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Abstract

In this thesis, we use mathematical simulation to study the results of lisht pulse
propagating within a ring resonator system. The inputs are light pulses of three forms: the
Gaussian pulse, the dark soliton and the bright soliton, using the suitable simulation
parameters.

The simulation employs two different ring resonator systems. Each system accepts
all three forms of inputs. Both systems have one add/drop filter. The first system has two
ring resonators while the second system has three. Both systems give bright solitons, for all
types of inputs. However, in the first system, the bright solitons are detected from the
throughput port only while in the second system, the bright solitons are detected from both
the throughput port and the drop port.

The most interesting result is the bright soliton pulses from ring resonator systems by
using the Gaussian pulse input, which can be used to produce the bright soliton generator

from a laser pulse.
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Chapter |

Introduction

1.1 Statement and Significant of the Problems

Fibre optic networks are the backbone of communication systems, they can
send and receive data in high speed rate. One technique is the fibre transmission
capacity using different transmission wavelengths at the same time, this technique
is called “Wavelength division multiplexing” (WDM) [1].

For example WDM filter devices:

R Biiongosions, i : A
' Filter

Figure 1.1 Band pass filter which selects the desired channel [1].
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Figure 1.2 The Multiplexer combines sources with different wavelengths into

a single output. In reverse direction, the structure is used as demultiplexer [1].
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Figure 1.3 Optical add-drop multiplexer where channel 4, is added to and
channel 4, is dropped from the WDM spectrum [1].



The WDM communication systems require optical components, and therefore
a Gaussian pulse was used. The Gaussian pulse has been recognized in the form
of a laser pulse, and so the Gaussian pulse generator is very low cost. However,
the laser pulse has some problems, i.e. the high output power or long distance.
Optical soliton came to be a powerful tool that can overcome some of these
problems. The non-dispersion of soliton in medium is an advantage. The solitons
can naturally be divided into classes of dark soliton and bright soliton. The soliton
generations and their behaviors are analyzed and described by Agarwal [2]. The
solitons can be used as an information carrier in long distance high-speed optical

transmissions.

1.2 Objectives of the study
The research aims to study the light pulses and the output of light pulse
propagating within the ring resonator systems, and then design the ring resonator
systems. After that, it studies and develops the mathematical simulation of the

behaviors of light pulse propagation in the ring resonator systems.

1.3 Scopes of the study
Design the ring resonator systems in order to simulate the results which are
obtained from the Gaussian pulse, bright soliton pulse and dark soliton pulse.

The use of InGaAsP/InP as the fabricated material is proposed.

1.4 Process of the study
The process of the study following:
1) Study the Gaussian pulse, bright soliton pulse and dark soliton pulse.
2) Study the ratio between the output and input fields from a single ring
resonator.
3) Study the ratio between the output and input fields from an add/drop filter.
4) Simulate the results from the ring resonator systems.

5) Discuss the results.



1.5 Benefits of the study
One can understand the processing of light pulse propagation with in the ring
resonator. Furthermore, one can use the result of the three forms of laser pulses,
such as Gaussian soliton, dark and bright soliton propagating within the proposed
ring resonator systems for signal transmission. Moreover, it is used to encode

signal in fibre optic communications.



Chapter I

Pulse Propagation and Ring Resonator

This chapter contains the knowledge of pulse propagating in waveguide and ring

resonator.

2.1 The optical field and loss in propagation

The optical field is used in physics and vector calculus to designate the
electric field shown as E in the electromagnetic wave equation which can be
derived from Maxwell's Equations. In electromagnetic theory, the electromagnetic
wave propagates such that both the magnetic field oscillation and the electric field
oscillation are perpendicular to the direction of propagation of the wave. As with any
wave, the electromagnetic wave carrier energy, thus the total energy density is
shared between the constituent electric and magnetic fields. Since the electric field
is well more effective at exerting forces and doing work on charges than the

magnetic field, the electric field E is assigned to as the optical field [3].

Optical power (P ) is the degree to which a lens, mirror, or other optical
system converges or diverges light. It is equal to the correlative of the focal length of
the device. High optical power accords to short focal length. The SI unit for optical

power is the inverse metre (m ) [4].

Intensity (1 ) is the power translated per unit area, which is transmitted
through a fabricated surface perpendicular to the propagation direction. In the Sl
system, it has unit’s watts per square metre (W/m°). It is used most frequently with
waves (e.g. sound or light), in which case the average power transfers over one

period of the wave is used [5].

The intensity attenuation coefficient (a ) is the gradual loss in intensity of
any kind of flux through a medium. Attenuation in fiber optics, also known as
transmission loss, is the contraction in intensity of the light beam (or signal) with
respect to distance transited through a transmission medium. Attenuation coefficients

in fiber optics usually use units of dB/km through the medium mature to the



relatively high aspect of transparency of modern optical transmission media. The
attenuation coefficient is a portion that characterizes how easily a material or
medium can be accessed by a beam of light, sound, particles, or other energy or
matter. A large attenuation coefficient means that the beam is quickly "attenuated"
as it passes through the medium, and a small attenuation coefficient means that the
medium is relatively clear to the beam. The attenuation coefficient is the fellow of

the penetration depth, and is measured in units of reciprocal length [6].

The insertion loss (y ) is the loss of signal power producing from the insertion
of a device in a transmission line or optical fibre and is usually intended in decibels

(dB) [7].

In electromagnetic theory, the phase constant, also called phase change
constant, parameter or coefficient is the imaginary component of the propagation
constant for a uniform wave. It expresses the change in phase per metre along the
path moved by the wave at any instant and is equal to real part of the angular
wavenumber of the wave. It is performed by the symbol &, (The wave propagation
number) and is measured in units of radians per metre. From the definition of

wavenumber [8]

i _2r _2zf _27n
A V vt

where A4 is the wavelength,

f is the frequency,

% is the velocity,
n is the event occurred,
t is the time.

Coupling is the adorable or undesirable transfer of energy from one medium,
such as a metallurgic wire or an optical fiber, to another medium, entering fortuitous
transfer. Coupling is also the shift of electrical energy from one circuit segment to

another. For example, energy is transmitted from a power source to an electrical



load by means of conductive coupling, which may be either immune or hard-wire.
An AC potential may be transmitted from one circuit segment to another having a DC
potential by use of a capacitor. Electrical energy may be transmitted from one
circuit segment to another segment with different impedance by use of a
transformer. This is known as impedance matching. These are examples of
electrostatic and electrodynamics inductive coupling. The coupling coefficient of
resonators (x ) is a dimensionless value that characterizes communication of two
resonators. Coupling coefficients are used in resonator filter theory. Resonators may
be both electromagnetic and acoustic. Coupling coefficients well-adjudge with
resonant frequencies and external quality factors of resonators are the generalized
parameters of filters. In order to adjust the frequency lip of the filter, it is sufficient to

optimize only these generalized parameters [9].
2.2 The Gaussian pulse

Lasers are sources of light with very special properties, as explained in the
article on laser light. For that reason, there is a great variety of laser applications. The

following sections award an overview.

In manufacturing, lasers are extensively used in manufacturing, e.g. for cutting,
drilling, cladding, marking, soldering, ablating, surface treatment, engraving,
micromachining, hardening, pulsed laser deposition, alignment, etc. In most cases,
relatively high optical intensities are applied to a small spot, leading to intense
heating, possibly evaporation and plasma generation. Essential aspects are the high
spatial coherence of laser light, allowing for strong focusing, and often also the

potential for generating intense pulses.

Laser processing methods have much leverage, compared with mechanical
approaches. They grant the fabrication of very fine structures with high quality,
avoiding mechanical stress such as caused by mechanical drills and blades. A laser
beam with high beam quality can be used to drill very elegant and wide holes, e.g.
for injection nozzles. A high processing speed is often managed, e.¢. in the fabrication
of filter sieves. Further, the lifetime limitation of mechanical tools is deleted. It can

also be propitious to process materials without touching them.



In medical Applications, there is a wide bound of medical applications. Often
these impart to the outer parts of the human body, which are easily compassed with
light; examples are eye surgery and vision correction (LASIK), dentistry, dermatology

and various kinds of cosmetic treatment such as tattoo removal.

Lasers are also used for surgery, exploiting the possibility to rip tissues while
causing minimal bleeding. Very different types of lasers are required for medical
applications, depending on the optical wavelength, output power, etc. In many
cases, the laser wavelength is popular such that certain substances (e.g. pigments in
tattoos or caries in teeth) absorb light more strongly than border tissue, so that they
can be more precisely targeted. Medical lasers are not always used for cure. Some of
them rather relief the diagnosis, e.g. via methods of ocular imaging, laser microscopy

or spectroscopy.

