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We analyze the wavelength dependency of the degree of polarization for both the reflected
and transmitted signals by a uniform Bragg grating written into a polarization main-
taining fiber. Numerical simulations and experimental workare presented and a good
agreement is shown between them. The potential realizationof a demodulation technique
using the degree of polarization in reflection as an encodingsignal is finally reported.

Introduction

Fiber Bragg gratings are important components for both optical communications and
sensing applications [1]. Many studies of their polarization effects have been reported
in the past, including the compensation of the polarizationmode disperion [2] and the
measurement of polarization dependent loss [3]. We report here a theoretical and experi-
mental study of the wavelength dependency of the degree of polarization (DOP) for both
the reflected and transmitted signals by a uniform FBG written into a polarization main-
taining fiber (PM-FBG). This study provides interesting results for the possible realization
of a new demodulation technique for FBG sensors.

Theory and experiment

When a grating is written into a polarization maintaining fiber, the reflected and trans-
mitted spectra are characterized by two main peaks corresponding to the eigenmodes also
called the modesx andy :

λMax;x = 2(neff;x+δn)Λ λMax;y = 2(neff;y+δn)Λ (1)

with

neff;x = neff + ∆n
2

neff;y = neff� ∆n
2

(2)

whereΛ is the grating period,neff is the effective refractive index of the fiber,δn is the
index modulation and∆n is the fiber birefringence.
The DOP is an important quantity to describe partially polarized light. It is defined as the
ratio between the intensity of the totally polarized component to the total intensity of the
light. The DOP can be expressed in terms of Stokes parametersby :

DOP= qS2
1+S2

2+S2
3

S0
(3)
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The parametersS0, S1, S2 andS3 are real numbers representing the state of polarization
[4]. When experimentally measuring the DOP, the obtained value depends on the spectral
width of the tunable laser source and on the measurement timeneeded by the apparatus.
It is thus necessary to take into account these two parameters in the expression of the
DOP. The Stokes parameters can be deduced from the electric fields components along the
modesx andy [4]: S0=< jExj2>+< jEyj2>, S1=< jExj2>-< jEyj2>, S2=2Re[<ExE�

y >]
andS3=2Im[< ExE�

y >]. In these expressions,< Ex(y) > represents the mean value with
time of the electric field along the modex(y). If we consider that the two eigenmodes are
the 0 andπ/2 rad linear polarization states and that the input state ofpolarization (SOP)
is linear and defined by a Jones vector(cosθ;sinθ)T, one can write :�

Erx (t)
Ery (t) �=0BB� ωmaxR

ωmin

ρx(ω)Mxej(ωt+Θx)dω
ωmaxR
ωmin

ρy(ω)Mye
j(ωt+Θy)dω

1CCA (4)

�
Etx(t)
Ety(t) �=0BB� ωmaxR

ωmin

τx(ω)Mxej(ωt+Θx)dω
ωmaxR
ωmin

τy(ω)Mye
j(ωt+Θy)dω

1CCA (5)

The subscriptsr andt represent the reflected and transmitted fields, respectively. θ is the
angle between the input state of polarization and the modex. Mx(y) andΘx(y) are the am-
plitude and phase angle of thex(y) component of the electric field.ω is the pulsation and
t is the time.jωmax�ωminj corresponds to the FWHM of the tunable laser source around
its central wavelength.ρx(y) andτx(y) denote respectively the reflection and transmission
coefficients whose expressions are derived from the coupledmode theory [5].
Implementing the previous equations allows to study the wavelength dependency of the
DOP. Since we want to make a comparison between theoretical and experimental evolu-
tions, we have used parameters values computed from the reflected spectrum of the real
FBG presented below by means of a simplex algorithm derived from [6]. The FBG used
in this work was written into hydrogen-loaded bow-tie fiber through a 1060 nm period
phase mask using a frequency-doubled Argon laser with 6 mm beam width. A polariza-
tion controller and an optical spectrum analyzer were used to measure the reflected peaks
corresponding to the two eigenmodes. Their central wavelengths were equal to 1534.485
nm and 1534.884 nm, leading to a computed value of the birefringence of 3.78 10�4.
The measurement set-up for the DOP is shown on Figure 1. A polarization controller (PC)
was used to fix the input state of polarization of a fully polarized tunable laser source at
π/4 rad between the eigenmodes of the PM-FBG. The FWHM of the laser source was
measured equal to 8 pm. The tunable laser source was tuned from 1533 nm to 1536 nm
with a wavelength step of 10 pm to ensure a good compromise of time and accuracy. A
polarimeter measured the reflected and transmitted DOP. Theoutput power of the source
was fixed to its maximum available value (� 0 dBm) to ensure that the reflected light
had a sufficient intensity to be properly detected by the polarimeter. Figures 2 and 3
present the simulated and experimental evolutions of the DOP for the reflected and trans-
mitted signals, respectively. The simulation was made witha wavelength step of 10 pm
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and considering that the FWHM of the source is 8 pm and that theintegration time of
the measurement device is 1 s. The input SOP was fixed atπ/4 rad between the FBG
eigenmodes.
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Figure 1: Measurement set-up for the DOP

