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Abstract— A comprehensive study of the various modulation techniques has been discussed which helps to increase data 
rate, to overcome dispersion effects and various non-linear effects in the fibre. Modulation formats such as OOK (On Off 
Keying), BPSK (Binary Phase Shift Keying), DPSK (Differential Phase Shift Keying), DP-QPSK (Dual Polarized 
Quadrature Phase Shift Keying) and duobinary are studied. The DP-QPSK, DPSK and other higher modulation formats yield 
to better performance. Issues related to spectral efficiency, optical bandwidth, Wavelength Division Multiplexing (WDM) 
have also been discussed. Duobinary modulation has also stimulated much interest, especially as a practical alternative for 
high-spectral efficiency 40 GB/s systems alongside the more popular differential phase-shift keying (DPSK) technique. Both 
duobinary and DPSK can achieve the high-spectral efficiency necessary to transmit 40 GB/s data on 50GHz channel spacing. 
DPSK is known to have the better optical signal-to-noise ratio (OSNR) sensitivity, while duobinary is famed for a good 
tolerance to chromatic dispersion, and narrow optical filtering. Comparison of pulse shapes RZ and NRZ are done for DP-
QPSK schemes which show that RZ has better performance. An experimental study of pulse shapes for duobinary systems is 
also done. The RZ versus NRZ pulse shape is compared for duobinary systems that are dominated by ASE noise, fibre 
chromatic dispersion, and SPM nonlinearity. Surprisingly, and in stark contrast to the case of OOK, in all cases that were 
considered, the NRZ pulse shape is found to be superior to RZ for duobinary transmission. An analysis of the performance 
limitations of SMF due to SPM effect is discussed. With the aid of OptSim simulation software a DCF has been employed 
with proper variation in length to tackle the nonlinear effects in the transmission system. Better performance was shown 
when a combination of SMF length 85 km and DCF length 15 km was chosen for total 100km fiber length. The BER and eye 
diagram technique have been used for evaluating the system performance. 

 
Index Terms— Duobinary, Dispersion Compensated Fibers (DCF), Fiber-Optic Communication, RZ,   NRZ, Wavelength-
Division Multiplexing (WDM). 

 
I. INTRODUCTION 
 
Fiber-optic communication is a method of 
transmitting information from one place to another by 
sending pulses of light through an optical fibre. The 
light forms an electromagnetic carrier wave that 
is modulated to carry information. Optical 
communication systems differ in principle from 
microwave systems only in the frequency range of the 
carrier wave used to carry the information. The 
optical carrier frequencies are typically 200 THz, in 
contrast with the microwave carrier frequencies (1 
GHz). An increase in the information capacity of 
optical communication systems by a factor of up to 
10,000 is expected simply because of such high 
carrier frequencies used for light wave systems. 
Optical communication systems have the potential of 
carrying information at bit rates 1 Tb/s [1]. It is this 
enormous potential bandwidth of optical 
communication systems that is the driving force 
behind the worldwide development and deployment 
of light wave systems. Current state-of-the-art 
systems operate at bit rates 10 Gb/s and 40 Gb/s 
indicating that there is considerable room for 
improvement. Increasing spectral efficiency and bit 
rate per channel are major drivers in modern fiber-
optic communications, with recent research efforts 
focused on so-called 100G systems to enable efficient 
transport of 100 Gb/s ethernet traffic. Increasing  

