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Abstract— In Optical fiber communication, several types of 

impairment may be introduced to the signal. These 

impairments result in degradation in system performance. e. 

g high bit error rate and power penalty. This paper work deals 

with effect of four-wave -mixing (FWM) that degrades the 

long distance communication in fiber optical communication. 

Due to the FWM, crosstalk occurs in WDM systems which 

reduces the quality of the transmission and extra amount of 

power is required to overcome the effect of FWM. In this 

paper the four wave mixing is reduced by using continuous 

phase frequency shift keying (CPFSK). The effect of 

chromatic dispersion, channel spacing, channel count and 

input power on FWM is observed by changing the one 

parameter keeping the other constant and the simulation 

results obtained are compared with the standard IMDD .It has 

been seen the CPFSK is better alternative than standard 

IMDD when FWM is considered. The work is implemented 

in Optsystem software. 
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I. INTRODUCTION 

Optical communication is communication at a distance using 

light as carrier of information. The earliest basic forms of 

optical communication was the photo phone, invented in 

1880. An optical communication system consists of 

a transmitter, which converts the message signal into an 

optical signal by encoding, this signal is carries to its 

destination through channel, and at the receiver side, and the 

receiver reproduces the message from the received optical 

signal. In optical fiber communication the electrical signal is 

first converted into light signal by LED, the light signal so 

obtained is focused through the fiber which travels through it 

by phenomena called total internal reflection; at the receiver 

end the light signal is converted into electrical signal by photo 

diode to recover the original signal. Free-space optical 

communication has been used in space, the availability of 

light, geography, and weather limits the terrestrial forms 

naturally. The need of optical communication is because of 

its increased band width as the light has high frequency hence 

maximum information carrying capacity [1]. Optical 

wavelength-division multiplexing (WDM) is a promising 

technique to utilize the ultra-wide optical fiber bandwidth at 

low-loss region and transmit, in principle, more than 100 

channels simultaneously [2] [3]. 

II. POWER PENALTY CROSSTALK AND FOUR-WAVE-MIXING 

A. Power Penalty 

Power penalty is defined as the extra amount of receiver 

power needed to eliminate the effect of some undesirable 

system distortion or noise.  Power penalties can typically 

result from: Dispersion, Dependent on bit rate and fiber 

dispersion, typical dispersion penalty is 1.5 dB, Reflection 

from passive components, such as capacitors, inductors, 

connectors, Crosstalk in couplers, Modal noise in the fiber. 

Polarization sensitivity, Signal distortion at the transmitter[1] 

B. Crosstalk 

When one signal interferes with another signal making the 

information carried in the signals inaudible, then it is called 

Cross talk. For land-line metallic communications cables, 

Crosstalk occurs when two metallic wires run parallel to each 

other and or close enough to each other and the magnetic field 

resulting from the current in one wire induces a secondary 

current in the other wire causing the listeners to hear two 

interfering signals instead of just their one. In the 

atmospheric, crosstalk interference occurs when  two radio 

frequency  communications channels are too close to each 

other in frequency and the two signals mix and interfere with 

each other. Sometimes you can hear the atmospheric cross 

talk effect on your car radio when two radio stations are too 

close together in frequency so that you cannot hear either 

station clearly. The Federal Communications Commission 

(FCC) spaces commercial radio and TV stations out along the 

radio frequency spectrum to avoid this co-interference 

(crosstalk). Crosstalk does not occur in single wavelength 

optical fiber cables because the information carrier is light 

and not electrical current with its accompanying magnetic 

field. Light does not generate the magnetic field and thus 

avoids the problem of crosstalk. In DWDM where different 

frequencies of light are used to transmit tens of thousands of 

individual communications links on single fiber [4]. If this is 

not properly designed then you could possibly have 

frequency crosstalk as described for atmospheric 

communications channels in fiber optic cables. But this 

technology breakthrough can increase the number of 

communications channels in one fiber cable by hundreds and 

thousands provided the communications channels are 

properly spaced in the light frequency spectrum. In the OFC 

we might suspect that signals sent in the form of light can leak 

from one fiber to an adjacent one in a fiber bundle, but under 

normal circumstances this does not happen because of "total 

internal reflection" in the fiber. In WDM, multiple 

wavelengths are sent down the same fiber, each one 

delivering a different data stream.[1] 

