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Abstract— Nonlinear effects play an important role in 

transmission of optical pulses through optical fiber. A 

passive photonic device which can exhibit good saturable 

absorption and high nonlinearity to a mode-locked fiber laser 

cavity. The Photonic device showcases different nonlinear 

effects via optimization of cavity parameters and dispersion 

value. This paper reports a discussion about the different 

roles and effects a passive photonic device and its 

applications in the field of ultrafast optical photonics. 
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I. INTRODUCTION 

In today’s world where fiber optics has been a leading 

technique for transmission with respect to high bandwidth 

and high speed transmission rate. There are certain 

nonlinearity effects which are intensity dependent such as 

Four wave mixing, Self Phase Modulation etc. These effects 

give rise to a wealthy of new applications such as 

wavelength conversion, formation of different pattern 

solitons, demultiplexing & broadband amplification. Proper 

designing of the system parameters can improve the 

transmission system [1]. 

In this paper the comparison of the different 

passive mode locking techniques including the photonic 

device which is highly nonlinear as well as a good Saturable 

Absorber (SA). Using this photonic device several different 

outputs have been discussed and reviewed here. Refractive 

indices of different materials that can be used for photonic 

devices making is compared. Using of this highly nonlinear 

and saturable absorber photonic devices provides different 

outputs at a lower laser pump power which provides a clear 

soliton profile output which benefits in studying and analyse 

them. It shows potential applications in nonlinearities such 

as four wave mixing generation, multi-soliton pattern 

formation, etc.[2] 

II. PASSIVE MODE-LOCKING TECHNIQUE 

There are various mode-locked techniques, such as 

nonlinear amplifying loop mirror (NALM), nonlinear 

polarization rotation (NPR), and real saturable absorber 

(SA), would obtain bound states of solitons [4]. Recently, a 

new type of Nanomaterial such   graphene, topological 

insulator (TI) etc. [5], [6],[7]. It produces high nonlinearity 

and SAs for mode-locking in fiber lasers in a simple 

parametrical optimization. Then, the pulsed operation with 

special photonic devices with dual properties as mentioned 

earlier produce output including single mode-locked soliton  

and Q-switching was achieved in fiber lasers by benefiting 

from the large nonlinear refractive index of TI, outputs such 

as multi-soliton, noise-like pulse could be observed in fiber 

lasers.[8] 

In most cases the Saturable Absorber used was the 

Passive material, thus the name arises Passive Mode-

Locking. This technique of Mode Locking means that Mode 

locking is the important technique for generating single 

pulses with durations of picosecond and femtosecond. In a 

mode-locked laser is mode locked, sometimes several pulses 

are circulating in the laser resonator [4]. 

In Recent times, topological insulators (TI) have 

shown to be a graphene analogue and have shown to be 

having qualities such as excellent saturable absorption and 

high non-linearity in fields of ultrafast optics and nonlinear 

photonics. Since Bernard et al. revealed at first the saturable 

absorption of TIs in 2012 [8]. 

The reason for broadband saturable absorption in 

TI is due to the combination of small band gap in its bulk 

state and the gapless metallic state on surface of Topological 

Insulator (TI). TIs exhibit a large nonlinear refractive index 

of 10−14𝑚2/W, which is almost six orders of magnitude 

larger than that of bulk dielectrics. [9][2]. 

III. EXPERIMENTAL  

A. Preparation Techniques of Various Ti Sample 

There are different materials that can be used and here the 

method of sample formation of Bi2Se3 which is one of the 

TI materials is considered for instance. In the technique of 

the Polyol method, the Nano-Platelets (NPs) of Bi2Se3 were 

synthesized, after washing it’s been dispersed in isopropyl 

alcohol (IPA) and the cast has been dropped onto common 

quartz plate (1 mm thick) [10]. Then by the quartz plate is 

kept in a drying oven for vaporization over 8 hours.  

Figure 1(a) shows the Raman spectra of the Bi2Se3 

samples produced, here four typical Raman peaks assigned 

to different resonant modes is clearly observable at low 

wave number range, which signifies the quality of Bi2Se3 

nanomaterial. The Polyol method is utilized to synthesize TI 

Bi2Se3 Nano sheets for experimental processes. Then, the 

dispersion enriched TI acetone solution mixed with aqueous 

solution of polyvinyl alcohol (PVA) and ultrasonicated for a 

while [10]. 

 
    Fig. 1: Characterization of TI sample on quartz plate for 

Z-scan measurement. (a) Raman spectra of the TI sample. 

