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Abstract

In this experiment we propose and demonstrate a CWDM transmission system using hybrid amplifiers SOA-EDFA. A new
hybrid two-stage in the system of optical fiber amplifier for coarse wavelength division multiplexing (CWDM) network is
studied. The hybrid amplifier is a cascaded semiconductor optical amplifier (SOA) and erbium- doped fiber amplifiers
(EDFA) which provide a nearly flat gain over 80 nm. The hybrid amplifier has been modeled using a OptiSystem version
9 by Optiwave modeling tool on a CWDM transmission system which consisting of two spans of 100 km.
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1. Introduction

The system experience losses after travelling a long
distance such as 100 km or more. In, order to transmit
signals over long distances (>100km) it is necessary to
compensate the attenuation losses in the fiber [1].
Usually, in the telecommunication system the drop of the
signal will affect the operation of the system, optical
amplifier [2,3] is one of the elements needed for
increasing capacity, long span and multiply connected
optical communications networks. Previously, this
problem is solved by using an electronic repeater for
every 30 to 50 km, the electric repeater is a device used to
increase or boost the signal by converting the light signal
to an electrical signal and subsequently re-clocking and
re-transmitting the signal by converting the signal from
electronic from back into optical again.

Coarse Wavelength Division Multiplexing (CWDM)
is a multiplexing scheme where multiple wavelengths
signals are combined into a single fiber optic cable
without any interference [4]. By using the CWDM
technology, the optical fiber is a simple transport and
cost-effective solution to add more services over a single
exiting without interrupting other services to existing
customers. The CWDM operates at higher bandwidth than
Wavelength Division Multiplexing (WDM) where the
operation wavelength span from 1271 nm up to 1611nm
which covers 18 CWDM channels with channel spacing
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of 20 nm [5]. In this experiments, the basic CWDM
system is an 8-channel system with wavelengths spaced
by 20 nm and ranging from 1470 nm to 1610 nm is
investigated [6] and transmission distances at 80 km and
the bit rate of 100 Mb/s using SMF fiber optic, and we use
only two amplifiers EDFA and SOA to amplify the
system, thus avoiding the complexities of hybrid
EDFA/SOA amplifiers.

2. Experimental set-up and results.

The commercial amplifier SOA is used to compare with
EDFA amplifier performance which is used for CWDM
system applications. SOA and EDFA used together for
hybrid amplifiers suitable to presenting an amplification
spectrum covering the s, ¢, and | band [8]. However,
Semiconductor optical amplifier (SOA) is suitable for
CWDM system due to wide bandwidths and cost-effective
multi-channel and also suitable for metro space that is
well-suited for some CWDM system [9,10].

Standard using EDFA amplification band ranging
approximately from 1530 nm to 1560 nm or C-band
which is extensively used in the system long-haul fiber
optical communications because of the given gain is more
than 20 dB [4]. According to function of amplifier is one
of the elements for increasing performance in the system,
three major requirements for amplifier are (i) high gain
(ii) low noise and (iii) flat amplification profile [7].

18



M. A. Muthalib, N. Arsad, A. A. Ehsan, S. Shaari 19
l.. "'.. ."-l - B
™ 5 Filbsier yptie Filbsirr espalic _F..LI.F_ "- [ —
—| ] Q) [, (@ — —_ (0D — [
| ML | —_— — DEMUX | —
.I. Pump LI¥

Figure 1: Network layout of CWDM system

with the hybrid SOA-EDFA amplifiers

Figure 2: Network layout of CWDM system with hybrid optical amplifiers are designed
and modeled using an optical network simulator tool, OptiSystem version 9 by Optiwave

Based on the proposed use of optical fiber amplifier in the
hybrid system is from S to C bands using SOA and EDFA
amplifier is designed and modelled using optical network
simulator tool namely Opti-System version 9 by Opti-Wave.

This experiment was done using 8 channels CWDM
system from 1470 to 1610 nm and uses two optical amplifier
SOA and hybrid EDFA when conducted the system. Figure

operated at bias current of 0.13 A and a energy band gap
wavelength with a maximum center wavelength at 1510 nm
and center unit frequency noise at 1490 nm where all of
them for the setting in SOA in the simulation module. While
at the EDFA amplifier, stage EDF has a length of 10m and a
wavelength of 980 nm, pump power of 50 mW.

