
 
 

 
 

Adv. Studies Theor. Phys., Vol. 2, 2008, no. 16, 769 - 785 
 
 
 

Solitons in SOI Optical Waveguides  
 

 
 

Vittorio M. N. Passaro and Francesco De Leonardis * 
 

 
Photonics Research Group, Dipartimento di Elettrotecnica ed Elettronica, 

Politecnico di Bari, Via Edoardo Orabona n. 4 - 70125 Bari, Italy 
passaro@deemail.poliba.it 

URL: http://dee.poliba.it/photonicsgroup 
 
* Photonics Research Group, Dipartimento di Ingegneria dell’Ambiente e per lo 

Sviluppo Sostenibile, Politecnico di Bari, 
viale del Turismo n. 8 - 74100 Taranto, Italy 

f.deleonardis@poliba.it 
 
 

Abstract 
 
Nonlinear optical propagation of ultrafast pulses in silicon-on-insulator rib 

waveguides is theoretically investigated in this invited paper. Group velocity 
dispersion, third optical dispersion, two photon absorption, free carrier dispersion, 
self  phase modulation induced by Kerr effect, self-steeping and intrapulse Raman 
scattering are taken into account by a very general modeling under sub-
picosecond regime. Soliton formation and propagation are presented and 
discussed. Finally, some simulations for waveguide optimization are given. 
  
 
Keywords: Integrated optics, Nonlinear optics, Silicon-on-Insulator technology, 
Optical solitons 
 
 

I. Introduction 
 
Silicon is the ideal platform for Integrated Optics and Optoelectronics. The 

quality of commercial silicon wafers driven by Microelectronics industry still 
continues to improve while the cost continues to decrease. Moreover, the 
compatibility with silicon integrated circuits manufacturing is another important 
reason for this interest in Silicon Photonics [1-2]. As a transmission medium, 
silicon has much higher nonlinear effects than the commonly used silicon dioxide, 
in particular the Raman effect. Recently, several experimental and theoretical  
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studies have been proposed in literature exploiting this effect, such as Raman 
amplification in Silicon-on-Insulator (SOI) waveguides [3-9], Stokes and anti-
Stokes Raman conversion [10-12], cross phase modulation-based interferometer 
switch [13], two-photon absorption (TPA) [14-15], lossless modulation [16]. 
Moreover, the need for active devices in a SOI integrated platform has stimulated 
an increasing amount of research in light generation in silicon [17-24]. More 
recently, the large interest for optical devices operating in the mid-IR has driven 
the research to exploit nonlinear effects in 2.2-5.3 μm wavelength range. The 
works proposed by Jalali et al. [25-26] represent the first studies to investigate the 
prospects for Raman silicon laser and amplification in the mid-IR wavelength 
range. Simultaneously, another research topic has involved the propagation of 
ultrafast optical pulses in SOI waveguides [27-30]. In particular, the first 
demonstration of the soliton formation in a short SOI waveguide has been 
recently presented [30] by considering a 116 fs quasi-TM Gaussian pulse to 
generate the fundamental soliton. The crucial importance of both experimental 
and theoretical investigations on nonlinear effects in SOI waveguides has been 
recently demonstrated by a review paper [31]. 

Our paper presents a very generalized modelling to investigate all nonlinear 
effects involved in the propagation of ultrafast pulses in SOI rib waveguides. This 
work can be considered as a generalization of some investigations already 
proposed in literature [28, 30]. In particular, the combination of third order 
dispersion (TOD) and mode polarization effects on the formation and propagation 
of optical solitons in SOI waveguides is investigated. 

In Section II the theoretical model is presented in a very general formalism, 
considering TPA, Free Carrier Absorption (FCA) where the free carriers are 
generated by TPA of the propagating pulse, plasma dispersion, Self-Phase-
Modulation (SPM) as induced by the Kerr nonlinearity, Group-Velocity 
Dispersion (GVD), TOD, self steeping, and intrapulse Raman scattering.  

In Section III a number of numerical results are shown, including comparisons 
between our solutions and some results proposed in literature, and a parametric 
study based on the finite element method to individuate the optimal cross-section 
to reduce the detrimental TOD effects influencing the soliton properties.  

