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Abstract: Three different wavelength light sources are coupled to microring circulator via
modified add-drop multiplexers, from which the multiplexed signals of them can be formed at
the plasmonic islands and used as the distributed sensor nodes. The change in the wavelength
due to the external environment will affect the refractive index of the sensing material and
hence shift in each wavelength will be seen. Measurements are recorded as the shift in a
spectrum (AL) by changing the input power and a relationship is obtained between the change
in input power and shift in the output spectrum for 1.10, 1.30 and 1.55 pm wavelengths. This
is the micro-scale device that can be used for bio-cell content distributed sensors, in which the
three different aspects of sensor mechanism can be employed.
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1. Introduction

The plasmonic island has become a promising electro-optic device that can be made to use electrical and optical signals
for taking measurements. Recently, there are several articles published which report very interesting aspects of these
devices [1-4], in which the conversion between the electrical and optical signals are shown to be obtained through
stacked layers of silicon-graphene-gold materials, which is known as a plasmonic island [5]. Another advantage is that
the conversion of the signals can be functioned within the center of the system, where the energy is supplied by the
whispering gallery mode(WGM) of light generated within a microring resonator. It is a nonlinear microring device, in
which the WGM can be controlled by the two nonlinear side rings [6-9]. Experimental evidence of the WGM generated
by the ring resonator have been confirmed with a wide range of applications [10, 11], which gives us more confidence in
the realistic application of our proposed device. Up to date, various works have been theoretically proposed with potential
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applications [12-14], where most of them use the microring resonator structure known as a panda-ring resonator. In this
article, we have proposed the use of the optical circulator of three light sources for cross-connection, which is available
for the multi-wavelength multiplexing and is useful for LiFi link and for high traffic data communication. One more
interesting application is that the circulation nodes, which are constructed by the panda-ring resonator, can be employed
as sensor nodes of the distributed sensors, in which large area detection can be performed. The electro-optic signal
conversion can also performed, which enables the employability of distributed sensors in both electrical and light signal
applications. By using the stacked layers of silicon-graphene-gold called the plasmonic island [6], the conversion of light
and the electrical signal can be achieved. The proposed system is schematically illustrated in Figure 1. Equations
(2)-(3) represent the electrical output fields of the circuit [15]. The WGM field (Ewgm) iS given in the
cylindrical coordinates [16]. To simplify the equation, the surface reflection of the reflector is neglected, where
Iwemr = —Rwem Iwemr: Rwem Which is the reflection output. In the case of multi-input and output (MIMO)
signal applications, the three-wavelength input sources to the system and cross-connected source wavelengths
are used to form the simultaneous multi-wavelength sensors, where the sensor heads are at the WGM outputs of
each node. The distributed sensors are formed by the large area of the sensors and can perform simultaneous
measurements. The used parameters are given in the captions of relevant figures.

2. Theoretical Background

The sensor system is shown in Figure 1. Three selected light sources are fed into the system via the input ports.
The input port field is represented by the input electric field (E;,,) of each input with the different wavelengths.
The electric fields are circulated within the system and the sensor nodes(islands). The input electric field is fed
into the z-axis, which is given by E;,, = Ez= Ege~z=©t*¢ E is the initial electric field amplitude, where E, is
the electric field amplitude (real), k, = 2m/4; is the wave number in the direction of propagation (z-axis), i=1,
2, 3. w and ¢ are the angular frequency and phase of light associated with the input light source
wavelengths. The distributed electrical fields within the system are given as the following details. For
simplicity, three light sources are simultaneously fed into the system, in which the distance from the source to
the coupling node is kept the same. The output signals of the through(E,;), drop(Ey,) and add(E,44) ports can
be expressed as explained by J. Ali et al.[17].
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where the parameters of nodes 1, 3, 5 are given by
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Figure 1: Schematic of a plasmonic island structure, where E;,, E, Eq4,, Eqq are the electrical fields of the
input, through, drop and add ports, Rg, R;, and Ry are the right, the left, and the centre ring, respectively, «s :
the coupling coefficients are 0.5. Rg;: Silicon circle radius, R¢,: Graphene circle radius, and Ry,,: Gold sphere
radius.

