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Introduction

Optical spin has been recognized as the promising key for 
future digital and computing technologies, which can be 
used for many applications such as semiconductors (Myers 
et al. 2008), magnetic tunnel junctions (Gordon et al. 2009), 
nano-antenna (Thammawongsa et al. 2012), thin-film nano-
magnets (Ozatay et al. 2008), and cell communications (Meyl 
2012). Till date, the optical excitation of nanoparticle with cir-
cularly light is an interesting idea, in which light pulse is used 
for spin generation and detection (Lampel 1986). By using the 
optical orientation (Galvez et al. 2007), the angular momen-
tum of light is converted to be electronic spin and vice versa, 
which is very efficient in semiconductors. The consequence 
of this effect assists as an important aspect of spintronics, 
where it is used to spin-polarize electrons. These techniques 
were used to explain the behavior of paramagnetic ion reso-
nance in quantum geometric confinement, where the optical 
spin resonance and transverse spin relaxation in magnetic 
semiconductor quantum wells are generated and achieved 
(Crooker et al. 1997). Moreover, the optical spin manipulation 
in electrically pumped vertical-cavity surface-emitting lasers 
is analyzed (Hövel et al. 2008), where the output polarization 

for mixed electrical and optical excitations is demonstrated. 
After that, the spin magnetic state and the static magnetic  
field were used to build the AND, OR, XOR (CNOT), and 
NAND gates by optical spin manipulation (Hübner et al. 
2009). Optical spin generation using dark-bright soliton pair 
by PANDA ring resonator was proposed by Yupapin and his 
colleagues (Muhammad et al. 2012, Glomglome et al. 2012) 
that generate soliton pair called “soliton spin” (photonic 
spin) for optical communication system.

Recently, molecular communication has become a new 
communication pattern based on biological mechanism, 
which is used to encode molecules as information carrier. 
The most promising technique is one that converts molecular 
signal into optical information and transports the molecular 
information into a nano networking channel (Parcerisa et al. 
2009). The important aim to develop molecular communica-
tion is to design and control the nano network devices that 
can transport the biological information, for instance, a num-
ber of techniques were shown such as molecular array and 
network (Atakan et al. 2012, Nakano et al. 2012) and multi-
wavelength transportation by dark-bright soliton (Sarapat 
et al. 2009) and other applications (Amiri and Ali 2013, Amiri 
et al. 2013a, 2013b, 2013c, 2013d, Amiri and Ali 2014).

In this paper, Multi-wavelength molecular capsules for 
molecular transport network security are generated, which 
can be formed by optical spins, in which a dark-bright soli-
ton pair is used to generate the high magnetic field using the  
gold nano-antenna coating, which is applied on device sur-
face. The obtained results have shown that the soliton spin 
rotation and the spin sets can be obtained. In application, the 
molecular transport network security with soliton spin may be 
useful for molecular communication network, where the use 
of such a system for molecular nanosensor, molecular trans-
portation, and optical spin cryptography can be realized.

Background

In this study, a modified add-drop filter called “PANDA” 
ring resonator which consists of add-drop filter (Rad)  
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Abstract
Multi-wavelength generation system using an optical spin within 
the modified add-drop optical filter known as a PANDA ring 
resonator for molecular transport network security is proposed. 
By using the dark-bright soliton pair control, the optical capsules 
can be constructed and applied to securely transport the trapped 
molecules within the network. The advantage is that the dark 
and bright soliton pair (components) can securely propagate 
for long distance without electromagnetic interference. In 
operation, the optical intensity from PANDA ring resonator is fed 
into gold nano-antenna, where the surface plasmon oscillation 
between soliton pair and metallic waveguide is established.

Keywords:  molecular network, magnetic networks,  
spin networks, spin transport network
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coupled by two side microring (R1 and R2) being integrated 
together is proposed as shown in Figure 1. The orthogonal 
set of dark and bright soliton pair was generated by con-
version process in the system which can be decomposed 
into left and right circularly polarized waves. Then, the 
add-drop optical filter device (Rth) with gold coating is 
connected that used to generate transverse magnetic field 
by spin polarization. Dark and bright optical solitons are 
provided, which are input into the Input and Add ports as 
shown in Eqs. (1) and (2), respectively (Sarapat et al. 2009, 
Agrawal 2007).
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A is the amplitude of optical field and x is a distance prop-
agation, T is a soliton pulse propagation time in a moving 
frame at group velocity, T  tb1x, t is the soliton phase shift 
time, T0 is soliton pulse propagation time at initial input, 
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where b1 and b2 are the linear and second-order terms of 
Taylor expansion coefficients of the propagation constant, 
and w0 is the soliton frequency shift.