(b) The AFM image of the TI sample, the height between 

the black line and the others indicates approximately 50 nm 

for this batch of synthesis.[10] 
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The Table (1) shows the refractive index of many 

different materials. As we are aware Graphene has attracted 

worldwide interest for its good electronic and photonic 

properties; it has a unique band-gap structure and its Fermi 

level is tunable, its photon absorption is saturable and its 

refractive index is adjustable [10]. 

Material 
Wavelength 

(𝜆),nm 

Duration 

Time 

Refractive 

Index(𝜂2), 

𝑚2/𝑊 

GaAs 1540 220 fs 
1.59 x 10^-

17 

Si 1540 220 fs 
0.45 x 10^-

17 

𝑀𝑛2+ 
doped ZnS 

QDs 

532 10 ns 
5.7 x 10^-

18 

ZnS QDs 532 10 ns 
6.8 x 10^-

18 

ZnO QDs 1064 10ns 
1.7 x  10^-

18 

Graphene 1550 3.8 ps 6 x 10 ^-12 

TI(𝐵𝑖2𝑆𝑒3) 800 ~100 fs 
2.26 x 10^-

14 

PbSe QDs 1200-1350 ~100 fs -3 x 10^-15 
Table 1: nonlinear refractive index of different materials 

A variety of graphene-based photonic devices have 

been reported such as optical modulators optoelectronic 

converters, ultrafast photonic lasers, highly sensitive 

sensors, and so on. Moreover, as graphene is so thin, it could 

be convenient to combine it with other dielectric 

waveguides, i.e., silicon/polymer waveguides and fiber [6]. 

B. Experimental Setup. 

The schematic of a TI-based erbium-doped fiber laser cavity 

experiment is shown in Fig. 2. Here a 980 nm laser diode 

(LD) pump source was used to pump a 4 m EDF here in this 

experiment. A pair of polarization controllers (PCs) was 

inserted to adjust the polarization state of propagating signal 

pulses in the laser cavity. The unidirectional operation is 

maintained by a polarization insensitive isolator (PI-ISO). A 

10/90 coupler used here was to extract the laser emission for 

detection. The total cavity length used here was estimated to 

be 16.4 m. An optical spectrum analyzer (OSA) and an 

oscilloscope with a photo detector (12.5 GHz) were used to 

study the laser spectrum and output pulse train. The pulse 

profile was measured with a commercial autocorrelator [14]. 

 
Fig. 2: Schematic of TISA-based passively mode-locked 

erbium-doped fiber laser [14]. 

Other photonic devices that were used were 

prepared using Graphene and its methods of preparation of 

such devices includes such as the microfiber-based TI 

photonic device which was fabricated by depositing TI onto 

the microfiber. The TI: Bi2Se3 samples were synthesized by 

hydrothermal intercalation and exfoliation method. Then the 

TI samples were dispersed in the acetone with a 

concentration of 0.1 mg/ml. Using flame-brushing 

technique, the microfiber was drawn from the standard 

SMF.[1],[9]. 

 
Fig. 3: Schematic is of the proposed EDF laser with 

microfiber-based TI photonic device [1]. 

IV. PRINCIPLE OF NON-LINEARITIES FORMATION 

The principle of nonlinearity FWM (Four Wave Mixing) 

induced in the GCM has been experimented [3]. In the 

experimental analysis when a pump light with frequency of 

ωp and a signal light with wavelength of ωs are launched 

into the GCM (Graphene Coated Microfiber)    

simultaneously, due to phenomenon such as the photon 

absorptions and releases, due to electronic transitions in 

grapheme would it leads to generate a new frequency 

ωE=2ωp-ωs. When the generated light is   strong enough, 

cascaded FWM process would be obtained with generating 

higher-order harmonics, with frequency of 3ωp-2ωs, 4ωp-

3ωs, and so on [3]. 

However, obtaining graphene-induced effective 

FWM is still challenging as the interaction between 

graphene and transmitting light is limited, the transmission 

loss is significant, and the dispersion is difficult to optimize. 

Moreover, by virtue of the special geometric characteristic, 

it was demonstrated that the TI-deposited microfiber could 

serve as highly nonlinear SA photonic device by increasing 

its interaction length between the TI and propagation light, 

which could lead to potential applications of nonlinear pulse 

shaping in fiber lasers. 