In metrology, lasers are widely used in optical measure, e.g. for extremely
precise position metrologies and optical surface profiling with interferometers, for
long-distance range finding and exploration. Laser scanners are based on
accumulated laser beams, which can read e.g. bar codes or other graphics over some
distance. It is also possible to scan three-dimensional objects, e.g. in the background
of crime scene investigation (CSI). Optical sampling is a technique applied for the
impersonation of fast electronic microcircuits, microwave photonics, terahertz

science, etc.

Lasers also grant for extremely precise time measurements and are therefore
essential component of optical clocks which are beginning to outperform the directly
used cesium atomic clocks. Fibre-optic sensors, often probed with laser light, allow
for the divided measurement of temperature, stress, and other quantities e.g. in oil

pipelines and wings of airplanes [10].



A Gaussian pulse has a characteristic symmetric bell curve shape, the

Gaussian pulse can be represented by a laser pulse. It is in the form
E(t) = de "™ 2.1)
where 4 is the amplitude,

t is the center of curve.

0.08

DDE 1 1 1 1 1 1 1 1 1
1.4 142 144 146 143 15 152 154 156 158 16

Wavelength «10°

Figure 2.1 The Gaussian pulse of wavelength.

2.3 The soliton pulses

In this section, we introduce soliton pulses, the solitons are caused by a
cancellation of nonlinear and dispersive effects in the medium, which there are

two different soliton pulses for this thesis.

An optical soliton is a pulse that propagates without distortion due to
dispersion or other effects. They are a nonlinear phenomenon caused by self-
phase modulation (SPM) which means that the electric field of the wave changes
the index of refraction viewed by the wave (Kerr effect). SPM causes a red shift at
the leading edge of the pulse. Solitons obtain when this shift is removed due to
the blue shift at the leading edge of a pulse in a region of anomalous dispersion,
resulting in a pulse that retains its shape in both frequency and time. Solitons are

therefore an essential development in the field of optical communications [11].



2.3.1 The bright soliton pulse

A bright soliton is characterized as a localized intensity peak above a

continuous wave background, it for which the incident field is of the form

E(t)=E, sech {ﬂ e (2.2)

0

where E is the constant light field amplitude,

T is the soliton pulse propagation time in a frame moving at the group
velocity,
T, is the soliton pulse propagation time at initial input,
z is the propagation distance,
L, is the dispersion length of the soliton pulse,
@, is the frequency shift of the soliton,
t is the soliton phase shift time.
1
09t .
08f 1
07h 1
_ 0Bf 1
& 05l 1
&
04f .
0.3f .
02t 1
01F 1
0T 7@ 14 T4 148 15 152 15 15 158 16
Wavelenght 10"

Figure 2.2 The bright soliton pulse.
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2.3.2 The dark soliton pulse

A dark soliton pulse is featured as a localized intensity plunge below a

continuous wave background, it for which the incident field is of the form

E(t)=E, tanh {%} Qo (2.3)

0

D 1 1 1 1 1 1 1 1
1.4 142 144 146 146 15 152 1484 15 1585 16
Wavelenght w10

Figure 2.3 The dark soliton pulse.
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2.4 The refractive index

The refractive index is a dimensionless number that depicts how light, or any
other radiation, propagates through that medium. The refractive index ranges with
the wavelength of light. This is called dispersion and causes the rifting of white light
into its constituent colors in prisms and rainbows, and chromatic aberration in lenses.
Light propagation in absorbing materials can be depicted using a complex valued
refractive index. The imaginary part then holds the attenuation, while the real part

accounts for refraction [12]. It is given by

n=n,+nd =n,+n, LLJ (2.4)
off
where n, is linear refractive index,
n, is nonlinear refractive index,
1 is optical intensity,
P is optical power,

s is effective mode core area of the device.
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2.5 The light pulse propagations
2.5.1 Waveguide

A wavesguide is a structure that guides waves, such as electromagnetic waves
or sound waves. There are different types of waveguides for each type of wave. The
wave guide in this thesis is called “optical waveguide”. The light pulse propagating in
the line wave guide has the relation of throughput port optical field and input light

field shown in Eq. (2.5), the arrow show the direction of optical field

'

>

L. E

mn out

Figure 2.4 The optical field travelling within waveguide.

a_ .
——z—ik,z

E _=Ee? (2.5)
where E s the optical fields of the throughput,

E. is the input light field,

a is the intensity attenuation coefficient of waveguide 0 <a <1 ,

k is the wave propagation number in a vacuum,

L is the waveguide length.
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2.5.2 Coupler

A fibre coupler is a four-port device subsisting of two fibres that have been

fused together, etched, or polished over a small interaction region [3].

Einl Eourl
> > >

iNK

> 2 >—
Ein2

1-x out 2

Figure 2.5 The optical fields coupling.

Eoutl = \/l_y(Eml\/l_K +Ein2 l\/;) (26)
Eout2 = \/1_7 (Ein2 V1-x +Em1 l\/;) (2.7)

where ¥ is the intensity insertion loss coefficient of coupler0<y <1,

K is the amplitude coupling coefficient of the coupling region0<x <1.
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2.6 The ring resonator
2.6.1 The single ring resonator

An optical ring resonator is a set of waveguides in which at least one is a
closed loop coupled to some kind of light input and output. The concepts abaft
optical ring resonators are the same as those behind whispering galleries except that
they use light and follow the properties behind effective interference and total
internal reflection. When light of the resonant wavelength is travelled through the
loop from input waveguide, it makes up in intensity over multiple round-trips due to
constructive interference and is output to the output bus waveguide which deal as a
detector waveguide. Because only a select few wavelengths will be at resonance
within the loop, the optical ring resonator functions as a filter. Additionally, as
implied earlier, two or more ring waveguides can be coupled to each other to form
an add/drop optical filter. Critical to explaining how an optical ring resonator works, is
the comprehension of how the linear waveguides are coupled to the ring waveguide.
When a beam of light passes through a wave guide as shown in the graph on the
right, part of light will be coupled into the optical ring resonator. The logic for this
phenomenon to happen is because the wave property of the light, or if we consider
it in ray optics, it is because of the transportation effect. In other words, if the ring
and the waveguide are close enough, the light in the waveguide will be translated
into the ring. There are three aspects that disturb the optical coupling: the distance,
the coupling length and the refractive indices between the waveguide and the
optical ring resonator. In order to optimize the coupling, it is usually the case to slim
the distance between the ring resonator and the waveguide. The closer the distance,
the easier the optical coupling happens. In addition, the coupling length affects the
coupling as well. The coupling length represents the effective curve length of the
ring resonator for the coupling aspect to happen with the waveguide. It has been
studied that as the optical coupling length increases, the difficulty for the coupling to
happen decreases. Furthermore, the refractive index of the waveguide material, the
ring resonator material and the medium material in between the waveguide and the
ring resonator also perturb the optical coupling. The medium material is usually the

important one been studied since it has a great effect on the translation of the light



15

wave. The refractive index of the medium can be either large or small concord to

various applications and purposes [13].

¥
l-x E

in out

Figure 2.6 The optical field travelling in the ring resonator [6].

When the optical field propagating in the ring resonator, the optical field can
calculate by Eq. (2.6), (2.7) and (2.5), so

E =1y (E, iV + E~1-x) (2.8)
B, =1-7(E,iN+E,1-x) (2.9)

a .
——z—ik,z

E,=Ee? (2.10)

therefore
E =1-y (E iNk+E -« ezZik"ZJ

E - \/EEM z\/;a

1- \/E N/ gz
Substitute E, in Eq. (2.10), so
FE iNke? i
1- \/7\/7672 "

Substitute E, in Eq. (2.9), therefore

'— —72 ik,z
Eout:\ll_y Eml\/_ l\/_-l‘E V11—
1 \/7\/7 —72 ik,z
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e
I-J1-y1-xe > ™"

\/7 \/7 \/7 e—fz ik,z

m 1— \/—\/— 72 ik, z

Eomz _(1 7) 1—K—2\[1—y\¢1—/(e_7 COS(an)—I—(l—y)e‘“Z 1)
2 B B a .
B 1=2I=pNI=xe > cos(k,2) +(1=p)1=K)e

The ratio between the output and input fields in single ring resonator, which can

be expressed as

? (1—(1—)/)6"”)1(

o—mzz(l_y) 1= 2
[l—ezw/l—;f\/l—lcj +4e%/1—7x/1—1<sin2(¢25j

(2.12)

Where ¢=k z is the phase.
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2.6.2 The add/drop filter

An optical add/drop multiplexer is a device used in wavelength-division
multiplexing systems for multiplexing and routing different channels of light into or
out of a single mode fibre. This is a type of optical node, which is generally used for
the conception of optical telecommunications networks. "Add" and "drop" here refer
to the capability of the device to add one or more new wavelength channels to an
existing multi-wavelength  WDM signal, and/or to drop (remove) one or more
channels, passing those signals to another network passage. An optical add-drop

multiplexer may be considered to be a special type of optical cross-connect [14].

