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A Microfiber Bragg Grating Based on a
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Fei Xu, Gilberto Brambilla, Jing Feng, and Yan-Qing Lu, Member, IEEE

Abstract—We propose a system suitable for the manufacture of
microfiber gratings by wrapping a microfiber on a microstructured
rod, which has large refractive index differences (deep teeth) and
a large coupling coefficient. Different grating profiles can be realized by using different rod designs. This type of device has great
potential for applications in future all-fiber microcircuits.
Index Terms—Grating, microfiber.

I. INTRODUCTION

M

ICROFIBER-BASED devices (MDs) have recently
attracted much attention because of the enormous
progress in the fabrication of low-loss submicrometric optical
wires which allow for low-loss evanescent waveguiding. Moreover, optical microdevices fabricated from subwavelength fibers
offer several prospective benefits as compared to microphotonic
devices based on other principles; these include low insertion
loss, complete fiber compatibility, and flexibility. Being fabricated from a single-mode fiber, MDs do not experience any
input–output coupling problem. Recently, the microfiber resonator has increasingly attracted interest because of its role of
basic MD. However, in free space the fabrication of microfiber
resonators with high reliability is challenging due to problems
of stability, degradation, and cleanness [1], [2]. Coating is an
elegant way to solve these issues; yet, the determination of the
coating thickness is a challenging issue because a thick coating
layer will limit the sensitive evanescent field, while a thin
layer does not provide an appropriate protection to the device.
Consequently to the development of 3-D microcoil resonators
in Teflon [3] and in low index liquid [4], a refractometric sensor
based on a coated optical nanowire microcoil resonator has
been investigated and demonstrated [5], [6]. Although microcoil resonators have a wealth of applications (as delay lines,
narrowband and complex filtering, lasing, switching, just to cite
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a few), for future all-fiber microphotonic circuits, more MDs
(in particular gratings) are required. Similar to gratings written
in conventional fibers and waveguides, microfiber grating can
have several different applications, including filters, sensors,
and distributed-feedback (DFB) lasers. The standard use of
photosensitivity fiber core and UV writing is inconvenient for
a microfiber because of the disappearance of the germanium
core during the tapering process. Alternative techniques, such
as metal deposition [7], focused ion beam milling or implantation [8], and plasma etch postprocessing [9] are expensive,
time-consuming, and difficult because of the expensive and
complicated setup, and because of the complexity in handling
and postprocessing thin microfibers.
II. SCHEMATIC ON THE GRATING
In this letter, we investigate the possibility to obtain a microfiber Bragg grating (MBG) by wrapping a microfiber on a
microstructured rod. Combining current enabling technologies
on microstructured optical fibers [10], [11] and microfibers [1],
it is possible to induce periodical corrugations leading to the
coupling between forward and backward propagating waves.
This kind of device should be robust, compact, and flexible.
Lasting MBGs can be fabricated by wrapping microfibers
on microstructured rods, and then coating them with low-loss
polymer such as Teflon or UV375. The rod can be obtained by
etching a cane used in the manufacture of microstructured fibers
or it can be a thick microstructured fiber.
The final MBG structure is shown in Fig. 1(a): it is a compact and strong microdevice with some air holes arranged in a
circle. Fig. 1(b) presents a possible rod cross-section. The mode
propagating in the microfiber experiences refractive index corrugations because its evanescent field overlaps with the support
rod where there is alternation of glass and air holes. Here we
only consider one ring of air holes; the inner large hole is also
filled with air and the microfiber is assumed perpendicular to
the rod.
The proposed MGB structure is similar to a conventional
planar grating, when a coordinate increasing along the microfiber is used. Unfolding the microfiber, the MGB can be
taken as a coated microfiber on a planar substrate with periodical air-hole corrugations: the equivalent structure is shown
in Fig. 1(c). Here is the period between two air-holes; we
assume
to simplify calculations.
As in other Bragg gratings and DFB lasers, the MGB Bragg
wavelength is expressed by
, where
is the
mode effective index in the unperturbed (coiled) geometry and
is the Bragg order.
The mode field in the unperturbed waveguide geometry is not
calculated from the exact solution of the propagation equations,
but it is derived from the perturbed (straight) geometry using
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Fig. 3. Coupling coefficient k versus of the ratio between the tooth height (2r )
and grating period 3 at D = 1 m and d = 1 m for different m, m = 1
(solid line) and m = 2 (dashed line).

