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Abstract
Title of Thesis - Magneto-optical volumetric holography with artificial magnetic lattices

Magnetic hologram is a candidate of rewritable hologram, where holograms consist of magnetization
directions. Magnetic holograms with stable magnetic oxides have advantages of such as long-term
stability of the materials and unnecessity of light shielding. We have successfully demonstrated writing
and reconstructing magnetic hologram, while the observed reconstructed image was dark and unclear
because of its low diffraction efficiency. The diffraction efficiency of magnetic holograms depends on the
magneto-optic (MOQ) effect and the depth of recorded hologram. In this study, nano-structured holographic
media with artificial magnetic lattices were proposed to record clear magnetic fringes and to improve the
diffraction efficiency of magnetic holograms for bright and clear reconstructed images.

1. Magnetic holographic media with optical microcavities

A magneto-photonic crystal (MPC) is an artificial magnetic lattice where a magnetic film is sandwiched
between two Bragg mirrors and acts as an optical cavity to enhance the MO effect. The diffraction
efficiency of MPC holographic media was twice as high as that of a monolayer magnetic film. Through
the investigations on the calculated shapes of magnetic fringes, the depth of recorded hologram was found
to be increased and contributes to achieve high diffraction efficiency in MPC media in addition to the |
enhancement of the MO effect. | also demonstrated experimentally a bright reconstruction image of the
magnetic hologram recorded in MPC media in comparison with the monolayer film.

2. Achievement of well-defined magnetic fringes with multilayered structures

In usual magnetic holographic media, the effective depth of recorded hologram is limited because of
connections of magnetic fringes near the medium surface by thermal diffusion in writing process. In order
to increase the effective hologram depth, the multilayered structure composed of magnetic garnet and
thermal diffusive layers was proposed, and the principle for designing the multilayered structure which
can maintain original shapes of fringes was established. The improvement of effective depth of recorded
hologram with this multilayered structure resulted in high diffraction efficiency more than double
compared to the usual monolayer film. Finally, the diffraction efficiency of the multilayered strocture
combined with aforementioned MPC media was improved to one order larger than that of the monolayer
film in consequence of the enhanced MO effect and the deep magnetic fringes

3. Hybrid calculation with the combination of diffraction theory and finite element method

. As a next step following the improving of diffraction efficiency, the conditions to achieve clear
reconstruction images of magnetic holograms should be clarified for collinear interference system.
However, an extremely large number of meshes required to describe the collinear holography is a crucial
issue to perform such the simulation. Therefore, I proposed a hybrid calculation method by combining
diffraction theory and finite element method. The recording and reconstruction process of magnetic
hologram was successfully performed on a computer, and this method enables us to predict the behavior of
collinear magnetic holography

The magnetic holographic media with magnetic artificial lattices and the analytical technique mentioned
in this thesis are expected to contribute the development in the field of magnetic holography.




