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The gain flatness of Erbium-Doped Fiber Amplifier (EDFA) is a key device for Wavelength Division
Multiplexing (WDM) application in modern optical network systems. The purpose of this paper is
to correct the gain non-uniformity for each channel in order to equalize the amplitude gain in a
Wavelength Division Multiplexing (WDM) system. The system is simulated using Optisystem
software to achieve gain flatness of EDFA through optimized fiber length and pump power. The
gains are flattened within 27 dB from 1546 nm to 1568 nm band of wavelength with Noise Figure
(NF) <14 dB and Bit Error Rate (BER) 10-21 for 32-channels simultaneous amplification in a
single stage EDFA. AWDM system which includes an EDFA is modeled and obtained maximum

uniformed gains.
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INTRODUCTION

EDFAis an optical amplifier that uses a doped
optical fiber as a gain medium to amplify an
optical signal. The signal which is to be
amplified and a pump laser are multiplexed
into the doped fiber, and the signal is amplified
through interaction with the doping ions. EDFA
is the best known and most frequently used
optical amplifier suited to low loss optical
window of silica based fiber. A particular
attraction of EDFAs is their large gain

bandwidth, which is typically tens of
nanometers and thus actually it is more than
enough to amplify data channels with the
highest data rates without introducing any
effects of gain narrowing. A single EDFA may
be used for simultaneously amplifying many
data channels at different wavelengths within
the gain region. Before such fiber amplifiers
were available, there was no practical method
for amplifying all channels between long fiber
spans of a fiber-optic link. One had to split all
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data channels, detect and amplify them
electronically, optically resubmit and again
combine them. The introduction of fiber
amplifiers thus brought an enormous reduction
in the complexity, along with a corresponding
increase in reliability. In WDM systems by
multiplexing, a stream of wavelength channels
particularly in C and L-band regimes can
simultaneously amplify to a desired power
level where the amplification of any particular
channel is dependent on the signal
wavelength, the number of signals present in
the system, the input signal powers and its
absorption and emission cross-sections
(Yoshida et al., 1995). The gain-flattened
Erbium-Doped Fiber Amplifier (EDFA) is a key
componentin long haul.

Multichannel light wave transmission
systems such as the Wavelength Division
Multiplexing (WDM) (Park et al., 1996). One
difficulty in implementing a WDM system
including EDFA’s is that the EDFA gain
spectrum is wavelength dependent. Ina WDM
system, the EDFA does not necessary amplify

the wavelength of the channels equally. EDFA
in a WDM system are often required to have
equalized gain spectra in order to achieve
uniform output powers and similar Signal-
Noise Ratios (SNR) (Sun et al., 1999). There
are several methods in designing a flat
spectral gain EDFA such as by controlling the
doped fiber length and the pump power (Park
et al., 1996; and Surinder and Kaler, 2006),
proper choosing of optical notch filter’s
characteristic (Tachibana et al., 1991), by
using an acousto-optic tunable filter (Su et al.,
1993) and by employing an in homogeneously
broadened gain medium (Goldstein et al.,
1995). This paper achieves gain flatness of
EDFADby controlling the doped fiber length and
the pump power for a given input power of
—26 dBm and a desired output power of more
than 8 dBm.

METHODS USED FOR
PERFORMANCE ANALYSIS

The software Optisystem is used to design the
EDFA in the WDM system. The system

Figure 1: Schematic Design of EDFA in WDM System
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consists of 32 input signals (channels), an ideal
multiplexer, two isolators, a pump laser, erbium
doped fiber, demultiplexer, photo detector PIN,
low pass Bessel filter and 3R regenerator as
shown in Figure 1. The input of the system is
32 equalized wavelength multiplexed signals
in the wavelength region of 25 nm (1546 nm-
1570 nm) with 0.8 nm channels spacing. The
power of each channel is —25 dBm. The
pumping at 980nm is used to excite the doped
atoms to a higher energy level.

An input optical isolator prevents Amplified
Spontaneous Emission (ASE) and signals
from propagating in backward direction.
Otherwise, reflected ASE would reduce the
population inversion, hence reducing the gain
and increasing the noise figure. The output
isolator prevents light from output reflections
reentering in the EDFA. The desired gain is
23 dB and output power of more than 8 dBm
with a gain flatness of less than 0.5 dB. The
fiber length and pump power are selected as
parameters to be optimized to achieve the
desired gain under output power and gain
flatness constraints.

RESULTS AND DISCUSSION

The pump power is 50 mW while the fiber
length is bound between 5 and 9 m. The Gain
and Noise Figure are measured by varying
fiber length at a constant input power of
—25 dBm as shown in Figure 2. The Gain and
Noise Figure changes as the fiber length
changes. For a given pump power, Gain and
Noise Figure increases in initial stage and
tends to decrease after the fiber length was
optimized. It is observed that the optimum
value of fiber length is between 4 mto 6 m due
to the minimum losses.

Figure 2: Gain and NF Along the Fiber
Length
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For different wavelength at a constantinput
power the optical gain and Noise Figure (NF)
for multi channels amplification were
measured for 50 mw pump powers. The fiber
length was set at 5 m as the reference since
the optimum fiber length is between 5to 9 m.
The gain flatness is a maximum difference
among individual channels gains when the
input power signals are equal. The variation
of gain and noise figure for different EDFA
length is shown for a 32-channel transmitter.
Here we can observe that for smaller
wavelength the gain is low and itincreases with
the higher wavelength and again falls down.