>
E. E

tn out

Figure 2.7 The optical field travelling in the add/drop filter [6].

Assume thatE, =0 , the ratio between the output and input fields in

add/drop filter, which can be expressed as

E_ | _(1-x)-2{1-x\I-Kye 2 cosp+(1-x,)e™ (213)
2~ o .

2 1+(1-x,)(1-%,)e ™ =2\1-x, JI-K,e ? cos¢

|Ed|z _ Ky (2.14).

1+(1-x, ) (1-&,)e ™ =2\1-Kk I-K,e ? cos¢
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Chapter llI

The System of Ring Resonators

This chapter contains the method to design some systems of ring resonator.
In this thesis, we use the mathematical simulation to show the behaviors of light
pulse propagating within the microring resonator. The material used is INGaAsP / InP.
The light pulses used in this research are three different forms: Gaussian pulse, bright

and dark soliton pulses.

The ring resonators in the system have size in micrometre, it’s called “the
microring resonator”. In this thesis, the author fixed some parameters for the ring

resonators system.
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3.1 The first system: two ring resonators and an add/drop filter

The first system contained two ring resonators and an add/drop filter,
whichR, , R, and R, are ring radii in micrometre scale. The light pulse input(Em)
travel from R, to R, and thenR, . The light pulse output are E, andE, . The

second ring resonator (R, ) has accelerated the resonance of light pulse, and the

add/drop filter have filter the light pulse.

E, E

Figure 3.1 The first system of ring resonator.



20

We will split the considered system into 3 stages.

Stage 1: we can obtain E,, from E, by ring R (shown in Fig. 3.1.1).

K
FalhN
Ein ERI

Figure 3.2 The ring R, in first system.

Stage 2: we will input the E,, into the ring R, (shown in Fig. 3.1.2).

Figure 3.3 The ring R, in first system.
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Stage 3: this stage the input is E,, travelling into ring R, . It given two outputs,
there are E,, and E, (shown in Fig. 3.1.3).

Figure 3.4 The ring(add/drop filter) R, in first system.
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3.2 The second system: three ring resonators and add/drop filter

The second system contained three ring resonators and an add/drop filter.

The light pulse travelling same as the first system.

Figure 3.5 The second ring resonator system.

We have 4 stages in this system, it propagations similarly the first system.
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Chapter IV

The Generating of Bright Solitons

This chapter contains the results of light pulse propagating from the first and

second systems in chapter 3.

We will propose the simulation into 3 cases. The input pulses are different:
1. Gaussian pulse
2. bright soliton pulse

3. dark soliton pulse.
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4.1 The outputs of first system

In this section, we get the results of light propagating from the first system in
chapter 3, the results of three type light pulse inputs are the bright soliton at
throughput port of first system.

The parameters for the first system are used, ring radii R, = 16 ym, R, = 5.0
um, and R, = 25.0 ym, linear refractive index n, = 3.34 (InGaAsP/InP), the nonlinear
refractive index n, =2.2><1O'17 mZ/W, effective mode core area Aeff = 0.50 umz and
0.25 pmz for a microring resonator and add/drop filter, respectively, intensity
attenuation coefficient & = 0.5 dB mm_l, insertion loss » = 0.1, coupling coefficient

k,=0.55, k,=0.7, k, =k, =0.9, and setting E, = 0 (no add the light pulse into add

port)
Ring |\ R | R, | R, | n, Adg | a |7 K K, K K,
R |16]- |- 338 |22x0" |05 |05]01 [055(- |- |-
R |- |5 |- |338 |22q0" |05 |o05|01 [- |07 |- |-
R, |- |- |25 |338 |22x10"" |025 |05]01 |- |- |09 |09

Table 4.1 the table of parameters for first system.
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4.1.1 The output by using the Gaussian pulse as the input port

The Gaussian pulse with center wavelength (4, ) at 1.55 um, peak power at

1W/m” is input into the system as shown in Fig. 4.1.

Intensity (Wint)
A
g
T
1

Figure 4.1 Gaussian pulse input E, for first system.
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The first stage (R, ), when the Gaussian pulse travelling in the ring resonator R, , we

get the E,, from the first ring R,.

Figure 4.2 The ring R,.

R1=16pm. 1 =055

&
T

Intensity (W/n)
&
T

N
T

1 SR
1

el ..L‘l.m\l,.x.lmu”\h\.mhluMl‘h“«mmam“m“JMIHM'L\IM,LMLJMJJJMMJHWLJ{\LL‘M‘Mu\um‘.mmAm_.u‘mmﬂhmmm J.JM s Mo
46 1.48 15 152 154 1.56 158 16 162

T84

Wevelength(um)

Figure 4.3 Output E,, from ringR,.

In this stage, the output power increase from 1W/m” to 5W/m”.



Second stage (R,), we get the E,, from the second ring R, .

Figure 4.4 The ring R, .

Intensity (W/nt)
=]
T

L/ AL e TS it Sl e
146 148 1.5 152 154 156
Wevelength(um)

P IR R ) A A
158 16 182

Figure 4.5 Output E,, from ringR, .

This stage, the output power increase from 5W/m’ to 45W/m’.

R2=5pm 2=07

27
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Final stage in the first system for the Gaussian pulse input (R, ), we get two outputs

from the add/drop filterR,, there are the E  and E, .

Figure 4.6 The add/drop filter R,.

0 —

Rd=25um. «3=08r4=09

al— -

&l =

7 ,

6l o

148 148 15 T

Figure 4.7 Output E_ at throughput port form add/drop filter R, .

t



01— —
Rd=25um. «3=08xd=03
45— —

dn -~

S —

ga- ool

Uy Lot By o R B R 1 NS G MRt Lol | N e i
145 1.48 15 152 154 156 158 1.6 182 1.64

Figure 4.8 Output E, at drop port form add/drop filter R,.

This stage, the throughput port has the output power at 8 W/m” and drop
port can divide the excess power at 40 W/m”. The output at throughput port is the
bright solitons.
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4.1.2 The output by using the bright soliton pulse as the input port

The bright soliton pulse with center wavelength (4, ) at 1.55 um, peak power

at IW/m’ is input into the system as shown in Fig. 4.5.

Intensity (Wint)

Figure 4.9 The bright soliton pulse input E, for first system.



Stage 1 (R, ), we get the E,, from the first ringR, .

E, E

in R1

Figure 4.10 The ring R,.

Intensity (W/nt)

Ri=16um. 1 =055 |

Wevelength(um)

Figure 4.11 Output E,, from ringR,.

In this stage, the output power increase from 1W/m” to 4.5W/m”.



Stage 2 (R, ), we get the E,, from the second ring R, .

Figure 4.12 The ring R, .

@
T

Intensity (W/nt)
2
T

R2=5pm. k2=07

Wevelength(um)

Figure 4.13 Output E,, fromringR, .

This stage, the output power increase from 4.5W/m’ to 17W/m’.

32
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Stage 3(R,), the outputs of the first system by using the bright soliton pulse input,
we get two outputs from the add/drop filter R, there are the E, ,and E, .

Figure 4.14 The add/drop filter R,.

45— -~

Rd=25um. «3=08r4=09

v al

s —

3l -

Figure 4.15 Output E,, at throughput port form add/drop filter R, .



34

16— —
Rd=25um. «3=08r4=03
14— o

12 —

10 —

Wevelength(um)

Figure 4.16 Output E, at drop port form add/drop filter R, .

In this case, we get the bright solitons at throughput and drop ports. The
increasing of power similarly the Gaussian pulse. The throughput port has the output

power at 3.5 W/m” and drop port can divide the excess power at 13 W/m'.
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4.1.3 The output by using the dark soliton pulse as the input port

The dark soliton pulse with center wavelength (4, ) at 1.55 um, peak power

at IW/m’ is input into the system as shown in Fig. 4.9.

Intensity (W/nt)

Figure 4.17 The dark soliton pulse input E, for first system.



Stage 1 (R, ), we get the E,, from the first ringR, .

E

in R1

Figure 4.18 The ring R,.