 

II. Modeling 
 
In this section the complete mathematical model to investigate the propagation 

of optical pulses in sub-picosecond regime is developed. When such optical 
pulses propagate inside a waveguide, both dispersive and nonlinear effects largely 
influence their shapes and spectra. Then, the equation system must take into 
account a number of nonlinear effects, such as TPA, SPM and XPM induced by 
Kerr effect, GVD effect, third-order dispersion (TOD), self-steeping, nonlinear 
birefringence effect, and higher order nonlinear effects induced by the delayed 
Raman response. This theoretical investigation can be also considered a 
generalization of the theoretical studies proposed in literature. In particular, we  
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have considered the TOD effect on the soliton generation and propagation, 
differently from [30]. Moreover, in our paper we have found the guidelines to 
appropriately design the waveguide cross-section, managing the TOD-induced 
delay in correlation with the optical mode polarization. This last investigation is 
an original aspect with respect to other theoretical studies [28].    

 
It is worth to noting that the delayed response of Raman scattering influences 

the nonlinear response function and, then, the SPM effect. In addition, the 
introduction of this delayed response allows to extend the investigation for pulse 
time widths under 1 ps, ranging from 10 to 1000 fs. The starting point is the 
nonlinear response function R(t), written as [32]: 

 
( ) (1 ) ( ) ( )R R RR t f t f h t= − +δ                                        (1) 

          
where ( )tδ  indicates the Dirac delta function and Rf  represents the fractional 
contribution of the delayed Raman response to nonlinear polarization NLP  [32]. 
Thus, the response function ( )R t  includes both electronic and vibrational 
(Raman) contributions. In addition, the Raman response function ( )Rh t  is 
responsible for the Raman gain spectrum. In particular, the functional form of  

( )Rh t  can be deduced from the Raman gain spectrum [32], ( )Rg Δω , known to 
exhibit a Lorentzian shape [26]. 
 

Now, the complete determination of nonlinear response function R(t) requires 
the knowledge of fraction Rf . As in [29, 32], it can be estimated from the 

numerical value of Raman gain peak under normalization condition ( ) 1Rh t dt =∫ . 
Assuming a gain peak value of 20 cm/GW (typical for silicon at λ = 1550nm), it 
results Rf  = 0.043 [29], smaller than in silica fibers, i.e. 0.18 [32].  

 
In the following analysis, we assume a typical SOI waveguide as sketched in 

Fig. 1, having  rib total height H , slab height sH  and rib width W . In a single-
mode SOI waveguide, two propagating modes are typically confined, one quasi-
TE (dominant x-component of electric field) and one quasi-TM (dominant y-
component). Since the assumption of translational invariance along the 
propagation direction (z) can be made, the electric field in the single mode SOI 
waveguide is written in terms of variable separation 

( ) ( ) 0( , , , ) , , j zE x y z t C F x y A z t e= ⋅ β , where 0β  is the propagation constant, 

( ),F x y  is the optical mode distribution in the waveguide cross section x y−  
(solutions of Helmoltz wave equation) and C  is a normalization constant. 
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Fig. 1. Schematic diagram of SOI rib waveguide. 

 
Thus, the total electric field inside the SOI waveguide can be written without 

any leak of generality as:    
 

   ( ) ( )0ˆ, , , ( , ) ( , ) j z tx y z t CA z t F x y e −⎡ ⎤= ⎣ ⎦E e β ω
                        (2)  

 
with the following meaning for the unit vector: ˆ ˆ=e x  for quasi-TE or ˆ ˆ=e y  for 
quasi-TM mode, respectively. In Eq. (2), ω  is the angular frequency of optical 
pulse injected into the SOI waveguide. Then, by following the procedure outlined 
in [9] and assuming the nonlinear contributions to PNL as a small perturbation of 
refractive index, we obtain the following nonlinear equation for any propagating 
pulse: 

( )( ) ( )2 3

1 2 32 3

2( )

2

( , ) ( , ) 1 ( , ) 1 ( , ) ( , )
2 6 2

20.5 ( , ) ( , ) ( , )

(1 ) ( , ) ( ') ( , ') '

prop FCA

TPA

A z t A z t A z t A z tj A z t
z t t t

f A z t A z t j nA z t

jj A z t R t A z t t dt
t

+∞

−∞

+∂ ∂ ∂ ∂
+ + − = − +

∂ ∂ ∂ ∂

− + Δ +

⎡ ⎤∂
+ + ⋅ −⎢ ⎥∂ ⎣ ⎦

∫

α α
β β β

πβ
λ

γ
ω

   

       (3)  
Eq. (3) describes the time-space evolution of both quasi-TE or quasi-TM pulses. 

