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Analysis of Stokes parameters reflected and
transmitted by uniform fibre Bragg gratings written in
highly birefringent fibers.
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We analyze the polarization properties of uniform fiber Bragg gratings written in highly
birefringent fibers by studying the evolution with wavelength of the normalized Stokes
parameters of the reflected and transmitted signals. In this letter, theoretical
expressions for the Stokes parameters of these signals are derived. An experimental
work is also reported and compared to the theory.

Introduction

Fiber Bragg gratings (FBG) have become a key technology inrémeefof WDM
systems where they enable the realization of essential destiobsas narrow band
optical filters and chromatic dispersion compensators. It has atso dbwwn [1] that
FBG can be used to compensate polarization mode dispersion when theittarein
polarization maintaining fibers. With the increasing bit rate usaDM systems, the
PMD (Polarization mode dispersion) and, therefore, the polarization pespef fibers
and components have more and more impact on the quality of transmission.
Consequently, it becomes important to characterize the polarizabperpes of fiber
Bragg gratings.

This paper proposes to analyze the polarization properties of the sjitals reflected
and transmitted by a uniform FBG written in a polarization maiirtgi fiber (hi-bi
fiber). Theoretical expressions for the Stokes parameters pondiag to the reflected
and transmitted signals are first derived. The evolution of the Spk@sneters with
wavelength have then been measured on a real hi-bi FBG and the aesuligh the
theory.

Theory

The birefringence in optical fibers is defined as the differenaefractive index 4n)
between a particular pair of orthogonal polarization modes (callediglieg@modes or
modesy and y) and results from the presence of asymmetries in thmesébeon. Let us
consider a uniform FBG written in a hi-bi optical fiber. When takimtg account the
birefringence of the FBG, the reflected (transmitted) signdhé combination of the
reflected (transmitted) signals corresponding to both the polarization mades. The
input signal can be represented by the following bidimensional comptgarvydones
vector) which defines the input state of polarization (SOP):

(Eix Eiy y — (Mxevigx Mye./@' y (1)

wherel, ;) and g, are the amplitude and the phase angle okthecomponent of the
electric field, respectively. Ifo,,) and r,4) denote the reflection and transmission
coefficients of the uniform Bragg grating corresponding to the mgge the Jones
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vector corresponding to the reflectéd)(and the transmitted:() signals can be written
as:

E=(E EY=lome® pme®) E=(E EY={Me® ) 2)

The coupled mode theory enables to derive the reflection and tramsnisgifficients

[3], which gives:
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o is the index modulation of the FB@.y;, the fiber effective refractive indexi is the
fiber birefringenceA is the wavelength; is the contrast of the interference pattern and
Asxp) IS the Bragg wavelength defined As.;=2n.4.4)/1 WhereA is the grating period.
The Stokes parameters can be easily deduced from the Jones 2econfidering the
reflected signal, it gives:Sy=|E.[+E.f S=EL-IEF, S:=2RefE.*E,] and
S;=2Im[E..*E,]. Hence, using relations (2)-(4), it is possible to derive theatetic
expressions for the Stokes parameters. When the two eigenmauael ) are the 0 and
1/2 rad linear polarization states and when the input SOP iw/4hinear polarization
state:M,=M,=1N2 and€=6,=0, it gives for the reflected signal:

N.o. =N .+& N, =N —&
effx = eff T oty =Meff (6)

1,8 1 1 0D 1,5 1 1 0
So==k?0 08 =k Eo—5 -——— 0(7)
2 2+ AZcotd(4,L) &2 + AZcotdf (4,L) 2 G2+ Alcotd(A,L) G5+ Acotd(4,L)H
_ K%(A.A,COtg(, L) cOtg(d, L) +6,5,) K?(A,G,COtg(, L) - A,G,Cotg(d, L)) 8
2 - — — =
(02 + AZcotd(4,))(@5 + AZcotd (4,L)) T (62 + Acotd (4,L))(52 + AZcot (A, L)) (8)
where Ay =K =02 1] (9)
For the transmitted signal, the Stokes parameters become:
_1g | 1 1 D 1 B COS{, L) COSH,L) + (v, ,)Sin(4,L) Sin(4, L) E ( 1 O)
°72 B:o§<A 1)+ St L) | cod(dy L)+ st (A L)E " 2Hcod(4,7) + (1) 2SI (4,7))(co8(4,1) +<yy>2sin2<AyL>>5
¢ 10 ¥y sm(A L)cos(, L) -y, sin(4, I)cos(élyl) DS 1 J 1 B
> 202 (4,1) + (1) SIP (4,02 (4, 1) + 1, PSP (4, 1) ] 2@0%1 L+ 2siP(4n) cod(4, L)+y2sm2(A ,0f (11)
where Ya(y) = Ox() () (12)

