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บทคัดย่อ 
 

ในงานวิจัยน้ีนําเสนอการออกแบบคีมจับเชิงแสงจําลองโดยใช้ตัวรวมสัญญาณวงแหวนรูป
วงกลมปรับแต่งเพ่ือยึดจับและอนุภาคด้วยอุปกรณ์ที่เรียกว่า “ตัวรวมสัญญาณวงแหวนรูปวงกลม
ปรับแต่ง (Modified Circular Add-Drop Modulator: MCADM)” จึงศึกษาฟังก์ชันการส่งผ่าน 
(Transfer Function) ของงานวิจัยเดิมและนําเสนอฟังก์ชันการส่งผ่านใหม่ที่ทําให้รูปสัญญาณ
ใกล้เคียงกับความเป็นจริงมากขึ้น จากน้ันจะนําฟังก์ชันการส่งผ่านที่ได้มาทดลอง วิเคราะห์ผล เพ่ือ
ระบุค่าพารามิเตอร์ต่างๆ ที่เหมาะสมเพ่ือออกแบบตัวรวมสัญญาณวงแหวนรูปวงกลมปรับแต่ง โดย
ยกตัวอย่างโจทย์เพ่ือออกแบบตัวรวมสัญญาณคีมจับเชิงแสงจําลองที่สามารถนําพาอนุภาค 2 nm 
และมีความเร็วในการเคลื่อนที่ประมาณ 8 m/s ขั้นตอนถัดมาทําการออกแบบตัวรวมสัญญาณด้วย
ค่าพารามิเตอร์ต่างๆ ที่ระบุไว้แล้ว และทําการทดลองเพ่ือยืนยันความสอดคล้องของผลที่ได้กับความ
ต้องการของโจทย์ การวัดประสิทธ์ิภาพจะประเมินจากผลลัพธ์ของการกําเนิดสัญญาณคีมจับเชิงแสงที่
ออกจากตัวรวมสัญญาณซึ่งประกอบไปด้วยลักษณะของรูปคลื่นที่กําเนิดได้ (Wave form), ความลึก
ของรูปสัญญาณ (Depth of Well), ความกว้าง (Width of Well), แรงลัพธ์ (Net Force), ความจุ
ของรูปสัญญาณ (Trapping Tools Capacity) และความเร็ว (Velocity) ที่ได้ โดยจะทําการ
เปรียบเทียบผลการทดลองที่ได้จากออกแบบตัวรวมสัญญาณวงแหวนรูปวงกลมปรับกับตัวรวม
สัญญาณวงแหวนรูปสนามม้า (Racetrack Add-Drop Modulator: RADM) และตัวรวมสัญญาณวง
แหวนรูปวงกลม (Circular Add-Drop Modulator: CADM) ซึ่งผลการทดลองที่ได้พบว่าการ
ออกแบบตัวรวมสัญญาณที่นําเสนอมีประสิทธิภาพที่เหนือกว่าตัวรวมสัญญาณชนิดอ่ืน 
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ABSTRACT 
 

This thesis proposes the design of tweezer generators using Modified Circular 
Add-Drop Modulator for particle trapping and manipulation. The transfer function of 
previous literature has been investgated and the new transfer function for describing 
the characteristics of tweezer is proposed. This transfer function is simulated, 
analyzed and optimized. Then the suitable parameters are specified. The design 
process starts with the constrained problem of 2 nm polystyrene is trapped and 
manipulated with the speed of ≈ 8 m/s.  The next step is the design of tweezer 
and generator using MCADM based on the specified suitable parameters and then 
the test is undertaken to confirm the corresponding constrained problem. The 
performance is evaluated by studying tweezer signal properties including the output 
waveform, depth of well, width of well, net force, trapping tools capacity and 
velocity. In addition, these results are compared with Racetrack and Circular Add-
Drop Modulators and the results demonstrate that our proposed design is more 
effective than other techniques.     
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1.2 Statement of Problem 
Although a variety of research [13-16] has reported on microring resonator 

applications, there is little information available on suitable parameters of microring 
modulators in order to generate tweezer singnal for trapping tool manipulation. 
There are some errors in mathematical transfer function of previous research [16] 
which affects the output signal. Therefore, the improvement of realistic output signal 
for molecular trapping and manipulation is a necessity.  For this thesis, the suitable 
parameter values are studied and investigated for molecular trapping and 
manipulation. After the process of suitable parameters value determination, those 
parameters are applied for finding velocity. The performance of this device is 
evaluated and compared with Racetrack Add-Drop Modulator (RADM)  and Circular 
Add-Drop Modulator (CADM)  using the output waveform, depth of well, width of 
well, net force, trapping tools capacity and velocity. In addition, this thesis proposes 
the design example of optical tweezer for molecular trapping and manipulation.   

 
1.3 Objectives 

1. Study and analyze the suitable parameters of microring modulators. 
2. Simulate microring modulator system to specify the suitable parameters of 

tweezer generation for trapping tool applications. 
3. Propose the design of optical tweezer generation for molecular trapping and 

manipulation. 
4. Compare trapping tool performance of three type microring modulator. 

 
1.4 Contributions 

Normally, the optical tweezer can be generated by a laser that is strongly 
focused through lens with a very short focal length (most often a high numerical 
aperture [NA] microscope objective) in order to increase its intensity. Every photon of 
light with high intensity carries energy hv  (J) and momentum h  (kg.m/s), and it is 
straightforward to state that if the photon of light is absorbed by an object, the 
momentum will transfer from a light beam of power P (mW), lead to a reaction 
force F  (pN) on the particle or molecular. The optical radiation pressure force is 
divided into scattering ( scattF ) and gradient forces (

gradF ).  The scattering force is the 
percussion result of photon and particle which is in the same direction with the 
incident of laser light. The gradient force is originated by a difference in pressure 
across a surface and the direction is perpendicular to the incident laser light. The 
stability of optical trapping or optical tweezer is occurring under the criterion of the 
gradient force which is higher than scattering force and the particle or molecule can 
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be manipulated by the condition of the net force ( netF )   is greater than viscosity  
( visF ) or friction force ( fricF ). This thesis proposed the design of tweezer and 
generators using MCADM for particle trapping and manipulation. In the experiment, 
the laser light input signal is modeled by Gaussian signal and Dark Soliton signal. 
These signals are fed to the proposed systems at input and add port, respectively. 
Within a MCADM system, two signals are modulated by cross phase modulation in 
order to generate the optical tweezer for trapping the microparticle [17]. 

 
1.5 Scope of Thesis 

The scope of this thesis is proposed to find the suitable parameter 
specification in order to generate tweezer signals for trapping tool applications by 
using optical Racetrack Add-Drop Modulator (RADM), optical Circular Add-Drop 
Modulator (CADM)   and optical Modified Circular Add-Drop Modulator (MCADM). 
Design of tweezer and generators using MCADM and then to simulate for 
performance comparison of three microring modulators. The assessed performance 
parameters are output signal form (potential well/tweezer), depth of well, width of 
well, net force, trapping tools capacity and velocity. This thesis focuses on 
constrained problem of 2 nm polystyrene particle is trapped and manipulated with  
≈ 8 m/s of velocity. The center wavelength of input signal for particle trapping is 
1550 nm. The force theory for support and describe the originated net force in 
Rayleigh regime ( 1X  ). The suitable parameters are the intensity coupling 
coefficient ( 1 ) between the input and the throughput ports is 0.9, the intensity 
coupling coefficient between the center add-drop or the center microring and the 
left or right microring ( 2 4,  ) are 0.35, the intensity coupling coefficient ( 3 ) 
between the add and the drop ports is 0.1, the size of center ring radius ( c dR or R ) is 
assigned by radii equal 20 m, the left and right ring radii ( R LR or R ) are 10 m, The 
waveguide fabricated from InGaAsP for core and cladding is InP. The width and height 
of the waveguide are 0.7 m and the length of bus waveguide from input port to the 
MCADM ring is 5 m. 
 