The input light temporal coherence function in terms of 
random phase is given by
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Where φ0 and φNL are linear and nonlinear phase shifts 
respectively, n2 is the waveguide nonlinear refractive index, 
Aeff is the effective mode core area of the device, L  2pRad , 
Rad is the ring radius, E0(t) is the circulated field within the 
coupled ring resonator. In terms of the dark-bright soliton 

pulse, it is described as a solution which retains its temporal 
width invariance when it propagates. The nonlinear refractive 
index (n) of light propagates within the waveguide is given by

n n n I n
n

A
P   0 2 0

2

eff

,  (4)

Where n0 and n2 are the linear and nonlinear refractive 
indices, respectively, I is the optical intensity, P is the  
optical power (Kokubun et al. 2005, Fietz et al. 2007). 
Methodically, the soliton light pulse passes through  
the waveguide of the PANDA ring resonator system 
(Phatharaworamet et al. 2010), in which the input port 
provides the first coupled energy into the PANDA ring 
multiplexing system.

Therefore, the transmitted and circulated optical field 
components can be described by
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Where Y1 1 , γ1  X k1 1 .  1

The Add port pulse supply for a second coupler is given by
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Where Y2 1 , γ 2  X k2 1 ,  2
 k1and k2 are the  

intensity coupling coefficients, g1and g2 are the fractional 
coupling intensity losses, a is the waveguide attenuation 
coefficient, kn  2p/l is the wave propagation number, ER1 
and ER2 are the optical field circulated components of the 
left and right microring, R1 and R2 are the ring radii of the 
left and right sides of the PANDA ring multiplexing system, 
respectively. The circulated optical field components ER1and 
ER2 in the microring are given by
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Figure 1. Schematic of multi-wavelength optical spins generated by 
soliton pulse in a PANDA ring resonator.
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Where Y3  (1–g3), Y4  (1–g4), X3  (1–k3), X4  (1–k4), k3 and 
k4 are the intensity coupling coefficients, g3 and g4 are the frac-
tional coupling intensity losses, L1  2pR1, R1 is the left micror-
ing radius and L2  2pR2, R2 is the right microring radius.

The output optical field (ET) and the output power (PT) of 
the through port are given by
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The output optical field (ED) and the output power of the 
drop port (PD) are expressed by

E x y E jx k E ED R 2 2 add 2 2 2 1exp(TP),  (15)
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In order to retrieve the required signals, the proposed 
system is employed by the add-drop optical multiplexing 
device, where the electric field (Et2) and light pulse output 
power (Pt2) are given by

E E
X

a
L jk L X

X X
a

L jk L
t t

b n b

b n b

2 1

5 5

5 6

exp
2

1 exp
2



   

  













,  (17)

P
E

E

k X X P X k L k P

kt
t

t

n b 5
2

2

1

2

5 5 6

5

1 2 exp cos( ) (1 )exp

1 (1 )(
 

   

 

( )
11 )exp 2 exp cos( )6 5 6 k P X X P Lkn b( )

 (18)

The electric field, Ed2 and the light pulse output power, Pd2 
are expressed by
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Given X k5  1 5− , X k6  1 6− , and P Lb= 






α
2

Where k5 and k6 are the intensity coupling coefficients, 
Lb  2pRb, Rb is radius of add-drop optical multiplexing 
device as shown in Figure 1.

Multi-wavelength optical spins

In simulation, the parameters of add-drop optical mul-
tiplexer and both microrings on the left and right hand 
sides of the PANDA ring for MATLAB simulation are listed  
in Table I. The waveguide is made of InGaAsP/InP, in 
which the refractive index value is 3.14 (Zhu et al. 2010, 
Mikroulis et al. 2008), where the wavelength is defined to 
be at l0  1400, 1425, 1450, 1475, 1500, 1525, 1550, 1575, 
1600 nm. In the PANDA ring section, a dark soliton light 
pulse with 10 mW peak power is input into the input port, 
while a bright soliton with 1 mW peak power is fed into the 
Add port to control the device function. Afterward, the dark 
and bright soliton pulses are fed into Through port and 
circulated within the system; a flow diagram is shown in 
Figure 1, where finally the optical field is obtained at E1, E2, 
E3, and E4 positions as illustrated in Figure 2. The Through 
port (spin up) and Drop port (spin down) soliton spins 
are obtained in Figure 3. As a result, it is shown that many 
soliton spins can be produced from PANDA ring resonator. 
Therefore, the soliton spin array can be generated and con-
trolled by the proposed system, which offers the required 
multi-wavelength optical spin generation.

Table I. List of waveguide and system parameters.

