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In-fiber polarizer based on a long-period fiber
grating written on photonic crystal fiber
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A novel in-fiber polarizer based on a long-period fiber grating (LPFG) is written by using a focused CO2 laser
beam to notch a photonic crystal fiber periodically. Such a polarizer exhibits a high polarization extinction
ratio of more than 20 dB over a wide wavelength range of �11 nm near 1550 nm and a very low tempera-
ture sensitivity of 3.9 pm/ °C, which overcomes the disadvantages of the temperature sensitivity of other
in-fiber polarizers created on conventional single-mode fiber. © 2007 Optical Society of America
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Polarizers and other polarization-related devices are
very important in the field of optical fiber communi-
cations and sensors. Compared with bulk waveguide
polarizers, in-fiber polarizers are desirable devices in
all-fiber communication systems because of their low
insertion loss and compatibility with optical fiber.
Optical fiber polarizers are usually made by polishing
the fiber laterally and coating a birefringence crystal1

or a metal film2 on the exposed guiding region. Zhou
et al.3 reported a 45°C tilted in-fiber polarizer based
on fiber Bragg gratings (FBGs). However, the high
temperature sensitivity of the polarizer created in
conventional single-mode fiber is a disadvantage for
its application in optical fiber communications. Clear
polarization dependence has been observed in
CO2-laser-induced long-period fiber gratings (LPFGs)
due to their asymmetric refractive index profile
within the cross section of these gratings.4–6 Some of
us recently reported a novel LPFG fabrication tech-
nique based on using a focused CO2 laser beam to
notch a conventional single-mode fiber periodically.7

Such a technique can write high-quality LPFGs with
a low insertion loss and high polarization-dependent
loss (PDL).

In this Letter we present an in-fiber polarizer
based on the LPFG fabricated by use of a focused
CO2 laser beam to notch a photonic crystal fiber
(PCF) periodically. This LPFG polarizer exhibits a
high polarization extinction ratio of more than 20 dB
over a wide wavelength range of �11 nm and a low
temperature sensitivity of 3.9 pm/ °C.

An experimental setup, as shown in Fig. 1 of Ref. 7,
was employed to write LPFGs by use of the
focused CO2 laser beam to notch the PCF periodi-
cally. A large-mode-area (LMA-10) PCF from
BlazePhotonics8 was employed and situated on the
focal plane of the CO2 laser beam. The cross section
of the PCF with a cladding diameter of 124±1 �m
and a core diameter of 11±1 �m is illustrated in Fig.

1(a). Following the LPFG fabrication process re-
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ported in Ref. 7, the focused CO2 laser beam scanned
repeatedly and periodically at the location corre-
sponding to each grating period of the PCF via a two-
dimensional optical scanner under computer control.
Focused high-frequency CO2 laser pulses with
enough energy hit repeatedly the side of the PCF.
Such repeated hitting induces a local high tempera-
ture in the fiber, which not only collapses air holes in
the outer cladding of the PCF but actually ablates
some of the glass from the side of the fiber. As a re-
sult, as shown in Fig. 1, periodic notches with a depth

Fig. 1. Scanning electron micrographs for the cross sec-
tions of the PCF employed (a) before and (b) after CO2 laser
irradiation, where the PCF is cut off at the B–B plane; (c),
(d) micrographs, observed from the C and D directions, re-
spectively, with a microscope image (IM 713, Atto Instru-
ments Ltd.), of the PCF with periodic notches (the
CO2-laser-notched LPFG). The CO2 laser irradiates from
the D direction, and the dashed circle in (b) outlines the
cross section of the PCF before the CO2 laser irradiation.
The grating pitch of the LPFG with 40 grating periods is

410 �m.
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of �10 �m and a width of �60 �m were created on
the fiber surface along the axis of the PCF due to the
ablation of glass and the collapse of air holes. Such
notches induce periodic refractive index modulation
along the axis of the PCF, thus creating a LPFG. The
real curve in Fig. 2(a) illustrates the transmission
spectrum of the obtained LPFG with a resonant
wavelength of 1547.18 nm, a peak transmission at-
tenuation of −18.24 dB, and a low insertion loss of
�1 dB.

