
Intern
ISSN 2
 

C

 

1 IN

ode t
mitte
photo
signa
many
and t
These
and l
elimi
ple, a
tenua
(EDF

Di
of the
ing o
overl
sion; 
dispe
dispe
throu
withi

O

 M. 
Com
Egy

 Wa
in 2
200
and
Un

 A. E
Eng
mai

national Journal o
2229‐5518 

C
Compe

Grati
F

Abstract— Thi
paper, two diffe
Fiber Bragg Gr
Optisystem (7) 
and Eye height.

Index Terms—

NTRODUCTIO

PTICAL com
information
cable. The t

that convert e
er, fiber cable 
o detector tha
al at the receiv
y problems as
the distance s
e problems af
limit its B.W. 
nate the prob
amplifiers hav
ation and loss

FA) and Raman
ispersion is th
e optical syste

of optical pulse
lapping with 
 liner dispers
ersion (polariz
ersion occurs w
ugh the fiber. A
in a range a

O 

—

 Tosson is current
mmunications Eng
ypt. E-mail: eng.m
alid S. El-Deeb rece
2011. He worked in
07 till 2011. Dr. E
d Communications
iversity, Egypt. E-
E. Abdelnaiem is c
gineering Dept., F
il: aabdelnaiem@h

of Scientific & En

Compa
ensat
ng (F
iber (

is paper analyze
erent techniques 
rating (FBG). Th
Simulator. Differ
. 

— Bit error rate, C

ON                    

mmunication 
n in the form o
three main op
electrical signa
 which acts as
at converts th
ver. The optica
 a result of in
such as dispe
ffect the perfo
 Several techn

blems facing th
ve been used 
ses such as E
n Amplifier [1
he main probl
em at high bit 
es that leads t
each other. T
sion (chromat
zation mode d
when wavelen
An optical sou
as in dense 

—————————

ly pursuing maste
gineering, Faculty

mohamedtosson@ho
eived his PhD dgr
n the iRadio lab, U
l-Deeb is currently
s Engineering Dep
-mail: wseldeeb@z
currently a Profess

Faculty of Engineer
otmail.com. 

ngineering Resea

arison
tion in
BG) a
DCF)

M.To

es the effect of c
to compensate 

e simulation is p
rent comparison 

hromatic Dispers

———

                       

 system is a 
of optical signa
ptical compone
al into optical
s a transmissi

he optical sign
al communicat
ncreasing the B
ersion, attenua
ormance of th
niques have b
he optical sys
 to eliminate 
Erbium doped
1]. 
lem affecting 
 rate. Dispersi
to signal disto

There are two 
tic dispersion
dispersion) [2
ngths travel at
urce emits seve

wave divisio

———————— 
er’s degree program
y of Engineering, Z
otmail.com 
ree from University
University of Calga
y an Assistant Pro
pt., Faculty of Eng
zu.edu.eg 
sor at Electronics 
ring, Zagazig Uni

rch, Volume 6, Is

htt

n of C
n Optic
and D
 for 1
sson, Walid S

chromatic disper
this kind of disp

performed in two
parameters hav

sion, Dispersion 

——————

                      

 transmission
al through a fi
ents are laser 
l signal at tra
ion medium a
nal into electri
tion system fa
Bandwidth (B.
ation and loss

he optical syst
been proposed
stems. For exa
the effects of 
d fiber amplif

the performan
ion is the spre
ortion and pul
 types of disp

n) and nonlin
2]. The chroma
t different spe
eral waveleng
on multiplex

m in Electronics an
Zagazig University

y of Calgary, Cana
ary, Canada since 
ofessor at Electron
gineering, Zagazig

 and Communicati
iversity, Egypt. E-

ssue 6, June‐2015

IJSER © 2015 
tp://www.ijser.org  

Chrom
cal Fi

Dispers
0 Gbp

S. El-Deeb, A. 
 

rsion at 10 Gbps
persion have bee
o different kind 
ve been conside

Compensation F

—      ———

  

n of 
iber 
 di-
ans-
and 
ical 

aces 
.W) 
ses. 
tem 
d to 
am-
 at-
fier 

nce 
ad-
lses 
per-
near 
atic 
eds 

gths 
xing 

(DWDM
lengths 
arrives 
gate at 
receiver
persion
There a
persion

2 DIS

The ide
propose
which t
pends o
compen
the aver
The DC
by temp
thod fo
position
trical D
transmi
the rece
and pos