Fig. 1. (a) Schematic of the embedded MBG. (b) Cross section of the support
rod; (c) the equivalent planar structure.

the degree to which oppositely propagating modes transfer energy; this has been calculated analytically or numerically in
DFB lasers, using the coupling mode theory in different shapes
[12], [13]. In our case, the teeth shape is very different from that
used in conventional DFB lasers.
, the refractive index
In the grating region,
variation is
(2)
The
coupling
rugations can be

coefficient
produced
by
corexpressed as [12], [13]
,
where
is the normalized field. This yields to [12]
Fig. 2. Illustration of the outer layer structure of the support rod. ! , ! , ! ,
and ! are the functions defining the tooth shape; g , g , and g are boundaries
between layers.

the method developed by Streifer: in this method, the boundary
between the materials with refractive indexes
(air) and
(the rod material, generally silica) is shifted to compensate
for the different geometry [12], [13]. is chosen to match the
volume of
material extending into region 2 (above ) to the
volume of
material extending into region 1 (below ), as
shown in Fig. 2. We introduce
and effective
distance
(1)
The functions defining the tooth shapes are
, and
.
The propagation constant depends on , and we can flexibly
achieve chirp grating by tuning hole radii, hole pitches, or the
distance between microfiber and holes. In this letter, we only
discuss the uniform grating with uniform , , and .
III. COUPLING COEFFICIENT
One of the key parameters for Bragg grating (and in particular for DFB lasers) is the coupling coefficient, which describes

where is the Bragg scattering order. The propagation constant
, and the electrical field all depend on the unperturbed geometry, i.e., , , ,
(Fig. 1), as well as the transverse mode
number. Fig. 3 shows plots of the coupling coefficient versus
the ratio between the tooth height ( ) and the period at
and . Here the microfiber diameter is
m,
m,
,
,
,
m,
and
nm. The mode fields are obtained from simulations with the commercial finite-element software Comsol
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The use of microstructured support rods to make gratings provides an extreme flexibility because it is easier to be dealt with
than the microfiber. By controlling the air holes’ geometry, it is
possible to get several-layer corrugations or phase-shifted gratings. If the rod is coated with an active layer or the holes are
filled with an active medium, it generates a laser. If holes are
used as microfluidic channels, the support rod can work as a
sensor. Moreover, since only a very short piece of rod is needed
for each device, the average device cost is very low. Devices
can be coated with stable polymers such as Teflon and UV375,
and maintain the extraordinary strength they exhibit as manufactured [2]. Moreover, since they are fabricated from a tapered single-mode fiber, they maintain the original size at their
input–outputs, minimizing the insertion loss.
Fig. 4. Reflection spectra versus frequency detuning in uniform gratings for
0.5-turns (solid line), 1-turn (dashed line), and 2-turns (dotted line) with k
m .

=

10

Multiphysics. The coupling coefficient is tens of mm . Interestingly, is strongly dependent on the tooth depth and the microfiber diameter, but it always shows a maximum for
and a minimum for
at
. This can be ascribed
to the dependence of on and the corrugation area, and
achieves maximum at
. In practical applications, it is
convenient to use
with larger pitch.

V. CONCLUSION
We have presented the schematic on the realization of a micrograting by wrapping a microfiber on a microstructured rod,
which has deep teeth and large coupling coefficient. Different
grating profiles can be realized by changing the approach angle
between microfiber and rod or by designing and fabricating rods
with different geometries. Microfiber gratings have a great potential for future all-fiber microcircuits: in principle, they allow
reproduction on a microscopic scale of all grating-based devices
and sensors previously realized in conventional optical fibers.
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