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ABSTRACT

This thesis, the generation of high frequency for communication system is
proposed. The generation system consists of nonlinear microring resonator which
integrated in a series scenario in order to produce the special bandwidth. The input
signal is Gaussian pulse with 200 nm pulse width, 2 W peak power, and center
wavelength at 1500 nm that propagate within microring resonator system.
To generated the suitable output, the appropriate parameters relating to the
practical device such as micro ring radii, coupling coefficients, linear and nonlinear
refractive indexes is selected. The selection of proper output can be filter by optical
filter called "Add/Drop filter* which control by the appropriate Add/Drop parameters.
In additional, the interesting of multi pulse generator from Gaussian is presented. The
results of microring resonator system indicate the possibility of Multi Wavelength
Generation in Free Spectrum Range (FSR) range are 4.33 nm, 2.15 nm, 1.43 nm and
1.05 nm respectively and Full Width Half Maximum (FWHM) range are 0.132 nm,
0.067 nm, 0.046 nm and 0.033 nm. This system can be plausible and exploit for

increasing the channel capacity in optical communication.



ACKNOWLEDGEMENTS

First of all, I would like to thank for the financial support of research project from
Telecommunications Research and Industrial Development Institute (TRIDI), National
Telecommunication Commission of Thailand (NTC), whose support made the
completion of this work and my dream of graduate education come true

I would like to express my greatest appreciation and my gratitude to my advisor,
Asst.Prof.Dr. Suthichai Noppanakeepong for his generous support and guidance.

| would like to thank Prof.Dr. Preecha Yupapin, for his profound insight into
physics and stimulated assignments me not only to understand but also to solve and
move fast forward through many challenging problems.

| would like to thank Associate Professor Dr. Somsak Mitatha , Dr. Nithiroth
Pornsuwancharoen  and Narongchai Moongfangklang for their assistance, helpful
comments, and insightful suggestions.

| would also like to thank every young members of the Advanced Research
Center of Photonic Laboratory (ARCP) of the Department of Applied Physics, Faculty of
Science, King Mongkut's Institute of Technology Ladkrabang.

Finally, | would like to thank my loving parents who have taught me to achieve

my goals, and my sister who have always believed in me. With their unconditional love,

they has been the greatest supporters and a significant source of energy to me.

Pongputhai Udomariyasap



ABSTRACT IN (Thai).......
ABSTRACT IN (English)..
ACKNOWLEDGEMENTS.

CONTENTS

LIST OF TABLES. ...ttt rcrensisstsesieesesisss s sassssbsssssss s ssssssssseassssnsasssssessses

LIST OF FIGURES............

CHAPTER 1 INTRODUCTION......ciiirtienimcemticcnesimsiesinessssssssas st s ssessssssssssssessassarascses

1.1 Motivation................

1.2 Optical RING RESONGLON ... eeeecrciececeeeireeieaseesesasesesiseeasesnseastossesaseasasseesensasass

1.2.1 RING ROSONGEON ettt eseneaeneesas e seeeanaessasaseesearcsensenessacasaeacs
1.2.2 Optical Add/Drop FIlter.... e eessesssssesssesaesseesecsssnnes

1.3 Goal of the Thesis..

1.8 SCOPE Of the TRESIS.....eeveeeeeeeiries sttt ceseeasesetserasessessess e sesessastnesesecssensenes
1.5 OULUNE Of the TRESIS....coe ettt et st sttt st ssss st asbs s s sestssssas s bessssesssssssonesss
CHAPTER 2 THEORETICAL BACKGROUND......ooterterecrcrceeeeeetetseesesesns st ssssssssssesssssnsans

2.1 Optic Filter...............

2.1.1) Finite impulse response (FIR) / moving average (MA) filters.......cco........
2.1.2) Infinite impulse response (iR) / autoregressive (AR) filters....................
2.2 Characteristics of Ring Resonator and Fabry-Perot Interferometer..................

