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1. Introduction

Photonic crystals (PhCs) result from the
periodic arrangement of two different dielectrics [1].
Electromagnetic waves incident on the structure
undergo multiple scattering events, which modifies
the dispersion curve. For specific geometries, light
propagation is prohibited in a range of wavelengths,
thus producing a photonic bandgap (PBG). 2-D
PBGs can be achieved in SOI by drilling a periodic
array of holes in the top Si layer. Photonic crystal
microcavities result from breaking the translational
symmetry, which is done by changing the size of or
removing one or several holes. Defect levels are thus
created inside the photonic bandgap. When the
incident light is resonant with the defect level
frequency, transmission is allowed through the
structure and the electromagnetic field is
concentrated in a very small volume at or near the
defect. For well-engineered, yet realistic structures,
the modal volume on resonance is very small (<<A?)
and the resonance is very sharp (Q=AA/A >> 1, where
AN is the FWHM of the resonance). Under these
conditions, the 2D PBG transmission peak is strongly
shifted even if the refractive index change in the
modal volume is very small [2]. This principle has
been used to develop biosensors capable of detecting
tiny amounts of biological targets [3,4] such as a
single virus, and electro-optic (E-O) modulators that
require only ~1 fJ of electrical energy to switch an
optical bit [5,6].

2. Results and Discussion

This presentation will contain three parts. We
will start by describing the design and performance
of low-power, all-silicon or hybrid [7,8] E-O
modulators to be wused for on-chip optical
interconnects. We then will describe biosensors
capable of detecting well below 1 fg of biological
matter, that is a single virus. Finally, we will briefly
investigate the novel PBG microcavities [9,10,11]
that further improve the device functionality or
performance. Figures 1, 2, and 3 illustrate some of
these new geometries.
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Fig. 1 Microcavity coupled to a photonic crystal waveguide.
Different microcavities have been coupled to the same
waveguide, allowing for multiplexing or redundancy in
biosensing experiments. After Ref. 10.
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Fig. 2 Slotted ring waveguide photonic crystal microcavity
obtained by inserting a “rod” in the center of a large defect
microcavity. The very tiny modal volume of this device makes it
very sensitive to a small change in refractive index due to the
capture of small particles, in this case nanoshperes. After Ref.
11.

Fig. 3 Photonic crystal microring cavity coupled to a waveguide.
In the slow-light regime, near the photonic bandgap edge, the
free spectral range is variable and light can be coupled in both
directions of a second, drop waveguide. After Ref. 12
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