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This thesis entitled “Plasmonic modification of magnetic properties on metal nanostructures”
presents a study of the interaction between the localized surface plasmon excitation and the magnetic
properties focusing the magneto-optical Kerr effect and magnetic anisotropy energy. The research of
the magneto-plasmonics, a field that merges the concepts from plasmonics and magnetics, has started
just one decade ago from the observation of the large magneto-optical effect at the resonant
wavelength of surface plasmons. However, there remain suspicion that magneto-optical effect
enhancement really comes from the surface plasmon excitation. Moreover, magneto-plasmonics is still
in its infancy and there is still much unexplored physics to be discussed. This work’s significance is
showing the clear evidence of the plasmon excitation-induced magnetic properties modification. First,
this work provides a clear evidence that magneto-optical Kerr effect is enhanced by the localized
surface plasmon excitation, and demonstrates that plasmon excitation is effective to improve the
performance of magneto-optical device. Second, this work gives the first demonstration of surface
plasmon modification of the magnetic anisotropy energy in magnetic material. Through the
consideration of the possible mechanism, the presence of plasmon-induced magnetocrystalline
anisotropy is suggested.

In Chapter 1 “Introduction”, the background knowledges of plasmonics and magneto-optics are
presented to promote the understanding of contents in this thesis. A review of the current research on
magneto-plasmonics is also introduced.

Chapter 2 “Construction of the longitudinal magneto-optical Kerr effect measurement system”
presents the theoretical framework and experimental results of magneto-optical Kerr effect. This
chapter begins with the explanation of the origin of the magneto-optical effects from the macroscopic
view. The discussion moves to how to experimentally evaluate the magneto-optical Kerr effect. Next,
theoretical analysis of the L-MOKE activity in Co thin film with different polarized light is carried
out. The shaped-induced L-MOKE activity anisotropy is also discussed. In the rectangular-shaped Co
nanostructures without plasmon resonance, the L-MOKE activity is almost stable even though the
polarization direction of incident light is changed. This makes it possible to conclude that the
shape-induced L-MOKE enhancement can be ignored in the fabricated Co nanostructure.

In Chapter 3 “Enhancement of longitudinal magneto-optical Kerr effect in rectangular-shaped
Au/Co/Au nanostructure by localized surface plasmon resonance”, the work for the relationship
between the L-MOKE activity enhancement and the localized surface plasmon (LSP) excitation is




summarized. First, the fabrication procedure of rectangular-shaped Au/Co/Au nanostructures is
demonstrated. From the transmission spectrum results of Au/Co/Au nanostructures, the wavelength of
the LSP resonance can be tuned by changing the short axis length of rectangular structure. Moreover,
the LSP excitation on or off can be switched by changing the polarization direction of incident light.
From the evaluation of L-MOKE activity by changing the polarization direction in Au/Co/Au
rectangular nanostructures with systematically varied short axis length, the largest L-MOKE activity is
shown under the LSP excitation, concluding that it has a clearly relationship between the strong
enhancement of L-MOKE activity and the LSP excitation. For the next step, let me evaluate the
magneto-optical figure of merit (FOM), which reflects the signal-to-noise ratio of MO signal in
magneto-optical devices, to discuss the effectiveness of plasmon excitation for the performance of
magneto-optical devices. The resulting that the addition of plasmonic Au layer to Co layer plays an
important role for improve not only MO activity but also FOM.

Chapter 4 “In-plane magnetic anisotropy energy increase in Au/Co/Au nanostructure by localized
surface plasmon resonance” presents the work for the modification of in-plane magnetic anisotropy
energy (Ky) in Au/Co/Au nanostructure by LSP resonance. The evaluation method of magnetization
curves in square-shaped Au/Co/Au nanostructures through the L-MOKE and polar magneto-optical
Kerr effect (P-MOKE) measurements is explained. From the transmittance spectra results, LSP
excitation can be switched by changing the wavelength of incident light. L-MOKE curves and
P-MOKE curves in Au/Co/Au nanostructure are shown for both LSP resonant wavelength and
off-resonant wavelength. Comparing the saturation fields of P-MOKE and L-MOKE curves,
Au/Co/Au nanostructure has a magnetic anisotropy and the easy magnetization axis is parallel to the
film plane. The significant increase of saturation field is shown in P-MOKE curves when LSP
resonance is excited. Through the estimation of K, from the P-MOKE and L-MOKE curves, K,
increases because of LSP resonance. Through the discussion of the possible mechanism of Ky increase
by LSP resonance from the perspective of the thermal effect on the magnetic anisotropy energy, it is
concluded that the magnetocrystalline anisotropy energy modification would play a key role to
increase an effective in-plane magnetic anisotropy energy increase by LSP resonance.

Chapter 5 “Summary” gives the summary and conclusions in this thesis.
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