2.3 Fabry-Perot Interferometer......... e

2.8 NONUNEAT FIDET OPtICS...ucuiieieerercerieirerreereemecstraseremenciiecesessisstnsensesesssencrsessasesssssecns
2.8.1 Self-Phase MOQULIETION. .. ettt eeceseteees st eeteevesesesssesneseenessessennnn
2.8.2 Cross-Phase MOAULIBLION ..o eereereeerevtsveresesrsnstereeesesessesssnssens

2.4.3 Four Wave Mi

XITIG e eeneteemeccmneeateeseseeaesesenemenrae e e seassesstsessasacacsenensassssssensnns

CHAPTER 3 CALCULATION MODELS OF RING RESONATORS.......ccovrieieeercereesenens
3.1 NONUNEATr SUSCEPEIDILILY ...cveee e vereeeeeerierreieieeitsectsesecsesensenceseasesesescescssessssessesrassecs

3.2 Nonlinear Refractio

N (Optical Kerr Effect). .o crcnreensecrnmmoseeinseaseeesssesescenns

3.3. MIiCrO RiNG RESONALON ..ottt s
3.3.1 Bistability PhenomMENON......c.cieiricccieei e ssesiaes
3.2.2 Bifurcation PhenOmMENON...... i sencssnscssssessesesoenses

3.3.3 ChaotiC PheNOMENON... e eceeteeteeetee st eeeseeresessessssessssnesssssssesssssennsnseneen

3.4 Chaos in Communi
3.5 Add Drop Filter

(ot € (0] o TRNU USRS UR UV

CHAPTER 4 NARROW SPECTRAL WIDTH GENERATION BASED ON NONLINEAR
MULTI-STEP MICRORING RESONATORS......oiriniimiciniscinscinnines

4.1 Operating Principle

Vi

Vil

~N NN Ny DWW N, s X

W W LW L L N DN DN N NN RPR PR
~N N N P 2 00 O D W R, O WV 0N -

=y
Uiy

Eny
—



CONTENTS (cont.)

4.2 SIMULELION ANA RESULL.......cueeeerieeriri et snaerseesesaeseesesessessasensassasasens
4.2.1 Multi Wavelength Generation........ccrcirirccnecenccennicescenecsseseceseseens
4.2.2 Multi Frequency GENEration......c e scresseescsessecanisesneiaa

4.3 Microring Resonator characterize evaluation using Optiwave FDTD method

4.0 RESULL DISCUSSION.c..ceereecreruererestcsnisensissierassssssatssssssessessesssscscssissasmsenessessssincsosssnssnsneens

CHAPTER 5 CONCLUSIONS AND FUTURE WORK.......coveiemremirercenensceerseeeersesenecssenees

REFERENCES......ooeeee s rreietseenseesssteeaesssensesseusessesseasassssesscassanenetnesacssenstastsstuscussseraessssesnssnsences

APPENDIX ...coeveeereeereecaemsesssinsesessessesstetiessessessesesesseserosnsesessesntssenesmessesesnessesssassasssssssasssstssas

BIOGRAPHY ......covecrenecnncne et ease ettt st as et erae s s teeaaas et taseaneeene

Vi



LIST OF TABLES

Tables

Pages
4.1 The used parameter of the microring resonator......... . 60
4.2 The result Free Spectral Rang (FSR) of System.......occveeecreececvcmsecccmeencceccsenn. 61
4.3 The result Full Width at Half Maximum (FWHM) of System........ccccuceeuerncunce. 61
4.4 The result multi channel of SyStem...... i 61

Vil



LIST OF FIGURES

Figures

1.1 Schematic diagram for a ring resonator coupled to a single waveguide..........c.......
1.2 Schematic diagram for a ring resonator coupled to two waveguides, in an

Add/drop filter CONfIGUIALION.......curereeeressrerersiisesersesssssssrsamss s s
2.1 PLANG GrAtiNG.. ..o veeeceemceeaseeeasecnmssosasssismsnsssssssssssssssss st aba R bR
2.2 Fabry Perot interferOmMEter. ... rcieciersssiesremisssssssrmms s sseneseeces
2.3 Optical fIDEr Bragg GratiNg.........occerereereisssssssssssssessessssessssmsssssssssssssssssssssssssssssssssssssssssasosssssssss
2.8 Arrayed Waveguide Grating.........oeewesemrissesmussecmmssssnnsismssss s s ssssermesesseses
2.5 Mach Zehnder iNterfErOMELEN ...ttt sssesssassasiss st sasnes
2.6 Thin film dielectric interference filter. ...
2.7 The schematics of traveling wave resonators and their standing wave analogs,

Gires-TOUrNOIS INTEITEIOMELET ...ttt st s ss s s sasanas
2.8 The schematics of traveling wave resonators and their standing wave analogs,

