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Abstract
An efficient optical link which provides flat gain over C-band has been designed using a
raman fibre amplifier and an Erbium doped fibre amplifier (EDFA) in a hybrid configuration
for dense wave division multiplexing system (DWDM). With an input power of 3 mW, gain of
> 40 dB is obtained across the range of 1530 nm to 1565 nm with a gain variation of <1.2

dB without using any gain flattening techniques.
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INTRODUCTION

Considerable efforts have been devoted to
the realization of gain-flattened amplifiers
over a wide spectral range of optical
communication systems. It is of prime
importance to flatten the gain spectrum of
optical amplifiers for various applications
like dense wavelength division
multiplexing (DWDM) and all- optical
self-routed wavelength addressable
networks. Several approaches have been
proposed for achieving a flat gain such as
changing to new fibre materials [1]-[4]
and gain equalizers [5], [6]. Macro and
micro bending techniques have also been
explored to get flat gain spectrum [8],
[9], but all these components and
techniques are expensive and sensitive to
temperature and strain.

In this paper, we propose a gain-flattened
amplifier, which uses a cascaded
configuration of EDFA with Raman
amplifier. This configuration allowed us to
demonstrate a 40 dB flat-gain at input
signal power of 3 mW and a gain incursion
of aboutl.l dB in the 1530-1565 nm
wavelength region.

PROPOSED SETUP

The Hybrid Optical Amplifier (HOA)
configuration  consisting of Raman
Amplifier and Erbium Doped
FibreAmplifier is shown in Fig.l. The
experimental setup consists of 175
DWDM channels with spacing of 0.1 nm
covering the Conventional C-band (1530-
1565 nm). The information is generated
by 175 optical transmitter modules as
shown in the block diagram, which
consists of a Pseudo random binary
sequence pattern generator (PRBS),
continuous  wave laser (CW laser),
electrical signal generator and an external
modulator. The PRBS pattern generator
provides us with a maximal length pseudo-
random binary sequence, with data rate set
to 10 Gbps and then converted to optical
medium by using electrical signal
generator, continuous wave lasers and an
external modulator. The electrical signal
generator provides a square wave electrical
signal based on the input signal and the
maximum and minimum values specified
by the user, the CW laser is used in the
lambda grid mode providing an input
power of 3 mW while the external
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modulator provides Mach-Zhender optical receiver which consists of a photo-

modulation to the signal. The signal is then
given to an optical multiplexer whose
parameters are described in Table I. A Bi-
directional fibre (BDF) was used as a
Raman amplifier’s gain-medium cascaded
with Erbium Doped Fiber Amplifier. The
parameters are mentioned in Table Il. At
the receiver side we use a compound

L[

Raman

detector, preamplifier, and a post
amplifier.  The photo- detector model
converts an optical input signal to an
electrical current. This photocurrent is then
passed to the preamplifier model which
converts it to a voltage. Finally, the post-
amplifier model contains a set of baseband
filters that shape the output waveforms.
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Fig. 1: Proposed block diagram of Hybrid Optical Amplifier.

Tablel: properties of optical multiplexer

Number of ports Filter type

Filter bandwidth(meters)

Filter spacing (meters)

175 Trapezoidal

0.1x10°

0.1x10°

Table 2: Properties of Raman Amplifier and EDFA

Length Pumping power Pumping wavelength Pumping scheme

Raman Amplifier 50 meters 500 mW Pumpl: 1480 nm Counter pumping
Pump2: 1454 nm

EDFA 20 meters 800 mwW Pump3:980 nm Counter pumping
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RESULT AND DISCUSSION

Fig. 2 shows the Gain spectra for different
pump powers ranging from 100 mW to
1000 mW for the two different EDFA
pump wavelengths, 980 nm and 1480 nm.
It is observed that with the increase in
pump power the gain gradually increases,
also the gain provided due to the 980 nm
wavelength is significantly higher than the
gain provided by 1480 nm wavelength
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because the 980 nm wavelength provides a
higher inversion than 1480 nm, i.e. there is
incomplete inversion for 1480 nm due to
the non-zero emission cross section, which
drains population out of the upper state.
Also, 980 nm provides greater separation
between the laser wavelength and pump
wavelength and due to this reason it
introduces less noise.
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Fig. 2: Gain spectra of HOA for different pump powers at 980 nm and 1480 nm pumping
wavelengths of EDFA

Fig.3 shows the gain spectra with changing
EDFA length from 5 m to 50 m. It is
observed that the gain peaks at between 12
to 15 meters and then gradually decreases.
This is due to the fact that after a certain
length of the EDF the pump power doesn’t
have sufficient energy to stimulate
population inversion hence the part of the
fibre, where the pump power loses its
effect, the signal is absorbed by the fibre
and results in decreasing gain.

