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Polarizations  maintaining  photonic  crystal  fibers  (PCF)  constitute  a  new  class  of
birefringent  optical  fibers  with  strong  separation  of  polarization  modes  and  large
possibilities of tailoring different parameters. These advantages appear to be perfect
for designing optical fiber sensor, so we decided to test this type of fiber. A plane-wave
method was used to numerically calculate the effective refractive indices and the field
distribution  of  the  propagation  modes.  The  simulation  results  were  compared  with
experimental measurements of the birefringence and finally the fiber was experienced
as a sensor with fully automated set-up. 

Introduction
Holey fibers (HF) as a subgroup of photonic crystal fibers (PCF) constitute a new class
of optical fibers which has revealed many interesting phenomena paving the way for a
large number of novel applications either in the telecom or in the sensing domain. The
typical HF [1]  consists of pure silica with a periodic distribution of air holes in the
cladding. In PCF light can be guided either by effective index mechanism related to total
internal reflection [2] or through bandgap effect [3] caused by periodically spaced air
holes. HF can potentially be made highly birefringent, because the large index contrast
facilitates  high  form  geometrical  birefringence.  Various  methods  of  introducing
birefringence into HFs have been presented. PCF with elliptical air holes [4,5] or/and
with asymmetric core or asymmetric distribution of holes [6-8] in the fiber have been
applied to exhibit strong birefringence. Compared with elliptical-hole PCF, the later two
designs are more suitable for the implementation of birefringent PCF. This is due to the
fact that the shape of elliptical holes is very difficult to be controlled in the fabrication
process. We have adopted the asymmetric core design similar to the one proposed in [7],
but instead two rods in the center of the structure we have used three ones (Fig. 1). In
that way we have created highly elliptical core. In this paper we demonstrate that by
creating two fold rotational symmetry the PCFs with high birefringence is  obtained.
Based on elasto-optical measurements of the polarization state on the output of the fiber
[9],  we  measure  the  fiber  birefringence  (beat  length)  for  different  wavelengths  and
compare  it  with  numerical  simulations  based  on  plane  wave  method  [10].  Also
temperature  and  strain  sensitivities  were  evaluated.  Finally,  the  propagation  losses
measurements have shown the polarizing phenomena for longer wavelengths.

Propagation losses
The  PCF  used  for  the  experiments  was  fabricated  by modification  of  conventional
optical fiber drawing process. The fiber has 7 layers of air holes and distance between
the holes (pitch) of =1.16 m and hole diameter d=0.52 m. 
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Figure 1: High resolution optical microscope picture of highly birefringent PCF cross-section with the
drawing of triangular lattice air holes.

The transmission losses were measured with standard cut-back method for wavelengths
range approximately from 1250 nm to 1650 nm and the results are presented on Fig. 2.
Strong attenuation of longer wavelengths provokes more careful investigation of the
wavelength depended losses. Since in birefringent fiber polarization plays an important
role,  the  transmission  losses  of  different  polarization  modes  should  be  verified.
Polarization  dependent  loss,  which  is  a  difference  between  attenuation  of  two
polarization modes expressed in dB, is presented on Fig. 3. One can clearly notice that
for  longer  wavelengths  investigated  PCF  becomes  polarizing  one  –  only  one
polarization mode is maintain.

Figure 2: Propagation losses characteristic in
function of wavelength.

Figure 3: Polarization dependent losses in function
of wavelength. Fiber maintain only one polarization

mode for wavelength higher than 1500 nm.

Birefringence characteristics
Birefringence  is  defined  as  a  difference  between  effective  refractive  indices  of  two
fundamental polarization modes. From experimental point of view it is more practical to
use beat length (LB) define as follows:

,
(1)

where x, y are the propagation constants of two orthogonal polarization modes, nx, ny

are  the  effective  refractive  indices  of  each  mode,   is  a  wavelength  and  B –
birefringence.
Numerical simulations of birefringence (and beat length) with plane wave method and
their experimental verification with elasto-optic method is presented on fig. 4. Generally
the experimental and numerical results follow similar trends. The discrepancies between
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simulations and experiments can be explained either by numerical errors, non precise
estimation of fiber dimensions (pitch, hole diameter) or internal stresses in the fiber core
not included in calculations. Nevertheless we proved that designed PCF exhibits much
higher birefringence (approx. one order of magnitude) comparing with standard highly
birefringent fibers like Panda or Bow-Tie fibers for longer wavelengths.

Figure 4: Birefringence and beat length vs. wavelength: calculated numerically (solid line – beat length,
dashed line - birefringence), and measured experimentally (circles – beat length, squares - birefringence).

Temperature and strain sensitivities
Very high birefringence of PCF gives rights to expect also high sensitivities (changes of
birefringence with a measured value) of this type of fiber used as a sensor. On the other
hand lack of doped glass in the fiber core allows us to suspect very low temperature
sensitivity due to zero difference of thermal expansion coefficients between core and
cladding.  In  that  case  our  PCF  would  be  used  as  a  mechanical  sensor  without
temperature  compensation  mechanisms.  Experiment  and  comparison  with  standard
birefringent fibers presented in table 1 confirm the expectations. 

Fiber type Temperature sensitivity
[rad/m·K] (=633nm)

HB 600 (bow-tie) -8,0
Andrew E-type -1,05

HB PCF ~0,1
Table 1: Comparison of temperature sensitivities for highly birefringent standard fibers and PCF.

Consecutively strain sensitivity (Fig. 5) appears to be relatively high and comparable
with standard fibers (Table 2). Strain is defined as a ratio between a fiber elongation L
and its original length L:

.
(2)
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Fiber type
Strain sensitivity
[rad/m·mstrain]

(=633nm)
Andrew E-type 5.7
Andrew D-type 7.0

HB 600 (bow-tie) 98.2
HB 800 (bow-tie) 118.6
PANDA SM 63 125.7
PANDA SM 85 165.3

HB PCF 14

Figure 5: Strain sensitivity vs. wavelength. Table 2: Comparison of strain sensitivities for
highly birefringent standard fibers and PCF.

Conclusions
It was demonstrated, based on elasto-optical measurements, that very high birefringence
(>10-3 for longer ) PCF was obtained by implementing two fold rotational symmetry of
the cross section of the fiber. Trends of experimental characteristics confirm numerical
simulations based on plane wave method. Very low temperature sensitivity proves to be
negligible  correction  to  relatively  high  strain  sensor,  i.e.  temperature  compensation
would  not  be  necessary.  Finally,  investigated  PCF  proved  its  polarizing  ability  for
wavelengths larger than 1500 nm.
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