Refractive index modulation in the CO2-
laser-notched LPFG in the strain-free state may be
expressed as7

�n = �nresidual + �nnotch, �1�

where �nresidual is a refractive index perturbation in-
duced by the residual stress relaxation resulting
from the local high temperature, which is similar to
the case of CO2-laser-induced LPFGs without peri-
odic notches4–6; �nnotch is a refractive index perturba-
tion induced by the notches due to the photoelastic ef-
fect and its results; �nnotch results essentially from
the new stress field induced by the ablation of glass
and the collapse of air holes near the notched regions.
It can be seen from Fig. 1(b) that, although the outer
four ring air holes in the cladding, facing the CO2 la-
ser irradiation, collapsed, the air holes near the core
are not affected. The mode field diameter of the PCF
employed is �8.5 �m.8 Thus the insertion loss of our
LPFG is only �1 dB because most of the energy of
the input light is transmitted in the core and the in-
ner cladding of the PCF.

When a tensile stain was applied to the LPFG, the
resonant wavelength was linearly shifted toward the
short wavelength with a sensitivity of −7.6 pm/��,
and the absolute value of the peak transmission at-
tenuation was gradually increased, as shown in Fig.
2(b). The peak transmission attenuation was hardly
changed with an increase of the tensile stain of more
than 500 ��. The dashed curve in Fig. 2(a) illustrates
the transmission spectrum of the LPFG with a ten-
sile strain of 500 ��, where the resonant wavelength
was shifted to 1543.45 nm and the peak transmission
attenuation was increased to −25.76 dB.

The PDL of the CO2-laser-notched LPFG was mea-

Fig. 2. (Color online) (a) Transmission spectra of the
CO2-laser-notched LPFG before and after a stretch strain
of 500 �� is applied; (b) resonant wavelength and peak
transmission attenuation of the LPFG as function of the
stretch strain.
sured by an Agilent 81910A photonic all-parameter
analyzer. Figure 3 illustrates the maximum loss, the
minimum loss, and the PDL of the CO2-laser-notched
LPFG before and after a tensile strain of 500 �� is
applied to the LPFG. The maximum and minimum
losses were measured by use of a polarization con-
troller to scan the state of polarization of the input
polarized light at each wavelength. The PDL ob-
tained is the difference between the maximum and
minimum losses measured. As shown in Fig. 3(a), af-
ter the tensile strain is applied to the LPFG, the
maximum loss is observably increased, whereas the
minimum loss is hardly changed. Thus the maximum
PDL of the LPFG is increased from 16.240 dB at
1543.80 nm to 27.27 dB at 1544.60 nm, as shown in
Fig. 3(b).

Figure 4 illustrates the losses, corresponding to the
s- and p-polarized input light, and the polarization
extinction ratio of the CO2-laser-notched LPFG be-
fore and after a tensile strain of 500 �� is applied to
the LPFG. The polarization extinction ratio is an ab-
solute value of the difference between the losses cor-
responding to the s- and p-polarized input light. As
shown in Fig. 4(a), after the tensile strain is applied
to the LPFG, the loss of the p-polarized input light is
observably increased, whereas that of the s-polarized
light is hardly changed. Thus the maximum polariza-
tion extinction ratio of the LPFG is increased from
13.72 dB at 1546.65 nm to 22.83 dB at 1548.35 nm
after the tensile strain is applied to the LPFG.

Single-side irradiation with the CO2 laser beam in-
duces an asymmetric index profile within the cross
section of the CO2-laser-notched LPFG on the PCF
due to the asymmetric residual stress relaxation,
which is similar to the case of the CO2-laser-induced
LPFG without periodic notches in a conventional

Fig. 3. (Color online) (a) Maximum and minimum losses;
(b) PDL of the CO2-laser-notched LPFG before and after a
stretch strain of 500 �� is applied.

