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Abstract 

This paper proposed the THz frequency generation by using a novel microring resonator called ―PANDA ring‖ with Gold 

nano-antenna coupling to active plasmonic devices at THz for network applications. The dense wavelength division 

multiplexing (DWDM) can be generated and obtained by using a Dark-Bright soliton conversion control propagating within a 

modified PANDA ring resonator and an add-drop filter systems. The proposed system results demonstrated Dark-Bright 

soliton conversion control and the frequency obtained in THz frequency band. Finally, this area of frequency provides a 

reliable frequency band for a new generation ubiquitous computer network use.  
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1. Introduction 

Recently, the amount of data transmission is increasing with a rising demand of the high-bandwidth carrier 

operating in the high frequency. Various high frequency researches have been used in different fields such as, 

imaging diagnosis, [1] physics, [2] magnetic, [3] neuroscience, [4] acoustics, [5] ultrasonic, [6] electronics, [7] 

etc. The THz signals generation has become an interesting subject with the availability of a highly investigated 

and several solutions. The important factors for THz-wave generation are High nonlinearity and Good 

transparency at THz frequency region that it was produced by a nonlinear crystal. [8] The high frequency 

electromagnetic sensor using Magnetic Garnet was shown in [3] which far-infrared magnetic resonances were 

measured at the high frequencies up to 315 GHz in pulsed high magnetic field. Moreover, there is an 

examination of the high-frequency capability of carbon nanotube by using CNFETs (Carbon nanotube field 

effect transistors). The reduction of metallic tubes number in CNFETs created from multiple nanotubes has 
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allowed the measured frequency to be increased to 30 GHz. [7] Then, highly coherent THz wave generation 

using a dual frequency Brillouin fiber laser and a 1.55 μm photomixer was demonstrated [9]. This method is 

composed of a uni-travelling carrier photodiode integrated with an antenna that is observed a ~ 1 kHz linewidth 

emission at 316 GHz, with a signal to noise ratio > 65 dB. For spectroscopic applications, an optical 

monochromatic sub-terahertz signal generation technique using an optical comb signal, arrayed waveguide 

gratings (AWGs), and a uni-traveling carrier photodiode (UTC-PD) offers broadband tunability, fast frequency 

control, very narrow linewidth, fine tuning resolution, external instruments frequency locking, and reliable 

operation with frequency tuning in the range between 100 GHz and up to 1 THz. [10] In addition, an optical 

signal generation technique produces the high THz frequency and large bandwidth which play the important role 

in the next generation communication. 

In 1980s [9], EM wave at 1mm-100 µm band was called THz gap because of the low energy, high efficiency, 

stable, and low cost. The THz source was found that there were three key parameters which are tunability, 

available power and associated phase noise. The THz frequency generation technique can be applied in optical 

and wireless networks that have reported a new all-optical VPN (Virtual Private Network) scheme operating at 

10 Gbit/s in 16 QAM (Quadrature amplitude modulation) OFDMA-PON (Orthogonal Frequency Division 

Multiple Access-based Passive Optical Network). All-optical VPN and all-optical inter-ONU (Optical Network 

Units) communications enabled at the same time, [11] increased long distance and high-bandwidth 

communications. Currently, the new approach to carry peer-to-peer communications in the integrated optical 

wireless access networks called FiWi networks was presented. The interference in wireless subnetwork can be 

sustained and its network throughput can be improved. [12] Furthermore, optical and wireless networks are 

effective and very useful for wireless mobile, Mobile Ad Hoc Network (MANET), a various mobile hosts 

forming a temporary network without any centralized administration or established infrastructure. These was 

presented in the enhancing throughput efficiency of ad hoc wireless networks using cognitive radio technique for 

self-aware and self-organized ad hoc wireless networks. [13]  

Most of the work on optical frequencies generation has focused on plasmonics mechanism. [14-17] The 

reason for this focus lies on the strength of coupling between the radiation and the free electrons, which is 

determined by the permittivity of the conductor. This coupling is optimum—the confinement of the surface 

plasmon polaritons (SPPs) to the surface is maximum when the absolute value of the permittivity is small, at 

optical frequencies for noble metals such as gold and silver. Metals at THz frequencies have very large 

permittivities, which lead to a weak confinement of SPPs to the surface. As we will see next, semiconductors 

have a much lower permittivity than metals at THz frequencies, mainly due to their much lower free carrier 

concentration. This permittivity allows for a strong coupling of the THz field to free charges at the interface and 

a good confinement of the surface mode to the interface. 

