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A tunable polarization mode dispersion (PMD) compensator based on strain-chirped fiber Bragg gratings
(FBGs) is proposed. It natures in flexible designing, large tuning range, without using linear or nonlinear
chirped phase mask, fast tuning response time, continuously adjustable, all-fiber based, compact, and

cheap.
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Increasing demand on the data bandwidth in optical fiber
communication systems, especially after the fast devel-
opment of the internet, impels the operating bit rate to-
ward the direction of high speed optical time-division-
multiplexing (OTDM) and wavelength division multi-
plexing (WDM) systems. Polarization mode dispersion
(PMD) is regarded as a sever obstacle and ultimate limi-
tation on high-speed long haul optical transmission with
a bit rate of 10 Gb/s or beyond!'l. In general, PMD is
caused by the different transmission speeds of the signal’s
two directions of polarization as they propagate along the
fiber with a small random birefringence. In the transmis-
sion systems, the PMD is a statistically random quantity
and can change by the dynamitic path of the network or
the environment such as temperature. So an adjustable
PMD compensator will quite beneficial. There are sev-
eral techniques to PMD compensation either in electrical
or optical domain with first order. The first order PMD
compensation has been extensively researched, while sec-
ond and higher order PMD compensations are still un-
der discussion?. One of the techniques is to splitting
the two principal states of polarizations(PSPs) and de-
lay on of them relative to the other in free space, which
is very cumbersome. The other techniques are including
such as polarization maintaining fiber, high birefringence
chirped nonlinear fiber Bragg grating (FBG), and bire-
fringent LiNbO3 waveguides etc.’]. Among the above
techniques, the nonlinear chirped FBG is very attractive
to researcher for the continuously adjustable, all-fiber
based, and compact. But the drawbacks are that to make
such a grating one must use the nonlinear phase mask
that is very expensive, and there are no commercializa-
tion of the photosensitive high-birefringence fiber, which
limits the volume production and conventional applica-
tions. In this paper, we proposed another technique to
achieve a tunable PMD compensation. Based on strain-
chirped FBG, which consists of two uniform FBGs and a
deflecting beam with one fixed end.

As shown in Fig. 1, the wavelength chirp AX of the
FBG can be expressed asl*]

AXz) = (1= pe)e(x)As, (1)
where x stands for the grating position along its length,

and &(z) is the deflection beam induced strain along the
z direction. Ap is the Bragg wavelength of the uniform
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grating when no strain condition, and p, represents the
strain-optical coefficient of the silica fibers, which is a
measurement, of the strain-optic effect. Generally, the
strain-optical coefficient p, is 0.22 in silica fiber. In Eq.
(1), we neglect the lateral strain perpendicular to the
fiber axis since it is much smaller than the axial strain.

As illustrated in Figs. 1 and 2, the two identical FBGs
are glued on the two sides of the deflecting beam with
a thickness of t. The neutral axis is defined as the axis
that retains its original length when the beam is bent up
or down, which is shown in the Fig. 2 with a dotted line.
Because one end of the beam is fixed, when the other end
is deflecting, the beam will experience an unequal bend-
ing moment along the direction of z. This is to ensure
the mounted FBG each side has a linear chirped stain
across the whole grating length, which is dependent on
the local radius of the curvature of the beam. At the
same time, the region above the neutral axis will experi-
ence compression while the region below the neutral axis
is stretched. So when the beam is bent upward, the FBG
mounted on the upside will work in compress mode and
the FBG mounted on the downside will operation in the
extension mode. The strain distribution of £(z) can be
expressed as

elz) =+

2R(@)’ @

The negative sign of Eq. (2) is due to the upside FBG
operating in compression mode, whereas the positive sign
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Fig. 1. Structure of the PMD compensator.
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Fig. 2. The side view of the deflecting beam when there is no
deformation.

corresponds to the downward FBG operating in exten-
sion mode.