Rad R1 R2 Rth k1 k2 k3 k4 k5 k6 Aeff (mm2) n0 a (dBmm 1) g
Waveguide 

parameters
30 mm 2.5 mm 2.5 mm 15 mm 0.5 0.5 0.3 0.3 0.5 0.5 0.25 3.34 0.1 0.01

E1 – E4 ER1 ER2 ET ED Et1

Variable  
 parameters

Center ring electric 
fields

Left ring electric 
fields

Right ring electric 
fields

Through port electric 
fields

Drop port electric 
fields

Through  
add-drop 
electric fields

Ed1 PT PD Pt1 Pd1 I

Drop port add-drop 
electric fields

Through port 
optical power

Drop port optical 
power

Through add-drop 
optical power

Drop port add-drop 
optical power

Optical intensity

LD LNL φNL x A T

Dispersion length Nonlinear 
Dispersion 
length

Nonlinear Phase  
shift

Propagation distance Optical amplitude Propagation time
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current density is calculated using MATLAB program  
(Biagioni et al. 2012), where the antenna input impedance is 
expressed by the simplify impedance, which is transmitted 
at different lengths (Balanis 1992). Generally, the gold (Au) 
material is the most popular material used for nano-antenna, 
which can provide a good effective resonance and dielectric 
constant values. The surface plasmon resonance of the inter-
face between add-drop optical device and nano-antenna in 
terms of dispersion relation is described by using the Drude 
model (Rakic et al. 1998) as in following details.

Figure 4 shows the 3D drawing of ring laterally gold 
coupled to the straight waveguides in Figure 4a and the cross 
section of add-drop in Figure 4b. The ring was coated by gold 
on the top as a nano-antenna, where the surface plasmonic 
resonance is produced, in which the output spin states can 
be confirmed by using the output polarizing beamsplitter 
arrangement. The dark-bright soliton conversion pulses 
within a PANDA ring resonator is generated and transmitted 
to gold coupled add-drop multiplexer, in which the multi-
plexed optical spins can be obtained and propagated into 
the provided network. Figure 5 shows the results of many 
spins by the proposed add-drop optical filter device which 
is coated by gold nano-antenna. A nano-antenna’s current 
density is established by using the Pocklington’s integral 
equation (Pocklington 1897). The complex one dimensional 

Figure 2. Many soliton spins within a PANDA ring are generated using a dark-soliton pump input at center wavelength 1400, 1425, 1450, 1475, 1500, 
1525, 1550, 1575, and 1600 nm.

Figure 4. (a) 3D drawing of ring laterally gold coupled to the straight 
waveguides (b) and cross section of add-drop.

Figure 3. A set of spins obtained at (a) Through port (spin up) and (b) 
Drop ports (spin down).
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Where wp  2pf  1.36  1016rad s1 and G  1.05  1014rad 
s1 are the size and temperature dependent plasma and col-
lision frequency (f) of the nanoparticles, respectively. The 
intensity of surface plasmon resonance is improved when 
there is increase in the photothermal conversion process 
efficiency. Therefore, the extinction metal nanoparticle cross 
section given in Mie theory is derived by
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Where R is the radius of the ring and l is the wavelength of 
the light in media, w is the angular frequency of the excit-
ing light, c is the velocity of light in vacuum, em(w) is the 
dispersive relative permittivity of the metal and math type 
is the dielectric functions of material. The surface plasmons 
oscillation is obtained by using a longitudinal electric field 
w, where TM-polarization and exponential decay of electric 
field are calculated by the Maxwell equations. The surface 
plasmon propagation constant (Kp) of the wave propagating 
along the metal-dielectric interface is given by

k kp
d m

d m




0

( )ε ε ω

ε ε







.  (25)

Where k0 is the wave vector in air, ed is the relative permit-
tivity of the dielectric constant. This wave can be opti-
cally excited using a coupling coated by a thin gold film 
(Kretschmann configuration), whereas a TM-polarized light 
beam is imposed on the gold face under total internal reflec-
tion conditions. The user add-drop filters are employed to 
retrieve the required signals, where the different wavelength 
signals (spins) can be obtained using the wavelength selec-
tors (add-drop filters) at the end of the drop port. On the 

other hand, the modified data can be input into the network 
via the add port of each user in the transmission networks, 
which is shown in Figure 6. The received signals of each user 
(1–4) from add-drop filters at the through and drop ports are 
shown Figures 7 and 8, in which the spin wavelength selec-
tors are employed as the key instrumental components. The 
certain or a narrow band wavelength can be obtained before 
the required spin signals are being detected via the end users. 
In terms of signal quality, the simulated free spectral range 
(FSR) transmission  25 nm and full width half maximum 
(FWHM)  4 nm are achieved as shown in Figure 9, where 
the output optical spins with different wavelengths can be 
obtained.

Figure 5. A set of spins obtained at Through and Drop ports of the Rth 
Add-Drop (Yupapin et al. 2013).

Figure 6. A schematic diagram of spin distributed networks using the 
multi-wavelength optical spins, where D1: detectors, PBS: polarizing 
beamsplitter, Rgs: output ring radii (users).

