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ABSTRACT

This thesis presents the novel random encoding techniques using dark-bright soliton
conversion with MZI incorporating microring resonators. The nonlinear light pulse is propagation
within a Mach—Zehnder Interferometer (MZI) which can be used to extend the existed on—off keying
(OOK) techniques. First, the principles of a phase modulation scheme using MZI incorporating the
triple nonlinear ring resonators is analyzed, which can be fabricated and used in practical
communications. I focus on the recent modulation schemes, where the all-optical on—off keying and
the phase shift control for phase shaped binary transmission (PSBT) are discussed in details. The
novelty of this work is that the nonlinear ring resonators are used incorporating a MZI, where the
extended switching generation can be achieved and seen.

Secondary, the dynamic behavior of dark-bright soliton collision within the modified add/drop
filter, which it is known as PANDA ring resonator. By using the dark—bright soliton conversion
control, the obtained outputs of the dynamic states can be used to form the random binary ¢odes,
which can be available for communication security application. Results obtained have shown that the
random binary codes can be formed by using the polarized light components, whereas the retrieved

(decoded) codes can be obtained by using the dark-bright soliton conversion signals.

11



Finally, I propose a novel system of the tunable dynamic optical tweezers using a generated
dark soliton in the fiber optic loop. A dark soliton known as an optical tweezers is amplified and
tuned within the ring resonator system. The required tunable tweezers with different width and power
can be controlled. The control dark soliton is input into the system via the add port of the add/drop
filter, where the dynamic behavior of the dark—bright soliton conversion is seen. The required stable
signal is obtained via a drop and throughput ports of the add/drop filter with some suitable
parameters. In application, the dynamic optical tweezers can be configured by the dark—bright soliton
conversion system. Therefore, the use of trapped light/atom can be covered by using the proposed

system.

Keywords: random encoding technique, dark—bright soliton conversion, MZI, microring resonator,

PANDA ring resonators and optical tweezers.
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CHAPTER 1

INTRODUCTION

1.1 On—Off Keying Generation

Today, most of the optical communication links use the well known modulation format
called OOK (On—Off Keying) [1 — 9], which is due to the increasing in bit rates, power and
number of DWDM (Dense Wavelength Division Multiplexing) channels, where the OOK format
can reach the communication requirement. However, the various modulation schemes have
already been used in the electrical domain during last decade, but they have not been applied in
optical schemes. Recently the use of new modulation formats in optical communications has been
considered and compared for increasing the tolerance of the optical link to impairments such as
chromatic dispersion, PMD (Polarization mode dispersion) or nonlinearity (Kerr Effect) [10].
Among the various modulation formats, we present here the differential phase shift keying
(DPSK) and the phase shaped binary transmission (PSBT) schemes, whereas DPSK presents a
better robustness to optical nonlinearities than the classical OQOK, particularly for the cross phase
modulation (XPM) in DWDM systems [3, 9, 11]. Moreover, it has also been shown that DPSK
format has better performances due to PMD degradations than the classical OOK [9, 11]. The
disadvantage of the DPSK is that a direct detection (DD) at the end of the optical link is not
possible, since DPSK is a phase modulation. Thus, an interferometric demodulation stage must be
inserted in front of the photo-detector. This stage is an "Add and Delay" structure, which is
composed by aMZI [9, 11 - 15].

In this section, my first describe the principles of light propagation in the proposed system,
where the nonlinear behavior of light within the nonlinear ring resonators (NRRs) can be used to
analyze for PSBT modulation. After that, the MZI structure is detailed. However, the nonlinear

ring resonator has been used [16 — 19] for phase shifted generate by couple to one arm of a MZI



[16 — 17]. In this structure, one arm presents an optical delay line equal to the bit duration. This
MZI converts an optical DPSK to an intensity-modulated (IM) signal, which is followed by a
DD. The PSBT format is encoded from a DPSK: first a DPSK signal is generated and after that a
MZI structure converts the DPSK to be an intensity—modulated signal: the PSBT. MZI
characteristics for the two applications are slightly different, as will see in the next sections. The
novelty of this work is that the nonlinear light pulses generated by using the triple nonlinear ring
resonators in one arm of a Mach—Zehnder interferometer can be used to enhance (amplify) the
light pulse output signals, where the nonlinear outputs are generated by using the nonlinear

coefficient refractive index n, = 2.2X1 0 “m'w.

1.2 Novel Tunable Dynamic Tweezers

Optical tweezers are a powerful tool for use in the three—dimensional rotation of and
translation (location manipulation) of nano—structures such as micro- and nano—particles as well
as living microorganisms [20]. The benefit offered by optical tweezers is the ability to interact
with nano—scaled objects in a non-invasive manner, i.e. there is no physical contact with the
sample, thus preserving many important characteristics of the sample, such as the manipulation of
a cell with no harm to the cell. Optical tweezers are now widely used and they are particularly
powerful in the field of microbiology [21 — 24] to study cellcell interactions, manipulate
organelles without breaking the cell membrane and to measure adhesion forces between cells. To
make the familiarity for such a new combination area, firstly, the theoretical description of optical
soliton is reviewed, where more details can also be found in many references, especially, one of
them which are well analyzed by Agrawal [25]. Secondly, a new concept of developing an optical
tweezers source using a dark soliton pulse is demonstrated. The developed tweezers has many
potential applications in electron, ion, atom and molecule probing and manipulation as well as
DNA probing and transportation [26, 27]. Furthermore, the soliton pulse generator is a simple and
compact design, making it more commercially viable. In principle, the change in potential value,

i.e. gradient of potential of the dark soliton pulse can produce force that can be used to



confine/trap atoms/molecule. Furthermore, the change in potential well is still stable in some
conditions, which mean that the dynamic optical tweezers is plausible. Finally, we present the
very interesting work of the use of a dark soliton pulse beam that has potential applications in the
probing and transport of atoms or molecules as an optical tweezers, which is important to ensure
that the transported atom/molecule is not lost in the link media. The theoretical background of the
trapped atom/molecule is also analyzed and described in details. The system design of the
tweezers amplification, tunable and storage is also analyzed for the use of atom/molecule probing
and assembly.

In this section, the dark soliton pulse was experimentally generated using a pumped fiber
optic loop. The obtained dark soliton can be amplified and tuned by using the nonlinear ring
resonator system analytically. The tunable tweezers (dark soliton) is controlled by using the dark—
bright soliton conversion control. The dynamic behaviors of soliton conversion, i.e. tunable
optical tweezers within an add/drop filter is analyzed. The multiplexed signals with different
wavelengths into the system is also available via the add port, which means the use of

atom/molecule transportation in the network is possible.

1.3 Low Power Ultrafast Switching Generation

All-optical switches have been extensively investigated for the implementation of the
ultrafast optical networks, especially, when the high capacity data transmission is required, in
which the use ultrafast switching based on photonic crystal nanocavity [28, 29], spin—polarized
surface-normal optical switches [30] and digital optical circuits and their use in packet switching
[31] have been reported. However, the switching operation improvements are still required, here,
the improvement of orthogonal ASK/DPSK optical label switching performance by DC-balanced
line encoding [32] and low threshold and tunable all-optical switch using two-photon absorption
in array of nonlinear ring resonators coupled to MZI [17] are included. More research works in
various schemes are also included, for instance, the use of all-optical ultrafast switching can be

controlled by using a high-nonlinear micro ring coupled MZI through a pumped nonlinear



coupler (18], an EDF-ring coupled M-Z interferometer [33], asymmetric Fano resonance and
bistability for high extinction ratio, large modulation depth, and low power switching {34], THz
electro—absorption effect enabling femtosecond all-optical switching in semiconductor quantum
dots [35], nanosecond switching and wavelength tuning of external—cavity laser diode using a
reflective electro—absorption modulator [36], detailed design and characterization of all-optical
switches based on InAs/GaAs quantum dots in a vertical cavity [37], threshold voltage and
mobility extraction by ultrafast switching measurement on NBTI [38]. Till date, the ultrafast
switching improvement, especially, ultrafast packet switching is still required. Recently, the
ultrafast packet switching generation using a nonlinear microring resonator for secure packet
switching application has been proposed, where more recently, the use of OOK ultrafast
switching generation based on MZI incorporating a pumped nonlinear ring resonators system [39]
has also been reported, in which the reports of switching speeds for such devices are on the order
of ps.

In this section, I propose a scheme for generating ultrafast switching with low power input
based on nonlinear microring resonators (NMRs) coupled into a MZI arm. In order to increase the
bit-rate of on—chip optical links by using FDTD method [40], in which the nonlinear behavior of
light within the (NMRs) can be used to analyze for low power ultrafast switching modulation.
The NMRs are coupled into a MZI arm structure and the details given. Moreover, the NMRs are
used for a phase shifted devices by coupling into one arm of a MZI [39]. In this structure, one arm
presents an optical delay line equal to the bit duration time. The MZI characteristics for the two
applications are slightly different, which will be seen in the next sections. The novelty of this
work is that the nonlinear light pulses generated by using the multi NMRs in one arm of a Mach—
Zehnder interferometer can be used to enhance (amplify) the packet switching signals, where the
increasing in switching sped and delay switching time can be obtained by using the coupled
nonlinear ring resonators, where in this work the nonlinear coefficient refractive index of

13 2
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1.4 Objective

The objectives of the research are following

1.4.1 To study and understand the OOK generation based on MZI incorporating a pumped

nonlinear ring resonators system.

1.4.2 To study and understand the random binary code generation using dark—bright soliton

conversion control within a PANDA ring resonator.

1.4.3 To study a tunable dynamic tweezers using dark-bright solitons collision control in

an optical add/drop filter.

