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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 (∆λ) 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 µm 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.   

 

Keywords: Distributed sensors; Multiplexed sensors; Optical sensors; Optical circulator; Microring 

sensor; 

 

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 

(1)-(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 

𝐈𝐖𝐆𝐌𝐑 = −𝐑𝐖𝐆𝐌 𝐈𝐖𝐆𝐌𝐑. 𝐑𝐖𝐆𝐌 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 (𝑬𝒊𝒏) 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  𝑬𝒊𝒏 =  𝑬𝒁= 𝑬𝟎𝒆−𝒊𝒌𝒛−𝝎𝒕+𝝋, 𝑬𝟎 is the initial electric field amplitude, where 𝑬𝟎 is 

the electric field amplitude (real), 𝒌𝒛 =  2𝜋 𝜆𝑖⁄  is the wave number in the direction of propagation (z-axis), i=1, 

2, 3.   𝝎 and 𝜑 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(𝐸𝑡ℎ), drop(𝐸𝑑𝑟) and add(𝐸𝑎𝑑𝑑) ports can 

be expressed as explained by J. Ali et al.[17].  

 

𝑬𝒕𝒉𝟏
= [

𝑮. 𝑭𝟐 − 𝐆. 𝐅. 𝑪 − 𝑨. 𝑯. 𝑱

𝑭𝟐. 𝑱 − 𝑪. 𝐅. 𝑱
] 𝑬𝒊𝒏𝟏

 + [
(𝑭. 𝑰 − 𝑩. 𝑯 − 𝑪. 𝑰)

𝑭. (𝑭 − 𝑪)
] 𝑬𝒂𝒅𝟏    

1 

𝑬𝒅𝒓𝟏
=

 𝑲(𝑭 − 𝑪 − 𝑩𝑳 𝑲⁄ )𝑬𝒂𝒅𝟏
− 𝑳. 𝑨. 𝑬𝒊𝒏𝟏

𝑴(𝑭 − 𝑪)
 

2 

𝑬𝒂𝒅𝟏
= 𝑬𝒅𝒓𝟓

(√𝟏 −  − √
𝟐

(
𝑺

𝑺 − 𝑻
) 

3 

 

where the parameters of nodes 1, 3, 5 are given by 

𝐀 = (𝒙𝟏𝒛𝟏𝑷𝑳𝟖 − 𝒙𝟏𝒛𝟏𝒙𝟐𝒚𝟐𝑷𝟏𝑷𝑳𝟖 − 𝒙𝟏𝒛𝟏𝒙𝟒𝒚𝟒𝑷𝟐𝑷𝑳𝟖 + 𝒙𝟏𝒛𝟏𝒙𝟐𝒚𝟐𝒙𝟒𝒚𝟒𝑷𝟏𝑷𝟐𝑷𝑳𝟖) 

𝑩 = (𝒙𝟏𝒚𝟏𝒙𝟑𝒛𝟑𝒙𝟒𝒚𝟒𝑷𝑳𝟒𝑷𝑳𝟖 − 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒛𝟑𝒙𝟒𝒚𝟒𝑷𝟏𝑷𝑳𝟒𝑷𝑳𝟖 − 𝒙𝟏𝒚𝟏𝒙𝟑𝒛𝟑𝒙𝟒
𝟐𝒚𝟒

𝟐𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖

+ 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒛𝟑𝒙𝟒
𝟐𝒚𝟒

𝟐𝑷𝟏𝑷𝟐𝑷𝑳𝟖𝑷𝑳𝟒 − 𝒙𝟏𝒚𝟏𝒙𝟑𝒛𝟑𝒙𝟒
𝟐𝒛𝟒

𝟐𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖

+ 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒛𝟑𝒙𝟒
𝟐𝒛𝟒

𝟐𝑷𝟏𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖)   

𝑪 =  [𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒚𝟑𝒙𝟒𝒚𝟒(𝑷𝑳𝟒)𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒𝒚𝟒𝑷𝟏(𝑷𝑳𝟒)𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒𝒚𝟒𝑷𝟏(𝑷𝑳𝟒)𝟐

