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บทคัดยอ
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Abstract

We propose a novel system of a dark-bright soliton pulse conversion that can be 
dynamically controlled by the desired input signal within an add/drop optical 
filter, where the dark solition signals are controlled, tuned and amplified by the 
input bright soliton. In this paper, the dynamic behavior of dark-bright soliton 
interaction is analyzed and described. The optical storages are embedded within 
the add/drop optical filter system, whereas the generated optical signals can be 
stored and amplified. In application, the storage signals can be configured to be an 
optical trapping tool/potential well which is known as optical tweezers, where 
the high field peak signal or well can be formed the trapping tool. 

Keywords : Dynamic dark-bright soliton conversion; Dynamic wells

 

Introduction

Dark-bright soliton control within the add/drop filter has been investigated clearly 
by the authors in reference (K. Sarapat et al., 2009), 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 application 
is formed when the high optical field is configured as an optical tweezer or 
potential well, which is available for use as an atom/molecule trapping tool. 
Optical tweezers technique has become a powerful tool for manipulation of 
micrometer-sized particles in three spatial dimensions (A. Ashkin et al., 1986; 
P. Minzioni et al., 2008). Initially, the useful static tweezer is recognized, and the 
dynamic tweezer is now realized in the 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. The 
recent progress includes the trapping and control of single atoms in dynamic potentials 
(S. Bergamini et al., 2004; D. D. Yavuz et al., 2006), the sub-micron positioning 
of individual atoms with standing-wave potentials (D. Schrader et al., 2004; J. A. Sauer 
et al., 2004), micro-structured and dynamic traps for Bose-Einstein condensates 
(T. P. Meyrath et al., 2005; V. Boyer et al., 2006; A.V. Carpentier et al., 2008).
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THEORY BACKGROUND

In this investigation, we are looking for a stationary dark soliton pulse, which is 
introduced into the multistage micro-ring resonators as shown in references 
(K. Sarapat et al., 2009; S. Mitatha et al., 2009; P.P. Yupapin and N. Pornsuwan-
charoen. 2009). The input optical field (Ei1) of the dark soliton pulse and the op-
tical field (Ei2) of the bright soliton pulse (pump signal) at add port are given by

      (1a)

      (1b)

 where A 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, where  and  are the coefficients of the linear and 
second-order terms of Taylor expansion of the propagation constant.  
is the dispersion length of the soliton pulse. T0 in equation is a soliton pulse 
propagation time at initial input (or soliton pulse width), where t 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 peak intensity  
is given, then T0 is known. For the soliton pulse in the microring device, 
a balance should be achieved between the dispersion length (LD) and the 
nonlinear length  where  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 

 When light propagates within the nonlinear material (medium), the refractive        
index (n) of light within the medium is given by

      (2)

 where n0 and n2 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 Aeff. The resonant output is formed,
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thus, the normalized output of the light field is the ratio between the output 
and input fields [Eout(t) and Ein(t)] in each roundtrip, which is given by

      (3)

 The close form of Eq. (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, , and a fully reflecting mirror.  is the coupling 
coefficient, and represents a roundtrip loss coefficient,  
and  are the linear and nonlinear phase shifts,  is the wave 
propagation number in a vacuum, where L and  are waveguide length and 
linear absorption coefficient, respectively.  is fractional coupler in tensity loss.
 In this work, the iterative method is introduced to obtain the results as shown 
in Eq. (3), 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 through and drop 
port can be given by Eqs. (4) and (5), respectively (K. Sarapat et al., 2009; A.V. 
Carpentier et al., 2008)

      (4)

      (5)

 where Et1 and Et2 represent the optical fields of the through and drop ports, 
respectively.  is the propagation constant,  is the effective refractive 
index of the waveguide, and the circumference of the ring is  with R as the 
radius of the ring. In the following, new parameters will be used for simplification 
with  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,  is the wave propagation number for in a vacuum, and 
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where the waveguide (ring resonator) loss is  = 0.5 dBmm-1. The fractional 
coupler intensity loss is  = 0.1. In the case of the add/drop device, the nonlinear 
refractive index is neglected.

Figure 1 A schematic diagram of storage optical tweezers, where a single nanoring 
   resonator

 The schematic diagram of the optical tweezers storage is designed and shown 
in Figure 1. In operation, to form the storage unit, a nanoring resonator is 
embedded within the add/drop optical filter in the system. The nanoring resonator 
radius ( ) and the coupling coefficient ( ) are 100nm and 0.15, respectively. In order 
to make the system associate with the practical device (L.J. Heyderman et al., 2004), 
in the system design, the dark soliton pulse is input into the input port through the 
coupler with the coupling coefficient is  = 0.35. It is partially input into the 
nanoring resonator with 20,000 roundtrips, where the storage signal is observed, 
the memory time is noted.

Single Nanoring Resonator
 From Figure 1, when a light propagates through the first coupler with the cou-
pling coefficient , where the optical outputs  are given by Eqs. (6) and (7).

      (6)

      (7)
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 One of the optical fields passes through the coupler of a nanoring resonator 
with the coupling coefficient  as shown in Figure 2. The optical outputs 
are given by Eqs. (8), (9) and (10).

      (8)

      (9)

      (10)
 
 where the circumference of a nanoring is ; the radius is ), the cou-
pling coefficient is . The intensity attenuation coefficient of the nanoring is , and the 
wave propagation constant is .

      (11)

 When the output light from Eq. (11) propagates  through the second coupler 
of the add/drop optical filter with the coupling coefficient . The optical outputs 
are given by Eqs. (12), (13) and (14).

