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ABSTRACT— In this paper, we numerically
simulated a glass-based all-optical 1xN power
splitter with eleven different configurations
using soliton breakup in a nonlinear medium. It
is shown that in addition to reconfigurability of
the proposed splitter, its power splitting ratio is
tunable up to some extent values too. Nonlinear
semivectorial iterative finite difference beam
propagation method (IFD-BPM) with inclusion
of two photon absorption (TPA) effects is
applied to simulate the soliton propagation at
different mode power. It is shown that
operation of the proposed splitter depends on
input mode power and an all-optical
reconfigurable-tunable functional device is
designed with nonlinear optical (NLO) property
of a simple structure.

KEYWORDS: Nonlinear optics, integrated
optics; Optical switching devices; Spatial
solitons; Ultrafast nonlinear optics.

|.INTRODUCTION

One of the very interesting features of
controlling light by light is all-optical
integrated photonic devices which are key
elements in ultrafast data processing. One of
the usual key to reach this demand is using
solitons in an intensity dependent medium in
which diffraction and self-focusing balances
each other [1, 2]. Many all-optical photonic
switches based on spatial soliton interactions
such as all-optical switch based on the spatial
soliton repulsion [3], all-optical 1 x N
switching [4], wavelength auto-router [5],
soliton switching in a Kerr coupler [6],
polarization beam splitter [7], switching of
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discrete solitons in waveguide arrays [8],
soliton switching in a fiber [9], nonlinear
directional coupler [10] and logic gates [11]
are proposed. In addition to diffractionless
propagation, many diffractive switching
devices and power splitters based on
multimode interference coupler [12-16] are
proposed. As regards Kerr effect and TPA
have efficient effects on soliton propagation
[17-21], we intended to base our model on
spatial soliton propagation in an intensity
dependent medium with TPA effects. With
regard to many investigations, study of stable
behavior of solitons such as self-trapping and
diffraction was devoted to planar waveguides
[21-23], we deal with our model in two-
dimensional (2D) case. Although, nonlinear
Schrodinger equation is commonly used to
study soliton propagation [9, 10, 21, 23],
solving Maxwell’s equations in nonlinear
medium by beam propagation method [24] or
finite difference time domain [25] are accurate
and powerful methods to simulate solitons in
real optical medium. Therefore, we extended
the same approach used in iterative finite
element beam propagation method (IFE-BPM)
[26] with inclusion of TPA to study spatial
solitons, but we apply it with finite difference
scheme in our simulations.

In this paper we first develop IFE-BPM to
IFD-BPM with inclusion of nonlinear loss
induced by TPA to simulate spatial solitons in
an intensity dependent medium. Then we
compare our IFD-BPM with solving a problem
that is previously solved by wide-angle IFE-
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BPM. Next, we describe the structure of our
all-optical glass-based power splitter, and
design eleven different configurations by
soliton breakup in a simple structure. The
splitting power ratios depend on input mode
power. We show that not only our splitter is
reconfigurable but also it is tunable to some
extent values. Unlike to similar proposed

splitters [3-5], we include TPA in our
investigation, too. Finally, the paper is
concluded.

I1. BASIC EQUATIONS

For simplicity, we restrict our formulation to
the 2D case and TE-polarization. Therefore we
consider planar (2D) nonlinear optical
waveguides, where x and z are the transverse
and the propagation directions, respectively,
and there is no variation in the y direction
(0/0y=0). Under these assumptions we obtain
the following basic wave equation for y-
directed electric field £, of TE mode as

O’E, . O’E,

oz* Ox?

+n’k E, =0, (1)

where k, is the wavenumber in vacuum and »
is the intensity dependent refractive index of

medium given by [26]

Ef.

2)

1
n=n,+ Ecgononnl

is the

permittivity of free space, n, is the linear

Here, ¢ 1s the light velocity, &,
refractive index, n,, is the nonlinear refractive

index Kerr coefficient [27], and E is the
electric field vector. With using slowly
varying approximation, we divide the principal
field £ (x,z) propagating in z direction into
the slowly varying envelope function ¢(x,z)
and very fast oscillatory phase term exp(—ifz)
as

E (x,2) = §(x, z)e”, 3)
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where S =n,k, that n, is the effective

index. With substitute the electric field into
Eq. (1) and taking Fresnel approximation [28]
we obtain the following beam propagation
equation for the slowly varying complex
amplitude ¢(x,z)=4¢.