Fabry-Perot interferOMELEN....... . riversscereseses s
2.9 A schematic of Fabry-Perot iNnterferomMeter. ... cnnees
2.10 The reflection of light between the medium 7, and 7, c.niiisssssssnnenn.
2.11 The reflection and refraction of the medium in parallel with the surface
2.12 The Reflected of the Fabry-Perot interferometer. ...
2.13 The Transmitted of the Fabry-Perot interferometer....... e
2.14 Generation of new frequency components via four-wave-mixing................oce....
3.1 MICTONNG TESONALOT....uucoeeccusseiarrmsestsssssssnsssseesssecss e amss b
3.2 Shows the soliton pulse input and the chaotic signal output generated from

TUCTO TING TESONALOT .evvtrreaereereresmmsserssssssmsssssssssesersesssssssssssssssssssassssss s sasss s sses s
3.3 Shows the generation of chaotic signal by varying input peak powers ((37) H
3.4 Shows the generation of chaotic signal by varying ring radii of ring resonator.......
3.5 Shows the generation of chaotic signal by varying couple coefficient (k) ...cccooeeneee
3.6 AAA/Drop FIlEET . oot ervessersseaseae et asaans
3.7 Simulation data of the filtering responses of the Add/Drop filter

with &=k, =02, @=0,7=0, R = 150 HMarrrrerriiiniisssenmisnssss i s
3.8 Transmission characteristic of the Add/Drop filter

With K =45 =0.2, @ =0, R = 150 PMeiiiiirrsinisim s
4.1 Schematic diagram Of NG FESONALOT.......iveurermeerissinsisrs st
4.2 The INPUL GAUSSIAN PULSE.....vvveeerrissrecriasesissnssmsmmsnssssissssesissastessssssssas s s
4.3 The nonlinear of the micro ring resonator :(R,) ...........................................................

4.4 The large bandWidth SIGNAL........coomireieecrrrmmennierim st senees



LIST OF FIGURES(cons.)

Figures

4.5 The nonlinear of the micro ring resonator :(Rz) ...........................................................

4.6 The filtering and amplifying SIGNALS........ourrrcurmuecncrcvsmmmmsisnrnsrrissss i

4.7 The nonlinear of the micro ring resonator :(R3) ............................................................

0.8 THE StOTAGE UNIt.eurcreriiiemmrirmsennissesssseressssecasseessse s ass s s nan 000
4.9 The nonlinear MICro riNg resoNator SYStEM .. e ssenerssasennse
4.10 A schematic of the ADd-Drop filter. ...
4.11 The result of ADA-Drop FILET ... sssssaseneseninsss
4.12 A schematic of multi channel optical micro ring resonator system..........ccceeeeeces
4.13 Results of the wavelength, the center wavelength at 1500 nm,

with Ry = 25um, FSR = 4.33nm, FWHM = 0.132 MM
4.14 Results of the wavelength, the center wavelength at 1500 nm,

with Ry = 50pm, FSR = 2.15nm, FWHM = 0.067 NM.....ccciiiiimnnisenissiinsencessenns
4.15 Results of the wavelength, the center wavelength at 1500 nm,

with Ry = 75um, FSR = 1.43nm, FWHM = 0.046 NMl.ririiinsiiiinserisisennnnness
4.16 Results of the wavelength, the center wavelength at 1500 nm,

with Ry = 100um, FSR = 1.05nm , FWHM = 0.033 MMttt eereeesaesseseeseenessens
4.17 Results of the frequency, the center frequency at 200THz,

with Ry = 25um, FSR = 571GHZ , @nd 17.6 GHZ e
4.18 Results of the frequency, the center frequency at 200THz,

with Ry = 50pm, FSR = 286GHz , and 8.9 GHZ ...cvviirrcstrccrnsinsine
4.19 Results of the frequency, the center frequency at 200THz,

with Ry = 75um, FSR = 190GHZ , @aNd 6 GHZ ccoeocereeiieirrriisiiissssicmssensiensssininsins
4.20 Results of the frequency the center frequency at 200THz,

with Ry = 100pm, FSR = 143GHZ , and 4.6 GHZ .....cvvvmmrmrnriiisssssssscccniisssssnninens
4.21 Result of whispering gallery mode of light within a mirroring resonator

waveguide system (InGaAsP/InP), Ry = 15 um, Aeg = 03 um, g = 3.14,

p=13x 10" /W, k=05, 7 = 0.01 , A 15508 oot

4.22 Measured transmission spectra for a 15 um radius microring resonator.

TE-polarized input light is coupled into the input bus waveguide.........cccoerrrerneee

Pages
45
45
46
46
46
a7
48
49

50

51

52

53

55

56

57

58

60

61



LIST OF FIGURES(cons.)