R1=16pm. 1 =055

6l -

gl -

Intensity (W/n)
4

w

i I
1

. Mhmmﬂuuﬂ‘mmmLLMMLJ.HL JLLWMML.AMJ&J Jmlmmuﬁ T Hn JLL.LMALMMA.M‘.uhm il il ad .l.u[.m.d u‘dm
5 1 15 1.5 154 1.56 158 162 1.64

}
1.4 48 2 1.6

Figure 4.19 Output E,, fromringR,.

In this stage, the output power increase from 1W/m” to 6W/m”.

36



37

Stage 2 (R, ), we get the E,, from the second ring R, .

Figure 4.20 The ring R, .

T
R2=5pm 2=07
00—
A0
g
EED— .
g
E
£
k|
20—
o
W D s e M e L VY o A e e A i
1.46 1.48 15 152 154 1.56 158 16 162 1.64
Wevelength(um)

Figure 4.21 Output E,, fromringR, .

This stage, the output power increase from 6W/m’” to 45W/m’.
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Stage 3(R,), the outputs of the first system by using the dark soliton pulse input, we

get two outputs from the add/drop filter R, there are the E ,and E, .

Figure 4.22 The add/drop filter R,.

Figure 4.23 Output £,

Rd=25um. «3=08r4=09 |

at throughput port form add/drop filter R, .
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Rd=25um. «3=09x4=089
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- =

3/ —
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146 148 15 152 154 156 158 16 182 164
Wevelength(um)

Figure 4.24 Output E, at drop port form add/drop filter R,.

In case of dark soliton pulse, the increasing powers same the Gaussian pulse
and the bright soliton pulse. The throughput port has the output power at 10 W/m”

and drop port can divide the excess power at 40 W/m’.

We can see that after we input light pulses into the first system from three

cases:

Case 1, the Gaussian pulse givens the bright soliton at throughput port, but not bright

soliton at drop port.

Case 2, the bright soliton pulse givens the bright soliton at throughput and drop
ports.

Case 3, the dark soliton pulse givens the bright soliton at throughput port, but not
bright soliton at drop port.

Therefore, we get the bright solitons at throughput port from both light pulses, and

the ring resonators can boost the power increased many fold.
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4.2 The outputs of second system

For the second system, three type light pulse inputs are the bright soliton at
throughput port of first system, and the parameters for the this system are ring radii,
where R =16 um, R, =7 pym, R, =5pum, and R, = 10 um, linear refractive index,
where n, = 3.34 (InGaAsP/InP), the nonlinear refractive index, where n, =2.2><1O_17
mZ/W, effective mode core area, where Aeff = 0.50 pmz and 0.25 pmz for a microring
resonator and add/drop filter, respectively, intensity attenuation coefficient & = 0.5
dB mm_l, insertion loss y = 0.1, coupling coefficient x,=0.5, x, = x,=0.05,

K, = k,=0.5, and the input light pulse are same first system.

Ring | R | R, | R, | R, | n, n, Ay o |7 K, K | K| K| K
R |16 |- |- |- |338 [22a0" |05 |o5|01 |05 |- |- |- |-
R |- |7 |- |- |33 |22a0" |05 |o5|01 |- |005|- |- |-
R |- |- |5 |5 |33 |22x0" |05 |05 |01 |- |- |005|- |-
R, |- |- |- |10 |338 [22x0" 025 [05]01 |- [- |- |05 |05

Table 4.2 the table of parameters for second system.




4.2.1 The output by using the Gaussian pulse as the input port

The Gaussian pulse with center wavelength (4, ) at 1.55 um, peak power at

1W/m” is input into the system as shown in Fig. 4.13.

Intensity (Wint)
A
g
T
1

Figure 4.25 Gaussian pulse input E, for second system.



The first stage (R, ), we get the E,, from the first ringR,.

Figure 4.26 The ring R,.

R =1Bum. 1 =05
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Intensity (W/n)
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Figure 4.27 Output E,, from ringR,.

In this stage, the output power increase from 1W/m” to 5W/m”.
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Stage 2 (R, ), we get the E,, from the second ring R, .

Figure 4.28 The ringR, .

45—

B/

Intensity (W/nt)
N
T

Figure 4.29 Output E,, fromringR, .

This stage, the output power increase from 5W/m’ to 35W/m’.

R2=7pm 2=05
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Stage 3 (R,), we get the E,, from the second ring R, .

1800

1600
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1200
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Intensity (Wrm?)
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Figure 4.30 The ring R, .

RI=5um. x3=005
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Wevelength(um)

Figure 4.31 Output E,, fromringR,.

This stage, the output power increase from 35W/m’ to 1500W/m".
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Stage 4(R,), the outputs of the first system by using the Gaussian pulse input, we get
two outputs from the add/drop filterR,, there are the E  and E, .

Figure 4.32 The add/drop filter R,.

Rd=10pm. x4=05k5=05
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Figure 4.33 Output E,, at throughput port form add/drop filter R, .

t
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Figure 4.34 Output E, at drop port form add/drop filter R, .

In case of second system, we get the bright solitons at throughput port and
drop port. The increasing of power similarly the first system, but it has very high
power. The throughput port has the output power at 1100 W/m’ and drop port can

divide the excess power at 700 W/m’.



47
4.2.2 The output by using the bright soliton pulse as the input port

The bright soliton pulse with center wavelength (4, ) at 1.55 um, peak power
at IW/m’ is input into the system as shown in Fig. 4.18.

Intensity (Wint)

Figure 4.35 The bright soliton pulse input E, for second system.
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Stage 1 (R, ), we get the E,, from the first ringR, .

E, E

in R1

Figure 4.36 The ring R,.

RI=16um. K1 =05

Intensity (W/n)
o
T
1

N
T

Wevelength(um)

Figure 4.37 Output E,, fromringR,.

In this stage, the output power increase from 1W/m” to 6W/m”.



Stage 2 (R, ), we get the E,, from the second ring R, .

Figure 4.38 The ring R, .

R2=7pm 2=05

Intensity (W/nt)

Wevelength(um)

Figure 4.39 Output E,, fromringR, .

This stage, the output power increase from aw/m’ to 35W/m’.



Stage 3 (R,), we get the E,, from the second ring R, .

R2

Figure 4.40 The ringR;.
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Figure 4.41 Output E,; from ringR,.

In this stage, the output power increase from 35W/m’ to 1400W/m’.
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Stage 4(R),), the outputs of the first system by using the bright soliton pulse input,
we get two outputs from the add/drop filter R, there are the E, ,and E, .

Figure 4.42 The add/drop filter R,.

1500
Rd=10pm. x4=05k5=05

1000

Through port (W)

Figure 4.43 Output E,, at throughput port form add/drop filter R, .
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Figure 4.44 Output E, at drop port form add/drop filter R, .

In case of second system, we get the bright solitons at throughput port and
drop port. The increasing of power similarly the Gaussian pulse. The throughput port
has the output power at 1200 W/m” and drop port can divide the excess power at

150 W/m’.
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4.2.3 The output by using the dark soliton pulse as the input port

The dark soliton pulse with center wavelength (4, ) at 1.55 um, peak power

at IW/m’ is input into the system as shown in Fig. 4.23.

Intensity (W/nt)

Figure 4.45 The dark soliton pulse input E, for second system.
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Stage 1 (R, ), we get the E,, from the first ringR, .

Figure 4.46 The ringR,.

60— RI=16um. «1=0

-
T

w

Intensity (W/n')

|
|

1

. i kil il “J‘“‘m mulmuml..lﬂmuhmmMmm»mLL. 5 ,.....M.AMMM...memmﬂmmmmwmmm.um.mmm
1.46 1.48 15 152 154 1.56 158 16 162 1.64

Wevelength(um)

Figure 4.47 Output E,, fromringR,.

In this stage, the output power increase from 1W/m” to 5W/m”.



Stage 2 (R, ), we get the E,, from the second ring R, .

Figure 4.48 The ring R, .
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Intensity (W/nt)

Figure 4.49 Output from ring R, .

In this stage, the output power increase from 5W/m’ to 35W/m’.
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Stage 3 (R,), we get the E,, from the second ring R, .

>
iy 1

Figure 4.50 The ring R, .
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Figure 4.51 Output E,; fromringR,.

In this stage, the output power increase from 35W/m’ to 1000W/m’.
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Stage 4(R,), the outputs of the first system by using the dark soliton pulse input, we
get two outputs from the add/drop filter R, , there are the E,  ,and E, .

Figure 4.52 The add/drop filter R,.
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Figure 4.53 Output E , at throughput port form add/drop filter R, .
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Figure 4.54 Output E, at drop port form add/drop filter R,.