 
capacity also involves the use of higher level 
modulation methods on the optical side. The increase 
in data rate also increases the required bandwidth. 
The greater bandwidth results in a linear increase in 
the noise power level in the communication channel. 
A four-fold increase in the noise power level 
corresponds to 6 dB and would result in a decrease in 
the minimum sensitivity of the system by this same 
factor. This results in a much shorter transmission 
range at 40Gbps, and a consequent need for more 
regenerators. Increasing the laser power in sufficient 
measure to compensate for the missing balance in the 
system compared to 10Gbps is not possible. 
Nonlinear effects in the glass fiber, such as four-wave 
mixing (FWM), self-phase modulation (SPM), and 
cross-phase modulation (XPM) would also adversely 
affect the transmission quality to a significant degree. 
Higher-level modulation methods reduce the 
modulation bandwidth and thus provide a way out of 
this dilemma. In the subsequent section we discuss 
the various ways to increase spectral efficiency and 
different modulation formats to increase capacity. 
Nonlinear effects in optical fibers have become an 
area of academic research and of great importance in 
the optical fiber based systems. The employment of 
high bit rate multi wavelength systems together with 
optical amplifiers creates major nonlinear effects such 
as SRS, SBS, SPM, XPM and FWM. Presence of 
these nonlinear effects in the optical fiber 
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communication systems like wavelength division 
multiplexed (WDM) systems can adversely effect the 
communication between two receiving ends [2]. The 
situation is different when the nonlinearity and 
dispersion are considered together. In some 
circumstances, the nonlinearity could counteract the 
dispersion. In addition, when multiple channels are 
considered, the fiber nonlinearity results in 
interactions among channels. These nonlinear effects 
can be managed through proper system design. By 
increasing information spectral efficiency, which can 
be done by increasing channel bit rate, decreasing 
channel spacing or the combination of both, the 
effects of fiber non linearity come to play even more 
decisive role. Fundamental investigations have 
demonstrated the usefulness of Standard Monomode 
Fiber (SMF) for transmission of bit rate higher than 
10Gb/s over a single channel. In the last few years, 
both dispersion and optical Kerr’s effects have been 
studied together creating path ways to techniques 
called dispersion management techniques. The 
combined use of SPM and joint optimization of the 
bias and modulation voltages to increase the 
dispersion limited transmission distance at 10Gb/s. 
Numerical and experimental  studies gave first ideas 
about the design of an appropriate passive dispersion 
management scheme for upgrading the existing SMF 
communication systems. High-speed transmission 
over SMF at 1.55 µm suffers severely from the 
combined interaction of Kerr nonlinearity and 
dispersion. Several techniques have been developed 
to overcome these limitations. The use of dispersion 
compensating fibers (DCF) has emerged as one of the 
most practical techniques to compensate for the 
chromatic dispersion in long-haul optically amplified 
standard fiber transmission systems. In this paper it is 
seen how the performance of a WDM communication 
system has been evaluated in presence of nonlinear 
effect SPM. The DCF compensating technique for the 
SPM effect in a SMF 10 Gb/s transmission system 
over 100 km has been investigated. This paper is 
organized as follows. Section I gives an introduction 
of the optical communication system, Section II gives 
an idea of different optical modulation schemes, 
Section III is specifically constructed on Dispersion 
Compensated Fibers (DCF), and Section IV describes 
the simulation set-up and analysis and finally it is 
concluded in Section V. 
 
II. OPTICAL MODULATION METHODS 
 
Until now, just one modulation method was used for 
transmission rates of up to 10Gbps, namely on/off 
keying or OOK for short. Put simply, this means that 
the laser light used for transmission was either on or 
off depending on the logical state 1 or 0 respectively 
of the data signal. This is the simplest form of 
amplitude modulation. Additional external 
modulation is used at 10Gbps. The laser itself is 
switched to give a continuous light output and the 

coding is achieved by means of a subsequent 
modulator [3], [4]. We first study the various 
modulation formats and then compare these 
modulation formats. 
As the need for higher bit rate is increasing, the 
bandwidth occupancy of the system also increases. 
Using the existing 10Gbps systems to achieve 
40Gbps systems requires the addition of a 
reconfigurable MUX/DEMUX or the reduction in 
number of the channels used. The use of higher 
modulation techniques reduces the required 
bandwidth and the same 10Gbps system can be used 
to achieve higher data rates [5]. 
 
A. OOK (On Off Keying) 
The traditional On-Off Keying modulation (turning 
on and off a carrier) is non-return-to-zero (NRZ), 
which is analogous to unipolar encoding. It is the 
simplest line code. Its major disadvantage is that it is 
not self-clocking, which is addressed by scrambling 
the stream to increase the number of transitions and 
improve clock recovery. NRZ has been the 
modulation of choice for 10 Gbit/s and below. For 40 
Gbit/s, NRZ is used in the client side only, while 
more complex modulation schemes are used in the 
line side (long haul and DWDM). Its return-to-zero 
(RZ) version improves the clock recovery by making 
the signal return to zero in the middle of the bit 
period so a constant stream of ones would be 
represented by an alternating signal [11]. The bit 
stream is also scrambled to avoid long streams of 
zeroes. The disadvantages of RZ are having less 
energy per symbol than NRZ and higher frequency. 
NRZ and RZ are the foundation for more complex 
modulations listed below, so these acronyms are 
usually prefixed to the modulation scheme to identify 
which base coding it starts with (e.g. RZ-DQPSK). 
 
