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ABSTRACT

Chirped fiber Bragg grating (CFBG) provides an attractive
solution for low cost dispersion compensation in a fiber optic
transmission system. This kind of grating can be produced
with a large chirp parameter and period sampled distribution
along the grating length. The present work carries out the
design optimization of a chirped FBG in respect of chirp
bandwidth and apodization in achieving optimum dispersion
compensation in a 20Gbps optical transmission link for
different modulation formats.
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1. INTRODUCTION

Linearly chirped fiber Bragg gratings are commonly used for
dispersion compensation in 10Gbps optical transmission
systems. The availability of mass production techniques and
low cost has made this device very attractive for dispersion
compensation. Even in higher bit rates such as 20Gbps case
they are also found to be very effective.

Chirped Fiber Bragg gratings (CFBGs) are utilized for
achieving dynamic chromatic dispersion. This can be done
by fabricating the grating such that the grating space varies
linearly over the length of the fiber grating.
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Fig.1 Chirped Fiber Bragg gratings
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This make the range of wavelength satisfy the Bragg
condition for reflecting Figl shows that the grating spacing
increases only the fibre which means that the Bragg
wavelength increases with distance along the grating length.
With this the longer wavelength output of a pulse travel
farther into the fiber before being reflected. Hence they
experience more delay in going though the grating the
shorter wavelength cartent the relative delays introduced by
the grating on the different wavelength component of the
pulse are similar to the delays caused by the fiber in the
anomalous region. Thus, we find that this type of chirped
grating provides the boarding of the pulse. However, if the
sequence of grating spacing is reversed (spacing decreases
along the fiber), this will faring in effect of compression of
the pulse there by causes the chromatic dispersion
compensation.

2. CHIRPED SAMPLED FIBER BRAGG
GRATING

In wide bandwidth, there are multiple channels and each
channel has totally different dispersion character and
Bandwidth. The grating period distribution can be expressed
by

Au(z) = Ac - Cglz (|Z| < % ______ (|)

A@ = Az—nsp)  (B< |zl <3) (i)

where Cg is linear chirp parameter, sp is the period sample
length, z is the position coordinate which has zero point in
the middle of the grating, | is the grating length,A, is the
central period of the grating, Aq(z) is the period distribution
inthe middle sample of the grating, A(z) is the period
distribution on the other place of the grating. ns is the
refractive index

6n is modulation depth .

Following fig 2 shows Period and index modulation
distribution along the grating length with specified
parameters |. sp, Cg, ness, n and A, of PSBG
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Fig. 2. Period and index modulation distribution alongthe
grating length

2.1. Performance of a chirped FBG

The performance of a chirped FBG is controlled by several
parameters such as (1) the length of the grating used for
compensation, (2 ) chirp bandwidth,(3) apodisation
profile,(4) ac index modulation depth (5) the number of
uniform steps in the grating .

Several studies are carried out to optimize design procedure
for dispersion compensating chirped FBG.

2.2 Procedure for the optimized design of a

chirped FBG as a Dispersion Compensator;
Several parameter are to be considered which are related to
the grating in chirped FBG used as dispersion compensator
these are(1) grating length,(2) chirped bandwidth and (3)
apodisation profile.

Conventional approach for choosing the length of the grating
(Lg) is based on the knowledge of the signal bandwidth and
amount of the fiber dispersion to be compensated. Such a
procedure needs adhoc trial of fixing the length of the grating
to be 2L g, 3Lg etc in order to achieve the best performance.

One of the approach for design optimization is to the chose
of the FBG length based on appropriate selection of chirped
bandwidth containing a desired level of signal energy
threshold Ey, depending on the performance optimization
required.

It is known that optimization of apodisation profile has a
distinctive role in ensuring minimum delay ripple across the
grating bandwidth.

Symmetric and asymmetric tanh apodisation are used to
achive design optimization

The design of chirped FBG for dispersion compensation
requires proper choice of various grating related parameters.
The following steps are involved in the design.

1) Calculation of grating length as
Ly, = Ly BD(4*/2n) (iii)

Ly is the length of the fiber, D is the fiber
dispersion parameter (ps/nm/km), B is the signal
bandwidth, A is the central wavelength and n is the
effective refractive index.

2)  Number of Uniform sections:
For a given length Lg the number of uniform sections is
chosen to be 80 or higher. The grating simulation is
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carried out by transfer matrix approach for an
adequately chosen value of the chirp bandwidth,
neff=1.45, ac modulation index at optimized value
1.2x10 -4 .