Four-wave-mixing (FWM), especially cascaded 

FWM, finds wide  application in modern optics, such as 

multi-wavelength laser, amplification of optical parameter, 

dispersion compensation, super continuum, and comb filter 

and so on As graphene has the unique merit of possessing 

ultrahigh nonlinearity especially third order nonlinearity 

over a broad spectral range, it is naturally adaptable for 

FWM.[3] 

Temporal solitons in single mode fibers (SMFs) 

have been the study in many  theoretical and experimental 

studies in recent decades since they were first observed by 

Mollenauer et al. in 1980 [27]. The difference here is instead 

of the single-soliton operation, when multiple solitons 
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appear in the laser cavity, there exist an interactions among 

solitons, dispersive waves and continuous waves and as per 

the “Soliton Area Theorem”, the peak power of the soliton 

in a passively fiber laser operating in anomalous dispersion 

regime would be limited if the average nonlinear parameter 

is high. [1] 

In this case, the single pulse operation is split into 

multiple solitons as per  to the soliton area theorem as the 

peak power of the soliton in a passively fiber laser operating 

in anomalous dispersion regime would be limited if the 

average nonlinear parameter is high. The multi-soliton 

patterns could be frequently observed in a passively mode-

locked fiber laser contains a saturable absorber (SA) on 

proper optimization of cavity parameters and highly 

nonlinear effect. 

In the fiber lasers constructed using  the SMFs, the 

highly nonlinear effect experienced by the solitons could be 

achieved by increasing the pump power. Thus, in order to 

effectively generate various multi-soliton patterns in fiber 

lasers, the pump power needs to be increased to a high level 

which are inconvenient to properly investigate the dynamics 

and features of multi-soliton patterns. Enlightened by the 

formation mechanism of multi-soliton patterns, and for  a 

single photonic device to possess simultaneously both the 

saturable absorption and high nonlinearity, it would be 

beneficial for observing the dynamics of multi-soliton 

patterns in a more convenient way. 

V. NONLINEARITY EQUATIONS 

A. Non-Linear Schrodinger Equation (Nlse)  

Evolution of the slow varying complex envelope A(z,t) of 

the optical pulses along a single mode optical fiber is 

governed by the well-known nonlinear Schrödinger equation 

(NLSE): given as below: 

𝜕𝐴(𝑧, 𝑡)
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𝜕𝑡3 =  −𝑗𝛾|𝐴(𝑧, 𝑡)|2𝐴(𝑧, 𝑡)      (1.1) 

where z is the spatial longitudinal coordinate, α 

accounts for fiber attenuation, β1 indicates the differential 

group delay (DGD), β2 and β3 represent 2nd and 3rd order 

factors of the group velocity dispersion (GVD) and γ is the 

nonlinear coefficient. Equation (1) involves the following 

effects in a single-channel transmission fiber: 1) the 

attenuation, 2) chromatic dispersion, 3) 3rd order dispersion 

factor i.e the dispersion slope, and 4) Self Phase modulation 

nonlinearity. Other critical degradation factors such as the 

non-linear phase noise due to the fluctuation of the optical 

intensity caused by ASE noise via Gordon-Mollenauer 

effect is mutually included in the equation. 

VI. NUMERICAL SIMULATION METHODS 

A. Symmetrical Split Step Fourier Method (Ssfm) 

The solutions of the NLSE provides the model of pulse 

propagation in a single mode optical fiber which can be 

numerically solved by using the popular approach of the 

split step Fourier method (SSFM)[5]. Here the fiber length 

is divided into a large number of segments of small step size 

δz .Practically dispersion and nonlinearity, they both are 

mutually interactive while the optical pulses propagate 

through the fiber. However, the SSFM assumes that over a 

small length δz, the effects of dispersion and the 

nonlinearity on the propagating optical field are 

independent. Thus, in SSFM, the linear operator 

representing the effects of fiber dispersion and attenuation 

and the nonlinearity operator is considered  fiber 

nonlinearities are defined separately as below denoted by 

Equation 2: 

�̇� =  −
𝑖𝛽2

2
 

𝜕2

𝜕𝑇2 +  
𝛽3

6

𝜕3

𝜕𝑇3 −  
𝛼

2
                    (2.1) 

�̇� = 𝑖𝛾|𝐴|2            (2.2) 

Where A replace s, A(z,t) for simpler notation and T=t-z/vg 

is the reference time frame moving at the group velocity. 

The NLSE Equation can be rewritten as below. 