B. PSK or BPSK 
Phase-Shift Keying (PSK) or Binary PSK is a 
modulation scheme that modifies the phase of the 
optical wave (between 0° and 180°, or 0 and π), 
instead of the intensity of the light, distributing the 
optical power more evenly, as power is present on 
every time slot (bit). In theory, this may be 
represented as a constant intensity or continuous 
wave (CW), as the ones and zeroes are represented by 
two different phases of the light wave. The difficulty 
lies in the demodulation side, as it requires a 
demodulator that can detect the absolute phase of the 
incoming light wave. 
 
C. DPSK 
Differential PSK consist of a PSK modulator 
differentially driven by a bit stream. In the 
Differential scheme, zeroes represent a 180° change 
in phase and ones represent no change at all, so every 
time a zero is transmitted the phase of the signal gets 
inverted. DPSK improves the system balance by 
means of a much reduced OSNR  
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limit value. In all the other aspects mentioned, this 
modulation method has similar characteristics to 
OOK. This modulation method can therefore only be 
used for DWDM systems with 100 GHz channel 
spacing because of the bandwidth it requires [6]. One 
advantage of this differential method is the 
simplification in the demodulator side. The 
demodulator splits the signal in two, delays one of 
them by one bit period using a longer optical path, 
and then combines them, letting constructive and 
destructive interference do the job. The output is an 
intensity-modulated optical signal, similar to NRZ-
OOK that can be passed to a photo detector for direct 
conversion to electrical. 
 
D. QPSK and DQPSK 
QPSK modulated signals use four possible positions 
in the constellation diagram. Each phase state now 
encodes two bits. The baud rate (symbol rate) is 
therefore halved, so the bandwidth requirement is 
also halved. The RZ coding requires slightly higher 
complexity on the modulation side compared with the 
more usual non-return-to-zero (NRZ) coding, but it 
considerably reduces the susceptibility to PMD and 
nonlinear effects [13]. Differential Quadrature Phase-
Shift Keying splits the data stream in two, and uses 
DPSK to modulate each stream, then introduces a π/2 
delay to one of the streams before combining them, 
resulting in four different phases (0, -π/2, π/2, and π). 
Hence DQPSK transmits two bits for every symbol 
and narrower optical bandwidth, which turn into 
additional advantages over conventional binary 
DPSK [9]. The symbol information is encoded as a 
phase change from one symbol to the next rather than 
an absolute phase value, so the receiver only needs to 
detect phase changes and not the absolute value of the 
phase. Nonetheless, it requires more complex 
modulators and demodulators. DQPSK’s narrower 
optical spectrum tolerates more dispersion (both 
chromatic and polarization-mode) and allows for 
stronger optical filtering, enabling closer channel 
spacing. As a result, DQPSK allows processing of 40 
Gbit/s data rate in a 50 GHz channel spacing system, 
making it suitable for use in DWDM networks. 
Differential quadrature phase-shift-keying (DQPSK) 
format provides a promising alternative as it, like 
QPSK, transmits 2 bits per symbol and hence the 
symbol rate is half the bit rate with somewhat 
reduced complexity of the system. DQPSK is tolerant 
to chromatic dispersion (CD), polarization-mode 
dispersion (PMD), and has a high spectral efficiency, 
and thus can be used in ultra long haul transmission 
as well. Although the configuration of a DQPSK 
system is less complex compared with a QPSK 
system, large size and high power consumption of the 
optical transceivers still pose challenges to designers. 
 
