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Abstract 
By using OPFs to transmit data in the form of light, fiber-optic communication has completely changed 

the way in-formation is transmitted. This technology's remarkable benefits, such as much lower 

attenuation, increased band-width capacity, and decreased crosstalk over extended distances, make it 

superior to conventional electrical trans-mission techniques. The deployment of Wavelength Division 

Multiplexing (WDM), which maximizes bandwidth usage by enabling several data channels to be 

carried simultaneously at various wavelengths, is one of the rapid breakthroughs in optical fiber (OPF) 

technology that are examined in this research. However, nonlinear event in-volved Self-Phase 

Modulation (S.P.M.), Four-Wave Mixing (FWM), and Stimulated Raman Scattering (S.R.S.) that are 

inherent in fiber optics frequently impair the performance of WDM systems. Signal distortion and 

energy loss may result from these causes. The study examines many digital modulation methods, such 

as Differential Phase Shift Keying (DPSK), Return-to-Zero (RZ), and Non-Return-to-Zero (NRZ), and 

evaluates how they affect system performance and efficiency at high bit-rates. The results point to a 

future path for optical communication system research and development, showing that DPSK provides 

improved sensitivity and lower bit error rates, while RZ modulation exhibits higher resilience to 

nonlinear effects. 
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1. Introduction 
The operation of convey the data and information from one place to another through an 

optical fiber (OPF) in the form of light called Fiber optic communication. This method of 

communication has not only played a crucial role in revolutionizing the field of 

telecommunications, but also has exercised a significant role in the sophistication of 

information due to its merits over electrical transmission [1]. In modern communication the 

copper wires have been replaced with fiber due to the advantages of OPF. One major 

advantage of fiber is its exceptionally low loss. Another merit is when fiber cables run 

together for long distances, the cross talk may vanish. Recently, bit rate fiber transmission 

took center stage to become an important part of state-of-the-art communications [2]. 

The rapid development in OPF communication technology has provided great transmission 

capacity and longer transmission distance to satisfy the growing demand of computer 

network. Also, modern technology in WDM permits very high-capacity networks. WDM 

provide an advantages of convey a significant number of data using different channels and 

varying wavelengths, which allows to invest all the bandwidth introduced by OPF [3]. 

High data rate OPFs in contemporary WDM systems have some adverse effects that decrease 

system performance by reacting negatively to the system's efficiency. The nonlinearity of the 

fiber is the WDM system's limiting factor. The main drawback of nonlinear impact is the 

poor performance of WDM optical networks, which results in output signal distortion and 

channel energy waste [4, [5]. 

In fiber optic systems, there are several digital modulations of different techniques. The 

variations are NRZ, RZ, and bi-phase. Consequently, various modulation schemes, such as 

Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK), and Phase Shift Keying 

(PSK) are in use. In optical communication system, nonlinearity is a term that refers to the 

reliance of the system within the optical beam power, which is launched through the fiber 

cable. The effects of nonlinearity in OPFs have turned to be a vital field of academic 

research that bears great significance in OPF-based systems. Findings of previous
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experiments have shown that the deployment of high-bitrate 

multi wavelength systems along with optical amplifiers 

cause principal impact of nonlinear like S.R.S., SBS, S.P.M, 

X.P.M. and FWM. The system designers should take into 

consideration the nonlinearity effects and their influence in 

deploying high-bit-rate (>10Gbit/s per channel) in multi 

wavelength systems. Both the positive and negative effects 

of nonlinearity on the system's performance were examined 

in the interest of make a decision whether that influence 

brings positive or negative outcomes [6, 1]. 

Nonlinearities of OPFs originated from the susceptibility of 

the third order (c3). Nonlinearity effects on the transmission 

length of the OPF. As the length of the OPF increases, the 

interaction between the light and the fiber material also 

increases, resulting in enhanced nonlinearity effects. 

However, nonlinearity effects will be reduced if power is 

decreased during the process of the transmission of light 

along the OPF. To overcome this R Z modulation format 

has become progressively common for the systems of Long-

haul OPF transmission operates at bit rates of 10 GB/s and 

higher [7]. 