1.4.4 To study the low power ultrafast switching generation based on NMRs coupled into a

MZI arm.

1.5 Scope of the Research

This thesis presents the novel random encoding techniques using dark—bright soliton
conversion with MZI incorporating microring resonators. The nonlinear light pulse is propagation
within a Mach—Zehnder Interferometer (MZI) which can be used to extend the existed on—off
keying (OOK) techniques. First, the principles of a phase modulation scheme using MZI
incorporating the triple nonlinear ring resonators is analyzed, which can be fabricated and used in
practical communications. I focus on the recent modulation schemes, where the all-optical on—off
keying and the phase shift control for phase shaped binary transmission (PSBT) are discussed in
details. The novelty of this work is that the nonlinear ring resonators are used incorporating a
MZI, where the extended switching generation can be achieved and seen.

Secondary, the dynamic behavior of dark-bright soliton collision within the modified
add/drop filter, which it is known as PANDA ring resonator. By using the dark-bright soliton

conversion control, the obtained outputs of the dynamic states can be used to form the random



binary codes, which can be available for communication security application. Results obtained
have shown that the random binary codes can be formed by using the polarized light components,
whereas the retrieved (decoded) codes can be obtained by using the dark-bright soliton
conversion signals.

Finally, 1 propose a novel system of the tunable dynamic optical tweezers using a
generated dark soliton in the fiber optic loop. A dark soliton known as an optical tweezers is
amplified and tuned within the ring resonator system. The required tunable tweezers with
different width and power can be controlled. The control dark soliton is input into the system via
the add port of the add/drop filter, where the dynamic behavior of the dark-bright soliton
conversion is seen. The required stable signal is obtained via a drop and throughput ports of the
add/drop filter with some suitable parameters. In application, the dynamic optical tweezers can be
configured by the dark-bright soliton conversion system. Therefore, the use of trapped light/atom

can be covered by using the proposed system.



CHAPTER 2

THEORETICAL BACKGROUND

2.1 Microring Coupler to Mach-Zehnder Interferometer

Figure 2.1 shows the proposal for on—off keying model using nonlinear index of refraction in
three nonlinear ringresonator coupled to one arm of Mach—Zehnder interferometer. In this figure there
are similar NRRs with the field—dependent absorption and index of refraction coefficients.

When the input field, E,

in?

passes through 3dB coupler with coupling coefficient ratio, X,

50:50, then light is split into two ways, which can be expressed as
E,=Jl-nyJ1-xE,, 2.1
Ezl’_‘j\]l—}'l\/;l_Ein’ (2.2)

Out_1(On)

Ey; En=E;; Er=E;3 Ers

3dB 3dB
v Coupler C oup[er Out_2 (Oﬂ)
21 Ej;

40pm

A
A 4

Figure 2.1 Schematic diagram of OOK system, system size is /0 X 40/,0712.



According to the linear coupling theory, the following relations can connect input—output fields

for each nonlinear ring resonators (NRRs) as shown in figure 2.2, which can be expressed by [17]

Figure 2.2 Schematic diagram of single NRR (i = 2, 3, 4).

Eyn=1-y,J1-%,E, + j\{1-7,Jx E,,. 2.3)

E, =1~y 1-x.E, + j\1-7, K E,. (2.4)

where y, and «, are the coupler loss and coupling coefficient in each NRR, respectively. Since the
NRR length and the nonlinear index of refraction are small, therefore, the nonlinear Schrodinger
equation (NLS) can be used to solve light propagation through the NRRs, the solution is given by

[17]
a
E,=E, exp(—;l,‘ ~¥n, |ER,.|2 L.) (2.5)

where @, L, =27R, and y,, are the NRR loss, NRR length (R, is ring radius) and the nonlinear
coefficient including the nonlinear index of refraction and two—photon absorption phenomenon,
respectively. By using the basic concepts in nonlinear optics, the following relation can be used for

the above mentioned, the nonlinear coefficient is given by

. @,
Ve, ='_"‘J—C-n2 (2:6)



where B, @,, C and n, are the two—photon absorption coefficient, incident light frequency, speed of
light in free space and the nonlinear index of refraction coefficient, respectively. The following

relation describes the nonlinear phenomenon in the NRRs as

2.7

where both of the absorption coefficient and index of refraction includes linear and nonlinear parts
and the following relations can be used for obtaining these variables in terms of the optical third order

susceptibility as
3
n, =—Re| x|,
1 gn [l :l

p=22 1] @8)

Using Egs. (2.3) — (2.5) and some mathematical manipulations, the following transmission

functions can be obtained for each NRRs as

£ K (1~y,.)exp(—%l», -¢~z,) 2.9

E, 1-1-y,\1-x exp(—%l,,—%,')

where gy, =7,, L |Eq| is defined as a nonlinear phase shift.

For the obtained result in Eq. (2.9), the phase difference (effective phase from single NRR) can

be found as follows:

o Vel )

ki (1-7) xsin((20/C) oL, [En' )

A+B+D

(2.10)

?

¢4,- =¢ =tan"



10

where A:(Z_Ki)(l__yl)e"vl(a+ﬂ£”[ )[1

D=(1-7,)JA=x)(=7)e ool

The obtained result can be simplified to the following formula, which is assumed by

cos((@/C)mL|E, '),  B={[1-x)(1-7) and

7i=a=ﬂ=0_

1 —K; sin (%9 n,L |ER,|2)
2,/1-x, -—(2-—/(,)008(% nzL,|ER,|2)

2.11)

¢¢ﬁ‘ =¢ =tan"

In real system y,,a,and g are not be zero as shown in section 3, X = 0.5dBmm-l, Y =0.1 and

,B =2 X 10", respectively.

And, the output power at light propagation through the first NRR is given by

i: Ey (2.12)
Pin Eln
The electric field of light propagation through the second NRR is given by
( —9'[1_¢N1.l\
\/l—/cz\/l—-/cs —\/1—72\/1—/c3e o
“ZL$u
\/1_71\/1_72\/1_73\/1_"1 "’\/1_73\/1_’93 2
XL+t
- +\/i__—72\/];e 2(’1 Lz)‘( NLa Y NI..Z)

E, _ . @.13)

in 1+ \/1—_—7—2' \/']:;; e—;lr'hu _ \/1__73 \/I—_‘Z e—;lfz‘fm..z

NI 7 i 5

R

where \f1-7,, J1-7, , J1-7,, J1-7, and -y, are coupler losses in each coupler and |/1-x, ,

Ji-x, , 1=, , J1-x, and \/1-«, are coupler separates in each coupler, respectively.

The output power of light propagation through the second NRR is given by
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(2.14)

The electric field of light propagation through third NRR the relation input-output field is

( l—szl—x3Jl—x4 )
—,/1—1{,,/1—/<4e_%l1—mJ
_ [I_Kz {1_K4 e‘g‘l'z-!‘m..z

—%(11 +Ly)~(dneat i)

+Jl-kx, ¢

—J1-x, |1 —K,e—alﬂ’mJ
+ \/I——K; e-;(h'flc)-(éuuwm)

a
+ 1= P e‘;“‘z""c)’(i’m.zﬂ’ma)

E, |+ ==, o2l +¢~L_z+¢~u))
E, (1 Y e e—‘;’A-m.,

L e e [y e 7
T T P S e—‘;(wawmwm)
T )
1=, 1=-r. 1=y, J1-K,V1-K3/1-K, (2.15)

_‘;(11 +Ly+Ly )+ 2t 3)
xXe

where A=[1-7,1-7, 1=, J1-7.J1-x,.
The output power of light propagation through the third NRR is

2
E13
Zol 2.16
£ (2.16)

in

L)
P

in
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When light propagation through the second 3dB, upper and lower MZI arms that on—off keying

(OOK) or DPSK are controlled the optical pump in each NRR that yield

E, _.(On) V=& JJKs (Era) -
=.1- . 2.17
(o) ”[J'Jx? r] En e

o
T

—— =02
- W =x=03
—8—x =05

——x =07

Y

Effective Phase (Single Ring)
'\'3 (2

-1 0 1
Nonlinear phase (rad.)

(a) Single NRR

Effective Phase (Triple Ring)

A [ 1
Nonlinear phase(rad.)

(b) Triple NRR

Figure 2.3 Simulation results of effective phase, where (a) single NRR vs. nonlinear phase (b) triple

13

NRR vs. nonlinear phase. (Cf = 0.5dBmm ', ¥ =01, n,= 2.2X10 "~ m'/W, n, = 3.34, A =

1.55m, B=0)
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For phase shaped binary transmission (PSBT), we generated input light pulse through NRRs

that the difference phase shift is equal to 7T, as shown in figure 2.3.

In figure 2.3, shows variation of the effective phase due to nonlinear phase
(¢~L = (@,/C)n, (27R)|E,[*), we assumed that g =0, realize Dis not equal to zero as shown in next
section. In this eurve the coupling coefficient is changed as parameter and with decrease of the
coupling coefficient the slope of variation, we found that the effective phase of all-optical PSBT
generation is fasted when the coupling coefficient of NRRs fixed at 0.2. So, with the small coupling
coefficients very fast switching on-off power can be obtained and in our case only PSBT is necessary

for on—off keying (OOK) in each NRR.

