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Anrtificially layered metallic and magnetic films have offered one of the most exciting and available fields in modern thin
film magnetism. Recent discoveries of the remarkable magnetic features such as a giant magnetoresistance (GMR)
effect, etc. have stimulated a great deal of the research activities. The recent advance in thin film growth techniques enabled
us to synthesize high-quality metailic uitrathin layered heterostructures within monatomic layer accuracy, and consequently
make possible to see quantum confinement effects obviously. Now, nano-structured magnetic systems with in-plane arti-
ficial periods are becoming to attract much attention as the next concept for the multilayered films. Here, we introduce the
current topics of the magnetic nano-structures. First, a quantum size effect and an interiayer exchange coupling in multi-
layered structures are presented, and we consider the effects of lateral nano-scaling and lower demensionality. Next, we intro-
duce fabrication methods of the nano-structures. Finally, we review our results on the magnetic properties of nano-
scaled two dimensional Co dots array formed on the reconstrucied Au (111) surface.
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Fig. 1 A schematic representation of the Fe/Au/Fe trilayered
structure. Since ferromagnetic Fe layers play a roll of
energy barriers, spin polarized guantum well states are
formed in the Au layer.
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Fig.2 Au spacer thickness dependence of the interlayer
exchange coupling in the Fe/Au/Fe (001) trilayered
film. The exchange coupling osciliates with 2 different
periods. (After A, Fuf} et ai™)
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Fig. 3 Fe layer thickness dependence of the magneto-optical

(M-0} Kerr effect in the Au/Fe/Au(001) tritayered film.
The M-O effect oscillates with a period of 2~ 3 ML.
(After W. Geerts et al.%)
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Fig. 4 Quantum corrals of surface state clectrons confined by energy barriers built from
48 Fe adatoms aligned on a Cu{l111) surface utilizing STM. (After M.F.
Crommie ef al.')
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Fig. 5 A schematic representation of a lateral magnetic inter- HBY, IhbOFNE, BBRHERCERSTESE

action between the nano-structures. Aligned nano-struc- DRERIEREEEANTVWS, L, 2RbOHETI
tured system is expectable to indicate novel magnetic
features, €.g., an in-plane quantum confinement effect,

a lateral magnetic ordering, etc.
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Fig. 6 A schematic drawing of a GMR multilayer grown on a Fig. 7 A STM image of Cu nano-wires formed along step
micro-fabricated triangular shaped Si substrate, Since edges of the W (110) substrate with residual miscut
current flows towards about 55° from film plane, larger angle of about 1.5°, White areas indicate Cu sites. (After

MR can be obtained. (After T. Ono et al.*”) F.J. Himpsel et ai.*")
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Fig. 8 (a) A crystal structure of the GaAs (001)-c (4 X 4) sur-
face, and (b) 2 100 X 100 nm® STM {mage of 0.8 ML Fe
grown on the ¢ (4 X 4) reconstructed GaAs (001) sur-
face. In fig. (b}, Fe clusters (average size: 15 A are vis-
ible. (After H. Takeshita ef al.'")
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Fig. 9 A schematic illustration of the reconstructed Au {111)
surface decorated with the Co dots array. Double wavy
rows, so-called “herringbone” pattern which is com-
posed of a 22 %+ 3 reconstruction of Au (111) sur-
face are visibie. Bitayered Co dots nucleated at the
elbow sites of the herringbone pattern, and formed a reg-
ular array.
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Fig. 10 STM images of 0.5 ML coverage of Co on the Au(111)

layer surface, with (a) high and (b) low step densities.
Substrate is an oxidized Si(111) wafer.
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Fig. 11 (2) A STM image of the reconstructed Au {111) sur-
face. Double wavy rows, so-called, “herringbone™ pat-
tern are visible. (b) A STM image of the reconstructed
Au (111) surface decorated with the Co dots array.
Bilayered Co dots (the average diameter: 34 A, the
height: 2 ML (4.0 A)) nucleated at the elbow sites of
the “herringbone” pattern, and formed a regular array
of the Co dots,
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Fig. 12 The estimated volume of the magnetic unit from analy-
sis of the hysteresis loops, and the observed rema-
nerce Kerr eilipticity as a function of Co coverage. A
linear relation between the magnetic unit and the Co
coverage is visible up te 0.5 ML, which is consistent
with above described growth manner of the Co dots
array. Ferromagnetic transition of the whole system is
visible above about 1.1 ML.
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