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The development of compact, high-power laser systems is highly desired across various industrial sectors,
including information technology, material science, and medical industries. Magnetooptical (MO) Q-switches,
which utilize MO materials to control optical absorption in the laser cavity, and spin-controlled lasers (SCLs)
based on this technology are attracting attention as the active Q-switched lasers that can be fabricated as on-chip
laser devices. However, the development of MO materials that can be integrated with the laser crystal or cavity
directly and functionable as MO Q-switches has not yet been accomplished. Thus, the aim of this study is to
focus on developing MO materials and microstructures that will enable the realization of integrated SCLs.

As a first step, the characteristic requirements of the MO material to be developed in this study was
organized. The organization of these requirements involved referencing previous SCL studies and principles. The
MO Q-switching oscillation experiments with the bulk MO crystals which has each different Faraday rotation
(FR) angles was also carried out. Through these considerations, four essential characteristic requirements were
established for this study: (1) demonstrating a 14.6 degrees of FR angle, (2) exhibiting a magnetic maze-domain
structure, (3) being fabricable through sputter deposition, and (4) enabling direct fabrication on laser crystal.

Cerium-substituted yttrium iron garnet (Ce:YIG) emerges as an excellent candidate for this study due to its
favorable MO properties in the near-infrared wavelength region. To investigate the fabrication conditions of
Ce:YIG thin films, polycrystalline Ce:YIG films of various thicknesses were fabricated using ion beam
sputtering (IBS) and a vacuum annealing method. A threefold increase in the MO figure of merit was achieved,
surpassing previous reports as polycrystalline film. However, the observed characteristics exhibited a dependence
on film thickness. The formation of interfacial amorphous layers and surface cracks in thicker films was noted.
Achieving a large FR angle and a magnetic maze-domain structure in thicker films necessitated the growth of
Ce:YIG films on a garnet substrate that is both structurally and thermally compatible with Ce:YIG.

Ce:YIG films were epitaxially grown onto the yttrium aluminum garnet (YAG) and gadolinium gallium
garnet (GGG) crystal substrates, which commonly used as the laser crystals. Epitaxial Ce:YIG films which
exhibiting MO characteristics were obtained on each substrate though there are no former reports about
Ce:YIG/YAG growth. Ce:YIG grown on GGG undergoes in-plane compressive strain which induces
perpendicular magnetic anisotropy (PMA) and formation of a maze-domain structure because of the
magnetoelastic properties of Ce:YIG. Furthermore, a FR angle comparable to earlier reports was observed at a
wavelength of 1064 nm on Ce:YIG/GGG. Ce:YIG on YAG exhibited columnar-shaped lattice deformation,
attributed to approximately a 3% lattice mismatch, causing degradation in both magnetic properties and PMA.

To meet the requirements of having a sufficient FR angle and a maze domain structure, the all-gamet
magnetophotonic crystal (AG-MPC) structure consisted by Ce:Y1G and GGG layers was proposed. Difference of
optical constants between Ce:YIG and GGG layers lead to light localization at specific wavelength, preserving
MO performance even in thick films. Periodic GGG layers applies lattice distortion to Ce:YIG, which is
necessary to induce PMA. 40 layers AG-MPC consisted with 20 pairs of Ce:YIG and GGG was designed by
matrix approach method. AG-MPC was fabricated onto the GGG substrate by IBS. The center wavelength -of
1111 nm was observed instead of the designed center wavelength of 1064 nm. Fabricated AG-MPC showed —4.2
degrees of FR and 48.3% of transmittivity at the center wavelength. PMA and maze-domain structure were also
observed. Same structure was fabricated onto the actual Nd:GGG laser crystal rod. The FR angle which
equivalents to the Ce:YIG monolayer film was obtained. The maze-domain structure was also demonstrated on
the AG-MPC fabricated by IBS on the actual laser crystal directly. Simulation results showed that the
characteristic requirements can be achieved with optimization of the AG-MPC structure and deposition
conditions. With these results, the development of MO microstructures for integrated SCLs has achieved.