C. Four-wave mixing in fiber optics 

When optical communication systems are operated at 

moderate power of the order of a few milli-watts and at bit 

rates up to about 2.5Gb/s, they can be considered as linear 

systems. However, at higher bit rates such as 10Gb/s and 

above or at higher transmitted powers, it is important to 

consider the effect of nonlinearities. In case of WDM 

systems, nonlinear effects can become important even at 

intermediate powers and bit rates. There are two categories of 

nonlinear effects. The first category happens because of the 
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interaction of light waves with molecular vibrations in the 

silica medium of optical fiber. The two main effects in this 

category are stimulated Brillion scattering and stimulated 

Raman scattering[5]. The second category of nonlinear 

effects are caused by the dependence of refractive index on 

the intensity of the applied electric field. The most important 

nonlinear effects in this category are self-phase 

modulation and four-wave mixing (FWM) [6]. 

D. Generation of fourth wave 

In a WDM system with multiple channels, one important 

nonlinear effect is four-wave -mixing. It is an intermodulation 

phenomenon, whereby interactions between 3 wavelengths 

produce a fourth wavelength. In a WDM system using the 

angular frequencies ω1,ω…… ωn, the dependence of the 

refractive index not only induces phase shifts within a 

channel but also gives rise to signals at new frequencies such 

as 2ωi-ωj and ωi + ωj – ωk. This phenomenon is called four-

wave-mixing. In contrast to Self-Phase Modulation and 

Cross-Phase Modulation, which are significant mainly for 

systems with high-bit-rate, the four-wave mixing effect is 

independent of the bit rate but is dependent on the channel 

spacing and chromatic dispersion of the fiber. Four-wave 

mixing effect gets increased by decreasing the channel 

spacing and chromatic dispersion of the fiber. Thus the 

effects of Four-Wave Mixing must be considered even for 

intermediate bit-rate systems when the channels are closely 

spaced or dispersion-shifted fibers are used. To understand 

the effects of four-wave mixing, consider a WDM signal that 

is the sum of n monochromatic plane waves. Thus the electric 

field of this signal can be written as[7] 

E(r, t) = ∑Ecos(ωit − 𝛽𝑖𝑧)

𝑛

𝑖=1

 

E. Solutions for Four-Wave Mixing 

Four-wave mixing is a severe problem in WDM systems 

using dispersion-shifted (DFC) fiber but does not usually 

pose serious problem in systems using standard fiber. In 

general, the following measures have been taken to undo the 

effect power penalty due to four-wave mixing.[8] 

1) Unequal channel spacing: The channels are positions in 

such a way that they don’t overlap with the data channels 

which are within the receiver bandwidth. In some cases 

this may be possible for lesser number of channels, but 

needs careful computation of the exact channel positions. 

2) Increases channel spacing: By increasing the channel 

spacing we can increase the group velocity mismatch 

between channels. But this increases the overall system 

bandwidth, requiring the optical amplifiers to be flat over 

a wider bandwidth, and increases the power penalty due 

to Stimulated Raman Scattering (SRS). 

3) Using higher wavelengths beyond 1550nm with 

DSF. Even with DSF, a significant amount of chromatic 

dispersion is present in this range, which reduces the 

effect of four-wave mixing. 

4) As with other nonlinearities, reducing transmitter power 

and the amplifier spacing will decrease the penalty. 

5) By multiplexing and demultiplexing the wave length in 

the middle of the transmission path, we can introduce 

difference delays for each wavelength. This randomizes 

the phase relationship between the different 

wavelengths. The FWM powers introduced before and 

after this point are summed instead of the electric fields 

being added in phase, resulting in a smaller FWM 

penalty Effectively [9]. 

