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Abstract

Transmission of data through the communication networks is possible by using different
methods of modulation and encoding. The aim of using these techniques is to efficiently use
bandwidth and transmission of digital data by using carrier waves. There is no exception
for optical communication systems in which we transmit optical pulses via the light waves.
Yet, propagation of the light wave through the optical fibers would incur power loss due to
different attenuation mechanisms. Such a situation will cause errors in detection of signals
at the receiver end. So, to circumvent this problem, use of optical amplifiers is required.
Erbium-doped fiber amplifier (EDFA) and Raman amplifier (RA) are the most popular ones,
which are used widely in the optical communications systems. In this study, by simulating
a DWDM optical link with a bit rate of 80 Gb/s and a link span of 80 km, the effects
of EDFA and RA on NRZ and RZ encoding techniques for modulation are investigated
by using Optisystem software solver and the received optical signals are analyzed by the
corresponding eye-diagrams and Q-factors.
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Introduction

The demand for optical networks with a high bit rate at a long
transmission distance is growing at yearly basis.!? The signal
transmission in optical networks experiences propagation attenuations
along a long span of optical fiber links, which in units of dB/km is
defined by o =-(10/LD)log(F,/F,) 'where P, is the input power to the
fiber and P, denotes the output power at the fiber end.’ To compensate
this loss of signal power, Erbium-doped fiber amplifier (EDFA) and
Raman amplifiers are usually used along the transmission link.?

In an optical link, optical amplifiers are usually employed in
different arrangements. For instance, a booster amplifier is utilized
in the optical transmitter in order to amplify the optical signal before
launching into optical fiber.* The purpose of this amplifier is to
compensate the losses incurred in optical devices such as modulator
and multiplexer, etc. In addition, the optical signal loses energy
while propagating through optical fiber. To compensate this loss, in-
line optical amplifier is used. At the final stage of transmission, for
enhancing the detection sensitivity of the photodetector at the receiver
end, a preamplifier is employed.

The operating principle of EDFA is based on the excitation of
Erbium ions in the active region by the signal propagating at operating
wavelength in the region of 1550nm. The excited ions while on
return to ground state would emit photons in the wavelength range

of 1520nm to 1570nm that is accompanied with additional noise.’
On continuation of ion excitations, more photons will emit and the
attenuated signal will be amplified, accordingly.®’

When an optical pulse is launched into a silica fiber along with a
continuous wave (CW) pumping beam, its frequency is up-shifted by
so-called Raman shift for which the Raman gain becomes maximum.
Than the optical pulse is amplified with an effective local gain
coefficient.*® Since implementation of Raman amplifier needs no
separate optical fiber, one can use some portion of transmission fiber
for amplification purposes.’

Due to use of the operating wavelength in 1550nm window of
optical communication systems and widely utilization of the EDFA
and Raman amplifier in this wavelength region,®® in this paper,
the effects of the EDFA and RA on dense wavelength division
multiplexing (DWDM) optical network with a bit rate of 80Gb/s
and 80km transmission distance are analyzed using Optisystem
solver. To add that Optisystem is a software solver with a capability
of simulating optical networks using optical components in order to
analyze the quality of communication medium before any possible
network implementation.'

Description of the eye-diagram parameters

For the analysis of the simulations results, we have used the eye-
diagram of received signals by the receiver. First, we consider the
eye-diagram of an NRZ received signal as shown in Figure 1."" On
the eye-diagram, different sections are marked for the analysis such
as Jitter, Width of Logical ‘1°, Low-Level, High-Level, Signal-To-
Noise (SNR), Rise-Time, Fall-Time, Eye-Height, Eye-Width, and
Amplitude of a Signal, Eye-Crossing, and Bit Period:"?
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XI. Eye-Crossing: That is the point where eye-diagrams of