2.2 Dark-Bright Soliton Conversion

Optical solitons can naturally be divided into classes of dark and bright solitons. Specific, a
dark soliton exhibits an interesting and remarkable behavior, when it is transmitted into an optical
transmission system. It has the advantage of signal security, when the ambiguity of signal detection
becomes a problem of the un-required users. Recently, Sarapat et al [41] have shown that the
conversion of a dark soliton into a bright soliton can be realized using an add/drop filter. Here the
secured signals in the transmission are retrieved using a suitable an add/drop filter that is connected to
the transmission line. The other promising application of a dark soliton signal is confirmed by using
the large guard band of two different frequencies which can be achieved by using a dark soliton
generation scheme and trapping a dark soliton pulse within' a nano ring resonator [42, 43].
Furthermore, the dark soliton pulse shows a more stable behavior than the bright solitons with respect
to the perturbations such as amplifier noise, fiber losses, and intra—pulse stimulated Raman scattering
[25]. Tt is found that the dark soliton pulses propagation in a lossy fiber, spreads in time at

approximately half the rate of bright solitons. Heidari et al [44] have shown that the multichannel
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wavelength conversion using three different types of dispersion profiles along the optical fibers. The
dark solitons trapped in add/drop system is realized, therefore, optical tweezers appearance relation
between scattering and gradient force of light propagation. Yuan et al [45] have shown an abruptly
tapered twin—core fiber optical tweezers, by using two-beam combination technique and found that a
strong enough gradient forces well tapered twin—core fiber optical tweezers. Optical tweezers were
also characterized in terms of the optical potent.ial well by measuring the displacement of trapped
particles experiencing a viscous drag at a fluid flow below the critical velocity [46]. We are looking
for a stationary dark soliton pulse, which is introduced into the multistage microring resonators as

shown in Figure 2.4. The input optical field ( E,, ) of the dark soliton pulse input is given by [25, 47]

- r )
E, (t)—Atanh[TO:lexp[(ZLD] z(oot] (2.18)

where 4 and z are the optical field amplitude and propagation distance, respectively. T is a soliton

pulse propagation time in a frame moving at the group velocity, T =t — ,8, *z, where ,8, and ,B, are
the coefficients of the linear and second—order terms of Taylor expansion of the propagation constant.
L=1} /|/12] is the dispersion length of the soliton pulse. T, in equation is a soliton pulse propagation
time at initial input (or soliton pulse width), where ¢ is the soliton phase shift time, and the frequency
shift of the soliton is (. This solution describes a pulse that keeps its temporal width invariance as it

propagates, and thus is called a temporal soliton. When a soliton of peak intensity (I B, / r‘]:fl) is given,

then T is known. For the soliton pulse in the microring device, a balance should be achieved between
the dispersion length (Lo) and the nonlinear length (LNL=1/F ¢NL), where 1 =n ,*k,, is the length scale
over which dispersive or nonlinear effects makes the beam become wider or narrower. For a soliton
pulse, there is a balance between dispersion and nonlinear lengths. Hence L, = L.
When light propagates within the nonlinear medium, the refractive index (1) of light within the

medium is given by
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n=n0+n,1=no+AiP, 2.19)
eff

where n, and n, are the linear and nonlinear refractive indexes, respectively. I and P are the optical
intensity and optical power, respectively. The effective mode core area of the device is given by A4,
For the microring resonator (MRR) and nanoring resonator (NRR), the effective mode core areas
range from 0.50 to 0.10 umz (48, 49]. When a soliton pulse is input and propagated within a MRR, as
shown in Figure 2.4, which consists of a series MRRs. The resonant output is formed, thus, the
normalized output of the light field is the ratio between the output and input fields [ E,, () and

E, (£)1in each roundtrip, which is given by [41]

E,.(?)

E, (1)

i (1-(1-7)x*)x

= (1—}/) 1—-
(1-xy1=7 I=%) + 4xT= 7K sin? (1;_)

(2.20)

The close form of Equation (2.20) indicates that a ring resonator in this particular case is very
similar to a Fabry-Perot cavity, which has an input and output mirror with a field reflectivity, (1 — K),
and a fully reflecting mirror. K is the coupling coefficient, and x=exp (—OLL/ 2) represents a

roundtrip loss coefficient, @, = kLn, and @, = kLn, ? are the linear and nonlinear phase shifts,

El'n

k= 27[/ A is the wave propagation number in a vacuum, where L and X are waveguide length and
linear absorption coefficient, respectively. In this work, the iterative method is introduced to obtain
the results as shown in Equation (2.20), and similarly, when the output field is connected and input
into the other ring resonators.

To retrieve the signals from the chaotic noise, we propose to use the add/drop device with the
appropriate parameters. This is given in the following details. The optical circuits of ring-resonator
add/drop filters for the throughput and drop port can be given by Equations (2.21) and (2.22),

respectively [41].
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Detector  Drop port Add port

Figure 2.4 Schematic of a dark-bright soliton conversion system, where R, is the ring radii, K, is the

coupling coefficient, and K, and K, are the add/drop coupling coefficients.

E

? (1-x)-2/1-\I-ye * cos(k,L)+(1-; )™ 02D
1+(1-x,) (1-1, ) e —2/1= K, \T=Kze 2" cos(k,L)

in

—E-L
KK,

1+(1-1)(1-x,) e =2/T1= K, T=rye * cos(k,L)

E,

(2.22)

in

where E, and E, represent the optical fields of the throughput and drop ports, respectively. 3 = kneﬁ,
is the propagation constant, ng is the effective refractive index of the waveguide, and the
circumference of the ring is L=27R with R as the radius of the ring. In the following, new
parameter is used for simplification with ¢ = L as the phase constant. The chaotic noise
cancellation can be managed by using the specific parameters of the add/drop device, and the required

signals can be retrieved by the specific users. k; and «, are the coupling coefficient of the add/drop
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filters, k, = 27[/ A is the wave propagation number for in a vacuum, and where the waveguide (ring
resonator) loss is & = 0.5 dBmm . The fractional coupler intensity loss is Y = 0./. In the case of the
add/drop device, the nonlinear refractive index is neglected.

Dark—bright soliton control has been investigated clearly by the authors in reference [41],
where one of the advantages is that the dark soliton peak signal is always low level, which can be
useful for secured signal communication in the transmission link. The other is formed when the high
optical field is configured as an optical tweezer or potential well, which is available for
atom/molecule trapping. Optical tweezers technique has become a powerful tool for manipulation of
micrometer-sized particles in three spatial dimensions [50]. Initially, the useful static tweezer is
recognized, and the dynamic tweezer is now realized in practical work. Typically, by using the
continuous-wave (cw) lasers, the spatial control of atoms, beyond their trapping in stationary
potentials, has been continuously gaining importance in investigations of ultra cold gases and in the
application of atomic ensembles and single atoms for cavity quantum electrodynamics (QED) and
quantum information studies. Recent progress includes the trapping and control of single atoms in
dynamic potentials [51, 52], the sub-micron positioning of individual atoms with standing-wave
potentials (53, 54], micro—structured and dynamic traps for Bose—Einstein condensates [55, 56, 57]
and, as another example, the realization of chaotic dynamics in atom—optics “billiards™ [58, 59, 60].
Recently, Schulz et al [61] have shown that the transfer of trapped atoms between two optical
potentials could be performed. In this section, I present a novel system of the optical tweezers storage
using a dark-bright soliton pulse propagating within an add/drop optical filter. The multiplexing
signals with different wavelengths of the dark solitons are controlled and amplified within the system.
The dynamic behaviors of dark-bright soliton interaction are analyzed and described. The storage
signals are controlled and tuned to be an optical probe which is known as the optical tweezers. The
optical tweezers storages are obtained by using the embedded nanoring resonators within the add/drop
optical filter system. The controlled light pulses are added into the add port of the add/drop filter. By

using the bright soliton input, the different in time of the first two dynamic wells of 1 ns is noted,

73021
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while the potential well stability is seen when the Gaussian pulse is input into the add port. In
application, the optical tweezers can be stored and trapped light/atom, which can be formed the
dynamic tweezers and tweezers memory.

Experimentally, the generated dark soliton pulse, for instance, with 50ns pulse width, and a
maximum power of 0.65W is input into the dark-bright soliton conversion system, as shown in Figure
2.4. The suitable ring parameters are used, such as ring radii where R;=10.0m, R,=7.0lUm, and
R,=5.0{dm. In order to make the system associate with the practical device {48, 49], whereas the
selected parameters of the system are fixed to )\,0=1.50,le, n,=3.34 (InGaAsP/InP). The effective
core areas are 4,,;~0.50, 0.25, and 0.10 ,um’ for a MRR and NRR, respectively. The waveguide and
coupling loses are & =0.5dBmm ' and Y =0.1, respectively, and the coupling coefficients K, of the
MRR are ranged from 0.05 to 0.90. However, more parameters are used as shown in Figure 2.4. The

" m’/W. In this case, the waveguide loss used is 0.5

nonlinear refractive index is n2=2.2X10—
dBmm '. The input dark soliton pulse is chopped (sliced) into the smaller signals, where the filtering
signals within the rings R, and R, are seen. We find that the output signals from R, are smaller than
from R,, 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 0.1 oum’ with some losses. The soliton signals in R, is
entered in the add/drop filter, where the dark—bright soliton conversion can be performed by using
Equations (9) and (10). Results obtained when a dark soliton pulse is input into a MRR and NRR
system as shown in Figure 2.4. The add/drop filter is formed by using two couplers and a ring with
radius (R,) of /0fdm, the coupling constants (¥,, and K,,) are the same values (0.50). When the
add/drop filter 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 Figure

2.5(a) — (e), respectively.
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Figure 2.5. Results of the soliton signals within the ring resonator system, where (a) R,, (b) R,, (c)
R,, and (d) — (e) dark-bright solitons conversion at the add/drop filter. The input dark

soliton power is 2W.
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2.3 Dark-Bright Soliton Conversion in Add/Drop Filter

In operation, dark-bright soliton conversion using a ring resonator optical channel dropping
filter (OCDF) is composed of two sets of coupled waveguides, as shown in Figure 2.6. The relative
phase of the two output light signals after coupling into the optical coupler is 7r/ 2 before coupling
into the ring and the input bus, respectively. This means that the signals coupled into the drop and
through ports are acquired a phase of 7T with respect to the input port signal. In application, if we
engineer the coupling coefficients appropriately, the field coupled into the through port on resonance
would completely extinguish the resonant wavelength, and all power would be coupled into the drop

port. I will show that this is possible later in this section.