L O0p O
2zﬂa—f=a)c—(f+k§(n2—n;,)(o. 4)
With  equidistant  discretization of x

coordinate by x = pAx and z coordinate by
z=I[Az that [ and p are integers and Ax and
Az are the step size long x and z directions
respectively, we represent the field distribution
at each point with @( pAx,IAz)=¢,. Finally,
the semivectorial finite difference beam

propagation method of Eq. (4) with using
Crank-Nicholson scheme [28-30] yields

I+1
p+l

_ all
-1

+ A+¢;+l - = ¢;—1 + A—¢; + ¢;+1’ (5)

where the coefficient A4, in each step of
propagation is given by

A,=22+—= FhoAY (0 —nl,). (6)

With solving Eq. (5), we will achieve electric
filed distribution of each step by its value in
previous step. To include intensity dependent
loss induced by TPA we consider an intensity
dependent absorption coefficient [27] in each
step by

Ef.

(7)

1
a=o,+ 5050”0%1

Here «, is linear absorption coefficient of
medium and ¢, is nonlinear absorption

coefficient [27] owing to TPA. We include the
intensity dependent loss in each step with
multiplying the attenuation factor exp(—aAz)

on the achieved electric field distribution from
Eq. (5) by
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~

¢pl+1 —e

—aAz¢1l)+1’

(®)

where 5;“ represents the new field distribution

achieved from its previous value ¢'"' in each

p

step. To deal with the intensity dependent
refractive index and absorption coefficient, an
additional calculation step must be added to
the iterative scheme as defined in [26]. The
nonlinear refractive index and absorption
coefficient in each point at the (/+1)th step is
modified as from the field patterns at the /-th
and (/+1)th steps.

- ~ 12
1+1 l
_|_
n=n, +5050n0nn1 % ) 9)
- ~ 12
1+1 i
+
ot teong [P T (10)
0 2 00" nl 2
TE mode: |E, (x,2)] (V/m) x 10

300

2.5
250

Clad region 15

Ny = 1.55

n_=0
nl

Clad region
n_=1.55,
nnl=10_9m2/\N
100

50 Cor region
57

o=
n_=0
nl

0.5

-20 -10 0 10 20

X (um)
Fig. 1: Two Dimensional nonlinear semivectorial
IFD-BPM in lossless three layered media. The dark
region in the center shows linear core with Sum
width, the green region in the left hand side is linear
clad with 22.5 um width and the yellow region in
the right side is lossless nonlinear clad with 22.5
pum width. Propagation of a fundamental mode
with power £, =300W/m and effective index

n,=15670 at A=13um excite a soliton in the

nonlinear clad. The simulation is in good agreement
with the same simulation by wide-angle nonlinear
IFE-BPM in Fig. (6-a) of [26].
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The solution for the (/+1)th step is recalculated
with the modified nonlinear refractive index
Eq. (9) and absorption coefficient Eq. (10).
This scheme is continued until the solution at
the (/+1)th step converges. It is necessary an
iterative procedure included to ensure the local
permittivity and absorption are converge with
the local electric field. In this case, Eq. (5)
should be solved iteratively until the following
convergence condition is satisfied.

Tl g
Mad 27 lfp <3 (11)
¢
where 0,, is the required tolerance for

convergence and 5 *f;l is the updated value of
field distribution achieved in each step. In
order to suppress unwanted reflections from
the edges, we implement a transparent
boundary condition (TBC) at the edges of the
computational domain [31].

111.CoMPARISON WITH WIDE-ANGLE
NONLINEAR IFE-BPM

Our derived nonlinear semivectorial [FD-BPM
relations in previous section are based on
Fresnel approximation. In this section we
consider a solved problem with wide-angle
nonlinear IFE-BPM in [26] and compare it
with our achieved simulation by nonlinear
IFD-BPM.