Coefficients 1β , 2β , 3β  indicate the group velocity, GVD and TOD coefficients, 
respectively. In Eq. (3), the term proportional to γ  coefficient represents the SPM 
effect (due to Kerr nonlinearity), while the term proportional to time derivative 
takes into account both self-steeping effect and intrapulse Raman scattering. 
Moreover, γ  coefficient is defined as 2n f c=γ ω , being c  the light velocity and 

2n  the nonlinear refractive index. The term 1
efff A− =  represents the mode 

effective area for pulse injected into SOI waveguide, defined as in [9]. As  
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indicated by coefficient ( )TPAβ , the model includes TPA effect as induced by the 
pulse propagation. Moreover, the total loss coefficient in Eq. (3) has been written 
as the summation of two contributions: ( )propα , the propagation loss coefficient in 
the rib waveguide (depending on material absorption and fabrication process), and 

( )FCAα  the contribution due to FCA, as induced by free carrier change generated 
mainly by TPA of the pulse and evaluated as in [9]. Finally, in Eq. (3) nΔ  
represents the change of effective index due to the plasma dispersion effect [33] 
as induced by the free carriers, whose dynamics being governed by the following 
rate equation [5]:   
  

       ( )
( ) 22( , )

2

TPA
c c

eff

dN N A z t f
dt

= − +
h

β
τ ω

                                  (4)  

 
where effτ  is the relevant effective recombination lifetime for free carriers. 

The mathematical complexity of our model can be reduced without any leak of 
accuracy if we assume input pulse FWHM widths FWHMT 10 fs. In this case the 
following approximated Taylor-series expansion is applicable [32]: 

 

                         
2

2 2 ( , )
( , ') ( , ) 'i

A z t
A z t t A z t t

t
∂

− ≅ −
∂

                              (5) 

The previous relationship leads to avoid the integral term in Eq. (3). Then, by 
substituting Eq. (5) in (3), it becomes:  

( )( ) ( )2 3

1 2 32 3

2( )

2 2
2

( , ) ( , ) 1 ( , ) 1 ( , ) ( , )
2 6 2

20.5 ( , ) ( , ) ( , )

( , ) ( , ) ( , )
( , ) ( , ) ( , )

prop FCA

TPA

R

A z t A z t A z t A z tj A z t
z t t t

f A z t A z t j nA z t

A z t A z t A z tij A z t A z t T A z t
t t

+∂ ∂ ∂ ∂
+ + − = − +

∂ ∂ ∂ ∂

− + Δ +

⎛ ⎞∂ ∂
+ ⎜ + − ⎟

⎜ ⎟∂ ∂⎝ ⎠

α α
β β β

πβ
λ

γ
ω

  (6) 

where 
0

( )
R

R R
dhT f

d
Δ =

=
Δ

%

ω
ω

 governs the intrapulse Raman scattering. In the 

previous relationship, ( )Rh Δ% ω  represents the Fourier transform of Raman 
response ( )Rh t , directly related to the complex Raman gain through the Raman 
susceptibility. Assumption (5) allows us to convert the equation system (3)-(4) in 
a partial differential equation system in the space-time domain (without using any 
integral term), solved by the collocation method as a fast and accurate solution 
approach [34]. Hereinafter, normalized variables are used for numerical purposes, 

0( , ) ( , )i iU z t A z t P=  and 1 0( )t z T= −τ β , where 0P  is the Gaussian pulse peak  
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power and 0T  is related to pulse FWHM width by 0 /1.665FWHMT T= . Moreover, 
we will use normalized parameters to simplify the physical discussion, i.e. 
dispersion and nonlinear lengths, as: 
 

                                                
2

0

2
D

TL =
β

;     
0

1
NLL

P
=
γ

   

 
To numerically solve the coupled equation system (4)-(6), the collocation method 
has been used by developing the unknown functions ( A , cN ) as a linear 
combination of M  orthogonal functions ( )mφ τ  through M  weight functions 

( )mc z . The algebraic details are presented in a previous work [9]. 
 
                                                                

III. Numerical results 
 

A. Comparison with some results in literature 
To test the mathematical model and the numerical method used to solve the 

equation system (4)-(6), we have compared our results with some numerical and 
experimental results presented in literature for propagation of sub-picosecond 
pulses in SOI.  