Fig.4 shows the gain spectra for different
wavelengths for different EDF lengths. If
fiber is too short, there are not sufficient
erbium irons to absorb all the pump
photons, and if fiber length is too long, the
end section of the fiber is under pumped,
so pump to signal conversion efficiency is
reduced after certain increment of the fiber
length. It is observed that gain spectra
shows an increase from 10 m to 20 m but
starts to decrease
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Fig. 3: Gain spectra of HOA for different lengths of EDFA.
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Fig. 4: Gain spectra of HOA for effect of different EDFA lengths at different wavelengths

as the length further  increases and
becomes the least at 50 m. The reason is
the same as that mentioned for Fig.3 and
the point to be noted is that based on the
pump power an optimum length of the
EDF needs to be decided.

Fig.5 describes the gain spectra for
different wavelengths for different EDFA
pump powers. It is observed that with the
increasing pump powers the gain
increases. This happens because there are
a limited number of erbium dopant ions

hence until and unless there are dopants
remaining in the ground state higher the
pump power greater will be the number of
ions that will get excited to higher state.
Though this will not be the case when
there are no dopants remaining in the
ground state and increasing pump power
will have no effect. Fig.6 shows the Gain
spectra of HOA for different wave- lengths
and it is observed that a flat gain across the
C-band (1530 nm-1565 nm) with gain >
40 dB with variation of < 1.2 dB is
observed.
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Fig. 5: Gain spectra of HOA for effect of different EDFA pump powers at different

wavelengths
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Fig. 6: Gain spectra of HOA for different wavelength.

Fig.7 shows the output optical power for
different wave- lengths from 1530 nm to
1565 nm.Fig.8 shows the Noise Figure
spectra of HOA for different wavelengths
and it is observed that the noise figure
across the C-band (1530 nm-1565 nm)
keeps decreasing with increase in
wavelength. Comparisons of proposed

15—t

work with previously published papers of
getting flat gain on conventional band (C-
band) using different techniques shown in
Table Ill. The flat gains provided by other
techniques give flat gain below 30 dB in
almost all the cases while flat gain
provided by the proposed link gives
average of 40 dB gain for entire C-band.
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Fig. 7: output optical spectrum of the DWDM system
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Fig. 8: Effect of increment of wavelength on noise figure of the system.

CONCLUSION

In this paper, a hybrid optical amplifier is
proposed using a raman amplifier and
EDFA with input power of 3mW which

<1.2 dB over the entire C-band, i.e. from
1530 nm to 1565 nm. The proposed link
provides the highest gain value ever
reported over C-band, which gives cost

provides a gain > 40 dB with variation effective solution in design of optical link.
Table 3: Brief comparison of proposed work with early reported work.
. Range of wavelength Average
Reference Technique with flat gain Gain
[1] Zr based erbium doped 1530 nm 28 dB
Fibre and Semiconductor Optical Amplifier to 1560 nm
Combining two differently 1530 nm
2] doped fibres to 1560 nm 18dB
Fluoride-based erbium- 1532 nm
(3] doped Fibre amplifier to 1560 nm 26 dB
4] Bismuth-based erbium-doped 1530 nm 10 dB-
Fibre amplifier to 1620 nm 13 dB
Using all-fibre acousto-optic 1530 nm
[5] tuneable filters to 1565 nm p2.5dB
Using long-period 1530 nm
(6] grating filter to 1570 nm 2 dB
7] Double-pass configuration With 1528 nm o5 dB
an IsoGain erbium-doped fibre (EDF) to 1568 nm
Temperature insensitive broad
[8] and flat gain C-band t105§(5J€?5mnm 25 dB
EDFA based on macro-bending
Using microbending long-period 1525 nm
9] fibre gratings to 1558 nm 302 dB
Erbium doped fibre amplifier 1530 nm
[10] \With flexible selective band to 1565 nm 19dB
Proposed . . - 1530 nm
work Hybrid Optical amplifier t0 1565 nm 40 dB
6 | Page 1-7 © MAT Journals 2018. All Rights Reserved



MAT Journal of Switching Hub
, Volume 3 Issue 2
JOURNALS

REFERENCES 6. P. F. Wysocki, J. B. Judkins, R. P.

