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Abstract 

 
Two systems consist of microring resonators (MRRs) 

and an add/drop filter are used to generate signals as 

localized multi wavelengths. Quantum dense encoding 

can be performed by output signals of selected 

wavelengths incorporated to a polarization control 

system. Therefore dark and bright optical soliton pulses 

with different time slot are generated. They can be 

converted into digital logic quantum codes using a 

decimal convertor system propagating along a wireless 

networks. Results show that multi soliton wavelength, 

ranged from 1.55 m to 1.56 m with FWHM and FSR of 

10 pm and 600 pm can be generated respectively.  

Keywords- Micro Ring Resonator, Quantum Dense 

Coding (QDC), Wireless network communication system  

Introduction 
Quantum network is highly recommended technology 

in order to perform the perfect network security. 

Afroozeh et al [1] have shown that micro ring resonators 

(MRR) can be used to generate multi wavelength. The 

entangled photon pair can be performed via the MRR 

system to generate secured key codes [2]. Dense 

wavelength of optical pulses is offered for quantum dense 

coding and quantum packet switching applications [3]. 

Up to now, a quantum method is much useful to provide 

high security in optical communication network [4]. 

Quantum key can be perform and generated using a 

nonlinear MRR system with appropriate parameters.  

A new reliable system for wireless system is needed, 

which has both high capacity and secure tools. Quantum 

codes can be performed via optical tweezers signal,  

 

 

 

 

 

generated by a MRR system in a nonlinear medium with 

given input power and selected parameters [5, 6].  

 Amiri et al have proposed a technique, which can be 

used to communication security via the chaotic signals 

and up and down links of optical soliton pulses in which 

the use of quantum encoding of output signals is 

applicable [7]. Amiri et al have projected the use of 

secured codes applicable in quantum router and network 

system [8]. We have used a nonlinear MRR system to 

form the multi wavelength, applicable for quantum codes 

generation used in wireless network system. 

Theoretical Modeling 
 Chaotic signals cancelation can be done using an 

optical add/drop filter system [9]. The schematic of the 

two proposed systems are shown in Fig.1. 
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Fig.1. Systems of multi optical soliton pulse generation, (a): multi 

soliton generation, (b): multi soliton trapping and storage, Rs: ring 

radii, s: coupling coefficients, 31 and 32 are coupling losses. 
 

Bright soliton pulse is introduced into the proposed 

system. The input optical field (Ein) of the optical bright  

soliton can be expressed as [10],  

ti
L

z

T

T
hAE

D

in 0

0 2
expsec   (1) 

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, T = t-β1*z, 

where β1 and β2 are the coefficients of the linear and 

second order terms of Taylor expansion of the 

propagation constant. 
2

2

0TLD
 is the dispersion 

length of the soliton pulse. The frequency shift of the 

soliton is ω0. 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 
2

02 / T  is given, then 
oT  is known. For the temporal 

optical soliton pulse in the micro ring device, a balance 

should be achieved between the dispersion length (LD) 

and the nonlinear length (LNL= (1/ NL), where  = 
n2*k0, is the length scale over which dispersive or 

nonlinear effects makes the beam becomes wider or 

narrower, hence LD=LNL. When light propagates within 

the nonlinear medium, the refractive index (n) of light 

within the medium is given by [11] 
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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. For the MRR and NRR, the 

effective mode core areas range from 0.50 to 0.10 m
2 

[12]. The resonant output can be formed; therefore the 

normalized output signals of the light field which is the 

ratio between the output and input fields (Eout (t) and Ein 

(t)) in each roundtrip can be expressed by [13] 
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Equation (3) specifies that a ring resonator in the 

exacting case is very similar to a Fabry-Perot cavity, 

which has an input and output mirror with a field 

reflectivity, (1- ), and a fully reflecting mirror. 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 nonlinear phase shifts, k=2 /  is the 

wave propagation number in a vacuum. L and α are a 

waveguide length and linear absorption coefficient, 

respectively.  In this investigation, the iterative method is 

introduced to obtain the results as shown in equation (3), 

similarly, when the output field is connected and input 

into the next ring resonators. The optical outputs of a ring 

resonator add/drop filter are given by Eq. (4) and Eq. (5) 

[14]. 
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Et and Ed represent the optical fields of the through 

port and drop ports, respectively.  = kneff is the 

propagation constant, neff is the effective refractive index 

of the waveguide, and the circumference of the ring is 

L=2 R, with R as the radius of the ring [15]. New 

parameters are introduced for simplification with  = L 

as the phase constant. By using the specific parameters of 

the add/drop device, the chaotic noise cancellation can be 

obtained and the required signals can be retrieved by the 

specific users. 1 and 2 are the coupling coefficients of 

the add/drop filters, kn=2 /  is the wave propagation 

number in a vacuum, and the waveguide (ring resonator) 

loss is  = 0.5 dBmm
−1 

[16]. The fractional coupler 

intensity loss is  = 0.1. In the case of the add/drop 

device, the nonlinear refractive index is neglected [17]. 

High capacity of optical pulses can be obtained when the 

full width at half maximum (FWHM) of these pulses are 
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very small, where the amplification is performed inside 

the micro or nanoring system [18, 19].   