To the best of our knowledge, the first study involving ultrafast pulses in SOI 
waveguide has demonstrated the formation of solitons [30]. Thus, our model has 
been applied to compare results with data in [30]. The SOI waveguide has rib total 
height 400H = nm, rib width 860W = nm and slab height 100sH = nm. Since the 
optical soliton can be obtained only in anomalous GVD region, it is crucial to 
design the SOI waveguide to realise negative values of coefficient 2β . In this 
sense, our first comparison has involved the evaluation of the GVD coefficient 
spectrum for that waveguide. Simulations have been performed using a full-
vectorial finite element method (FEM) [35] with about 60,000 elements mesh and 
material dispersion has been considered by Sellmeier relationships. The following 
Table 1 shows the very good agreement with results in [30]. 

Moreover, to compare numerical results with some observations in [30], the 
model has been used to investigate the time-space evolution of ultrafast optical 
pulses. According with [30], the quasi-TM ultrafast pulse is launched at λ = 1.484 
μm with a Gaussian shape and FWHM width 116FWHMT = fs. The waveguide 
length is L =5 mm, larger than both nonlinear length 1

0( )NLL P −= γ  and dispersion 
length 2

0 2DL T= β . As a result, the interplay between SPM and GVD causes the 
pulses to evolve into a soliton. Fig. 2 shows the simulated shape of the output 
pulse by assuming ( ) 0.45TPA =β  cm/GW, 5

2 6 10n −= × cm2/GW and ( )prop
iα = 5  
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dB/cm [30]. In addition, the proposed waveguide has an anomalous GVD of -2.15 
ps2/m for quasi-TM modes, as shown in Fig. 2. According with [30], the input 
peak power has been selected to realise the condition 1.35D NLL L ≈ .   

 
                      Table 1. GVD coefficients for quasi-TM mode. 

Wavelength  β2 (ps2/m) 
Ref. [29] 

β2 (ps2/m) 
This paper 

λ = 1249 nm +0.81 +0.83 
λ = 1350 nm -0.95 -0.92 
λ = 1484 nm -2.15 -2.10 
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Fig. 2. Normalized intensity versus normalized time for input and output pulses. 
In the plot, the curve with diamond markers designates the input Gaussian pulse, 
while the curve with the * markers indicates the output pulse calculated with M = 
45 collocation points. Then, a very good agreement with results presented in [30] 
is demonstrated. The accuracy improves by increasing M , but this improvement 
is not significant for M >45. Thus, 35 45M≤ ≤  represents the best trade-off 
between accuracy and calculation time. Moreover, by comparing the main lobes 
of the Gaussian input and output pulses (see Fig. 2), the output pulse can be 
appropriately fitted by a sech-like pulse, confirming that the interplay between the 
SPM and GVD effects has caused the formation of the fundamental soliton [30].  

 

B. Influence of waveguide sizes 
In many applications, it is very important to find the design rules for any SOI rib  
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waveguide to simultaneously meet single-mode and birefringence free conditions, 
or to achieve single-mode and zero GVD dispersion. Although the high refractive 
index contrast between the waveguide cladding and core facilitates the light 
confinement in submicron-scale structures, it also makes the control of waveguide 
birefringence extremely challenging. The research in birefringence control is 
driven primarily by the requirement of polarization insensitivity in interferometer 
devices such as arrayed waveguide gratings, ring resonators and all-optical 
devices, such as ultrafast switches and all-optical gates. It is well known that the 
waveguide core geometry influences not only the modal birefringence, but also 
other critical parameters such as the effective carrier recombination lifetime effτ , 
GVD and TOD coefficients. Free carrier diffusion usually needs to be considered 
in addition to the recombination lifetime [14]. In fact, if diffusion carriers move 
out of the modal area, this results in an effective lifetime shorter than the 
recombination lifetime in SOI structures, namely rτ . If tτ  is the transit time, then 
1 1 1eff r t= +τ τ τ . In [14] rτ  has been demonstrated to be dependent only on the 

surface-recombination velocity ( 310 /S cm s= ) at the interface between top silicon 
and buried oxide, with a typical value of about 100 ns. In a different way, the 
contribution tτ  also depends on the optical mode size, i.e. 0.5 ( )t w H SD=τ , 
where w  is the optical mode width and D  is the ambipolar diffusion coefficient 
[14]. Thus, a small cross section is usually necessary to obtain a low value for 

effτ . However, it is known that FCA induced by TPA produces negligible effects 
for short pulses (< 1ps). Thus, differently from guidelines proposed in [9] for best 
trade-off between polarization insensitivity and small free carrier recombination 
lifetime, the goal of waveguide design in sub-picosecond regime usually consists 
of the best trade-off between GVD and TOD effects.  
 

