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Comparison of Chromatic Dispersion
Compensation in Optical Fiber with Fiber Bragg
Grating (FBG) and Dispersion Compensation
Fiber (DCF) for 10 Gbps and 40 Gbps

M.Tosson, Walid S. El-Deeb, A. E. Abdelnaiem

Abstract— This paper analyzes the effect of chromatic dispersion at 10 Gbps and 40 Gbps for 100km distance of optical fiber. In this
paper, two different techniques to compensate this kind of dispersion have been introduced; Dispersion Compensation Fiber (DCF) and
Fiber Bragg Grating (FBG). The simulation is performed in two different kind of fiber cables; NDSF (G.652) and NZDSF (G.655) using
Optisystem (7) Simulator. Different comparison parameters have been considered in this analysis such as Bit error rate (BER), Q-Factor

and Eye height.

Index Terms— Bit error rate, Chromatic Dispersion, Dispersion Compensation Fiber, Eye height, Fiber Bragg Gratings, Quality Factor.

1 INTRODUCTION

information in the form of optical signal through a fiber

cable. The three main optical components are laser di-
ode that convert electrical signal into optical signal at trans-
mitter, fiber cable which acts as a transmission medium and
photo detector that converts the optical signal into electrical
signal at the receiver. The optical communication system faces
many problems as a result of increasing the Bandwidth (B.W)
and the distance such as dispersion, attenuation and losses.
These problems affect the performance of the optical system
and limit its B.W. Several techniques have been proposed to
eliminate the problems facing the optical systems. For exam-
ple, amplifiers have been used to eliminate the effects of at-
tenuation and losses such as Erbium doped fiber amplifier
(EDFA) and Raman Amplifier [1].

Dispersion is the main problem affecting the performance
of the optical system at high bit rate. Dispersion is the spread-
ing of optical pulses that leads to signal distortion and pulses
overlapping with each other. There are two types of disper-
sion; liner dispersion (chromatic dispersion) and nonlinear
dispersion (polarization mode dispersion) [2]. The chromatic
dispersion occurs when wavelengths travel at different speeds
through the fiber. An optical source emits several wavelengths
within a range as in dense wave division multiplexing
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(DWDM) C-band (1530nm-1565nm) [3]. When these wave-
lengths travel through a fiber cable, each single wavelength
arrives at a different time. Since different wavelengths propa-
gate at different speeds, different arrival times appear at the
receiver, which leads to signal distortion. The chromatic dis-
persion increases as the square of the Bit rate increases [2].
There are two techniques to compensate for this kind of dis-
persion that will be illustrated in section 2 and 3.

2 DISPERSION COMPENSATION FIBER (DCF)

The idea of using dispersion compensating fibers (DCF) was
proposed in 1980. DCF is a passive element of optical fiber in
which the idea of using dispersion compensation fiber de-
pends on inserting a DCF with a negative dispersion value to
compensate the positive value in single mode fiber (SMF) so
the average of dispersion is approximately zero.

The DCF has the advantages of being more stable, not affected
by temperature, wide bandwidth and become a suitable me-
thod for chromatic dispersion compensation. There are three
positions for inserting DCF; pre-DCF, post-DCF and symme-
trical DCF. The pre-DCF is achieved by inserting the DCF at
transmitter, the post-DCF is achieved by inserting the DCF at
the receiver and the symmetrical DCF is mixing of pre-DCF
and post-DCF [4].
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Fig. 1. A Chirped FBG with Circulator principle
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3 FIBER BRAGG GRATING (FBG)

The FBG can therefore be used as an optical filter to block
certain wavelengths. This filter has various applications which
improve the quality and reduce the cost of an optical network;
there are two types of FBG (uniform FBG and chirped FBG).
The principle of uniform FBG depends on a periodic variation
of refractive index which can be used as a filter. For chromatic
dispersion compensation, it is preferred to use a chirped FBG
which depends on non-uniform variation of refractive index.
The chirped FBG reflects different wavelengths at different
gratings along the FBG length as shown in Fig. (1) [5]. Thus,
different delays appear through the FBG according to different
wavelengths. The short wavelengths (faster wavelength) ar-
rive faster at FBG and they are reflected with long delay.
While, the long wavelengths arrive slower at FBG and they are
reflected with short delay. The reflected wavelengths gather at
circulator and they are sent to the receiver at the same time, so
the dispersion compensation is performed [5, 6].