1.6 Organization 

This thesis is organized as followings: Chapter 2 presents the optical tweezer 
principle, the inputs for microparticle trapping, optical modulation techniques, the 
fabricated microring resonator materials, the fabricated microring resonator sizes, and 
the literature review. The studied process of MCADM design, the proposed 
mathematical transfer function, the characteristics and the results analysis of 
MCADM, the constrained problem and the design of tweezer and generators using 
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MCADM are presented in Chapter 3. As one of the major contributions, Chapter 4 
shows the experimental results and discussion. Finally, Chapter 5 proposes the 
optimized parameters for the proposed microring modulators and conclusion and 
provides recomendations for future research. 



 

Chapter 2 
Theoretical Background and Literature Reviews 

 
 For a better understanding, this chapter will provide the primitive theories 
which contribute to our proposed system. First, the optical tweezer principle is 
introduced. Then, the optical modulation technique is described. Especially, the 
cross-phase modulation is utilized for generating the tweezer form within the system. 
Consequently, the fabricated ring resonator material and fabricated ring radius size 
are explored. Finally, the molecular trapping and manipulation literatures using 
microring resonators are reviewed and summarized.  

 
2.1 Optical Tweezer Principle 

In 1619, Johannes Kepler discovered why comet tail points away from the 
sun because it is pushed by radiation pressure force of the sun. Two hundred and 
fifty-four years later, James Clerk Maxwell (1873) showed theoretically that light itself 
can exert optical force or “radiation pressure”. In the early in 1970, Arthur Ashkin 
pioneered the field of optical tweezer. Commonly, every light photon carries energy 
hv  and momentum h  , it is straightforward to state that if every photon light is 
absorbed by an object, the momentum transferred from a light beam of power P , 
leads to a radiation pressure or reaction force F  on the particle or molecular as 
shown in Figure 2.1 and the equation of force given by  

 
mQn P

F
c

  

 

(2.1) 

where Q  represents the fraction of power utilized to exert force, mn  
is the index of refraction of the suspending medium, P  is the incident laser 
power and c  is the speed of light in the vacuum. 
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where 0I  is the intensity of the incident light,   is the scattering cross section 

of the particle, mn  is the index of refraction of the medium, a  is a particle radius, m  
is the ratio of the index of refraction of the particle to the index of the medium 
( / )p mn n , and   is the wavelength of the trapping laser. 
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(2.5) 

is the polarizability of the sphere. The gradient force is proportional to the 
intensity gradient, and points up the gradient when 1m  . On the other word, the 
summary property of optical tweezer can be categorized into 3 properties that are 
the depth of well, the width of well and the net force. The capability and stability of 
trapping is upon the ratio of magnitude between grad scattF F  and net visF F . The 
magnitude of force can be calculated by an optical force theory which identify by  

 
mD nX 


  (2.6) 

 
where X  is identification coefficient and D  is particle diameter. The optical 

force theory can be divided into 3 cases which are: 
I. 1X   the force is calculated in the Rayleigh regime and the magnitude 

of force is in the range of femto to piconewtons. 
II. 1 100X   the force is calculated in the Mie regime and the magnitude 

of force is in the range of piconewtons. 
III. 100X   the force is calculated in the Optics Ray regime and the 

magnitude of force is in the range of nanonewtons. 
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 2

2 0T   is given, then 0T  is known. For the soliton pulse in the microring device, a 

balance should be achieved between the dispersion length ( DL ) and the nonlinear 
length ( NL 1/ NLL   ), where 2 n*n k  , is the length scale over which disperse or 
nonlinear effects makes the beam become wider or narrower. For a soliton pulse, 
there is a balance between dispersion and nonlinear lengths.  

 
2.3 Optical Modulation Techniques 

Self-Phase Modulation (SPM) [23] is once resulting from the optical Kerr 
effect. When ultra-short pulses of light transmit in a medium, it will induce a varying 
refractive index of the medium due to the optical Kerr effect. This variation in 
refractive index will produce a phase shift in the pulse, leading to a change of the 
pulse's frequency spectrum. From third order nonlinearity given effective refractive 
index ( effn ) of the medium upon the intensity described as 

 
0 2 ( )eff I tn n n

 
(2.11) 

where 0n is the refractive index of the medium in the absence of light fields, 

2n  is the nonlinear refractive index and ( )I t is the intensity of laser radiation with 
respect to time t . Then, the results of the nonlinear phase shift  ( ( )t ) with pulse at 
a distance L  is given by 
 

2( ) ( )I t
c

t n L   (2.12) 

 
where   is the pump frequency and c  is speed of light in vacuum. If 

consider the phase change per unit ( SPM ) of optical power and length can be 
determined as 
 

22

eff

SPM

n

A




   (2.13) 

 
where   is the center wavelength of the input signal and effA  is an effective 

core area.  
 

Cross-phase effect (XPM) [23, 24] is another nonlinear effect phenomenon 
where one wavelength of light can affect the phase of another wavelength by the 
optical Kerr effect. Normally, when two or more pulses of light (pulse with different 
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frequencies, polarizations or mode of structure) propagate simultaneously in a 
medium, the cross-phase modulation is always accompanied by SPM and occurs 
because the nonlinear refractive index depends not only on itself intensity beam but 
also on the intensity of the other propagating beams. 

 
2.4 Fabricated Mocroring Resonator Materials 

In order to fabrication or simulation the MCAMD device to generate optical 
tweezer signals for particle trapping and manipulation applications. Many factors 
must be aware such as fabrication method and cost, material, thermal effect, optical 
loss and so on. In the experiment, one factor that affects the performance of the 
propagation of signals in the waveguide is material, especially the refractive index 
and optical loss in the waveguide. The theory shows that the refractive index of the 
material affects the number of the resonant mode in microring, while the optical loss 
affects the capability of transition. Therefore, in this section, the summaries of 
popular fabricated materials from several survey literatures are proposed in tabular 
form in Table 2.1 which these values are applied in our experiment in Chapter 4. 

 
Table 2.1 The properties of waveguide materials 

Material 0n  2n

(cm2/W) 0 (nm) Optical 
Loss(dB/cm) 

Reference 

InP 3.17 4.5x x10-12 1,550 < 0.1 [25-27]
InGaAsP 3.34 4.27x10-17 1,550 < 0.1 [26-27]
AlGaAs 3.28 1.50 x10-17 ≈1,545 < 0.1 [26], [28]
Ta2O5 ≈2.20 7.23 x10-19 1,550 1.8 [29], [32]

SiN 2.20 2.40 x10-15 1,550 2.1±0.2 [30-31]
SiO2 1.53 2.40x10-16 1,550 4 [26], [30-31]

 
2.5 Fabricated Microring Resonator sizes survey  

As mentioned in the previous section, ring radius size influences the amount 
of the resonant mode in the microring. Consequently, this section shows the survey 
ring radius size information from 2002 to 2013.  For the past decade, the survey 
results have indicated that the advance technology allows the decrease ring 
resonator size from 100 m to 1 m as a summary survey in Table 2.2. The purpose 
of this survey is limiting the scope of the ring radius size parameter variance that 
effect to the optical tweezer output signal generated by proposed MCADM. This 
thesis varies the ring radius range between 10 to 20 m according to Hong Cai and 
Andrew W. Poon [15].  
 