      (12)

      (13)

      (14)
 
 where the circumference of an optical add/drop filter is ; the 
radius is ), the first and second coupling coefficient of the add/drop are  
and , respectively.
 Substitute E2 from Eq. (11) into Eq. (13) and E3 from Eq. (13) into (14), yield

      (15)
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 From Eq. (7), the field E1 is expressed by

      (16)

 where 

 The through port output field ( ) is given by

           (17)

 The through port output power ( ) is given by

       (18)

 The drop port output field ( ) is given by

           (19)

 The drop port output power ( ) is

       (20)
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Double Nanoring Resonator

Figure 3 A schematic diagram of storage optical tweezers, where a double nanoring 
  resonators

 The schematic diagram of the double nanoring resonator is as shown in Figure 3 
Similarity, the through port output field ( ) is expressed by

             (21)

 When 

   

   

     and

   

   

 The through port output power ( ) is

             (22)

 The drop port output field ( ) is given by
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            (23)

 when 

     and

    

 The drop port output power ( ) is

          (24)

RESULT AND DISCUSSION

The suitable radii of a nanoring resonator parameter is used, such as  
 and . In order to make the system associate with the 

practical device (L.J. Heyderman et al., 2004), the selected parameters of the 
system are fixed to  (InGaAsP/InP 
waveguide). The effective core area is  for a nanoring resonator. 
The waveguide and coupling loses are a  and , respectively, 
and the simulated results are generated at wavelength center,  and 

. 
 The optical storage signals within the add/drop system is as shown in Figure 4
We found that the storage time is 1.2 ns, the trapping signal (tool) width of the
storage signal in add/drop at the through and drop ports are 19.2, 17.6 and 
18.6 nm, respectively. In Figures 4(a) – 4(b), the trapping tools in the form of 
potential wells are seen, which can be used for atom/molecule trapping tools. 
The potential well dept (peak valley) can be controlled by adjusting the system 
parameters, for instance, the bright soliton input power at the add port and the 
coupling coefficients. The potential well of the trapping tool is tuned to be the 
single well and seen at the add port, as shown in Figure 4(c). In application, 
the optical trapping tools in the design system can be tuned and amplified 
as shown in Figure 4 Therefore, the tunable optical trapping tool can be controlled 
by the dark-bright soliton collision within the add/drop optical system by 
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adjusting the parameters of the input power at the input and add ports, 
respectively. The output power at the through port is shown in Figure 4(c), 
where the single potential well with the optical power of 15 W is seen, 
which is ready to use in the required application.
 More result is as shown in Figure 5, where in Figure 5 shows the result 
of the optical trapping storage signals in the add/drop system, where the 
coupling coefficients are  and , respectively. 
To realize the tunability of the device by tuning or controlling the pump signal 
at add port as shown in Figure 1. The ring radii are  
and . The  are ,  and  for add/drop, right and left 
ring resonators, respectively, where the storage trapping tool (output signal), through 
port and drop port signals are seen. In application, the term dynamics can be 
realized and available for dynamic wells/trapping tools control, which means 
the movement of trapping tool/wells can be formed within the system.

Figure 4 Simulation result of the optical trapping (storage) signals in the add/
  drop system, where  and 

  and . (a) storage trapping, (b) through port signal, and (c) drop 
  port signal.
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Figure 5 Simulation results, where (a) the optical tweezers storage signals 
  (dark-bright collision) in the add/drop system, where the storage signal 
  (output signal), (b) bright conversion at through port signal, and (c) 
  dark conversion at drop port signal are seen.

 More result is as shown in Figure 6, where in Figure 6 shows the result of 
the optical trapping storage signals in the add/drop system, where the coupling 
coefficients are , respectively. To realize the 
tunability of the device by tuning or controlling the pump signal at add port as 
shown in Figure 1. The nanoring radii are used the same as the previous 
simulated results, where the optical trapping storage signals (output signal) are 
shown in Figure 6. The optical trapping and storage signals in the add/drop 
system are (a) bright conversion, (b) output signal through right nanoring 
resonator radius R0, (c) dark-bright collision, (d) output signal through left 
nanoring resonator radius R1, (e) output at through port and (f) dark conversion 
at drop port.
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Figure 6 Simulation results of the optical trapping and storage signals in the 
  add/drop system, where (a) bright conversion, (b) output signal through 
  right nanoring resonator radius R0, (c) dark-bright collision, (d) output 
  signal through left nanoring resonator radius R1, (e) output at through 
  port and (f) dark conversion at drop port.

CONCLUSION

We have analyzed and shown that the dynamic optical trapping tools can be 
generated by using dark and bright solitons collision control within the add/drop 
filter.  The trapping tool storage can be performed by adding a nanoring resonator 
within design system, incorporating the add/drop multiplexer. By using the 
reasonable dark-bright soliton input power, the dynamic optical trapping signal 
can be controlled and stored within the add/drop filter. Hence, the dynamic 
behavior can be controlled and used in the dynamic application. The smallest 
trapping tool width (full width at half maximum, FWHM) of 11 nm is obtained. 
The maximum power and memory time of 50 W and 1.2 ns are obtained 
respectively. 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 trapping tools (tweezers). But in this case the terms dynamic probing 
is become the realistic function, where the trapped pulse or molecule within 
the period of time (memory) is plausible. Moreover, the multiple trapping 
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tools/wells storage configuration is allowed the storage array of tweezers/wells, 
which is available for high density tweezers/wells storage and high capacity 
molecular transportation which will be our continuous work. The advantages 
of proposed system are the dynamic well can be stored and the array of wells can be 
generated for multiple tweezers/wells applications.
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