4 DESCRIPTION OF SIMULATION SETUP

In the transmitter side, a Pseudo-Random bit sequence ge-
nerator used to generate data in two different bit rates; 10Gbps
and 40Gbps. The (Non-Return to Zero) NRZ pulse generator is
a signal transmitter generates a signal that doesn’t return to
ZERO. Continuous wave (CW) Laser is used to generate the
continuous wave optical signal with 1550nm. Mach-Zehnder
modulator to modulate the electrical pulses to optical pulses
by extinction ratio 30db with optical output power of 11dbm.
The transmission medium length is 100 km with attenuation of
0.25 dbm/km for NDZF and attenuation of 0.185 dbm/km for
NZDSF as shown in Table 1.

The receiver side for the first case contains the DCF with
length 10 km and dispersion value of -170 ps/nm/km and
attenuation of 0.6 dbm as shown in Table 2.

In the receiver side for the second case, the Chirped FBG is
used with the characteristics shown in Table 3. A Photo detec-
tor converts the optical signal to electrical signal. The low pass
Bessel filter to shape the electrical pulses. The 3 types of rege-
nerator are used to regenerate the signal in three stages; re-
amplifying the signal’s amplitude, re-shaping the pulses(noise
reduction) and re-timing the pulses as shown in Fig. (2) and
Fig. (3).

TABLE 1
SIMULATION PARAMETERS FOR NDSF AND NZDSF

Parameters NDSF NZDSF

Length 100 km 100 km

Ref. wavelength 1550 nm 1550 nm
Attenuation 0.25 db/km 0.185 db/km

Dispersion value | 17.75 ps/nm/km

0.085 ps/nm2/km

4.575 ps/nm/km
0.01 ps/nmZ/’km

Dispersion slope

TasLE 2
SiMULATION PARAMETERS FoR DCF

Parameters Value
Length 10km
Dispersion -170 pe'mrmkm
Dispersion slope 021 penm~/km
Attenuation 0.6 dbm
Length 10km
TABLE 3

SMULATION PARAMETERS FOR FBG

Parameters Value

Dispersion -1700 ps/nm/km

Frequency 1550 nm
Depth (max. att. value) 100 db

Fig. 2. Simulation model system with FBG

Fig. 3. Simulation model system with DCF
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TABLE 4
THE RESULTS OF THE SIGNAL BEFORE TRAVELLING AND AFTER

5 SIMULATION RESULTS AND DISCUSSION

5.1 At 10 Gbps without Compensation TRAVELLING AT 10 GBPS

Fig. 4(a) and Table 4 show the signal characteristics before

travelling with high Q-factor, minimum BER and pulse BER Q-Factor E_ye
without dispersion effect at the Mach-Zehnder modulator. height
Fig. 4(b) and Table 4 describe the signal properties after Befm:e 0 le*50 1
travelling with the dispersion effect on the pulse, high travelling

BER and minimum Q-factor. The results of the two cases After &
are summarized in Table 4 to show the deference between travelling 0.000922142 3.0394 4.60238e

the signals before and after travelling.

5.2 At 10 Gbps with dispersion compensation

Eye Di Anal
ye Dlagram Analyzer As shown in Fig.5 (a), the pulse after travelling with DCF
0 05 1 compensation shows improvement in the BER and Q-factor.
-1 A Fig.5 (b) shows the effect of dispersion compensation for the
same signal using FBG. The result of the two techniques are
£ - summarized in Table 5 showing that, the compensation with
g ° FBG is giving better results compared to the compensation.
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58! 3
E:
g c TABLE 5
“g" 3 THE RESULTS AND COMPARISON BETWEEN DCF AND FBG COM-
PENSATION TEGHNIQUES AT 10 GBPS
E o~
&] R BER Q-Factor | Eye height
° ° DCF 6.8279¢" 14.7886 5.786e”
0 0.5 1
Time FBG 5.12055e* 15.4069 0.000232697
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Fig. 4. (a) Eye diagram of the signal before travelling at Mach-Zehnder (a)

Modulator (b) Eye diagram of the signal after travelling 100km without
dispersion compensation for 10Gbps
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Fig. 5. (a) Eye diagram of the signal with DCF as the dispersion compen-
sation technique (b) Eye diagram of the signal with FBG as the dispersion
compensation technique

=

5.3 At 40 Gbps without compensation

With the increasing of the bit rate, the chromatic dispersion
increases with high BER and minimum Q-factor as shown in
Fig. (6) And Table 6.

TABLE 6

THE RESULTS OF THE SIGNAL BEFORE TRAVELLING AND AFTER
TRAVELLING AT 40 GBPS

BER | Q-Factor | Eye height
Before travelling 0 1le's0 1
After travelling 1 0 0

Eye Diagram Analyzer

600
0.0006

400
0.0004

Amplitude

200
0.0002

0 05 1
Time

Fig. 6. Eye diagram of the signal after travelling over 100km without Com-
pensation for 40Gbps.