E. DP-QPSK 
Dual polarized QPSK splits the data into two streams. 
Each stream is modulated using QPSK with a 

different polarization (X-polarization) and the other 
stream is modulated with Y-polarization. The 
resultant signal is then combined and transmitted [7]. 
The dual polarization quadrature phase shift keying 
(DP-QPSK) modulation format in combination with 
coherent intra-dyne detection has gained consensus 
recently as a prime candidate for 100G systems. With 
typical baud rates of 25–28 Gbaud, the DP-QPSK 
format has sufficient spectral efficiency to fit on the 
standard 50 GHz ITU grid. DP-QPSK combined with 
symbol interleaving can reduce the non-linear effects 
like Self-Phase modulation and Cross-Phase 
modulation effects in a WDM system. In fiber-optic 
transmission systems, the choice of pulse shape is 
often limited by the transmitter hardware to two basic 
types: non-return-to-zero (NRZ) and return-to-zero 
(RZ). DP-QPSK with different pulse shaping like 
NRZ, RZ-50 and RZ-67 are used to study the non-
linear effects in a dense WDM system. It is based on 
the standard nested Mach-Zender modulator (MZM) 
structure. RZ pulse carving is realized with an 
additional MZM, driven by an RF clock or half-clock 
tone. Several flavours of RZ pulse shape are possible 
using the pulse carver MZM (PCMZM), depending 
on the driver signal design. In the following, we 
consider 50% duty cycle RZ (RZ50), and 67% duty 
cycle RZ (RZ67). The RZ50 is achieved by biasing 
the PC-MZM at quadrature while driving with an 
amplified RF clock tone. RZ67 is achieved by biasing 
the PC-MZM at null while driving with a half-clock 
tone amplified to 2. RZ pulse shape is preferred over 
NRZ even in linear transmission because RZ pulses 
are inherently more tolerant to inter-symbol 
interference (ISI) [8]. In nonlinear transmission, the 
choice of pulse shape is even more important. In 
particular for DP-QPSK transmission, the RZ pulse 
shape in combination with symbol-interleaving of X 
and Y polarization tributaries was shown to suppress 
nonlinear XpolM. Due to symbol-interleaving, the 
state-of-polarization (SOP) alternates between X and 
Y polarizations for successive symbols, leading to a 
cancelation effect of XpolM as adjacent WDM 
channels walk through each other during propagation 
[12]. Symbol interleaving also reduces the peak-to-
average power ratio (PAPR), which helps to reduce 
the impact of XPM. Also in order to further improve 
the performance we can go for DP-DQPSK 
modulation. 
 
F. Duobinary Modulation 
Optical systems by and large use NRZ modulation. 
While NRZ modulation is suitable for long haul 
systems in which the dispersion of the single mode 
fibre is compensated for by another fibre with 
negative dispersion, it is not the best choice for 
uncompensated single mode fibres. Duobinary 
modulation turns out to be a much better choice in 
this case since it is more resilient to dispersion and is 
also reasonably simple to implement [14]. In this 
chapter the basics of duobinary modulation are 
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explained and the comparison of pulse shapes i.e. 
NRZ and RZ are presented and it is shown that NRZ 
modulation is superior to RZ for the uncompensated 
optical fibre channel. As discussed from the previous 
chapter we see that for PSK modulation formats RZ 
formats perform better than NRZ which is exactly 
opposite in case of Duobinary formats.  It is a scheme 
of transmitting R bits/sec using R/2 Hz of bandwidth. 
But according to Nyquist in order to transmit R 
bits/sec without inter symbol interference (ISI) we 
need to have minimum R/2 Hz of bandwidth. Thus in 
this scheme it is implied that there will be an ISI. But 
as it is introduced in a controlled manner, we can take 
care of this at the receiver. Important advantage of a 
duobinary-based system is in providing a practical 
means for achieving transmission close to the Nyquist 
limit of spectral efficiency for a given baud rate [15], 
[16]. Optimum duobinary generating LPF bandwidth 
is on the order of 30%–40% of baud rate, which 
means that the modulator bandwidth requirements 
can be significantly relaxed for Duobinary compared 
with PSK schemes [18]. By allowing some ISI in the 
transmitted pulses, the signal is made longer in the 
time domain which implies spectrum becomes 
narrower in the frequency domain.Narrow spectrum 
results in the reduction of dispersion effects of the 
channel making it more resilient to dispersion. 
 