4.23 Result of whispering gallery mode of light within a microring resonator
waveguide system, InGaAsP/InP, Ry = 15 um, R, =9 um, Rs=9 um, Ag s =
0.50 pm 2, 0.25 ym 2 , 0.10 ym 2, Negr = 3.14,nz = 1.3 x 10_13 cmz/W , k=0.5,

P =001, A SISS0RML c.oovoeeers s s s

4.24 Results of the wavelength, center wavelength at 1500 NM......ocvrereecrrecrrneeenne.
4.25 Result of the frequency, center frequency at 200THZ......c.cccvuceeececenememmcercnscencnnce

Xl

Pages

61



CHAPTER 1

INTRODUCTION

This chapter includes motivation of work, aim of work, structure of thesis and
providing some fundamentals in subject of ring resonator. Ring resonators are presented
in a relatively simple and straightforward way to give a tour through the subject by

theoretical explanations.

1.1 Motivation

Ever since the explosive growth of communication technology, there has been
an enormous demand for larger bandwidth in data transmission. Given the fact that a
single-mode fiber is potential bandwidth nearly 50Tb/s, which is almost four orders of
magnitude higher than electronic data rates of a few Gb/s. Optical communication
systems is one of the most effective solutions to communicate the ever-growing need.
Not only it is the potential to provide huge bandwidth, but it is also capable of providing
low signal attenuation, low signal distortion, low power consumption, and greatly
enhanced security [1]. This thesis investigates a relatively new highly attractive
technology for optical communication such as microring resonators. Furthermore, one
of the first papers dealing with the simulation of an integrated ring resonator for a
bandpass filter has been published by Marcatili in 1969 [2, 3). The basic configuration
consists of unidirectional coupling between a ring resonator with radius ¥ and a
waveguide based on Yariv [4, 5]. There are different kinds of requirements on the
simulation of various kinds of ring resonator configurations starting with the given
equations satisfies most basic models. The ring model can be divided into more
segments to account for different materials or modified waveguide paths. For examples
of calculated models can be found in Rabus [6] and Michelotti et al. [71, and THz
technology has become the interesting subject of investigation because it can be
fulfilled the large demand of users in the future in terms of channel capacity. There are
many researches which have been investigated in both theory and experiment [8-10] on
THz technology involving in modern communication technology {11, 12]. Recently,
Mitatha and his colleagues [13] shown the simultaneous short wave and millimeter wave
generation. By using a soliton pulse within a nano-waveguide can be generated by a
single small device and the simultaneous operation advantageously.



Moreover, the generated signals is stored within the system which is confirmed by
Yupapin and Suwancharoen [14]. However, the problem of cut-off wavelength of light
propagating within the proposed device has become a problem of the continuous
research works in the areas of meta-materials [15]. Up to date, light pulse with
wavelength up to sub millimeter wave can be confined within such a device [16]. In this
work, the simulation of THz carrier frequencies using the small device and a Gaussian
beam is feed to propagate within the device system is proposed. Consequently, the
generated output power with the THz frequency can be achieved. Furthermore, the
good FSR results have shown that they can be used to separate the adjacent outputs,
and the spatial simulation output is also demonstrated showing the use of the very high
output power within the small device is plausible. Microring resonators have also found
various applications in photonics and optical communication systems [17]. From their
excellent wavelength selectivity, compact size, and versatile functionalities have
enabled them to be considered as potential building blocks in the future photonic

integrated circuit (PIC) in near future.

1.2 Optical Ring Resonator

Nonlinear fiber optics has continuously to grown during the decade of 1990s,
perhaps even more dramatically than anticipated. This growth is motivated by several
recent advances in lightwave technology, the most important being the advent of high-
capacity fiber-optic communication systems. A variety of nonlinear optical signal
processing functions in microring resonator can be realized in many applications; for
examples, the Kerr effect, four wave mixing (FWM) can be used for communication at
high microwave frequency (THz); the Add/Drop multiplexing can be used for cancellation
chaotic signal, and the chaos of nonlinear system can be chaos communication
application.