− 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒚𝟒

𝟐𝑷𝟐(𝑷𝑳𝟒)𝟐 + 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒚𝟒

𝟐𝑷𝟏𝑷𝟐(𝑷𝑳𝟒)𝟐

+ 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒚𝟒

𝟐𝑷𝟏𝑷𝟐(𝑷𝑳𝟒)𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒛𝟒

𝟐𝑷𝟐(𝑷𝑳𝟒)𝟐

+ 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒛𝟒

𝟐𝑷𝟏𝑷𝟐(𝑷𝑳𝟒)𝟐 + 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟑𝒚𝟑𝒙𝟒
𝟐𝒛𝟒

𝟐𝑷𝟏𝑷𝟐(𝑷𝑳𝟒)𝟐 ] 

𝑭 = 𝟏 − 𝒙𝟐𝒚𝟐𝑷𝟏 − 𝒙𝟒𝒚𝟒𝑷𝟐 + 𝒙𝟐𝒚𝟐𝒙𝟒𝒚𝟒𝑷𝟏𝑷𝟐,, 𝑮 = 𝒙𝟏 𝒚𝟏 − 𝒙𝟏𝒙𝟒 𝒚𝟏𝒚𝟒𝑷𝟐 

𝑯 = 𝒋(𝒙𝟏𝒙𝟐𝒙𝟑𝒙𝟒𝒚𝟐𝒚𝟑𝒚𝟒𝒛𝟏 . 𝑷𝑳𝟒𝑷𝑳𝟖 − 𝒙𝟒
𝟐𝒚𝟒

𝟐𝒙𝟏𝒙𝟐𝒙𝟑𝒚𝟐𝒚𝟑𝒛𝟏. 𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖 − 𝒙𝟒
𝟐𝒛𝟒

𝟐𝒙𝟏𝒙𝟐𝒙𝟑𝒚𝟐𝒚𝟑 𝒛𝟏. 𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖

− 𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟏𝒙𝟑𝒙𝟒𝒚𝟑𝒚𝟒𝒛𝟏.  𝑷𝟏𝑷𝑳𝟒𝑷𝑳𝟖 + 𝒙𝟐
𝟐𝒙𝟒

𝟐𝒚𝟐
𝟐𝒚𝟒

𝟐𝒙𝟏𝒙𝟑𝒚𝟑𝒛𝟏.  𝑷𝟏𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖

+ 𝒙𝟐
𝟐𝒙𝟒

𝟐𝒚𝟐
𝟐𝒛𝟒

𝟐𝒙𝟏𝒙𝟑𝒚𝟑𝒛𝟏 𝑷𝟏𝑷𝟐. 𝑷𝑳𝟒𝑷𝑳𝟖 − 𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟏𝒙𝟒𝒙𝟑𝒚𝟑𝒚𝟒𝒛𝟏 . 𝑷𝟏𝑷𝑳𝟒𝑷𝑳𝟖

+ 𝒙𝟐
𝟐𝒙𝟒

𝟐𝒛𝟐
𝟐𝒚𝟒

𝟐𝒙𝟏𝒙𝟑𝒚𝟑𝒛𝟏. 𝑷𝟏𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖 + 𝒙𝟐
𝟐𝒙𝟒

𝟐𝒛𝟐
𝟐𝒛𝟒

𝟐𝒙𝟏𝒙𝟑𝒚𝟑𝒛𝟏 . 𝑷𝟏𝑷𝟐𝑷𝑳𝟒𝑷𝑳𝟖) 

𝑰 = −(𝒙𝟏𝒙𝟑𝒙𝟒𝒚𝟒𝒛𝟏𝒛𝟑𝑷𝑳𝟖
𝟐 − 𝒙𝟒

𝟐𝒚𝟒
𝟐𝒙𝟏𝒙𝟑𝒛𝟏𝒛𝟑𝑷𝟐𝑷𝑳𝟖

𝟐 − 𝒙𝟒
𝟐𝒛𝟒

𝟐𝒙𝟏𝒙𝟑𝒛𝟏𝒛𝟑𝑷𝟐𝑷𝑳𝟖
𝟐 − 𝒙𝟏𝒙𝟐𝒙𝟑𝒙𝟒𝒛𝟏𝒛𝟑𝒚𝟐𝒚𝟒𝑷𝟏𝑷𝑳𝟖

𝟐

+ 𝒙𝟒
𝟐𝒚𝟒

𝟐𝒙𝟏𝒙𝟐𝒙𝟑𝒚𝟐𝒛𝟏𝒛𝟑𝑷𝟏𝑷𝟐𝑷𝑳𝟖
𝟐 + 𝒙𝟒

𝟐𝒛𝟒
𝟐𝒙𝟏𝒙𝟐𝒙𝟑𝒚𝟐𝒛𝟏𝒛𝟑𝑷𝟏𝑷𝟐𝑷𝑳𝟖

𝟐) 