E_ =-jxE +1E,, (2.23)

E, =exp(joT/2)exp(-a L/4)E,, (2.24)
E. =7,E,-JjKE, (2.25)
E, =exp(joT/2)exp(-a L/4)E,, (2.26)
E =1E - jxE,, (2.27)
E, =1, —j,E,, (2.28)

Where E, is the input field, E, is the add (control) field, E, is the through field, E, is the
drop field, E.---E. are the fields in the ring at points a--d, X is the field coupling coefficient
between the input bus and ring, X is the field coupling coefficient between the ring and output bus,

L is the circumference of the ring, T is the time taken for one round trip (roundtrip time), and & is
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the power loss in the ring per unit length. We assume that this is the lossless coupling, i.e.,
7, = 1=K, . T=Lng[c

The output power/intensities at the drop and through ports are given by

2
- ) —
|E,[ | 5 =540 P (2.29)
I 1-7,7,AD 1-7,7,AD
- - ) :
|E[ _|ponAl g o ADy pf (2.30)
|1 ~7,7,AD 1-7,7,AD

where A, =exp(-aL/4) (the half-round-trip amplitude), A=4;,, O, = exp(joT/2) (the half-

round-trip phase contribution), and @ = ®j,.

Edrop r’E 2_I Eadd i

Bright
Soliton

7 Eringl

Ethrough

| [
Dark Soliton ! K: I

Figure 2.6 Sheme of dark-bright soliton conversion using a ring resonator optical channel dropping

filter (OCDF).

The input and control fields at the input and add ports are formed by the dark-bright optical

soliton as shown in Equations (31) - (32),

E, (1)=E, tanh[z—]exp[( z )—ia)ot] (231D
T, 2L,
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_ T z ).
E ()=E, sech[n ]exp[( oL ) twot] (2.32)

where E, and z are the optical field amplitude and propagation distance, respectively. T = ¢ — ,B,z,
where ,B, and ,32 are the coefficients of the linear and second—order terms of Taylor expansion of the
propagation constant. LD_—_T02/|,62| is the dispersion length of the soliton pulse. T, in equation is a
soliton pulse propagation time at initial input (or soliton pulse width), where ¢ is the soliton phase
shift time, and the frequency shift of the soliton is (0.

When the optical field is entered into the nanoring resonator as shown in Figure 2.7, where the
coupling coefficient ratio K K, are 50:50, 90:10, 10: 90. By using (a) dark soliton is input into input
and control ports, (b) dark and bright soliton are used for input and control signals, (c) bright and dark
soliton are used for input and contro! signals, and (d) bright soliton is used for input and control
signals. The ring radii R, = 5m, Aq, = 0.25#1712, Ny = 3.14 (for InGaAsP/InP), &X = 5dB/mm, Y =
0.1, A, = 1.51 im.

In application, the dynamic optical tweezers is occurred, when we added bright soliton input at
the add port with shown in Figure 2.8, the parameters of system are set the same as the previous
section. The bright soliton was generated at the central wavelength 7\,0 = L.5{4m, when the bright
soliton propagating into the add/drop system, the occurrence of dark—bright soliton collision in

add/drop system is shown in Figure 2.8(a) — (d) and Figure 2.9(a) — (d).
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filter (OCDF) [62].
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Figure 2.8 The dynamic optical tweezers output within the add/drop filter, when the bright soliton

input with the central wavelength /10 = 1.5l4m, where (a) add/drop signal, (b) dark—bright

soliton collision, (c) optical tweezers at throughput port, and (d) optical tweezers at drop

port.
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CHAPTER 3

OOK generation based on MZI incorporating a pumped

nonlinear ring resonators system

In this chapter present an interesting result of nonlinear light pulse propagation within a
Mach—Zehnder Inteferometer (MZI) which can be used to extend the existed on—off keying
(OOK) techniques. The goal of this chapter is OOK generation based on MZI incorporating a
pumped nonlinear ring resonators system. First analyze the principles of a phase modulation
scheme using MZI incorporating the triple nonlinear ring resonators, which can be fabricated and
used in practical communications. After that, focus on the recent modulation schemes, where the
all-optical on off keying and the phase shift control for phase shaped binary transmission (PSBT)
are discussed in details. The novelty of this work is that the nonlinear ring resonators are used

incorporating a MZI, where the extended switching generation can be achieved and seen.

3.1 Introduction

Today, most of the optical communication links use the well known modulation format
called OOK (On-Off Keying)[1 — 9], which is due to the increasing in bit rates, power and
number of DWDM (Dense Wavelength Division Multiplexing) channels, where the OOK format
can reach the communication requirement. However, the various modulation schemes have
already been used in the electrical domain during last decade, but they have not been applied in
optical schemes. Recently the use of new modulation formats in optical communications has been
considered and compared for increasing the tolerance of the optical link to impairments such as
chromatic dispersion, PMD (Polarization mode dispersion) or nonlinearity (Kerr Effect) [10].
Among the various modulation formats, I present here the differential phase shift keying (DPSK)

and the phase shaped binary transmission (PSBT) schemes, whereas DPSK presents a better
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robustness to optical nonlinearities than the classical OOK, particularly for the cross phase
modulation (XPM) in DWDM systems [3, 9, 11]. Moreover, it has also been shown that DPSK
format has better performances due to PMD degradations than the classical OOK [9, 11]. The
disadvantage of the DPSK is that a direct detection (DD) at the end of the optical link is not
possible, since DPSK is a phase modulation. Thus, an interferometric demodulation stage must be
inserted in front of the photo-detector. This stage is an "Add and Delay" structure, which is
composed by a MZI [9, 11 — 15].

In this chapter, first describe the principles of light propagation in the proposed system,
where the nonlinear behavior of light within the nonlinear ring resonators (NRRs) can be used to
analyze for PSBT modulation. After that, the MZI structure is detailed. However, the nonlinear
ring resonator has been used [16 — 19] for phase shifted generate by couple to one arm of a MZI
[[6 — 17]. In this structure, one arm presents an optical delay line equal to the bit duration. This
MZI converts an optical DPSK to an intensity-modulated (IM) signal, which is followed by a
DD. The PSBT format is encoded from a DPSK: first a DPSK signal is generated and after that a
MZI structure converts the DPSK to be an intensity-modulated signal: the PSBT. MZI
characteristics for the two applications are slightly different, as we will see in the next sections.
The novelty of this work is that the nonlinear light pulses generated by using the triple nonlinear
ring resonators in one arm of a Mach—Zehnder interferometer can be used to enhance (amplify)
the light pulse output signals, where the nonlinear outputs are generated by using the nonlinear

coefficient refractive index n, = 2.2X1 0 "mw.

3.2 Principles of modulation

Figure 3.1 shows the proposal for on—off keying model using nonlinear index of refraction
in three nonlinear ringresonator coupled to one arm of Mach-Zehnder interferometer. In this
figure there are similar NRRs with the field-dependent absorption and index of refraction

coefficients.
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When the input field, E,, passes through 3dB coupler with coupling coefficient ratio, X,

50:50, then light is split into two ways, which can be expressed as

E,=Jl-nJl-xE,, 3.D
Ezlzj\/l"yl\/—’ZEinv (3.2)

Out_1 (On)

Out_2 (Off)

Coupler

Coupler

A

40pm

Figure 3.1 Schematic diagram of OOK system, system size is 10 X 40/Imz.

According to the linear coupling theory, the following relations can connect input—output

fields for each nonlinear ring resonators (NRRs) as shown in figure 3.2, which can be expressed

by [17]

Pump

Figure 3.2 Schematic diagram of single NRR (i = 2, 3, 4).
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Ep=1-71-c,E, + j\1-7,JK.E,. (3.3)
E, = 1=y, J1-&,E, + j\1-7, K. Ey;, (3.4)

where 7, and «, are the coupler loss and coupling coefficient in each NRR, respectively. Since
the NRR length and the nonlinear index of refraction are small, therefore, the nonlinear
Schrodinger equation (NLS) can be used to solve light propagation through the NRRs, the

solution is given by [17]
a 2
E,=E CXP("'Z—Li =7V, IERi| Li) (3.5)

where a, L, =27 R, and Yy, are the NRR loss, NRR length (R, is ring radius) and the nonlinear
coefficient including the nonlinear index of refraction and two—photon absorption phenomenon,
respectively. By using the basic concepts in nonlinear optics, the following relation can be used

for the above mentioned, the nonlinear coefficient is given by

/)
Y, =g"".1'?o'nz (3.6)

where f, @,, C and n, are the two—photon absorption coefficient, incident light frequency,
speed of light in free space and the nonlinear index of refraction coefficient, respectively. The

following relation describes the nonlinear phenomenon in the NRRs as

3.7

where both of the absorption coefficient and index of refraction includes linear and nonlinear
parts and the following relations can be used for obtaining these variables in terms of the optical

third order susceptibility as

n, = %Re[x(”],
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Zghq:m] (3.8)

Using Egs. (3.3) — (3.5) and some mathematical manipulations, the following transmission

functions can be obtained for each NRRs as

I(i(l—ri)e’(p(—%[‘i—¢~lq) (3.9)
- 1—7’,1“—’(; exp(—%lq —¢Nl,).

| S AN S

where ¢, =7, L, |E|" is defined as a nonlinear phase shift.