 

 

 
 
 
Table 2.2 T

Order

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
 
2.6 Litera

Gen
simulation 
composed 
Modulator 
Circular Ad
literature co

 

Fi

The propert

r Public

ture Revie
nerally, the

for molec
of the s
(RADM) [1

dd-Drop Mo
oncerned w

igure 2.7 Fo

ties of wave

ation Year

2002
2003
2004
2005
2006
2006
2008
2010
2012
2013

ews 
ere are 4 
cular trapp
single micr
5], Circular

odulator [16
with our the

our microrin

eguide mate
Ring Rad

Size (

20-

5
8

1, 5

microring 
ping and m
roring reso
r Add-Drop
6] as shown
esis.  

ng resonato

erials 
dius 
m)

10
-200

5 T
5, 20 Y.
.004 T

60
1.5
20

5, 10 W
80

devices us
manipulation
nator (SMR

p Modulato
n in Figure 

r and modu
 

Aut

V. Van e
Z. Bian e

T. Barwicz e
. Kokuban e
T. Barwicz e

A. Yalçın e
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Recently, the optical vortices (optical tweezer) generation using a PANDA or 
MCADM for drug trapping tool and delivery applications is proposed by Nattaporn 
Suwanpayak and her colleagues [16]. The optical vortices are generated by cross-
phase modulation of Dark Soliton signal and Gaussian signal within the MCADM. The 
Dark Soliton signal is used as a functional to generate optical vortices while Gaussian 
signal used to control the amplitude of vortices signal. The physical geometry of 
MCADM and results are shown in Figures 2.16-2.18. In additional, they proposed the 
mathematical transfer function to describe the output vortices. The electrical field 
signal at the position of 1 4E E  can be described as the following: 
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where 1 1 2 1 11 , 1 , 12x x y         and 2 21y   . 
 
 The electrical field at throughput port is  
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The electrical field at drop port is expressed as 
 



 

 

E

 
whe

 

 

Figure 2.17

 

1 2(1tE  

ere (1X  

Figur

7 Simulation
=5 μm, an
2=0.1, 3

2 2 2)(1 ) iE

2 1) (1 )( 

re 2.16 The

n results fo
nd the cou
=0.35, 4=0

1

2

(1

1

X






 







1 2(1 ) (1  

 

e physical ge

or Dark-Gaus
upling coeff
0.1 [16]. 

1 2 1

2

)(1 )

R L

R L

XE E e

YE E e



  












 


2 ) , Y 

eometry of 

ssian input,
ficients of t

2
2 1

2

2 2

2

2 2

n

n

L

R i

L L
jk

L L
jk

E E e







 



 








1(1 )(1  

MCADM [16

where dR

the ring res

2n
L

jk 











 

2 1)(1 )(1  

 
6]. 

d =10 μm, R

sonator are 

21 

(2.28)

2 )  

 
R LR R

1=0.5, 



 

 

Figure 2.18

In the 
is proposed
The author
buffer. The 

 

Figure 2.19
re

There
show in Tab

 First 
[53]. In refe
throughput
using the r
w-axicon w
sources in T

8 Simulation
=2 μm, a
2=0.1, 

same year,
d [43]. This
rs presented
physical ge

9 Physical ge
esonator, (b

e are sever
ble 2.4; how
group is th

ference [14]
t and drop 
resonator w

with a movab
TM01 mode

n results fo
and the cou
3=0.35, 4=

 molecular 
research is

d the idea t
eometry of 

eometry of 
) a wavelen

ral studies
wever, these
he generatio
], the add/
port of de

which consi
ble center a
e. The last 

or Dark-Gaus
upling coef
=0.1 [16]. 

buffer usin
s a develop
to use optic
a molecule

a molecula
ngth router 

about opti
e studies ar
on of optica
/drop filter 
evice. A dou
ists of a to
axicon. This
literature re

ssian input,
fficients of t

 
ng PANDA ri
ped applica
cal vortices 
e buffer syst

ar buffer sys
[43].  

 
cal vortices
re divided in
al input sign
is used to 

ughnut-like 
oric mirror, 
 signal is sim
eview of th

where dR

the ring res

ng resonato
ation from 
to trap mol
tem is show

stem (a) a P

s and optic
nto 3 group
nal describe
explain th
laser beam
a flat outp

milar to the
his group is 

d =10 μm, R

sonator are

or for drug 
the previou
lecule from

wn in Figure 

PANDA ring 

cal tweezer
ps as follows
ed in [14], 
he output s
m [50] is ge
put coupler
e origination
solitons ge

22 

 
R LR R

 1=0.5, 

delivery 
us work. 

m storage 
2.19. 

 

rs which 
s: 
[50] and 
signal at 
enerated 
r, and a  
 of laser 
neration 



23 
 

 

using the cascade microring resonator system [53]. The narrow pulse width originated 
from the reduction size of cascade microring resonator.  

The second is optical trapping tool (optical capsule, optical potential well or 
optical vortices, optical spin and optical tweezers) generation. The input signal of this 
group is Gaussian and Bright or Dark Solitons are fed into each device. The literature 
reviews are [13], [15-16], [44-46], [48], [51], [54] and [56-57]. The single microring 
resonator is used to trap 1.1 m of polystyrene is presented in [13], then Hong Cai 
and Andrew W. Poon [15] use racetrack add-drop filter to trap 1 m of polystyrene 
with the different positioned velocity. The optical capsules for molecular motor use 
[51] are generated by using the cascade system of single ring resonator and PANDA 
ring resonator. The input signals are dark and bright orthogonal solitons used to form 
tweezers capsules within the system and observed at the same time at the output 
ports. After that reference [16] use Dark Soliton and Gaussian pulse modulation 
within PANDA to generate tweezers signal. As the same with literature reviews  
[44-46], haft-PANDA and PANDA ring resonators are used to generate optical tweezers 
signal for trapping tool applications. The optical vortices generation using PANDA ring 
resonator is proposed in [54]. Multi optical trapping tool and multi tweezers using the 
cascade add-drop devices are proposed in [56-57]. The major advantage of cascade 
microring device is the increase of speed as seen from the frequency of output 
signals. 

Third group is its application composed of [43], [47], [49], [52], [55] and [58]. In 
reference [43], the optical tweezers signal in [16] is applied for the molecular buffer 
system. Then reference [47] use PANDA ring resonator coating by gold to generate 
whispering gallery mode signal for atom or molecule trapping and the design of drug 
delivery system [49] using tweezers signal is proposed by the same authors. The 
design of microring resonator system for microsurgery use is proposed in [52]. By the 
advantage of optical tweezers, the microsurgery is possibility. System of a quantum-
molecular transportation using the multi-optical tweezers is presented in [55]. The 
transporter is generated by a Dark Soliton which can be transmitted into an optical 
link. The last literature in this group is application of PANDA ring resonator [58] for 
drug trapping and delivery. 
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Table 2.5 Compare the different functional 

Feature Reference Number 
13 14 15 16 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 

Fabrication (F) or 
Simulation (S) 

F S F S S S S S S S S S S S S S S S S 

Transfer function      -              

Evaluated  
suitalble 
parameters  
Process 

     -              

Depth of well      -              

Width of well      -              

Force calculation 
or measurement 

     -              

Velocity 
calculation or 
measurement 

     -              

  
From the Table 2.5, although many researches about optical tweezers 

generation, the suitable parameters in specification process which investigates the 
effects on output signals have rarely been discussed. The investigated parameters are 
the refractive index of material, the intensity coupling coefficients, the ring radius size 
and the center wavelength of input signal. Moreover, for the optical output 
(tweezers) properties such as the depth of well, the width of well, the force 
calculation or measurement and the velocity calculation or measurements lack 
explained information. Therefore, this thesis proposes the design of tweezer 
generators using MCADM and then simulates the effects of investigated parameters 
to specify the suitable trapping parameters. After that, the forces and velocity are 
evaluated. Finally, the optical tweezers properties are evaluated. 

 
2.7 Summary 

For the overall understanding of the proposed system from the beginning to 
end of the tweezer generation process, the basic theory of optical tweezer is 
required. By the Gaussian and Dark Soliton, signals are inputs to microring resonators 
device and are modulated within device by cross-phase modulation technique 
explained by the proposed mathematical transfer function in chapter 3. 
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I. Study MCADM properties that affect the optical tweezer characteristics 
such as output waveform, width of well, depth of well, net force, carrier 
capacity of trapping tool and velocity. 

II. Study and improve mathematical transfer function to explain the realistic 
characteristic of optical tweezer in (I) and use this transfer function to 
test the resulting effect. 

