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ABSTRACT

The radio-over-fiber (RoF) system is one of the
potential schemes for the future broadband wireless
communication  systems such as  mobile
communications, hotspots and suburban areas. The
use of Dense Wavelength Division Multiplexing
WDM system is responding to the demands for high
data rate applications and reasonable mobility for
broadband communication.

The work aims to investigate the performance of
DWDM system utilizing Eribium Dopped Fiber
amplifiers EDFAs and Dispersion Compensating
Fiber DCF for different length of optical fiber and
bit rates. The most effective factors causes
performance degradations are the attenuation and
dispersion. EDFA was introduced in the proposed
system model as a solution to encounter the effects
of attenuation and scattering losses, while the DCF
utilized to mitigate the effect of dispersion.

The simulation was implemented using optiwsystem
7 and matlab R2011a. The results show that the use
of EDFA and DCF make significantly boosts the
performance of DWDM RoF system and increases
the length of the fiber at which a Bit Error Rate
BER of 10°° can be obtained.
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1. INTRODUCTION

Wavelength division multiplexing (WDM) is a
technology which multiplexes multiple optical
carrier signals on a single optical fiber by using
different wavelengths of laser light to carry different
signals. This allows for a multiplication in capacity
of an optical fiber by adding new channels, each
channel on a new wavelength of light, in addition to
enabling bidirectional communications over one
strand of fiber. [1]. The term wavelength-division
multiplexing is commonly applied to an optical
carrier (which is typically described by its
wavelength), whereas frequency-division
multiplexing typically applies to a radio carrier
(which is more often described by frequency). Since
wavelength and frequency are tied together through
a simple directly inverse relationship, the two terms
actually describe the same concept [2].

Wavelength-division multiplexing (WDM) gives
better utilization of the large bandwidth of optical

fiber and can increase the capacity of the cable
network. Through WDM, signals from two or more
line systems are transmitted over the same fiber [3].
The signal from different sources which combined
by a multiplexer and fed into an optical fiber,
channels combined are separated in the receiver unit
by a demultiplexer and detected by photodetector
[3]. In WDM, each electrical data channel i is
modulated onto its optical carrier wave with a
wavelength A;. Therefore one subdivides the optical
transmission band B,p~20 THz, resp. Akqy~200nm,
into N (~100-1000) bands (B=B,/N). To extract a
particular channel at the receiver, the demultiplexer
has to filter one particular channel at the desired
wavelength A; by a narrow band optical filter (Affjer
~B) and direct it to the photodetector [4]. The
optical multiplexing operation of different data
channels occurs in the frequency domain into non-
overlapping frequency bands B  (because N
transmission wavelengths A, - Ay exist which are
unrelated in time) [4]. This technique can be
implemented to not only design ultra high capacity
optical communication systems, but also upgrade
the existing systems. WDM takes advantage of the
almost infant amount of the fiber bandwidth and the
availability of fiber amplifiers in the 1530-1560 nm
wavelength windows [3]. The WDM devices at the
transmitting unit is essentially a power combining
referred to as a multiplexer. The device at the
receiver unit is called a demultiplexer and should
ideally separate out various channels with negligible
loss and signal distortion. a large number of
channels can be combined and separated with
angularly dispersive multiplexing elements. At the
output of the multiplexer, these light rays become
co-linear and can be easily launched simultaneously
into an optical fiber. A WDM works in exactly the
reverse fashion, directing light beams of various
wavelengths from a fiber into their respective
channels [3].

Multiplexers and demultiplexers can be divided into
either passive or active in design. Passive designs
are based on prisms, gratings or filters, while active
designs id a combination of passive devices with
tunable filters [1].The primary challenges in these
devices is to minimize cross-talk and maximaze
channel separation. Cross talk is a measure of how
well the channels are separated, while channel
separation refers to the ability to distinguish each
wavelength.
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The use of WDM for the distribution of RoF signals
has gained importance. WDM enables the efficient
exploitation of the fiber network’s bandwidth. Its
application in RoF networks has many advantages
including simplification of the network topology by
allocating different wavelengths to individual BSs,
enabling easier network and service upgrades and
providing simpler network management [1].