Therefore, when two uniform FBGs are mounted on
the surface of the beam with a constant width, it can
be transformed into two linearly chirped FBGs for the
bend induced linear strain gradient along the grating[®!.
At the same time the two gratings hold the same chirped
characteristics. The differences are that the frequency
response of the upward grating of will drift toward the
short wavelength, while the downward grating will drift
in the opposite direction. So if we use such a device
for PMD compensation, we must let the two split signals
input in the opposite directions of the two FBGs in order
to keep the delay curves of the two FBGs parallel.

We adopts the matrix transmission approach to simu-
late and discuss the characteristics of the devicel. This
is an effective method for calculating the non-uniform
grating structures, which the grating is divided into
a series of piecewise-uniform gratings and each piece-
wise grating decides its own transmission matrix used
to describe the characteristic of that section of grating
depended by the local grating pitch and refractive index
modulation depth. This piecewise-uniform approach is
ideal for analyzing chirped grating too. In our calcula-
tion bellow, the grating length is assumed to be 4 cm, the
effective mode refractive index is 1.45, a cosine apodized
function is adapted in the two gratings, and refractive
index modulation depth is On = 4 x 10~%. The apodized
function only imposed on the long wavelength side of the
grating for making full use of the delay characteristics
of the FBGISl. The central Bragg wavelengths of the
upward and downward grating are 1550.15 and 1549.85
nm, respectively. Because the two gratings all identically
expected the central Bragg wavelength, when deflecting
the beam the two gratings hold the same reflectivity and
delay curves.

As can be seen from Fig. 3, when the chirped band-
width is 0.3 nm, the spectrum responses of the two grat-
ings are just the same, which means each of the original
reflection curves of the upward and downward gratings
shifts about 0.15 nm in the opposite direction. With
the increasing of the chirped bandwidth, the two delay
curves will separate form each other, and the difference
group delay (DGD) of the tow PSPs can be tunable form
zero to a large amounts as shown in Figs. 4 and 5, but
the crossed section of the reflectivity spectrum is almost
0.3 nm for the tuning directions are opposite and the cen-
tral Bragg wavelengths of original gratings are separated
about 0.3 nm. In the crossed section of the reflectivity
spectrum the two delay curves are almost parallel, so the
DGD is almost wavelength independent.

The relationship of the DGD and the chirped band-
width is shown in Fig. 6, where we make the 0.3-nm

chirped bandwidth as the start tuning point because at
that point the delay curve begins to separate. When the
chirped bandwidth is 0.8 nm, the DGD is almost 250 ps,
in fact it is not necessary to produce so large amount
DGD in PMD compensation. Generally the tuning DGD
is less than 100 ps, so the tuning chirped bandwidth is
from 0.3 to 0.5 nm, and this is very easy to realize for
such a devicel.

An almost linear tuning curve can be seen in Fig. 6,
this feature enables this kind of Bragg gratings device

1200

----- upward grating

1000 — dovwnward grating 1
806

600

Delay (ps)

&
§ \

sf \‘“\“\\‘“\“\n\x
§

H

§

&

400 Losnsamn RS

200 &

0 . . ‘
1549 15485 1550 1550.5 1551
Wavelength (nm)

Fig. 3. The delay curves of the two gratings when the chirped
bandwidth is 0.3 nm.
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Fig. 4. The delay curves of the two gratings when the chirped
bandwidth is 0.7 nm.
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Fig. 5. The delay curves of the two gratings when the chirped
bandwidth is 1 nm.
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Fig. 6. The tuning curve of the relationship between the

DGD and the chirped bandwidth at the central wavelength
of 1550 nm.

to be a promising candidate as the tunable PMD com-
pensator.

In conclusion, a novel tunable PMD compensator is
proposed by using strain-chirped fiber gratings. The
PMD compensation is linear tunable at the carrier wave-
length. And the effective bandwidth is almost a const,
which can be flexible designed to as a filter at the same
time. The tuning is only by deflecting the beam, which

means the tuning speed is very fast. Therefore, this PMD
compensation technology is a promising candidate for its
low cost characteristics.
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