The theoretical background of ring resonator starts with general considerations of
ring resonator and the used model for single coupler ring resonator filter and double
coupler ring resonator filter. Presenting a very fascinating simulation of light pulses
traveling within a ring resonator system that has revealed unexpected results for various
applications, especially in optical communication. The design system consists of a
nonlinear microring resonator system incorporating with Add/Drop filter. Input light pulse
is Gaussian pulse, whereas the suitable simulation parameters are input power, pulse

width, ring radii, and the material refractive indices.



1.2.1 Ring Resonator

A ring resonator is simply a waveguide shaped into a ring structure as shown in
figure 1.1. Whenever an input electric field, E,, is coupled to the ring waveguide
through an external bus waveguide, a positive feedback is induced and the field inside
the ring resonator E,, starts to build up. Coupling between the straight and the ring
waveguide is achieved through the evanescent wave. Therefore, the gap and coupling
length between them determine how much power is coupled from the straight
waveguide to the ring waveguide and vise versa. The feedback mechanism is simply
induced by the ring waveguide; furthermore, there is no need for any Bragg Gratings,
mirrors, or distributed feedback waveguides which are more difficult to fabricate. In such
configuration, only certain wavelengths will be allowed to resonate inside the .ring
waveguide, thus frequency selectivity is obtained. A resonant mode have a wavelength
that satisfies [18].

Ei o - o ot ™ e e Et
Input Throughput

Figure. 1.1 Schematic diagram for a ring resonator coupled to a single waveguide.
mA, =nl, m =integer (1.1)

where m is the longitudinal mode number.
A, is the resonant mode wavelength.

n is the refractive index of the guiding material.

L is the circumference of the ring resonator.
The electric field circulating inside the resonator is given by [19].

E,(t)=~jE,(t)+ rae”E, (t 1) (1.2)



where k¥ and 7 are the field coupling and transmission coefficients between the
straight and ring waveguides such that K +rt=1 ,7 is the round trip time of the ring

resonator.
The round trip field transmission, a is given by

a= g k2 (1.3)

where «,is the propagation loss inside the microring in mm’.

The resonator round trip phase, ¢ is given by

2
¢=7”nL ' (1.4)

The transmitted or throughput field at the output of the straight waveguide, E, is given

by

(t): rEi(t)—jmej"E,(t—t) (1.5)

At steady state, the transmission-transfer function of the resonator can be written as

E, _ r—ae’®
E— 1—rae’? (1.6)

1

1.2.2 Optical Add/Drop Filter

Add/Drop filter is similar to a Fabry-Perot interferometer, the ring geometry
permits more than one waveguide to be coupled to the ring resonator [11]. On the
other hand, it allows multiple input/output accessibility without external circulators to
manipulate the input and reflect throughput data streams. For instance, if one more
waveguide is coupled to the phase filter described earlier, an optical add/drop filter is
obtained, as shown in figure 1.2. At steady state, the transmission-transfer function at the

drop and throughput ports are given by



Drop

Figure 1.2 Schematic diagram for a ring resonator coupled to two waveguides,

in an Add/drop filter configuration.

Drop port:

Throughput port:

E, —Kllcza”zej"”2 wn
= - 1.7

E, 1—-arnr,e’

E  r—are”

j#
E, l-arre

where k, and 7 are the field coupling and transmission coefficients between the

ring and the input waveguide while x, and r, are the field coupling and transmission

coefficients at the output waveguide. An interesting criterion of this device can be
observed in above equation. A complete power transfers between the input port and

the drop port is obtained at resonance ¢ =0, for a lossless microring resonator that has

a symmetric coupling, i.e. K, =k,. At the same time, the throughput port will have a

complete extinction, thus this condition is referred to as critical coupling in analogy with

what have been discussed earlier in subsection microring resonator.



1.3 Goal of the Thesis
Currently, a numerous demand of larger bandwidth for data transmission is a
once factor to drive the effective of optical communication. In order to response the
communication demand, this thesis will concentrate in three goals, there are :
1. Design the microring resonator system which generate the high frequency for
communication system.
2. Confirmation the generated Multi Wavelength -Generation that utilized for
optical network communication.
3. Confirmation the generated high frequency of microring resonator system by
results of FSR and FWHM.