If the N transmitters in a DWDM link such as

shown in Figure (1), operate at bit rates of Bl

through BN , respectively, then the total bandwidth
is [5, 6]
B=> B 1

i=1

When all the bit rates are equal, then the system
capacity is enhanced by a factor N as compared with
a single-channel link.

In fiber optic communication systems, the error
rates usually range from 107° to 107*2.This
value depends on the SNR the receiver. The BER
can be calculated from the Q-Factor as shown in [5,
6]
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when 1 and 0 are received. Critical requirements of
a WDM-system are the generation of the extremely
stable carrier frequency w; with Aw;<<B and the
precise and narrowband wavelength filtering, as
well as the system complexity and the high number
of optical components for large channel numbers.

The main advantages of using WDM system are the
relative low data rate per optical channel with
modest requirements for dispersion and electronic
speed and data format and timing of the channels
are independent of each other. While the main
drawbacks of the system are the requirements of
highly stable optical frequency generation and small
oscillator bandwidth (~MHz). also, high total
operational ~ power (N*  Pgychamer;  typically
200 * 1mW/ch=200mW) in the fiber can result in
optical nonlinearities.

The narrow channel spacing in dense WDM link
gives rise to crosstalk, which is defined as the feed
through of one channel's signal into another channel.
Crosstalk can be introduced by almost any
component in a WDM system, including optical
filters, wavelength multiplexers, optical switches,
optical amplifiers, and the fiber itself [5, 6].
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The EDFA is a length of glass fiber that has doped
with the rare-earth metal Erbium ions. These ions
act as an active medium with the potential to
experience inversion of carriers and emit
spontaneous and stimulated emission light near a
desirable signal wavelength. The pump is typically
another light source whose wavelength s
preferentially absorbed by the ions, 0.98 or 1.48 mm
for EDFA. The pump and signal (1.55 mm) must
combined, typically by a wavelength-selective
coupler (WDM), and may co- or counter-propagate
with respect to each other inside the doped length of
fiber. Therefore, the light is absorbed by the doped
fiber at a certain pump wavelength and then
produces gain for a signal at a different wavelength.
Since the transmission and the active medium are
both fiber based, the insertion losses are minimal.
The gain exhibits a peak at 1530 nm and a relatively
flat region near 1555 nm[5].

2. DISPERSION COMPENSATION

The main goal in any communication system is to
increase the transmission distance. Loss and
dispersion are the main factor that cause signal
degradations and affect fiber-optical communication
being the high-capacity develops. The EDFA is the
gigantic change happened in the fiber-optical
communication system; the loss is no longer the
major factor to restrict the fiber optical transmission.
Since EDFA works in 1550 nm wave band, the
average single mode fiber (SMF) dispersion value in
that wave band is very big, about 15-20ps / (nm.km-
1) [8]. It is easy to see that the dispersion become
the major factor that restricts long distance fiber-
optical transfers as the bit rate increases [9, 10].

Dispersion causes the time slot and profile of an
optical pulse to change in the course of propagation,
causing intersymbol interference ISl and hence
causes bit errors in reception. Dispersion is typically
measured as a time spread per distance traveled
(s’/km). In single-mode fiber performance is
primarily limited by chromatic dispersion (also
called group velocity dispersion), which occurs
because the index of the glass varies slightly
depending on the wavelength of the light, and light
from real optical transmitters necessarily has
nonzero spectral width (due to modulation) [11, 12].
Polarization mode dispersion, another source of
limitation, occurs because although the single-mode
fiber can sustain only one transverse mode, it can
carry this mode with two different polarizations, and
slight imperfections or distortions in a fiber can alter
the propagation velocities for the two polarizations.
This phenomenon is called birefringence. Mode
birefringence Bm is defmed as the follow Formula
[10]:

