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1. Introduction:

Photonic crystals (PhCs) having photonic band
gaps (PBGs) are expected to be key platforms for
future large-scale optical integrated circuits.[1] At a
first look, in order to get high performance, 3D PhCs
having 3D PBGs are essentially required, but recent
studies show that fairy good performance can be
obtained for so-called 2D PhC slab structures. PhC
slabs are 2D PhCs located within high-index-contrast
slab waveguides. In this presentation, we will show our
recent progress in terms of both design and fabrication
of PBG waveguides, PBG resonators, and multi-port
devices consisting of waveguide-resonator coupled
elements. Our basic structure is a Si PhC slab on a
silicon-on-insulator (SOI) substrate (SOl PhC slab)
[2,3,4,5,6,7]. The SOI PhC slab is formed by electron-
beam lithography and electron-cyclotron-resonance
ion-stream dry etching in the top Si layer whose
thickness is approximately half a wavelength in Si.[8]

2. PBG waveguides:
Loss is a critical issue for PBG waveguides. As

regards this issue, there has been significant progress.
Figure 1(a) shows our recent result of the propagation
loss measurement. The obtained loss (1.5 dB/mm for
the SiO,-clad PhC and 0.6 dB/mm for the air-clad PhC)
[9] is significantly better than that of our previous
reports (~6 dB/mm) for SiO,-clad PhCs.[3,4] Besides
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the propagation loss, the connection loss to single-
mode fibers has been also considered as a fatal problem.
To solve this problem we had proposed an adiabatic
mode connector shown in Fig. 1(b). [10] It consists of a
spot-size converter [11] between a polymer waveguide
and Si-wire waveguide, and a mode-profile converter
between a Si-wire waveguide and a PBG waveguide.
The fabricated device showed approximately 3dB
conversion efficiency. Detail of this device can be
found in ref. [11]. Thanks to the progress in the loss
problem, we recently observed a large group delay of
100-200 ps in a 1-mm long PBG waveguide by a time-
domain measurement, as shown in Fig. 1(c). [12]

3. PBG resonators coupled with PBG waveguides
PBG resonators can be effectively coupled to
PBG waveguides in various ways. This is one of the
most important advantages of PBG resonators
compared with other micro-resonators. Resonator-
waveguide coupled systems are starting points for
various applications, and will be key components in
future PhC-based optical circuits. Here we discuss how
we implement resonators in functional coupled systems.
To realize effective coupled components, the
first thing we have to design is to increase Q of PBG
resonators while keeping their mode volume small
enough. We have used two methods to significantly

increase Q. One is utilizing short Fabry-Perot cavities
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Fig. 1. (a) Propagation loss measurement for single-mode PBG waveguides in SiO,-clad and air-clad PhCs. (b)
Schematic diagram of an adiabatic mode connector, which consists of a spot-size converter and a mode-profile converter.
(c) Time-domain measurement of group delay dispersion in PBG waveguides in SOI PhC slab.
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Fig. 2. Two-port resonant tunneling transmission filter: (a)
Structural design. Shaded holes are shifted in the outward
direction to increase Q. (b) Measured transmission spectra
for a resonant tunneling filter and a reference PhC
waveguide without a cavity.

shown in Fig. 2(a)) [13] and the other is utilizing
hexapole cavities.[14] In both cases, we numerically
confirmed that both cavities have very large Q (far
larger than 10°). The largest Q estimated is >2x10° in
hexapole cavities. [14]

Next, we investigate a simple two-port design
in which there are only single input and output
waveguides, as shown in Fig. 2(a). Using this design,
we have realized high-Q and high-transmission
ultrasmall resonant-tunneling transmission filters using
a short Fabry-Perot-type resonator having Q=10"~10°
(Fig. 2(b)). The observed total transmission Qs are
5000~24000. We achieved the transmittance larger
than 70% with the total transmission Q of 7000. [13]
Furthermore, we will show four-port and three-port
designs in which there are two (or one) input and two
output waveguides., A channel-drop filter [15] can be
implemented with this design. Figure 4 shows a novel
3-port channel-drop filter using resonant tunneling
process that we propose [16] We have recently
fabricated similar devices and confirmed the operation.

Fig. 3. Three-port resonant-tunneling channel drop filter:
(a) basic configuration to explain the operation principle.
(b) Simulated transmission of (a). (c) Structural design of
the cascaded multi-channel drop filter using the resonant
tunneling process.
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