A submicron structure with H = 500 nm ( 3H ≈ λ ) and 0.2sr H H= =  has 
been investigated in this paper for different values of rib width W  and 
wavelength. A parametric plot of the GVD coefficient versus optical wavelength 
for various values of W  and both polarizations is sketched in Fig. 3.  
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Fig. 3. Group-velocity dispersion versus wavelength for different values of rib width W. 

 
Several features of Fig. 3 are noteworthy. In terms of values and shapes, quasi-

TM modes show a smaller sensitivity than quasi-TE modes to rib width changes. 
In addition, it is possible to find the normal and anomalous dispersion regions for 
both polarizations. It is worth to noting that, for W = 400 nm, 2β  spectrum shows 
a singular shape for quasi-TE polarization, different from others. This behavior is 
explained considering that quasi-TM polarization is here the fundamental mode 
(approaching zero birefringence condition with increasing λ ), differently from 
other cases where the fundamental mode is quasi-TE. The plot in Fig. 4 shows the 
TOD coefficient spectrum for different rib widths and both polarizations. The 
plots indicate that, in the wavelength range 1200-1800 nm, quasi-TM modes have 
a 3β  larger than zero for each value of rib width W . Same conclusions can be 
derived for quasi-TE modes except from the case W = 400 nm, where 3 0=β  is 
satisfied at =λ 1521.2 nm.   
 

C. Solitons in SOI waveguides 
In this sub-section, we investigate the time-space evolution of sub-picosecond 

pulses propagating along the SOI waveguide. First, the waveguide cross-sections 
are chosen in order to investigate the influence of nonlinear effects in relation 
with the optical pulse polarization. This last aspect, not considered in [28, 30], can 
represent a design guideline to optimise the soliton propagation in SOI 
waveguides. Hereinafter, two SOI waveguides have been considered with rib 
width W = 800 and 400 nm, named WG1 and WG2, respectively. For both  
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waveguides we have assumed H = 500 nm and 0.2sr H H= = . In order to apply 
Eq. (6), it is essential to estimate all optical parameters. To this aim, a number of 
simulations have been carried out by means of FEM approach [35], and results are 
summarized in Table 2. It is worth to noting that we have assumed different 
wavelengths for the waveguides. In particular, WG1 waveguide operates at quasi-
TE zero dispersion wavelength of =λ 1500 nm (see Fig. 3). Moreover, WG2 SOI 
waveguide works at =λ 1521.2 nm, where condition 3 0=β  is met for quasi-TE 
mode (see Fig. 4).        
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Fig. 4. Third-order dispersion spectrum for different values of rib width, W. 

 
 

Table 2. Optical parameters for H = 500 nm and r =0.2. 
Parameter WG1 

(λ = 1500 nm) 
WG2 

(λ = 1521.2 nm) 
 Quasi-TE Quasi-TM Quasi-TE Quasi-TM 

neff 3.1562 3.0682 2.7811 2.8454 
Aeff (μm2) 0.256 0.254 0.195 0.160 
β2 (ps2/m) ~0 -1.134 -0.866 -1.66 
β3 (ps3/m) 3.74×10-3 7.17×10-3 ~0 7.93×10-3 

 
In the first simulation, we have considered WG1 as excited by an Gaussian 

optical pulse with 96FWHMT = fs, and peak power selected to satisfy the condition 

N = 1.6D NLL L = . Fig. 5 shows the temporal shape of the optical pulse aligned  
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as a quasi-TM mode at different propagation lengths, assuming ( ) 0.45TPA =β  
cm/GW, 5

2 6 10n −= × cm2/GW, ( ) 5prop =α dB/cm. The other calculated parameter 
is 2.2eff =τ ns. The plot shows as the input Gaussian pulse becomes asymmetric 
and distort with an oscillatory behaviour at the pulse trailing edge. In addition, the 
generation of the soliton peak appears at 8.5=τ , after 5 mm propagation length. 
Thus, when optical pulses propagate relatively far from the zero-dispersion 
wavelength (as in Fig. 5), TOD effects on solitons are small and can be 
considered like a small perturbation. Physically speaking, the TOD slows down 
the soliton and, as a result, the soliton peak is delayed by an amount that linearly 
increases with distance.  
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Fig. 5. Temporal evolution of input pulse at different propagation lengths for quasi-TM  
polarization. 