This paper demonstrated the THz frequency generation by using a novel microring resonator called ―PANDA 

ring‖ with Gold nano-antenna coupling to active plasmonic devices at THz for network applications. The dense 

wavelength division multiplexing (DWDM) can be generated and obtained by using a Dark-Bright soliton 

conversion control propagating within a modified PANDA ring resonator and an add-drop filter systems. The 

proposed system results demonstrated Dark-Bright soliton conversion control and the frequency obtained in THz 

frequency band. Finally, this area of frequency provides a reliable frequency band for a new generation 

ubiquitous computer network use. 

2. THz frequency carrier generation 

2.1 PANDA ring resonator 

In this study, a modified add-drop filter called ―PANDA‖ ring resonator which contains nano and micro ring 

being integrated together is proposed. The system achieves dark-bright soliton conversion process, which 

produces the orthogonal set of dark and bright soliton pair and can be decomposed into left and right circularly 

polarized waves. The relative phase of the two output light signals is 2  after coupling into the optical coupler. 

In addition, the signals produced from the throughput port and drop port has a π phase change from the original 
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input signal. The concept of orthogonal soliton spins can be assigned as the optical dipoles. The proposed system 

is introduced into the modified add-drop optical filter system as shown in Fig.1. 

Input and Add signals in the form of dark and bright optical solitons are governed by the equations (1) and (2) 

respectively [18]. 
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whichA and x are the optical field amplitude and propagation distance, respectively. The random phase term 

related to the temporal coherence function of the input light as follow. 
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The linear phase shift is 0 , NL  is the nonlinear phase shift; 2n is the nonlinear refractive index of 

InGaAsP/InP waveguide. The effective mode core area of the device is given by Aeff, 2 adL R ; 
adR  is the 

radius of device;   is the input wavelength light field, and  0E t  is the circulated field within nanoring coupled 

to the right and left add-drop optical filter system as shown in figure 1. T is a soliton pulse propagation time in a 

frame moving at the group velocity; T0 is a soliton pulse propagation time at initial input; T=t−1*x, where 1 

and 2 are the coefficients of the linear and second-order terms of Taylor expansion of the propagation constant. 

LD= 2
0 2T   is the dispersion length of the soliton pulse, where t is the soliton phase shift time, and 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. The refractive index (n) of light propagates within the medium is given by
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wheren0 and n2 are the linear and nonlinear refractive indexes.  I and P are the optical intensity and optical 

power. Aeff is the effective mode core area of system. For the MRR and NRR, the effective mode core areas 

range from 0.05 to 0.10 µm
2 
[19], [20]. 
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Fig.1. Schematic of multi-optical spins generated by soliton pulse in a PANDA ring resonator                                                                                            

a) traditional PANDA ring resonator  b) Gold Nano-antenna coupled PANDA ring resonator for THz generation 

In Fig.1, the PANDA ring resonator generates orthogonal set of dark and bright soliton pair. The add-drop 

optical filter device is used to radiate transverse magnetic field by spin polarization. The output field, ET and E1 
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consists of the transmitted and circulated components within add-drop optical multiplexing system, which 

provides the driving force to photon/molecule/atom. Analytically, for the light pulse to pass through the coupler 

of the PANDA multiplexing system [21], the transmitted and circulated components can be written as 
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Where 
1 11Y   , 

1 11X    

For the second coupler of the add-drop optical multiplexing system 
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Where 1   and 2  is the intensity coupling coefficient; 
1 and 

2  is the fractional coupler intensity loss;  α is 

the attenuation coefficient; n  = 2π/λ is the wave propagation number; λ is the input wavelength light field, and 

L=2πRadRad is the radius of add-drop device. For the circulated light fields, 
1RE  and 

2RE  are the light field 

circulated components of the nanoring radii, 
1R  and 

2R which coupled into the left and right sides of the add-

drop optical multiplexing system, respectively. The light field transmitted and circulated components in the right 

nanoring,
1RE and 

2RE , are given by 
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Where   3 31Y   ,  4 41Y   ,  3 31X   ;  3 and 4  are the intensity coupling 

coefficient, 3  and 
4  is the fractional coupler intensity loss;  is the attenuation coefficient; 2n    is the 

wave propagation number;   is the input wavelength light field, and 
1 12L R , 

1R  is the radius of left 

nanoring. 