Despite the advantages of RZ format, it is frequently 

ignored and disregarded as the format requires greater bw 

than Non-N.R.Z format. Also, RZ format usually demands 

two cascaded MZ modulators. Recently, RZ showed that its 

performance was better especially in some areas with 

chromatic dispersion and fiber nonlinearities than the 

performance of NRZ [8, 9] 

This is due to the possibility of soliton-like properties in the 

RZ pulse. Furthermore, compared to NRZ, RZ has 

demonstrated a higher tolerance to polarization-mode 

dispersion. R Z performance with various modulation 

schemes, including binary OOK and binary DPSK, is 

compared in some recent studies. The purpose of this 

comparison is to enhance long-distance transmission [10] [11]. 

The key to a future modulation approach that can maintain 

the signal over extended transmission distances with a low 

bet error rate is differential phase-shift keying (DPSK). 

Long-haul transmission systems that use this technique can 

perform better than those that rely on the traditional OOK 

format. Stated differently, it may result in the coexistence of 

several (pdftex.def) utilizing viewport instead of [12].  

In this portion, the main problem, selected in the study 

should be discussed with the relevant earlier literature and 

the proposed method or solution. Proper references should 

be used in support to the content. 

 

2. Fiber Optic Communication System 

2.1 Components of OPF system 

Modern OPF communication system could be classified into 

different components with variations in functions and 

technological implementations. This section describes the 

key elements of a communication system using fiber optics 

[13]. 

 

2.1.1 Transmitter 

A light source is the transmitter's main part. Information 

signals are converted from their electrical form into light via 

the light source. These days, fiber-optic communication 

system a light source known as Laser Diode (LDs) is used 

extensively in fiber-optic communication system. 

Meanwhile, the miniature semiconductor devices efficiently 

convert all the electrical signals into light. These devices 

demand connection of power supply and modulation 

circuitry. Therefore, the light source and semi-conductor 

devices make up one integrated package [13] [14]. 

 

2.1.2 OPF 

An OPF operates as the transmission media. Light is sent 

from a transmitter to a receiver via this transparent, flexible 

filament. In a fiber-optic communication system, the OPF 

transmits the signal of optical information from the 

transmitter end to the reception end. As with any 

communication link, the optical-fiber provides the link 

between a transmitter and a receiver. In the case of fiber-

optic communication, fiber conducts light while copper wire 

and coaxial conduct an electrical signal. Generally, fibers 

are made from silica, a type of glass or from plastic, but is 

less commonly used nowadays. The thickness of an optical-

fiber is as fine as a strand of the human hair. In order to 

keep the very delicate optical-fiber from the hostile 

environment and mechanical damage, it is usually enclosed 

in a certain structure. Therefore, the bare optical-fiber is 

coated for protection and encapsulated in many layers that 

constitute the fiber-optic cable [13] [14] [15]. 

 

2.1.3 Receiver 

The photo detector is the fundamental component of an 

optical receiver. Reconverting an optical information signal 

back into an electrical signal is the job of a photo detector. 

In the current fiber-optic communication system, a 

semiconductor called a photodiode (PD) serves as the photo 

detector. This little gadget is frequently updated together 

with its electrical components to create a cohesive package 

that provides signal amplification and power-supply 

connections [13] [14]. 

 

 
 

Fig.1: Communication System of Fiber-Optic 

 

2.1.4 Types of OPF 

A thin glass strand is called optical-fiber. But it is harder 

than steel, inch for inch. The idea of optical-fiber was 

merely a scientist's fantasy thirty years ago. But now that 

this amazing technology is a reality, it is changing how 

information is sent and received globally. MLF and SMF 

are the two varieties of optical-fiber [16]. 
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Fig 2: Types of optical-fiber. 

 

2.1.5 Single Mode Fiber (SMF) 

It is an optical-fiber with a few losses which is commonly 

used for long haul. This type of fiber is distinguished by a 

small core radius varying between 1-16 μm. The differential 

refractive index between the core and the cladding is about 

0.6%. This type of fibers only used with lasers because of its 

narrow Numerical Aperture (NA). Also, Single Mode Fiber 

(SMF) has a small core diameter that keeps the light beam 

move in a single pathway, or single mode, down the center 

of the fiber core. The signal in single mode fibers travels 

faster than in multi-mode fiber because the signal does not 

reflect off the cladding in the small diameter core. Single 

mode fiber is typically favored for telecommunications 

because of the huge amount of traffic that it can carry [17] [18]. 