F. Power Penalty Due to Four-Wave Mixing 

As mentioned that the nonlinearity causes three signals at 

frequencies ωi, ωj, and ωk to interact to produce a fourth type 

of signals at frequencies ωi ± ωj ± ωk [10]. Out of  these 

signals, the most severe  one is the signal corresponding to 

ωijk = ωi + ωj – ωk,  i k, j k This signal may be very close 

to one of the individual channels or may lie very close to 

individual channels in frequency, depending upon the 

individual frequencies, resulting in significant crosstalk to 

that channel[1]. In a system having multiple channels, if there 

are W channels, this effect results in a large number (W(W-

1)2 of interfering signals corresponding to i ,j,k varying from 

1 to W. 12 interfering signals produced if there are 3 channels. 

 
(a)   (b) 

Fig. 1: Additional frequencies generated through FWM in 

partially degenerate (a) and non-degenerate case (b) 

III. PROPOSED METHOD: NRZ- IMDD AND CPFSK- IMDD 

A comprehensive simulative study on the practical feasibility 

of utilizing WDM systems based on CPFSK modulation as a 

better alternative of standard IMDD modulation, in terms of 

performance, particularly in the presence of FWM, is 

presented in this paper .This thesis work is organized as 

follows. The models used to realize the two modulation 

formats, CPFSK and NRZ IMDD are discussed first. Then 

layout of the transmitter, optical link and receiver of the 

simulation model for each modulation, and the assumptions 

that were made, are explained. Then the factors that influence 

the effect of FWM, namely chromatic dispersion, input 

power, channel spacing and channel count, were varied one 

at a time and the performance of each modulation scheme 

under that condition is reported and the results obtained from 

the simulation runs are discussed and finally conclusion is 

drawn from the results obtained. 

Laser diode is used as light sources for fiber OFC, it 

has high efficiency, fast response time, higher data 

transmission rate. The central frequency of first laser is taken 

as 192.930 THz and the power is taken as 10 dB and 0 dB 

respectively 

A. Intensity Modulation Direct Detection (IMDD) 

IMDD is a form of modulation in which the optical power 

output of a source is varied in accordance with some 

characteristic of the modulating signal. Recovery of the 

modulating signal not heterodyning, it is usually by direct 

detection PRBS generators provide the generation of high 

fidelity pseudo-random binary sequence data signals for high 

speed communications components. These are low cost 

generators cover a frequency range from 50Mb/s to 56Gb/s, 

and low jitter, fast rise/fall times. Bit rate used in this work is 

10Gb/s. 
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Non-return-to-zero (NRZ) line code  is a binary code 

in which 1s are represented by one significant condition 

(usually a positive voltage) and 0s are represented by some 

other significant condition (usually a negative voltage), with 

no other neutral or rest condition. The pulses have more 

energy than a return-to-zero (RZ) code. 

 
Fig. 3: Block diagram of CPFSK-IMDD 

Bessel filter is a type of linear filter having better 

shaping factor with a flat group delay, and linear phase 

response. The frequency used in this work is 20 GHz.   

B. Block diagram of CPFSK – IMDD 

MZ Modulator is an electro-optic modulator device which is 

used to modulate a beam of light. The modulation may be 

imposed on the phase, frequency, amplitude, or polarization 

of the beam. Modulation bandwidths extending into the 

gigahertz range are possible with the use of laser-controlled 

modulators. 

Multiplexer also called a data selector, is a device 

that selects one of several analog or digital input signals and 

forwards the selected input into a single line. Multiplexers are 

mainly used to increase the amount of data that can be sent 

over the network. A multiplexer of 2n inputs has n select 

lines, which are used to select which input line to send to the 

output. The channel spacing in this work is 50GHz and 

100GHZ respectively and channel bit rate of 10 Gbps. 

An optical amplifier (OA) is a device that amplifies 

an optical signal directly, without the need to first convert it 

to an electrical signal. The amplifier used in this work is 

Erbium doped fiber amplifier (EDFA) are optical amplifier. 

An erbium-doped fiber amplifier (EDFA) is an optical 

amplifier that is used to boost an optical signal. 

It has highest efficiency and lowest noise figure. The 

gain of the amplifier in this simulation is taken as 35dB.  