 

 
Fig. 1. A 

nd 
y, 

ada 
 

nics 
g 

ions 
-

5                            

matic D
ber w
sion C
ps and
E. Abdelnaiem

s and 40 Gbps 
en introduced; D
of fiber cables; 
red in this analy

Fiber, Eye height

———————

M) C-band (1
 travel throug
at a different 

 different spee
r, which leads

n increases as 
are two techni
n that will be il

SPERSION CO

ea of using di
ed in 1980. DC
the idea of u
on inserting a 
nsate the posi
rage of disper

CF has the adv
perature, wid

or chromatic d
ns for insertin

DCF. The pre–D
itter, the post-
eiver and the 
st-DCF [4]. 

Chirped FBG wit

                             

Disper
with Fi
Comp
d 40 G

m 

for 100km distan
Dispersion Comp
NDSF (G.652) a

ysis such as Bit e

t, Fiber Bragg Gr

—— 

1530nm-1565nm
gh a fiber cab
 time. Since d
eds, different 
s to signal dis
 the square o
iques to comp
llustrated in se

OMPENSATION

ispersion com
CF is a passiv
using dispersi
 DCF with a n
tive value in 
sion is approx

vantages of bei
de bandwidth 
dispersion com
ng DCF; pre-D
DCF is achiev
-DCF is achiev
 symmetrical 

th Circulator prin

                             

rsion 
ber B
ensat
Gbps

nce of optical fib
pensation Fiber (
and NZDSF (G.6
error rate (BER)

ratings, Quality F

m) [3]. When
ble, each sing
ifferent wavel
 arrival times 
stortion. The 

of the Bit rate
pensate for th
ection 2 and 3.

N FIBER (DC
mpensating fibe
ve element of o
ion compensa
negative dispe
single mode f

ximately zero. 
ing more stabl
and become 

mpensation. T
DCF, post-DCF
ved by insertin
ved by inserti
 DCF is mixin

nciple 

    

 

ragg 
tion 

ber. In this 
(DCF) and 
655) using 
), Q-Factor 

Factor. 

n these wave
gle wavelength
lengths propa
 appear at the
chromatic dis

e increases [2]
his kind of dis
. 

CF) 
ers (DCF) wa
optical fiber in
ation fiber de
ersion value to
fiber (SMF) so
 
le, not affected
a suitable me

There are three
F and symme
ng the DCF a
ing the DCF a
ng of pre-DCF

e-
h 

a-
e 

s-
]. 
s-

as 
n 
e-
o 
o 

d 
e-
e 

e-
at 
at 
F 

1284

IJSER



Intern
ISSN 2
 
 
 

3 F
T

certai
impro
there
The p
of ref
dispe
which
The c
gratin
differ
wave
rive 
While
reflec
circul
the d

4 D
In

nerat
and 4
a sign
ZERO
contin
modu
by ex
The t
0.25 d
NZD
The 
lengt
atten
In th
used 
tor co
Besse
nerat
ampl
reduc
Fig. (

national Journal o
2229-5518 

FIBER BRAGG

The FBG can th
in wavelength
ove the qualit

e are two type
principle of un
fractive index 
ersion compen
h depends on
chirped FBG 
ngs along the 
rent delays ap
elengths. The 
faster at FBG
e, the long wa
cted with shor
lator and they
ispersion com