In case of second system, we get the bright solitons at throughput port and
drop port. The throughput port has the output power at 900 W/m” and drop port

can divide the excess power at 500 W/m'.

We can see that after we input light pulses into the second system from

three cases:
Case 1, the Gaussian pulse givens the bright soliton at throughput and drop ports.

Case 2, the bright soliton pulse givens the bright soliton at throughput and drop
ports.

Case 3, the dark soliton pulse givens the bright soliton at throughput and drop ports.

Therefore, we get the bright solitons at throughput and drop ports from both light
pulses, and we have the interesting result, that is the bright solitons at throughput
port from the Gaussian pulse input, and the ring resonators can boost the power

increased many fold.
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Chapter V

Conclusions and Suggestions

5.1 Conclusions

This thesis studies the effect of the light pulse passing through ring resonator
systems. The inputs are light pulses of three forms: the Gaussian pulse, the dark
soliton and the bright soliton. The simulation shows that light pulses gain more
power when passing through the system. The outputs are in the form of bright
solitons, available at the throughput port and/or the drop port, depending on the
configuration of the ring resonator used.

The power of the output of the first system is tenfold that of the input while

the power of the output of the second system is boosted thousand fold.

5.2 Suggestions

This encounter allows the invention of bright soliton generators using laser
pulse (Gaussian pulse), which is available at low cost.

The bright solitons outputs can distribute by the mutiphotons trapping within
the potential well.

The ring resonator system can boost the power of light pulses and therefore,

it can be used to make a repeater.
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Mathematical simulation applications for mew laser sources, new communication bands amd dynamic optical

tweezers have been discussed.
© 2010 Elsevier inc. All rights reserved.

1. Introduction

A Gaussian pulse has been recognized in the form of a laser pulse that can be used in both theoretical and experimental
investigation in many subjects. However, in some ways, the limit of laser power cause a problem, especially, when the high
output power of long distance link is required. Optical soliton becomes a powerful tool that can owercome such a problem,
i.e. for high power laser source. Furthermore, the non-dispersion of soliton in medium is the other advantage. Optical soli-
tons can naturally be divided into dasses of dark and bright solitons, whereas a dark soliton exhibits an interesting and
remarkable behavior, when it is transmitted into an optical transmission system. It has the advantage of the signal detection
difficulty. when the ambiguity of signal detection becomes a problem for the un-wanted users. In principle, the soliton gen-
erations and their behaviors in media are well analyzed and described by Agarwal [1). Many earlier theoretical and exper-
imental works on soliton applications can be found in the soliton application book by Hasegawa |2]. However, to make such
a tool more useful. the problems of soliton-soliton interactions |3 collision |4], rectification [3], and dispersion manage-
ment [6-8] must be solved and addressed. Therefore, in this work, we are looking for a powerful laser source with broad
spectrum that can be used in many applications.

Recently, several research works have shown that use of dark and bright soliton in various applications can be realized
[9-14], where one of them has shown that the secured signals in the commiunication link can be retrieved by using a suitable
an adddrop filter that is connected into the transmission line. The other promising application of a dark soliton signal [13] is
for the large guard band of two different frequencees which can be achiewed by wusing a dark soliton generation scheme and
trapping a dark soliton pulse within a nanoring resonator | 1] Furthermore, the dark soliton pulse shows a mare stable

* Comesponding author. Tel.: +66 2 3204342 fanc #0606 2 326435,
E-munil nddress kypreechifomitlac.th [ P.P. Yepapin).
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behavior than the bright solitons with respect to the perturbations swch as amplifier noise, fiber losses, and intra-pulse stim-
ulated Raman scattering | 16]. It is found that the dark soliton pulses propagation in a lossy fiber, spreads in time at approx-
imately half the rate of bright solitons. The dark solitons trapped in add /drop system is realized |17]. In this paper, the use of
three forms of laser pulses, i.e. Gaussian soliton, dark and bright soliton propagating within the proposed ring resonator sys-
tems is investigated and described. The use of suitable simulation parameters based on the realistic device is disoussed. The
potential application for new Laser sources, new communication bands and dynamic optical tweezers is also discussed.

2. Theory and principle
2.1. Gawssian pulse

Light from a monochromatic light source is launched into a ring resonator with constant light field amplitude [Ey) and
random phase modulation as shown in Fig. 1, which is the combination of terms in attenuation (=) and phase | ) constants,
which results in temporal coherence degradation. Hence, the time dependent input light field (E. ), without pumping term,
can be expressed as 18]

Enil) = Ege i LA 1y

where L is a propagation distance{waveguide length)
We assume that the nonlinearity of the optical ring resonator is of the Kerr-type, Le., the refractive index is given by

n:nh+nzi=r|,_[:_;).P. @)

where ny and n; are the linear and nonlinear refractive indexes, respectively. [ and P are the optical intensity and optical
power, respectively. The effective mode core area of the device is given by A For the microring and nanoring resonators,
the effective mode core areas range from 0U10 to 050 pm?® [19,20].

When a Gaussian pulse is input and propagated within a Aber ring resonator, the resonant output s formed, thus, the
normalized owtput of the light feld is the ratio between the output and input fields (E_, and E..) in each roundtrip, which
can be expressed as |21

En“:h'z:ll__ll 1 (1-q1 -yt ! 3
E.E) . (- Ty T—w 4+ e T= 3T = Ksin® (g

Eq. (3) indicates that a ring resonator in the particular case is very similar to a Fabry-Perot cavity, which has an input and
output mirror with a feld reflectivity. (1 — «), and a fully reflecting mirror. k is the coupling coefficient. and (x = exp [ =L2)]
represents a rounderip loss coefficient, o = klng and ée = k.l'.g—,.'l- P are the linear and nonlinear phase shifts, k = 2,4 is the
wave propagation number in a wacuum. Where L and = are 3 waveguide bength and linear absorption coefficient, respec-
tiwely. In this work, the iterative method is introduced to obtain the results as showm in Eq. (3), similarly, when the output
field is connected and input into the other ring resonators.

The input optical feld as shown in Eq. (1), ie. a Gaussian pulse, is input into a monlinear microring resonator. By using the
appropriate parameters, the chaotic signal is obtained by using Eq. [3]. To retrieve the signals from the chaotic noise, we pro-
pose to use the add/drop device with the appropriate parameters. This is given in details as followings. The optical outputs of
a ring resonator add/drop filter can be given by the Egs. (4] and (5).

IIE._r_ (1 — k) — 2T = - T = s Foosikal) + (1 — )™
ml T+ (l—Kn)(] — k™ — 241 — K1 - w1 — Kz€ Toos(kL)

(4

and

Fig. 1. A schematic of a Cawssian solibon generation system. where £ - ring radii, «,: coupling coefficents, B, an add|drop ring radees, 4_,: effectnre areas.
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'EEir B Kz P &
Fal Tl —ma)d —nz)e = — 241 — Ky -1 — Kz * cos(kl) '
where E; and E; represents the optical felds of the throughput and drop ports respectively. The transmitted output can be
controlled and obtained by choosing the suitable coupling ratio of the ring resenator, which is well derived and described by
reference |21]. Where fi = kngy represents the propagation constant, Ry is the effective refractive index of the waveguide, and
the circumference of the ring is L = 2nR, here R is the radius of the ring. The chaotic npise cancellation can be managed by
using the specific parameters of the add/drop device, which the required signals at the specific wavelength band can be fil-
tered and retrieved. K, and K; are coupling coefficient of add/drop filters, k, = 2x/4 is the wave propagation number for in a
vacuum. and the waveguide {ring resonator] loss is = =05 dB mm . The fractional coupler intensity loss is +=0U1. In the
case of add{drop device, the nonlinear refractive index is neglected.

22 Sofitan

Bright and dark soliton pulses are introduced into the multistage nanoring resonators as shown in Fig_ 2, the input optical
field (E.) of the bright and dark soliton pulses input are given by an Eq. [6]) and [7]]1]. respectively:

- smtenlE) -]
E.it) = Atanh [TTJ exp [{EZEJ L ir-.n.,:]» el

where A and z are the optical field amplitude and propagation distance, respectively. T is a soliton pulse propagation time in a
frame mowing at the group velocity, T=t — f,z, where §, and j, are the coefficients of the linear and second-order terms of
Taylor expansion of the propagation constant. LD = T3 /%, | is the dispersion length of the soliton pulse. Ty in equation is a
soliton pulse propagation time at initial input (or soliton pulse width), where ¢ is the soliton phase shift time, and the fre-
quency shift of the soliton is «sw. This solution describes a pulse that keeps its temporal width invaniance as it propagates, and
thus is called a temporal soliton. When a soliton peak intensity |§, /T T3 is given, then T, is known. For the soliton pulse in the
microring device, a balance should be achieved between the dispersion kength (La] and the nonlinear length (L = 1MoL
where I = Rakg, is the length scale over which dispersive or nonlinear effects makes the beam bacome wider or narrower. For
a soliton pulse, there is a balance between dispersion and nonlinear lengths, hemce Ly = Le. Similarly, the output soliton of
the system in Fig. 2 can be calculated by wsing Gaussian eqguations as given in the above case.