III. Define constraints of problem for solving such as the molecular size and 
velocity. 

IV. Choose the suitable parameters of MCADM which correspond with 
constraints of problem in (III) and testing results in (II). 

V. Propose the system with the suitable parameters and validation by our 
simulation results in Chapter 4. 
 

3.2 The Proposed Mathematical Transfer Function 
There are 4 parameters that affect  optical tweezer characteristics which consist 

of the intensity coupling coefficient ( 1 3,  ), ring radius size ( , ,ad R LR R R ), fabricated 
material and center wavelength ( 0 ) of the input signal. The effected optical tweezer 
characteristics are output waveform, width of well, depth of well, net force, carrier 
capacity of trapping tool and velocity. This section presents new mathematical 
transfer function. The optical tweezer characteristics are analyzed and proposed. 

3.2.1 The Proposed Mathematical Transfer Function  
According to our investigation of MCADM of previous work [16], it found 

that there are some errors in transfer function used to describe the characteristics 
of the optical tweezer signal at the throughput and drop ports. On the Equations 
(2.23) to (2.26) which describe the characteristic of light field (electrical field) at 
the positions 1 4E E in figure 2.16, and it is found that they disregard to consider 
the term of signal which the light coupling into the small left LR  and right RR  

microring resonator. Those equations use only the term of 2 2 2n
L L

jk
e


  

 that means 
only the signal of center perimeter ( adR ) is calculated for tweezer signal 
generations. By this reason, this thesis proposes the new mathematical transfer 
function to explain the realistic optical tweezer signal at throughput and drop 
ports. Given 1iE  and 2iE  are an input into input and add ports of MCADM 
respectively. When the input light pulse pass through the first coupler of the 
MCADM system, the transmitted and circulated components can be written as 
 

.
2.4 4

1 1 1 1 1 41 1
ad ad

n
L L

jk

t iE E j E e


  


 
 
  

     (3.1)
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. .
2.2 2 2.4 4

1 1 1 4 1 11 1
ad ad ad ad

n n
L L L L

jk jk

iE E e j E e
 

  
 

  
 
  

     (3.2)

 
 2 3 3 1 3 21 1 . . RE K E j K E     (3.3)

 
where 

1  and 
1  are the intensity coupling coefficient and the fractional 

coupler intensity loss of the add-drop optical filter, respectively.   is the 
attenuation coefficient, 2nk    is the wave propagation number,  is the input 
wavelength  light field and 2

ad
L R , 

adR  is the radius of add-drop (center ring 
radius) device. 
 For the second coupler of the MCADM system can be described as 

 
.

2.4 4
2 2 2 2 2 21 1

ad ad
n

L L
jk

t iE E j E e


  


 
 
  

     (3.4) 

 
. .

2.2 2 2.4 4
3 2 2 2 2 21 1

ad ad ad ad
n n

L L L L
jk jk

iE E e j E e
 

  
 

  
 
  

     (3.5) 

 
34 4 4 4 R1E = 1- ( 1- )E + j E )   (3.6) 
 

 where 
2  is the intensity coupling coefficient, 

2  is the fractional coupler 
intensity loss. The circulated light fields, 

1RE  and 
2RE  are the light field circulated 

components of the microring radii, 
L

R  and 
R

R  which coupled into the left and right 
sides of the MCADM system respectively. The light field transmitted and circulated 
components in the right microring, 

R
R , are given by  

 
2 2 1

2 2

1
2

( 1 . )

(1 1 )( 1 )
nR R

R L jk L

j r k E

r k

E
e

 



  
  (3.7) 

  
2

2 21
nR RL jk L

R RE E e
 

 (3.8) 
 

21 3 3 2 3 11 1R RE E j E   
      (3.9) 

 
 where 

3  and 3  are the intensity coupling coefficient and the fractional 
coupler intensity loss of the right microring, respectively.   is the attenuation 
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coefficient, 2
n

k    is the wave propagation number,  is the input wavelength  
light field and 

2
2

R
L R , 

R
R  is the radius of right microring.  

  From Equations (3.8) to (3.9), the circulated roundtrip light fields of 
the right microring radii, RR , are given in Equations (3.10) and (3.11) respectively. 

 
3 3 1

21
2

3 3

1

1 1 1 nR R
R L jk L

j E
E

e


 

   




  
 (3.10) 

 
2

3 3 1
2

2
3 3

1

1 1 1

nR R

nR R

L jk L

R L jk L

j E e
E

e




 

 

 

 




  
 (3.11) 

 
  Thus, the output circulated light field of

2RE , for the right microring is given by 
 
2 2

3 3 3 3 3 3
2 1

2
3 3

(1 )(1 ) (1 )(1 ) (1 )( )

1 (1 )(1 )

R n R R n R

R n R

L jk L L jk L

L jk L

e e
E E

e

 



     

 

   

 

 
         

    

 (3.12) 

 
 Similarly, the output circulated light field of

1RE , for the left microring at the 
left side of the MCADM system is given by 

 
2 2

4 4 4 4 4 4
4 3

2
4 4

(1 )(1 ) (1 )(1 ) (1 )( )

1 (1 )(1 )

L n L L n L

L n L

L jk L L jk L

L jk L

e e
E E

e

 



     

 

   

 

 
         

    

 (3.13) 

 
 where 

4  is the intensity coupling coefficient, 
4  is the fractional coupler 

intensity loss,   is the attenuation coefficient, 2
n

k    is the wave propagation 
number,  is the input wavelength light field and 2

L L
L R , 

L
R  is the radius of left 

microring. 
 From Equations (3.1) to (3.13), the circulated light fields, 

1E , 
3E  and 

4E  are 
defined as Equations (3.14) to (3.18) by the constant parameters which are given as: 
 

1 1 1 1 1 1x = 1-      ,     y = 1-     ,     z =    
 

2 2 2 2 2 2x = 1-      ,     y = 1-     ,     z =    
 

3 3 3 3 3 3x = 1-      ,     y = 1-     ,     z =      
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4 4 4 4 4 4x = 1-      ,     y = 1-     ,     z =    
 

, , ,
n nR R L L

a a- L - jk L - L - jk L
2 2

R R L L1 2P = e    P = e      L = 2pR      L = 2pR    
 

 1 1 8 1 1 2 2 1 8 1 1 4 4 2 8 1 1 2 2 4 4 1 2 8A = x z PL - x z x y P PL - x z x y P PL + x z x y x y P P PL   
 

2 2
1 1 3 3 4 4 4 8 1 1 2 2 3 3 4 4 1 4 8 1 1 3 3 4 4 2 4 8

2 2 2 2 2 2
1 1 2 2 3 3 4 4 1 2 8 4 1 1 3 3 4 4 2 4 8 1 1 2 2 3 3 4 4 1 2 4 8

B = (x y x z x y PL PL - x y x y x z x y P PL PL - x y x z x y P PL PL

+ x y x y x z x y P P PL PL - x y x z x z P PL PL + x y x y x z x z P P PL PL ) 

 
2 2 2

1
2

2 2 2 2 1
2 2 2

1 1 2 2 3 3 4 4 4 1 1 3 3 4 4 4 1 1 3 3 4 4 4

2 2 2 2 2 2 2 2
1 1 2 2 3 3 4 4 2 4 1 1 2 2 3 3 4 4 12 2 4

2 2 2 2 2 2 2 2
1 1 2 2 3 3 4 4 12 2 4 1 1 2 2 3 3 4 4 2 4

1

x y x y x y x y (PL ) x y x y x y x y (PL ) x y x z x y x y (PL )

- x y x y x y x y P (PL ) + x y x y x y x y P P (PL )
C

+ x y x z x y x y P P (PL ) - x y x y x y x z P (PL )

- P - P

+ x y



2 2 2 2 2 2 2 2 2 2
1 2 2 3 3 4 4 12 2 4 1 1 2 2 3 3 4 4 12 2 4x y x y x z P P (PL ) + x y x z x y x z P P (PL )