For the obtained result in Eq. (3:9), the phase difference (effective phase from single NRR)

can be found as follows:

] K, (1 _ 7i)e-l/2(a+ﬁ15m|2)li xsin ((Q)O/C) nzL; IERilz )
$y=¢ =tan™ i (3.10)
& A+B+D

whore A= (2-)(1-r)e " H

D =(1_7i)\](1""ci)(1_7i)e_(a+ﬁ‘EmI2)l"

The obtained result can be simplified to the following formula, which is assumed by

cos((a)o/C)éL,IER,.r), B={(1-x)(1-7) and

=a=f=0.

K, sin(%nzL,lEmr)
2J1-x _(Z"Ki)cos(%”zlﬁ |ERI|2)

(3.11)

¢z_ﬁ' = ¢l = tan_l

In real system y,,a,and g are not be zero as shown in section 3, & = 0.5dBmm—1, Y =0.1

and ﬁ =2 X 10", respectively.

And, the output power at light propagation through the first NRR is given by

2

E

(3

E,

L
P

n

(3.12)
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The electric field of light propagation through the second NRR is given by

( -Z )
N AN AN B
\/l’Vl\ﬁ"}’z\/l_Va\ll—Kl _\/1"73\ﬁ—"‘2e-;l1—¢m
+\/g2_\/:}-’;e—:(l,+lq)—(duﬂﬁm..z) )
\

_ , (3.13)

B N Tl T L sl P S

+F},2 \/1 -7, \[l -, Jl — K e"‘;‘(ﬁ"lq)‘(fm.ﬁdm.,z)

where Jl-— Vs Jl— ¥y s \[l— Y3 Jl— 7. and /1-y, are coupler losses in each coupler and

Jl-x,, J1-x, , ﬁ—/{, , Jl-x, and l-xk, are coupler separates in each coupler,

respectively.

The output power of light propagation through the second NRR is given by

(3.14)

The electric field of light propagation through third NRR the relation input—output field is
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(‘/1—1{‘2\/1—/{‘3 l-x,
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~Jl-x,{1-x, e—g—b‘—‘"‘"

+l-« o2t a) At )
4
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=== 7 T- e VT- x5 Tk,

. (3.15)
'_Z(I1+LI+LJ)_(¢NL,I+‘NL.2 ﬂ’NLJ)
xe
where A =\/1—y, Jl—yz\/l—y3Jl—y4Jl—K,.
The output power of light propagation through the third NRR is
B, |E,[
fo _|En (3.16)
P:n Ein

When light propagation through the second 3dB, upper and lower MZI arms that on—off

keying (OOK) or DPSK are controlled the optical pump in each NRR that yield

(E.m_.(o'l) )z \/1—_75[\/1_-75 e }(En)_ (.17)

Eou_2(Off) e, Jl=-x, \En
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(a) Single NRR
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Figure 3.3 Simulation results of effective phase, where (a) single NRR vs. nonlinear phase (b)

triple NRR vs. nonlinear phase. (& = 0.5dBmm_l, Yy=01,n,= 22x10 ° mz/W, n, =

3.3¢, A= 155Um, =0)
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For phase shaped binary transmission (PSBT), we generated input light pulse through

NRRs that the difference phase shift is equal to 7T, as shown in Figure 3.3.

In Figure 3.3, shows variation of the effective phase due to nonlinear phase
(¢NL = (@,/C)ny(27R)|Ey [ ), we assumed that g =0, realize [ is not equal to zero as shown in
next section. In this curve the coupling coefficient is changed as parameter and with decrease of
the coupling coefficient the slope of variation, I found that the effective phase of all-optical PSBT
generation is fasted when the coupling coefficient of NRRs fixed at 0.2. So, with the small
coupling coefficients very fast switching on—off power can be obtained and in our case only

PSBT is necessary for on—off keying (OOK) in each NRR.

3.3 OOK Generation

In operation, all-optical OOK generated maximum power of 3mW Gaussian modulated
CW is input into the OOK system, as shown in Figure 3.1. The suitable NRRs parameters are
used, such as NRR radii where R, = 1.5dm, R, = 1.0dm and R, = 0.775 lim. In order to make the
system associate with the practical device [62, 63], the selected parameters of the system are fixed
to /10=1.55 Mm and 1.31 Lim, n,=3.34 (GaInAsP/InP waveguide). The effective core areas are 4
= (.10 /,lmz for NRRs. The waveguide and coupling loses are (L = 0.5dBmm ' and Y =01,
respectively, and the coupling coefficients K of the NRRs fixed 0.5and ﬂ =2 x 10" [17). As
for the numerical simulation of all-optical OOK, PSBT and DPSK, all our numerical work has
been carried out by using commercially available simulation software-the OptiFDTD simulation
package [64] which is based explicitly on the model described above [40]. However, more
parameters are used as shown in Figure 3.1. The nonlinear refractive index is n, = 2.2.XI 0"
m’/W. In this case, the waveguide loss used is 0.5 dBmm ' and the size of the waveguide desired
system is /0 X 40 /,lmz. Numerical results are generated at input power of 3mW Gaussian

modulated CW at wavelength center /10 = [.55 im with time offset 4 X lO.MS, half width [.5 X
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10™s. All numerical work has been carried out by using commercially available simulation

software-the OptiFDTD simulation package.

In Figure 3.4, the numerical simufation OOK modulation at the wavelength center ﬂ,o =
1.31 fim with input power 3mW Gaussian CW modulated. All-optical OOK generation that is on-

off state occurred within upper (out_1) and lower (out_2) MZI arm, with differences phase shift is

equal to TC.
14
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Figure 3.4 OOK result as generated at wavelength center ﬂ,o = ].31 lm and input power 3mW.
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Figure 3.5 OOK result as generated at wavelength center ﬂo = [.55Um and input power 3mW.

In Figure 3.5, the numerical simulation OOK modulation at the wavelength center /10 =
1.55 tdm with input power 3mW Gaussian CW modulated. All-optical OOK generation that is on-
off state occurred within upper (out_1) and lower (out_2) MZI arm, with differences phase shift is
equal to TT. Output power of out_| and out 2 numerical simulation OOK generated is faster
where compare with generation at ﬂo = 1.31 lim and the delay time of on off state is 1.2fs, where

the operation of the proposed circuit is transient in time as shown in Figure 3.6.
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Figure 3.6 Delay time of OOK.
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Figure 3.7 Simulation results for varies input power at the center wavelength 1.31um.
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Figure 3.8 Simulation results for varies input power at the center wavelength 1.55pum.
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Figure 3.9 FDTD results of resonances (a) 1550nm and (b) 1310nm. I found that the resonance

at R, for 1550nm and R, for 1310nm.



Table 3.1 Conclusion the output power for wavelength 1.31Am and 1.55/Am
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Center wavelength Output Power (W)
Input Power (W)
(pm) Out_1 Out_2
0.001 6.6376 5.6376
0.003 12.01 9.7647
1.31 0.005 15.51 12.6062
0.007 18.48 14.9158
0.010 22.058 17.8278
0.001 8.5885 8.8382
0.003 14.8759 15.3082
1.55 0.005 19.8792 19.7628
0.007 22.7232 23.3837
0.010 27.1595 27.9489
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Figure 3.11 OOK result as generated in frequency domain and input power 3mW.

When increase the input from I — 10 mW I found that the output power is increased

exactly. The phenomena are shown in figure 3.7 and 3.8 know as amplitude—shift keying (ASK)
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is generated at wavelength center /10 = [.55Um and /10 = 1.31Um, respectively, the output
power values are conclude in table 3.1. The resonances enhance are occurred at the second MRR
(R,) and first MRR (R,) coupled to a MZI arm for input wavelength center /10 = 1.55dm and /10
= 1.31 lim, respectively, as shown in figure 3.9.

In Figure 3.10 shown OOK generated at wavelength center, ﬂo = 1.55dm and /10 =
1.31im, respectively and I found that the OOK at wavelength 1.55pm is switching faster than
1.31um, therefore, the switching OOK generated at wavelength center 1.55um that high capacity
packet on—off state appearance. The upper limit of the circuit in frequency domain (response) is

3.5THz, which is obtained and shown in Figure 3.11.

3.4 Discussion and Conclusion

In this chapter have demonstrated the OOK modulation format by using NRRs coupled

into one arm of a MZI system could be performed. The solution of the nonlinear Schrédinger

equation is E, = E,, exP(—%L’ ~ e | Enil’ L,) , which describes the nonlinear properties in each

nonlinear ring resonator by using the term IEml2 that circulates in each NRR. It is used to enhance
and amplify the output signals. When the input light pulse is input through a 3dB coupler of a
MZI, the coupling power is partially circulated through R,, where it is circulated and combined
with the pump light within R,. Finally, the output of rings R, and R, are obtained in the similar
manner.

The feasibility of the device by comparison to already fabricated devices with the same
radius NRR radii, where R, = I.54m, R, = 1.0m and R, = 0.775{4m. This parameter details are
given by reference [63]. Our proposed system is the extended system of a Mach—Zehnder
interferometer combined with ring resonators. It was fabricated by Rabus [62, 63], where the
system size was 700 x 2500 l.lmz. It is larger than the system in this paper where the system size
is 10 x 40um2. Moreover, our system is combined with the triple nonlinear ring resonators. Two

different results at the center wavelength 1.31um and 1.55um are compared, where they are
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dominated by the nonlinear refractive indices and two—photon absorption coefficients within the
NRRs. We found that the OOK generated at 1.55um is shown the fastest switching, where the
delay time of OOK is 1.2fs. We have also presented the principles of MZI operation in PSBT-
based systems, where the characterization of useful parameters required for the DPSK
demodulation or PSBT encoding. DPSK and PSBT have been highlighted as the suitable
modulation formats for optical transmissions. The DPSK modulation format presents the better
performance for transmission than the conventional OOK, justifying its utilization. However, the
DPSK requires the passive MZIs for interferometric demodulation. In application, the use of
DWDM (Dense Wavelength Division Multiplexing) can be employed to obtain the multi-

wavelength OOK, which may be available for high capacity packet switching.