III.  DISPERSION COMPENSATED FIBERS 
 
In a dispersion compensated link consisting of a 
standard SMF and a DCF, the input pulses first 
broaden due to propagation through the SMF and 
then subsequently recompress to their original shape 
due to propagation through the DCF, which has the 
dispersion coefficient parameter of opposite sign to 
that of SMF. During the propagation of a pulse 
through the fiber, the group velocity dispersion 
(GVD) changes the frequency across the pulse 
referred to as frequency chirp. The chirp depends on 
the sign of the dispersion parameter. If the dispersion 
coefficient parameter of the fiber is negative, the 
frequency increases across the pulse from the leading 
to the trailing edge that is referred to as the positive 
frequency chirp. On the other hand, the frequency 
chirp is negative, i.e., the frequency decreases across 
the pulse from the leading to the trailing edge if the 
dispersion coefficient parameter is positive. The 
frequency chirp is also induced by the SPM effect 
and increases in magnitude with the propagated 
distance. Frequency chirping is positive due to the 
SPM effect irrespective of the sign of the dispersion 
coefficient parameter. Therefore, the SPM effect 
leads to an enhanced rate of pulse broadening in the 
fiber with negative dispersion coefficient parameter 
compared to that expected from the GVD alone [19]. 
However, the broadening rate decreases during 
propagation in the fiber with positive dispersion 
coefficient parameter, as the two chirp contributions 
cancel each other. In the dispersion management 

technique, consider the situation in which each 
optical pulse propagates through two fiber segments, 
the second of which is DCF. The condition for perfect 
dispersion compensation is: 
 
D1L1+D2L2 = 0   (1) 
 
i.e., its length should be chosen to satisfy 
 
L2 = - (D1/D2) L1 (2)   
 
where D1 and D2 are the fiber dispersions of SMF and 
DCF respectively. 
For practical reasons, L2 should be as small as 
possible. This is possible only if the DCF has a large 
negative value of D2. 
 
IV. SIMULATION SET-UP AND ANALYSIS 
 
Fig.1 shows 10-Gb/s duobinary system setup for 
generating RZ and NRZ-duobinary modulation. A 
DFB laser emits an optical carrier wave at ∼1550 nm, 
which is modulated in two stages to produce RZ (in 
one stage for NRZ) [9]. First, a periodic RZ pulse 
train with 50% duty cycle is produced by driving an 
x-cut lithium niobate MZM, which is biased at 
quadrature, with the CLOCK signal from a pulse-
pattern generator that is amplified to ∼VП . The 
duobinary data is impressed on the RZ pulse train in a 
second-stage MZM, which is physically identical to 
the first but biased at a null, and driven with an 
electrical duobinary signal that is amplified to ∼2VП. 
The RZ- or NRZ-duobinary optical signal is fed into 
a variable optical attenuator (VOA1), which controls 
the launch power into conventional single-mode fibre 
(SMF) spools of variable lengths. A second variable 
optical attenuator (VOA2) sets the input optical 
power into an erbium-doped fibre amplifier (EDFA). 
An optical spectrum analyzer monitors the optical 
signal-to-noise ratio (OSNR) at the output of the 
EDFA. The EDFA optical preamplifier is followed by 
a variable-bandwidth optical filter based on free-
space grating technology. The receiver is a p-type-
intrinsic-n-type (p-i-n) photo-detector.  
 

 
 

Figure 1: Experiment setup of 10-Gb/s NRZ-duobinary 
transmitter and direct detection 

