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We demonstrate the existence of a critical behavior of a
single electromagnetic mode propagating in a tapered di-
electric structure. This behavior is described in terms of
a critical phase velocity in the case of an adiabatic tapering.
In the vicinity of this critical phase velocity, the tapered
structure no longer confines the radiation and a significant
fraction of the power escapes transversely. © 2017 Optical
Society of America
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There is a growing demand for compact optical components
that can be integrated on-chip, to increase portability and po-
tentially reduce the cost and complexity of today’s systems [1].
This is true for various fields, among them high-resolution
spectrometry [2], sensing [3], communication [4], accelerators
[5], high-power lasers [6,7], and high-energy applications.

Tunable dielectric quasi-periodic structures can be used as
building blocks for such integrated optics. As low-loss periodic
dielectrics, which control light propagation, Bragg waveguides
[8] and photonic band-gap (PBG) fibers [9–12] are key ele-
ments for a variety of applications, for example, mode filtering

]13,14 ], tunable lasers [15], multi/demultiplexing [4], coupling
[16,17], mode conversion [18], field concentration [19], and
polarization dispersion compensation and manipulation [20].

Common to all quasi-periodic structures is a core (vacuum
or dielectric) surrounded by a cladding structure that facilitates
confinement—for example, multilayers in Bragg waveguides
or a pattern of holes in PBG. In order to tune the structure,
both the material and the tapering shape of either the core tun-
nel or the quasi-periodic structure should be considered.

Previous studies [21–25] have suggested several tapered con-
figurations as shown in Figs. 1(a)–1(c). With regard to dielec-
tric materials (core or clad), it was suggested (see the two top
frames in Fig. 1) to define either a linear or exponential taper of
the waveguide’s width [23] using a traveling burner tapering
method [24,25]. With regard to a hollow core fiber, it was sug-
gested to define a linear taper of the core’s width with wafer
bonding by either a photo-resist spacing post [21] and epoxy

“posts” [22], sacrificial etching techniques, or the buckling self-
assembly process [26]. However, the restriction on the hollow
core’s dimensions is a serious impediment.

It was shown experimentally [27,28] that in a system with a
linearly tapered vacuum core [Fig. 1(c)], radiation propagates
transversally when operating below cutoff. However, operating
with a single mode far from cutoff by retaining the vacuum
core’s width fixed, opens a wide range of applications. In spec-
troscopy, for example, optimal resolution is achieved when only
the lowest-order mode is excited [27]. Similarly, in laser-driven
particle accelerators, a single TM01 mode is co-propagating
with the particle, and the former phase velocity should be
synchronized to the velocity of the particle [29].

In this study, we introduce a novel tapering method whereby
the radius of the vacuum core is kept constant, while the
adiabatic tapering is determined by the local phase velocity.
The latter depends on the longitudinal structure’s coordinate
(z-axis) [29]; however, this is beyond the scope of this study.
As a result, there is a global change of all layers, and the thick-
ness of each layer varies along the z-axis of the structure. This is
different than the linear or exponential tapering of the core
or clad, whereby the geometry of the layers is kept globally
constant but they are either tilted or drawn.

With regard to confinement, we show a critical phenome-
non in which a single propagating mode (wavelength λ), leaks
out—not due to a finite number of layers [13]—but because
it reaches a critical point where a longitudinal flow of electro-
magnetic power is transformed into a transverse propagation.

Fig. 1. Types of Bragg waveguide tapering profiles; (a) exponential
or (b) linear taper for dielectric core fiber—which confines light
although some transmission losses [24], (c) tilted wafer bonding,
and (d) suggested configuration for hollow core fiber.
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