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ABSTRACT

We have carried out the simulative investigation of
FRA/EDFA- and FRA/SOA -hybrid amplifier configurations
to capitalize on the optical span in this paper. The simulative
results are discussed in three different cases by considering
different configurations. In case A, a performance evaluation
using different locations of EDFA and SOA in conjunction
with FRA is carried out to implement a optical system with
best QoS. Firstly, SOA acts as pre-amplifier and EDFA as
post amplifier (Type I) while in (Type Il), EDFA is taken as
pre-amplifier, and SOA acts as post amplifier. In case B, we
explored two different configurations for FRA in association
with EDFA. FRA amplifier acts as pre-amplifier with EDFA
(Type I11) and then is taken as post amplifier (Type 1V). In
case C, FRA amplifier acts as pre-amplifier in association
with SOA (Type V) and then, is taken as post amplifier (Type
VI).

General Terms
Fiber Raman Amplifier (FRA), Model designing using
OPTSIM™
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1. INTRODUCTION

With the increasing demand for transmission capacity on
optical fiber communication network, Raman amplifiers have
been of recent research hot topic due to their capability to
synthesize a gain spectrum with wide bandwidth and multiple
pump sources [1-2]. Hybrid Raman/erbium-doped fiber
amplifiers are designed in order to maximize the span length
and to minimize the impairments of fiber nonlinearities [3].
Dispersion compensated Raman amplifier especially has
shown significant potential with a high signal gain and
dispersion compensation of network. In order to get better
results, the power and wavelength of pump diode with laser
power should be carefully chosen [4-5]. The pioneer research
of FRAs [6] faded out right after the invention of EDFAs over
15 years ago. However, it has recently made a successful
comeback [7-8]. The renewed interest on FRA is mainly due
to the availability of high power compact pump lasers [9] and
the superior performance of Raman amplification, such as low
noise, and suppressed nonlinearities performance in
transmission systems. Nonlinear effects within optical fiber
provide optical amplification, and this is achieved by injecting
a high power laser beam into undoped or doped optical fiber.
Raman amplification exhibits advantage of self phase
matching between the pump and signal together with a broad
gain- bandwidth or high speed response in comparison with
the other nonlinear processes [10]. The Distributed type
Raman amplifier (DRA) exploits the transmission optical
fiber as an active medium [11]. In an experimental study for
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single pump, DCF fiber based Raman/ EDFA hybrid
amplifiers, the gain, noise Fig, SBS induced penalty has been
studied and evaluated [12-13]. It is observed that DRA
improves the noise Fig and reduces the nonlinear penalty of
fiber systems, allowing for longer amplifier spans, higher bit
rates, narrow channel spacing, and operation near the zero-
dispersion wavelength [7]. In this paper, we have carried out
the simulative investigation of optical communication system
by means of Hybrid FRA/EDFA or FRA/SOA amplifiers
using different configurations on the performance metrics viz.
Q Factor, BER, received optical power, and eye-closure. This
work is organized in a well manner in which Section |
describes the introductory notes of such hybrid amplifiers.
Section Il presents a brief description of simulation setup in
conjunction with simulation results obtained followed by
Section 111, which draws the conclusion of obtained results.

2. SIMULATION SETUP & RESULT
DISCUSSION

In this work, a variety of configurations have been designed
using Optsim™ and is reported to investigate the hybrid
amplifier based 10Gbps optical system to capitalize on the
optical span. In case A, the simulative configuration for Type
I is shown in Fig 1 in which SOA acts as pre-amplifier, and
EDFA as post amplifier while in (Type Il), EDFA is taken as
pre-amplifier, and SOA acts as post amplifier. In this case, we
used a single pump of 25 dBm in counter propagating
geometry for Raman amplification with Raman constant 0.18.
The pump frequency and Raman’s reference frequency used
are 1452.38nm and 1000nm respectively. Further, the EDFA
amplifier is used to boost the power of optical signal and the
gain is fixed to 25 dB. A 1 mW CW laser of 1550 nm of 10
MHz is used for transmitting signal through DSF fiber with
attenuation of 0.2 dB/km. The dispersion of the DSF is kept at
2 ps/nm/km. The bias current used in SOA is 100mA with
physical longitudinal length of the active layer of 300um. The
physical width of the active layer is 1.5um with physical
thickness of the active layer of 0.15um. The effective
confinement factor of the active layer is taken as 0.35. In
case B, we explored two different configurations for FRA in
association with EDFA only. FRA amplifier acts as pre-
amplifier with EDFA (Type Ill) and then is taken as post
amplifier (Type IV). A CW laser of power 1 mW is used for
transmitting signal through DSF with the same parameters as
mentioned in Type | and Type Il. In case C, FRA amplifier
acts as pre-amplifier in association with SOA (Type V) and
then, is taken as post amplifier (Type VI). We used a single
pump of 25 dBm in co-propagating geometry for Raman
amplification with Raman constant 0.3. A CW laser of power
1 mW is used for transmitting signal through DSF fiber with
same parameters used in Case A.
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Fig 1: Type I configuration using Optsim™
Result & Discussions

