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^Äëíê~Åí= In this study an interesting system in which a bright and dark soliton pulse can be 
stopped inside a nonlinear waveguide is presented. Here, we propose a system consisting of a 
series of ring resonators for optical trapping within a nonlinear waveguide. The bright and dark 
solitons can be controlled and slowed down within the waveguide. The FWHM for the output 
signals are calculated and used as an optical memory. Bright and dark soliton behaviors within a 
micro and nano ring resonator are also investigated and described. The required pulse is filtered 
and amplified, can be controlled and localized within the system. The localized bright and dark 
solitons are stopped by controlling the input power, which means that the photon stopping can be 
controlled by light in a ring resonator. 
 

hÉóïçêÇë= Dark soliton; bright soliton; nonlinear nano waveguide; stopped light  
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A micro cavity can be used to stop and store light [1, 2]. However, the system is 
complex, which makes it difficult to implement. Yupapin and Pornsuwancharoen 
[3] have shown that the large bandwidth light pulses can be compressed and stored 
coherently within a nonlinear waveguide [4,5]. Bright and dark solitary waves are 
commonly induced by the nonlinear special effects and the external soliton 
pumping power [6]. Behaviors of dark and bright soliton in different forms of 
theories and experiment [7] has been presented. The use of a soliton pulse within 
a nonlinear waveguide for communication security has been investigated [8]. Here 
the tiny devices known as micro and nano ring resonators are used. In fact 
unexpected results of soliton in nonlinear waveguide can be used as benefit. In this 
study a series of ring resonators is used to trap, stop and store optical soliton [9]. 
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 An optical soliton represents a pulse that travels without dispersion. It is used to 
enlarge the optical bandwidth during propagation within the nonlinear waveguide. 
Solitons are nonlinear phenomena caused by the self phase modulation (SPM). 
Large output power can be maintain by the superposition of SPM [10]. The 
optimum energy is channel into the waveguide by a larger effective core area of the 
ring resonator. The smaller ring connected to the system is used for soliton 
stopping. In this system, the interference signal has a negligible effect as compared 
to the losses associated with the direct passing through of the signal. Bright and 
dark soliton pulses are introduced into the ring resonators system as shown in 
Figs. 1 and 2. The input optical field (Ein) of the bright and dark soliton pulses 
input is given by Equations (1) and (2) [11]. 
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Where A is the amplitude and z is propagation distance of the optical field.  β1 is 
the coefficient of the linear of the propagation constant.  T0 is the initial soliton 
pulse propagation time and β2 is the coefficient for the second order terms in the 
Taylor expansion of the propagation constant. t is the soliton phase shift time, 
where the frequency shift of the soliton is ω0. This is a pulse that keeps its 
temporal width invariance as it propagates. Therefore it is called a temporal 
soliton.  For the soliton pulse in the micro-ring device, this means a balance is 
achieved between the dispersion length and the nonlinear length. 
 

 
 
cáÖìêÉ=N A schematic of optical bright soliton pulse systems, Rs: ring radii, κs: coupling  

coefficients, MRR: micro-ring resonator and NRR: nano-ring resonator 
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cáÖìêÉ=O A schematic of  optical dark soliton pulse systems, Rs: ring radii, κs: coupling 
coefficients,  MRR: micro-ring resonator and NRR: nano-ring resonator 

 
When light propagates within the nonlinear material (medium), the refractive 
index (n) of light within the medium can be written as 
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In Equation (3) n2 is the nonlinear refractive index.  I and P are the optical 
intensity and optical power, respectively. The effective mode core area of the 
device is given by Aeff. For the micro-ring and the nano-ring resonators, the 
effective mode core area ranges from 0.10 to 0.50 µm2 [4]. The normalized output 
of the light field is the ratio between the output and the input fields Eout(t) and Ein(t) 
in one roundtrip can be expressed as 
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In this equation, the field reflectivity is defined as (1−κ). κ is the coupling 
coefficient, and x=exp(−αL/2) represents a roundtrip loss coefficient, φ0=kLn0 and 
φNL=kLn2|Ein|2 are the linear and the nonlinear phase shifts, respectively, k=2π/λ is 
the wave propagation number in vacuum and L and α are the waveguide length 
and linear absorption coefficient, respectively [12,13]. 
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The results are obtained using dark and bright solitons [7]. The bright soliton with 
pulse with of 50 ns and peak power of 1W is input into the system. The coupling 
coefficients have constant values of κ1=0.5, κ2=0.6, κ3=0.978. The rings radii are 
R1=16.0 µm, R2=16.5 µm and R3=4 µm. The selected parameters of the system 
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are fixed to λ0=1555 nm, n0=3.34 (InGaAsP/InP), Aeff=0.50, 0.25 and 0.12 µm2 
for a micro-ring and nano-ring resonator, α=0.5 dB mm−1 and γ=0.1. The 
nonlinear refractive index is n2=2.2×10−17 m2/W. In this case, the wave-guided loss 
used is 0.5 dB mm−1.  

The dark soliton with pulse with of 50 ns and peak power of 800 mW also 
can be input into the system. Here the rings radii are R1=10 µm, R2=4 µm and 
R3=3 µm. The selected parameters are the same as before except the Aeff has 
values of 0.50, 0.25 and 0.10 µm2 and coupling coefficients of the system are 
0.975, 0.3 and 0.975.  

