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Optical soliton has been recognized as a good candidate for long 
distance optical communication and long lasting propagation in optical 
waveguide, where the dominant properties are high output intensity, 
low loss and small dispersion value within the propagation media, the 
concept of repeater less is also the another good advantage. However, 
the narrow band condition that gives soliton application limitation is 
the pumping device wavelength, where the pumping material used is 
the specific material known as an erbium doped waveguide (fiber), in 
which the pumping energy at the center wavelength is 1.55 micrometer. 
Therefore searching for multi-wavelength solitons with new pumping 
technique has been the challenge. Till date, many researchers have 
investigated and reported the possibility of multi-wavelength soliton 
generation, where most of them proposed the soliton generations in 
many aspects [1-5], in which the color solitons [6-8], however, the 
previous problems remain in practical applications. 

Recently, Yupapin et al have reported the use of an interesting 
system and results that can be used to form multicolor solitons, where 
the color solitons are now easily generated and controlled by using the 
Gaussian input pulse (common laser pulse) propagating within typical 
modified add-drop filter [9-11], in which two nonlinear devices are 
used incorporating the center ring known as a PANDA ring circuit. 
In operation, light from a common laser source with wide range of 
center wavelength is input into the system as shown in (Figure 1). The 
nonlinear behavior of light propagation within the system is occurred 
by the coupling effects from the two nonlinear side rings, in which the 
four-wave mixing of light can be introduced within the system due to 
the superposition of the chaotic signals, which is generated by the two 
nonlinear side rings. Finally, the resonant situation of some wavelengths 
can be introduced and pumped the propagation modes and seen at the 
system output port, where in this case the multi-wavelength output 
signals are obtained, in which the two soliton properties (i) self-phase and 
(ii) cross phase modulation without dispersion remain. To change the multi-
wavelength or color soliton bands, the use of the control port is required by 
input the moderated signal via the add port, in which multicolor solitons 
can be generated and controlled for various applications.

In simulation, a common laser (i.e. laser pointer) is exploited as 
a laser source. The optical power is the same as a common laser peak 
power, which is normally at 3.0 mW, however, the normalized output 
power is required and plotted. By using the system in (Figure 1), the 
simulation results are obtained by using the practical parameters, the

MATLAB program is used to obtain the results. The common laser 
pulse can be changed to be a soliton pulse by the resonant pumping 
power via the two side rings, which is occurred and seen via the 
add-drop filter output (Eth). In this simulation, the center ring radius 
of 20 µm is supposed to be the input main ring circuit as shown in 
(Figure 1), the two nonlinear side ring radii are 5 µm. The center ring 
and nonlinear materials are SiO2 and In GaAsP/InP respectively. The 
waveguide attenuation coefficients (α) is 0.2 dB/mm [12]. The output 
transfer function is obtained by using the signal flow graph method 
[13]. The resonant number of the main ring and side rings (N: NR: NL) 
are chosen as 9:6:6. The outer coupling factors κ1 and κ2 of PANDA 
ring resonator are fixed as 0.65 and the inner coupling factors (κR 
and κL) are set as 0.35. A round-trip time of the PANDA circuit at the 
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Figure 1: Color soliton generation system, where Ein:input port field; Edr: drop 
port field; Ead: add port field; Eth: through port field, where more add-drop filters 
can be included for long distance use.
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Figure 2: Results of color soliton propagation in the system with wavelength 
center at 0.5775 micrometer, where the normalized power has slightly changed 
from 0.8 to 0.5 with distance of 16.6 meter.
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resonant is 4.35 ps. The obtained power (arbitrary unit) from through 
port of PANDA ring, first add-drop, second add-drop and third add-
drop are 82.19%, 76.81%, 59.00% and 45.32% comparing with the input 
port of the PANDA ring circuit, respectively. The simulation results 
of color soliton are obtained, where the obtained soliton power with 
propagation distance is as shown in (Figure 2), in which the concept 
of soliton is occurred because the soliton power attenuation is slightly 
seen along the propagation distance, which the soliton power can be 
recovered by two soliton behaviors known as self-phase and cross 
phase modulations. The soliton outputs with different wavelengths 
are obtained and shown in (Figure 3), where in general the multicolor 
solitons can be easily obtained by using the same method. The other 
waveguide parameters in this simulation are Aeff=0.25 µm2, neff = 3.14, 
n2=1.3×10-13 cm2/W.

Furthermore, results of the through port outputs of (Figure 1) can 
be used for longer propagation distance in the transmission system, in 
which the required devices are add-drop filters. The soliton outputs are 
also obtained as shown in (Figures 2 and 3), the through port results 
from the longer distances are obtained by using the Add and Drop ports 
#2 and #3, which is confirmed that the soliton behaviors remain, where 
the optical power has slightly changed from 0.8 to 0.5 at the center 
wavelengths. 

In applications, multicolor solitons have shown the promising 
applications, especially, for long distance propagation within the 
light media, where (i) they offer a truly unique laboratory for soliton 
phenomena: multicolor solitons exist in the spatial and the temporal 
domains; they exist in guided and in bulk media; they exist in any 
physical dimensions and thus have the potential to form three-
dimensional light bullets; they exist in continuous as well as in discrete 
physical settings; and they are the realization of a universal phenomenon 
in nature, namely, the nonlinear parametric mixing of waves, where (ii) 
multicolor solitons offer clean, robust, stabilized, particle like pulses. 
These beams could play key roles in future passive or active, single 
pass or cavity, multi-frequency photonic devices for which the price 
of operation at high peak power is offset by the unique features of the 
soliton light spots. Moreover, the use of soliton communication and 
security can be seen in the transmission line, where the new device 

soliton repeater (recovery) can be realized, which is useful for soliton 
recovery after drop signal being recovered and used in the transmission 
network.

In conclusion, the use of multicolor solitons can be implemented 
by small scale optical devices and systems, in which the dominant 
soliton behaviors such as long lasting propagation time with various 
wavelengths can be useful for biosensor and bioelectronics applications, 
moreover, the multicolor solitons can be realized within the small scale 
optical systems, where in this case the propagation length of 16.6 meters 
at the center wavelength of 0.58 micrometer is confirmed. 

We would like to thank the King Mongkut’s Institute of Technology 
Ladkrabang (KMITL), Bangkok, Thailand for providing the research 
facilities.
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Figure 3: Color soliton output signals, the center wavelength is 0.5775 micron, 
in which the multicolor solitons (different wavelengths) is obtained by using the 
system in Figure 1.
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