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ABSTRACT

We study tunable time-delay devices in which the time delay is tuned by changing the group velocity of the
propagating signal. The device is designed to place the operating frequency near a photonic band edge. This
enhances the change in delay for a given tuning range of the device refractive index. Here we provide an extended
explanation of mode symmetry, nomenclature, and the complete band structure of a sample, integrated device
to aid the understanding of our previously published work.
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1. INTRODUCTION

Delaying an optical signal is useful for a number of applications, including optical buffering, signal processing,
logic, radio-frequency (RF) photonics, and enhanced nonlinearities.1 Several recent research efforts have focused
on replacing relatively bulky fiber-optic delay-line systems2 with compact integrated devices. Approaches have
included the use of all-pass filters1, 3, 4 and coupled-resonator optical waveguides.5–12 Here, we consider an alter-
nate approach to tunable, integrated time delays: slow-light, band-edge photonic-crystal waveguides. Previous
work in ideal, 1-D structures has suggested that near a photonic band edge, a large delay tunability can be
achieved for a small change in refractive index.13 We investigate this slow-light enhancement phenomenon in
realistic, three-dimensional structures amenable to on-chip fabrication using established lithographic techniques.
In contrast to other work,14, 15 we use a single waveguide through which light is transmitted at slow speeds near,
but not at, the band edge.

In previously published work,16 we have described the mechanism of tuning enhancement near a photonic
band edge. In addition, we have introduced relevant figures of merit to describe tunable time-delay devices,
including sensitivity, length, and dispersion. We have also introduced a quadratic band model to illustrate the
dependence of the figures of merit on distance from the band edge and grating strength; sensitivity was seen
to increase with decreasing distance to the band edge and also with increasing grating strength. The validity
of the quadratic band model was demonstrated by comparison to direct numerical calculations on a realistic,
three-dimensional structure. We have also discussed how two grating segments can be cascaded to compensate
for dispersion effects and achieve nearly-flat time delays across the operating bandwidth. Moreover, we have
demonstrated efficient adiabatic tapering to achieve high transmission into and out of the grated waveguide from
a uniform, strip waveguide.

In this manuscript, we clarify the details of the dispersion diagram of the sample device. In particular, we
provide a detailed description of mode symmetry in the device and the nomenclature we use to describe it. We
also show a complete band structure for the device, including modes with both even- and odd- vector symmetry,
and plot their associated field profiles.
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