 
A key element in the duobinary transmitter is the 
duobinary generating electrical LPF. The overall 
optimum LPF bandwidth, which was obtained with a 
nearly matched optical filter, is roughly 34% and 
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40% of the bit rate for RZ- and NRZ duobinary. We 
see that, for a relatively wide 39-GHz optical filter, 
the optimum LPF bandwidth is close to a quarter of 
the bit rate (2.8 GHz for 10Gbps) for both RZ- and 
NRZ duobinary. In this case, the NRZ pulse shape 
enjoys a  2–3 dB (value of Q factor) advantage in 
performance i.e. NRZ duobinary performs better than 
RZ duobinary.  As the LPF bandwidth increases the 
Q factor increases for 7GHz optical filter where as 
the optimum Q value is achieved at 2.8 GHz (LPF 
BW) for wide optical filter (39GHz) and decreases as 
LPF BW increases. The RZ-duobinary obtains its 
optimum ASE-noise-limited performance at the same 
optical filter bandwidth as NRZ duobinary, where the 
RZ-duobinary pulse shape is actually converted into 
an NRZ-duobinary by the ultra narrow optical 
filtering process. This provides clear evidence in 
favour of the NRZ pulse shape for duobinary systems 
that are limited by ASE noise [17]. Indeed, the 
smooth single-lobe NRZ-duobinary spectrum is well 
matched to a Gaussian-shaped optical filter. We 
observe two distinct maxima in the back to back Q-
factor versus optical filter bandwidth curve for RZ-
duobinary. The more optimum peak occurs at the 
same narrow optical bandwidth ( 7 GHz, as 
predicted by the theory) for both RZ- and NRZ 
duobinary. However, RZ-duobinary also shows a 
second peak at an optical bandwidth that is roughly 
twice the bit rate. The second peak corresponds to a 
“matched” filter for the RZ pulse shape, which 
unfortunately does not correspond to the optimum 
duobinary pulse shape. An experimental comparison 
of dispersion tolerance for NRZ and RZ-duobinary is 
done where the Q factor is measured as a function of 
SMF (D ∼ 17 ps/nm/km) distance with the OSNR 
fixed at 14 dB/0.1 nm. To avoid nonlinear effects in 
this experiment, the launch power into SMF is 
reduced to a relatively low value of ∼−5 dBm using 
VOA1 while OSNR is controlled with VOA2. We 
observe that the NRZ-duobinary is able to span 100 
km of SMF with no dispersion penalty, while the RZ-
duobinary suffers a ∼2 dBQ penalty. Thus, while the 
RZ-to-NRZ duobinary conversion at the receiver 
using ultra narrow optical filtering is sufficient to 
give roughly the same performance B2B, there are 
still some high-frequency components that are present 
in the RZ-duobinary spectral side-lobes (generated as 
a result of the RZ modulation process) that may leak 
into the filter bandwidth to produce the greater 
dispersion penalty for RZ-duobinary compared with 
NRZ-duobinary [20], [21]. 
 

 
Figure 2: Shows our setup for studying the impact of SPM. 
 
To generate sufficient SPM, we transmit the 

duobinary signal through two spans, each composed 
of 11.4-km DCF, followed by 70-km SMF as shown 
in fig.2. The overall dispersion is roughly balanced at 
the receiver. Note that in order to increase the SPM 
effect, we launch high power into the DCF, which has 
a factor of  5 greater nonlinearity coefficient 
compared with SMF. By launching P  10 dBm into 
each span, we achieve a significant effective 
nonlinear phase shift of  1 rad. The VOA before the 
last EDFA is used to keep the received OSNR fixed 
at 14 dB/0.1 nm. In the case of RZ-duobinary, SPM 
clearly hurts the performance even at a relatively 
modest launch power of 4 dBm. RZ-duobinary 
suffers a  1 dBQ penalty at a launch power of 10 
dBm. In stark contrast to RZ-duobinary, the 
performance of NRZ-duobinary initially improves as 
the launch power increases. Even at a high launch 
power of 10 dBm, the NRZ-duobinary shows an 
improvement in Q-factor compared with B2B. The 
optimum NRZ-duobinary performance is obtained at 
a launch power of 7 dBm, where NRZ-duobinary out-
performs RZ-duobinary by  1.5 dBQ. These 
measurements demonstrate that the SPM nonlinearity 
can, in fact, be utilized to improve the NRZ-
duobinary system performance, as long as the launch 
power is properly controlled. The SPM seems to 
provide a beneficial pulse-shaping mechanism for 
NRZ duobinary. On the other hand, the spectral side-
lobes in the RZ-duobinary optical spectrum may 
contribute to its relatively poor tolerance to SPM 
[22], [23]. The SPM nonlinearity tends to broaden the 
signal spectrum, including a broadening of the side-
lobes in RZ-duobinary. Thus, additional high-
frequency components are “aliased” from the side-
lobes into the main duobinary spectral lobe, 
producing deleterious distortion for RZ-duobinary. 
OptSim simulation software is used for this work 
which gives the environment almost the exact 
physical realization of a system. The simulation setup 
is shown in the Fig.3. This system consists of three 
major sections i.e., transmitter, fiber section and 
receiver section. 
 