CHAPTER 4

Novel Tunable Dynamic Tweezers using Dark—Bright

Solitons Collision Control in an Optical Add/Drop Filter

In this chapter propose a novel system of the tunable dynamic optical tweezers using a
generated dark soliton in the fiber optic loop. A dark soliton known as an optical tweezers is
amplified and tuned within the ring resonator system. The required tunable tweezers with
different width and power can be controlled. The analysis of dark—bright soliton conversion using
a dark soliton pulse propagating within a microring resonator system is analyzed. The dynamic
behaviors of soliton conversion in add/drop filter is also analyzed. The control dark soliton is
input into the system via the add port of the add/drop filter, where the dynamic behavior of the
dark-bright soliton conversion is seen. The required stable signal is obtained via a drop and
throughput ports of the add/drop filter with some suitable parameters. In application, the dynamic
optical tweezers can be configured by the dark-bright soliton conversion system. Therefore, the

use of trapped light/atom can be covered by using the proposed system.

4.1 Introduction

Optical tweezers are a powerful tool for use in the three-dimensional rotation of and
translation (location manipulation) of nano-structures such as micro—and nano—particles as well
as living microorganisms [20]. The benefit offered by optical tweezers is the ability to interact
with nano-scaled objects in a non-invasive manner, i.e. there is no physical contact with the
sample, thus preserving many important characteristics of the sample, such as the manipulation of
a cell with no harm to the cell. Optical tweezers are now widely used and they are particularly
powerful in the field of microbiology [21] — [24] to study cell—cell interactions, manipulate
organelles without breaking the cell membrane and to measure adhesion forces between cells. To

make the familiarity for such a new combination area, firstly, the theoretical description of optical
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soliton is reviewed, where more details can also be found in many references, especially, one of
them which is well analyzed by Agrawal [25]. Secondly, a new concept of developing an optical
tweezers source using a dark soliton pulse is demonstrated. The developed tweezers has many
potential applications in electron, ion, atorn and molecule probing and manipulation as well as
DNA probing and transportation [26, 27]. Furthermore, the soliton pulse generator is a simple and
compact design, making it more commercially viable. In principle, the change in potential value,
i.e. gradient of potential of the dark soliton pulse can produce force that can be used to
confine/trap atoms/molecule. Furthermore, the change in potential well is still stable in some
conditions, which mean that the dynamic optical tweezers is plausible. Finally, we present the
very interesting work of the use of a dark soliton pulse beam that has potential applications in the
probing and transport of atoms or molecules as an optical tweezers, which is important to ensure
that the transported atom/molecule is not lost in the link media. The theoretical background of the
trapped atom/molecule is also analyzed and described in details. The system design of the
tweezers amplification, tunable and storage is also analyzed for the use of atom/molecule probing
and assembly.

In this chapter, the dark soliton pulse was experimentally generated using a pumped fiber
optic loop. The obtained dark soliton can be amplified and tuned by using the nonlinear ring
resonator system analytically. The tunable tweezers (dark soliton) is controlled by using the dark-
bright soliton conversion control. The dynamic behaviors of soliton conversion, i.e. tunable
optical tweezers within an add/drop filter is analyzed. The multiplexed signals with different
wavelengths into the system is also available via the add port, which means the use of

atom/molecule transportation in the network is possible.

4.2 ”l:heory and Principle

Optical solitons can naturally be divided into classes of dark and bright solitons. Specific, a
dark soliton exhibits an interesting and remarkable behavior, when it is transmitted into an optical
transmission system. It has the advantage of signal security, when the ambiguity of signal

detection becomes a problem of the un—required users. Recently, Sarapat et al [41] have shown
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that the conversion of a dark soliton into a bright soliton can be realized using an add/drop filter.
Here the secured signals in the transmission are retrieved using a suitable an add/drop filter that is
connected to the transmission line. The other promising application of a dark soliton signal is
confirmed by using the large guard band of two different frequencies which can be achieved by
using a dark soliton generation scheme and trapping a dark soliton pulse within a nano ring
resonator [42, 43]. Furthermore, the dark soliton pulse shows a more stable behavior than the
bright solitons with respect to the perturbations such as amplifier noise, fiber losses, and intra-
pulse stimulated Raman scattering [25]. It is found that the dark soliton pulses propagation in a
lossy fiber, spreads in time at approximately half the rate of bright solitons. Heidari et al [44]
have shown that the multichannel wavelength conversion using three different types of dispersion
profiles along the optical fibers. The dark solitons trapped in add/drop system is realized,
therefore, optical tweezers appearance relation between scattering and gradient force of light
propagation. Yuan et al [45] have shown an abruptly tapered twin—core fiber optical tweezers, by
using two—beam combination technique and found that a strong enough gradient forces well
tapered twin—core fiber optical tweezers. Optical tweezers were also characterized in terms of the
optical potential well by measuring the displacement of trapped particles experiencing a viscous
drag at a fluid flow below the critical velocity [46]. We are looking for a stationary dark soliton
pulse, which is introduced into the multistage microring resonators as shown in Figure 4.1. The

input optical field ( E,, ) of the dark soliton pulse input is given by [25, 47]

- T N
E ()=A tanh[To ]exp[( 2L ) w)ot] 4.1)

where 4 and z are the optical field amplitude and propagation distance, respectively. T is a soliton
pulse propagation time in a frame moving at the group velocity, T’ = t— ,B,*z, where ,B, and ,Bz
are the coefficients of the linear and second-order terms of Taylor expansion of the propagation
constant. LD=702 /] p2| is the dispersion length of the soliton pulse. T, in equation is a soliton pulse

propagation time at initial input (or soliton pulse width), where ¢ is the soliton phase shift time,
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and the frequency shift of the soliton is (. This solution describes a pulse that keeps its temporal
width invariance as it propagates, and thus is called a temporal soliton. When a soliton of peak

intensity (| B, / ”;JZI) is given, then T, is known. For the soliton pulse in the microring device, a

balance should be achieved between the dispersion length (L) and the nonlinear length
(LNL=1/F ¢NL), where / = =n,*k, is the length scale over which dispersive or nonlinear effects
makes the beam become wider or narrower. For a soliton pulse, there is a balance between

dispersion and nonlinear lengths. Hence L, = L, .

When light propagates within the nonlinear medium, the refractive index (n) of light within

the medium is given by

n=n0+n21=n0+AiP, 4.2)
of

where n, and n, are the linear and nonlinear refractive indexes, respectively. I and P are the
optical intensity and optical power, respectively. The effective mode core area of the device is
given by 4, For the microring resonator (MRR) and nanoring resonator (NRR), the effective
mode core areas range from 0.50 to 0.10 umz [48, 49]. When a soliton pulse is input and
propagated within a MRR, as shown in Figure 5.1, which consists of a series MRRs. The resonant
output is formed, thus, the normalized output of the light field is the ratio between the output and

input fields [ E,, () and E, (¢)] in each roundtrip, which is given by [41]

E, 1)

: (1-(1-7)x*)x
£, () (4.3)

=(1-7)|1-
(l‘x\[l‘}’\/1~K)+4x\/1~7x/1—xsin2(%)

The close form of Eq. (4.3) indicates that a ring resonator in this particular case is very
similar to a Fabry—Perot cavity, which has an input and output mirror with a field reflectivity, (1—
K), and a fully reflecting mirror. K is the coupling coefficient, and x =exp(—oL/2) represents a

roundtrip loss coefficient, ¢, =kLn, and ¢,, = kLn,|E, |2 are the linear and nonlinear phase shifts,
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k =2r/A is the wave propagation number in a vacuum, where L and (¥ are waveguide length and
linear absorption coefficient, respectively. In this work, the iterative method is introduced to
obtain the results as shown in Eq. (4.3), and similarly, when the output field is connected and

input into the other ring resonators.

E‘!‘hmum

Throughput port

E.sa ‘l—

Detector Drop port Add port

Figure 4.1 Schematic of a dark-bright soliton conversion system, where R_ is the ring radii, K, is

the coupling coefficient, and K,, and K, are the add/drop coupling coefficients.

To retrieve the signals from the chaotic noise, we propose to use the add/drop device with
the appropriate parameters. This is given in the following details. The optical circuits of ring
resonator add/drop filters for the throughput and drop port can be given by Egs. (4.4) and (4.5),

respectively [41].

_15_‘,_2 _ (1—/(1)—2J1—/c,‘/1-/c2e7Lcos(knL)+(l—icz)e“"' 4.4)
e (1-x)(1-x,) e —2T= K, 1-xye ? cos(k,L)
and
E| _ K 4.5)
1+ (1-x ) (1=K, )™ = 21— K, |1 et cos(k,L)
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where E, and E, represent the optical fields of the throughput and drop ports, respectively.
B =kn, is the propagation constant, n; is the effective refractive index of the waveguide, and
the circumference of the ring is L=27R with R as the radius of the ring. In the following, new
parameter is used for simplification with ¢=BL as the phase constant. The chaotic noise
cancellation can be managed by using the specific parameters of the add/drop device, and the
required signals can be retrieved by the specific users. «, and «, are the coupling coefficient of
the add/drop filters, k, =27/A is the wave propagation number for in a vacuum, and where the

waveguide (ring resonator) loss is & = 0.5 dBmm . The fractional coupler intensity loss is Y =

0.1. In the case of the add/drop device, the nonlinear refractive index is neglected.

4.3 Optical Tweezers Generation

An Optical Spectrum Analyzer (OSA) with a resolution of 0.07 nm is used to analyze the
output of the proposed setup. The operation of the experimental setup is also follows; the BP
generates a 1500 nm signal at 1.96 dBm, where it enters Port | of the first OC. The signal then
travels onward to the DCF, where the non-linear interactions will provide the first Stokes
wavelength. The BP and Stokes then travels onwards to the second OC where it is reflected back
to the DCF and again to Port 2 of the first OC, where it will now exit via Port 3 which is

connected to the OSA.