Figure (1) shows contour plot of 2D beam
propagation in three layered lossless
waveguide (a =0). The dark region placed in
the center is linear core waveguide with linear
refractive index n,=1.57 and 5 um width.
The yellow region in the right hand side is
nonlinear clad with linear refractive index
n, =1.55, nonlinear  refractive  index

n,=10"m*/W [26] and 22.5 pm width. The

green region in the left hand side is linear clad
with linear refractive index n,=1.55 and

22.5 um width. In this example the absorption
coefficient is considered « =0 for all regions.
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The incident wave in the core (dark region) is
the fundamental mode with £B, =300W/m

power at wavelength A =1.3um with effective
n, =1.5670. of

simulation along x and z directions are
Ax =62.5nm and Az =1pm respectively. The

convergence criterion used in this simulation
is 0,=10" and for the edges of the

computational window TBC [31] is used too.
Our nonlinear semivectorial [FD-BPM
simulation shows that the incident wave in the
core excite a soliton in the nonlinear clad and
it diverges from the core with propagation
along z. The propagation of the beam resulted
by our simulation is in good agreement with
the same simulation achieved by wide-angle
nonlinear semivectorial IFE-BPM in Fig (6-a)
of [26].

index Discretization

I\V.POWER SPLITTER STRUCTURE

Formation of solitons require high light
powers in medium with low loss effects.
Optical glasses and semiconductors with
intensity dependent optical characteristics are
usually used to soliton propagation. Both
materials have a specific advantage and
disadvantage with respect to another.
Nonlinear absorption coefficient of glass

a,=23x10"m/Ww [23] is than

semiconductors [27] and this may be an
advantage of glasses with respect to
semiconductors. On the other hand, Kerr

coefficient of the glass n, =3.4x10"m*/W

[23] is lower than semiconductors and this
may be a disadvantage of glasses with respect
to semiconductors. Because the required light
power to form a spatial soliton in glasses will
be more than semiconductors. Anyway, in this
section we considered a symmetric glass-based
power splitter that is schematically depicted in
Fig. (2). It should be notified that this figure is
stretched vertically for better view and the real
size of the problem can be found from the
vertical and horizontal axes. The splitter
mainly contains two parts. The first part is
considered with an input lossless linear
waveguide that is shown with red color in Fig.

lower
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(2) with 9 pm width, 5 pm length and linear
refractive index n, =1.537. This input injects
the fundamental mode of waveguide to the
nonlinear region. The second part with yellow
color in Fig. (2) is nonlinear medium which is
composed of propagation and output regions.
The propagation region has 200 um length and
40 pm width and the output region with
134 um length is composed of nine output
waveguides. We assumed that the yellow
colored region is glass-based medium with
linear refractive index n, =1.537, nonlinear

. . 20 2 .
refractive index n, =3.4x107"m"/W, linear
nonlinear

[23]. The

clad region with green color is assumed made
of a lossless linear medium with linear
refractive index n, =1.53. The whole splitter

absorption  @,=10m™"  and

absorption «, =2.3x10"m/W

structure is geometrically symmetric with
respect to x =0 axis.

1 X N Power Splitter 9 =00
T p‘ N 02

30 . o
. 0,=1.5
Linear Clad R

20

4.3 um
4.3 um |
107 4.3 um

Linear
input
waveguide
z ~ .
off 9um

4.3 pm

Nonlinear Core 5.4 um

5um

Linear Clad
-30f 200 um
.

L

Z

<« 134um 45
0 50 100 150 200 250 300
Z (um)

Fig. 2: Schematic of a symmetric 1xN power
splitter with nonlinear core and linear clad. The red
colored region shows input linear waveguide with 9
pm width, 5 um length and linear refractive index
ny =1.537 which injects the fundamental mode of

waveguide to nonlinear region. The yellow colored
region is nonlinear core with linear refractive index

ny =1.537, nonlinear refractive index
n, =34x10"m* /W, linear absorption
oy = 10m™! and nonlinear absorption

a, =23x10""m/W . Output of splitter is

composed of nine output waveguides which are
determined with Wg4. The central output
waveguide W, with 5.4 pum width is considered
horizontally and the other output waveguides are
identical and mutually symmetric that are shown
with W, W,, W; and W, and slop angles 6,=0.5°,
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6,=1°, 6;=1.5° and 6,=2° respectively. The green
colored region shows lossless linear clad with linear
refractive index ny, =1.53.