g= e consecutive signals cross. The ideal eye-crossing is when the
P E’ ® ké—i crossing happens in 50% of each eye-diagram. This parameter
E- % iE indicates the duty cycle of distortion or the symmetry of received
5.5NR| | 8. EyeHeight signals. Deviation from the 50% point will cause the eye to be
s g £ closed and also the degradation of the quality of the received
3 % signal.
& ¢
2. S Erewidm *elz |2 XII. Bit Period: That is the inverse of the data rate and can be found
g ™| 1.ister ' ° from the measure of the horizontal opening of an eye-diagram at
g the crossing points of the eye. It is measured in picoseconds for
< . g the high speed systems.
=9 . . . .
\ \ _: XIII. Figure 2 shows an eye-diagram of an RZ received signal.
- k1 Although the eye-diagram of an RZ and an NRZ signal have
0 0s 1 ¢ relatively same parameters, but identifying them is a little
6.Fiee Time Time (bit period) 7Fan Time 3 differenty P yine
Figure | Eye-diagram of NRZ received signal. XIV. High Level: That is the logical ‘1’ of the RZ signal which is

I. Jitter: This parameter is the deviation from the ideal timing to the calculated as the mean of vertical width of the high-value.

actual timing of an event. In an eye-diagram of an NRZ signal, it~ XV. Low Level: The logical ‘0’ of the RZ signal which is calculated
shows the existence of distortion in a system which could affect as the mean of vertical width of low-value.

on the received signal. The wider eye-crossing, the more jitter.
The jitter is due to reflection, inter-symbol interference, cross-
talk and some other factors. To reduce the amount of jitter in an

XVI. Eye Amplitude: That defined as the difference between high
level and low level.

optical system, the power ratio of the clock pulse and the data Eye Opening: Ifd and4 are the width of the high- and low level,
signal should be optimized. the eye opening will be given P. =B -L,—L —L -SM
Il Width of Logical ‘1’: Disarrayed width of logical ‘1’ of the Eye Height: The eye height is defined as marked on Figure 2.

received signals shows the existence of distortion in the system
due to the attenuation and dispersion of the fiber at a specific

[H 1 ¥
wavelength. : 5 i
III. Low-Level: is the mean value of logic ‘0°. . * E_El_
g 3
IV. High-Level: is the mean value of logical ‘1°. E g
V. Signal-To-Noise Ratio (SNR): is the ratio of signal power to the ; ; -
noise power. o sEveneigne |8 |3
i s |-
VI. Rise-Time: It is the time taken by a signal to rise from 20% to Eu 3 g E’T
80% between low- and high-level of the signal. This parameter - °
shows the sensitivity of the received signal to the noise. The g g
smaller slope shows the higher speed of changing the level of )
the signal. The smaller the slope, the better will be the SNR. & B{ -~ a3
VII. Fall-Time: It is the time taken by a signal to fall from 80% to - 0s 1 E
20% between low- and high-level of the signal. It acts just like ime (bit period) o
the rise-time; the smaller slope, the better. Figure 2 Eye-diagram of an RZ received signal.
VIII. Eye-Height: This parameter is the vertical opening of an eye- All other parameters in the eye_diagram of an RZ signal are the
diagram. In an ideal system, this amount is equal to the amplitude ~ same as that of an NRZ.
of the eye. But due to the existence of noise in any channel, it is
smaller. This parameter also shows the SNR of the signal. Design procedure with RZ/NRZ methods
IX. Eye-Width: The horizontal opening of an eye-diagram is found In an optical network, maintaining main signal power level is
by measuring the difference between the statistical mean of the  one of important factors so as to detect the signals at the receiving
crossing points of the eye. It shows the data rate. end with a high Q-factor.”® For the signal amplification we have

considered EDFA and Raman amplifiers while using encoding
techniques of return-to-zero (RZ) and non-return-to-zero (NRZ)
as modulation formats. Non-zero dispersion shifted fiber (NZDSF)
with low dispersion and 0.2 dB/km attenuation at 1550 nm is used as
transmission medium in designing the optical network.'*

