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Polarization properties of polymer-based photonic crystal fibers
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Abstract—selectively filled photonic  crystal ~ fibers  with
polydimethylsiloxane (PDMS), a silicon-type material, have been
studied. It has been demonstrated that polarization properties of these
hybrid devices change and so do the properties of guided light in relation
with temperature, finding that the state of polarization (SOP) changes
with an increasing temperature but remains constant for a wide spectrum
of wavelengths for a determinate temperature.

Photonic crystal fibers (PCFs) are versatile optical
fibers that can be designed for specific purposes. The
design of these fibers has no limits and could be
manufactured in any shape depending on the desired
purpose. Moreover, PCFs can be filled with a liquid or
gaseous materials improving their inherent optical
properties or acquiring new ones as in the case of
photonic liquid crystal fibers (PLCFs). The infiltration of
PCF air holes with different materials yields novel hybrid
all-fiber optical devices. Various applications can be
developed with these new tunable and hybrid devices
such as fiber-optic sensors, filters, and switches for
optical communications [1-5]. When the material
infiltrating the cladding holes of a solid-core PCF has its
refractive index higher than that of the fiber core, the light
guiding mechanism changes from index guiding to the
photonic band-gap (PBG) effect. The PBG guiding
mechanism is also presented in a PCF with a hollow core.
Then light is guided in an air channel and consequently,
the refractive index of the core is lower than that of the
cladding. In this case only certain values of wavelengths
are being guided and the others are irradiated out through
the fiber cladding.

As PCFs have periodically arranged air holes in the
cladding, it is possible to fill selectively some of the holes
while keeping the others empty. In this way a different
configuration could be developed based on the same
"guest" fiber and the same infiltrating "host" material,
changing only the order and the number of filled cladding
holes.

One of the material candidates to be infiltrated inside a
PCF is polydimethylsiloxane (PDMS). Although the
primary field of application of this silicone elastomer is
embedding electronic components generally used in
micro- and nanotechnologies, PDMS is often used in
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fluidics [6-9], optical systems [10], and sensors [11-12]. It
has been previously presented [13] that PDMS could be
used to develop a high-birefringence PCF without post-
processing [14].

In this work we present polarization properties of two
different PCFs selectively infiltrated with PDMS.

Polarization-maintaining PCF (PM-PCF) manufactured
by Blaze Photonics in pure silica has two big holes of
4.5um in the same diagonal close to the solid core of
4.5um and 5 rings of smaller holes of 2.2um in the
diameter. The outer diameter of the PM-1550-01 PM-PCF
is 125um and it was manufactured to operate as a single-
mode fiber in a third communications window at 1500nm
with highly reduced temperature sensitivity (Fig. 1, left).

Fig. 1. Photonic crystal fibers: PM-1550-01 (left) and LMA-25 (right).

LMAZ25 PCF fabricated by NKT Photonics (Fig. 2, right)
was made in pure silica and has a solid core of 25um
designed to operate as endlessly single-mode (ESM) with
a large mode area. This fiber has an external diameter of
258 um.

In the case of the PM-1550-01 only the bigger holes have
been selectively filled with PDMS. Before the infiltration
the smaller holes in the cladding were collapsed with a
standard fusion splicer, therefore only two big holes have
been infiltrated (Fig. 2, left).
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Fig. 2. PM-1550-01 selectively filled with PDMS (left); LMA-25
selectively filled with PDMS (middle and right).

In the case of LMA25 the selected holes were blocked
one by one with an optical adhesive and then filled with
PDMS. Two different configurations have been
developed: one in which only one central row is filled
(Fig. 2, middle) and the other in which half of the fiber is
filled/empty (Fig. 2, right). Note that in this last
configuration the fiber is only symmetric in the axis
perpendicular to the interphase of the filled/empty sides.

To study polarization changes with a temperature of the
PM-1550-01 fiber, a tunable laser operating in the range
of 1500-1600nm connected to a polarization controller
PAT 9000, has been used. By changing the external
temperature it is possible to observe a change of the state
of polarization (SOP) in the output light (Fig. 3).

1600 1550 1600

Fig. 3. Changes of SOP at 1500, 1550, and 1600 nm inthe PM-1550-01
fiber selectively filled with PDMS for 5 different temperatures in a
temperature range between 20°C and 80°C

The change in the SOP depends on the wavelength (Fig.3)
and it is related with the phase difference between two
orthogonal polarizations. If the slope of both effective
reflective indices is the same at one determinate
wavelength, there will be no measurable changes in the
SOP (Fig. 3a). However, if at another wavelength the
slope of both indices is different, it will produce a change
in the SOP.

The SOP measured at 1550 nm for a continuous change in
temperature in the range of 20°C to 110°C is presented in
Fig. 4.

Fig. 4. SOP change with temperature in the PM-1550 PCF at 1550nm.
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The SOP is changing with rising temperature and
hysteresis is observed when the sample is cooled. This
could be caused by the internal stress of PDMS induced
by heating.

In both cases of the LMA25 fiber selectively filled, the
SOP changes with temperature at each wavelength, but in
some temperatures, the SOP remains constant for all
wavelengths (Figs. 5 and 6).

1550

53 =2

Fig. 5. LMA 25 - one row configuration: left and middle - changes in the

SOP at 29.8°C and 76.8°C in the wavelength range between 1500nm and

1640nm; right- changes in the SOP at 1550 nm in the temperature range
between 20°C and 90°C.
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Fig. 6. LMA 25 - half configuration; left and middle —changes in SOP at
26.9°C and 86.7°C in the wavelength range between 1500 nm and
1640nm;right- changes in SOP at 1550 nm in the temperature range
between 20°C and 90°C.

In some temperatures, the SOP in the LMAZ25 fiber
remains constant for all wavelengths between 1500 and
1640nm. This behavior is even stronger in half the
configuration and could be explained as polarization
behavior, when in selected temperatures no birefringence
exists because only one polarization mode is guided.

The LMAZ25 fiber with half infiltration was placed
between crossed polarizers at 45° with respect to the
azimuth of the fiber to measure birefringence caused by
the asymmetrical structure of the infiltration pattern. A
white light source was coupled in one end of the fiber and
the output was measured with a spectrometer. The
interference pattern and its change with increasing
temperature was observed (Fig. 7).
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Fig. 7. Interferometricpattern measured in LMAZ2S5 fiber half-filled with
PDMS at selected temperatures.
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The birefringence is defined either by the phase modal
birefringence B(A) or by the group birefringence G(L),
and can be expressed as:
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If the phase modal birefringence is independent on the
wavelength, the derivative term in Eq. (2) vanishes and
both group and phase modal birefringences are equal [15].
In this case, by measuring the space between the
neighboring peaks it is possible to measure B(A). For
23°C the measured birefringence is 9.47x10* and
8.25x10™ at 60°C. For the temperatures in the range of
35°C-45°C the contrast of the interferometry effect is
minimal. This effect will be investigated deeply in the
near future with a mathematical model.

In conclusion, two different fibers have been filled
selectively with PDMS and their polarization properties
along with thermal tunability have been studied. It was
shown that PDMS is a good candidate for manufacturing
hybrid devices together with PCFs for polarization
controlling or sensing.

To improve the study of the LMA25 fiber selectively
filled with PDMS, it is desirable to conduct theoretical
modeling in the near future.
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