𝑱 = 𝟏 − 𝒙𝟒𝒚𝟒𝑷𝟐, 𝑲 = 𝒙𝟑𝒚𝟑(𝟏 − 𝒙𝟐𝒚𝟐𝑷𝟏) , 𝑳 = 𝒙𝟐𝒙𝟑𝒚𝟐𝒛𝟑𝑷𝑳𝟖 − 𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟑𝒛𝟑𝑷𝟏𝑷𝑳𝟖 − 𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟑𝒛𝟑𝑷𝟏𝑷𝑳𝟖  , 

𝑴 = (𝟏 − 𝒙𝟐𝒚𝟐𝑷𝟏) 
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where the parameters of nodes  2, 4, 6 are given by 

 

𝑺 = [𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑𝒚𝟑 − 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟑
𝟐𝒚𝟑

𝟐𝑷𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟐𝒚𝟐𝒙𝟐
𝟐𝒛𝟑

𝟐𝑷𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟐𝒚𝟑𝑷𝟏 + 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟑
𝟐𝒚𝟑

𝟐𝑷𝟏𝑷𝟐

+ 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒚𝟐

𝟐𝒙𝟐
𝟐𝒛𝟑

𝟐𝑷𝟏𝑷𝟐 − 𝒙𝟏𝒚𝟏𝒙𝟑𝒚𝟑𝒙𝟐
𝟐𝒛𝟐

𝟐 + 𝒙𝟏𝒚𝟏𝒙𝟑
𝟐𝒚𝟑

𝟐𝒙𝟐
𝟐𝒛𝟐

𝟐𝑷𝟐 + 𝒙𝟏𝒚𝟏𝒙𝟐
𝟐𝒛𝟐

𝟐𝒙𝟑
𝟐𝒛𝟑

𝟐𝑷𝟐 ]𝑷𝑳𝟖 

𝑇 = 1 − 𝑥2𝑦2𝑃1 − 𝑥3𝑦3𝑃2 + 𝑥2𝑦2𝑥3𝑦3𝑃1𝑃2 

𝑥1 = √1 − 𝛾1 ,     𝑦1 = √1 − 𝜅1 ,     𝑧1 = √𝜅1     

𝑥2 = √1 − 𝛾2 ,     𝑦2 = √1 − 𝜅2 ,     𝑧2 = √𝜅2       

𝑥3 = √1 − 𝛾3 ,     𝑦3 = √1 − 𝜅3 ,     𝑧3 = √𝜅3    

𝑥4 = √1 − 𝛾4 ,     𝑦4 = √1 − 𝜅4 ,     𝑧4 = √𝜅4 

𝑃1 = 𝑒−
𝛼
2

𝐿𝑅−𝑗𝑘𝑛𝐿𝑅 , 𝑃2 = 𝑒−
𝛼
2

𝐿𝐿−𝑗𝑘𝑛𝐿𝐿  ∶ 𝐿𝑅 = 2𝜋𝑅𝑅 , 𝐿𝐿 = 2𝜋𝑅𝐿        

𝑃𝐿2 = 𝑒−
𝛼
2

𝐿𝐷−𝑗𝑘𝑛𝐿𝐷 , 𝑃𝐿4 = 𝑒−
𝛼
2

𝐿𝐷
2

−𝑗𝑘𝑛
𝐿𝐷
2  ,   𝑃𝐿8 = 𝑒−

𝛼
2

𝐿𝐷
4

−𝑗𝑘𝑛
𝐿𝐷
4  

and 

𝐸𝑡ℎ2
= [

𝐺. 𝐹2 − G. F. 𝐶 − 𝐴. 𝐻. 𝐽

𝐹2. 𝐽 − 𝐶. F. 𝐽
] 𝐸𝑖𝑛2

 + [
(𝐹. 𝐼 − 𝐵. 𝐻 − 𝐶. 𝐼)

