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Silicon photonic crystal biosensors having air-band optical resonators
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1. Introduction

Optical biosensors using Si-based near-infrared (NIR) photonic devices, such as photonic crystal (PhC)
resonators [1], have been investigated for label-free and low-cost sensing. Analytes are detected as a shift in the
resonance wavelength, resulting from the refractive index change due to the adsorption of analytes on the surface.
In this study, Si PhCs having air-band optical resonators are proposed to enhance the S value, defined as the
amount of shift in the resonance wavelength per refractive index unit (RIU).

2. Si PhC biosensors having air-band optical resonators

In order to enhance the S value, an increased interaction is required between the analytes and the light.
Although slot structures are often used [2, 3], a new concept is proposed here to use the so-called air band in
PhCs. In PhCs with a photonic bandgap (PBG), the band below PBG is referred to as the dielectric band, where
the light is mainly present in the higher index material, while the band above PBG is referred to as the air band,
where the light is mainly present in the lower index material. Figure 1 shows a typical dispersion relationship for
a one-dimensional (1D) Si PhC. A simple structure was used, consisting of periodic air holes (the period a = 0.49
pm and the radius » = 0.125 a) in a Si channel waveguide (the width of 0.40 pm and the thickness of 0.22 pm)
on Si0O,. The NIR wavelength region of 1.51 - 1.74 um (the frequency = 0.325 — 0.414 c/a) is found to be
located in the air band. This structure is selected as a resonant cavity at the center of sensor shown in Fig. 2(a).
Such an air-band cavity is in contrast to ordinary PhC resonators, where the cavity is formed by partially
omitting the hole(s). 1D PhC mirrors for the resonator can be formed when the period of holes is reduced and/or
the size of holes is increased, leading to the increased frequency of light in the PBG region. Figure 2(b) shows a
typical calculated result showing the distribution of light field (square electric field) for the structure shown in
Fig. 2(a). Using the air-band cavity, the light is found to be located in the air holes of cavity PhC. The S value is
also found to be more than 200nm/RIU, which is much larger than ordinary 1D PhC resonators.

3. Summary
Si PhCs having air-band optical resonators were proposed to enhance the S value in the optical sensing. The
S value was obtained to be more than 200nm/RIU, being effective for the sensing.

[1] e.g., P. M. Fauchet et al., Biophotonics (Springer, Berlin, 2008), Chap.7.
[2] J. T. Robinson ef al., Opt. Express 16, 4296 (2008).
[3]J. Cai et al., Material Research Society 2012 spring meeting, L1.5 (2012).
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