Table 1: Data Simulation according to CWDM system

3 shows the set-up of the SOA and EDFA hybrid amplifiers OLT _ Wavelength Tx Power  Mux Fiber Rx Power
in two phases for CWDM system using opti-system. (hm) (dBm) Power  Power  (dBm)
In the system, set up of the hybrid amplifier is divided (dBm) (dBm)

into two parts, strengthening in the area S band and C band gﬂ% 13;8 62517 :gg

that will be obtained from the amplifier SOA and EDFA Ch3 1510 379 2542
amplifiers, where in each portion of the band used to have Ch4 1530 -3.3 1.35 1068 239
strengthening respectively, like the S band supported by the Ch5 1550 -3.3 ' ' -24.1
SOA amplifier and the C band by the EDFA amplifier, while 82 g 1238 :; , :22'85
on L band strengthening performed cascade but servicing a Chs8 1610 3.8 248

given gain cannot reach the whole of the L band. That is
meaning, the strengthening gain so weakening much less
pronounced in the L band, so the need for reinforcement of
the service area L band. The first stage on SOA amplifier

The use of amplifiers in the telecommunications system that
aim to get better results, however, to improve the quality of
telecommunications system, it is not only to increase the
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power source but also should be added amplifiers in the
system to boost in order to get quality results. In Table 1
shows the output power from transmission for every
channels are different and the power of the receiver is
experiencing a huge reduction that can affect the quality of
the results given by the system. In a system that requires an
optical amplifier which can improve the quality of results
before it is accepted by the user, the signal received by the
user can be received well, so that the data or information to
avoid mistakes caused by weakness or high noise levels.
Adjusted value of the simulator like the real system in the
experiments.

From the experiments, it is observed that increased
power source or bit rate without the support of network,
make saturation point in the system very quick, so that
results is not so far away or results generated from the
system is not so qualified. So, we try to improve the system
by adding amplifiers using a combination of EDFA and
SOA where each amplifiers characteristic and way of
working are not the same. The receiver can receive input
power from system at minimum values -25 dBm. However,
in this experiments we try to cover three bands, namely s, ¢
and | bands to provide a good service to the users by
increasing the gain and lower noise levels. The use of
amplifiers in cascading order is to get improved service gain
so that the achievement of service improvement can be done.
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Figure 3: Gain spectra of EDFA amplifier
over the bandwidth of 1530 to 1570 nm.

The Figure 3 shows gain spectra from the EDFA amplifiers
with input power 1000 mA in the experiment setup. The gain
that can be provided by the EDFA amplifiers may reach 45
dB. On the second part of the system sporting by the EDFA
amplifiers to amplify gain again after gain workout from
SOA amplifiers, it is eligible to add a transmission length of
100 km.
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Figure 4: Gain spectra of SOA amplifier with input power 400 mA current
level over the bandwidth of 1470 to 1510 nm by real system.

Figure 4 shows the spectra gain of SOA with input power of
400 mA and the characteristic of SOA center wavelength is
1490 nm.
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Figure 5: Gain versus wavelength for cascaded
SOA-EDFA configuration by simulator.
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Figure 6: Gain versus wavelength for cascaded
SOA-EDFA configuration by simulator.

Hybrid amplifiers already give effective output gain in the
system to increase long haul transmission distances. Figure 5
depicts the result from hybrid amplifiers in simulation, the
reduction in power gain because of the different optical gain
characteristic for each the amplifiers.

Starting gives gain from wavelength of 1470 nm until
1535 nm, according main terms of flattened ness gain,
flattening gain occurs at different points from the total gain
at the hybrid amplifiers and the area where service gain of
EDFA and SOA amplifiers is overlaps, the gain will be
drop according nonlinear characteristic of the amplifiers.
However, the gain in the system is not uniform but overall
optical amplification in hybrid system can increase the
performance of the system in particular for operation up to
100 km.

