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ABSTRACT

Supercontinuum based sources and measurement techniques are devel oped, enabling optical ultra-broadband studies
of nano-scale photonic crystal devices and integrated photonic circuits over 1.2 — 2.0 um wavelength range.
Experiments involving 1-D periodic photonic crystal microcavity waveguides and 3-D periodic photonic crystals
with embedded point defects are described. Experimental findings are compared with rigorous electromagnetic
simulations.
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1. INTRODUCTION

High-index contrast photonic crystal waveguides are of interest for an increasing variety of applications. However,
the measurements required to understand the basic physical phenomena of photonic crystal devices often present
serious experimental challenges. In many cases it is necessary to perform spectral measurements over 50 — 100% of
the center frequency of the device (i.e. as much as an octave) in order to understand the bandgap-related phenomena.
Additionally, due to the nano-scale dimensions of such devices, high insertion losses and low throughput are typical
in a laboratory setting. It is for this reason that high-brightness sources such as tunable lasers are typically used to
scan the broad spectral features of photonic crystals. Unfortunately, tunable laser sources spanning the entire 1 —
2 um spectral range, critical for the study of telecom-centered devices, are not readily available. To facilitate the
science and study of photonic crystals and integrated photonic devices, we develop practical femtosecond fiber-
laser-based supercontinuum sources (SC) spanning the 1.2 —2.0 um wavelength range and broadband SC based
measurement techniques. These techniques are then applied to the study of high index contrast photonic crystal
devices, enabling a host of new photonic crystal studies. Experiments involving both 1-D periodic photonic crystal
microcavity waveguides and 3-D periodic photonic crystals with embedded point defects are described.
Experimental findings are compared with rigorous electromagnetic simulations™2.

Earlier applications of SC sources to the study of photonic devices have utilized solid state Ti:Sapphire based SC
sources (centered at 800 nm) to the study of two-dimensional photonic crystal slab waveguides with a system
utilizing free-space optics*®. In contrast, we develop solid state and all-fiber SC sources centered at
telecommunications wavelengths (1.55 um) and an all-fiber measurement apparatus for the study of photonic
crystals and integrated circuits at telecom wavelengths. To minimize the losses and complexity produced by
broadband free-space optics, we focus instead on all-fiber methods for broadband polarization control, and coupling.
Additionally, through sensitive detection and careful normalization many of the undesirable aspects of a typical SC
source can be mitigated, producing high fidelity measurements over the entire 1.2 — 2.0 um wavel ength range*?.

2. Supercontinuum sour ces and measur ement techniques

The SC source developed in this work consists of a length of highly nonlinear dispersion-shifted fiber (HNL-DSF)
seeded by a femtosecond stretched-pulse fiber laser, shown in Fig. 1(a). The laser consists of a 55.6 cm length of
bismuth oxide-based erbium-doped fiber (Bi-EDF), 1.8 m of low-nonlinearity single-mode fiber (LNL-SMF), two
polarization contrallers, and a polarizing beam-splitter. The rejection port of the polarizing beam splitter forms the
output coupler of the laser, while a bi-directionally pumped length of Bi-EDF fiber serves as a the gain medium,
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