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Non-destructive evaluation (NDE) is an important technology for the safety. The magneto-optical (MO)
imaging can visualize the magnetization distribution corresponding to the stray magnetic fields originated
from defects on metal surface. Because of this, the MO imaging is suitable for the detection of the surface
defects. Therefore, the MO imaging is one of the advantageous methods as the NDE technique of the
metal surface. In this study, the author fabricated the MO imaging system to detect and estimate the defect
as one of the NDE methods.

The spatial resolution of the MO imaging depends on the magnetic domain size. In this study, the author
used the polycrystalline garnet films with a domain size of about 50 nm for the high-resolution imaging.
The author also demonstrated MO imaging using the magnetophotonic crystal (MPC) with polycrystalline
garnet films. In the case of thick film, the MO image is blurred because the stray field is diffused by the
distance from the surface and image is spatially averaged in the MO film. In the case of thin film, it can
suppress the distribution of stray field in the film, so it gives sharp MO image. In order to obtain a
high-spatial resolution and high-contrast MO image, it is important for suppression of stray field
distribution to reduce the MO film thickness. The MPC can enhance the Faraday rotation angle due to the
Fabry-Perot resonance without increase the thickness of the MO film. The spatial resolution of obtained
MO image was about 2 um. Therefore, the high-spatial resolution and high-contrast MO image was
obtained by the MPC.

It is valuable for the NDE to estimate the defect depth. However, estimation of the defect depth from a
just optical image is difficult because it can provide only two dimensional information of the surface. On
the other hand, the MO imaging provides the light intensity of image corresponding to the polarization
rotation angle of the MO film. The polarization rotation angle depends on the stray filed strength. In
addition, the stray field strength depends on the defect depth. Therefore, the MO imaging has a possibility
of depth estimation of defects.

The defect depth was estimated by the MO images with the MPC. However, controlling of the applied
field was necessary, because the magnetization of the MPC was saturated when the defect depth was 6
mm. Therefore, to prevent the magnetic saturation, the author focused on the stray field decays gradually
from the surface of specimen. The multi-cavity MPC, which has several spatially separated MO defect
layers, was fabricated. This multi-cavity MPC displays MO images by controlling of the wavelength of the
light source, because each MO defect layers have different localized wavelength. This multi-cavity MPC
can visualize the stray field in each magnetic layer.

The phase interference optical system can estimate the specimen surface with high sensitivity. The
optical system for NDE is required high disturbance resistance for remote detection of the defect.
Therefore, the auther focused on the collinear phase interference system for the remote NDE method. The
Fresnel zone plate can generate the reference light and the object light. Therefore, in the case of the
collinear phase interference system, the optical pass of both the reference light and the object light is
arranged on the same axis. Since these lights are interfered, the collinear phase interference system
provides the phase state of the specimen surface via MO effect (Kerr effect). Therefore, this optical
system can detect defects with high sensitivity and remotely.

The MO imaging with the MPC and the collinear phase interference mentioned in this thesis are expected
to contribute as one of the new NDE methods.