DESCRIPTION

n the transmit
tor used to gen
40Gbps. The (N
nal transmitte
O. Continuous
nuous wave o
ulator to mod
xtinction ratio 
transmission m
dbm/km for N

DSF as shown i
receiver side 

th 10 km and
uation of 0.6 d

he receiver sid
 with the char
onverts the op
el filter to shap
tor are used t
lifying the sign
ction) and re-
3).  

of Scientific & En

G GRATING (
herefore be us
hs. This filter h
ty and reduce 
es of FBG (un
niform FBG de
 which can be 
nsation, it is p
n non-uniform

reflects differ
 FBG length a

ppear through 
short wavele

G and they a
avelengths arri
rt delay. The r
y are sent to th

mpensation is p

N OF SIMULAT

tter side, a Pse
nerate data in 
Non-Return to
er generates a
s wave (CW) 
optical signal 

dulate the elec
 30db with op

medium length
NDZF and att
in Table 1.  
 for the first 

d dispersion v
dbm as shown
de for the seco
racteristics sho
ptical signal to
pe the electric
to regenerate 
nal’s amplitud
-timing the pu

ngineering Resea

(FBG) 
sed as an optic
has various ap
 the cost of an 

niform FBG an
epends on a p
 used as a filte

preferred to us
m variation of 

rent waveleng
as shown in F
 the FBG accor
engths (faster 
re reflected w
ive slower at F
eflected wave

he receiver at t
performed [5, 

TION SETUP 
eudo-Random
 two different 
o Zero) NRZ p
a signal that d
 Laser is used
 with 1550nm
ctrical pulses 
ptical output p
h is 100 km wi
enuation of 0.

 case contain
value of -170 
n in Table 2. 
ond case, the 
own in Table 3
 electrical sign

cal pulses. The
the signal in 

de, re-shaping
ulses as shown

rch Volume 6, Is

htt

cal filter to blo
pplications wh
 optical netwo

nd chirped FB
periodic variat
er.  For chroma
se a chirped F
 refractive ind
gths at differ

Fig. (1) [5]. Th
rding to differ
 wavelength) 
with long del
FBG and they 
elengths gathe
the same time,
6]. 

m bit sequence 
 bit rates; 10Gb
pulse generato
doesn’t return
d to generate 

m. Mach-Zehn
to optical pul
power of 11db
ith attenuation
185 dbm/km 

ns the DCF w
ps/nm/km a

 Chirped FBG
3. A Photo det
nal. The low p
e 3 types of re
 three stages; 

g the pulses(no
n in Fig. (2) a

sue 5, June‐2015

IJSER © 2015 
tp://www.ijser.org  

ock 
hich 
ork; 
BG). 
tion 
atic 

FBG 
dex. 
rent 
hus, 
rent 

ar-
lay. 
 are 
r at 
, so 

 ge-
bps 

or is 
n to 
the 
der 
lses 
bm. 
n of 
 for 

with 
and 

G is 
tec-

pass 
ege-
 re-
oise 
and 

 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 2. Si
 

 
Fig. 3. Si

                            

mulation model 

mulation model 

                             

 

system with FBG

system with DCF
 

                        

G 

F 

1285

IJSER



Intern
ISSN 2
 
 
 

 5
5

 F
t
w
F
t
B
a
t

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4
Modul
disper

 

national Journal o
2229-5518 

5 SIMULATI

5.1 At 10 Gbp
Fig. 4(a) and T
ravelling with

without disper
Fig. 4(b) and T
ravelling with

BER and minim
are summarize
he signals bef

. (a) Eye diagra
lator (b) Eye dia
rsion compensat

of Scientific & En

ION RESULTS

ps without Co
Table 4 show th
h high Q-fact
rsion effect at 
Table 4 descr
h the dispers
mum Q-factor
ed in Table 4 t
ore and after t

(a)

(b)
am of the signal
agram of the si
ion for 10Gbps 

ngineering Resea

S AND DISCU

ompensation
he signal char
tor, minimum
the Mach-Zeh
ibe the signal

sion effect on 
r. The results 
to show the de
travelling. 