3. Results
1. Goussian pulse

From Fig. 1, in principle, light pulse is sliced to be the discrete signal and amplified within the first ring, where more signal
amplification can be obtained by using the smaller ring device (second ring ). Finally. the required signals can be obtained via
a drop port of the add/drop filter. In operation, an optical field in the form of Gaussian pulse from a laser source at the spec-
ified center wavelength is input into the system. From Fig. 3, the Gaussian pulse with center wavelength () at 0.40 pm,
pulse width [full width at half maximum, FWHM) of 20ns, peak power at 2W s input into the system as shownm in
Fig- 3{a) The large bandwidth signals can be seen within the first microring device, and shown in Fig. 3(b). The suitable ring

Dhetoctor Drop prort Add port

Fig 2 Schematic of a dark-bright soliton coreersion system, where 7, & the mg radii, «, & the cospling moefficient. and x,, and x,, are the addjdrop
coupling cosfficients.
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parameters are used, for instance, ning radii K, = 16,0 pm. B = 5.0 pm, and Ry =25.0 pm In order to make the system asso-
date with the practical device |19,20], the selected parameters of the system are fixed to me=3.34 (InGaAsF/InPL
Apw= 050 pm” and 0.25 um® for a microring and addjdrop ring resonator, respectively, = =0.5dEmm ', v =@.1. In this
imvestigation, the coupling coefficient (kappa, «) of the microring resonator is ranged from 0055 to 0.90. The nonlinear refrac-
tive index of the microring used is n, =22 « 10 '" m*/W. In this case, the attenuation of light propagates within the system
{i.e. wawe guided) used is 0.5 dB mm . After light is input into the system, the Gaussian pulse i chopped (sliced) into a
smaller signal spreading over the spectrum due to the nonlinear effects [22], which is shown in Fig. 3(a). The large band-
width signal is generated within the first ring device. In applications, the specific input or out wavelengths can be used
and generated. For instance, the different center wavelengths of the input pulse can be ranged from 0.40 to 1.5 pm as shown
in Figs. 3-8, where the suitable parameters are used and shown in the figures.

312 Dark soliton

In operation, a dark soliton pulse with 50-ns pulse width with the maximum power of 065 W is input into the dark-
bright soliton conversion system as shown in Fig 2. The suitable ring parameters are ring radii, where Ry = 100 pm,
Rz= 7.0 pm, and Ry = 5.0 pme In order to make the system associate with the practical device | 19.20] the selected parameters
of the system are fixed to jg = 1.50 pm. ng = 3.34 (InGaAsP|InPL. The effective core areas are Agy= 0,50, 025, and 0.10 pm* for
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a microring resonator (MRR) and nanoring resonator (MRR), respectively. The waveguide and coupling loses are
a=05dB mm " and ; = 0.1, respectively, and the coupling coefficients «, of the MRR are ranged from 0,05 to 0.90. However,
mare parameters are used as showm in Fig. 2. The nonlinear refractive index isn, = 2.2 « 10~ m?[W. In this case, the wave-
guide loss wsed is 0.5 dB mm . The input dark soliton pulse is chopped [ sliced | into the smaller output signals of the filtering
signals within the rings B: and Rs. We find that the output signals from By are smaller than from Ry, which is more difficult to
detect when it is used in the link In fact, the multistage ring system is proposed due to the different core effective areas of
the rings in the system, where the effective areas can be transferred from 0.50 to 0.0 pm? with some bosses. The sofiton
signals in Rs s entered in the add/drop flter, where the dark-bright soliton conversion can be performed by using Eqgs.
(&) and (7). Results obtained when a dark soliton pulse is input into 2 MRR and NRR system as shown in Fig. 9. The add/drop
filter is formed by two couplers and a ring radius (R,) of 10 pm, the coupling constants [k, and x,;] are the same values
(0.50). When the add drop flter is connected to the third ring (R, ), the dark-bright soliton conversion can be seen. The bright
and dark solitons are detected by the through (throughput) and drop ports as shown in Fig. 9{d) and (e ], respectively.

3.3, Bright soliton

The large bandwidth signal within the micro nng device can be generated by using a common soliton pulse input into the
nonlinear micro ring resonator. This means that the broad spectrum of light can be generated after the soliton pulse is input
into the ring resonator system. The schematic diagram of the proposed system is as shown in Fig. 12 A soliton pulse with
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50 ns pulse width, peak power at 2'W is input into the system. The suitable ring parameters are used, for instance, ring radii
Ry = 150pm, B;= 10,0 pm, B3 = R, = 5.0 pm and Rs = By = 2000 pm. In order to make the system associate with the practical
device [19,20), the selected parameters of the system are fixed to o= 1.55 pm, ng = 3.34 [InCaAsP/InPL Ay= 050, 025 pm?
and 0,10 pm? for a micro ring and nanoring resonator, respectively, = =05 dB mm ', 7 = (L1 The coupling coefficient {kappa,
x| of the micro ring resonator ranged from 0.1 to 0.95. The nonlinear refractive index is m; =2.2 « 10-"* m?/'\W. In this case,
the wave guided loss used is 05 dB mm ", The input soliton pulse is chopped {sliced ) into the smaller signals spreading over
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the spectrum (Le. broad wavebength) as shown in Fig. 13{b) and (g which is shown that the large bandwidth signal is gen-
erated within the first ring device. The biggest output amplification is obtained within the nano-waveguides ( rings B and Rs)
as showm in Figs. 13(d) and (e]. whereas the maximum power of 10'W is obtained at the center wavelength of 1.5 pm. The
coupling coefficients are given as shown in the Agures. The coupling boss is included due to the different core effective areas
between micro and nanoring devices, which is given by 0.1 dB.

4. Applications

The application of this proposed work can be categorized into three cases, frstly, we have shown that the multi-wave-
length bands can be generated by using a Gaussian pulse propagating within the microring resonator system, which is avail-
able for the extended DAWDM with the wavelength center at 400-1400 nm, which can be used in the existed public network.
Results obtained hawe shown that the spatial pulses width of 30 nm and the spectrum range of 400 nm can be generated and
achieved. Moreover, the problem of signal collision can be solved by using the suitable F5R design [21], while the dispersion

i) ]
b~ Sam |

10

1 1
145 153 135 14

Wavelength {jm)

Uarpue Fower |W)

3 L o
4 R = am]
X
.0
1]
= 1 L d
14 145 15 155 14 14 145 15 1355 L
Wavelemgih {pm} Waveloageh {pwm)

Fir 11 The dynamic dark soliton | optical tweepers) ooours within add'drop funable filter, when the bright soliton i input into the add port with the cenber
wawekength iy = 1.3 o (2] add/drop signals, (b} dark-bright soiiton ollision, (c) optical beeezers at throughpet port, and (d) optical fweezers at dop pon.
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Fir. 12. A broadband generation system: () a broadband source generation and a storage unit. (b) a soliton band selector, where R, ring radii, x.. coupling
coefficients. x,,. ., coupling lmaes, x,, and &, are the add/dop oupling coefficents
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effect is minimized when the center wavelength at 1.30 pm. Furthermore, the Gaussian pulse output power can be amplified,
which can provide the power budget for long distance link. We find that the maximum power of 400 W can be obtained.
howewer, the coupling coefficient of the add/drop filter is the major parameter of the required coupling cwtput power, for
instance, the output power of 12 W is obtained as shown in Fig. &b where the parameters are Ry=35.0 pm, xy = xq= 000
This means that the use of wavelength 0.4-1.40 pm (Gaussian pulse) for DWDM via optical communication is plausible,
which can be used with the existed public network installation

Secondly, the dynamic dark soliton control can be configured to be an optical dynamic tood known as an optical tweezers,
where more details of optical beezers can be found in references |23, 24] The optical tweezers behavior is occurred when
the bright soliton input is added into the system wia add port as shown in Fig. 2, where the parameters of system are used the
same as the previous case. The bright soliton is generated with the central wavelength /g = 1.5 pm, when the bright soliton
propagating into the add/drop system, the dark-bright soliton collision in add jdrop system is seen as shown in Figs. 10{a)
and (b The optical tweezers probe can be trapped [confined atomlight within the well of the probe. The dark soliton valley
depe. Le. potential well is changed when it is modulated by the trapping energy (dark-bright solitons interaction) as shown in
Fig. 11. The recovery photon can be obtained by using the dark-bright soliton conversion, which s well analyzed by Sarapat
et al. | 14], where the trapped photon or molecule can be released or separated from the dark soliton pulse, in practice, in this
case the bright soliton is become alive and seen.