The central output waveguide W, with 5.4 pum
width is considered horizontally that is shown
in Fig. (2) with slop angle 6,=0°. The other
eight output waveguides are identical and
mutually symmetric that are shown in Fig. (2)
with Wi, W,, W3 and W4 and slop angles
0:=0.5°, 6,=1°, 6;=1.5° and 0,=2° respectively.
The input port of the splitter launches the
fundamental mode of waveguide to the
nonlinear region with wavelength
A =0.62um , effective index n,, =1.5367 and

power F,. Discretization along x and z
directions are Ax =62.5nm and Az =0.31um

respectively, the convergence criterion is
S,=10" and for the edges of the

tol
computational window TBC [31] is used too.
With setting the power of incident mode we
can breakup a spatial soliton and design a
tunable splitter which its operation depends on
input mode power. We define coupling
efficiency «; as a ratio of the power of each

output waveguides p, over the input mode

power F, as:

k=P 201234, (12)
0

To determine "on" and "off" states for the

output waveguides, we define a threshold

coupling efficiency with value x, =0.01. In

this way, when the value of coupling
efficiency of each output waveguides be above
threshold «;, >x, we regard the output

n n

waveguide is "on
threshold «, <k,

and when be below
we regard the output

waveguide is "off".

A. 1x1 splitter

Figure (3) shows nonlinear semivectorial IFD-
BPM simulation of the input fundamental
mode with F =270GW/m. With this input
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mode power nonlinear self-focusing sets in,
and the spatial width of the mode begins to
narrow in space as it propagates until the mode
profile at the center output waveguide W,
collapses to smaller dimensions than the input
mode. In this way, the mode propagates in a
fundamental soliton fashion which diffraction
and self-focusing can balance each other and
the mode becomes self-trapped through the
splitter. Also, it seems that the walls of the
output waveguide W; may has an effect on
decreasing width of the input mode profile.
Anyway, this input mode power is suitable for
our purpose. The main fragment of the input
power transmits from the center output
waveguide with x,=0.4621. Coupling

efficiency of the other output waveguides are
lower than threshold «, that are shown in the

right hand side of Fig. (3). Hence, this
configuration designs 1x1 splitter. We have
the same configuration with different coupling
efficiencies for the range of input mode power
about 257GW/m < F, <285GW/m . Tunablility

of the coupling efficiency of the output Wy in
this interval is about 0.5061 < x, < 0.4751.

0.2 0.4 0.6 0.8 1
| 1 1

|E,VE, , P, = 270 GWim

£,=0.003
,=0.009
£,=0.0086

£,=0.4921

15 200 250 300

z (pm)
Fig. 3: Magnetization Nonlinear semivectorial IFD-
BPM simulation of 1x1 splitter. The core and clad
regions are shown with dark-blue and bright-blue
colors respectively. The input fundamental mode

with power By =270GW/m propagates like a first

100

0 50

fundamental soliton. The main fragment of the
input mode power transmits from the central output
waveguide W, and the other outputs are regarded
"off".
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0.2 0.4
.
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20%
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Aol
0l
N
0 50 100 150 200 250 300
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30f |E.r|aEf.Pu=mn::wﬁ Lt
=0.0718
2 : =0.0048
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0.2 0.4
[ .

300 |E I, P, =290 GWim

0.8

0.5

;20,0001
,=0.0028
: =001

;. =0.0088
=0 4681

100 200

0 50 150 250 300
Z (um)
(b]
o5 1
[ . ]

300 |EVE,, P, = 2700 GWim

150 200 250 300
z {um)

)

0 50 100

Fig. 4. Nonlinear semivectorial IFD-BPM simulation of 1x3 splitter with four configurations. (a) Input mode
power B, =85GW/m turns "on" the outputs W, and W, with coupling efficiency above threshold. (b) Input mode

power F, =290GW/m turns "on" the outputs W, and W, with coupling efficiency above threshold. (c) An intense

input mode power £y =2000GW/m turns "on" the outputs W, and W3 with coupling efficiency above threshold.

(d) An intense input mode power F, =2700GW/m turns "on" the outputs W, and W, with coupling efficiency

above threshold.

B. 1x3splitter

Figure (4) shows four different configurations
of 1x3 splitter which is achieved by different
input mode power. The first configuration is
achieved  with  input mode  power
P, =85GW/m that is shown in Fig. (4-a). At

this input mode power TPA effects is weak
and diffraction dominates partially over self-
focusing so that the interplay among those lead
to route the main power of the input mode to
three output waveguides. The greatest
fragment of the mode power transmits from
the center output waveguide Wy with coupling
efficiency x, =0.55 and the smaller fragment

24

transmits from the output W; with coupling
efficiency «, =0.124 that both are above

threshold. Coupling efficiency of the other
outputs are below threshold that is shown in
the right hand side of Fig. (4-a) and hence
those are regarded "off".