B—=p
n :M:nX -n, 4

kO
n, ny are the effective refractive of the two
orthogonal polarizations. For a given B, its fast
axis and slow axis components will be formed the
phase difference after the light waves transmission

B

10



International Journal of Computer Applications (0975 — 8887)

L Km. Degree of pulse broadening can be expressed
by different group delay At [10].
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Dispersion increased the pulse shape distortion
caused by the self-phase modulation dispersion
(SPM); the other hand, dispersion in WDM systems
can also increase the cross-phase modulation, four-
wave mixing ( FWM) and other nonlinear
effects[10, 13, 14].

several dispersion compensation technologies were
proposed[10, 15]. Amongst the various techniques
proposed in the literature, the ones that appear to
hold immediate  promise  for  dispersion
compensation and management could be broadly
classified as: dispersion compensating fibers (DCF),
chirped fiber Bragg gratings (FBG), and high-order
mode (HOM) fiber [16].

There is positive second-order and third-order
dispersion value in SMF (single mode fiber), while
the DCF dispersion value is negative. So, by
inserting a DCF, the average dispersion is close to
zero [17]. As the local dispersion of higher
transmission link, FWM and XPM were ignored;
only to consider the role of SPM and dispersion, the
signal transmission can be simulate by solve the
nonlinear Schrodinger equation.

In the formula, , is the dispersion compensation
rate of p-channel.

| Doee (Z6) Liee | 6
7 Dgye (o) Lo |

Lswe and Lpce are the conventional single-mode
fiber length and dispersion compensation fiber
length within the amplifier spacing. AL is the
channel wavelength spacing. Dpce(Ap) and Dgyr(Ap)
are the dispersion coefficient of conventional single
mode fiber and dispersion compensation fiber at the
A, wavelength [10].

3. SYSTEM SIMULATION AND
RESULTS

The work aimed to study the performance of an
eight channel DWDM system including the use of
single mode fiber SMF, EDFA and DCF. The
proposed system is shown in Figure (2). This system
uses only SMF and consists of eight channels to be
multiplexed using DWDM system. In each there is
a digital data generates by Pseudo Random Bit
Sequence (PRBS) which will be modulated using
MZM modulator with varies number of subcarrier
which was in gigahertz. The center frequency range
of laser is 194.1-194.8 THZ each with power of 0
dBm. The NRZ (Non-Return to Zero) format was
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used for signal coding and the modulation used was
on-off keying (OOK). These eight signals were
multiplexed by the optical multiplexer to be
launched into a single SMF. The optical
multiplexer has 20GHz channel bandwidth and
100GHz channel frequency spacing is used to
reduce the crosstalk between adjacent channels. The
system was designed so that to minimize noise from
the adjacent channels. At the receiver side, these
signals were separated by the demultiplexer and
each signal passed to a receiver that consists of PIN
pdotodiode, filter and a bit error rate BER analyzer.

3.1 Effect of signal degradation and
use of EDFA.

First the effect of attenuation and dispersion against
distance of transmission on the transmitted signal
was studied for 1Gbps, 2.5 Gbps and 10 Gbps bit
rate for each channel. Figures (3) illustrates the Q
factor and BER variations with distance of the
system. The attenuation coefficient of the standard
fiber was considered to be 0.2dB/km. The
dispersion parameter of 17 ps/nm.km and dispersion
slop of 0,075 ps/nm*km was considered in the
work.

The major influence of dispersion and attenuation
signal is limiting the fiber length in order to achieve
BER<10°.