Case A: The simulative results have been obtained and
discussed in this section for Type | and Type Il configurations
as depicted in Fig 2-5 on the performance metrics viz. eye-
closure, Q factor, BER and received output power. From Fig
2, Q Factor (Type 1) is calculated as [15.35 dB, 15.30 dB,
15.20 dB] at different optical spans of [20 km, 30 km, 40 km]
respectively. On the other hand, for Type Il configuration, the
Q-Factor is calculated high as compare to Type | up to an
optical span of 30 Km but reduces gradually and is calculated
as 10.5 after an optical span of 50 Km. The Q factor for Type
I remain almost stable i.e. showing a reduced amount of
variations in Q factor along with variations in optical span.
Further, Type | configuration exhibits the acceptable BER at
optimum decision threshold up to 50 Km of optical span while
Type Il becomes unstable as depicted in Fig 3. The optical
power received for Type | configuration is around 24 dBm,
but for Type Il, it is calculated as 10 dBm only as shown in
Fig 4. From Fig 5, the variation in eye closure is fewer up to
30 Km and then, increases with optical span for Type I, but,
for Type |, it remains almost steady. The stable Q Factor, less
BER, less eye-closure and more received optical power can be
attributed to the fact that Type | configuration is dominating
over Type Il configuration.

Length [ Km ]

Fig 2: Evaluation of Q Factor vs optical span
incorporating Type | and Type Il configurations
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Fig 3: Evaluation of Output power vs optical span
incorporating Type | and Type Il configurations
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Fig 4: Evaluation of BER vs optical span incorporating
Type | and Type Il configurations

Eye Closure

Fig 5: Evaluation of Eye Closure vs optical span
incorporating Type | and Type Il configurations



Case B: The simulative results, as depicted in Fig 6-9, have
been obtained in this case for Type Il and Type IV
configurations. From Fig 6, Q Factor (Type Ill) is calculated
as [28.40 dB, 27.89 dB, 27.50 dB] at different optical spans of
[20 km, 40 km, 60 km] respectively. On the other hand, for
Type IV configuration, the low Q-Factor is calculated as
compare to Type Il and decreases continuously to 14 after an
optical span of 50 Km. The Q factor for Type Il remains
almost stable i.e. showing a reduced amount of variations
along with variations in optical span. Further, Type Il
configuration also, exhibits the acceptable eye closure up to
50 Km while Type 1V shows high eye closure as depicted in
Fig 7. The optical power received for Type Ill configuration is
around 3.75 dBm, but for Type IV, it is calculated as 1.45
dBm at an optical span of 90 Km as shown Fig 8. From Fig 9,
eye opening decreases with optical span and is high for Type
Il with values 0.025 and 0.012 for Type Il and Type IV
respectively. Therefore, Type Il can be used for far long haul
optical communication. The more Q Factor, less eye-closure,
more eye opening and more received optical power can be
attributed to the fact that Type 11l configuration is dominating
over Type IV configuration. We can attribute to the fact that
FRA as pre amplifier (Type I11) gives best results as compared
to FRA used as post amplifier (Type V).
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Fig 6: Evaluation of Q Factor vs optical span
incorporating Type I11 and Type IV configurations
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Fig 7: Evaluation of Eye closure vs optical span
incorporating Type 111 and Type IV configurations
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Fig 8: Evaluation of Output power vs optical span
incorporating Type 111 and Type 1V configurations
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Fig 9: Evaluation of Eye opening vs optical span
incorporating Type 111 and Type IV configurations

Case C: The simulative results have been obtained in this
section for Type V and Type VI configurations as depicted in
Fig 10-13 on the performance metrics viz. eye-opening, Q
factor, BER, and received output power. From Fig 10, Q
Factor (Type V) is calculated as [17.02 dB, 18.60 dB, 20.68
dB] at different optical spans of [40 km, 50 km, 60 kml]
respectively and increases with an increase in optical span. On
the other hand, for Type VI configuration, the Q-Factor is
calculated low as compare to Type V and reduces
continuously and is calculated as 14.18 after an optical span
of 60 km. Further, Type V configuration exhibits the reduce in
BER at optimum decision threshold with the increase in
optical span up to 65 km while Type VI shows an increase in
BER at optimum decision threshold and is calculated as
4.28e-07 as depicted in Fig 11. The optical power received for
Type V configuration is around 3.20 dBm, but for Type I, it
is calculated as 0.76 dBm only upto 50 km as shown Fig 12.
From Fig 13, the variation in eye opening with an increase in
optical span for both Type V and Type VI is observed and is
calculated as 0.0056 and 0.0039 respectively after an optical
span of 30 km. The better Q Factor, less BER, more eye



opening and more received optical power are interestingly
found to be in Type V configuration.
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Fig 10: Evaluation of Q Factor vs optical span
incorporating Type V and Type VI Configuration
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Fig 11: Evaluation of BER vs optical span incorporating
Type V and Type VI configurations
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Fig 12: Evaluation of Output power vs optical span
incorporating Type V and Type VI configurations
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Fig 13: Evaluation of Eye opening vs optical span
incorporating Type V and Type VI configurations

3. CONCLUSION

From results obtained in this work, we draw some important
conclusions. In case A, Type | provide high received power,
high Q factor and low BER than Type Il configuration due to
the severe impact of SBS scattering in later configuration.
Further, in case B, it is also observed that Type IlI
configuration performs better than Type 1V by providing high
Q factor, high received output power, and large eye-opening
to implement such optical systems feasible. In case C, FRA
amplifier acts as preamplifier in association with SOA (Type
V) performs better than Type VI configuration employing
FRA as post amplifier in association with SOA. Out of all
possible configurations discussed in this work, Type IlI
performs better and is recommended to use in long-haul
optical communication systems.
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