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Abstract of Thesis

Like natural crystals, where atoms are arranged by a certain periodicity, in phononic crystals (PnC)
the inclusions are aligned with a certain period inside the matrix. They can show important and unique physical
properties. For example, a mechanical band gap appears, in which acoustic waves are prohibited from passing
through. Such an amazing characteristic allows the development of various acoustic devices. One promising
application is the PnC sensor. PnC can provide nano—scale unit arrays with sub-ultraviolet wave interactions,
which in principle, achieves high-sensitivity and multichannel biosensing. However, the sensitivity of
existing PnC sensors is not high enough compared to other biosensors, because their sensing mechanism limits
the sensitive area for target attachment and lowers the working frequency. In this thesis, I propose, fabricate,
and measure the physical properties of a PnC biosensor with a new sensing mechanism by engineering the unusual
transmission change at the bandgap edges.

To design the PnC biosensor, the mechanism of the bandgap in PnC is first clarified. After defining the
boundary conditions, the dispersion and transmission of pillared PnC on a substrate are calculated by the
finite element modeling (FEM) method. Interestingly, the transmission spectrum shows a sharp and asymmetric
transmission change near the lower band gap edge, which is highly suitable for biosensing. To clarify the
mechanism and control such unusual transmission change, I introduce the Fano resonance. Here, the asymmetric
and sharp transmission change at the lower band gap edge is found to be the result of the coupling between
SAW and pillar resonance. Moreover, the PnC unit number (i.e., the number of pillar rows) along the SAW
propagation direction and the pillar mode are found to be the key factors that influence the Fano parameter,
governing the shape of Fano resonance and controlling the transmission change

Based on the Fano resonance of pillar-type PnC, 1 designed a PnC biosensor operated with picosecond
ultrasonics. The GHz SAW is generated by the periodic stress between the gold nanostrips and the substrate
It passes through the PnC area and is detected by the probe light. The attached biomolecule targets shift
the band gap edge and thus change the transmission of the SAW at the operating frequency so that they are
detected by monitoring the transmission wave. Because of the sharp transmission change at the band gap edge,
high sensitivity is expected. The mass—loading effect on the PnCs is studied by FEM, which shows the detection
limit at the attogram level.

I fabricated the proposed PnC biosensor by using electron-beam (EB) lithography and radio frequency (RF)
magnetron sputtering. The actual performance of the PnC biosensor is investigated using picosecond ultrasonics.
The influence of the interface between strips and substrate is studied to precisely control the SAW generation.
As aresult, the clear Fano—shaped SAW transmission is observed. The experimental results match both theoretical
calculation and FEM simulation. Also, the pump/probe lights are focused on the same point on the PnC, which
shows the exitance of coupling between SAW and pillar resonance

To reduce the surface wave leakage and further improve the sensitivity, a free-standing waveguide PnC
biosensor is also proposed. The influence of the waveguide width is studied. It is shown that opening a small
waveguide can create a single, isolated Lamb wave mode for biosensing. By designing the suitable waveguide

width, both the high transmission and large transmission change with mass loading can be realized
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