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Report:

We have used soft x-ray resonant magnetic scatering (S-XRMS) to study magnetic nanostructures at the Fe
L3 edge (708 eV) and Co L3 edge (780 eV). We have followed the evolution o the magnetic configuration
under an applied magnetic field. In addition, we have obtained, with coherent light, magnetic spedkle patterns
in the refledion geometry. The perspedive isto accessto the static / dynamic magnetic topdogy.

Two types of samples were measured:

- Thin wedge film (40 rm) of FePd alloy, olktained with a layer by layer epitaxial growth at ambient
temperature. This smple echibits well aligned magnetic stripes. The film was etched by lithography and ion
bombardment, resulting in thin Co/Pt lines of 8 um. Identicd such micrometric structure were present at
various locaions along the wedge, in order to study thickness dependent magnetism. This unique sample is
shown onFig.1.

- Co/Pt multilayer deposited on ptterned silicon substrates from LETI/PLATO. The magnetic [Co
(5R)/Pt(18R)]13 layer presents a perpendicular magnetization. Different patterns were studied: lines grating
(100mM/100rmM), and dds gratings (squared das 10x100mm, and redangular dots 10x400 M, with a
separation d 100 om).

The instrument used is the 6/26 Daresbury vaauum diffradometer, transported to ESRF for the purpose of
this experiment. A CCD camerawas mounted onaflange & 45°,in arder to record the 2D spedkle patterns.

Results
a) Measurement with a point detedor

Using first a point Si phaodiode, we have measured the refledivity and magnetic rods for the Co/Pt
multil ayer, showing the superlattice Bragg pe&ks and the Kiesgg fringes. Then going on the patterned pert




(Co/Pt lines), we systematicadly meesured the asymmetry ratio between the two Xx-ray helicities on the
structural "grating” peeks by describing the whaole hysteresis loop with a perpendicular magnetic field, as
shown on Fig. 2. This will alow through modeling to retrieve the shape of the magnetic deposit, and to
guantify the magnetic part of the scatering fador.

b) Coherent measurements using an in-vaauum CCD camera

Sincethe canerawas placed at 440mm from the sample, the far field condtion are nealy fulfilled. A speda
mount was in addition designed at Daresbury to align a pinhde inside the vacuum diffracdometer, at 50 mm
in front of the sample. For the 20 um pinhde used, this is well into the nea field, the transverse spat size
being 20.7um at the sample location.

1. FePd film of micrometric size

The first measurement was performed onFePd over a continuous area The diffradion spedkle pattern shows
the speaular spot and the two magnetic satellit es due to the magnetic periodicity. The image is nat shown here
sinceit is submitted for pubdicaion,. These satellit es present a dichroic efed for oppdasite light helicities, as
expeded [1]. Theintensity fluctuations present a aherence degreeof abou 78 %.

We have then been able to illuminate an FePd etched line of 8 um. This was demonstrated by the presence of
intensity moduations (interference dfed from the line edges), with a period exadly correspondng to 8 um.
A unigue spedkle structure with a very high contrast of the magnetic satellites (over 90% at least) was
obtained. We believe this is a mgjor step forward to have been able to use acoherent bean of enough
intensity on such a micrometric structure, the measuring time being abou 30 minutes (the wrrespondng
figures are nat attached here for puldi caion reason). The reconstruction procedure is under work .

2. CoPt nanolines and dots

We have dso used the mherent bean to study Co/Pt lines grating under an in situ magnetic field. In the
saturated state, the CCD image shows only the speaular and the structural superlattice peeks (Fig. 3a). When
the X-ray energy is tuned to resonance, magnetic satellites progressvely appea in between as the field is
swept along the whole hysteresis loop towards the @ercive points, where the magnetic antiferromagnetic
signal become prominent (Fig. 3b); a"movie" have been recorded.

A preliminary measurement have been made on Co/Pt dot arrays. However, the magnetic signal is we& and
we nedl to increase the magnetic ordering by an improved demagnetization process or narrowing the dot
separation to get alarger dipolar interadion.
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Fig. 1 The nano-objed studied : a8 um FePd
line on the MgO substrate. The MFM image
shows the stripe orientation.
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