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In this study, we investigated bottom—up fabrication of ferromagnetic nanocluster (NC) arrays for future magnetic
memory and logic device applications. The fabrication process of MnAs NC arrays on GaAs (111)B substrate is as
follows: After the deposition of 20—-nm-thick SiO,~mask films by plasma—enhanced CVD, the rectangular mask
openings were designed to have 500 nm long and 100 nm wide, and arranged in the <-110> direction of the substrate,
using electron beam lithography and reactive ion etching. MnAs NCs with AlGaAs buffers were finally grown by
selective—area MOVPE. We formed lateral MnAs nanowires (NW), whose length are longer than 1 pm, by connecting
the adjacent MnAs NCs each other. SEM and AFM were used for structural characterizations, and MFM for magnetic
domain (MD) observations of MnAs NWs. We observed that MnAs NWs were grown selectively on AlGaAs buffers. The
size uniformity of the NWs was still poor. However, we estimated that typical lateral MnAs NW had about 4.5 ym long
and 300 nm wide as a result of the connection between the adjacent MnAs NCs. For lateral MnAs NWs after applying
magnetic fields, B, of 1,000 G, we observed that MnAs NWs were magnetized parallel to the NWs in the <-110>
direction of the substrate. The observed MnAs NWs with the length of about 1.5 um or less showed a single MD.
However, in the MnAs NWs with the length of about 2 um or more, multi—-MDs were formed in the <-110> direction of
the substrate. The results indicate that MD wall motion can be tuned along the NWs in the <-110> direction. In the
MnAs NWs with the width of 700 nm or more, we observed that multi-MDs were formed in the <-211> direction, i.e.
perpendicular to the NWs. These results are possibly due to the effect of magnetic shape anisotropies. After applying
B of 2,000 G in the <-110> direction, we observed that multi-MDs changed to a single MD in the NWs, as compared
with the case of B of 1,000 G. These results show that it is possible to control MDs in lateral MnAs NWs by means of
the shape and size of NWs and the applied B. As the first demonstration of selective—area MOVPE of nanostructures
on an amorphous substrate, finally, we formed AlGaAs NCs on SiO,~masked Al,O, films deposited on a glass
substrate. That was possibly because amorphous Al,O, films were partially crystallized (to y—Al,0;) by thermal
annealing at 975°C. It will be possible to realize nanostructure devices on a glass substrate by our method in future.