The simulated and experimental curves have the same generalbehavior. The DOP for
the reflected signal present drops every time the reflected spectrum is minimum. These
drops come from the fast variations of the normalized Stokesparameters around the wave-
lengths at which the reflected spectrum is minimum. The DOP for the transmitted signal
remains constant at a maximum value (99.55 %) in the transmission band of the grating.
In the rejection band, it decreases a little.

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
-40

-30

-20

-10

0

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
80

85

90

95

100

(b)

 

 

Am
pl

itu
de

 (d
B)

Wavelength (nm)

 

 

D
O

P 
(%

)

(a)

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
-40

-30

-20

-10

0

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
75

80

85

90

95

100

(b)

 

 

Am
pl

itu
de

 (d
B)

Wavelength (nm)

 

 

 

D
O

P 
(%

)

(a)

Figure 2: (a) DOP in reflection versus wavelength and (b) reflected spectrum. Left :
Simulation withneff = 1.4521,Λ = 528.41 nm,L = 6 mm,δn = 2 10�4 and∆n = 3.7 10�4;
Right : Experimental measurement

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
99.90

99.92

99.94

99.96

99.98

100.00

(b)

 

 

Am
pl

itu
de

 (d
B)

Wavelength (nm)

 

 

D
O

P 
(%

)

(a)

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1533.0 1533.5 1534.0 1534.5 1535.0 1535.5 1536.0
99.40

99.45

99.50

99.55

99.60

(b)

 

 

Am
pl

itu
de

 (d
B)

Wavelength (nm)

 

 

D
O

P 
(%

)

(a)

Figure 3: (a) DOP in transmission versus wavelength and (b) transmitted spectrum. Left :
Simulation withneff = 1.4521,Λ = 528.41 nm,L = 6 mm,δn = 2 10�4 and∆n = 3.7 10�4;
Right : Experimental measurement

Even if the behavior is qualitatively similar between the theoretical and experimental
curves, some differences are observed. They can be explained by different reasons. First,
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when experimentally fixing the input SOP, the PC is optimizedto confer the same re-
flected peak heights to the two eigenmodes. This method is visual and the input SOP is
therefore not exactly atπ/4 rad between the eigenmodes as supposed in the simulations.
Secondly, due to the high reflectivity of the grating, the reflected spectrum is not symmet-
rical. That can explain the asymmetry of the measured polarization properties. Finally,
the accuracy on the measurement of high DOP values is guaranteed by the manufacturer
of the polarimeter to be within� 0.5 %. This certainly explains that the maximum mea-
sured value of the DOP always remains at 99.55 %.
The reflected DOP contains all the necessary information to be used as an encoding signal
for an FBG sensor. In fact, when temperature or strain affects the grating, all the reflected
wavelengths shift. Since the DOP minimums are correlated with the minimums of the
reflected spectrum, the monitoring of one DOP minimum is sufficient to retrieve the infor-
mation on the measurand. We monitored the evolution of the central DOP minimum (the
DOP minimum corresponding to the minimum of the reflected spectrum situated between
the two main peaks) in response to a change of temperature. Weobtained a temperature
sensitivity of 9.74 pm/ÆC. Because the demodulation technique involves polarization ef-
fects, care was taken to avoid undesirable polarization variations. Except the sensor head,
all the fibers were fixed. This precaution ensured a very good stability. The accuracy of
this demodulation technique strongly depends on the accuracy of the laser source.

Conclusion

We presented the evolution with wavelength of the DOP in reflection and in transmis-
sion for a uniform PM-FBG. We compared theoretical and experimental evolutions and
reported a good agreement between them. We also pointed out the possible realization of
sensors based on the measurement of the reflected DOP.
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