1. N. A.D. Huri, A. Hamzah, H. Arof, H. Espindola, M. Andrejco, and A. M.
Ahmad, and S. W. Harun. Hybrid Flat Vengsarkar. Broad-Band Erbium-
Gain C Band Optical Amplifier with Doped Fibre Amplifier Flattened
Zr Based Erbium Doped Fibre and Beyond 40 nm Using Long-Period
Semiconductor  Optical ~ Amplifier, Grating Filter,IEEE Photonics
Laser Physics, vol. 21, no. 1, pp. 202— Technol. Lett., vol. 9, no. 10, Oct.
204, 2011. Available at 1997. Available at
https://link.springer.com/article/10.113 http://ieeexplore.ieee.org/iel3/68/1355
4/S1054660X11010099. 9/00623257.pdf

2. B. A. Hamida, S. M. Azooz, A. A. 7. S. W. Harun, F. Abd Rahman, K.
Jasim, T. Eltaif, H. Ahmad, S. Khan,S. Dimyati, and H. Ahmad. An Efficient
W. Harun. Flat Gain Wide-Band Gain Flattened C Band Erbium Doped
Erbium Doped Fibre Amplifier By Fibre Amplifier, Laser Phys. Lett., 3,
Combining Two Difference Doped No. 11, pp. 536-538, July 2006.
Fibres, J. Eur. Opt. Soc. Rapid, 10, Available at
15015, 2015. Available at http://iopscience.iop.org/article/10.100
http://www.jeos.org/index.php/jeos_rp/ 2/1apl.200610048.
article/view/15015 8. P. Hajireza, S. D. Emami, S.

3. M. Yamada, T. Kanamori, Y. Abbasizargaleh, S. W. Harun, D.
Terunuma, I. G. Oikawa, M. Shimizu, Kumar and H. A. Abdul-Rashid.
S. Sudo,and K. Sagawa. Fluoride Temperature Insensitive Broad and
Based Erbium Doped Fibre Amplifier Flat Gain C Band EDFA Based On
with Inherently Flat Gain Spectrum, Macro-Bending,Progress In
IEEE Photonics Technol. Lett., vol. 8, Electromagnetics Research C, vol.15,
no. 7, Jul. 1996. Awvailable at pp.37-48,2010.Available at
https://ieeexplore.ieee.org/document/5 http://www.jpier.org/PIERC/pier.php?
02258/ paper=10061607.

4. X.S. Cheng, R. Parvizi, H. Ahmad, S. 9. I. B. Sohn, J. W. Song, “Gain
W. Harun. Wide Band Bismuth Based Flattened and Improved Double-Pass
Erbium Doped Fibre Amplifier With a Two Stage EDFA using Microbending
Flat Gain Characteristic,IEEE Long-Period Fibre Gratings,” Elsevier
Photonics Journal, vol. 1, no. 5, Nov. B. V., March 2004. Available at
2009.Available at https://www.sciencedirect.com/science
https://ieeexplore.ieee.org/document/5 /article/abs/pii/S003040180400327X
345732/ 10. N. Md. Yusoff, M. H. Abu Bakar, S. J.

5. H. S. Kim, S. H. Yun, H. K. Kim, N.
Park, and B. Y. Kim. Actively Gain
Flattened  Erbium  Doped Fibre
Amplifier Over 35 nm by using All
Fibre Acousto Optic Tunable Filters,
IEEE Photonics Technol. Lett., vol. 10,
no. 6, Jun. 1998. Available at
https://ieeexplore.ieee.org/document/6
81485/

Sheih, F. R. Mahamd Adikan, and M.
A. Mahdi, “Gain Flattened Erbium
Doped Fibre Amplifier with Flexible
Selective Band for Optical Networks,”
Laser Physics, vol. 20, No. 8, pp.
1747-1751, 2010.Available at
https://link.springer.com/article/10.113
4/S1054660X10150144.

7 | Page 1-7 © MAT Journals 2018. All Rights Reserved


https://link.springer.com/article/10.1134/S1054660X11010099
https://link.springer.com/article/10.1134/S1054660X11010099

