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Fabrication of Embedded Nano Magnetic Structures Using Damascene Technique and
Characterization by Nonlinear Magneto-Optical Effect
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Agriculture and Technology)

Abstract

We have been fabricating patterned permalloy structures with nanometer dimension embedded in silicon substrate using the
damascene technique with a help of an electron beam lithography. Arrays of square, rectangular, circular and cross-shaped patterns of
sub-micrometer size are prepared. Depth of the embedded patterns is 150 nm. Patterned area is as large as 4 mm x4 mm. Magnetic
measurements elucidated that larger patterns show in-plane magnetization. while smaller ones show perpendicular magnetization.
Second harmonic generation (SHG) with four-fold symmetry was observed in the structured materials. Magnetic response in SHG was

observed in the square dot array pattern.
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Fig.1 Fabrication process of a permalloy dot array
patterned by damascene technique
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Fig. 2 SEM image of the fabricated rectangular dot
array of permalloy. (Left figure is the magnified
picture of the right figure.)
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Fig. 3 Cross-sectional SEM image of a
rectangular permalloy array structure.
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Fig.4 (a)AFM images and (b)MFM image of arrays
of square dots of 1 um in dimension.
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Fig. 5 Tip-scan direction-dependence of MFM
images in rectangular pattern array (300 nm x 100
nm in area, 150 nm in thickness, aligned with 300-
nm mutual separation)
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Fig.6 (a) AFM image and (b) MFM image measured
using a low moment tip.(Scan direction: downward)
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Fig. 7 (a) AFM and (b) MFM images of circular
cylinders of 100 nm in diameter, 150 nm in height
and aligned with a separation of 300 nm
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Fig. 8 (a) AFM and (b) MFM images of cross-
shaped pattern array (3 z m in length, 200 nm in

bar-width, aligned with pattern separation of
300 nm)
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Fig. 9 Azimuthal angle dependence of SHG pattern
from the rectangular pit array without embedded
permalloy
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Fig. 10 Magnetic effect of azimuthal angle dependence of
SHG pattern from the rectangular pit array with
embedded permalloy
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of SHG signal from the square dot array with
embedded permalloy
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