The input soliton pulse is sliced  into smaller signal spreading over the 
spectrum as shown in Figs. 3(b) and 4(b). The first ring resonator enlarges the 
input signals. Figs. 3(c) and 4(c) shows the decrease in the spectral width while 
trapping of soliton is occurred in Figs. 3(d) and 4(d). 

As a result the localized soliton can be achieved at 1556.7 and 1558.99 nm for 
the bright and dark solitons respectively. However, the other ring parameters are 
also very important for the stopping of light pulse behavior. In the proposed 
system, light pulse is slowed down and stopped within a ring R3. The output energy 
of the bright and dark soliton in ring R3 can be amplified to 7.2106 W and 
11.76031 W respectively. Here the FWHM of trapped bright and dark soliton 
can be obtained as 12.5 pm and 24 pm respectively. In principle, the amplification 
within a nano ring device can be used for many applications in optical 
communication security.  
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cáÖìêÉ=P Simulation signals, with (a) an input bright  soliton pulse, (b) large bandwidth signals, (c) 
decreased spectral width signals and (d) stopping of photon at 1556.7 nm and 
FWHM=0.0125nm 

 

 

cáÖìêÉ=Q Simulation signals, with (a) an input dark soliton pulse, (b) large bandwidth signals, and 
(c) decreased spectral width signals and (d) stopping of photon at 1558.9945 nm and 
FWHM=24pm 
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As conclusion, we have shown that the large bandwidth of the random wavelength 
of a soliton pulse can be compressed, stopped and stored within a waveguide. 
There is a balance between the dispersion and nonlinear length. Results obtained 
show that the trapped bright and dark solitons inside the nonlinear MRR have a 
wavelength of 1556.7 nm (FWHM: 12.5 pm) and 15558.99 nm (FWHM: 24 pm) 
respectively. This has possible application as an optical memory in secured optical 
communication. 

=
=
^`hkltibadjbkqp=

 
The authors would like to thank KMITL, Thailand and UTM for providing the 
research facilities.  This work is supported by UTM Tier 1 and FRGS grant. The 
authors gratefully acknowledge the IDF financial support from UTM. 
 
 

obcbobk`bp=
=
=

[1] M. F. Yanik and S. Fan. 2005. Stopping and Storing Light Coherently. mÜóëK=oÉîK=^K 71: 013803. 
[2]  M. F. Yanik and S. Fan. 2004. Stopping Light All Optically. mÜóëK=oÉîK=iÉííK 92: 083901.  
[3] P. P. Yupapin and N. Pornsuwancharoen. 2009. Proposed Nonlinear Micro Ring Resonator  

Arrangement for Stopping and Storing Light. fbbb=mÜçíçåK=qÉÅÜåçäK=iÉíí. 21(4): 404–406.  
[4] Y. Kokubun, Y. Hatakeyama, M. Ogata, S. Suzuki and N. Zaizen. 2005. Fabrication Technologies for 

Vertically Coupled Micro Ring Resonator with Multilevel Crossing Busline and Ultracompact-ring 
Radius. fbbb=gK=pÉäK=qçéK=nì~åíìã=bäÉÅíêçå. 11: 4–10.  

[5] Y. Su, F. Liu and Q. Li. 2007. System Performance of Show-light Buffering and Storage in Silicon 
Nano-waveguide. mêçÅK=pmfb=STUP. 67832P.  

[6] P. P. Yupapin, N. Pornsuwancharoen and S. Chaiyasoonthorn. 2009. Generalized Fast, Slow, Stop 
and Store Light Optically Within a Nano-Ring Resonator. jáÅêçï~îÉ=léíK=qÉÅÜåçäK=iÉíí. 51(4): 899–
902. 

[7] N. Q. Ngo. 2007. Proposal For A High-Speed Optical Dark-Soliton Detector Using a Microring 
Resonator. fbbb=mÜçíçåK=qÉÅÜåçäK=iÉíí. 19: 471–473. 

[8] N. Pornsuwanchroen, S. Chaiyasoonthorn and P. P. Yupapin. 2009. Fast and Slow Lights Generation 
Using Chaotic Signals in the Nonlinear Micro Ring Resonators for Communication Security. léíK=
båÖK 49(1): 015002. 

[9] P. P. Yupapin and W. Suwancharoen. 2007. Chaotic Signal Generation and Cancellation Using a   
Micro Ring Resonator Incorporating an Optical Add/Drop Multiplexer. léíK=`çããìå. 280: 343–
350.  

[10] N. Sangwara, K. Sarapat, K. Srinuanjan and P. P. Yupapin. 2009. A Novel Dark-Bright Optical   
Solitons Conversion System and Power Amplification. léíK=båÖK 48(4): 45004. 



              abqbojfk^qflk=lc=ctej=clo=plifqlk=qo^mmfkd       UP 

[11] P. P. Yupapin, N. Pornsuwancharoen and S. Chaiyasoonthorn. 2009. Generalized Fast, Slow, Stop 
and Store Light Optically Within a Nano-Ring Resonator. jáÅêçïK=~åÇ=léíK=qÉÅÜåçäK=iÉííK 51(4): 
899–902. 

[12] P. P. Yupapin and N. Pornsuwancharoen. 2009. Proposed Nonlinear Micro -Ring Resonator 
Arrangement for Stopping and Storing Light. fbbbI=mÜçíçåK=qÉÅÜåçäK=iÉííK 21 (4): 404–406.  

[13] C. Fietz and G. Shvets. 2007. Nonlinear Polarization Conversion Using Micro -Ring Resonators. léíK=
iÉííK 32: 1683–1685.  