Figure 7. Results received by each user (1–4) from add-drop filter at 
Through port.
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Yang et al. 2009), where the spin detection can be realized 
in the form of polarization mode by using the polarizing 
beamsplitter and detected by the end users. The minimum 
detuning of the two signals (solitons) can be obtained, where 
in this case the detuning of 6.8 THz can be obtained between 
two signals (bands), where more detail can be found in refer-
ence (Yang et al. 2009). However, this is a simulation work 
in practice, if the propagation loss varies with wavelength,  
then the solitons away from the center (peak) wavelength 
(1500 nm) will not be valid for long distance propagation.

Molecular network security

Molecular encapsulation network is the confinement of 
a molecule inside the cavity such as molecular capsule, 
molecular container or cage to transport along network. The 
essential suggestions are security and separation molecular 
capsules for specific destination.

In this model, we propose a network by using dark- 
bright soliton conversion control (Yupapin et al. 2013, 
Thammawongsa et al. 2013a) as shown in Figure 6, in which 
molecules (drug) can be trapped and moved securely along 
the network. The end users can perform the recovered  
molecules by using the molecular filter via the through 
port (Aziz et al. 2012), the transmission security can also be  
realized by using the soliton spin up-down coded and decoded 
(codec) technique via the drop port (Yupapin et al. 2014). 
Moreover, the optical spin states can be formed by polariza-
tion states via the polarizing beam splitter, while the state con-
firmation can be initialized by the transmitter (Alice) related 
to the receiver (Bob), where finally the security is confirmed 
by both parties. The optical capsules by soliton pair within 
the optical network for molecular delivery can securely trap 
the required molecules as shown in Figure 10, which is trans-
mitted by the gradient force and scattering force as shown 
in Figure 10a. Finally, the specific codes between Alice and 
Bob can be recognized. The detached signals are shown in  
Figure 10b. In applications, the multi-wavelength optical 
spins network may be useful for network controls of molecu-
lar communication, switching, routing, and addressing at 
nano scale, coding in molecular networks, molecular net-
works security, nano computer networks, monitoring, and 
nano networks with larger-scale network integration.

Conclusion

In this work, multi-wavelength optical spin network system 
is proposed using the orthogonal dark-bright soliton con-
version pulses within a PANDA ring resonator. The surface 
plasmonic resonance is induced by applying gold nano-
antenna coating on the surface of the device. The coupling 
between the optical fields and the gold coating waveguide 
generates the transverse electric (TE) and magnetic field 
(TM) that can be separated using the add-drop filter and 
PBS for reference source and required signals at the desti-
nations (end users). The results obtained have shown that 
multi-optical spins in the optical networks, i.e., spin net-
works (SpinNet) can be formed in which optical capsules 
by soliton pair within the optical network for molecular 

In simulation, the optical spins and the magnetic fields 
can be generated by applying gold film coating, in which the 
magnetic induction on the device surface can be induced, as 
shown in Figure 4. Hence, the proposed system in Figure 8, a 
polarizing beam splitter (PBS) is used to distinguish the data 
and reference signals at the required destination in part (a). 
After that, data from the device enters into the multiplexing 
device (multiplexer, MUX) to encrypt data and transmit into 
the optical network. The generated multi-spins (many opti-
cal spins) can be used to form the wavelength division mul-
tiplexing data transmission, which offers the advantage of a 
long journey without interference and safely arrives at the 
destinations. Finally, the required signals can be retrieved 
(decoded by the demultiplexing, DEMUX) in part (b). After 
travelling through the DEMUX, the information will also be 
sent to the end users using the add-drop filters, in which the 
magnetic field is generated to identify the required data in 
part (c).

Generally, the long distance link means the soliton out-
put power that can be useful for  1,000 km via an optical 
fiber link (Grigoryan et al. 2000), where the proposed system 
power of 10 dBm is obtained, which can be transmitted over 
4,000 km for nine-channel transmission (Essiambre et al. 
1997), while the time jitter in a soliton communication can 
be reduced by using the periodic optical phase conjuga-
tion (OPC) device (Parcerisa et al. 2009). By using the small 
waveguide effective area, the polarization-dependent loss of 
 0.1dB at 1550 nm can be achieved (Van Laere et al. 2009, 

Figure 8. Results received by each user (1–4) from add-drop filter at 
Drop port.

Figure 9. Simulated transmission FSR  25 nm and FWHM  4 nm.
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where the multi-wavelength soliton spin may be of benefit 
for optical network communication and cryptography based 
spins, where the link loss can be assumed small. Moreover, 
the use of secure trapped molecules (drug) for long distance 
link can also be available by using the optical capsules, 
which can be useful for multi-access drug delivery with long 
distance link.            
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