𝜕𝐴

𝜕𝑧
= (�̇� + �̇�)𝐴                     (2.3) 

and the complex amplitudes of optical pulses propagating 

from z to z+ δz is calculated using the approximation as 

given below given by equation (4): 

𝐴(𝑧 + ℎ, 𝑇)~ exp(ℎ�̇�) exp(ℎ�̇�) 𝐴(𝑧, 𝑇)      (2.4) 

This method is accurate to third order in the step size δz. 

The optical pulse is propagated down segment from segment 

in two stages at each step. First, the optical pulse propagates 

through the first linear operator (step of δz/2) with 

dispersion effects taken into account only.  

 The nonlinearity is calculated in the middle of the 

segment. It is noted that the nonlinearity effects is 

considered as over the whole segment. Then at z+δz/2, the 

pulse propagates through the remaining δz/2 distance of the 

linear operator. The process continues repetitively in 

executive segments δz until the end of the fiber. This 

method needs the careful selection of step sizes δz to reserve 

the required accuracy. 

B. Finite Element Method (Fem) 

The vector finite element method can be used to compute 

the mode spectrum of electromagnetic waveguides with 

arbitrary cross section. We face some serious problem in 

node based element analysis which was the primary 

motivation of finding new edge based element analysis. 

Some of the limitations of nodal analysis are [7] 

1) The occurrence of nonphysical or spurious solutions, 

which is generally due to lack of enforcement of 

divergence condition.  

2) The decrease in convenience of imposing boundary 

conditions at material interfaces and as well as in 

conducting surfaces.  

3) Difficulties in treating things such as conducting and 

dielectric edges and corners due to field singularities 

associated with these structures. The edge element 

based analysis removes  the disadvantages of the scalar 

finite element approach of having undesired spurious 

modes or non-physical solutions and easy 

implementation of boundary conditions at material 

interfaces. This approach uses vector basis that assign 

degrees of freedom to the edges rather than to the nodes 

of the elements. 

VII. COMPARATIVE DISCUSSION 

In 2005 Toulouse [19] described the ubiquitous effects of 

optical nonlinearities in optical fibers. These nonlinearities 

in optical fibers are mentioned to have their own pros and 
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cons. This paper discusses the nonlinearities occurring in 

optical fiber and its dependent factors and parameter. This 

paper lso discusses under what parameter and material 

control des the nonlinearities depend on & emphasizing 

their variations for different values of essential parameters. 

Throughout this paper, recent system applications in which 

these nonlinearity effects have been dealt with or exploited 

is mentioned. 

In 2008 MD. Kaisar Rashid khan [21] in his 

research paper discussed the optimum methods needed to 

study nonlinear behavior of dielectric waveguide which is 

intensity dependent built from Maxwell’s equations . The 

vector wave equation was derived and represents the 

electromagnetic wave propagation through the waveguide. 

Since Nonlinear systems tend to change it’s refractive index 

numerical solutions are modified, hence in this paper 

properties such as dispersion & nonlinearities are considered 

during pulse propagation & updation of refractive index 

with pulse intensity by the wave vector and the changes are 

considered for accurate linear &nonlinear modeling & 

numerical modeling & approach to accurate analyze the 

waveguide modes & FEM (Finite Element Method) is 

considered here for its accuracy as it evaluates local 

functions in small discretized elements. In this research 

paper a vector finite element model is developed for wave 

equations solving for evaluating a dielectric waveguides 

propagation modes. Here the Dispersion coefficient, 

Nonlinear Coefficient is evaluated for validity check of the 

model. They claim that the FEM solver provides the electric 

field along with the wave vector. They claim FEM solver 

provides the electric field along with the wave vector. Short 

Duration pulse propagation through waveguide is modeled 

using Non Linear Schrodinger Equation (NLSE) and further 

modification done based on waveguide is based on 

waveguide & pulse properties by Symmetry Split Step 

Fourier Method (SSFM) for solving pulse propagation 

equations. 

In 2010 Bonoccarso [6] reviews the recent 

advances in this emerging field where graphene is quoted to 

have potential in photonics and optoelectronics due to its 

unique optical and electronics due to its unique optical and 

electronic properties combination even in the band gap 

absence and the linear dispersion of the Dirac electrons 

which enables the ultra-wide band tenability . Many of the 

recent advanced results using graph are said to shown in 

fields ranging from Solar cells and LED to touch screens, 

photo detectors & ultrafast lasers. Optical properties of 

graphene are transmittance, linear dispersion for broadband 

and saturable absorption. 