) 

) 
l before travellin
gnal after trave

rch Volume 6, Is

htt

SSION 
n 
racteristics bef

m BER and pu
hnder modulat
l properties af
 the pulse, h
 of the two ca
eference betwe

 

 

ng at Mach-Zehn
lling 100km with

sue 5, June‐2015

IJSER © 2015 
tp://www.ijser.org  

fore 
ulse 
tor. 
fter 

high 
ases 
een 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nder 
hout 

 
5.2 At 1
As show
compen
Fig.5 (b
same si
summa
FBG is g

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                            

10 Gbps with
wn in Fig.5 (

nsation shows
b) shows the e
ignal using FB
rized in Table
giving better r

                             

h dispersion 
(a), the pulse
s improvemen
effect of dispe
BG. The resul
e 5 showing t
results compar

 
(a) 

 
 
 

                        

compensati
e after travelli
nt in the BER 
ersion compen
lt of the two t
that, the comp
red to the com

ion 
ing with DCF
 and Q-factor
nsation for the
techniques are
pensation with

mpensation. 

F 
r. 
e 
e 
h 

1286

IJSER



Intern
ISSN 2
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5
sation
compe

5.3 A
With 
increa
Fig. (

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.
pensa
 

national Journal o
2229-5518 

. (a) Eye diagram
 technique (b) E
ensation techniq

At 40 Gbps w
 the increasin
ases with high
6) And Table 

. Eye diagram of
ation for 40Gbps.

of Scientific & En

(b)
m of the signal w
ye diagram of th
ue 

without comp
ng of the bit r
h BER and m
6. 

f the signal after 
 

ngineering Resea

) 
with DCF as the 
he signal with FB

pensation 
rate, the chro

minimum Q-fac

travelling over 1

rch Volume 6, Is

htt

dispersion comp
BG as the dispers

matic dispers
ctor as shown

100km without C

sue 5, June‐2015

IJSER © 2015 
tp://www.ijser.org  

pen-
sion 

sion 
n in 

om-

5.4 Wit
Fig. 7(a
pensatio
respecti
solve th
overall 
two tec
FBG tec

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                            

th dispersion
a) and Fig. 7(b
on on the sig
ively. It is cle
he problem o
performance 

chniques are s
chnique is still

                             

n compensat
b) show the ef
gnal after trav
ear that, both
of chromatic 
 of the optical
summarized in
l better than th

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 
 
 

                        

tion 
ffect of the di
elling using D

h techniques a
dispersion an
l system. The
n Table 7 sho
he DCF techniq

ispersion com
DCF and FBG
are capable to

nd to improve
e results of the
owing that, the
que. 

m-
G, 
o 
e 
e 
e 

1287

IJSER



Intern
ISSN 2
 
 
 

Fig. 7.
sation
sation

 
Stu

is obv
of dis
Gbps
the c
BER 
appli
sired 
NZD
result
and T
the sh
DCF 

 
6   C

I
high 
ted s
The d
40Gb
comp
with 
FBG i
for th
Gbps
comp
syste
powe

 
 
 

national Journal o
2229-5518 

. (a) Eye diagram
 (b) Eye diagram
 technique 

udying the res
vious that, the 
stortion can be
s with NDSF fi
chromatic disp
and the Q-fac
cable but the 
 values with th
SF cables with
ts with the FB
Table 8 show th
hape of the si
compensation

CONCLUSION 
n this paper t
bit rate 10 Gb
ignal, which 
dispersion inc

bps case. Two
pensate for the
 NDSF and N
is better than 
his kind of dis
s, it is recomm
pensation tech
m is analyzed
er signal. 

of Scientific & En

(b)
m of the signal wi
m of the signal wi

 

sults shown in 
 signal distorte

e compensated
iber cables. As

persion increa
ctor. The two 
 BER and the 
he NDSF cable
h this high bi

BG and DCF co
he improveme
ignal using N

n techniques. 