5.4 With dispersion compensation

Fig. 7(a) and Fig. 7(b) show the effect of the dispersion com-
pensation on the signal after travelling using DCF and FBG,
respectively. It is clear that, both techniques are capable to
solve the problem of chromatic dispersion and to improve
overall performance of the optical system. The results of the
two techniques are summarized in Table 7 showing that, the
FBG technique is still better than the DCF technique.

TABLE7

THE RESULTS AND COMPARISON BETWEEN DCF AND FBG TECH-
NIQUES FOR NDSF CABLE AT 40 GBPS

BER Q-Factor | Eye height
DCF | 8.40577e* 4.27479 1.95026¢e
FBG | 5.53789%e* 4.3676 8.06416e*
TABLE 8

THE RESULTS AND COMPARISON BETWEEN DCF AND FBEG TECH-
NIQUES FOR 40GEPS WITH NZDSF CABLE

BER Q-Factor | Eye height
DCF 1.82056e 10 5.14321 0.000151497
FBG 3.26197 " 8.34838 0.000237986
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Fig. 7. (a) Eye diagram of the signal with DCF as the dispersion compen-
sation (b) Eye diagram of the signal with FBG as the dispersion compen-
sation technique

Studying the results shown in the above figures and tables, it
is obvious that, the signal distorted at high bit rate and this kind
of distortion can be compensated using either FBG or DCF at 10
Gbps with NDSF fiber cables. As the rate increased to 40 Gbps,
the chromatic dispersion increases subsequently affecting the
BER and the Q-factor. The two compensation techniques still
applicable but the BER and the Q-factor do not reach the de-
sired values with the NDSF cables. So, it is recommended to use
NZDSF cables with this high bit rate (40 Gbps) to give better
results with the FBG and DCF compensation techniques. Fig. 8
and Table 8 show the improvement of the BER, the Q-factor and
the shape of the signal using NZDSF cable with the FBG and
DCF compensation techniques.

6 CONCLUSION

In this paper the effect of chromatic dispersion appears at
high bit rate 10 Gbps and intensely at 40 Gbps in the transmit-
ted signal, which leads to signal distortion and overlapping.
The dispersion increases as the bit rate increase as shown in
40Gbps case. Two different techniques have been applied to
compensate for the chromatic dispersion using DCF and FBG
with NDSF and NZDSF cables. It has been observed that the
FBG is better than DCF at 10 Gbps and 40 Gbps to compensate
for this kind of distortion. To improve the performance at 40
Gbps, it is recommended to use NZDSF (G.655) with FBG
compensation technique to improve the signal quality. This
system is analyzed without using any amplifiers but with high
power signal.
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Fig. 8: (a) Eye diagram of the signal with DCF as the dispersion compen-
sation technique with NZDSF cable (b) Eye diagram of the signal with
FBG as the dispersion compensation technique with NZDSF cable

REFERENCES

[1] Manpreet Kaur!, Himali Sarangal?, Simulation of Optical Transmission
System to Compensate Dispersion Using Chirped Fiber Bragg Grating
(FBG), International Journal of Advanced Research in Computer and
Communication Engineering Vol. 4, Issue 2, February 2015.

[2] https://market.alcatel-lucent.com.

[3] Ajeet Singh Verma, A. K. Jaiswa!, Mukesh Kumar, An Improved Me-
thodology for Dispersion Compensation and Synchronization in Opti-
cal Fiber Communication Networks, International Journal of Emerging
Technology and Advanced Engineering, ISSN 2250-2459, ISO 9001:2008
Certified Journal, Volume 3, Issue 5, May 201, 769-775.

[4] Saurabh Kumar!, Prof. A. K. Jaiswal?2, Er. Mukesh Kumar3, Er. Rohini

IJSER © 2015
http://www.ijser.org



1289
International Journal of Scientific & Engineering Research Volume 6, Issue 5, June-2015
ISSN 2229-5518

Saxena4.Performance Analysis of Dispersion Compensation in Long
Haul Optical Fiber with DCF.

[5] M.A.Othman!, MM. Ismail2, H.A. Sulaiman?, M.H. Misran*, M.A. Meor
Said> Y.A. Rahim6, AN. Che Pee’, MR. Motsidi®,An Analysis of 10
Gbits/s Optical Transmission System using Fiber Bragg Grating (FBG).

[6] ParulSingh” M.tech Student of ECE, ECE Department!, Government
Women Engineering College, India, Dispersion compensation in an opt-
ical fiber by using chirp gratings.

IJSER © 2015
http://www.ijser.org





