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Report:

Nanometer-sized Co clusters were prepared by sequential sputtering of amorphous alumina
and Co layers on a Si substrate. The Co layer segregates into nearly spherical metallic clusters.
Their size can be controlled by varying the nominal thickness, tco that the Co film would have,
were it continuous. In this work, we studied granular films with taros= 3 nm and 0.2 nm < tco <
0.7 nm, corresponding to average particle diameters D between 1 and 3.5 nm, which within
each layer are separated by an average distance of 2.2 nm. By the same procedure, Cu, Au,
and Pt--capped clusters can be prepared, by depositing a thin (1.5 nm) noble metal film (M)
right after the deposition of Co. Usually samples are made by piling up a number N of Al203/Co
or Al203/Co/M repetition units.
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“ Au-capped  We use ac susceptibility data to obtain the effective magnetic

C” Capped | anisotropy constant K, which can be estimated simply as the
ratio between U and V for particles with average diameter D.

30F

K/Kbulk

10y  anisotropy we studied a series of uncapped and capped Co-
o-bulk particles samples.

2 uncam# | (see references below and therein)
iiﬂ In order to study how the noble metal affects the effective
++ %

The variation of the effective anisotropy (normalized to the bulk value ) is shown in the figure. In
order to correlate this with changes in the electronioc structure, we measured XMCD at the L,

edges of Au and Pt and at the K edge of Cu (which is the available one for Cu). Our results are
shown in the figures in next page for the t;, = 0.7nm (D=3 nm). The L,; Co edges measured in

capped and uncapped samples are also shown (measured in ID08 in other experiments).
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Fig. 4. Pt- L,5 edges XMCD spectra. (-) fo=0.7 nm. (--) /ce=0.4 nm. The
corresponding XAS spectra were normalized to a ratio between the L, and
L; jumps of 1;=2.22 [13]. The gap in the data near 13300 eV was due to
coincidence of a Bragg peak of the Si substrate appearing at that energy.
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Tig. 5 — (Color online) XMCD spectra obtained at T = 5 K and under an applied magnetic field of
1 T of several Al;03/Co, Al;03/Co/Cu, and Al;O3/Co/Au granular multilayers with (o = 0.7 nm. Energy (EV)
The Co - g3 XMCD data are shown in the upper plot. To emphasize the changes induced by metal
capping, they are normalized to the height of the Ly peak. The inset shows a detail of the Ls edge FIG. 4. X-ray magnetic circular dichroism of two samples of Au-capped
region. XMCD signals near the Au-Ls and Cu-K edges are shown in the medium and lower plots (14y=1.5 nm) Co clusters with different average diameters. The spectra were
R . ) 3 . . . o measured at the L, ; edges of Au, at T7=4.2 K and under a magnetic ficld
respectively. The origin of the energy scale is taken at the inflection point of the adequate absorption of 1 T

edges.

Evidences for electronic interaction at the interface are also observed in the absorption spectra
of the capping metals. Both the Cu and Au spectra show XMCD signals near their K and L,
absorption edges, respectively. Their signs show that the s — p and d electrons of Cu and Au,
respectively, are ferromagnetically polarized by the corresponding electrons of Co. The
polarization of Cu s — p electrons, of order 0.02u; per atom), is similar to that observed in
Co/Cu multilayers. For the 5d Au electrons, we find m /mg = 0.20(2), which is of the same sign
but somewhat larger than the value m /mg = 0.12(2) found in the case of Au/Co/Au multilayers.
This polarization does not appreciably change the effective magnetic moment per particle, as
magnetization confirms, but plays an important role in determining the anisotropy.
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