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In  this  article,  the  spectrum  sliced  dense  wavelength  division  multiplexed  passive  optical  network  (SS-
DWDM–PON)  has  been  investigated  as a  power  efficient  and  cost  effective  solution  for  optical  access
networks.  In this  work  an  AWG  demultiplexer  is used  to operate  as  slicing  system.  The  high  speed  SS-
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DWDM  system  has been  realized  and  investigated  for  32  channels  with  data  rate  up  to  3  Gb/s  using
broadband  ASE  source  (LED).  The  3  Gb/s  signals  both  non-return-to-zero  (NRZ)  and  return-to-zero  (RZ)
were demonstrated  in 40 km  optical  fiber link  with  BER  <  10−12. The  results  obtained  here  demonstrate
that  SS-DWDM  is  well  suited  for  Fiber-to-the-Home  (FTTH)  network.

©  2014  Elsevier  GmbH.  All  rights  reserved.
iber-to-the-Home (FTTH)

. Introduction

Future access networks will have to meet the ever
ncreasing demand to large capacity. Wavelength-division-

ultiplexing–passive optical networks WDM–PONs are key
olution for high network capacity thanks to its easy management,
etwork security, protocol transparency, and easy upgradability
1,2]. General WDM  systems include several transmitter lasers
perating at different wavelengths, which need to be wavelength
elected for each individual channel operated at a specific wave-
ength [1,3]. It increases complexity of network design, cost and

avelength management [4–6]. For that reason the spectrum
liced dense wavelength division multiplexed passive optical
etwork (SS-DWDM–PON) has been promised to be cost effective
nd power efficient solution for optical access networks to satisfy
he growing worldwide demand for higher transmission capacity
7,8].

Spectrum slicing optical systems benefit from the same advan-
ages as WDM,  while employing low cost incoherent broadband
ight sources such as broadband amplified spontaneous emission
ASE) source or light-emitting diode (LED) [7]. The method of
pectrum-slicing is a cost-efficient, suitable and undertaking solu-

ion for transmitter in optical line terminal (OLT) of DWDM–PON
ystems [2]. In this technology, the low cost LED is used to play the
ole of light sources instead of costly laser diodes. Since LED has

∗ Corresponding author. Tel.: +970 82871829/599 165 678.
E-mail address: hakeim00@yahoo.com (A.H.M. Husein).

ttp://dx.doi.org/10.1016/j.ijleo.2014.04.076
030-4026/© 2014 Elsevier GmbH. All rights reserved.
very broadband spectrum then this spectrum can be sliced spec-
trally into many independent signals with equal channel spacing.
Spectral slicing is an attractive DWDM technique that provides a
means of sharing a multi-wavelength optical source amongst many
users [9]. Literature survey reveals that the selection of optimum
channel spacing between the two sliced spectral is a very critical
task [10]. Currently channel spacing of 0.8 nm is widely used in SS-
WDM  system [11]. Therefore, 0.4 nm channel spacing SS-DWDM
system has been studied and investigated in this work. Then select-
ing 0.4 nm channels spacing in our system is preferable for narrow
band SS-DWDM system.

In this paper, we have investigated a 32-channel SS-DWDM sys-
tem using LED as a multi-wavelength source and 0.4-nm channel
spacing for a short haul transmission. We  have examined the effi-
ciency of narrow band DWDM system for FTTH by simulation. We
can increase the capacity of the system by reducing the channel
spacing but this leads to a severe cross-phase modulation (XPM)
problem [10,11]. In order to remain this effect under tolerance level,
we choose 0.4-nm channel spacing. In this research, the proposed
performance investigation was carried out using non-return-to-
zero (NRZ) and return-to-zero (RZ) format at 3 Gb/s.

2. SS-DWDM system architecture

The proposed architecture of 32-channels spectral-sliced

DWDM system with 0.4-nm channel spacing is shown in Fig. 1.
The low cost broadband light source light emitting diode (LED) is
sliced into 32-channels using arrayed-waveguide grating (AWG)
demultiplexer (DMUX). The LED operation wavelength started

https://core.ac.uk/display/287996851?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
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Fig. 3. The eye diagram of RZ at 3 Gb/s.
ig. 1. The architecture of operational principle of spectrum sliced system broad-
and light source demultiplexer.

rom 1549.78 nm.  The DC power is used as the input power for
he light source. The average input power of light source is from 1
o 6 dBm. The LED emits between −1.283 dBm and 9.51 dBm input
ower for the system with bit rates of 3 Gb/s. After that optical
lices are modulated using Mach–Zehnder modulator (MZM). Then
he channels are multiplexed by an AWG  MUX  to combine the
ntire modulated signal. The sliced signals are modulated by the
15 − 1 pseudorandom bit sequence and then the modulated signal
ransmitted over 40 km standard single mode fiber (SMF). Then the
ignal is demultiplexed and the signals are detected by PIN photo
etectors. The attenuation loss of the fiber is 0.25 dB/km and the

nsertion loss is 0.2 dB. The eye-diagram analyzers (BER) investi-
ate the performance of each channel signal. The simulation was
arried out at data rate of 3 Gb/s for a 40 km distance with stan-
ard SMF. A SMF  was chosen to minimize the dispersion effect. The
ispersion slope of DSF at wavelength 1550 nm is 0.075 ps/nm2 km
espectively. The average fiber loss is about 0.2 dBm including the
plicing loss. The noise generated at the receivers is set to be ran-
om and totally unconnected. The system insertion loss, including
ultiplexer and demultiplexer is considered as 0.25 and 2 dBm,

espectively.

. Results and discussion

The system was simulated using a commercially available soft-
are tool [12]. The results of the simulations are presented here.

he eye patterns for output 32 were plotted for RZ and NRZ in
igs. 2 and 3, respectively. The system performance has been char-
cterized using the bit-error-rate (BER) against the received optical
ower. The BER versus optical received power curves were plotted

or both RZ and NRZ formats respectively as shown in Fig. 4. The
ye diagrams illustrate that the proposed system performs well
nd suitable for FTTH at bit-rates of 3 Gb/s. However the eye for the

Fig. 2. The eye diagram of NRZ at 3 Gb/s.
Fig. 4. BER curves measured at ch.32 for 40-km SMF  and 0.4-nm channel spacing
for  NRZ and RZ formats.

NRZ format is more open and less distorted compared with the RZ
formatting. Moreover, Fig. 4 shows that the NRZ format SS-DWDM
system performs slightly better than the RZ system. For example,
it can be seen from Fig. 4 that to achieve the same BER of 10−12

a 4 dBm extra power is required for the RZ format compared with
NRZ format. The results show that the proposed spectrum sliced
WDM system with NRZ formatting is cost effective and well suited
for FTTH network.

4. Conclusion

A high-speed SS-DWDM–PON system have been realized and
investigated where a broadband ASE source (LED) is used. A new
model of a demultiplexer used to operate as slicing system for 32
channels over 40 km fiber length, with one LED laser source. It was
found that the performance of investigated SS-DWDM–PON system
is completely sufficient to provide transmission of information with
data rate of 3 Gb/s per channel with BER < 10−12 over the 40 km
long fiber optical line. Therefore, the proposed system would be
promising solution and cost effective for the next generation optical
access networks, such as Fiber-to-the-Home (FTTH).
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