An optical fiber is a flexible, transparent fiber made 

of high, slightly thicker than a human hair. It can function as 

a waveguide or light pipe to transmit light between the two 

ends of the fiber. The fiber length in this work is taken as 50 

km, core area as 6.6 x10-12m2. 

Demultiplexer is a device taking a single input 

signal and selecting one of many data-output-lines, which is 

connected to the single input. A multiplexer is often used with 

a complementary demultiplexer on the receiving end. The 

channel spacing used in this work is 50 GHz and 100 GHz. 

PIN diode is a photodiodes used in fiber optic 

network to convert light signal into electric signal car. As a 

photo detector, the PIN diode is reverse biased. In this work 

the efficiency is taken as 0.7 and dark current as 0.1 nA. 

IV. SIMULATION RESULTS 

The dependency of FWM on chromatic dispersion (CD), 

input optical power, channel spacing and channel count has 

been stimulated. It has been seen that low CD, low channel 

spacing, high input power and high channel count increase 

the effect of FWM [11] [12]. The simulation was carried out 

such that one of these factors was varied at a time, so that to 

observe the change in performance of the modulation 

schemes under that condition. The optical spectra and eye 

diagrams at the receiving end were observed for indications 

of the performance of each modulation. Initially, for each 

modulation scheme, 2 channels (193.025 THz & 193.075 

THz) with a channel spacing of 50 GHz and peak optical 

power of 10dBm are pumped into the optical link. 

A. Chromatic Dispersion 

The optical spectra and eye diagram from the fig shows  that 

signal is more distorted at 0 dispersion than at 17 dispersion 

and also the quality of signal is good at chromatic dispersion 

17 ps/ns.km .also the eye opening is more for CPFSK than 

IMDD hence CPFSK better than IMDD. 

 

 
Fig. 5: Optical spectra and eye diagram for IMDD and 

CPFSK for chromatic dispersion 17 ps/(nm.km) 

B. Channel Count 

 

 
Fig. 6: number of channels higher is the number of FWM 

products 
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From fig.6 above, we came to know higher the 

number of channels higher is the number of FWM products. 

When the channel count was increased from two to four 

having frequencies (192.925THz,192.975 THz, 193.025THz, 

193.025THz) it is difficult to differentiate the channels from 

the four wave mixing products as shown in the optical 

spectra. The signal quality is completely lost as can be shown 

in eye diagram in fig.7.as there is no eye opening in IMDD 

while as in CPFSK nose is very large 

C. Optical Input Power 

The input optical power was reduced to 0 dBm from 10 dBm, 

keeping 0 ps/(nm.km) of CD and all initial conditions same. 

In comparison to earlier results, the optical spectra of Fig.8 

show that at lower input power, the effect of FWM has 

decreased for both modulation schemes, and hence the 

corresponding eye diagrams of Fig.8 have larger openings 

indicating better signal quality. Thus, CPFSK performs better 

than IMDD when higher input powers are used  

 
Fig. 7: Optical spectra and eye diagram for IMDD and 

CPFSK for chromatic dispersion 0 and input power 0. 

 
Fig. 9: Graph between input power and output power for 

IMDD and CPFSK 

The graph of output power against input power 

shows that the attenuation of the IMDD signal is higher than 

that of CPFSK. In other words, for the same input power and 

fiber length, IMDD demands higher receiver sensitivity to 

achieve the same signal quality as CPFSK. 

V. CONCLUSION 

The factors namely chromatic dispersion, input power, 

channel spacing and channel count, that influence the effect 

of FWM, were varied one at a time and the performance of 

each modulation scheme under that condition is analyzed. 

Study of the optical spectra and eye diagrams from the 

simulations; indicate that NRZ-IMDD is not comparatively 

better than CPFSK-IMDD in WDM systems when the effect 

of four wave mixing increases. IMDD shows higher 

distortion, signal excursion and lower tolerance to noise 

whereas CPFSK shows promising results. Finally, it is 

reported that IMDD requires greater input power than CPFSK 

for receiver sensitivity at the same fiber length and chromatic 

dispersion. So, it was found that CPFSK is better modulation 

format in terms of tolerance to FWM, tolerance to cross-talk 

and noise, and offers high receiver sensitivity.  
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