In 2010 Qiaoliang Bao et al. [29] did comparative 

evaluation and found difference in performance between 

single layer graphene and multi-layer graphene coating over 

a microfiber is discusses. The performance is measured 

based on saturable absorption, transmission loss, modulation 

depth. The Monolayer Graphene shows better performance 

than multi- layer graphene and wrinkled defects graphene 

and functional graphene due to its higher modulation depth 

of about 65.9% & its absorption can be saturated ata an 

excitation intensity that is lower 0.53MW/〖cm〗^2 and 

less scattering loss when compared to multilayer graphene. 

Monolayer Graphene finds better applications than 

multilayer graphene in terms of pulse shaping ability, pulse 

stability and output energy and giving picoseconds ultrafast 

laser pulse of 1.23 picoseconds. Here a broad perspective 

through comparative study of how layer thickness and 

defects affect mode locking performance and the simulation 

of pulse dynamics is considered for comparison 

demonstration for picoseconds ultrafast laser pulse 

generation was performed using monolayer graphene 

prepared by Chemical Vapour Deposition (CVD) process.  

In 2013 Lik Ho et al. [17] in their paper conveys the 

Saturable absorption of Graphene, Overview of Ultrafast 

fiber laser and the their parameters such as Group Velocity 

Dispersion (GVD), Dispersion, Self Phase Modulation 

(SPM), Soliton formation & simulating above three in fiber 

laser using SSFM (Split Step Fourier Method) which is used 

for the Numerical simulation of pulse propagation in fiber 

laser. Numerical simulation of Passive Mode Locked fiber 

laser with Graphene Saturable Absorber by Finite Element 

Method (FWM) . Model of Passive Mode locked fiber laser 

with graphene saturable absorber and mathematics model of 

Single mode fiber, Erbium doped fiber, graphene saturable 

absorber. Simulation of Passive Mode locked fiber laser 

with graphene saturable absorber in which Generation and 

propagation of pulse and simulation results and discussion. 

Effect of Graphene saturable absorber on mode locked pulse 

such as initial absorption, recovery time, saturation energy  

and it concludes with future perspectives in polarization 

effects femtosecond pulse generator and bound state of 

solitons. 

In 2013 H P Li et al. [16]  numericaly demonstrated 

that a wavelength tunable graphene based mode locked fiber 

laser with net anomalous cavity Group Velocity Dispersion 

(GVD) & it is shown that using fiber birefringence, it is 

achieved as the central wavelength of mode locked pulses 

could be tuned over continuously from 1553 to 1566 nm 

range. The results of numerical demonstration are in 

agreement with experimental observations . It is stated that 

the mechanism of wavelength tuning may be attributed to an 

artificial fiber birefringence induced filter in the cavity. This 

paper concludes with the numerical demonstration of soliton 

wavelength tuning between 1553 &1566 nm is possible 

using fiber birefringence 

In 2014 YuWu et al. [11] observed efficient FWM 

in a microfiber attached onto a graphene film with two CW 

pumps near 1550 nm. For a contact length of 10 mm and 

input powers to the microfiber of 600mW and 100mW for 

the two pumps, respectively, the conversion efficiency 

changes from −28 to −34 dB, as the wavelength difference 

between the two pumps changes from 0.5 to 4.5 nm. For 

comparison, the power required for the observation of FWM 

in a bare microfiber is almost three orders of magnitude 

higher. The high conversion efficiency and the wide 

wavelength detuning range in the FWM process can be 

attributed to the graphene based enhancement of the 

nonlinearity, as evanescent waves penetrating between the 

microfiber and the graphene film. A microfiber attached 

onto a graphene film provides an effective platform for the 

study of nonlinear effects. 

In 2014 Ai-Ping Luo et al. [4] observed three types 

of bound states in a fiber laser mode locked by a filmy 

topological insulator saturable absorber. In addition, a 

numerical simulation was carried out to explain the 

experimental phenomena. It is found that the different types 
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of bound states achieved in our experiments are caused by 

the peak intensity differences and different pulse widths of 

the consisted pulses within bound states. The results reveal 

an alternative method to roughly estimate the constructed 

pulses of bound states by simply observing the spectral 

modulation and the intensity difference of the 

autocorrelation trace. Meanwhile, it also once again 

provides the experimental evidence that the topological 

insulator could serve as both the SA and the highly 

nonlinear optical component for observing the multi-soliton 

dynamics in fiber laser. 