1.4 Scope of the Thesis

Design microring resonator system from transfer function and assign parameters
of nonlinear microring resonator (GalnAsP/InP) for generated high frequency signal for
communication system. Normally, nonlinear behavior in a ring resonator consist of the
Kerr effect as chaotic phenomenal, which appears to the penalty and benefits the
communication systems. Accompany with the design parameters from transfer function
of microring resonator (Add/Drop filter) for filter output signal from nonlinear microring
resonator for optical communication application is conﬁfm. Finally, we show that the
control input power and ring parameter such as a coupling coefficient, ring radii for
generated signal can be used to specify the output filtering signal which can be
simulated by Matlab program.

1.5 Outline of the Thesis
This thesis presents simulation and design of microring resonator and application.
The outline is as follow:
Chapter 1 Introduction.
Chapter 2 Theoretical Background.
Chapter 3 Calculation Models of Ring Resonators
Chapter 4 Narrow Spectral Width Generation Based on Nonlinear Multi-Step
Microring Resonators
Chapter 5 Conclusion and Future Work.



CHAPTER 2

THEORETICAL BACKGROUND

This chapter present the theoretical background for a good understanding the
multi wavelength and high frequency generation of proposed system which mentioned
in chapter 4. The organization of chapter compose of optical filter, characterization of

ring resonator, Fabry-Perot interferometer and nonlinear fiber optic.

2.1 Optic Filter

Since, our system using optical filter fitter for output of communication system,
therefore the notion of optical filter is needed. Normally, the optical filter is categorized
into 2 classes as follow:

2.1.1) Finite impulse response (FIR) or moving average (MA) filters is filter do not
rely on any feedback mechanism, i.e., optical reflections. These filters are sometimes
called "feed forward". For the instant of Mach-Zehnder based filters and waveguide

grating routers (WGRs).

2.1.2) Infinite impulse response (lIR) or autoregressive (AR) filters is filter inherently
are based on multiple reflections. Examples of these class include fiber bragg gratings
(FBGs), thin film filter (TFFs), and optical all-pass filters (APFs).

The description of some of the most common optical filters [21] is given by:
a) Plane Grating
A typical reflective grating consists of a mirrored surface with tiny periodically
located grooves. When it illuminates the light reflected from one groove interfering with
the reflected light from other grooves resulting in constructive and destructive
interferences. The wavelength dependence of the interference patterns is exploited to
separate the different wavelengths which are detected for examples by using a

photodiode.
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Figure 2.1 Plane grating.

of the Grating

b) Fabry-Perot Interferometer

The principle of this filter was invented in 1898 by the French physicists, Charles
Fabry and Alfred Perot, which occur between two highly reflective parallel mirrors are
separated by a small distance. Most of the light that encounters the first mirror is
reflected, but some of it transmits, travel through the cavity (the space between the
mirrors is often filled with some kind of dielectric e.g. liquid crystals (LCs)), and strike the
second mirror. At the second mirror, most of the light is reflected, while some transmit.
The reflected light travels backwards hitting the first mirror, where some of it again
reflect and some transmit. The result depends on space and index of refraction
between the mirrors, and at some wavelengths the multiple reflections interfere
constructively. At these wavelengths, the cavity resonates, some of the light passes
through. As for other wavelengths, the transmitted waves add out of phase and the
reflected waves add in phase. Moreover, the interferometer overall transmission is low,

and the overall reflectivity is high.

mirrors1 mitrors2

Partially TransmissiveMirrors

Figure 2.2 Fabry Perot interferometer.



c) Fiber Bragg Grating [22].

These types of filters consist of a region in which the index of the fiber varies
periodically between high and low, and they are formed in optical fibers by exposing the
fiber to interferometric patterns from an ultraviolet (UV) laser. As in the Fabry-Perot
interferometer, multiple reflected and transmitted waves are the result. For a specific
wavelength, the reflected waves all add in phase, and wavelength the grating appears to

be highly reflective, while transmits all the others.

Optical Fiber

SR

2

Figure 2.3 Optical fiber Bragg grating.

d) Arrayed Waveguide Grating (AWG) [23]

The most common filter in optical telecommunications is AWG of filter. The AWG
uses an array of single mode waveguides in which the lengths of adjacent waveguides
differ by fixed amount. The input light from a single fiber illuminates all these
waveguides. Because of the different lengths of the waveguides, the phase of the light
(at the output end of the array of waveguides) varies by fixed amount from one
waveguide to the next. This variation results in a wavelength dependent phase front that
is similar to the one from a plane grating. This pattern is then arranged so that different
wavelengths illuminate different output fibers. The AWG can serve as a wavelength
multiplexer as well as a demultiplexer.