he effect of ch
bps and intens
leads to signa

creases as the 
 different tech
e chromatic d
ZDSF cables. 
DCF at 10 Gb
stortion. To im
mended to u

hnique to imp
d without usin

ngineering Resea

) 
ith DCF as the d
th FBG as the di

n the above figu
ed at high bit r

d using either F
s the rate incre
ses subsequen
 compensation
 Q-factor do n
es. So, it is reco
it rate (40 Gbp
ompensation t
ent of the BER,
ZDSF cable w

hromatic dispe
ely at 40 Gbps
al distortion a
 bit rate incre
hniques have 
ispersion usin
 It has been o
ps and 40 Gbp
mprove the pe

use NZDSF (G
prove the sign

ng any amplifie

rch Volume 6, Is

htt

 

 

ispersion compe
ispersion compe

ures and table
rate and this k
FBG or DCF at
eased to 40 Gb
ntly affecting 
n techniques s
not reach the 
ommended to 
ps) to give be
techniques. Fig
, the Q-factor a

with the FBG a

ersion appears
s in the transm
and overlappi
ease as shown
 been applied
ng DCF and F
observed that 
ps to compens
erformance at
G.655) with F
nal quality. T
ers but with h

sue 5, June‐2015

IJSER © 2015 
tp://www.ijser.org  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

en-
n-

s, it 
kind 
t 10 
bps, 
the 
still 
de-
use 
tter 
g. 8 
and 
and 

s at 
mit-
ing. 
n in 
d to 
FBG 

the 
sate 
t 40 
FBG 
This 
high 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 8: (a
sation te
FBG as t

   REFE

[1]

[2]
[3]

[4]

                            

  
 

 
a) Eye diagram o
echnique with NZ
the dispersion co

RENCES 

Manpreet Kaur1,
System to Comp
(FBG), Internatio
Communication 
https://market.a
Ajeet Singh Verm
thodology for D
cal Fiber Commu
Technology and 
Certified Journal
Saurabh Kumar1

                             

       (a) 

    (b) 
of the signal with
ZDSF cable (b) 

ompensation tech

, Himali Sarangal2

pensate Dispersion
onal Journal of Ad

n Engineering Vol. 4
alcatel-lucent.com. 
ma, A. K. Jaiswal, 

Dispersion Compen
unication Network
 Advanced Engine
l, Volume 3, Issue 5
1, Prof. A. K. Jaisw

                        

h DCF as the dis
Eye diagram o

hnique with NZD

2, Simulation of Op
n Using Chirped F
dvanced Research
4, Issue 2, February
 
 Mukesh Kumar, 
nsation and Synch
ks, International Jo
eering, ISSN 2250-2
5, May 201, 769-775
wal2, Er. Mukesh K

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

spersion compen
of the signal wit
DSF cable 

ptical Transmissio
Fiber Bragg Gratin
h in Computer an
y 2015. 

 An Improved Me
hronization in Opt
ournal of Emergin
2459, ISO 9001:200
5. 
Kumar3, Er. Rohin

 

n-
h 

on 
ng 
nd 

e-
ti-
ng 
08 

ni 

1288

IJSER



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

IJSER © 2015 
http://www.ijser.org  

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

 
[5] M.A. Othman1, M.M. Ismail2, H.A. Sulaiman3, M.H. Misran4, M.A. Meor 

Said5, Y.A. Rahim6, A.N. Che Pee7, M.R. Motsidi8,An Analysis of 10 
Gbits/s Optical Transmission System using Fiber Bragg Grating (FBG). 

[6] ParulSingh1, M.tech Student of ECE, ECE Department1, Government 
Women Engineering College, India, Dispersion compensation in an opt-
ical fiber by using chirp gratings. 

 

 
 
 
 
 
 
  

1289

IJSER