The second configuration is achieved with
increasing the input mode power to
P, =290GW/m as shown in Fig. (4-b). At this

input the main portion of the mode power in
the center profile propagates like a
fundamental soliton. Additionally, a small
fragment of the mode power begins to broaden
owing to the high-intensity center of the mode
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experiences more intensity-dependent loss
than the lower-intensity wings. Therefore, the
small power wings of the spatial profile split
off and diverge from the central soliton
channel. This phenomenon leads to rout the
main power of the mode into the center output
Wy with x, = 0.4691 and the two very smaller

fragments into the W, outputs with x, =0.01.

Coupling efficiency of the other outputs are
below threshold and hence those are regarded
"off".

With increasing the input mode power to
P, =2000GW/m the third configuration can be

achieved with intense NLO effects as shown in
Fig. (4-c). As the mode power increases, it
enhances NLO effects and leads to break up
the soliton into two or more fundamental
solitons that separate at a rate that depends on
the soliton power and strength of NLO effects.
In this case, the two diverging peaks have
more power than the central peak and turn
"on" symmetrically the two outputs W3 with
coupling efficiency x; =0.0719. The central

peak turns "on" the central output W, with
coupling efficiency x, = 0.033.

To turn "on" the output W4 we have to
increase the input mode power to
P, =2700GW/m as shown in Fig. (4-d).

Similar to previous, the strong loss induced by
enhanced TPA with strong Kerr effect in the
center profile of the mode breaks the soliton
into three fragments which are more diverging
than Fig. (4-c). Coupling efficiency of the
center output W, decreases to x, =0.0376

and the two Wi increases to
k, =0.054 which threshold.

Coupling efficiency of the other outputs are
below threshold. Therefore with setting the
input mode power four configurations are
achieved for 1x3 splitter with one simple
structure.

outputs
are above

C. 1x4 splitter

Figure (5) shows a configuration for 1x4
splitter which is achieved by input mode

25
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power B, =1100GW/m. The profile of the

imput mode breaks into a two-peaked
symmetric fragments which is resulted by
strong NLO effects in the center profile of the
mode. In this configuration coupling efficiency
of the four output waveguides, W, and W, are
above threshold with «x, =0.0732 and
k, =0.0643 respectively and the others are
below threshold. We could find only one
configuration for 1x4 splitter. We will have
the same configuration with different coupling

efficiencies for the range of input mode power
about 938GW/m < P, <1130GW/m . Tunability
of the coupling efficiency of the four output
waveguides, W; and W, in this interval are
respectively about 0.0655<x, <0.1134 and

0.0691 <k, <0.0378.

0.5 1
[ ;

|Ey|”E0 , Py =1100 GW/m

x,=0.0019

,=0.0088
£,=0.0643
¥,=0.0732
%,=0.001

250 300

200

150
z (um)

Fig. 5: Nonlinear semivectorial IFD-BPM
simulation of 1x4 splitter. Input mode power

P, =1100GW/m case to set in self-focusing and

0 50 100

then breakup into two equal diverging peak
fragments. This soliton breakup turns "on" the
outputs W; and W, with coupling efficiency above
threshold.

D. 1x5 splitter

Three configurations are found for 1x5 splitter
that are shown in Fig. (6). Figure (6-a) shows
the input mode power F, =600GW/m that its

profile initially collapses to  smaller
dimensions than the input owing to self-
focusing and then disperses widely due to
contribution of TPA and diffraction effects.
Coupling  efficiencies of the output
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waveguides Wy, W, and W, are respectively
kK, =0.1517, x, =0.1074 and x, =0.0227.
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Fig. 6: Nonlinear semivectorial [FD-BPM

simulation of 1x5 splitter with three configurations.
(a) Input mode power F, = 600GW/m become self-

focused and then greatly dispersed owing to TPA
effects which leads to turns "on" the outputs W,
W, and W, with coupling efficiency above
threshold. (b) An intense input mode power
Fy =1800GW/m become self-focused and then

breaks into three symmetric peak fragments which
turns "on" the outputs W, W, and W; with
coupling efficiency above threshold. (c) With
increase of the input mode power to
Py =2500GW /m  divergence of the peaks

becomes more and turns "on" the outputs Wy, W;
and W, with coupling efficiency above threshold.
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The other coupling efficiencies are lower than
threshold and hence W3 and W, are regarded
"off". The second configuration is achieved
with increasing the input mode power to
P, =1800GW/m as shown in Fig. (6-b). As

can be seen, the two symmetric diverging peak
fragments turns "on" the outputs Wy, W, and
Ws  with  coupling efficiency about
K, =0.0257, x, =0.0214 and x, = 0.0687.