Figure 4.2 Shows an experimental setup for optical tweezers generation.
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Figure 4.3 Show dark soliton propagation over time, which is similar to a potential well.

The experimental setup is shown in Figure 4.2. The dark soliton generator consists of a
fiber laser based on a non-linear gain medium that is placed in a linear cavity. The nonlinear gain
medium is a 7.7 km Dispersion Compensating Fiber (DCF) which is pumped by a 1500 nm
Brillouin Pump (BP) at 1.96 dBm. An Optical Circulator (OC) is used at one end of the setup to
act as a fiber based mirror, with Port 3 connected to Port 1 while Port 2 is connected to the rest of
the experimental setup. Another OC is also used in the experimental setup to guide the incoming
and outgoing signals. From Figure 4.3, the soliton propagation over time can be obtained. As can
be seen in the figure, the soliton pulse maintains its shape through the time of testing with no
observable fluctuation in the power or wavelength. This is critical as any slight fluctuation will

cause the beam to lose its hold over the transported atom or molecule, effectively dropping it.
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4.4 Dark—Bright Soliton Conversion

Experimentally, the generated dark soliton pulse, for instance, with 50ns pulse width, and a
maximum power of 0.65W is input into the dark—bright soliton conversion system, as shown in
Figure 4.1. The suitable ring parameters are used, such as ring radii where R=10.0Um,
R,=7.0{m, and R,=5.0Um. In order to make the system associate with the practical device (48,
49], whereas the selected parameters of the system are fixed to }\,0=1.50,Um, n,=3.34
(InGaAsP/InP). The effective core areas are 4,,~0.50, 0.25, and 0.10 ,Umz for a MRR and NRR,
respectively. The waveguide and coupling loses are & =0.5dBmm ' and Y =0.1, respectively,
and the coupling coefficients K, of the MRR are ranged from 0.05 to 0.90. However, more
parameters are used as shown in Figure 4.1. The nonlinear refractive index is n,=2.2X1 0"
m’/W. In this case, the waveguide loss used is 0.5 dBmm . The input dark soliton pulse is
chopped (sliced) into the smaller signals, where the filtering signals within the rings R, and R, are
seen. I find that the output signals from R, are smaller than from R,, 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 0.10,Um2 with some losses. The soliton signals in R, is entered in the
add/drop filter, where the dark—bright soliton conversion can be performed by using Eqs. 4.4)
and (4.5). Results obtained when a dark soliton pulse is input into a MRR and NRR system as
shown in Figure 4.4. The add/drop filter is formed by using two couplers and a ring with radius
(R of 1014m, the coupling constants (K, and K,) are the same values (0.50). When the add/drop
filter 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 Figure

4.4(a) — (e), respectively.

4.5 Tunable Dynamic Tweezers

In application, the dynamic optical tweezers is occurred, when we added bright soliton

input at the add port with shown in Figure 4.1, the parameters of system are set the same as the



previous section. The bright soliton was generated at the central wavelength 7\,0 =

the bright soliton propagating into the add/drop system, the occurrence of dark-bright soliton

collision in add/drop system is shown in Figure 4.5(a) — (d) and Figure 4.6(a) - (d).
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dark soliton power is 2W.
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soliton input with the central wavelength /10 = 1.5/4m, where (a) add/drop signal, (b) dark—
bright soliton collision, (c) optical tweezers at throughput port, and (d) optical tweezers at

drop port.

The optical tweezers probe can be trapped/confined atom/light by using the appropriate
probe, which can be tuned to meet the specific requirement. The stability of the dual Brillouin is
shown in Figure 4.3. The dark soliton valley dept, i.e. potential well, is changed when it was
modulated by the trapping energy (dark—bright solitons interaction) as shown in Figure 4.6(a) —
(d). The trapping of photon within the dark well is occurred and seen, the recovery photon can be
obtained by using the dark—bright soliton conversion, which is well analyzed by Sarapat et al.
[41], where the trapped photon or molecule can be released an seen separately from the dark

soliton pulse, in practice, in this case the bright soliton is become alive and seen.
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Figure 4.6 The tuned dynamic optical tweezers output within the add/drop filter, when the bright

soliton input with the central wavelength 7\,0 = 1.5{lm, where (a) the add/drop signal,

(b) dark-bright soliton collision, (c) optical tweezers at throughput port, and (d) optical

tweezers at drop port.

4.6 Conclusion

In this chapter, I have demonstrated that after the dark soliton pulse was generated by using

the pumped laser system. I have shown that the propagating dark soliton within the MRR and

NRR system can be converted to be a bright soliton by using the ring resonator system,

incorporating the add/drop multiplexer, moreover, the amplification and tenability of the dark

soliton pulse can be obtained. By using the reasonable dark-bright soliton input power, the

tunable optical tweezers can be controlled, which can be used as the dynamic optical tweezers

probe. In application, such a behavior can be used

to confine the suitable size of light pulse or

molecule, which can be employed in the same way of the optical tweezers. But in this case the

terms dynamic probing is come to be a realistic function. Moreover, the transportation of the

trapped pulse or molecule is plausible.



CHAPTER 5

Low Power Ultrafast Switching Generation Based on NMRs

Coupled into a MZ]I Arm

In this chapter, I propose a new method of ultrafast switching generation using low power
coupled into NMRs in a MZI arm, where in this operation the input power of 3mW is required.
Mathematical detivation of the system is analyzed, and the simulation results are obtained by using
FDTD method. We have found that the ultrafast packet switching delay time can be controlled by the

coupled NMRs, where in this work the shortest packet switching delay time of 8 fs is obtained.

5.1 Introduction

All-optical switches have been extensively investigated for the implementation of the ultrafast
optical networks, especially, when the high capacity data transmission is required, in which the use
ultrafast switching based on photonic crystal nanocavity [28, 29], spin—polarized surface-normal
optical switches [30] and digital optical circuits and their use in packet switching {31] have been
reported. However, the switching operation improvements are still required, here, the improvement of
orthogonal ASK/DPSK optical label switching performance by DC-balanced line encoding [32] and
low threshold and tunable all-optical switch using two—photon absorption in array of nonlinear ring
resonators coupled to MZI [17] are included. More research works in various schemes are also
included, for instance, the use of all-optical ultrafast switching can be controlled by using a high—
nonlinear micro ring coupled MZI through a pumped nonlinear coupler [18], an EDF-ring coupled
M-Z interferometer {33], asymmetric Fano resonance and bistability for high extinction ratio, large
modulation depth, and low power switching [34], THz electro-absorption effect enabling

femtosecond all-optical switching in semiconductor quantum dots [35], nonosecond switching and
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wavelength tuning of external—cavity laser diode using a reflective electroabsorption modulator {36],
detailed design and characterization of all-optical switches based on InAs/GaAs quantum dots in a
vertical cavity [37], threshold voltage and mobility extraction by ultrafast switching measurement on
NBTI [38]. Till date, the ultrafast switching improvement, especially, ultrafast packet switching is
still required. Recently, the ultrafast packet switching generation using a nonlinear microring
resonator for secure packet switching application has been proposed, where more recently, the use of
OOK ultrafast switching generation based on MZI incorporating a pumped nonlinear ring resonators
system [39] has also been reported, in which the reports of switching speeds for such devices are on
the order of ps. Therefore, in this paper, we propose a scheme for generating ultrafast switching with
low power input based on nonlinear microring resonators (NMRs) coupled into a MZI arm. In order
to increase the bit—rate of on-chip optical links by using FDTD method [40], in which the nonlinear
behavior of light within the (NMRs) can be used to analyze for low power ultrafast switching
modulation. The NMRs are coupled into a MZI arm structure and the details given. Moreover, the
NMRs are used for a phase shifted devices by coupling into one arm of a MZI [39]. In this structure,
one arm presents an optical delay line equal to the bit duration time. The MZI characteristics for the
two applications are slightly different, which will be seen in the next sections. The novelty of this
work is that the nonlinear light pulses generated by using the multi NMRs in one arm of a Mach—
Zehnder interferometer can be used to enhance (amplify) the packet switching signals, where the
increasing in switching sped and delay switching time can be obtained by using the coupled nonlinear
ring resonators, where in this work the nonlinear coefficient refractive index of nonlinear ring

resonator (GalnAsP/InP) is n, = 2.2X1 0 “mw.

5.2 Operating Principle
I propose the use of the system as shown in Figure 5.1(a) for low power ultrafast switching
generation model, where the increasing in switching time and packet switching capacity can be

generated and obtained. Three nonlinear microring resonators (NMRs) are coupled into one arm of
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Mach—Zehnder interferometer, in which NMRs have the same field—dependent absorption and
refractive index coefficients.
When the input field, E,, is entered and split into two MZI arms with power ratio 50:50, the

mathematical expression can be given by
E,=J1-kE,, .1)
E, =J1-kE,, (5.2)
Here k =0.5 is the power coupling ratio.