 

2.1.6 Multimode Fiber 

Multi-mode step index fibers were the first type of fiber 

design but it was too slow for most uses, due to dispersion 

due to the multi path lengths of the dissimilar modes. Its big 

core diameter, is larger than the Numerical Aperture (NA), 

with a core radius ranging from 25 to 60 μm. These fibers 

are used as short links between building or campus networks 

[19]. Multimode graded index fibers core manufacturing from 

different glass composite used in different guide length of 

modes. Thus, Multimode offer very high band width 

compare to fiber step index up to about 2GHz. This type of 

fiber has a core radius that ranges from 10-35 μm [19] [20]. 

 

2.2 Nonlinear effects of OPF 

Even though the signal power is relatively modes, nonlinear 

effects in optical-fiber s arise when the optical intensity of a 

propagating signal is strong. 

A tiny optical-fiber cross section is responsible for the high 

intensity, which is enough to produce noticeable 

nonlinearity effects. Furthermore, because optically 

amplified systems have a long interval between 

regenerations, the effects of nonlinearity may compound 

over extended distances. Depending on where they come 

from, nonlinearity influences can be divided into two 

groups: optical Kerr impact and stimulated scatterings. The 

intensity dependence of an optical-fiber’s refractive index 

results in a phase constant that varies with optical intensity, 

which causes the optical Kerr effect. In contrast, stimulated 

scattering happens when a scattering results in an 

attenuation constant that is intensity dependent. S.R.S. and 

SBS are two examples of stimulated scattering phenomena 

that can happen in an optical-fiber. FWM, X.P.M., and 

S.P.M might result from the intensity relented of refractive 

index. The fact that stimulated scattering is linked to 

threshold powers at which its effects become notable is 

another way that it differs from the effects of nonlinear 

refractive index [21, 22, 23]. 

 

 
 

Fig 3: Classification of nonlinear effects. 

 

2.2.1 Four Wave mixing (FWM) 

For the case of several wavelengths co propagate in the 

exact fiber and meet the phase matching criterion, a 

nonlinear process known as FWM takes place. When two or 

more frequencies interact in FWM, a variety of new 

frequencies are produced. For instance, when three 

frequencies  co-propagate in the fiber, the 

generation of new frequencies  is represented by [24] 

 

   (1)  

 

If two of three of these frequencies are similar only two new 

wavelengths are created in the fiber. This is illustrated in 

Figure 2. Partially degenerate four-wave mixing (PDFWM) 

is another name for this situation [25]. In this case, when 

, the additional frequencies generated are 

. This is shown in Figure 4. 
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Fig 4: Additional frequencies generated through FWM. 

 

According to equation 2, nine new frequencies would be 

produced if three distinct frequencies were sent into a fiber. 

Nondegenerate four-wave mixing is another name for this 

phenomenon. Put otherwise, a fiber with N co-propagating 

wavelengths might use FWM to produce M extra 

frequencies. The relationship between these two variables 

can be shown as: 

 

 (2) 

 

Happening the FWM requires the phase matching condition, 

which refers the capacity of FWM be contingent on 

dispersion and channel spacing. Dispersion prevents the 

velocity match, which in turn destroys the condition of 

phase appropriate. So that, rise local waste fiber and larger 

channel spacing are helpful in a WDM system [12, 26, 27]. 

 

2.2.2 Self-Phase Modulation (S.P.M.), Cross-Phase 

Modulation (X.P.M.) 

S.P.M. as well as X.P.M. are the significant nonlinear 

influence that result from the intensity be contingent on the 

refractive index. S.P.M. is represent by the self-inducing 

phase shift that an optical field undergoes when traveling 

through optical-fibers. At different wavelengths, a co-

propagating filed is due to the nonlinear phase shift of the 

fiber field this refer to X.P.M. In a fiber, co-propagation 

happens simultaneously when two optical fields at 

frequency  polarize along the x axis. This is 

shown in the equation below: 

 

 (3) 

 

The field at w1 and the nonlinear phase shift caused by 

S.P.M. and X.P.M. can be written as follows: 

 

 
 

Where 

N2 is the coefficient of the nonlinear index,  

, and L fiber length.  

