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In microband-induced fiber gratings, polarization properties and birefringence are investigated
as a function of an applied line force. With the transmission curves associated with the maximum
and minimum resonant wavelengths, the polarization-dependent behaviors are analyzed. By
increasing the transverse line force, the resonance wavelength for an incident light polarized to
the same direction of the force is blue-shifted as much as 0.69 nm/(N/cm) while that for the other
polarization is insensitive. Using the resonant wavelength separation corresponding to the force
variation, the transverse effective index change or modal birefringence variation is obtained. The

ratio of modal birefringence versus applied line force is AB/Af, = ~8.38x 107",
OCIS codes : 050.2770, 060.2310, 060.2340, 060.2400

I. INTRODUCTION

Optical fiber gratings are becoming important in
optical communication and sensing systems. Many fiber
grating components such as optical filters, sensing
elements, and so on have been researched and developed
[1-3]. Here, polarization effects play a key role in the
operation of the optical devices. Fiber bragg gratings
have a narrow reflection spectrum and long-period fiber
gratings (LPGs) show a rather broad transmission
spectrum without appreciable reflection. Photo-induced
gratings are fabricated by exposure of an UV laser
beam onto the single side of an optical fiber and cause
asymmetric index variation of the core [4]. The
asymmetry gives the geometric birefringence in the
core mode. This type of LPG is based on the core-only
birefringence. The difference of the effective indices for
the LPyn core-guided mode over two polarizations
induces the polarization dependence loss (PDL) of the
gratings.

Another type of LPGs is created by using microband
gratings. Many different fabrication methods such as a
periodic pressure, electric arc, cladding etching, and
electrical heating have been widely studied [5]. Compared
to the photo-induced LPG, it is easily implemented to
form the gratings. The gratings are also reconfigur-

able. This feature allows tunable gain equalizers in
fiber armplifiers, band-rejection filters, and sensing heads
of in-line fiber sensor systems. A drawback of such
gratings is that they are inherently polarization-dependent
because of asymmetric microband perturbation. Several
researchers have studied the polarization-dependent
loss (PDL) and birefringence in LPFs [6-8]. But, in
mechanically-induced miacroband fiber gratings (MFG),
the transverse refractive index changes with respect to
an applied transverse force have not been reported.

In this study, we measured the spectral responses as
a function of a line force to investigate polarization
dependence for two orthogonal states of polarizations
(SOPs). From the fact that the wavelength separation
between maximum and minimum resonant wavelengths
has a linear relationship, modal birefringence in terms
of an applied pressure is indirectly calculated.

II. THEORY

In an LPG, the LPy core mode is strongly coupled
to the copropagating LPy, cladding modes. A periodic
index modulation with grating pitch of several hundred
micrometers, therefore, imposes the phase matching
condition that couples light effectively between two
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modes at a resonance wavelength of mth-order. For an
ideal LPG with an azimuthally symmetric index change,
the phase matching condition is well known as [7]
A, = (0 —nlm)A=(An)A, (1)
where A, is the resonant wavelength, A is the grating
period, and n and nY" are effective indices of the
LPp core and LPgn cladding mode, respectively. If a
grating formation is not symmetricy, birefringence is
caused in the fiber and the resonant wavelengths are
dependent on the SOP of the incident light.

When a transverse pressure is applied to a SMF, a
compressive strain in the direction of the applied force
and a tensile strain in the direction of the orthogonal
transverse direction are developed in the fiber. It is
known that the magnitude of both strains remains
within 96% of the axial value in the region around the
axis which is surrounded by the circle of diameter d/10
[9]. d is the fiber diameter. In MFG, we can consider that
the effective index variation of the LPgm cladding-guided
mode is much smaller than that of the LPyn core-guided
mode, since the radius of cladding is much larger than
that of the core. If the effective index variation of the
cladding region caused by the transverse pressure is
negligible, we have the resonant wavelength separation
between the minimum and the maximum resonant
wavelengths, Agpp and Agyp, given by

AN, = Asop, ~ Asor, = Alpgy™™ —n™) =A-B  (2)

where A, nllmin p0lmex - and B represent the largest
resonant wavelength separation for a mth-order resonance
peak, the minimum and the maximum effective indices
of the LPy core mode, and modal birefringence of the
gratings, respectively. It means that the resonant wave-
length is a function of the SOP of the incident light.
The nllmax —pllmin jerm in Fq. (2) represents the modal
birefringence, B, in the fiber core. If B is dependent on
the applied transverse force, a transverse refractive index
variation of the fiber core in MFG can be obtained.