Free space propagation Interference at the entries of the output wavequldes

NG

=)

@ Spatiat and spectral separation of light

Light of different wavelength Wavelength of different Length

Figure 2.4 Arrayed Waveguide grating.
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e) Mach-Zehnder Interferometer (MZI)
This filter consists of a pair of couplers connected by two paths of unequal length.
Group velocity dispersion in the optical paths of different lengths results in some
wavelengths being output to the top port and others being output to the bottom port. *

Shifter

Light &

Phase Shifter
Figure 2.5 Mach Zehnder interferometer.

f)  Thin Film Dielectric Interference Filter

This filter requires the deposition of many layers of coating to create narrow-band
filters. A typical filter with a 3 dB bandwidth of 100 GHz requires more than a hundred
layers of coating. With so many layers being deposited, errors are caused by local film
thickness variation and alternation in increased density, reducing the yield of useful
filters. A transmitted beam that goes through a filter is composed of multiple sub-
beams; each has a slightly different travel time which adds dispersion to the data signal
with a thin film metal interference filter and an all dielectric interference filter.

2 !4 highindexlaver,
{ Al dlowindexlayer

Metal layer

-.Reflector] ZH4 highindexlayer”

g3 ’ A Flow tndeclayer:.
: -»‘l.Drgifcm?v e Dielectric
n'd=ag 7 A=A

g LAl dFighindexiayer -

1
% Retlector

214 lghindex layer
\ Metal-layer

Atdlowindexlager
A4 Fighindex iaver.

{ Al dlowindexlaver

Figure 2.6 Thin film dielectric interference filter.
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2.2 Characteristics of Ring Resonator and Fabry-Perot Interferometer

The most basic configuration of the microring resonator show in figures. 2.7 and
2.8 which consist of a ring-shaped waveguide coupled with either one or two optical
waveguides. The cavity mode is excited by evanescent closely coupling to spaced
optical waveguides, which function as semi-reflecting mirrors. Direct analogy can be
drawn between recalculating and standing wave resonators. In the case of a ring
resonator is coupled with one waveguide, one relates to a Gires-Tournois interferometer
[24] partially and another totally reflecting mirror. Furthermore, if In the case of a ring
resonator is coupled with two bus waveguides, one has a Fabry-Perot interferometer
with partially two reflecting mirrors. Gires-Tournois interferometer is as similar as a
Fabry-Perot interferometer, which has a resonated cavity consisting of two parallel
reflective plates. However, one plate is fully reflective, whereas the other one is partly
reflective. Hence, the Gires-Tournois Interferometer can only work in the reflective mode
not in the transmission mode. The resonance condition is the same as with the Fabry-

Perot.

e ey 1 L

Singte coupling Ghes-Tournais
interferometer

Figure 2.7 The schematics of traveling wave resonators and their standing wave analogs,

Gires-Tournois Interferometer.

1]
i
T
—
o —
L
Doubte coupling Fabry-Perot
interfecometer

Figure 2.8 The schematics of traveling wave resonators and their standing wave analogs,

Fabry-Perot interferometer.
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2.3. Fabry-Perot Interferometer

A Fabry-Perot interferometer filter [25, 26] uses a multiple beam interference
process for obtaining wavelength selectivity. Usually, the filter has one input and one
output port and employs two highly reflecting plates which together constitute the
resonating cavity creating the multiple beam interference process. The basic concept of
an Fabry-Perot filter is shown in figure 2.9. It was described first by Charles Fabry and
Albert Perot in 1898. Two highly reflective planar plates are accurately positioned in
parallel and thus formed a cavity. A light beam entering the cavity is reflected multiple
times between the plates, and each time the beam hits a plate; a small part of its power
escapes. When the two plates are aligned perfectly in parallel, the multiple beam has a
fixed phase difference respectively with the preceding one; this difference phase
corresponds to the extra path length traveled in the cavity.

t

R ol
v ) 3
s
E
3

A

UIErT

Ligth Source Lense Screen

Figure 2.9 A schematic of Fabry-Perot interferometer.