 

The equation 2.4 content from two part, first one refers to 

SPM and second refers to X.P.M.-induced nonlinear phase 

shift, the previous formula show SPM is a half of face shift 

nonlinear phase shift. From this equation it can be said that 

for equally intense optical fields, the contribution of X.P.M. 

to is twice as high compared with that of S.P.M.[12, 26, 27]. 

 

2.2.3 Stimulated-Raman-scattering (S.B.S.) also the 

Stimulated-Brillouin-scattering (S.R.S.) 

It causes both S.R.S. as well as SBS, where the optical field 

partially transports its energy to the nonlinear medium. 

S.R.S. and SBS vary primarily in that whilst acoustic 

phonons engage in SBS, optical phonons participate in 

S.R.S. A photon of the pump is blocked to produce a photon 

at the downshifted Stokes frequency and a phonon with the 

proper energy and momentum to save the energy and 

momentum in a straightforward quantum-mechanical 

illustration that applies to both S.R.S. and SBS. Of course, if 

a photon with the proper energy and momentum is 

available, it can also produce a higher-energy photon at the 

anti-Stokes frequency. Even while S.R.S. and SBS share a 

lot of similarities, they vary fundamentally. In optical-fiber 

s, S.R.S. controded the forward direction while SBS only 

happens in the reverse direction. For S.R.S., the initial 

development of the Stokes wave can be represented simply 

by the following equation: 

 

      (5) 

 

Knowing that 

Is, IP and gr are the Stokes, pump intensities and the 

Raman-gain coefficient, respectively.  

The same formula applies to SBS when the Brillouingain 

coefficient is used in place of (gR). The broad gB Raman 

gain spectrum reaches up to about 30 THz. The maximal 

gain of (gR) happens at the Stokes shift of approximately 13 

THz and is approximately  m/w at one mm of pump 

wavelength. The Brillouin-gain spectrum, on the other hand, 

has a bandwidth of roughly 10 MHz and is incredibly 

narrow. Around 0.006 m/w is the peak value of gB, which 

happens at the Stokes shift of roughly 10 GHz. When the 

pump intensity surpasses a particular threshold, a notable 

conversion of pump energy of Stokes takes place for both 

S.R.S. and SBS. SBS is often detectable at a pump power of 

10mW, whereas S.R.S. is typically detectable at a pump 

power of 1mW. The Stokes shift for S.R.S. is very 

significant (up to 13 THz). In actuality, this figure is more 

than the shift for the entire bandwidth of the conventional 

C-band simulated WDM system. When compared to the 
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bandwidth of the optical spectrum of the transmitted signal 

in a high-speed lightwave system, SBS's small spectrum 

bandwidth is insignificant. Therefore, it is essential to take 

into account the nonlinear degradation effects of fibers 

while they are being transmitted [12, 26, 27]. 

 

2.3 Modulation Format 

Data can be impressed onto an optical carrier wave for 

transmission across an optical-fiber using an optical 

modulation format. A high-capacity transport infrastructure 

made up of fiber-optic communication systems enables the 

use of established internet applications and universal 

broadband data services. Optimally routed networks with 

high spectrum efficiency are the result of the goal for both 

greater per-fiber transport capabilities and, at the same time, 

reduced costs per end-toned transferred information bit. 

Other technologies, like as optical modulation formats, have 

emerged as essential components of capacity design. The 

process of imprinting digital data onto an optical carrier is 

known as modulation. Coding is also used in modulation to 

either stop errors from being transmitted or fix transmission 

problems that have already happened. Recently, fiber 

nonlinearity has a negative effect on WDM system, whereby 

this behavior is reflected on the receiver sensitivity of the 

system. Many techniques have been proposed to reduce this 

phenomenon and to enhance the bit error rate. Figure 5 

shows. Therefore, modulation format is an important key 

feature to overcome the nonlinear effect in the optical link. 

The modulation format can be classified into different types 

[11, 12, 28]. 

 

 
 

Fig 5: Classification of Modulation Formats 

 
The first type is differential modulation technique which 
deals with the input signal phase while the second type of 
modulation format is intensity modulation whereby the 
attribute key is the intensity of the input signal[12, 26, 27].  
 