 
 
 
 
 
    

 
2 2 1 4 4 2 2 2 4 4 1 2 1 1 1 4 1 4 2F =1- x y P - x y P +x y x y PP  ,    G= x  y - x x  y y P   

 
2 2 2 2

1 2 3 4 2 3 4 1 4 8 4 4 1 2 3 2 3 1 2 4 8 4 4 1 2 3 2 3 1 2 4 8

2 2 2 2 2 2
2 2 1 3 4 3 4 1 1 4 8 2 4 2 4 1 3 3 1 1 2 4 8

2 2 2 2 2 2
2 4 2 4 1 3 3 1 1 2 4 8 2 2 1 4 3 3 4 1

x x x x y y y z  .PL PL - x y x x x y y z . P PL PL - x z x x x y y  z .P PL PL

- x y x x x y y z . P PL PL + x x y y x x y z . P P PL PL

+ x x y z x x y z  P P .PL PL - x z x x x y
H

y
j

z  


1 4 8

2 2 2 2 2 2 2 2
2 4 2 4 1 3 3 1 1 2 4 8 2 4 2 4 1 3 3 1 1 2 4 8

.P PL PL

+ x x z y x x y z . P P PL PL + x x z z x x y z  .P P PL PL

 
 
 
 
 
  

 

( )

2 2 2 2 2 2 2
1 3 4 4 1 3 8 4 4 1 3 1 3 2 8 4 4 1 3 1 3 2 8

2 2 2 2
1 2 3 4 1 3 2 4 1 8 4 4 1 2 3 2 1 3 1 2 8

2 2 2
4 4 1 2 3 2 1 3 1 2 8

x x x y z z PL - x y x x z z P PL - x z x x z z P PL

- x x x x z z y y P PL + x y x x x y z z P P PL

+ x z x x x y z z P P

I

PL

 
 

   
 
    

 
  2 2 2 2

4 4 2 3 3 2 2 1 2 3 2 3 8 2 2 3 3 1 8 2 2 3 3 1 8J = 1- x y P   ,  K = x y 1- x y P   ,   L = x x y z PL - x y x z P PL - x z x z P PL

  
 2 2 1M = 1- x y P   

 

1 2i i
1

A.E + B.E
E = j

F -C

 
 
 
 

(3.14) 

 

 
2 2 2 2

2 2 2 2 1 2 2 1
2 1

2 2 1

x y  -x y P - x z P
  E = E

1- x y P

 
 
  

(3.15) 
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3
2

2 2 2 2
2 2 3 3 4 2 2 3 3 4 1 2 2 3 3 4 1 1 3 3 8 2 2 3 3 8 1 i

2 2 1

(x y x y PL  -x y x y PL P - x z x y PL P )E + j(x z PL - x y x z PL P ).E

1- x y
E

P


 


 
(3.16) 

 
2 2 2 2

4 4 4 4 4 42 2
4 3

4 4 2

x y - x y P - x z P
E = E

1- x y P
 

 
 
  

(3.17) 

 
 Thus, from Equations (3.1), (3.3), (3.14)-(3.17), the output optical field of the 

through port (
1tE ) is expressed by 

 
 

 1 2

2

th i i    2

F.I - B.H - C.IG.F - G.F.C - A.H.J
E = E  + E

F .J - C.F.J F. F - C

  
  
    

 

 
(3.18)

 The power output of the through port (
1tP ) is written by 

 

     
2

4 4 4
1 1 1 1 1 1 1 2 2 1 2 1 1 1 2 1 2 1 2

ad ad
n

L L
jk

t t t i R R R iP E E x y E jx x y E E E x x E E e


  
     

 
(3.19)

  Similarly, from Equations (3.3), (3.4), (3.14)-(3.17), the output optical field of 
the drop port (

2tE ) is given by 
 

 
2 1i i

drop

BL
K F - C - E - L.A.E

K
E =

M F - C

 
 
   

 

(3.20)

  The power output of the drop port (
2tP ) is expressed by 

 

   
2

4 4 4
2 2 2 2 2 2 2 2 2 1

ad ad
n

L L
jk

t t t i RP E E x y E jx E E e



      

 
(3.21)

  In order to retrieve the required signals, the author proposes to use an 
MCADM device with the appropriate parameters. This is given in the following details. 
The optical circuits of a MCADM for the through port and drop port can be given by 
Equations (3.19) and (3.21) respectively. The chaotic noise cancellation can be 
managed by using the specific parameters of a MCADM device, and the required 
signals can be retrieved by the specific users. 1  and 2  are the coupling coefficients 
of a MCADM device, 2 /  

n
k    is the wave propagation number for in a vacuum, 

and the waveguide (ring resonator) loss is 55x10  dB/mm. The fractional coupler 
intensity loss is 0.01  . In the case of a MCADM device, the nonlinear refractive 
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index is neglected. By adding term of light coupling in to the small right RR , it affects 
the electrical field signal of 2E  in Equation (3.12) while and left LR  microring 
resonator affects the electrical field signal of 4E  in Equation (3.13). Then the effect 
will extend to the electrical signal of throughput ( thE ) and drop ( dE ) ports in 
Equations (3.17) and (3.19). Finally, by adding two terms will produce the finely 
tweezer signals at throughput ( 1tP ) and drop ( 2tP ) ports in Equations (3.18) and (3.20). 
The adding term of light coupling RR and LR  affects both increasing and decreasing 
in all electrical signals ( 2 4, , ,th dE E E E ) upon the additive or substractive interference 
of microring resonator. If the ring radius sizes are  increasing, then the numbers of 
resonant mode within ring are increasing. Consequently, the width of well of the 
output signal is decreasing. If the ring radius size is decreasing,  the width of well is 
increasing.  

 
3.3 Characteristics and Results Analysis of MCADM 
 After improving mathematical transfer function for describing the optical 
tweezer characteristics, the next issue is the parameter test for studying the effect of 
output waveform signal. This section will use the parameters analyzed in section 3.2 
for test these effects. The investigated parameters are intensity coupling coefficient  
( 1 3,  ), ring radius size ( , ,ad R LR R R ), fabricated material and center wavelength ( 0 ) 
of the input signal. The effected characteristics results are depth of well, width of 
well, free spectral range (FSR) and velocity.   

3.3.1 Intensity Coupling Coefficient 
The intensity coupling coefficient or kappa ( 1 3,  ) is the ratio of coupling 

light signal into the microring to form and generate additive and subtractive 
interference (on-off resonance) within each microring. For the reason of 
systematic balance, the intensity coupling coefficient of 2 4,   is assigned to 0.35. 
In addition, the nonlinear property of MCADM allows the cross-phase modulation 
between Gaussian and Dark Soliton signals that produce the optical tweezer 
output at throughput and drop ports. Typically, the ratio of the intensity coupling 
coefficient varies from 0 to 1 while the other parameters are fixed. The objective 
of the study is the investigation of intensity coupling coefficient, which affects 
optical tweezer results at throughput and drop ports. The effected results can be 
summarized in Table 3.1.The blue highlight in Tables 3.1-3.4 demonstrates the 
suitable parameter value for a constrained problem. 
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Table 3.1 The effects of the intensity coupling coefficients on optical tweezer signal 
Intensity 
Coupling 

Coefficient 
Depth of 
well (dB) 

Width of 
well (nm) 

FSR  
(nm) 

Velocity 
(μm/s) 

1  3  
0.55 0.45 0.50 2 12 220.5 
0.60 0.40 0.62 2 12 182.1 
0.65 0.35 0.76 2 12 145.5 
0.70 0.30 0.94 2 12 111.1 
0.75 0.25 1.17 2 12 79.49 
0.80 0.20 1.49 2 12 51.15 
0.85 0.15 1.96 2 12 27.06 
0.90 0.10 2.88 2 12 8.794 
0.95 0.05 8.16 0.3 12 0.033 

 
The results in Table 3.1 show that the variation of 1  and 3  are related 

to the depth of well (magnitude of gradient force) and the velocity will decrease 
proportion to the increasing of 1 . About the width of well and FSR, they are 
almost constant. The blue highlight in Table 3.1 demonstrates the suitable 
parameter value for a 2 nm polystyrene particle which is trapped and 
manipulated with ≈ 8 m/s of velocity. 