X. Amplitude of a Signal: That is the difference between the
low-level and high-level of the signal. In an ideal system, the
amplitude is equal to the eye-height; but practically it is not
possible because of the none-linear properties of the fiber and
existence of noise in the transmission medium. However, the
higher eye-height shows less noise in a system.
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Table | The specifications of the DWDM system

No. of Channels 32
Channel Bit Rate (Gb/s) 2.5
Channel Spacing (GHz) 100
Transmission Distance (km) 80
Central Wavelength (nm) 1550
Length of DCF (km) 22

The specifications of the NZDSF are selected defined in ITU-T
G.655 Recommendation.”® Dispersion compensating fiber (DCF)
with a length of 2.2km is employed. The specifications of the DWDM
system used in the design are given in Table 1. To determine the
gain of the amplifier for the given DWDM system in Table 1, it is
required to calculate the power budget without taking the amplifier in
to account in the network. The power budget is expressed as:

P =P-L L L -SM (1)

Where P, denotes the poweroftransmitter, L, L and L represent
the splice loss the fiber loss, and the connector loss respectlvely, SM
is the system margin, and  represents receiver power sensitivity. In
the above calculations, SM =6 dB, L, =0.15 dB, and loss of each
connector L, =0.75 dB are con51dered.‘6 If the received signal level
is lower than the receiver sensitivity, employment of an amplifier in
the system is required. The specifications of the EDFA used in the
system are listed in Table 2. In continuation of the design calculations,
the same network is implemented by using a Raman amplifier with
specifications given in Table 3.

Table 2 Specifications of the EDFA

Maximum Output Power (dBm) 10
Noise Figure (dB) 5

Gain (dB) 21
PMD (ps) 0.5

Table 3 The specifications of the Raman amplifier

Maximum Power (dBm) 14.77

Pumping wavelengths (nm) 1420-1452

As illustrated in Figure 3 & Figure 4, the DWDM networks once
is designed with the EDAF and in another attempt it is designed
with the Raman amplifier. The bit error rate (BER) characterizes the
performance of an optical network. Nevertheless, the measurement of
the BER of a high performance transmission link may be a difficult
task."”” However, Q-factor measurement has become a new quality
assessing parameter, which is defined as the ratio of the received
signal power to the noise power at the receiver section which has
a direct impact on the optical network performance. For an optical

signal, Q-factor is evaluated as'!
1 -1,
O=—— (@)

) =Gy

Copyright:
©2018 Serajietal. 118

7 Q o comecn | g5
Lm-mh 80 Ign Optical
= Fiber 3
W_:l‘u.is.ﬁ:hn L.....u.=2.z Is:a _(é
= jon = -1 -
E Effective area = 72 um*2 E"m.um-ﬂ um*2 5
-
Connector )~ U= Power
n O Noise figure =6 dB

Loop Control 1
MNumber of loops = 1

Figure 3 The designed DWDM network with an EDFA.
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Figure 4 The designed DWDM network with a Raman amplifier.

Where o, and o, denote the transmitted levels of data ‘1’s and
‘0’s, respectively, and o, and o, represent the corresponding
standard deviations of the ‘1’s and ‘0’s data. Figure 5 depicts the
eye-diagram of the designed DWDM system using NRZ encoding
technique with EDFA and Figure 6 shows the same system while
using RZ technique. With a similar calculation, the Raman amplifier
is used for amplification in the previous designed DWDM network. In
this case, the eye-diagrams for NRZ and RZ techniques are illustrated
in Figure 7 & Figure 8, respectively. The corresponding Q-factors for
NRZ and RZ techniques are listed in Table 4.