𝐹. (𝐹 − 𝐶)
] 𝐸𝑎𝑑3    

𝐸𝑑𝑟3
=

 𝐾(𝐹 − 𝐶 − 𝐵𝐿 𝐾⁄ )𝐸𝑎𝑑3
− 𝐿. 𝐴. 𝐸𝑖𝑛2

𝑀(𝐹 − 𝐶)
 

𝐸𝑎𝑑3
= 𝐸𝑑𝑟1

(√1 −  − √
2

(
𝑄

𝑆 − 𝑇
) 

𝐸𝑡ℎ3
= [

𝐺. 𝐹2 − G. F. 𝐶 − 𝐴. 𝐻. 𝐽

𝐹2. 𝐽 − 𝐶. F. 𝐽
] 𝐸𝑖𝑛3

 + [
(𝐹. 𝐼 − 𝐵. 𝐻 − 𝐶. 𝐼)

𝐹. (𝐹 − 𝐶)
] 𝐸𝑎𝑑5    

𝐸𝑑𝑟5
=

 𝐾(𝐹 − 𝐶 − 𝐵𝐿 𝐾⁄ )𝐸𝑎𝑑5
− 𝐿. 𝐴. 𝐸𝑖𝑛3

𝑀(𝐹 − 𝐶)
 

𝐸𝑎𝑑5
= 𝐸𝑑𝑟3

(√1 −  − √
2

(
𝑄

𝑆 − 𝑇
) 
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Figure 1: Schematic of a plasmonic island structure, where 𝑬𝒊𝒏, 𝑬𝒕𝒉, 𝑬𝒅𝒓, 𝑬𝒂𝒅 are the electrical fields of the 

input, through, drop and add ports, 𝑹𝑹, 𝑹𝑳, and 𝑹𝑫 are the right, the left, and the centre ring, respectively, κs : 

the coupling coefficients are 0.5. 𝑹𝑺𝒊: Silicon circle radius, 𝑹𝑮𝒓: Graphene circle radius, and 𝑹𝑨𝒖: Gold sphere 

radius. 

3. Simulation Results 
In the simulations, three different wavelengths 1.10, 1.30 and 1.55 µ𝑚 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 µm, 1.55 µm, and 1.10 µm and each is fed into the Input1 port, 

Input 2 port, and Input 3 port, respectively. The ring system, 𝑅𝐿 = 𝑅𝑅 = 0.5 µm, 𝑅𝐷 = 1.0 µm. The coupling 

constants are 𝜅1 to 𝜅4 are the same, which is 0.5.  The ring material is the InGaAsP/InP, of which the refractive 

index; 𝑛0= 3.14, 𝑛2= 1.3×10-17 m2W-1.  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, 𝝁 =
𝑽𝒅

𝑬
, where 𝑽𝒅 is Drift velocity, which is 𝒗𝒅 =

𝒋𝒔

𝒏𝒒
, where 𝒋𝒔 = 𝝈𝑳𝑬 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 = [Density×free electron number per atom×Avogadro’s 

constant]/[Molar mass] electrons per cubic meter. For Au, the density is 19.32 gcm-3, the Avogadro’s constant is 

6.02×1023 atoms, the free electron number is 1, the Molar mass is 196.967 gmol-1, and the conductivity, σ = 

4.10×107 Sm-1 [15-17]. By using the parameters are 𝑹𝑺𝒊 = 𝑹𝑮𝒓 = 𝑹𝑨𝒖 = 800 nm, the thickness of each layer, Si, 

Graphene, and Gold, is 0.2 µm, 0.1 µm, and 0.1 µm, 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. 

 

 
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 µm, 1.55 µm. The ring system, 𝑹𝑳 = 𝑹𝑹 = 0.5 µm, 𝑹𝑫 = 1.0 µm. All the coupling 

constants are the same, where 𝜿𝟏 to 𝜿𝟒 = 0.5. The ring material is the InGaAsP/InP, of which the refractive index; 𝒏𝟎= 

3.14, 𝒏𝟐= 1.3×10-17 m2W-1. 

 

 
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 µ𝑚2 . 
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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(∆𝝀) 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. 

   

 
 

 
 

Figure 5: The plots of the changes in the free spectral range(∆𝝀) and the input power of the nodes 1 and 4, in 

which the trends are the curve fitting plots. It is shown the potential of using as the multiwavelength distributed 

sensors. 
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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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