3.3.2 Ring Radius Size 
Normally, ring radius of MCADM is designed upon free spectral range (FSR) 

or mode of resonance in the microring which the total FSR can be described as 
 

total c c R R L LFSR N FSR N FSR N FSR    (3.1)

 
where iN the numbers of resonance mode, subscript c  is represented 

central microring, subscript R  is represented right mirroring, subscript L  is 
represent left microring, FSR can be determined by the relationship of group 
velocity ( gn ), speed of light ( c ) and waveguide length ( L ) as 

 

g

c
FSR

n L
  (3.2)

 
 Substitution Equation (3.2) into Equation (3.1), so that 
 



47 
 

 

c R L
g c g R g L

c c c
N N N

n L n L n L
   (3.3)

 
 Therefore, the number of resonance mode corresponds with 
 

c c c c

R R R L

N L R R

N L R R
    (3.4)

 
where iR  is a radius of microring, subscript i c  is represented center 

microring, subscript i L  is represent left microring and subscript i R  is 
represented right microring. From the Equations (3.1) to (3.4) indicated that FSR is 
proportional with the ring radius size while the numbers of resonance mode is a 
direct variation in ring radius size. The objective of the study is the investigation 
of the ring radius size, which affect optical tweezer results at throughput and 
drop ports. Usually, the ring radius sizes are varying from 2 to 20 μm while the 
other parameters are fixed. The fabricated ring radius size is explored from 
several researches in section 2.5 (Table 2.2). The effected results can be 
summarized in Table 3.2. 

 
Table 3.2 The effects of the ring radius size on optical tweezer signal 

Ring Radius Size Depth of 
well (dB) 

Width of 
well (nm) 

FSR  
(nm) 

Velocity 
(μm/s) adR  R LRR   

2 1 2.36 12 41 12.11 

4 2 2.49 6 58 11.74 

6 3 2.51 5 38 12.22 

8 4 2.43 3 28 13.27 

10 5 2.57 3 23 12.23 

12 6 2.53 3 18 12.52 

14 7 2.56 3 17 12.23 

16 8 2.71 2 15 10.64 

18 9 2.54 2 13 12.24 

20 10 2.88 2 12 8.794 

 
From Table 3.2, it shows that the increased variation of ring radius size is 

directly proportional to the increase in depth of well, while the width of well and 
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FSR is proportional to the increase of ring radius which relates to the analysis of 
Equations (3.1) to (3.4). The increasing of ring radius size is insignificant for 
velocity.  For the blue highlight in Table 3.2 demostrates the suitable parameter 
value for a 2 nm polystyrene particle is trapped and manipulated with ≈ 8 m/s 
of velocity. 

3.3.3 Fabricated Material 
The effective index ( effn ) of material is effect with nonlinear properties of 

fabricated waveguide and also effect to MCADM fabrication. One of nonlinear 
properties is the effective index which depends on the intensity with respect to 
the time. The effective index of material can be described as 

 
0 2eff In n n  (3.5)

 
Where 0n  is the linear refractive index of materials, 2n  represents the 

nonlinear refractive index of material and I  is the intensity. In additional, the 
numbers of the resonance mode ( N ) is directly proportional with the effective 
index of material. 

 
2 effrn

N



  (3.6)

 
Where r  is a ring radius size and   is the center wavelength of the input. 

The fabricated microring resonator is explored during a past decade as shown in 
section 2.4 (Table 2.1). The popular materials for microring resonator fabrication 
are varying from InGaAsP, AlGaAs, Ta2O5, SiN and SiO2 while the other parameters 
are fixed. The objective of the study is the investigation of the fabricated material 
which affects  optical tweezer results at throughput and drop ports. The effected 
results can be summarized in Table 3.3. 

 
Table 3.3 The effects of the fabricated materials on optical tweezer signal 

Fabricated 
Material 

Depth of 
well (dB)

Width of 
well (nm)

FSR (nm) Velocity(μm/s)

InGaAsP 2.88 2 12 8.794 
AlGaAs 2.49 1 12 12.69 
Ta2O5 2.50 1 17 12.75 
SiN 2.50 1 17 12.74 
SiO2 2.41 3 25 13.2 
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Table 3.4 (Cont.) 
Input Center 

Wavelength(nm) 
Depth of 
well (dB) 

Width of 
well (nm) 

FSR (nm) Velocity(μm/s)

1300 2.99 1 9 7.839 

1450 2.75 1 10 10.24 

1500 2.54 1 10 12.15 

1550 2.88 2 12 8.794 

1600 2.57 2 12 11.99 

1700 2.95 1 14 8.087 

 
The results in Table 3.4 and mathematical analysis from Equation (3.6) 

illustrate that width of well and FSR is directly proportional with the changing of 
center wavelength of the input signal. Moreover, the blue highlight in Tables 3.4 
demonstrates the suitable parameter value for a 2 nm polystyrene particle which 
is trapped and manipulated with ≈ 8 m/s of velocity. 

 
3.4 Constrained Problem and the Design of Tweezer and Generators 

using Modified Circular Add-Drop Modulator 
Normally, the design of tweezer and generators using MCADM is divided into 6 

steps as follows: 
I. The definition of explicit constrained problems such as the size of 

particle, center wavelength of input signals and required velocity for 
particle trapping. 

II. The knowledge of the mathematical transfer function of the device is 
used to explain the characteristics or properties of tweezers signal. 

III. The analytical framework studies the mathematical transfer function with 
effect to the desire tweezers properties output, which is corresponding to 
the explicit domain of constrained problem. 

IV. All effected parameters from (III) for generating optical tweezers 
properties are tested and chosen the suitable parameter results for the 
corrected our desire output. The use of those suitable parameters is 
used for designing device MCADM. 

V.  The designed MCADM is simulated or fabricated in order to confirm the 
optical tweezers properties. 

VI. The designed device in (V) is simulated to confirm the purpose of 
constrained problem or optical tweezer properties. 
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3.4.1 Defining Constrain of Problem 
Our thesis focuses on the nanoparticle trapping and manipulation which 

the size of trapped particle is smaller than the wavelength of input signals and 
force is described and calculated by Rayleigh regime ( 1X  ) in section 2.1. This 
Rayleigh regime unit of force is in the range of piconewtons. The aim of this 
section will give some examples of constraint of problem definition for applying 
to the trapping tool application. There are many issues that must be realized for 
trapping tool application, the first conscious to increase the efficiency of optical 
tweezer for particle or molecular trapping is the obviously constrain of problem 
definition. The second is size of particles and center wavelength of input signals 
for particle trapping that relates to the calculated force regime. Third is the light 
property of a particle (refractive index) which must be suitable for trapping. The 
next issue is the required trapping velocity and the final issue is the suitable 
parameters of a trapping device which derives from analytical mathematical 
transfer function and its results in section 3.3. For the convenience, the popular 
neutral particle of polystyrene 2 nm is used for simulating our system with the 
trapping velocity ≈ 8 m/s as constrained problem. 

