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Dynamic color tuning of transmission/reflection spectra has recently attracted attention as a
multifunctional technology for plasmonic metamaterials using extraordinary optical transmission
phenomena excited by surface plasmon resonance. Spectral characteristics depended on the structural
period of metal subwavelength gratings are mechanically modulated by elastic deformation of an
elastomer with rubber elasticity. Stretchable plasmonic metamaterials can be applied to structures of
various shapes to enable strain detection/visualization. Besides, tunable color filters are realized by
integration into micro-electro-mechanical-systems (MEMS), which are expected to be the fundamental
technology of ultra-low power skin displays using ambient light. However, dynamic color tuning cannot
be driven by a MEMS because of using an elastomer substrate with film thickness of more than I mm in
previous works. In this study, a stretchable plasﬁonic metamaterial with a submicron film thickness was
fabricated to demonstrate dynamic color tuning of extraordinary optical transmission by surface plasmon
for a MEMS tunable color filter.

In order to realize a plasmonic color sheet embedded with plasmonic metasurfaces in a freestanding
polymer nanosheet, an 800-nm-thick freestanding plasmonic color sheet above the substrate through-hole
was fabricated using a poly(para xylylene) (parylene N) with compatibility with semiconductor process.
Al subwaveiength gratings embedded in parylene N were separately fabricated with a grating period of
400-600 nm, and transmitted spectra of five colors depending on each period were successfully observed.

For demonstration of dynamic color tuning by sheet stretching, a nanometer-thick elastomer sheet
using polystyrene-polybutadiene-polystyrene (SBS) with rubber elasticity was used as a substrate. In this
study, the Poisson's ratio, which is an index of the elastic deformation, was evaluated from the
opto-mechanical characteristics because the spectrum was modulated using the elastic deformation of the
SBS nanosheet. The calculated Poisson's ratio of SBS nanosheets in the range of applied strain of up to
38% was approximately 0.5, which is equivalent to an ideal elastomer. Therefore, the rubber elasticity of

SBS was demonstrated even for nanosheets.




The formation of metal nanostructures on the SBS nanosheet which is not compatible with
semiconductor process involves problems such as breaking by chemicals or etching gas, and sticking to
the substrate due to the high adhesive force inherent to ultrathin elastomer sheets. To solve them, the SBS
nanosheet was once transferred to the bulk substrate via a poly(vinyl alcohol) sacrificial layer, and
peeling off after focused ion beam milling. As a result, freestanding plasmonic color sheet with a
thickness of only 400 nm was successfully formed. Color pixels with a grating period of 300 to 600 nm
were separately fabricated assuming a uniform change in the grating period during expansion and
contraction, and showed peak changes ranging from 439 nm to 641 nm in the visible light band. On the
other hand, in the shrinkage evaluation of the sheet fixed to the movable stages, dynamic color tuning
with a peak wavelength shift from 660 nm to 550 nm and 495 nm was demonstrated. The driifing force of
the plasmonic color sheet is two to three orders of magnitude smaller than that of previous work, which

was suggested that typical MEMS actuator could be driven sufficiently.