The normalized Stokes parameteys (> ands;) can then be computed by using the
relationships;=Si/Sy (i=1,2,3).Sy, s;, s> ands; are presented in figures 1(a) and 1(b) for
the reflected and transmitted signals, respectively. The FB&@neders used for these
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figures have been calculated from the experimentally measured FBGuepdetscribed
in the next section using a technique derived from [4]. Commentgddiatfigures 1
and 2 are presented in the next Ill where they are compared heitexperimental
results.
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Fig. 1. (a) S, S,  and g versus wavelength for the reflected signal andh wiéff=1.4521, L=6 mm,
on=2.10-4,An=3.8.10-4, v=1 an?h=528.4 nm(b) S, s1, s2 and s3 versus wavelength for the traresinitt
signal and with neff=1.4521, L =6 mn=2.10-4 An=3.8.10-4, v=1 an#A=528.4 nm.

Experimental results

The simple measurement set-up is shown on figure 2. A polarizatiomléem(PC) is
used to modify the state of polarization of the light emitted bynable laser source
(TLS) such that the state of polarization at the FBG input idinkear state atv4 rad
between the two eigenmodes. The polarimeter is used to chamdtexipolarization
properties of the transmitted and reflected signal. In our expetjiee TLS has been
tuned from 1533.5 to 1536 nm. The andO, axes of the polarimeter are such that they
correspond to the FBG eigenmodes.

Figures 3(a) and 3(b) present the results obtained
25 Hi-Bi FBG for the reflected and transmitted signals,

m O respectively. For the reflected total power of the
signal §y), one can clearly observe the two
reflection peaks due to the refractive index
@ difference between the two eigenmodes. §or

s, ands;, one can notice that the curves have the
Fig. 2. Measurement set-up. / same general behavior than the ones derived
polarimeter is used to measure bc gnpalytically and presented in figure 1. For both
signals reflected and transmitted by Ul hagratical and  experimental curves, the
hi-bi FBG. .

normalized Stokes parameters related to the

reflected signal quickly vary with the wavelength around the minimahthe FBG
power spectrum (correspondingdg). One can also observe for both the theoretical and
experimental curves that the normalized Stokes parameters nvarysmoother way
within the reflection bands corresponding to both the eigenmodes (from 1534.4 to
1534.7 nm and from 1534.8 to 1535.1 nm, approximately). Concerning the transmitted
signal, we observe both by theory and measurement thatands; vary slowly with

the wavelength in the transmission band whereas they change mufieasigly in the
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rejection bands. Some differences can be observed between the thkastc
experimental curves. This is due to the fact that the FBG pteesmased in the
analytical expressions are not rigorously identical to the ondseateal FBG. Due to
the imperfections of the inscription process, the experimentalrapecdf the FBG is
not symmetrical, which can explain the asymmetry of the measpotarization
properties. When experimentally fixing the input SOP, the PC isn@&d in order to
obtain the same reflection peak heights for the two eigenmodesmeéth®d is visual
and the input SOP is therefore not rigorouslywdtrad between the two eigenmodes as
supposed in the theory. There is also a residual length of hi-bidfitleath sides of the
FBG which is not taken into account in equations (7) to (12). Despite tlifésrences,
the behavior is qualitatively similar between theory and experirasntlescribed
previously.
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Fig. 3. (a) S, 51, S and s of the reflected signal versus wavelength measaredur hi-bi FBG using the
measurement set-up described in figurghd.s;, $ and g of the transmitted signal versus wavelength
measured on our hi-bi FBG using the measuremenipsdescribed in figure 3.

Conclusion

In this letter, we derived analytical expressions for the evolutibrthe Stokes
parameters versus wavelength of the signals reflected and titaxshy a FBG written
in a hi-bi optical fiber. We then compared them to the measuredzatian properties
of a real FBG. Similar behaviors were obtained for the theoketithmeasured Stokes
parameters profiles.
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