stack of spin-valv 20751 MN0; (Kapusta 1996), a small increase in orbital
devices (Perring 1998) momentum is directly observable, which is enhanced at higher
' field. No measurable dichroic signal was detected at the;La L

Our sample LaNd, .St Mn,O; is of type n = 2. Bilayers of edge, so the polarization of the L léand is negligible.

perovskite units (La,Sr)MnQare separated by rock-salt like
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Lo , , , , , — , Loao® (Baudelet 1993). Unfortunately we do not have SP-DOS
calculations up to now for comparing our measurements with
theory.

5.0x10° | F LaL 5.0x10° . i )

3 The ratio of the orbital and spin momentumymgy, of the
H particular band, calculated with sum rules, yields enough
Y information to compare the differences by applying several
a%n magnetic fields. The value of Mg, is almost the same for 1T
g (4.9-10% and 0.2T (5.4-16). At 0.2T these structures are about
¥ soa0 b L 1 somo® two times smaller compared to 1T, corresponding to the lower
— B=1T total magnetization observed in SQUID-measurements.
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L, B=0.2T \: ) )
-25x10° L _ N 7 At the manganese K edge a weak, negative XMCD signal was
s (-2)B=0.2T

| ] detected (Fig.3), showing a small magnetic polarization of the
O R A Mn 4p band, corresponding to the polarization dfedectrons of
1.0x107 | . the parent Mn atom. At 1T it is about two times higher compared
N to 0.2T. By comparison with equivalent measurements we
performed at the LaCa ;MnO; system, a smaller XMCD signal
is directly observable. One possibility for this behavior could be a
smaller total magnetic moment of the Mn in the Ruddlesden-
Popper Phase, caused by non-saturated magnetization. Both
systems have nearly the same pre-edge structures in the XANES
and XMCD spectra at 6538eV (dipole forbidden transition
—L, B=1T |\ 1s- 3d), as a result of almost equal averaged valence in the Mn
----- Ly (-2)B=1T 1 3d states (Belli 1980). These transition are symmetry allowed due
-1.0x10° ‘ . ‘ . ‘ . ‘ L to the mixing of the bounded Mrd3tates with the oxygenp2
20 10 0 10 20 band, analogical to related perovskites (@art995). These
Energy [eV] structures are comparable to previously published dataigSub
Figure 2 1997).
Comparison of gat the La L, Lsedges

5.0x10°

0.0

M, [a.u.]

-5.0x10°

16eV above the Mn K edge, there is another positive peak in the
The use of sum rules (Thole 1992) (Carra 1993) in the soft X-rayXMCD signal, which probably originates from magnetic multiple
range produces good results for transition metals Fe and Co fagcattering of magnetic nearest-neighbor Mn atoms (Schitz and
the spin and orbital momentum. It is questionable to apply thenAhlers 1997). Another structure is observable at about 43eV
in hard X-ray range to get quantitative results (Wang 1993) (Jo &above the edge. At this point the energy is high enough to excite
Imada 1993) (Galéra et al 1995). Due to the unoccufiiethedl ~ 1s and P electrons (Sulas 1997) simultaneously. These
in La, spin polarized DOS interpretation should be valid structures are quite the same for féd,,Sr; Mn,O; and
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Lag Ca sMNO; showing the different measurements for both magnetically alignedfishell (Goedkoop 1997). The vanishing of

systems are comparable and the difference in the XMCD signal &tld XMCD signals at 0.2T originhates in the lattice hard-

the Mn K edge is real. magnetically coupled Nd, due to its large orbital moment. This
emphasizes the crucial role of the Nd for the metamagnetic

The absorption spectra of Ng,LL; edges (Fig. 5) show strong transition in the system LaNd,.Sr gMn,O; and has to be taken

white lines. At 1T a very large XMCD signal with an amplitude into account for further discussion.

of -6-10% can be observed at the edge. The XMCD signal at

the L; edge is about 10 times smaller. The line shapes of thes&/e would like to thank the HASYLAB beamline Al staff K.

XMCD signals are comparable to measurements at the,NdsL  Attenkofer for support and help. This project is funded by the

edges in the system bR 4B (Miguel-Soriano 2000). These BMBF.

structures correspond to strond 8lectron polarization, due to

the magnetically aligned inner Nd dhell. Sum rules indicate a

projected orbital contribution, which is in the same order (butReferences
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