The multiple parallel beams are brought into a common focus point with lens,
and at this point the actual multiple beam interference takes place. Hence, the
amplitude of the transmitted electrical field E,can be described by the interference of
multiple light beam in a Fabry-Perot interferometer, which contents of the two beams
separated from the same source. The beam is reflected several times to get together
with several aircrafts. Before studying the details of this kind, we should understand that
the phenomena associated with the first beam is normally incident on the surface of the
medium to any other pairs is the refraction through the intermediary of one and
reflected back in the middle of it.
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E E =rE, E, rE; r rE,
1E,
n n )
L n n
reE,

t'rE,

E,=tE, tE, iE,

(a (b) ()

Figure 2.10. The reflection of light between the medium n, and n,.

where E; is the size of the incident light, £, is the size of the reflector, and E,

stands for the size of the light through define them as followed.

The reflection coefficient:

Er )
r= 2.1
E, (
The transmission coefficient:
EI
t=— (2.2).
E

Figure 2.10 (a) show a light ray or incident ray (£;) propagate to material which is
compost of two reflective index n, and n,, then the light ray can be split into reflected
ray (7E;) and transmitted ray (¢E;). On the other hand, figure 2.10 (b) illustrate the
reverse result of figure 2.10 (a) that the incident ray (E;) is a summation of reflected ray
(rE;) and transmitted ray (¢£;) at a suture of material. For figure 2.10 (c) demonstrate
reflected ray (rE;) and transmitted ray (¢E;) at the suture of material in 2.10 (b) are
reflect and refract, the #E; ray will split into reflected ray r(rE;) and transmitted ray
t(rE;), similarly, the ¢E, ray will split into reflected ray #'(¢£;) and transmitted ray
¢'(¢£,). Here, it can be used to represent the reflection »' and refraction ¢’ in an old

pair moving from Medium n,.
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However, the situation is shown in figures. 2.10 (b) and 2.10 (c) given by

E, = (r2 + t’t)E,. ' (2.3)
and

0=(r't+tr)E, (2.4)
Therefore

#=1-r (2.5)

r=—r’ (2.6)

The phase difference in x radians, which is external to the internal reflection will
bring the above to be used in the study reflecting several times. Between the surface
parallel in figure 2.11, the incident beams E, at an angle ¢, and the reflection # and
transmission coefficient ¢ in the external parts with a coefficient of reflection »' and
transmission ¢* in the internal reflection. From this point can see that if the incident
beam, only one beam is reflected back to the beam. When the beam is passed to the
other side, it is reflected or refracted the beam of light in the interference between
these species and can see by the light of the convex lens as shown in figure 2.11 in the
case of light refracted through The phase difference () of reflected light is given by:

o=kA 2.7

When A =2n tcos6, with using the refractive index n, and the thickness fitm ¢
parallel to the surface respectively, it can write in the form of light Ee™ and a light

reflecting surface of the film as follows:
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CHAPTER 5

CONCLUSIONS AND FUTURE WORK

Development of high capacity optical networks has accelerated because of
emerging demands for world-wide communications. Information, interactive multimedia
service, electronic commerce, and many other services are efficiently delivered online
through the Internet. Optical fiber communication serves as the enable technology to
realize those Internet activities. With this purpose, the generation of high frequency is
essential for responsible communication demands. Therefore, we design the system
which compost of a series of three microring resonators with a different radius. First ring
resonator used for generation signal in chaos form by Kerr effect (nonlinear effect), the
second ring resonator is used for amplification the amplitude signal and the last ring
resonator is utilized for select signal (single pulse) for the output. Gaussian pulse with
200 nm pulse width, 2 W peak power, and center wavelength at 1500 nm is generated
and propagated into a microring resonator system. On the way to generated the suitable
output, the apposite parameters relating to the practical device such as micro ring radii,
coupling coefficients, linear and nonlinear refractive indexes is preferred. Moreover, by
controlling the ring resonator parameters, the appropriate output power can be
obtained, and the results of good frequency FSR results (4.33 nm, 2.15 nm, 1.43 nm and
1.05 nm) have shown that they can be used to separate the two adjacent outputs. The
spatial simulation output is also demonstrated that the use of the very high output
frequencies (571 GHz, 286 GHz, 190 GHz and 143 GHz) within the small device is
plausible. It means the nano-scale communication application can be used to the
propose device, a tiny system (a chip), which will be realized in near future.

Future Work

The author is on the way to extend to study and design the other devices for
generated high frequency and increased the capacity of communication system.
Recently, PANDA ring resonator [68] is applied for generated THz frequency for optical
network communication. For this reason, the comparison many aspect of problem
between our system and other system is require. Likewise, Finite Differential Time
Domain (FDTD) technique is need for confirm and evaluate our results more than Matlab
2008 only.
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