3.4.2 The Design of Tweezer and Generators using Modified Circular Add-
Drop Modulator 
• The suitable Parameters Specification 
For constrained problem in section 3.4.2 in which the particle size is 2 nm 

and the require velocity is ≈ 8 m/s and characteristic analysis results in section 
3.3 that show the effected results of parameter change. All of table compares 
the variation of parameters with respect to depth of the well, width of well, FSR 
and velocity. In fact, the depth of well is related to the magnitude of gradient 
force while width of well shows the space for carrying the nanoparticle of 
polystyrene 2 nm size. FSR value is proportional to the carrying capacity of 
trapping tool and finally velocity must be realized for our need. In Tables 3.1 to 
3.4 the blue highlighted rows are the suitable parameters for constrain of the 
problem. In conclusion of suitable parameters are summarized in Table 3.5. 
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Table 4.1 The parameters for primary suitable specification of 3 modulators 
simulation 

Parameter Symbol RADM CADM MCADM 

Gaussian pulse (a.u) - 1 1 1 

The effective core area of modulator 
(m2) effA  0.49 0.49 0.49 

Intensity attenuation loss (dB/mm)   5x10-5 5x10-5 5x10-5 

Intensity insertion loss   0.01 0.01 0.01 

Center ring radius (m) adR  2 - 20 2 - 20 2 - 20 

Right ring radius (m) RR  - - 1 - 10 

left ring radius (m) LR  - - 1 - 10 

Intensity coupling coefficient of device

1  0 - 1 0 - 1 0 - 1 

2  - - 0.35 

3  0 - 1 0 - 1 0 - 1 

4  - - 0.35 

Linear refractive index of materials

( )InGaAsP0n  3.34 3.34 3.34 

( )AlGaAs0n  3.28 3.28 3.28 

( )2 5Ta O0n  ≈2.20 ≈2.20 ≈2.20 

( )SiN0n  2.20 2.20 2.20 

( )SiO20n  1.53 1.53 1.53 

Nonlinear refractive index of materials

( )2 InGaAsPn  4.27x10-17 4.27x10-17 4.27x10-17

( )2 AlGaAsn  1.50 x10-17 1.50 x10-17 1.50 x10-17 

( )2 52 Ta On  7.23 x10-19 7.23 x10-19 7.23 x10-19 

( )2 SiNn  2.40 x10-15 2.40 x10-15 2.40 x10-15 

( )2 SiO2n  2.40x10-16 2.40x10-16 2.40x10-16 

Center wavelength of input signal (nm)
0

700 - 1700 700 - 1700 700 - 1700 
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4.1.1 Racetrack Add-Drop Modulator (RADM) 
Figure 4.1 shows the physical geometry of RADM comprised of two arcs 

with diameter of 40 μm and coupling length of 30 μm as mentioned in [15]. To 
study the responsible characteristic, the laser light is modelled in the form of 
Gaussian like pulse signal and then this signal is fed into the device at the input 
port to find the suitable parameters of RADM for molecular trapping and 
manipulation. The suitable parameters are evaluated based on the simulation 
results and output signal properties such as output waveform of signal, depth of 
well, width of well, FSR and velocity. The investigated parameters are comprised 
of the intensity coupling coefficient ( ), the ring radius size ( adR ), the material 
properties ( 0 2,n n ) and the center wavelength ( 0 ) of the input signals. The 
lower and upper ranges of each parameter are shown in the 3rd column of Table 
4.1. 
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Figure 4.1 The physical geometry of RADM 

 

 Intensity Coupling Coefficient 
This section reports the results 2 tests. In the first test, 1  is equal to 2

and they vary proportionaly. In the second test, 1  and 2  are different and they 
vary at the inversed proportion. The lower bound of   is 0 and the upper bound 
is 1 and the variation interval of the intensity coupling coefficient is 0.05. The 
other parameters such as material ( ( )InGaAsP0n , ( )2 InGaAsPn ), ring radius ( 20adR m ), 
and wavelength ( 0 1550 nm  ) are fixed, while the intensity coupling coefficient 
varies. Then, the variation effects of the intensity coupling coefficient ( ) on the 
output signal properties have been investigated.  
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Table 4.5 The effects of input center wavelength variation on output signal  

Input Center 
Wavelength(nm) 

Depth of 
well (dB) 

Width of 
well (nm) 

FSR (nm) Velocity(μm/s)

750 1.55 0.1 0.6 4.973

850 1.54 0.1 0.7 4.988

900 1.55 0.2 0.8 4.984

1250 1.68 0.3 2.0 4.975

1450 1.66 0.4 2.0 4.973

1500 1.55 0.4 2.0 4.973

1550 1.56 0.4 2.0 4.973

1600 1.55 0.5 3.0 4.973

1700 1.47 1.0 3.0 4.972
 

The increase of input center wavelength of RADM is directly proportional 
to the width of well and FSR. The velocity is not quite different. The depth of 
well is ambiguous. 

 

 Velocity 
After the suitable parameter specifications of RADM are determined, the 

parameters (the intensity coupling coefficients, the ring radius size, the input 
center wavelength, the refractive index of material) are used for velocity 
approximation. The constrained parameters are the microring waveguide are 
made from InGaAsP/InP. The intensity coupling coefficient are assigned as the 
followings: 1 0.7  , 2 0.3  , ring radius ( 20)adR m  and the input signal is 
Gaussian with center wavelength at 1.550 μm. Considering the relation of 
intensity values and kinetic energy within the condition of no thermal effect and 
other losses, the velocity can be approximated as shown in Figure 4.7.  
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Figure 4.7 The comparison of velocity respect to the wavelength of RADM 

 
4.1.2 Circular Add-Drop Modulator (CADM) 

Figure 4.8 shows the physical geometry of CADM [14] with the ring radius 
of 20 μm. The laser light is modelled in the form of Gaussian and fed into the 
device at the input port to find suitable parameters of CADM for simulation and 
comparison with the proposed system. The objective of this experiment is find 
suitable parameters of CADM for particle trapping and manipulation. The 
investigated parameters are composed of the intensity coupling coefficient ( ), 
ring radius size ( adR ), the material properties ( 0 2,n n ) and the center wavelength 
( 0 ) of the input signal of which the lower and upper bounds of each parameter 
values are shown in the fourth column of Table 4.1.  
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Figure 4.8 The physical geometry of CADM 
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Table 4.6 The effects of the intensity coupling coefficient on optical output signal 

Intensity Coupling 
Coefficient Depth of 

well (dB) 
Width of 
well (nm) 

FSR (nm) 
Velocity 
(μm/s) 

1  3  

0.1 0.9 0.06 3 6 27.42

0.2 0.8 0.13 2 6 24.72

0.3 0.7 0.23 2 5 21.53

0.4 0.6 0.39 2 6 17.9

0.5 0.5 0.60 2 5 13.9

0.6 0.4 0.94 1 6 9.58

0.7 0.3 1.56 1 6 4.958

0.8 0.2 7.74 0.1 6 0.012

0.9 0.1 1.32 1 5 5.473
 
The increase of the intensity coupling coefficient of RADM is directly 

proportional to the depth of well and the decrease of the width of well and the 
velocity value. However, for FSR, this increasing is insignificant. 

 

 Materials 
This study examines the waveguide material effects on the output signal 

properties; thus, the other parameters such as intensity coupling coefficients, ring 
radius, wavelength are fixed, while the material for fabricating microring resonator 
is varied. The fabricated materials properties are given in Table 2.1 and the 
summarized values in table 4.1 are often used for CADM simulation. The intensity 
coupling coefficients are assigned as the followings: 1 0.7  , 2 0.3   , ring 
radius  ( 20)adR m , and the center wavelength of Gaussian input signal 

0( 1550) nm  . Figure 4.12 shows the simulation results of different materials, and 
the summary of materials effects on the output properties is shown in Table 4.7. 
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Figure 4.15 The physical geometry of MCADM 

 

 Intensity Coupling Coefficient 
This this section, the research studies the effects of the intensity coupling 

coefficients ( ) variations on output signal properties, and the other parameters 
such as material properties ( ( )InGaAsP0n , ( )2 InGaAsPn ), ring radius ( 20adR m ,

10R LR R m  ) and center wavelength of input signal ( 0 1550 nm  ) are fixed, 
while the intensity coupling coefficient is varied. To achieve a systematic balance, 