3. Simulation Results

In the simulations, three different wavelengths 1.10, 1.30 and 1.55 pwm are input into the system along the
propagation axis (z-axis), as shown in Figure 1.Light power is fed into the system and described by the given
equations in the previous section. Under the resonant condition, the multiplexed light sources are formed and the
output signals are obtained at the islands and through ports. These signals are the multiplexed wavelength
outputs within the identified areas, which can be used to form the distributed sensor areas with different
wavelengths. This means that various sensors can be used by distributed sensors within the given area. From the
preliminary results obtained by the graphical approach, where the selected parameters are given by the related
figure captions. The simulation results are obtained by using the MATLAB program. The plot of the WGM
outputs of the distributed nodes is shown in Figure 2. The input power of the light source is 45 mW is kept same
for three different center wavelengths i.e.,1.30 um, 1.55 pm, and 1.10 um and each is fed into the Inputl port,
Input 2 port, and Input 3 port, respectively. The ring system, R, = Rz = 0.5 pum, R, = 1.0 um. The coupling
constants are k;, to x, are the same, which is 0.5. The ring material is the InGaAsP/InP, of which the refractive
index; ny= 3.14, n,= 1.3x10 m®W-L. Throughput port signals of the system are shown in Figure 3, where the
light input power is 15 mW, the variation of the input power results is plotted in Figure 4, where the input power
is varied from 10-30 mW. Resulting changes in the spectral widths in terms of the free spectral range (FSR) of
the sensor nodes is shown in Figure 5. The graphical approach is used by Optiwave program to acquire
optimized parameters The results plotted in Figure 2 are obtained by using these optimized parameters in Matlab
based simulations. The same light source is input into the circulator via the input port of three different
nodes(Panda-ring resonators). Light power from the different directions and wavelengths are coupled into the
selected node and circulated in the optical circulator, in which the output is obtained at the nodes and the
through ports. The resonant WGMs are fed and seen at the node centers, which are the reference signals of
distributed sensors. The exciting environment related to the change in the free spectrum range to the sensor node
will change the device parameters and the refractive indices, which can be measured in term of the change in the
wavelength as the reference positions, for an instant, the distributed temperature on the interesting surface and
the bio-cell distributed sensors. For the electro-optic conversion of the island nodes, the electron mobility, u =

%, where V4 is Drift velocity, which is v; = r’;—;, where js = oLE is the current density flowing through the

material, L is the material length ( thickness), and n is the charge-carrier number density (electrons per cubic
meter). The charge-carrier number density, n = [Densityxfree electron number per atomxAvogadro’s
constant]/[Molar mass] electrons per cubic meter. For Au, the density is 19.32 gcm3, the Avogadro’s constant is
6.02x 1023 atoms, the free electron number is 1, the Molar mass is 196.967 gmol?, and the conductivity, ¢ =
4.10x107 Sm’! [15-17]. By using the parameters are Rg; = Rg, = R4, = 800 nm, the thickness of each layer, Si,
Graphene, and Gold, is 0.2 um, 0.1 pm, and 0.1 um, respectively. The output mobility can be obtained and used
for the electrical sensors. The dimension of the device scale and parameters are given within the fabrication
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capabilities of available technology [18-20] that can be used as the realistic system for bio-cell sensors[21],
where the cell contents may be placed on the system. From which the difference in the shited in the free spectral range

will be the measurement.
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Figure 2: The plot of the WGM outputs of the system in Figure 1, where the input light source power is 45 mW of the three
different center wavelengths of 1.10, 1.30 pum, 1.55 um. The ring system, R; = Rg = 0.5 um, Rp = 1.0 um. All the coupling
constants are the same, where k4 to k4 = 0.5. The ring material is the InGaAsP/InP, of which the refractive index; ny=
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Figure 3: The plots of the throughput port signals of the system in Figure 1, where the light input power is at 15
mW, the waveguide loss is 0.10 dBcm ™1, the core effective area is 0.30-0.50 pm? .
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Figure 4: The plots of the changes in the WGM outputs and the input power from 10-30 mW of the sensor
nodes(islands). The changes in the center wavelength(AA) positions are seen. This is the manipulation of the
multiwavelength distributed sensors by changing the input power, where (a)-(f) are the results of nodes(WGMs)
1-6.
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4. Conclusion

The use of a microring resonator system embedded by the plasmonic island to form the distributed sensors is
proposed. The simulations have shown the promising results that the relationship between the changes in the
free spectrum range and the input power can be configured to be the multiwavelength distributed sensors. The
resulting shift in wavelength of the distributed sensors can be a useful measurement for bio-cell sensors.
Moreover, the sensor nodes can be increased to have larger distributed areas to expand the coverage area, where
the communication among cells in the different nodes can also be possible. The plasmonic island performs the
electro-optic conversion, which enables the application of this sensor system for both optical and electrical
systems.
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