Figure 3: Simulation Setup 
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A. Transmitter section 
The transmitter consists of a pseudo random bit 
sequence generator (PRBS), which generate bit 
sequences at the rate of 10 Gb/s. This bit sequence is 
fed to the non-return-tozero (NRZ) coder that 
produces an electrical NRZ coded signal. The pulses 
are then modulated with continuous wave (CW) laser 
radiation of wave length 1550 nm to obtain optical 
pulses. The modulator used here is the Mach-Zehnder 
modulator. It has two inputs, one for the laser diode 
and the other for the data from the channels. It 
converts the electrical signal into optical signal form. 
 
B. Fiber section 
The optical signal is fed into the fiber. The 100 km 
fiber span consists of two segments, SMF of length 
L1 km and DCF of length L2 km. L1 and L2 are kept 
variables. The fiber parameters are adjusted 
according to the simulation environment and given in 
Table 1. 
 
C. Receiver section 
At the output of the optical filter, a photodiode 
converts the optical signal into an electrical signal. 
An electrical low pass Bessel filter follows the 
photodiode. This has a cut-off frequency determined 
by the type of the waveform used for modulation. 
Finally at the output OptSim provides a visualization 
tool called Oscilloscope. It is an optical or electrical 
oscilloscope with numerous data processing options, 
eye display and BER estimation features. The SPM 
effects on WDM optical transmission system were 
investigated in terms of BER, Q value and eye 
diagrams. In this work transmission link composed of 
SMF of length L1 and DCF of length L2 at input 
power 1dBm is employed to analyze the effects. In 
order to access the SPM impact on the transmission 
system we monitor the eye diagrams with varied SMF 
and DCF lengths.  

 
Table1  

Fiber Parameters 

 
 
Fig.4 show the eye diagrams of the compensation 
scheme with SMF length L1 varied from 100 to 75 

km and DCF length L2 varied from 0 to 25 km. The 
wide eye opening for the L1=85 and L2= 15 km 
indicates its better system performance at this 
combination. 

 
Figure 4: Output eye diagram of the system with (a) 
L1 = 100 and L2 = 0 km (without DCF) (b) L1 = 95 
and L2 = 5 km (c) L1 = 90 and L2 = 10 km (d) L1 = 85 
and L2 = 15 km (e) L1 = 80 and L2 = 20 km (f) L1 = 
75 and L2 = 25 km. 
 
The variation of BER with SMF-DCF length is given 
in Table 2.  

Table 2 
Variation of BER with SMF-DCF length 

 

 
 
Comparing the characteristics of system with and 
without the usage of DCF it can be seen that proper 
variation in DCF length gives better BER and Q 
value. From the simulation it is verified that the SMF 
of length L1 = 85 km and DCF of length L2 =15km 
which satisfies the dispersion management condition 
given by equation (1) and (2) shows maximum 
performance. 
 
CONCLUSION 
 
A comprehensive study of the various modulation 
techniques has been discussed which helps to 
increase data rate and to overcome various non-linear 
effects in the fibre. The DP-QPSK, DPSK and other 
higher modulation formats yield to better 
performance. Issues related to spectral efficiency, 
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optical bandwidth has also been discussed. Duobinary 
modulation has also stimulated much interest, 
especially as a practical alternative for high-spectral 
efficiency 40 Gb/s systems alongside the more 
popular differential phase-shift keying (DPSK) 
technique. Both duobinary and DPSK can achieve the 
high-spectral efficiency necessary to transmit 40 Gb/s 
data on a 50 GHz channel spacing. DPSK is known to 
have the better optical signal-to-noise ratio (OSNR) 
sensitivity, while duobinary is famed for a good 
tolerance to chromatic dispersion, and narrow optical 
filtering.  The RZ versus NRZ pulse shape is 
compared for duobinary systems that are dominated 
by ASE noise, fibre chromatic dispersion, and SPM 
nonlinearity. Surprisingly, and in stark contrast to the 
case of OOK, in all cases that were considered, the 
NRZ pulse shape is found to be superior to RZ for 
duobinary transmission. We have analyzed the 
performance limitations of SMF due to SP effects. 
With the aid of OptSim simulation software we 
employed a DCF with proper variation in length to 
tackle the non linear effects in the transmission 
system. Better performance was shown when a 
combination of SMF length 85km and DCF length 
15km was chosen for total 100km fiber length. The 
BER and eye diagram technique have been evolved 
as a good means for evaluating the system 
performance in the present work. 
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