Finally, we have showm that a large bandwidth of the optical signals with the specific wavelength can be generated within
the micro ring rescnator system as shown in Fig. 12. The amplified signals with broad spectrum can be generated, stored and
regenerated within the nano-waveguide. The maximum stored power of 10W is obtained as shown in Fig. 13(d) and (el
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where the average regenerated optical owtput power of 4 W is achieved wia and a drop port of an add//drop Alter as shown in
Fig. 13(h}-{k), which is a broad spectra of light cover the large bandwidth as shown in Fig. 13{g). However, to make the sys-
tem being realistic, the wawveguide and connection losses are required to address in the practical device, which may be af-
fected the signal amplification. The storage light pulse within a storage ring (R, or By) is achieved, which has also been
reported by Ref. [11] In applications, the increasing in communication channel and network capacity can be formed by using
the different soliton bands (center wavelength) as shown in Fig. 13, where (h) 0.51 pm, (i) 0.98 pm, (j) 1.48 pm and (k)
246 pm are the generated center wavelengths of the soliton bands. The selected wavelength center can be performed by
using the designed add|drop filter, where the required spectral width (full width at half maximum, PWHM] and free spec-
trum range (F5R) are obtained, the channel spacing and bandwidth are represented by F5R and FAWVHM, respectively, for in-
stance, the F5R and FWHM of 2.3 nm and 100 pm are obtained as shown in g 13(i).

5. Conclusion

We have demonstrated that some interesting results can be obtained when the laser pulse is propagated within the non-
linear optical ring resonator, espedally. in microring and nanoring resonators, which can be used to perform many applica-
tions. For instance, the broad spectrum of a monochromatic source with the reasonable power can be generated and
achieved by using a Gaussian pulse, where a dark soliton can be converted to be a bright soliton by using the ring resonator
system incorporating the add/drop multiplexer, which can be configured as a dynamic optical tweezers. Moreover. the use of
a bright soliton can provide the non-dispersion soliton, where the generation of soliton communication bandwidth with the
center wavelength at 130 pm is achieved
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Wi propase an interesting result of the trapped multi ‘within a fiber Bragg's grating.
The multitrapped photons are confined by the potential well where the motion of photons in a fiber
Bragg's grating is affected by the external perturbations, which they are defined as a series of nonlinear

ric im terms of potential energy. This i igation is modeled by using the li roupded
mnde equations and under Bragg's rescnance condition, where the initial frequency of the light, oy is
the same walse a5 the Bragg's frequency, oy Results obtained have shown that the higher perturbation
series represents the potential well is much differed from the equilibrium situation. in applications, the
external perturbations on the fiber grating can cause the trapped phobons instability, which intreduces
the escaped photons from the potential well being detected and chserved The potential of applications

for quantum encoding device can be performed, which is analyzed and discussed in detadls.

© 2010 Elsevier CmbH. All rights reserved.

1. Introduction

Quantum informationhas been the interesting technology of the
communication for the secret information area today. Because of
the additional advantage of the secret key information obtained by
the cryptographic technique is the significant application im prove-
ment. Several research works using quantum information have
been reported |1,2], where they have shown that the use of quan-
tum communication and network could be implemented in the
different media |3 4] However, the searching of new devices for
quantum technology remains, where one of them i the common
device called a fiber Bragg's grating [FBG), which is useful in many
applications. FBG in optical fibers have been demonstrated in a wide
range of applications such as for sensors, dispersion compensators,
optical fiker filter and all optical switching and routing. Therefore,
numersus research works are directed towards investigation of
pulse propagation in FBGs. Perindically structured optical media
have been in the clarity of research activity for many years, due to
wersatile technologies applications in the fields of telecommunica-
tions and sensor system [5], and also as a subject of fundamental
studies [B]. At the early stage of the work in this area, the pio-
neering contribution by Winful et al [7] laid the groundwork for
extensive theoretical activities exploring nonlinear pulse propagat-

* Comesponding author. Fax: <60 2 3264334,
E-mail address: kypreech@imitl ac th (PP Yapapin)

0030-4028/% - z2¢ front matber © 2010 Elsevier CmibdL All rights reserved.
doi: 101016 jLijlen2010.03.013

ing in one-dimensional perindic structure known as fiber Bragg's
gratings. They have considered the role of the Kerr nonlinearity in
the light transmission through the FBGs. Bragg's gratings in opti-
«cal fibers are excellent devices for studying nonlinezar phenomena
particularly based on the Kerr nonlineanty [B]. These structures are
based on the periodic modulation of the local penodic modulation
of the local refractive index in the axial direction. A characteris-
tic feature of FBGs is a stopband, alias photonic bandgap, in their
linear-propagation spectrum. The bandgap is induced by the res-
onant coupling between the forwand- and backward-propagating
waves due to the Bragg’s resonance [9). The stationany properties
of one-dimensional Bragg's gratings were first analyzed by Win-
ful et al [10]. Many research papers on the existence of soliton
in FBGs have been reported [ 11-15], where they have derived the
formation of bright and gap soliton solution for nonlinear coupled
maode equation, which governs the pulse propagation in FBG. In this
paper we further describe the effect of @ and 3 to obtain the opti-
mized paint of the potential well. The motion of a particle moving
in FBG represents the pulse propagation in the grating structure
of fiber optics exhibiting the existence of optical soliton. In order
to describe the photon motion, the function of potential energy is
depicted. Photon can be trapped by some parameters of potential
energy such as « and . The other parameter, theta, ¢ is intro-
duced to describe any disturbance effect of moving particle having
specific energy. In applications, the use of FBG for various appli-
cations, fior instance, entangle photon source, quantum sensor and
quantum encoding can be configured when the external perturba-
tion is applied on the grating, which may be realized in the near
future.
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2. Multiphotons potential energy distribution

Wave propagation in FBG is analyzed by sobving Maxwell's
equation with appropriate boundary conditions. In the presence
of Kerr nonlinearity, using the coupled-mode theory, the non-
linear coupled mode equation is defined under the absence of
material and waveguide dispersive effects. The dispersion arising
from the periodic structure dominates near Bragg's resonance con-
ditions and it is valid only for wavelengths near to the Bragg's
wavelength. By substituting the stationary solution to the coupled
muode equation and by assuming E.(z, £) = e<[z]e—4="_ we obtain
Eq. (1) (3]

f% +SE,+IE,+{J'}|EI|I+2F, e,,|'l]e,=ﬂ

and . [
ey T 2
_:E+ﬂe\.+r€f+(ﬁ|h| +20%|er )fa =0

Eq. (1) represents the time-independent light transmission
through the gratings structure where g, and e, are the forward-
and backward-propagating modes. In order to explain the forma-
tionof Bragg's soliton, we consider the Stokes parameter [ 15], since
it will provide useful information about the total energy and energy
difference between the forward-and backward-ropagating modes,
which is given by the relation as

Ag = |eI|1 + e i
#y =E,EI;+I’;E.,.

(2]
Az =i (q'.z; - qe,} i
A =g - |

with the constraint A7 = A7 + A3 + A7, In the FBG theory, the non-
linear coupled mode (MLCM | equation requires that the total power
Po=ay = |g|.|] - |ea|1iu5idethegratingis constant along the grat-

ing structures. Rewnting the NLCM equations in terms of Stokes
parameter gives

B ey, B ey 3000,
A . i (3)
f:-:&,_zmn_zw,. ]z_’=u

In Eq. (3}, we drop the distinction between the Self-Phase Mod-
ulation and cross effect modulation effects and hence it becomes
3 = 21, + I-Itcanbe clearly shown that the total power, Fa (=43 )
inside the grating is found to be constant or conserved along the
grating structure | 16]. In the construction of the anharmonic oscil-
lator type equation, it is necessary to use the conserved quantity,
and it is obtained in the form 34g + § FAZ + xAy = C, where Cis the
constant of integration and 3 is the detuning parameter. Using Eq.
(3], wee obtain

Ehe ot = @

wherea =2 (252 _ 2u2 _ 3/T|, f =93 and y = 2. Eq.(4) con-
tains all the physical parameter of the NLCM equation.

