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Abstract — A numerical study of soliton switching characteristics and output coupling by the relative phase change of a control 
pulse is carried out for input powers using nonlinear coefficient of cores, coupled coefficient and input soliton width. It is shown 
that input powers ratio, nonlinear coefficient of cores, coupled coefficient and input soliton width play important roles in this mode 
of soliton switching and that these effects may lead to useful soliton switching if the relative phase of the control pulse is monitored 
judiciously. 
 
Keywords- phase-induced; fiber nonlinear coupler; switching characteristics 
 
 

I. INTRODUCTION 

All optical switching devices are attracting considerable 
interest as fast as switching components for high-bit-rate 
system in the future. Optical fiber coupler has been studied 
for their potential applications to ultra fast all optical 
switching process, such as optical switch [1-4]. In a 
nonlinear coupler, constructed from a Kerr-model medium 
depending nonlinear refractive index on the laser intensity, 
is given by expression n=n0+n2I, where n0 is refractive 
index at low intensity, and n2 is Kerr nonlinear coefficient 
[2]. Jensen showed that varying input light in the nonlinear 
coupler could result in pulse switching between two cores. 
Accordingly he foresaw possible use of a nonlinear 
directional coupler as an optical switch. Previous studies of 
soliton switching in dual core optical fibers have shown 
excellent switching characteristics, with efficiencies around 
96% for a wide range of input energies [5]. By comparing 
to switching behavior of fundamental, second order, and 
quasi-solitons, it was observed that fundamental soliton has 
the most suitable features for optical switching [5]. Indeed, 
it has been shown that pulse breakup may be avoided whilst 
input signal is a soliton [6-8]. Since then, soliton switching 
in nonlinear fiber couplers has been receiving for 
considerable attention.  

In this paper, we will present a theoretical analysis of 
phase-controlled solitons switching in fiber nonlinear 
directional coupler (NLDC). We can improve switching 
characteristics of NLDC and obtain different output 
coupling of NLDC by phase induction. It has been found 
that in the phase-induced mode of soliton switching, the 
excellent switching characteristics can be obtained by 
changing input powers ratio, nonlinear coefficient, coupled 
coefficient and input soliton width.Therefore, the practical 
application of NLDC can be better promoted. Furthermore, 
we can produce a fiber coupler whose output coupling is 
changeable, i.e. variable fiber coupler. 

 

II. THEORY 

Optical soliton propagating in NLDC shall be described 
by a pair of coupled nonlinear Schrödinger Equation in 
normalized parameter as follows: 
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where, A1 and A2 are modal field amplitudes in soliton 

unit with cores 1 and 2. Here ξ and τ are normalized length 
and time in soliton unit with ξ=z/LD and τ=t/T0. Here 

LD=T0
2/|β2|, where β2 is group velocity dispersion of core 1 

and core 2. LD and T0 is dispersion length and input pulse 
width, respectively. g31=LD/Lnl1, g32=LD/Lnl2, where 
Lnl1=1/(γ1P0), Lnl2=1/(γ2P0), where,  γ1, γ2 is nonlinear 
coefficient of core 1 and core 2 respectively. k is normalized 
coupling coefficient and is related to normalized coupling 
length Lc by k=π/2LC. 

III. RESULTS AND DISCUSSION 

As the set of coupled Eqs (1) and (2) are not analytically 

solvable, we solve them numerically by fast Fourier 

transform method for linear dispersive part and by 

fourth-order Runge-Kutta method, with automatic control 

of step size for given accuracy of results for nonlinear part. 

The initial pulse at input core is given by [9] 

1 0(0, ) sech( )u P r                (3) 

2 0(0, ) sec h( )exp( )bu P P r i            (4) 

Where r represents the soliton width inversion. P0 and 
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Pb represent the input peak power of core 1, the peak power 

ratio of two cores, respectively. 

The initial conditions correspond to the case when a 

soliton of a given pulse duration is launched into the first 

core while a weak signal of the same pulse duration, having 

a peak power ratio Pb and an initial relative phase of φ, is 

launched in the second core.   

We can define transmission Ti as a function of the pulse 

energies: 
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With i=1, 2 and fiber coupler with length of L. 

Applying for numerical calculation based on Eqs.(1) 

and (2), we shall demonstrate several important properties 

of phase-induced soliton switching in fiber nonlinear 

directional coupler. In order to have a comparative picture 

of the degree of influence of the factors on the switching 

characteristics of the coupler, in what follows, we carry out 

a systematic study of the respective effects. 

A．Influence of input powers on phase-controlled switching 

dynamics 

In order to observe the influence of input power on 

switching characteristics and coupled output, we have 

integrated in system of Eqs.1 and Eqs.2. The result was 

depicted in figure 1 and 2. As showed, we found that, 

transmission coefficient of coupler is function of phase 

φand we can enhance the transmission by changing φ. 
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Fig.1 Transmission coefficient as a function of input power for (a) 

Pb=0.04, (b) Pb=0.09, (c) Pb=0.16, (d) Pb=0.25, and (e) Pb=0.36 with k=1, 

r=1, P0=6, g31=1, L=π/2, g32=1 
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Fig.2 Transmission coefficient as a function of input power for (a) P0=4, (b) 

