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ABSTRACT: In this paper, single and hybrid amplifier configurations are implemented with FRA and EDFA
amplifiers for 160 channel DWDM systems at 10 Gbps & 25 GHz frequency spacing for L-band. These
configurations are transmitted and measured over different distances for 50, 100, 150, 200 and 250 km. The
performance of single and hybrid optical amplifiers evaluated in terms of output power, BER, eye height and Q
factor. Among these setups EDFA-EDFA performed better than other optical amplifiers at 150 km distance. It
provides output power (36.55 to -3.45 dBm), least BER (-38.96 to 0), large Q factor (12.71 to 0) and good eye
diagram for different transmission distance ranging from 50 to 250 km. These are all setups are arranged
without using any gain-flattening technique and receiver filters.
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I Introduction

There has been a strong demand in high capacity signal transmission systems and networks in recent.
To increase data transmission capacities, several methods are proposed by adding more channels in the
wavelength division multiplexing (WDM) system, so that spectral efficiency needs to be upgraded. To
overcome these problems, the DWDM systems have been demonstrated using several types of wideband optical
amplifiers [1]. The high speed transmission over the global telecommunication network without repeaters will
continue to grow at an exponential rate and only optical fiber amplifiers will be able to meet the challenge [2].
For long-haul optical transmission systems broadband hybrid amplifiers with multi-pump Raman amplification
and EDFA have been a demanding technique. There are two main reasons of using Raman amplifier first is the
ability to provide gain at broad wavelength and second is to broaden the amplification bandwidth by adding
more pump wavelength [3]. Laser diode pumped erbium fiber amplifiers (EDFAS) will play a key role as power
boosters, optical repeaters and preamplifiers in long distance optical fiber communications systems [4]. So, this
work will target to performance comparison of single and hybrid optical amplifiers for higher transmission
distance with improved power and BER for DWDM communication systems. In literature review, various
techniques using number of different amplifiers with single or multiple pumping have been proposed to increase
the transmission distance over the bandwidth region. Hari et al. [2] investigated the different optical amplifiers
for less number of channels with large channel spacing using eye pattern, BER and Q factor and get optimized
transmission distance to transmit the signal. Delavaux et al. [4] designed two HEDFA setups as power booster
modules for repeater less data transmission for less bit rate. Lee et al. [5] compared the performance of three
single pumps, Raman/EDFA hybrid amplifier recycling residual Raman pump in a cascaded EDF section
located after and prior to DCF and Raman assisted EDFA with respect to gain, noise figure and BER. Martini et
al. [3] presented different hybrid amplifier configurations with two and three pumps to receive a flat global gain
for a large bandwidth region. Cheng et al. [6] demonstrated a bismuth-based erbium-doped fiber amplifier (Bi-
EDFA) that operates in both the C- and L-band regions with an intermediate broadband fiber Bragg grating
sensor to improve flat gain characteristics and to reduce the noise figure. Masuda et al. [7] proposed a wide band
and gain flattened discrete hybrid optical amplifier for long-distance wavelength-division-multiplexed (WDM)
optical communication systems. Simranjit singh et al. [8] presented a HOA model using two stages DRA-EDFA
dense wavelength division multiplexing system to minimize the gain variation without using any gain flattening
technique. Optical communication is an efficient medium for transmission in long haul applications, but there
are some drawbacks regarding optical fibers and components which degrade the efficiency of the fiber optic
communication system. So, all the above researchers use different setups with variable parameters to provide
large transmission distance, high flat gain, less noise figure, less system cost and large gain bandwidth for
multiple channels. But some of them used large channel spacing, less number of channels, costly components in
their systems. To remove these problems we have investigated the various single and HOAs for DWDM system
at reduced channel spacing and high bit rate with different transmission distances. In this paper we have
investigated different models of single and hybrid amplifiers (RAMAN, EDFA) to achieve better output power,
high Q factor, low BER with improved transmission distance without using any gain equalizers. After the
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introduction, simulation setup and parameters of Raman-EDFA is described in Section 11. Section Il covers the
results of the experimental setup and conclusion gives in Section V.

1. Simulation Setup

We used 160 channel transmitter and receiver model at 10 Gbps data rate with channel spacing of 25
GHz. A transmitter compound component is built up using sixteen transmitters and multiplex ten transmitter
compounds for one hundred sixty transmitters. This transmitter compound component consists of the PRBS data
source, NRZ electrical driver, CW laser source and external Mach-Zehnder modulator in each transmitter
section. The electrical driver converts the logical input signal into an electrical signal. The CW laser sources
generate the 160 laser beams at 187-190.975 THz with 25 GHz channel spacing [8].

The simulations setup of EDFA, RAMAN and Hybrid Optical amplifiers using compound component
at different transmission distance are shown in Fig. 1.

160 Channel Transmitters at 1-mW input power
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Fig. 1. Block Diagram Showing Simulation Setup for Proposed Scheme

The output optical signal of the modulator is fed to the channel. This optical signal is transmitted and
measured over different distance for 50, 100, 150, 200 and 250 km with nonlinearities individually. We used
Dispersion fiber grating device to compensate dispersion. Then apply combination of EDFA and RAMAN as a
Preamplifier to the channel. Dual port WDM analyzer, BER analyzer and Optical spectrum analyzer are used for
measuring the signal power and spectrum at different levels. A compound receiver WDM Demux is used to
detect all 160 signals and converts these into electrical form by using PIN photodiode. The setup is repeated for
measuring the signal strength by using different amplifiers i.e. EDFA, RAMAN, EDFA-EDFA, EDFA-
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RAMAN, RAMAN-EDFA and RAMAN-RAMAN. Different results like gain, output power, eye height, Q-
factor and BER show that EDFA-EDFA is the most suitable amplifier in the all proposed amplifiers.