Fig. 4. (Color online) (a) Loss corresponding to s- and
p-polarized light; (b) polarization extinction ratio (PER) of
the CO2-laser-notched LPFG before and after a stretch

strain of 500 �� is applied.
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single-mode fiber.4,6,7 Furthermore, the ablation of
glass and the collapse of air holes in the cladding fac-
ing the CO2 laser irradiation effectively enhance the
asymmetry of the index profile within the cross sec-
tion of the LPFG, which induces a large birefringence
in the LPFG. As a result, a high PDL of 16.24 dB and
a high polarization extinction ratio of 13.72 dB are
observed when the LPFG is in the strain-free state
(before stretch strain is applied to the LPFG), as
shown in Figs. 3(b) and 4(b), respectively. It is obvi-
ous that the maximum PDL of 16.24 dB in the
CO2-laser-notched LPFG on the PCF is much larger
than the maximum PDL of �1.2 dB in the
CO2-laser-induced LPFGs in the conventional single-
mode fiber,6,7 which is because of the collapse of air
holes in the PCF.

When a CO2-laser-notched LPFG on the Corning
SFM-28 fiber was stretched longitudinally, as shown
in Fig. 6 in Ref. 7, wrinkles, i.e., periodic microbends,
were induced in the notched section of the fiber due
to asymmetric notches. The same phenomenon was
also observed when a CO2-laser-notched LPFG on the
PCF was stretched longitudinally. Such wrinkles in-
duce periodic refractive index perturbations in the
LPFG, which lead to the transmission spectrum evo-
lution of the LPFG7,9 as shown in Fig. 2. On the other
hand, when the CO2-laser-notched LPFG is
stretched, an asymmetric strain field is induced
within the cross section of the notched regions be-
cause of the asymmetric structure, which enhances
the asymmetry of the index profile within the cross
section of the LPFG as a result of the photoelastic
effect.9 Consequently, a higher PDL was observed af-
ter our LPFG was stretched longitudinally, as shown
in Figs. 3 and 4. It can also be seen from Fig. 4(b)
that, after a tensile strain of 500 �� is applied to our
LPFG, the polarization extinction ratio is more than
20 dB over a wide wavelength range of �11 nm near
1550 nm. This indicates that the CO2-laser-notched
LPFG could be used as a promising in-fiber polarizer
with a high polarization extinction ratio.

For our in-fiber polarizer based on the CO2-
laser-notched LPFG, the required tensile strain can
be applied, in advance, to the LPFG during the pack-
aging of the grating. Thus a compact in-fiber polar-
izer is obtained after a CO2-laser-notched LPFG is

Fig. 5. (Color online) Resonant wavelength and peak
packaged. Although the maximum loss of �15 dB for
the desired polarization light, e.g., the s-polarized
light, will be induced when our LPFG polarizer is em-
ployed in the communication system, such a loss can
be easily compensated by an erbium-doped fiber am-
plifier.

As shown in Fig. 5, the temperature sensitivity of
the resonant wavelength of the CO2-laser-notched on
the PCF is only 3.9 pm/ °C, and the peak transmis-
sion attenuation is hardly changed with tempera-
ture. Compared with the temperature sensitivity,
e.g., 58 pm/ °C, of other CO2-laser-induced LPFGs in
conventional single-mode fiber,4,7 the resonant wave-
length of the CO2-laser-notched LPFGs on the PCF is
insensitive to temperature, which is due to the air-
hole structure of the pure silica PCF.10 Thus our in-
fiber polarizer resolves the temperature sensitivity
problem of other in-fiber polarizers fabricated in the
conventional single-mode fiber.

In conclusion, a novel LPFG is written by use of a
focused CO2 laser beam to notch a PCF periodically.
Clear polarization dependence is observed in the
LPFG due to the collapse of air holes. The maximum
PDL and the maximum polarization extinction ratio
of our LPFG can be increased to 27.27 and 22.83 dB,
respectively, by application of tensile strain. Such a
CO2-laser-notched LPFG could be used as a promis-
ing in-fiber polarizer with a high polarization extinc-
tion ratio of more than 20 dB over a wide wavelength
range of �11 nm near 1550 nm and a very low tem-
perature sensitivity of 3.9 pm/ °C.
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