2  and 4  are assigned as 0.35. The lower bound of 1 3,   is 0 and the upper 
bound is 1 and the varying interval of the intensity coupling coefficient is 0.05. 
This section reports the results 2 tests. In the first test, 1  is equal to 2 and they 
vary proportionaly. In the second test, 1  and 2  are different and they vary at 
the inversed proportion. Figure 4.16 shows the simulation results of the intensity 
coupling coefficient effects under the condition that 1  equals to 3 , meanwhile 
Figure 4.18 shows the simulation results of the intensity coupling coefficient 
effect under the condition that 1 , 3 have different values. The red line 
represents the output signal at the throughput port and the blue line represents 
the output signal at the drop port. When comparing the results in Figures 4.16 
and 4.17, it is observed that the equal increase of 1 , 3  is insignificant; hence, 
the summary in Table 4.10 considers only the condition when the  values are 
different. 
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4.2 Experimental Results of the Proposed System 
As explained in section 3.3.4, the physical geometry of system in Figure 4.22 is 

simulated based on the suitable parameters of MCADM. Furthermore, the objective 
of this system is to compare its efficiency with 2 modulator devices (RADM and 
CADM). The best parameters for RADM and CADM are prepared in Table 4.14. The 
input signals of simulation test are Gaussian and Dark Soliton, which are fed into the 
input and add port respectively. The four investigated parameters are the intensity 
coupling coefficient ( ), the ring radius size ( , ,ad R LR R R ), the material properties  
( 0 2,n n ) and the center wavelength  ( 0 ) of the input signal. From the suitable 
parameters of mathematical transfer function analysis in Table 3.5 and primary 
suitable parameter specification results in Table 4.14, the suitable parameters of 
MCADM can be concluded in Table 4.15. 

 
Table 4.15 The parameter simulation of MCADM 

No. Parameter Symbol Value 
I. Gaussian beam peak power (a.u) 1iE  1 
II. Dark Soliton peak power (a.u) 2iE  1, 35 fs 
III. The waveguide coupling loss coefficient (db/mm)   5x10-5 
IV. The intensity coupling loss coefficient   0.01 
V. The effective core area of MCADM (m2) effA  1.44 

VI. Linear refractive index of InGaAsP 0n  3.34 
VII. Nonlinear refractive index of InGaAsP (cm2/W) 2n  4.27x10-17 
VIII. Center wavelength of input signal (nm) 0  1550 
IX. The center microring radius (m) adR  20 
X. The right microring radius (m) RR  10 
XI. The left microring radius (m) LR  10 

XII. The intensity coupling coefficient 

1  0.9 
2  0.35 
3  0.1 
4  0.35 
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4.3.2 Discussion of Effected Parameters 
From mathematical analysis in section 3.3 and the experimental results in 

section 4.2, the study parameters is concluded as the followings: 
• The variation of the intensity coupling coefficient 

The experimental results confirm that the variation of 1  and 3  is 
affected by depth of well (magnitude of gradient force) and velocity increases 
following the increased value of 1  and 3  while width of well and FSR are 
insignificant. 
• The variation of fabricated material property 

The depth of well increases direct proportionaly to the increase of 
refractive index of material value while FSR and velocity decrease or is 
proportional to the increase of refractive index value corresponding to 
mathematical transfer function analysis results in section 3.3.3. For width of 
well, the parameter variation is not significant. 
• The variation of microring radius sizes  

The increase of ring radius size is directly proportional to the increase 
of depth of well and velocity, while width of well and FSR and width of well 
are proportional to the increase of ring radius which is consistent with the 
mathematical analysis in section 3.3.2.  
• The variation of input center wavelength signal 

Width of well and FSR are direct proportional to the change of center 
wavelength of the input signal. The increase of center wavelength has a direct 
effect on the increase of width of well and FSR, while depth of well and velocity 
are insignificant. 

 
Table 4.17 The comparison of primary suitable parameter specifications 

Feature Type of Modulator 

RADM CADM MCADM 

Peak Power (a.u) 1 1 1 

Center Ring Radius (μm) 20 20 20 

Left Ring Radius (μm) - - 10 

Right Ring Radius (μm) - - 10 

Center Wavelength (μm) 1.55 1.55 1.55 

Depth of Well (dB) 1.24 1.30 1.56 
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Table 4.18 The comparison of three modulators performance 

Feature 
Type of Modulator 

RADM CADM MCADM 

Peak Power (a.u) 1 1 1

Center Ring Radius (μm) 20 20 20

Left Ring Radius (μm) - - 10

Right Ring Radius (μm) - - 10

Center Wavelength (μm) 1.55 1.55 1.55

Depth of Well (dB) 1.53 1.39 2.88

Width of Well (nm) 0.4 1 2

FSR(nm) 2 6 12

Net Force (N) ≈ 18.40 x10-12 ≈ 18.40 x10-12 ≈ 18.51 x10-12

Velocity (μm/s) 5.039 5.877 8.975

Capacity 17 17 28

 
4.4 Opti FDTD Simulation Results 
  After the output results have been tested and analyzed using Matlab, the 
output results are tested by Opti-FDTD. Three microring devices are modeled under 
the constraint of suitable parameters, and the Gaussian input is fed into each system 
to evaluate them. In additional, the output results of two commercial programs are 
evaluated utilizing Pearson product-moment correlation coefficient or "Pearson's 
correlation coefficient", commonly called "the correlation coefficient ( r )". It is 
obtained by dividing the covariance of the two variables by the product of their 
standard deviations [58]. 
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the size of center ring radius ( adR ) is equal to 20 m. The left and right ring radii  
( R LR or R ) are varied and the material used is InGaAsP. Finally, the input center 
wavelength ( 0 ) is varied in the optical transmission window. The waveguide 
fabricated from InGaAsP for core and cladding is InP.  The third publication [63] is the 
extended work from the previous publication [62] which uses the same parameters. 
However, the left and right ring radius ( R LR or R ) is fixed at 5 m. The study 
compares bus, star and ring networks based on crosstalk and signal to noise ratio. 

 
4.6 Summary 

The characteristics of the trapping tools for an optical Racetrack Add-Drop 
Ring Resonator, optical Circular Add-Drop Modulator and optical Modified Circular 
Add-Drop Modulator are proposed and confirmed in this thesis. The Gaussian and 
Dark Soliton are input into the ring resonator devices. Five parameters consisting of 
intensity coupling coefficient, materials, ring radius, wavelength and velocity are 
examined for the proper trapping and manipulation characteristics. The parameters 
affecting the width of well are ring radius size and input center wavelength. The 
lower bound and upper bound of ring radii used in this thesis are in the range of 4-20 
m for center microring radius and 2-10 m for left and right microring radius. The 
parameters affecting velocity are the intensity coupling coefficient ranging from 0-1, 
the refractive index depending on material type and ring radius size. In the next 
chapter, the conclusion and future work are proposed. 
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add and drop ports is 0.1, the size of center ring radius ( c dR or R ) is assigned by 
radius of 20 m, the left and right ring radii ( R LR or R ) are 10 m, the material 
suitable for our requirement is InGaAsP. Finally, the input center wavelength ( 0 ) is 
1550 nm. The waveguide fabricated from InGaAsP for core and cladding is InP. The 
width and height of the waveguide are 0.7 m and the length of bus waveguide from 
input port to the MCADM ring is 5 m. Afterward, the simulation of the proposed 
design is conducted and the results are confirmed. The experimental results show 
that the optical tweezer signal is generated by MCADM with the 2 nm width of well, 
2.88 dB depth of well, and 18.51 pN of the net force. The carrying capacity is 28 and 
velocity is 8.795 m/s. The proposed design of tweezer and generators using MCADM 
cab be applied for targeted drug delivery system and cancerous therapeutic uses. 

 
5.2 Future Work 

Since the OptiFDTD program used in this study does not have Bright and Dark 
Soliton input modules, the results can be validated only the Gaussian input signal for 
three modulators. For future research, the author will determine the methodology to 
confirm the results of the modulation signal obtained from Gaussian and Dark Soliton 
within the modulators.  In addition, the microparticles or molecular trapping 
processes for transportation and manipulation is an attractive investigation. 
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