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The excitation of surface plasmons (SPs) leads to an electric-field enhancement
at the interface of the metallic periodic structures and dielectric materials and
spatially provides functional selectivity of optical wavelengths. This optical
phenomenon is called extraordinary optical transmission whose conditions depend
on the periodic structure. The extraordinary optical transmission generated by
excitation wavelengths 1s applicable to chemical and biomedical sensors by
changing the surrounding dielectric constants. Additionally, the spatial
transmission light is currently being intensively investigated for application to
new color filters. On the other hand, the spatial control of the excitation
wavelengths after the fabrication of the metallic periodic structure has been
examined. This function enables the switching and variability of the transmitted
light and electric-field intensities and allows for the miniaturization of optical
devices. Additionally, spatial control eases the readjustment of the transmission
spectrum. However, these are difficult after the fabrication of the metallic periodic
structure because metallic subwavelength structures are fixed on bulk substrates.
In this study, the control technique of the surface-plasmon-based extraordinary
transmission using micro-electro-mechanical system (MEMS) technologies is
realized.

An electrostatic parallel-plate actuator and a comb-drive actuator were newly
proposed for changing the metallic period. Movable subwavelength gratings
employing electrostatic parallel-plate actuators were successfully demonstrated to
control transmission spectra in the visible region by applying a drive voltage of 3.4
V, which were expected to have a fast response in the order of submicron seconds.
However, the tuning range was not sufficient to cover all of the visible regions,
because the parallel-plate actuator exhibits a nonlinear pull-in behavior. A
movable electrode is brought into contact with a counter electrode when the gap
between the electrodes is smaller than about one-ninth of the initial gap.
Therefore, parallel-plate actuators can provide the fast switching function for
SP-based devices.

Freestanding aluminum (Al) nanowire arrays patterned through non-plasma
dry etching and the lift-off technique were proposed for controlling excitation
wavelengths after the fabrication of the metallic periodic structure, and the
proposed fabrication process was demonstrated to keep the freestanding periodic
structure. An array of Al nanowires was deployed over a through hole formed by
sacrificial silicon etching. The period of the Al nanowire arrays is the dominant




structural parameter in determining the excitation wavelength of SPs for a given
material configuration. The Al nanowire arrays were designed with the same Al
wire width under the assumption of operation using the MEMS actuator. The
SP-based excitation wavelength was red-shifted 159 nm by increasing the period
of the Al nanowire arrays from 450 nm to 600 nm. The 400-nm-pitch freestanding
Al nanowire array excited the wavelength in an ultra violet. The polarization
dependency of the freestanding Al nanowire array was observed, and the
excitation wavelength of SPs was observed by the incident light of non-polarized
light and TM plane wave. In addition, a miniaturization of the freestanding Al
nanowire array was investigated for the low power operation by a MEMS
comb-drive actuator, and obtained the excitation wavelength from the pixel size of
5 um square including 10 Al nanowires. Therefore, a possibility to realize a
freestanding plasmonic color filter was shown, which is possible to apply to
continuous control of the SP-based excited wavelength by integration with the
MEMS actuator.

A new method for continuously controlling SP-based excitation wavelengths
using a nanomechanically stretched metal subwavelength grating was newly
proposed. The Al subwavelength grating with period of 500 nm was integrated
with electrostatic comb-drive actuators to expand the metal subwavelength
period, which allowed continuous control of the dependent excitation wavelength.
The excitation wavelength then shifted from 542 to 668 nm by increasing the
applied voltage from 0 to 60 V. In this case, movable electrodes were laterally
shifted by approximately 710 nm, and a grating period of 640 nm was expected.
The excitation wavelength was shifted in accordance with the square of the
applied voltage, which was clearly influenced by the variations in the period of the
Al subwavelength grating. Therefore, continuous control of SP-based excitation
wavelengths was successfully demonstrated, and this new tuning method can
provide the functions of readjustment and continuous tuning for SP-based devices.
Proposed techniques can be applied to active elements such as a tunable color
filter. By applying proposed techniques, the realization of the tunable plasmonic
color filter that is possible to selectively transmit multicolor is expected. In
addition, the proposed tuning method for SPs can use other materials such as gold
and silver instead of Al. By using other materials, the tuning range of the
excitation wavelength can be changed from the visible to near-infrared region.
Thus, the proposed continuously controlling technology will have wide application
for optical active elements at various wavelength bands.