According to the linear coupling theory, the following relations can be connected into input—

output fields for each NMR as shown in Figure 5.1(b), which can be expressed by [39]

ERi,x=\]1_giERi.2+j 8.E,, (5.3)

E. =J1-gE,+JjJ8Egp2: (5.4
& ~ig,

Ep o =Eg e 2 s (5.9

Here g, is the coupling gap in each nonlinear microring coupled to bus waveguide by i=1,2,3
» L, =27R,, R, is the radius of NMR, E, is the output field of each NMR, and E,E;, are the
circulated field of each NMR as shown in Figure 5.1(b). a is the loss coefficient of the nonlinear

microring, ¢,

is the round—trip phase in the NMR, which is given by
—g;sin (%"zli |Em.2|2)

2J1-g,~(2~ gi)cos(%nzl,lEm_zlz)

¢ =tan™ (5.6)

Herew,, ¢ and n, are the incident light frequency, speed of light in free space and the
nonlinear index of refraction coefficient, respectively. The following relation describes the nonlinear

phenomenon in the NRRs as
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Substitute (5.5) into (5.3), we yield,

g
Eyy= J\/;' -, (5.7
: Ly

1-\l—-g,e?

Similarly, from (5.4) we yield,

T L-i#
_ J1—-g —e
ET, - E,, (5.8)

1-y1- g,.e_zlrw'

When light propagates through the second gap coupler of MZI, with the coupler gap
coefficient is K. The amplitude-shift keying (ASK) and phase—shift keying (PSK) are controlled by

the optical pump in each NMR of upper and lower MZI arms, respectively, which is given by

out _2
Here, for phase~shift keying (PSK), the difference phase shift is equal to TC [39].

(5.9

RN

Figure 5.1 Schematic diagram of (a) three microring resonators (TR) coupled to one Mach-Zehnder
interferometer arm for APSK generated in InGaAsP/InP waveguide size 15 X SOp.mz, with

a coupling gap of 6nm. (b) TR coupled to a single-bus waveguide.
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5.3 Results and Discussion

In operation, the system is as shown in Figure 5.1(a), the MZI width and depth is 0.3um and
0.5um, respectively. The microring radii are 1.5pm, with n,=3.34 (GalnAsP/InP waveguide). The
CW Gaussian modulated pulse with 3mW peak power at center wavelength /10=1.55 MUm, 40 fs time
offset, 15 fs half width is input into the system. In simulation, the numerical results are obtained by
using the commercially available simulation software called the OptiFDTD simulation package [40].
Here, three amplitude level signals are generated by using three symmetric microring resonators,
which they are arranged in series in a Mach~Zehnder configuration as seen in Figure 5.1(a), in which
light is split into two separated paths by a 3—dB coupler (50:50). When light is in the resonant
condition with the NMRs, it is coupled into the out_1 ports, in which the constructively interfered at
the output port is seen. If one NMR is shifted off-resonance, it is only half of the light being
transferred to the out_2 port as illustrated in Figure 5.1(a).

Figure 5.2 shows the comparison results of the switching windows generated by using a single
nonlinear microring resonator (SR), double nonlinear microring resonator (DR), and triple nonlinear
microring resonator (TR) coupled to one arm of MZI as shown in Figure 5.2(a) — (c). We found that
the enhanced the switching window (grey band) is increased from ~6.6 fs to 10 fs, which can be used
to increase the packet switching(bit rate). The phase shift keying (PSK) enhancement is equal to 7
[39], the switching threshold I, decreases from 20.06 fs to 19.89 fs. In Figure 5.3, when the triple—
NMRs are coupled into the system, the faster switching time than the single-NMR is seen, where the
full width at half maximum (FWHM) are decreased to 2.9822THz, 2.2873THz and 2.0389THz as
shown in Figure 5.3(a) — (c), respectively. In Figure 5.4, we found that the delay time of single-NMR
is equal to 16.0984 fs, in which when more NMRs are coupled into the upper MZI arm, the delay
time is reduced to 15.0134 fs and 13.6804 fs respectively, as shown in Figure 5.4(b) and Figure

5.4(c).
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For further investigation, a scheme of all-optical switching using NMRs is as shown in Figure
5.5, where there are seven NMRs coupled to one MZI arm, which can be used to form the hybrid
packet ultrafast switching generation with all NMRs with the same ring material (GalnAsP/InP
waveguide), the ring radii are 1.5pm. In Figure 5.6, result of the ultrafast switching of seven—NMRs
coupled into MZI arm is seen, which we found that the enhanced switching window is equal to ~133
fs, the switching threshold /, is 15.01 fs. Result of the ultrafast packet switching of seven-NMRs
coupled into MZI arm is shown in Figure 5.7, which we found that the delay time equal to 8 fs is

seen. Finally, the dynamic pulse train of seven—NMRs is as shown in Figure 5.8.
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In figure 5.9, the simulation result of power switching as a wavelength function found that the

switching—on and —off between out_1 and out_2 are occurred at 0.6JAm. when I added a microring
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resonator coupled to lower MZI arm as shown in figure 5.10 found that the switching—on and-off
between out_1 and out_2 are occurred at 1.2|lm because this microring (added to lower MZI arm) is

influenced phase shift keying of lower MZI arm.

5.4 Conclusions

I have proposed a new method of ultrafast switching generation based on nonlinear microring
resonators coupled into a MZI arm, where both mathematical analysis and simulation results using
OptiWave FDTD method [40] are obtained. By examining the switching characteristics of an optical
switching block made up of nonlinear microring resonators coupled into a MZI arm, we have found
that the switching speed and delay time can be increased by increasing the number of the coupling
ring resonators, where in this work we found when more NMRs are coupled into the system, the
faster switching time than the single-NMR is seen, where finally the packet switching delay time of 8
fs is obtained. The other advantage is that the low power all-optical ultrafast switching can be

available for dense wavelength division multiplexing (DWDM) and router applications.



CHAPTER 6

CONCLUSION AND FUTURE WORK

6.1 OOK generation based on MZI incorporating a pumped nonlinear ring

resonators system

The OOK modulation format by using NRRs coupled into one arm of a MZI system could be

performed. The solution of the nonlinear Schrodinger equation is E,, = E,, exp(—-%l,,. ~ ¥, |Exl’ L,) ,

which describes the nonlinear properties in each nonlinear ring resonator by using the term ]Em|z that
circulates in each NRR. It is used to enhance and amplify the output signals. When the input light
pulse is input through a 3dB coupler of a MZI, the coupling power is partially circulated through R,
where it is circulated and combined with the pump light within R,. Finally, the output of rings R, and
R, are obtained in the similar manner.

The feasibility of the device by comparison to already fabricated devices with the same radius
NRR radii, where R, = 1.5m, R, = 1.0{m and R, = 0.775/dm. this parameter details are given by
reference [60]. Our proposed system is the extended system of a Mach—Zehnder interferometer
combined with ring resonators. It was fabricated by Rabus [61], where the system size was 700 x
2500 }J,mz. It is larger than the system in this paper where the system size is 10 x 40}Lmz. Moreover,
our system is combined with the triple nonlinear ring resonators. Two different results at the center
wavelength 1.31pm and 1.55pm are compared, where they are dominated by the nonlinear refractive
indices and two—photon absorption coefficients within the NRRs. We found that the OOK generated
at 1.55um is shown the fastest switching, where the delay time of OOK is 1.2fs. We have also
presented the principles of MZI operation in PSBT-based systems, where the characterization of

useful parameters required for the DPSK demodulation or PSBT encoding. DPSK and PSBT have
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been highlighted as the suitable modulation formats for optical transmissions. The DPSK modulation
format presents the better performance for transmission than the conventional OOK, justifying its
utilization. However, the DPSK requires the passive MZIs for interferometric demodulation. In
application, the use of DWDM (Dense Wavelength Division Multiplexing) can be employed to obtain

the multi-wavelength OOK, which may be available for high capacity packet switching.

6.2 Novel Tunable Dynamic Tweezers using Dark—Bright Solitons Collision Control

in an Optical Add/Drop Filter

In this chapter, I have demonstrated that after the dark soliton pulse was generated by using the
pumped laser system. I have shown that the propagating dark soliton within the MRR and NRR
system can be converted to be a bright soliton by using the ring resonator system, incorporating the
add/drop multiplexer, moreover, the amplification and tenability of the dark soliton pulse can be
obtained. By using the reasonable dark-bright soliton input power, the tunable optical tweezers can
be controlled, which can be used as the dynamic optical tweezers probe. In application, such a
behavior can be used to confine the suitable size of light pulse or molecule, which can be employed in
the same way of the optical tweezers. But in this case the terms dynamic probing is come to be a

realistic function. Moreover, the transportation of the trapped pulse or molecule is plausible.

6.3 Low Power Ultrafast Switching Generation Based on NMRs Coupled into a MZI

Arm

I have proposed a new method of ultrafast switching generation based on nonlinear microring
resonators coupled into a MZI arm, where both mathematical analysis and simulation results using

OptiWave FDTD method are obtained. By examining the switching characteristics of an optical
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switching block made up of nonlinear microring resonators coupled into a MZI arm, we have found
that the switching speed and delay time can be increased by increasing the number of the coupling
ring resonators, where in this work we found when more NMRs are coupled into the system, the
faster switching time than the single-NMR is seen, where finally the packet switching delay time of 8
fs is obtained. The other advantage is that the low power all-optical ultrafast switching can be

available for dense wavelength division multiplexing (DWDM) and router applications.

6.4 Future Work

One of the main goals in this work was to realize random binary code generation based on
microring resonators coupled to one arm MZI by using dark-bright solitons conversion control. Even
though we have reached many of our targets, there is still scope for improvements and further
exploration of some of the issues.

1. The spin up and down in photonics and quantum dots systems.

2. The multi electron-hole pair based on dark-bright soliton conversion.

3. The properties effect of optoelectronics based on dark-bright soliton conversion.
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