The output optical field of the through port ( TE ) and the drop port ( DE ) are expressed by  
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Where ,
4 4 4

n

a L L
TP j   

2.2 Gold Nano-antenna plasmonic devices at THz 

The characteristic lengths of surface plasmon polaritons, namely the SPPs wavelength (  spp), propagation 

length (Lspp) and confinement to the surface (Lz) can be derived from the SPPs complex wave number, which is 

given by 
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where is the angular frequency, c the speed of light in vacuum, and c and d are the relative permittivity 

of the conductor and the dielectric respectively. For simplicity, we will consider vacuum as the dielectric 

with d = 1. The relative permittivity of the conductor is a complex quantity, ( ) ( )c c ci     , which can be 

approximated by a Drude model for free charge carriers [22] 
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where d is the high-frequency permittivity;  is the average collision rate of the charge carriers and 

2 *

0/P Ne m    is the plasma frequency. The waveguide charge carrier concentration is given by N, while 

e is the fundamental charge, 0 the vacuum permittivity and 
*m the charge effective mass.  

3. Results and Discussion 

In process, the orthogonal soliton sets can be generated by using the system in PANDA ring resonator. The 

optical field is fed into the ring resonator system, where R1 = R2 = 2.5m, Rad = 30m by using a microring, RTh= 

RCt= 20m. To form the initial spin states, the field is induced by an Au coupled on InGaAsP waveguides for 

THz generation states. In this simulation, the coupling coefficient ratios 1:2 are 50:50, 90:10, 10:90 and the ring 

radii Rad = 30m, Aeff = 0.25µm
2
, neff = 3.14 (for InGaAsP/InP), = 0.1dB/mm, = 0.01, 0= 1.55 µm is shown in 

Figure 1. The THz was generated by a dark-soliton pump based-on through port and drop port microring 

resonator gold coated at center wavelength 1.55m as shown in Fig.4. 

For gold as a function of frequency, the free carrier concentration of gold is 22 36 10N cm and the plasma 

frequency is 3/ 2 2 10 P   THz [23]. At high frequencies, in the visibility, the real and imaginary components of 

the permittivity of gold have a small value. As the frequency decreases, the permittivity increases due to the 
2 dependence in Eq. (18). At THz frequencies the permittivity has large absolute values in fig.2. Note that in 

spite of the large value of the imaginary component of the permittivity of gold, the surface wave can propagate a 

long distance of several meters along the surface. This long propagation length is a direct consequence of the 

weak coupling of the field with the charges and the small penetration of this field in the metal. In this proposed 

work, the power radiation and field enhancement are illustrated in Figure 3, which shows that the power 

transmission from the antenna and normalized filed enhancement are compared by varying the coupling effect 

between the through port and Drop port SPPs. This design results present the optical THz generation method, in 

which the radio frequency can be radiated by using the simple nano-antenna model. 
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Fig. 2. Complex permittivity c of gold as a function of frequency, the solid lines represent ( )c , while the dashed line is ( )c  
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Fig. 3. Nano-antenna field enhancement [24] 

1400

1

Wavelength (nm) 

O
u

tp
u

t 
P

o
w

er
(d

B
)

 

FSR=25 nm

FWHM=5 nm

0.8

0.6

0.5

0.4

0.2

0

FWHM=8 nm

FSR=40 nm

1420 1440 1460 1480 1500 1520 1540 1560 1580 1600

 

Fig. 4. THz Generation by using PANDA ring resonator with Gold nano-antenna coupling to active the narrower wavelength (in 

red) than wavelength (in black) which is none coupling with Gold nano-antenna. Therefore, the narrow/short wavelength (in red, FSR = nm) 

will be produced the highly THz frequency and large bandwidth that increased long distance and high-bandwidth communications 
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Fig. 5. Integrated system design for ubiquitous network 

For the figure shown, (a) a Dark-Bright soliton conversion control propagating within a modified PANDA 

ring resonator and an add-drop filter systems generated the THz frequency. (b) The THz frequency generation by 

using Gold nano-antenna coupling to active plasmonic devices at THz which is the plasmonics mechanism can 

produce the highly THz frequency and large bandwidth that increased long distance and high-bandwidth 

communications. (c) The power transmission from the antenna will fluctuate the coupling effects by using the 

Optical MUX to execute an O/E. (d) Uubiquitous network, which is proposed, is a reliable frequency band that 

can be applied in various optical and wireless networks such as, wireless access, mobile base station, MANET 

base station, and etc. 

4. Conclusion 

In conclusion, our results demonstrate that the THz frequency generation by using PANDA ring resonator 

with Gold nano-antenna coupling to active plasmonic devices at THz. In case of the permittivity of gold, the 

surface wave can propagate a long distance of several meters along the surface that can produce narrower wave 

length than non-coupling by Gold nano-antenna, and highly THz frequency occurs. Therefore, the system results 

provide a highly frequency and a reliable frequency band for various applications in ubiquitous computer 

network use. 
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