2.4 Non return to zero on off Keying (NRZ OOK) 
The NRZ is predominant modulation in fiber-optical 
communication systems. The most commonly used data 
waveform is NRZ, which has an on/off modulation 
amplitude. The NRZ format is used for data transmission 
using fiber optics at lower data speeds of 10 Gb/s. The NRZ 
optical fiber modulations was used for a number of 
purposes. One of the reasons is that, in contrast to return-to-
zero modulation, the small electrical bandwidth take place 
in NRZ modulation due to transmitter and receiver 
operations. The other reason is that, in contrast to phase 
shift keying, it is less susceptible to laser phase noise. 
Lastly, the transmitter and receiver configuration is the most 
straightforward. The NRZ modulation format might not be 
the ideal option for upcoming high-capacity optical 
networking systems given the latest advancements in the 
field of optical communication. However, due to its 
historical supremacy and simplicity, it has been widely 
used; NRZ would be an excellent reference for comparison 
when an external intensity modulator is utilized for 
modulating an electrical signal [29, 30]. 
An electrical signal can be converted to an optical signal 
(OS) at the same data rate using either a Mach-Zehnder or 
an electro-absorption intensity modulator. An NRZ OS is 
detected at the receiver using a photodiode, which converts 

the signal's optical strength into an electrical current. Direct 
detection from one side is the word used to describe this 
technique. For WDM systems, the NRZ modulation format 
is more suitable. NRZ is more negatively impacted than RZ 
by nonlinearity, the main source of degradation. When 
compared to other modulation schemes, the NRZ modulated 
OS often has the most condensed spectrum. This does not 
imply, however, that NRZ is more resilient to FWM and 
X.P.M. in DWDM systems. It has been demonstrated that 
NRZ OS are less resistant to the GVD-and Self Phase 
Modulation effect during transmission than their RZ 
counterparts because of their strong carrier component in 
the optical spectrum [11, 25, 27, 28, 31]. 
 

2.4.1 Return to zero on off Keying (RZ OOK) 
Two bandwidth ultra-long-haul of 10Gb/s and long-haul of 
40Gb/s that suffring long time due to power of peak is high, 
low bit rate error and SNR signal to noise ratio the 
characteristics of non-return-to zero (NRZ) modulation 
therefore use the Return to Zero (RZ) become common 
solution[32]. The RZ had many specifications such as 
dispersion mode of polarization, immune to nonminority 
from opt optical fiber due to DWDM interaction channel 
and modulation of cross phase. The shape of the OSs of RZ 
is carved by the use of a clock signal with the same data-rate 
as electrical signal. It is created by an external intensity 
modulator; after a synchronized pulse train with the same 
data-rate as the electrical signal that modulates the OS by 
cascading another intensity modulator. Also, waveforms of 
RZ can be created first followed by modulation onto an 
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optical carrier. if we campers between optical pulse between 
NRZ and RZ we found that RZ have dou 50% duty-cycle, 
duty cycle and optical power average remain same at the 
constant, while optical amplifier take pace to rise in power 
and run in the saturation mode, resulting in a gain that scales 
with average input power [33].  
There is some relationship had been used, like the 
photodiode was a square law detector, while the photo-
current had proportional relationship to optical power then 
optical power receiver became proportional relationship to 
square photo-current and optical power. Thus, resulting the 
electrical pulse of NR double of NRZ. Some more of the RZ 
that require more complexity of transmitters structure. The 
combination MZ modulator at 50% duty-cycle data rate 
produces a RZ pulse with duty-cycle of 33% that located 
between minimums and maximums transmission. Thus 
behave show good tolerance to nonlinear optical effects 
camper to NRZ due to data pattern regular in OS while the 
RZ pulse show large spectrum due to have narrow pulse. 
This feature makes the spectrum of pulse shaping of RZ less 
efficient in a WDM system [34, 35]. 
 

