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1 Introduction

Transport and magnetic properties of metal and
transition-metal-oxide thin films and multilayers have
drawn much attention for years. Especially, novel
physical properties induced by low dimensionality,
interfacial effects, and epitaxial strain have been
intensively studied [1]. In order to understand the origin
of these physical properties specific to thin films and
multilayers, it is of great importance to clarify the depth
distribution of atoms, valences, and magnetic moments as
fundamental information. So far, photoemission
spectroscopy, x-ray absorption spectroscopy, and x-ray
magnetic circular dichroism have been widely used to
study depth-resolved electronic states by utilizing the fact
that the escape depth of photoelectrons depends on the
electron emission angle [2,3]. However, the spatial
resolution along the depth direction and the probing depth
are severely limited in these methods because of the small
escape depth of the electrons (a few nm). Recently, an
alternative method, in which the incident-angle
dependence of the x-ray scattering intensity is measured,
has been developed as a probe for the depth-dependent
electronic structure [4]. We have been developing an
apparatus for such experiments, namely resonant soft x-
ray scattering (RSXS). In this paper, we report on the
preliminary RSXS experiments of [Co/Pt (111)],
multilayers, which are known to show perpendicular
magnetic anisotropy with decreasing Co thickness [5].

2 Experiment
[Co/Pt (111)], multilayer samples with a total thickness

of ~100 nm were grown on the glass substrate by the RF
sputtering method. Prior to the growth of the Co/Pt
multilayer, a 15-nm-thick Pt (111) buffer layer was
deposited and the samples were annealed at 350 °C for 1
h. After the deposition of the Pt buffer layer, 4-monolayer
(ML)-thick Co and 10-ML-thick Pt layers were
alternatingly deposited, terminating with the Pt layer in
order to protect the surface. X-ray diffraction confirmed
that the periodicity of the superlattice almost agreed with
the designed values. Details of the sample preparation are
described in Ref. 6.

RSXS experiments have been performed at BL-16A of
KEK-PF. The photon energy (#v) was adjusted to the Co
L; absorption edge. Scattering profiles were taken at
room temperature. A magnetic field of ~ 0.1 T was
applied parallel to the incident x rays using permanent
magnets. Signal was collected using a silicon diode

detector. A slit of ~0.1 mm width was attached in front of
the detector to achieve the angular resolution of ~ 0.05°.

3 Results and Discussion

Figure 1 shows the scattering profile of the [Co (4
ML)/Pt (10 ML)], multilayer at the Co L3 absorption edge
(hv = 775.6 eV) with a fixed sample angle (Gample =
16.15°) and a varying detector angle (Get). A sharp peak
located at Byt =32.3° and a broader peak located around
Baet =37° are observed. The sharp peak is identified as the
specular reflection peak because the scattering angles
nearly satisfy the 6-26 relation (Gt = 2 Ghampic). On the
other hand, the broader peak is identified as the first-order
superlattice reflection from the [Co/Pt], multilayer. The
Bragg condition for the first-order reflection is given by
q, =2n/L , where gq,= k(sin Bsample — sin(@det —
Gsample)) is the momentum transfer and L is the
superlattice period. From the scattering profile in Fig. 1,
the momentum transfer for the broad peak is calculated to
be q,~2.5 nm™1, yielding L ~ 2.5 nm. On the other hand,
the theoretical superlattice period of the [Co (4 ML)/Pt
(10 ML)], multilayer is estimated to be 2.590 nm, using
the lattice parameters of hep (0001) Co (1 ML = 0.2053
nm) and fec (111) Pt (I ML = 0.1769 nm). The
experimental superlattice period is, therefore, consistent
with the theoretical value. Furthermore, the peak width
(half width at the half maximum) is estimated to be Ag. ~
0.1 nm™!, corresponding to the total superlattice thickness
of 27/4q. ~ 60 nm. This is also consistent with the
designed total thickness of ~ 100 nm, within the
experimental errors due to the estimation of Ag.. These
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Fig. 1: Scattering profile of the [Co (4 ML)/Pt (10
ML)], multilayer at the Co L3 absorption edge (hv =
775.6 eV) with fixed the sample angle (Gample =
16.15°) and the varying detector angle ( Gyet).
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estimations justify the assignment that the broad peak
around Gy =37° is the first-order superlattice reflection.

Thus we have succeeded in the observation of
scattering peaks not only of the specular reflection but
also of the superlattice reflection from the [Co/Pt],
multilayer. In the future, we are going to investigate the
angular and photon-energy dependencies of the reflection
intensity in order to probe the depth-resolved electronic
and magnetic states.
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