The other coupling efficiencies are below
threshold and so those are regarded "off". The
third configuration is achieved with increasing
the input mode power to P, =2500GW/m as

shown in Fig. (6-c). Similar to the same
scenario in Fig. (4-d), the strong NLO effects
in the center profile of the mode breaks the
soliton into three fragments which routes the
separated peaks to the outputs Wy, W3 and Wy
with  coupling efficiencies «, =0.0396,

Kk, =0.0231 and x, =0.0475 respectively.

Coupling efficiency of the outputs W; and W,
are lower than threshold and hence those are
regarded "off".
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Fig. 7: Nonlinear semivectorial IFD-BPM

simulation of 1x6 splitter with input mode power
Py =1400GW/m . After a self-focusing the mode

profile breaks into two equal diverging peaks which
leads to turns "on" the outputs W, W, and W3 with
coupling efficiency above threshold.

E. 1x6 splitter

Only one configuration is found for 1x6
splitter with mode power F, =1400GW/m as

shown in Fig. (7). The mode profile after an
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intense self-focusing breaks into two-peaked
fragments due to NLO effects and then turns
"on" the outputs W, W, and W3 with coupling
efficiencies x, =0.0223, x,=0.0814 and

K, =0.0234 respectively.

efficiencies of the other outputs are lower than
threshold and hence those are regarded "off".
For the range input mode power about
1135GW/m < P, <1437GW/m we have the

same configuration but with different coupling
efficiencies. Tunability of the coupling
efficiencies of the outputs W;, W, and W3 in
this interval are  respectively  about
0.0642 <k, <0.0198, 0.0699 <k, <0.0790

and 0.0101 <« <£0.0263.

Coupling

F. 1x7 splitter

Similar to previous, only one configuration is
achieved for 1x7 splitter with increasing the
input mode power to F,=1500GW/m as

shown in Fig. (8).
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Fig. 8: Nonlinear semivectorial IFD-BPM
simulation of 1x7 splitter with input mode power

P, =1500GW/m. After a self-focusing the mode

profile breaks into two equal diverging peaks which
leads to turns "on" the outputs Wy, Wy, W, and W,
with coupling efficiency above threshold.

0 50 100

As the power is increased, the enhanced NLO
effects in the center profile of the mode and
causes to diverge the two separated peaks
more efficient than in Fig. (7). Coupling
efficiencies of the outputs Wy, W, W, and W3
are respectively equal to x,=0.0126,
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K, =0.0164, x,=0.0729 and &, =0.0321.

Coupling efficiency of the output W4 is lower
than threshold and hence it is regarded "off".
For the range of mode power about
1439GW/m < B, <1720GW/m we have the

same configuration but with different coupling
efficiency. Tunability of the coupling
efficiencies of the outputs Wy, W, W, and W3
in this interval are respectively about
0.0100 < x,<0.0224, 0.0197 <k, £0.0100,

0.0789 <k, <0.0351, and
0.0264 < x, <0.0610.

V. CONCLUSION

In this investigation, at first we extended
nonlinear  semivectorial IFD-BPM  with
inclusion of TPA effect. Secondly, we
proposed a glass-based symmetric power
splitter with nonlinear core. We numerically
showed that reconfigurable 1xN power splitter
can be designed by a simple structure via
soliton breakup. Unlike to similar previous
models, we took into consideration loss effects
induced by TPA in soliton propagation. It is
numerically shown that the enhanced NLO
effects enable us to breaks the soliton
desirably into some peaks which its fragments
and divergence depends on input mode power.
In our model, this property enabled us to
design the all-optical 1xN power splitter.
Eleven different configurations are achieved
by a simple symmetric structure in which the
power ratios are tunable to some extent values.
This model can be potential key component to
generate the ultrafast all-optical functional
devices such as switches, routers and tunable
power splitters which its operation depends on
its input mode power.
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