In Figure 6 shows the result from hybrid amplifiers in
experiment, uses two amplifiers are cascading in the system
is expected to provide services gain of wavelength 1470 nm
to 1610 nm, where will occur flattens gain in the system, but
services gain at ¢ band is very weak at the wavelength 1470
nm to 1490 nm because the strengthening will weaken after
over a distance 40 km but still in the strengthening of signal.
In another things, during amplified the signal by the hybrid
amplifier is at wavelength 1510 nm to 1570 nm has good
signal because the signal from the SOA amplified again by
the EDFA amplifier, and in another case during amplified
the signal at wavelength 1580 nm to 1610 nm has decreased

Scientific Journal of PPl — UKM, Vol. 3. No. 1
ISSN No. 2356 - 2536



M. A. Muthalib, N. Arsad, A. A. Ehsan, S. Shaari 21

after passing the signal reinforced as a whole by EDFA
amplifier and a distance of 40 km whose wavelength
services on the L band. All output signal issued forwarded to
the user.

3. Conclusion

In this experiment we present and demonstrate a CWDM
transmission system using hybrid SOA-EDFA amplifiers.
The proposed hybrid amplifiers are based on cascaded SOA-
EDFA optical amplifier which spans over 100km with
uniform performance 0 dBm power penalty in simulation
system and 80 km experimental respectively. The proposed
of hybrid amplifier enables nearly flat gain over a broad
spectrum of the transmission spectrum, with some saturated
output power at wavelength of 1550 nm and higher.

References

[1]. G.P. Agarwal. (2010). Fiber Optic Communication System.

[2]. D.R. Zimmerman and L. H. Spiekman, "Amplifiers for the masses:
EDFA, EDWA, and SOA amplest for metro and access applications,"
Jour of Light Tech, vol. 22, pp. 63-70, 2004.

[31.
[4].

[5].

[6].

[71.

8.
[9].

[10].

E. Desurvire. (March 1994). Erbium-Doped Fiber Amplifiers:
Principles and Applications.

Muchlis A.M., Abang A.E., Sahbudin S., Norhana A., Hybrid
Amplifier Design for CWDM Network. Aust. J. Basic & Appl. Sci.,
8(19): 186-189, 2014

S. Al-Rubaye, A. Al-Dulaimi and H. Al-Raweshidy, "Next
Generation ~ Optical ~ Access  Network  Using CWDM
Technology," International Journal of Communications, Network and
System Sciences, Vol. 2 No. 7, pp. 636-640, 2009.

DOI: 10.4236/ijcns.2009.27071.

J. Downie, M. Sauer, and J. Hurley, "10.7 Gh/s CWDM system
transmission with 8 channels 140 nm bandwidth over 120 km using
two SOAs," in Optical Fiber Communication Conference and
National Fiber Optic Engineers Conference, (OFC2006), pp. JThB80,
2006.

J. B. Rosolem, et al., "Comparative analysis of optical amplifiers for
CWDM networks," in International Microwave and Optoelectronics
Conference, (IMOC 2007). SBMO/IEEE MTT-S International, pp.
34-37, 2007.

Kamelian. (January 2003). Semiconductor Optical Amplifiers
(SOAs) as Power Boosters, [online].

P. Seoijin, et al., "Semiconductor optical amplifier for CWDM
operating over 1540-1620 nm," Photonics Technology Letters, IEEE,
vol. 17, pp. 980-982, 2005.

H. Thiele, et al., "Linear Optical Amplifier for Extended Reach in
CWDM Transmission Systems,” in Optical Fiber Communication
Conference, Atlanta, Georgia, Technical Digest (Optical Society of
America, 2003), pp. MF21, 2003.

Scientific Journal of PPl — UKM, Vol. 3. No. 1
ISSN No. 2356 - 2536


http://dx.doi.org/10.4236/ijcns.2009.27071�

	Muchlis Abdul Muthalib1,2,*, Norhana Arsad3, Abang Anuar Ehsan1, Sahbudin Shaari1
	Abstract
	Keywords: Coarse wavelength division multiplexing (CWDM); Semiconductor optical   amplifier (SOA); Erbium doped fiber amplifier (EDFA); Optical fiber  (Accepted July 27th,2015., Published August 10th, 2015).
	Table 1: Data Simulation according to CWDM system
	References