 
Fig. 6 shows the temporal shape of the optical pulse aligned as a quasi-TE 

mode at different propagation lengths, assuming 60FWHMT = fs, and 0 10P = W. 
Different behaviour can be observed for TE polarization when the optical pulse 
propagates at the zero-dispersion wavelength in the SOI waveguide. In case of 

2 0=β , it is convenient to introduce the number 2
0 0 3N PT= γ β  that governs 

the relative importance of both GVD and SPM effects during pulse evolution [32]. 
In particular, GVD dominates for 1N  while  SPM dominates for 1N . In 
case of Fig. 6, we have assumed 3.5N ≅ . Although Fig. 6 appears qualitatively 
similar to Fig. 5, different physical effects are involved in the pulse evolution. In 
fact, a feature common for all values of 1N ≥  is that the pulse energy becomes  
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concentrated in two spectral bands [32]. As one of the spectral band lies in the 
anomalous-dispersion regime for the SOI waveguide, the pulse energy in that 
band can form a soliton. The energy in the other band, lying in the normal-
dispersion regime, disperses with the propagation. This feature can be explained 
considering that the condition 1N ≥  induces SPM effect to be dominant with 
respect to GVD. Thus, due to the SPM-induced spectral broadening, the pulse 
does not really propagate at the zero-dispersion condition, although 2 0=β  is 
initially satisfied. In fact, the pulse creates its own 2β  through SPM [32]. This 
physical consideration can be derived in Fig. 6 by observing the presence of a 
soliton peak at 14.45 for 9=τ , having an oscillatory behaviour around 0=τ . 
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Fig. 6.  Temporal evolution of input pulse at different propagation lengths for quasi-TE  

polarization (soliton peak at 14.45 not shown). 
 

With the aim to reduce the TOD-induced delay in the generation and 
propagation of optical solitons in SOI waveguide, we have optimized the 
waveguide cross-section as in structure WG2. In fact, as shown in Table 2, this 
particular waveguide leads to realize the condition 3 0=β  for quasi-TE mode at 
=λ 1521.2 nm. Fig. 7 shows the optical soliton aligned as a quasi-TE mode  

assuming: 100FWHMT = fs, and peak power selected to satisfy the condition 

N = 2.2D NLL L = . 3D plot clearly shows as the input Gaussian pulse evolves in 
a soliton propagating inside the waveguide without any delay. Fig. 8 shows the 
output pulse after a propagation length of 5 mm for different values of rib and the  
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pulse widths. In all cases, we have assumed as input pulse a quasi-TE Gaussian 
beam satisfying the condition N = 2.2D NLL L = .          
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Fig. 7. Time-space evolution of Gaussian input pulse as a soliton. 
 
 
 
 

Several features of Fig. 8 are noteworthy. The input Gaussian pulse propagates 
inside the SOI waveguide as a soliton, having a sech-like profile at z = 5 mm. This 
offers the possibility to compress the input pulses at relatively low powers. In 
addition, for each value of FWHMT  the soliton generation with W = 400 nm is not 
influenced by TOD effect, since the waveguide cross section has been designed to 
realise the condition 3 0=β . In case W = 500 nm, the plot shows that, for FWHMT = 
100 fs, TOD effect can be considered negligible, inducing a delayed pulse for 

FWHMT = 93 fs. In particular, our investigation indicates how changing the rib 
width in the range 380-500 nm, the TOD-induced delay is considered negligible 
for input pulses with FWHMT  > 96 fs.  
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Fig. 8. Pulse normalized intensity versus normalized time for different values of  

W and FWHMT . 
 

IV. Conclusion 
 
A general model has been presented and applied to simulate ultrafast nonlinear 

pulses in submicrometer-scale SOI optical waveguides. Parametric investigations 
to control the TOD effect on the generation of optical solitons in SOI waveguides 
have been carried out. 
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