Different components have different operational parameters. The SMF optical fiber is used to transmit
the optical signal. Its various parameters are shown in Table I.

TABLE1
PARAMETERS FOR SMF OPTICAL FIBER

Parameters SMF
Reference wavelength 1550 nm
SMF length 100 km
Attenuation 0.2 dB/km
Dispersion 16 ps/nm/km
PMD coefficient 0.1 ps/km®?
Nonlinear refractive index (n2) 2.5e-"° m?/w

The fixed gain EDFA is used to amplify the optical signal. Its various parameters are shown in Table II.

TABLE2
PARAMETERS FOR EDFA
Operation mode Gain control
Gain shape Flat
Fixed small signal gain 25dB
Noise figure 4dB

The Fiber RAMAN amplifier is also used to enhance the output power. Its various parameters are
shown in Table IlI.

TABLE3
PARAMETERS OF RAMAN FIBER AMPLIFIER
RAMAN fiber length 22 km
Attenuation 0.2 dB/km
Temperature 300 K
Pump frequency 207 THz, 201THz
Pump power 650 mW, 250 mW

At the receiver side the PIN photo detector is used with a responsivity of 0.875 A/W and dark current of 0.1 nA.

M. Results

The Performance of different single and hybrid amplifiers EDFA, RAMAN, EDFA-EDFA, RAMAN-
EDFA, RAMAN-RAMAN and EDFA-RAMAN are evaluated and compared for 160 x 10Gbps DWDM system
in the term of received output power, Q Factor, eye height and minimum BER with nonlinearities at different
transmission distance. The distance varied from 50 to 250 km in steps of 50 km. To analyze the system, the
results of the first channel have been taken.

The Fig.2 shows the graphical representation of output power as a function of length in the presence of
nonlinearities. The output power is decreased due to the fiber nonlinearities and fiber attenuation. The better
output power is provided by the EDFA-EDFA and RAMAN-EDFA amplifier for all over distance range. At 50
km output power by EDFA-EDFA and RAMAN-EDFA are 36.55 dBm and 28.14 dBm and also for the 250 Km
it becomes -3.45 dBm and -9.14 dBm respectively, But for other configurations power decreases linearly with
length of the fiber.
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Fig. 2. Diagram Showing Output Power at Different Fiber Length

The variation in output power is 11.55 to -28.45 for EDFA, 3.14 to -34.14 dBm for RAMAN, 36.55 to
-3.45 dBm for EDFA-EDFA, 16.92 to -11.15 dBm for EDFA-RAMAN, 28.14 to -9.14 dBm for RAMAN-
EDFA, 6.29 to -16.56 dBm for RAMAN-RAMAN received by the proposed scheme.

The Fig.3 shows the graphical representation of log of BER as a function of distance in the presence of
nonlinearities. At 150 km the better BER is provided by the EDFA-RAMAN and EDFA-EDFA amplifier -25.34
and -20.90 respectively and for the 250 Km it becomes zero. Other single and hybrid amplifiers also provides
the acceptable BER but there is very much variation in BER.
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Fig. 3. Diagram Showing log of BER at Different Fiber Length

The variation in log of BER for other is -40.14 to zero for EDFA, -38.82 to zero for RAMAN, -38.51 to
zero for RAMAN-EDFA, -37.67 to zero for RAMAN-RAMAN.

The Fig.4 shows the graphical representation of Eye height as a function of distance in the presence of
nonlinearities. The maximum eye height is provided by the EDFA-EDFA amplifier for all distance range.
RAMAN-EDFA hybrid amplifier also provides better result for the eye height. It is also observed that at 150 km
only EDFA-EDFA has maximum value (5.51*10%).
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Fig. 4. Diagram Showing Eye Height at Different Fiber Length
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The variation in eye height for other at 150 km is (1.31952*10™) for EDFA, (3.42*107°) for RAMAN, (1.17*10"
%) for EDFA-RAMAN, (1.26*107%) for RAMAN-EDFA, (1.79*10°%) for RAMAN-RAMAN.

The Fig.5 shows the graphical representation of Q-factor vs. Length for 160 channels in the presence of
nonlinearities. The Q factor for EDFA-RAMAN amplifier at 100 km is highest as compare to other which is
11.85 and at 150 km 9.38 for EDFA-EDFA respectively.
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Fig. 5. Diagram Showing Q Factor at Different Fiber Length

The Q-factor for all the configurations is 12.86 to 0 for EDFA, 12.69 to 0 for RAMAN, 12.71 to 4.97
for EDFA-EDFA, 12.60 to 3.99 for EDFA-RAMAN, 12.50 to 2.75 for RAMAN-EDFA,12.69 to 2.79 for
RAMAN-RAMAN for 50 to 200 km range.

V. Conclusion

The single and hybrid optical amplifiers for 160 x 10 Gbps at 25 GHz frequency spacing design models
were successfully designed and implemented into Optisystem.v7.0. The main motivation of this work is to
optimize the optical amplifiers for different transmission distance and study the nonlinearities effect. The
performance of single and hybrid optical amplifiers was evaluated using the output power, BER, eye height and
Q factor. The simulation results show that EDFA-EDFA performed better than other optical amplifiers at 150
km distance.

By the proposed scheme EDFA-EDFA provide high power (36.55 to -3.45 dBm), least BER (-38.96 to
0), large Q factor (12.71 to 0) and good eye diagram for different transmission distance ranging from 50 to 250
km. But it is useful up to 150 km above 150 km distance; there is more distortion in the received signal. The
output power, Q factor and eye height are decreasing above this. Also, there is an increment in BER after 150
km. So, this proposed model for EDFA-EDFA is best suited for 150 km distance.
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