3.2 Effect of EDFA and DCF

To deal with the degradation effects, one can use the
EDFA amplifiers to reduce or cancelling the effect
of attenuation. The dispersion compensation
techniques can be used to mitigate the distortion
comes from  dispersion.  The  dispersion
compensation system in the WDM is studied in this
paper. Based on optical transmission equation,
considering the various types of nonlinear effects
and the impact of EDFA,

The use of EDFA, to amplify the incoming optical
signal, increases the power of the signal for the
same length as in the system block diagram shown
in Figure (4). Figure (5) shows how the power
varied with distance for 1Gbps, 2.5 Gbps and 10
Gbps rates of transmission for SMF only and for
SMF with EDFA systems. The EDFA used in this
test has a gain of 20 dB and noise Figure of 4 dB.
From the figures, it can be noticed that as the link
length increased the power of the arrived signal
reduced. For 10 Gbps, the degradation effects are
more than the other bit rates 1 and 2.5 Gbps.

Figure (6) shows the Q factor and BER variations
with distance of the system. It can be noticed that
there is an improvement in them as compared to that
results uses only SMF in Figures (3).

In the system shown in Figure (7), dispersion
compensation is achieved with DCF using post-
compensation. Post -compensation scheme achieve
dispersion compensation by place the DCF after a
certain conventional single-mode fiber.. EDFA is
used to compensate the power loss generating by
SMF and the DCF signal. Three EDFAs are used in
the system as a power amplifier, inline amplifier and
preamplifier. The parameters of the DCF fiber used
in the simulation includes the dispersion of -85
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ps/nm.km and slope of -0.3 ps/nm2.km. the length of
the DCF is 10 km with 0.2 dB/Km attenuation
coefficient. Figure (8) show the change of Q factor
and BER with distance for 1 Ghps, 2.5 Gbps and 10
Gbps.

For example the dispersion at a bit rate of 10 Ghps
and at a distance of 45km, where a BER of 10 was
obtained for the system uses the SMF only, was
7.19452E6, 8.64253E5 and -3.9095E5 ps/nm for a
frequency channel of 193.1, 1.93.2 THz 1.93.4 THz
respectively . But, with the use of 10km DCF, the
dispersion became 7.18082E6, 5.33279E5 and -
1.30018E6 ps/nm for frequency channel of 193.1,
1.93.2 THz 1.93.4 at 112km where a BER of 10
was obtained.

Table 1(1) shows simple comparison for the
distances at which the bit error rate equals 10°° for 1,
2.5 and 10 Gbps for SMF only, SMF with EDFA
and SMF with EDFA and DCF.

Table (1) shows simple comparison for the
distances at which the bit error rate equals 107
for 1, 2.5 and 10 Gbps

Bitrate/ SMF SMF+ SMF+EDFA
Gbps ONLY EDFA +DCF
1 112 206 265

2.5 100 190 240

10 45 60 115

Figures (9, 10 and 11) shows the eye diagram for
the eight users DWDM system for SMF only, SMF
and for SMF with EDFA and DCF for bit rates of 1,
2.5 and 10 Gbps respectively. The length shown in
the figures are those at which a bit error rates of 107
had been obtained with the systems that uses only
SMF.

The spectrum of the optical signal is shown in the
Figure (12) for different points in the system for
10Ghbps bit rate.

It shows the spectrum of the modulated laser diode
signal, the spectrum of the 8-channel multiplexed
signal at output of multiplexer, at the end of SMF,
DCF, EDFA, after separated by the demultiplexer
and after passing the optical filter.

4. CONCLUSION

The effect of degradation factors (attenuation and
dispersion) greatly limits the span of the SMF fiber.
The use of EDFA greatly compensate the effects of
attenuation and scattering losses in the system
which makes an improvement on the system
performance including the Q factor and BER and
increases the length of the link.