P0=6, (c) P0=8, (d) P0=10, and (e) P0=12 with k=1, r=1, Pb=0.16, g31=1, 

L=π/2, g32=1 

In Fig.1, it describes how the input power ratio of two 

cores affects on the switching characteristics by means of 

phase control. We can observe that, when input power of 

core 1 remains constant, the maximum coupling output T1 

will change with varied peak power ratio Pb. This 

enhancement in the transmission can easily be obtained for 

the appropriate value of Pb. As an example, we can observe 

from fig.1 that, for φ∈[-0.3π, 0.2π], the transmission is 

over 95% for Pb=0.16 and Pb=0.25. Moreover, when 

Pb>0.25, the bigger Pb is, the lower the transmission T1 is, 

and when Pb<0.16, the smaller Pb is, the lower the 

transmission T1 is. Thus, we may conclude that we can 

obtain very high coupling output T1 by selecting the 

appropriate value of Pb in phase-controlled switching. In 

Fig.2, it describes the effect of the input power of core 1 on 

the switching characteristics by means of phase control. We 

can also observe that, when input power of core 1 P0>6, the 

maximum coupling output T1 will exceed 95%. So the 

excellent switching characteristics can be obtained when 

input power P0 must exceed certain thresholds. 

B. Influence of nonlinear coefficient of core 1 and core 2 on 

phase-controlled switching dynamics 
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Fig.3 Transmission coefficient as a function of input power for (a) g31=0.5, 

(b) g31=1, (c) g31=1.5, and (d) g31=2 with k=1, r=1, P0=6, Pb=0.16, L=π/2, 

g32=1 
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Fig.4 Transmission coefficient as a function of input power for (a) g32=0.5, 

(b) g32=1, (c) g32=1.5, and (d) g32=2 with k=1, r=1, P0=6, Pb=0.16, L=π/2, 

g31=1 

In Fig. 3 and Fig.4, we have depicted the influences of 

nonlinear coefficient of core 1 and core 2 on 

phase-controlled switching characteristics of the coupler. To 

study the influence of the nonlinear coefficient effect on the 

transmission characteristics of the coupler, we are taking 

g31=0.5, 1, 1.5, and 2, respectively. The result shows that 

when nonlinear coefficient of core 1 g31 was varied, the 

bigger nonlinear coefficient of core 1 g31 is, the higher the 

maximum coupling output T1. Moreover, when the 

nonlinear coefficient of core 1 g31 is bigger, the peak of 

coupling output T1 to the corresponding phase have a larger 

range of values. So we can increase nonlinear coefficient of 

core 1 to obtain excellent switching characteristics and 

phase-controlled switching dynamics become easier. From 

Fig. 4, we found that, compared with g31, nonlinear 

coefficient of core 2 g32 have less influence in the peak of 

coupling output T1. But, with same output coupling ratio, 

much bigger g32 is also required for bigger input power. For 

all, with the same output coupling ratio, lower input power 

would be obtained by increasing in g31 or decrease in g32, 

but influence of g31 is much more. 

C. Influence of coupled coefficient k on phase-controlled 

switching dynamics 
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Fig.5 Transmission coefficient as a function of input power for (a) k=0.2, 

(b) k=0.4, (c) k=0.6, (d) k=0.8, and (e) k=1 with r=1, Pb=0.16, P0=6, g31=1, 

L=π/2, g32=1 

Now let us study the roles of coupled coefficient k in 

affecting the transmission characteristics of the coupler. In 

Fig. 5, we have depicted the influences of coupled 

coefficient k on the transmission characteristics of the 

coupler. The value of coupled coefficient k has an influence 

on output coupling. We can change the coupled coefficient 

k by changing the core-to-core distances of coupler. The 

result shows that, when the phase φ changes, the smaller the 

value of coupled coefficient k is, the less the coupled output 

changes and the smaller the output fluctuation is. On the 

contrary, if the value of coupled coefficient k is bigger, the 

more rapidly the coupled output changes and the larger the 

output fluctuation is, with the varied phase φ. Thus, it is 
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concluded that we can change switching characteristics by 

phase controlling when the larger value of coupled 

coefficient k is selected. 

D. Influence of input soliton width inversion r on switching 

dynamics 

Now let us study the roles of soliton width inversion r in 

impacting the transmission characteristics of the coupler. In 

Fig. 6, it describes the influence of soliton width inversion r 

on the transmission characteristics of the coupler. The value 

of soliton width inversion r has an influence on output 

coupling. It is observed that, when input power of core 1 is 

kept constant, the maximum coupling output T1 will change 

with the varied soliton width inversion r. This shows that, 

the bigger r is (i.e. less soliton width is), the larger the 

maximum coupling output T1 is. So the excellent switching 

characteristics can be obtained by selecting the smaller 

soliton width. 

 

-1 -0.5 0 0.5 1
0

0.2

0.4

0.6

0.8

1

/

T 1

(a)
(b)
(c)
(d)

 

Fig.6 Transmission coefficient as a function of input power for (a) r=0.4, 

(b) r=0.6, (c) r=0.8, and (d) r=1 with k=1, Pb=0.16, P0=6, g31=1, L=π/2, 

g32=1 

IV. CONCLUSION 

In this work, we have carried out a detailed numerical 

study for phase-induced soliton switching in fiber nonlinear 

directional coupler (NLDC). It has been clearly shown that 

we managed to improve switching characteristics of NLDC 

and obtain different output coupling of NLDC by phase 

induction. It has been demonstrated that in the 

phase-induced mode of soliton switching, the excellent 

switching characteristics can be obtained by selecting 

appropriate input powers ratio, bigger nonlinear coefficient, 

bigger coupled coefficient, smaller soliton width. This also 

shows that the different output coupling of NLDC can be 

obtained.Thus , we are capable of making a fiber coupler 

whose output coupling is changable, i.e. variable fiber 

coupler. 
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