 

Results and Discussion: 

From Fig. 1(a) the input soliton pulse has 20 ns pulse 

width, peak power of 500 mW. The ring radii are R1= 10 

μm, R2= 5 μm, and Rd = 200 μm. the fixed parameter are 

selected to 0 = 1.55 m, n0 = 3.34 (InGaAsP/InP), Aeff = 

0.25 m
2
,  = 0.5 dBmm

-1
,  = 0.1. The coupling 

coefficients range from 0.50 to 0.975, where the nonlinear 

refractive index is n2 = 2.2 x 10
-17

 m
2
/W and the wave 

guided loss used is 0.5dBmm
-1

. Optical signals are sliced 

into smaller signals broadening over the band as shown in 

Fig. 2(b). Therefore, large bandwidth signal is formed 

within the first ring device, where compress bandwidth 

with smaller group velocity is attained inside the ring R2, 

such as filtering signals. Localized soliton pulses are 

formed, when resonant condition is performed, given in 

Fig. 2(d). However, there are two types of temporal and 

spatial soliton pulses. Here the multi soliton pulses with 

FSR and FHWM of 600 pm, and FWHM of 10 pm. 

 

 
Fig. 2: Results of the multi-soliton pulse generation, (a): input soliton, 
(b): large bandwidth signals, (c): temporal soliton, (d): spatial soliton 

with FSR of 600 pm, and FWHM of 10 pm. 

 

Fig (3) show the generation of optical multi soliton 

signals, where Fig. 1(c) shows the trapping of optical 

soliton within the MRRs system with ring radii of R1= 10 

μm, R2=R3= 4 μm, and Rd= 200 μm. Therefore, by using 

suitable ring resonator parameters, localized wavelength 

can be obtained. From Figure (3), (a) large bandwidth 

signals, (b) and (c) trapping of temporal soliton pulses, 

(d) localized spatial multi solitons. Amplification of 

optical soliton is perform used to long transmission link. 

The power distribution of the output pulses can be 

executed via the add/drop filter with radius of Rd as 

shown in Fig. 3(d).  

 
Fig. 3: Results of the multi-soliton pulse generation where (a): the large 

bandwidth signals, (b) and (c): temporal solitons, (d) the localized 
spatial solitons 

 

Generated multi soliton pulses can be transmitted into 

the wireless network systems. Increasing in 

communication capacity is provided by increasing of 

soliton pulses ( i), which can be performed by generation 

of temporal and spatial optical soliton pulses. Therefore, 

the high capacity and secured signals can be transmitted 

and retrieved via quantum codes. Here the quantum codes 

can be generated by generation of dark and bright optical 

solitons when the optical multi soliton pulses pass 

through the polarization control unit shown in Fig. 4.  

 

 
 

Fig.4. System of dark and bright generation applicable for coding process, 

where PBS is a beam splitter and Ds are the detectors. 

 
Generated dark and bright soliton pulses can be 

converted to digital codes of “0” and “1” by using analog 

to digital electronic convertor system. This system is 

known as optical binary to decimal convertor system 

which is applicable to generate digital codes. The 

proposed optical binary to decimal convertor system is 

show in Fig. 5. The input and control light pulse trains are 
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input into the first add/drop optical filter (MRR1) using 

dark soliton (logic „0‟) or the bright soliton (logic „1‟). 

First, the dark soliton is converted to be dark and bright 

soliton via the add/drop optical filter, which they can be 

seen at the through and drop ports with π phase shift. By 

using the add/drop optical filter (MRR2 and MRR3), both 

input signals are generated by the first stage add/drop 

optical filter. Next, the input data, ”Y” with logic “0” 

(dark soliton) and logic “1” (bright soliton) are added into 

the both add ports, where the dark-bright soliton 

conversion with π phase shift is operated again. For large 

scale, results obtained are simultaneously seen by T2, D2, 

T3 and D3 at the drop and through ports for optical logic 

operation. 

 

 
 

Fig.5. System of binary to decimal convertor, where T and D  
are the through and drop ports of the system  

 
From Fig. 5, the optical pulse train X,Y is fed into 

MRR2 from input and add ports, respectively, in which 

the optical pulse trains that appear at the through and drop 

ports of MRR2 will be X  and X  respectively. 

When the optical pulse train X ,  is fed into MRR3 

from input and add ports, respectively, the optical pulse 

trains that appear at the through and drop ports of MRR3  

will be   X  and X , respectively. Therefore, 

generation of logic codes of “0” and “1”, can be easily 

done by using series of beam splitters (B.S) connected to 

the binary to decimal convertor system. In simulation, the 

add/drop optical filter parameters are fixed for all 

coupling coefficients to be, 05.0s
, nmRad 300 , 

225.0 mAeff
, 105.0 dBmm . Here, the results 

show the generation of optical logic codes of “00”, “01”, 

“10” and “11”, using the MRRs proposed system. A 

wireless router system can be used to decode the logic 

codes, transfer them via a wireless access point, and 

network communication system shown in Fig. 6. 

 

 
Fig.6: System of dark and bright generation applicable for coding process, 

where PBS is a Polarizing beam splitter and Ds are the detectors. 

 

A wireless access system transmits data to different 

users via wireless connection.  

Conclusion 
Interesting concept of digital codes generation was 

presented. Optical communication capacity can be 

increased by the multi soliton pulses generation, where 

more soliton channels can be generated by using the 

MRR system. The required channels are obtained by 

filtering the large bandwidth signals using an add/drop 

filter system. Digital codes of “0” and “1” can be 

generated within the optical binary to decimal convertor 

system. The advantage of the system is that the clear 

signal can be retrieved by the specific add/drop filter. 

Generated digital codes can be transmitted into network 

communication systems via a wireless system.   
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