In 2014 hao liu et al. [3] shows a demonstration of 

creating a fiber ring laser for generation of femtosecond 

pulse. The demonstration used composite materials such as 

Poly Vinyl Alcohol (PVA) for topological insulators (TI) 

and Bismuth Selenide for saturable absorption (SA). Now 

the Composite PVA-TI is mentioned in this paper to show a 

low saturable optical intensity of 12 MW/〖cm〗^2 & a 

modulation depth of ~3.9%. By incorporating the fabricated 

PVA-TISA into fiber ring laser at a low pump threshold 

power of 25 mW mode locking could be achieved in their 

demonstration. And after an optimization of cavity 

parameters optical pulse with ~ 60 femtoseconds centered at 

1557.5nm wavelength had been generated. It is concluded 

that filmy PVA-TISA composite films is good candidate for 

ultrafast saturable absorption. 

In 2015 Yao B.C et al. [20] demonstrated in his 

paper that a coherent pulse generation with modeless 

random lasers based on unique polarization selectivity and 

broadband saturable absorption of graphene monolayer. The 

pulse generation is done under a stabilized cavity and its 

corresponding mode structure for initial phase locking. Here 

Random fiber lasers are stated to be the new way of pulse 

generation.  

In 2015  Xiaoying HE et al. [15] reviewed in his 

paper about a tutorial introduction of Graphene Microfiber 

(GMF) by hailing it as wonderful waveguide in these times 

of nanotechnology finding prominence in research. Here the 

review of GMF waveguide was presented such as effect of 

graphene on waveguide, fabrication & it’s application in 

recent progress was reviewed in the case of usage of GMF 

frm mode-locking & Q-Switching in fiber laser to optical 

modulation techniques & gas sensing applications. The 

author  emphasized possibilities of application in field of 

future optic circuits systems & networks. Figure 5 below 

shows the coss section view of microfiber & GMF 

waveguide show the optical field in microfiber has more 

light confinement than that of GMF waveguide. 

 
Fig. 4: Cross section view of microfiber & GMF waveguide 

[15] 

In 2015, Meng Liu et al. [5] demonstrated 

experiments of the formation of versatile multi-soliton 

patterns from an EDF laser with a micro fiber based TI 

photonic device. By utilizing the highly nonlinear effect and 

excellent saturable absorption of the microfiber-based TI 

photonic device, different multi-soliton states such as soliton 

molecules, bound solitons and soliton rains could be easily 

observed in the fiber laser at a low pump power. The 

achieved results indicated that the TI-deposited microfiber 

could serve as a dual-functional photonic device with both 

highly nonlinear effect and saturable absorption. 

In 2015 Almir Wirth Lima Jr et al. [28] discussed 

in this paper about the factors that control the shaping of 

optical pulses transmitted through a graphene coated 

microfiber waveguide and how the optical pulses such as a 

Gaussian pulse and hyperbolic secant pulse is affected while 

transmitting through this Nanoribbon waveguide coated 

with graphene due to Nonlinear effects, attenuation and high 

order dispersive effects of this graphene based microfiber 

waveguide. It was finally concluded that two factors such as 

input signal power and the chemical potential of graphene 

nanoribbon are able to control the shape of output pulse. 

Here Graphene base waveguide features such as 

conductivity and expression relating electric permittivity, 

angular frequency and conductivity and thickness of 

graphene based waveguide and its dispersion relation for 

TM &TE modes are discussed and stated its application in 

photonic devices such as filters antenna etc. 

VIII. CONCLUSION 

In this paper, the discussion and investigation of the 

distinguished nonlinear response of grapheme and other 

topological insulator material and explored its applications 

in the passively mode-locked laser numerically and 

experimentally. The ultrafast saturable absorption exhibited 

by graphene has made it a promising material as a saturable 

absorber to achieve passive mode-locking and in exhibiting 

Nonlinear effects at the ease of optimization of parameters. 
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It’s future scope includes the finding of which Photonic 

devices among Topological Insulator(Bi2Se3) or Graphene 

material or Poly-Vinyl Alcohol (PVA) would produce better 

effects in generation of Nonlinearity effects and extent of 

different outcome that can be attained such as femtosecond 

pulse  generation, outputs considering polarization effects 

and effects on Bound Solitons generation in a Numerical 

simulating method and also there is future scope i to 

examine how the polarization states affect the pulse 

propagation in the fiber lasers cavity. 
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