L)

100y
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Tume [bit period)

Figure 5 Eye-diagram of DWDM network with transmission distance of
80km with the EDFA and use of NRZ technique.
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Figure 6 Eye-diagram of DWDM network with transmission distance of
80km with the EDFA and use of RZ technique.
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Figure 7 The Eye-diagram of DWDM network with transmission distance of
80km with the Raman amplifier and use of NRZ technique.
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Figure 8 Eye-diagram of DWDM network with transmission distance of
80km with the Raman amplifier and use of RZ technique.
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Table 4 The Q-factor for 80km transmission distance with bit rate of and
80 Gb/s

The Designed DWDM Network Q-factor
With EDFA and NRZ 53.302
With EDFA and RZ 47.775
With Raman Amplifier and NRZ 68.474
With Raman Amplifier and RZ 59.506

In another design attempt, in the case of Raman amplifier included
in the network, we have increased the transmission distance to 88 km
in the new calculations. The resulting eye-diagrams are depicted in
Figure 9 & Figure 10 for NRZ and RZ techniques, respectively. The
obtained Q-factors for transmission distance of 88 km with 80 Gb/s
are listed in Table 5.
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Figure 9 The eye-diagram of the received signal using Raman amplifier with

NRZ technique.
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Figure 10 The eye-diagram of the received signal using Raman amplifier with

RZ technique.
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Table 5 The Q-factors for transmission distance of 88km with bit rate of 80
Gb/s

The Designed DWDM Network Q-factor
With Raman amplifier and NRZ 53.942
With Raman amplifier and RZ 44.404

Discussion

In a study which was done by Singh and colleagues in 2013,
a wavelength division multiplexing (WDM) system with a bit rate
of 10Gb/s, the effects of Raman amplifier and EDFA with channel
numbers of 16, 32, 64 was investigated, where it was shown that
by increasing the dispersion from 2 to 10ps/nm.km, the system
performance was better in case of Raman amplifier than EDFA.

In 2002, the reasons for advantages of using Raman amplifier were
reported by Islam MN'8 where it was revealed that this amplifier with
higher noise figure would reduce the non-linearity effects of optical
fiber, thus resulting in increase of transmission distance with higher bit
rate and smaller channel spacing. In another report in the same year,
a study on comparison of using two amplifiers, EDFA and Raman, by
optimization of the network on using diode pumping, the advantage of
Raman amplifier was proved to be superior to that of EDFA."

In the present paper, on investigation of the effects of Raman
amplifier and EDFA used in a DWDM network with NRZ and RZ
encoding techniques, based on eye-diagrams and Q-factors of the
received signals, it is revealed that network performance has become
better while using Raman amplifier for amplification in DWDM
networks.

In the received signals in each designed DWDM network, some
specifications can be extracted from the resulting eye-diagrams. It is
noted that the higher height opening of eye-diagrams introduces lower
noise. The amplitude of each diagram shows the power of received
signal, so on a comparison, we could find that a better situation in
design is achieved.”

We can predict the distortion of the designed network using the eye-
diagrams, as well. The more disarrayed diagram proves the presence
of distortions. Availability of more information in the eye-diagrams
may help designers to minimize the faults during implementation of
optical networks. With respect to Q-factor, the more its value, the
better will be the network performance, which is the result of higher
detectable signal power than the present noise power in the receiver
end'Zl,ZZ

Conclusion

This paper presented an analysis of the effects of the EDFA and
Raman amplifier on DWDM optical network with a bit rate of 80 Gb/s
and 80km and 88km transmission distances, using Optisystem solver.
On comparison of eye-diagrams of the DWDM network while using
EDFA and Raman amplifier, it is shown that in the case of Raman
amplifier the Q-factor is higher and the network performance is better
than when the EDFA is used in the network. As well, it is revealed that
when NRZ modulation scheme is used, the quality of the received
signals in the receiver is better than the RZ technique.

Since the non-linearity effects in optical transmission line reduces
to a minimum level while using Raman amplifier, one can design an
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optical network operable at longer distance. To this end, we have
increased the transmission distance from 80 to 88km and kept other
specifications unchanged. It is found that the employment of Raman
amplifier and NRZ technique, would allow establishing a DWDM
network to have the same performance quality as that of 80km
network with EDFA inclusion.

Such a network would provide increase of transmission span in a
long-haul optical network with reduced number of optical connectors
and reduction of total loss, thus decreases the total cost of the network
operation, installation, and maintenance.
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