In order to describe the motion of a particle moving with the
classic anharmonic potential, where the external disturbance is
imvolved then we have the solution as

2 ‘.1 l‘l
Vido) = —a’g + B3 + 13 (5

Fiz. 1. A schematic of light propagating within a fiber Bragg's grating with pertur-
haon.

It represents the potential energy distribution in the fiber
Bragg's grating structures. The generated photons under stability
condition are confined within the potential well, which there is
no output light obtained and observed in this situation. However,
the perturbation on the grating will break the stability condition,
where the photons can be escaped from the potential well and
ohserved.

1. Multiphotons trapping instability

Consider Eq. (2] having a set of constraints which is introduced
by .., = 5" A" as a function of perturbation factor then

[, -
r i e
If Eq. (4] is accumulated using external perturbation then

e Y Cold" =¥
n=0
m=1

where y is a function of f{§, C. C,, Jand T, =Ju'. B. y. - ..]- The value
ofm=2nforn=1,2.3,.. m=2n+1 forn=0,1,2, .. . Cis constant
and C=(C,, C;. Cy.. . . Oy ). The value of C is linear to.A, but not to V.
Eq. [5) can then be modified by

Vid)= 3 Coaz (7}
m=1
n=0

Eq. (7] represents the complete potential energy distribution in
the fiber Bragg's grating structure, We believe at this juncture, the
potential function is modified from Conti and Trillo [ 17]. Using well-
ke Duffing oscillator type equation, analegically it is written
s

&+ Ec,,.;;:a (2)
m=1
n=0

For multiperturbation of nonlinear parametric, two major
shapes will be simplified in series term.

Fig. | depicts the fiber length when the external perturbation is
applied on the fiber grating. It is induced the change in potential
well parameters, and the photons trapping instability is ocourred.
Fig. 2 depicts the motion of photon in potential well changes when
few nonlinear parameters are taken into account as shown in Eq.
[5). There are theoretically some comments in this figure. Photonis
trapped by o parameter which is depicted by legend V. When o is
too large, the potential well produces Ay and a wider double well.
The parameter y range is shown by X legend. When y is large, the
potential well produces an increase in Ag. When light is launched
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Fig. 2. The motion of photen in potential well for @=0.5, f=0.3, #=009 and y is
waries from 0.3 to 0.5

into the FBG, the trapped photons (particles) are generated and
confined within the grating. It shows that double well potential
well is not symmetric and potential energy will decrease within the
region at kegend Y. The other effect is the perturbation of potential
energy by legend 2 where photon cannot be trapped symmetrically.
It will tend to equilibrate but it is not stable where it will lead to
losses.

The stationary solutions of Eq. (4) are applied neither for bright
nor dark soliton solution since the dominant parameters in con-
tributing A, is unknown. However, from Eq. [4) we have

Ay = A[Car. 7] (@

Underthese conditions, the frequencies with photonic band gap
keep forming an envelope after the exact balancing at grating-
induced dispersion with nonlinearity. It either decays or increases
with the forward and backward waves being transferred by the
Bragg's reflection process. The total energy of the system, potential
energy function is equal to zero having multiperturbation which is
<A =l andif V— oo, A =2,

In term of parametric function, we can describe it as follows.
The change in o will affect the dip of the potential well. When @ is
approximately too small, the shape of the potential well will urn
into a single potential well. The occurrence of 8 effect in the motion
of photon will give effect to the negative region for A; <0 The effect
of 1 shows that the width of potential well will decrease if the value
of y is increased. Therefore, if the value of v is increased, we can
assume that the photon is localized and trapped. Another nonlinear
factor (i.e. #) can change the shape of potential well rapidly. When
the existence of #is included, the shape of potential well becomes
chaaotic. The photon does not onky move in certain region known as
potential well but also can be termed as free moving particles. Fig. 3
explains the extrapolation of the graph if more factors of perturba-
tion added into Eq. (7). The addition of parametric factors by the
higher odd number in g 3(b) leads the photon to be untrapped,
where the higher even number in Fig. ¥ a) allows the photon to
move in a well. It is clearly shown in the graphs that as m . ~, the
value of |4z remains constant in the range of -2 <A, < 2. However,
when the value of ¥,;, is equal to zero, there are many possibilities
of Ag. meaning the exact value of intentsity, Ao to trap the photon is
difficult to determine in this condition. When the parametric factor
is considered is too large then we may conclude that the photon is
in indifferent state part of the equiibrium.

4. Multiguantum bits encoding

Let us consider that the case when the multiphotons is perturbed
and input into the quantum processor wnit as showm in Fig. 4. Gen-
erally, there are pairs of possible polarization entangled photons
forming within the ring device, which are represented by the four
polarization orientation angles as [0°, 90°],[135° and 180° | These
can be formed by using the optical component called the polariza-
tion rotatable device and a polarizing beam splitter (PBS) In this

ia)

Wi

L L

T 3 2 4+ % 1 % 1 4 1
e

Fir. 3. llustration of potential well when the disturhanee factor that affect the shape

of the potential well of the motion of photon, where (2] stability and {b] instability

potential wells.

concept, we assume that the polarized photon can be performed
by using the proposed arrangement, where each pair of the trans-
mitted gubits can be randomly formed the entangled photon pairs.
To begin this concept, we introdwce the technigue that can be used
to create the entangled photon pair (gubits) as shown in Fig. 4, a
polarization cowpler that separates the basic vertical and horizon-
tal polarization states corresponds to anoptical switch between the
short and the long pulses. We assume those horizontally polarized
pulses with a temporal separation of AL The coherence time of the
consecutive pulses is larger than At. Then the following state is
created by Eq. [10) [4]:
|¢::P = |I, l:l':;.JLH:l # :E_H:;.JI, H}I (10
In the expression |k, H') .k is the number of time slots (1 or 2],
where denotes the state of polarization [horizontal |H') or vertical

Fig. 4 Aschematicof an entangled photon pair manipulation wathina ring resonator
conmecting to the FBC. The :»mmhmmmmamtﬂﬁriumml
then is split by a beam splitter [PES) fiying b detector Oy and Dz.
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|'l" | and the subscript identifies whether the state is the signal [5)
mthe idler (i) state. In Eq. (10, for simplicity, we hawe omitted an
amplitude term that is common to all product states. We employ
the same simplification in subsequent equations in this paper. This
two-photon state with |H'; polarization shown by Eq. (10) i input
into the orthegonal polarization-delay circuit shown schematically.
The delay circuit consists of a coupler and the difference between
the round-trip times of the micro ring rescnator, which is equal o
(t The micro ring is tilted by changing the round trip of the ring
is converted into |V} at the delay circuit output. That is the delay
circuits convert |k, H} to be

5 Condusion

‘We successfully modified and developed the potential energy
distribution of photon by setting the disturbance of multiperturba-
tion potential energy in a fiber Bragg's grating. It is found that the
potential well under Bragg's resonance condition is not symmet-
rical and conserved. The higher perturbation series representing
the patential well is much differed from the equilibrium in both
odid and even nonlinear parametric factor of i In applications, the
multiphotons trapping within the potential well are introduced
by the propagating soliton in the FBG, which they are localized
and stable within the Fabry-Perot barrier. However, they can be

ik, Hiy by explighik + 1,V rt; expliz)ik + 2. Hy, rot; expliyd)ik + 3. Viescaped from the well and seen after the perturbation. By using

where t and r is the amplitude transmittances to cross and bar ports

in @ coupler. Then Eq. ( 10 is converted into the polarized state by

the delay cirouit as

|#) =[]1. H), +expligh)[2,¥) | < [|1. H}, +explig,
+1[2,H}, +expliga)|3. ¥} ] = [|2. H}, + explid)|2. V),

=[IL, Hy, /1, Hy + explign 1, Hyl 2, Vi, + explign, N2, V)11, Hy,
+ explilgy + )12, Vial2. Vi + 12, Hyl2, Hyy

+explig)I2. Hia13, Vi + explidn)i3. ViaI2, Hy,
+ explifg, +a 13, V1,03, 1),

3

(1]

By the coincidence counts in the second time slot, we can extract
the fourth and fifth terms. As a result, we can obtain the following
polarization entangled state as
|#) = |2.H), |2 H), + explilge + &,)]|2,¥),[2.V}, (2

We assume that the response time of the Kerr effect is much
less than the cavity round-trip time. Because of the Kerr nonlin-

the suitable photon squeezing conditions incorporating the quan-
tum signal processor, where the use of the proposed design for
multiquantum bits generation is plausible.
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