3) Chirped Bandwidth:

Chirped bandwidth is chosen so as to optimize the
grating length to be 2Lg, 3Lg etc. in order to achieve
the optimum result. It may be noted that the above
choice of length also varies depending on the signal
modulation used. This may referring to Table 1 which
shows that for the Eye opening penalty (EOP) of 0.2 dB
for the dispersion compensated 20 Gbps signal at the
output of the grating, the grating length differs
depending on the value of the chirp bandwidth and the
modulation format. However the design procedure
adopted as descended in pares 1 2 &3 is not appropriate
because the detarled nature of signal spectrum has not
coverdered.

4) proposed design approach

In this design we tried to optimize the design in terms
of the length of the grating, chirp bandwidth and
apodisation. For all other parameters standard values are
adopted. DC index modulation of zero and AC index
modulation of 1.2x10 -4 are taken for all the cases.
Number of steps in the calculation of grating is chosen
to be 100.

5) Performance characteristics of the system adopted Q
factor and Eye Opening Penalty (EOP)are the two
components for the performance if grating based
system. Eye-pattern is achieved at the receiver-end and
Q-factor of the received signal is measured.

a) The Q factor represents the statistical variation in the
received signal and is defined by
_ IM,—M,4|
T 6p+0q (V)
where, Myand M; are the mean and ¢, and oy are the
standard deviation of the received signal measured for
binary data“0” and “1”, respectively.

b) Eye Opening Penalty (EOP) is defined as the ratio of
eye height of the single channel to that of multiple
channels and is measured in decibel. It can be expressed
as

EOP(db) = 10 log(EOs:/EOm,) V)

where EOs. and EOm, are the eye-opening height of

the single channel and multiple channels, respectively.
Different system parameters like launch power,
distance, channel count and channel spacing are varied
to observe the impact of nonlinear effects on system
performance.

3. SIMULATIONS SETUP

We have used the parameters as shown in Table 1 to design
a PSBG and use its -2 order channel in the system dispersion
compensation. The dispersion system model is shown in Fig.
2.The DFB laser frequency is chosen at 1553.1 nm. The
output power of the DFB is 1 mw. Continuous wave (CW)
light is externally modulated at 10 Gbits/s with an NRZ
pseudorandom binary sequence in a chirp less Mach-
Zehnder modulator having a 30 dB extinction ratio. The
signal is launched into a link consisting of dispersion



compensation normalized section with PSBG. The fiber loss
is compensated by Erbium-doped optical fiber amplifier
(EDFA). The calculation of the propagation in the optical
fibers is performed using a standard split-step algorithm with
adaptive step size. The EDFA is modeled by wavelength
independent gain and the noise is ignored for only
concentrating on the influence of dispersion and nonlinear
effects in the transmission system.The draw the eye diagram
of the signal propagating at M—Z modulator , through fiber
length and through the PSBG.

Fig.3 Simulation setup FBG

Table 1. Fiber Parameters

Dispersion (ps/nm/km) 17.0
Dispersion slope 0.050
(ps/nmz/km) )
Nonlinear coefficient
(mW/km) 0.0012
Loss coefficient (dB/km) 0.20
Power(dB) 5.0
CW-LD
Mz RECEIVER
™ Modulaor
ModdatngSigal | | Chnculator
Generator

Fig.4 Dispersion compensation system model

4. RESULTS AND DISCUSSION

The simulation and optimization of the design is done by
OptiSystem 13.0 simulation software. The eye opening
penalty (EOP)(dB), MIN BER, Q factor diagrams and
results of output power, Signal power (dBm), are indicate the
table using different values of length of fiber(km), and
variable length of FBG (mm). The design optimization of
chirped FBG as dispersion compensator is presented.
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It has been observed that While fiber length (km) is
increasing. The EOP (dB) is decrease during the interval of
(5 to 28.75) Km then starts increasing and Q FACTER
increases to the max point and then starts decreasing , while
in the case of BER, initially it starts with a negligible change
for some km then starts rising speedily. While dispersion is
increase the EOP (dB) is increases.

While increasing the chirp length, the EOP (dB) decreases
and Q FACTER start increasing to the maximum point then
decreases to the zero. At the same time BER getting
decreases till the chirp length of 2 cm then remains constant
for the chirp length between 2 cm to 4 cm & then increases
rapidly till the chirp length of 5 cm. and eye diagram shown
in graph, Q Factor and eye height.
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Fig 5.3 Min. BER Vs Length (km)
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5. CONCLUSION

A simple design optimization of chirped FBG as dispersion
compensator is presented. The criterion for appropriate
choice of the chirp length (cm) based on threshold energy of
the signal allows the determination of grating length
automatically optimized.

The performance result of simulation based design of chirped
grating(SPFG) for dispersion compensation is expressed in
terms of EOP Vs chirp length and also EOP Vs Dispersion .
Appropriate chirp length needs to be decided in the graph for
obtaining the required EOP.
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