The DCF is one technique used as a post
compensation to reduce the effect of chromatic
dispersion in the SMF and this even assists in
increasing the operating bit rate and increased the
length of the fiber communication link by reducing
the inter symbol interference ISI. It improves the
system performance greatly. For example, for 10
Gbps, when the SMF used only the BER of 10 was
obtained at a distance of 45km. When the EDFA
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added to the system the length extended to 60km.
By using the 10km of DCF with SMF and EDFA
the BER of 10°° was obtained at 115km which three
time that obtained with the use of SMF only.
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Figure (10): Eye diagram for eight users DWDM with BER of 10”° for 2.5Gbps bit rate

17



International Journal of Computer Applications (0975 — 8887)

3 =
- E] BER Analyzer e =
< Dbl Click On Objects to open properties. Move Objects with Mouse Drag Auto Set
& Time (bit period)
— 0s 1 [V Show Epe Diagram
FY
B Analysis. |
Max. Q Factor] 5.76508
Min.BER | 3615655-008
o EyeHeight | 144385005
- Threshold 1.000818-005
El Decision Inst. 0285156
I Invert Celors
N | T Color Grade
3
S8 7
o
o o é
£
E| Pattems |
o Pattern 1
o Pattern 2
Pattern 3
Pattern 4
Pattern 5
o
-
0 05 1
Time (bit period)
QFactor {MnBER J, Threshold J, Height j, BER Pattern
fi] =
= ] BER Analyzer Eorallioe: =
2 | obiCick On Objects to open properties. Move Objects with Mouse Drag Auko Set
& Time (bit period)
= 03 i ¥ Show Eve Diagiam
3
45 km SMF+EDFA+DCF '
. R Analysis
2 2 Max. Q Factor] 206.851
Min. BER 0
Eye Height 0620718
£ £ Threshoid 0.0301862
7 @ Decision Inst 0
. o | T nenColors
] P
3 3
H 2|  Fttems
s s
e EY Caleulate Patterns
2 2
£o =28
E” "E
H Z| pattems }
S clE Pattern 1 18-012
g g Pattern 2 16011
Pattern 3 1e-010
e e Pattern 4 1e-009
s H Pattern 6 16008
o o
0 05 1
Time (bit period)
Q Factor Min BER Threshold Height 4, BER Pattern

Volume 72— No.10, June 2013

o = |
- = BER Analyzer Signal Index =l
g Dbl Click On Objects to open properties. hove Objects with Mouse Drag AutoSet E
@ Time (bit period)
=] I o3 1 [ Show Eye Diagram
3
_|45km SMF+EDE * ==
Max. Q Factor] 7.12679
Min. BER 4145062013
- Eye Height 0.00174281
E Threshold 0.000758275
© Decision Inst. 0.273438
- T Invert Calors
= | ™ ColorGrade £
3
il F
cs
£
o, ~ 8
E Pattems |
Pattern 1
“ Pattern 2
E Pattern 3. -
Pattern 4
Pattern 5
o
- =
0 05 1
Time (bit period)
Q Factor i Min BER Threshold Height BER Pattern
BER Analyzer (=
0 I=|
- [& BER Analyzer Signal Index] =
g Dbl Click On Objects to open properties. Move Objects with Mouse Drag AutoSet
@ Time (bit period)
] 0 0s il . [¥ Show Eye Diagram
- Analysis ]
Max. Q Factor| 562182
Min. BER 8.33777e-009
e = Eye Height 0.00328558
§ Threshold 0.00246324
Decision Inst. 0144531
e I Invert Calors
£ "o | T Color Grade
g 3
@ 3| ™ Patems
Y
] Calculate Pattems
e
3
£ E| panems |
g
Pattern 1 1e-012
E Pattern 2 1e-011
o Pattern 3 1e-010
£ Pattern 4 12-003
&8 Pattern 5 16-008
€
o
o 02 04 08 08 1
Q Factor Min BER Threshold Height A BER Pattern

rate

Figure (11): Eye diagram for eight users DWDM with BER of 10”° and for 10Gbps bit
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Spectrum after the WDM demultiplexer

Spectrum after the optical filter

Figure(12): Spectrum of the signal at different points in the system for bit rate of 10Gbps
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