2.4.2 Differential Phase Shift Keying (DPSK) 
The Differential binary phase shift keying (DPSK) 
modulation used to encode the binary information that can 
be change between bit 0 and bit1 where 0 represent absence 
the phase change while 1 encode the phase change, that 
represent DPSK and OOK can be executed in RZ and NRZ 
format.[36, 37, 38]. The phase of a narrow-lined width laser 
source in the optical field is then between 0 and p using the 
preceded data sequence. This means one is free to use either 
a straight-line Phase Modulation (PM) or an MZM to 
achieve the optical phase modulation [39, 40, 41]. 
The insertion of a pulse carver can help to convert the NRZ-
DPSK signal to RZ-DPSK, respectively. The absence of a 0-
bit rail in the eye diagrams, is characteristic of phase-
modulated formats. The intensity that dips between the two 
bits in the NRZ-DPSK eye represents the residual intensity 
modulation of the MZM caused by the finite NRZ drive 
signal bandwidth. Since DPSK cannot be received directly 
by the use of square law detection, one inserts Delay-
Interferometer is (DI) inserted in the optical path at the 
receiver to convert the differential phase modulation into 
intensity modulation. In addition to that, the length 
difference of the (DI) has to be fine-tuned with sub 
wavelength accuracy (i.e. on the order of 10 nm and 
matches with less than 0.1 fs, in the 1550-nm wavelength 
range) for the purpose of controlling interferences at the DI 
output [42, 43, 44]. 
In a direct-detection DPSK receiver, the DI allows two 
adjacent bits interfere with each other on its output ports. 
Such interference can lead to the presence of power at a DI 
output port if the two adjacent bits interfere constructively 
or otherwise with each other. As a result, in a bit stream that 
is DPSK encoded, the bits that come before it serve as the 
phase reference for the current bit's demodulation. In a 
practical DPSK known as a balanced receiver, this phase 
reference can be provided by a local laser inside the receiver 
in order to beat the received signal in the case of coherent 
detection. This results in both constructive and destructive 
interferences. This receiver makes advantage of both the 
constructive and destructive MZI ports. Therefore, the 
primary benefit of DPSK is its 3-dB sensitivity, which 
allows for balanced detection [45]. 
 

2.5 Related Works 
It is necessary to study and investigate the efficient 
modulation formats for high bit [31]. Fiber-optic 
communication's advanced modulation algorithms make up 
the high-capacity transport backbone that makes developed 
Internet applications and global broadband data services 
possible [12]. Optically routed networks with high spectrum 
efficiency have been created due to the need for both 
reduced prices per end-to-end transmitted information bit 
and better per-fiber transport capabilities. In this study, two 
channels with data rate of 10 Gb/s were used for the purpose 
of comparing the results with of intensity modulation and 
phase modulation format of Quantum Limited DPSK 
Receivers with Optical Mach-Zehnder Interferometer 
Demodulation [46, 47]. The study for the advancement in 
performance is on the 10 Gb/s to large the network of 
system, requires some essential components such as high 
speed electronic, optical and opto electronic components, a 
novel modulation format as well as, resilience in 
impairments and transmission [48, 49]. The design and 
application of such large networks is an expensive and 
costly project. These networks are also time-consuming 
exercise because of sophisticated and intricate design 
procedures. 
 

3. Conclusion 

Fiber-optic communication technology has established itself 

as a fundamental component of contemporary 

telecommunications, enabling unprecedented data 

transmission speeds and capacities. The transition from 

traditional copper wiring to optical-fiber has been driven by 

the need for efficient communication systems capable of 

handling the exponential growth of data traffic. Despite the 

advantages, the challenge of nonlinear effects remains a 

significant concern, particularly in high-speed WDM 

systems. This paper highlights the importance of 

understanding these nonlinearities and their implications for 

system design. The analysis of modulation formats reveals 

that both RZ and DPSK offer viable solutions to mitigate 

the adverse effects of nonlinearity. RZ modulation 

demonstrates improved performance in environments with 

chromatic dispersion, while DPSK’s differential encoding 

reduces susceptibility to noise, enhancing overall system 

robustness. This indicates that careful selection of 

modulation techniques is crucial for optimizing performance 

in fiber-optic networks. Looking forward, continued 

research into advanced modulation strategies and the 

development of adaptive techniques to counteract nonlinear 

distortions will be essential. The findings underscore the 

need for ongoing innovation in fiber-optic technology to 

meet the demands of future high-capacity communication 

networks, ensuring that they remain reliable and efficient in 

an increasingly data-driven world. 
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