III. EXPERIMENT AND RESULTS

The gratings used for this experiment are made by
a periodic array of a metal wire with a 250 pm
diameter as shown in Fig. 1. The wires are arrayed on
the metal plate at equal intervals of 570 pm and glued
on their edges with an adhesive. To keep the grating
equally spaced, the grating plate is fabricated on the
grooves of the corrugated fixture with a 570-um period.
The total length of grating is about 4.5 cm. The SOP
of the incident light into the gratings is adjusted to the
two polarization states, SOP, and SOPy, using a fiber
polarizer (FP).

Since the PDL in a MFG originates from the bire-
fringence presented in the grating structure, the trans-
mission characteristics of a MFG is dependent on all
SOPs. Fig. 2 shows the transmission spectra and indirect
measure of PDL when the transverse line force of 6.8
N/cm is applied. The wavelength separation between
the minimum and the maximum resonant wavelengths
is ~4 nm and modal birefringence is to be 7 15107
Compared to the previously reported modal birefringence
in a photo-induced LPG and a COxlaser-induced LPG
[7], the larger modal birefringence is occurred in the
MFG. The wavelength-dependent PDL is characterized
by the difference between the transmission curves
associated with maximum and minimum resonant
wavelengths so that the resonant wavelength separation
serves as an indirect measure of PDL. Here, the
wavelength-dependent PDL is represented as SOP.
SOPy in Fig. 2. The maximum PDL is calculated to
be 7.5 dB.

Next, the spectral response for SOPy and SOP, are
measured as a function of the line force per unit length
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FIG. 1. Schematic of experimental setup with periodically
arrayed metal wire block for creating the microband
gratings. (FP: fiber polarizer)

SOP, =

Base block Single-mode fiber

S~ — = n ’ N I N
O N 2O O N A
Wavelength-dependnet PDL (dB)

Transmission(dB}
' fes)

o N O

4 A e e
1520 1530 1540 1550 1560 1570 1580

Wavelength{nm)

FIG. 2. Transmission spectrum for two orthogonal
polarizations and wavelength-dependnent PDL calculated
by SOP. and SOP, (f,=6.8 N/cm).
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applied to the SMF. As shown in Fig. 3, when two
SOPs are launched to the gratings, the resonant peaks
are more attenuated by increasing the applied pressure.
We note that the center wavelength for SOP, is
insensitive to external pressure change as can be shown
in Fig. 3 (a). But, in case of SOPx polarized in the
direction of the transverse force; the resonant wavelength
is a function of the line force as depicted in Fig. 3 (b).
Thus we can calculate the modal birefringence variation
or transverse effective index change in MFG.

Fig. 4 (a) shows the attenuation peak variation versus
the applied line force. For two SOPs, the fitting curves
are similar to each other and thus the power coupling
between a guided core mode and a corresponding
cladding mode is insensitive to the polarization states.
If the force increases beyond a certain point, the depth
of greatest attenuation peak begins to turn upward.
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FIG. 3. Transmission spectra as a function of an applied
line force.

This is explained, over certain ranges of grating length
and coupling constant, by the sit transmission of
LPFG’s [10]. The resonant wavelength separation as a
function of a line force is shown in Fig. 4 (b). When
higher force is applied, the separation increases because
the center wavelength for SOPy linearly shifts to shorter
wavelength. By using Eq. (2), the relationship between
microband-induced effective index variation, or modal
birefringence of the grating, and transverse force variation
is ££=8.38><10‘7. Thus the transverse refractive index

change of MFG is linearly controlled by the pressure
on a grooved plate or a distributed wire block.

IV. CONCLUSION

We have investigated polarization dependence and
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FIG. 4. (a) Attenuation peak variation and (b) resonant
wavelength separation as a function of an applied line force.
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modal birefringence for MFGs formed by periodically
arrayed metal wires. The spectral responses of the two
polarization states are different according to the
external asymmetric force. For SOP in direction of the
transverse force, the resonant wavelength shifts to longer
or shorter wavelength as much as 0.69 nm/(N/cm),
whereas for SOP, the center wavelength is rarely
affected by the force. Using the fact that the resonant
wavelength separation is linearly related to the applied
line force, transverse effective index variation is achieved.
This modal birefringence is not suitable to the optical
communication devices but it can be applied to the
optical measurement components such as a sensor in
a smart structure.
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