Figure 3 shows for a 32-channel transmitter
the variation of gain and noise figure is shown.
For forward and backward pumping gain is
almost same and for bi-directional pumping
the gain is high. Noise Figure for Counter
pumping is high than the other pumping
techniques. Noise figure for bidirectional
pumping and co-pumping is same.

Figure 4 shows for the variation of gain and
noise figure for different pumping wavelength
is shown. Here backward pumping is used for
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Figure 3: Gain and NF for Different Pump
Techniques
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32-channel WDM network. The input power per
channel is —25 dBm. EDFA length is 5 m,
pumping power is 100 m Watt. The wavelength
range is 1546 nm to 1570 nm with 0.8 nm
wavelength spacing. It was observed that gain
for 1480 nm is higher than 980nm and noise
figure at 1480 nmiis less than 980 nm pumping
wavelength.

Figure 4: Gain and Noise Figure at
Different Pumping Wavelength
Variation of gain and noise figure for 32-
35 '
5;0 Backward pumping
g5
20
rAl
2
25 #Backward
umping@1480nm
EO pumping@
[= "
35 %‘\\\\\\n\\\m:m{\}&{:\{(\)‘{:{ﬁg
0
1545 1555 1565 1575
Wavelength(nm)

Figure 5 shows the results viewed from a
visualize in the OptiSystem software. It
displayed a clear view of the power for different
wavelength1546 to 1570 nm. When the power
(dBm) versus the wavelength (m). It is the
32-channel multiplexer output which power
-25dBm.

Figure 5: 32 x 1 Multiplexer Output Power

Signal Index; |0 x|

Auto Set

Wavelength

Units: {m v

¥ Automatic range

]

Optical Spectrum Analyzer
Dbl Click On Obijects to open properties. Move Objects with Mouse Drag

| Sampled

-40

Center[155054e-006 1y

lNl Noise | Parameterized
60

Power (dBm)

Ampltude

Units: |dBm v

IV Automatic range

Max: |-25.2451 dBm
Min; |-103.56 dBm
[™ Resolution Bandwidth

Res: |0.01 nm

I Irwet Calors

-8D

o
24

154y 185§ 16p 157§ 159y
(m)

Power / PowerX_}, PowerY [

Figure 6 represents the EDFA amplify
the 32-channel which is maximum value

Figure 6: EDFA Output

=]
T |

Auto Set

Wavelength

Urits: |m v

¥ Automatic range

[E

Optical Spectrum Analyzer_1 Signalindec |1

Dbl Click On Objects to open properties. Move Objects with Mouse Drag

| Sampled

Center|15529 006

Stat: [1488182008 1y

Stop: [161961e006 @

-2p

-40

Amplitude

[Nl Moise | Parameterized

Units: |dBm >
¥ Automatic range

Max, |3 38204 &Bm
Min: |-104.923 &Bm

[~ Resolution Bandwidth

Powar (dBm)

B0

-80

= Res:

0o

0.01 nm

149 152 1550
Wavelength (m)

Power A Power X }\ Power Y /

1560 151

[™ Invert Colors

16



Int. J. Elec&Electr.Eng&Telecoms. 2013

Usman J Sindhi et al., 2013

—3.38 dBm. For each pump power, the output
power increases and decreases after reaching
a maximum value. As the fiber length
increases, Er3+ ions available to excite
increases and output power increases. After
a certain length, when all pump power is
exhausted, the unexcited Er3+ions results in
the decreased of output power.

The performance of the system was
analyzed using BER analyzer as shown in
Figure 7. The eye pattern for channel 1 gives
a big opening which means that the
intersymbol interference (I1Sl) is low. The width
of the opening indicates the time over which
sampling for detection is performed. The
optimum sampling time corresponding to the
maximum eye opening, yielding the greatest
protection against noise.

Figure 7: Eye Pattern (Channel 1)
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The bit error rate (BER) was measured to
be at an average of 3.617e-21 and Q-factor
is 9.36 for channel 1. In Figure 8, the bit error
rate (BER) was measured to be at an average
of 1.567e-42 and Q-factor 13.0642 for
channel 16.

Figure 8: Eye Pattern (Channel 16)

§ 0 ‘
r’ﬂ BER Analyzer_1 Signal lnﬂen‘ A ‘
} Dbl Click On Objects to open properties. Move Objects with Mouse Drag Auto Sat ‘
i Time (bit period)
- i 03 | ¥ Show Eve Diagrerm

Analysis |

13,6042
1576320042

Max, G Factor
Min. BER

Eye Height
Threshold
Dacision Inst,

0.000428517 |
0.000180218 ‘
047265 |

I Inveit Colors
¥ Color Grade
I

Patterns I

Pattern 1 |
Pattern 2 |
Pattern 3 |
Pattern 4 |
Pattern b |

0 0 1
Time (bit period]
Q Factor /; MinBER A Threshold A Height A BER Paltern

CONCLUSION

The population inversion can be controlled by
proper choosing of fiber length and injected
pump power to EDFA. The optimum fiber
length is 5 m whereas the optimum pump
power is 23 mW. The system for 32-channel
amplification was designed with 27 dB
intrinsically gain flatness from 1546 nm to 1570
nm bandwidth. The output power of 8.408 dBm
and an average noise figure of 6 dB were
obtained from the simulation. This WDM
system has a good performance of BER which
is in the range of 102! to 102 and Q-factor
which in the range of 9t0 13.%
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