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Abstract:

The design of the microsensor system for biosensors using the plasmonic island is proposed. The sensor head is formed
by the stacked layers of silicon-graphene-gold materials. The dual-mode operations of the sensor can be performed
using the relationship of the changes between the electron mobility and optical phase, where the exciting environment
can be light intensity(phase), electrical transient, heat, pressure, flavour and smoke, The change in light
phase(intensity) in silicon and conductivity(mobility) in gold layers cause change in the output measurands. The
design and simulation interpretation of the sensor is presented. The sensor manipulation using the MCM arrangement
is simulated and interpreted for biosensor applications 3D imaging can also be applied to the MCM function, where
the 3D in situ sensor function is possible. The sensor sensitivity of 2.0 x 10721 cm?2V~1s~1 (mW)~! via simulation
is obtained.
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1. Introduction

Plasmonic materials and devices have been widely investigated and used in many aspects of theoretical and
experimental works [Ozbay, 2006; Aldawsari et al., 2015; Felidj et al., 2005; Eurenius et al., 2008; Xiao et al., 2006]. The
major aspect of the current is the transformation relationship between the electromagnetic wave and electron energies
that can be used to take the required measurement. Sensor-based on a plasmonic material is also an interesting device
[Ali et al., 2018; Pornsuwancharoen et al., 2017], which can be used in either optical or electron electrical operation by
using the relationship between the electron and light energies. There are many research articles published on the
investigation of plasmonic sensors [Feng et al., 2011; Morrill et al., 2010; Li et al., 2016; Hasan et al., 2018; Anker et al.,
2008], which have shown the advantages of various forms of devices and applications. The integrated plasmonic
devices have shown the good potential for biosensing applications [Ren-Bing et al., 2013; Pornsuwancharoen et al.,
2017], where one of them is formed by the plasmonic island within the modified add-drop filter, in which the induced
changes in the electron mobility and light intensity(phase) can be relatively measured and the relationship established.
This means that sensitivity of the device sensor can be worked out. In this work, the plasmonic island is integrated
within the Panda-ring resonator to form a biosensor. The plasmonic island is formed by the stacked layers of silicon-
graphene-gold materials, which is found to be very promising for light-electron energy conversion that can be applied
to sensor application. Principally, light energy is initially input into the stacked device via a silicon core, which is a
well-established technique [Gall, 2016; Baccarani and Ostoja, 1975]. The plasmonic waves are introduced into the
graphene layer via the silicon layer input light, the excited electrons occur within the gold layer, which can be dived
by the external output sorce by the required applications.. Moreover, the input and output of such layers can be the
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optical or electrical signals, while the medium of both applications is the light fields that can be coupled by either
electrons or photons. In this article, we have designed a system that can be used to detect the change in the electrical
or optical quantities, especially, intensity(or phase) of light or electrical mobility(of current) for the specific points .
We are presenting a simulation based investigation, however, the used parameters are closed to the existing device
fabrication technologies. By using the graphical method using Optiwave, followed by the mathematical simulation
via Matlab program, the problem can be easily solved and the simulation results obtained. The sensor manipulation is
demonstrated by changing the reflection coefficients of the microring conjugate mirror material, which is the TiO2
[Wang et al., 2003; Faruki et al., 2016]. The change in the relationship between the electron mobility and the input power
due to the stimuli environment of the sensor system is the sensor sensitivity. The 3D image of the activity between the
sensor and the stimuli is formed by the add port output, which is the FWM output of the MCM, in which the 3D image
can be formed by the 3D imaging recovery system [Phattharacorn et al., 2016; Phathracorn et al., 2018; Chaiwong et
al., 2017].

2. Background

We understand that mathematical complexity is not necessary to obtain simulation results. By using graphical approach, the
required parameters can be acquired and used in the existing equations. Simple mathematical formulae can be used to obtain
required results. In this work, the whispering gallery mode is the required of the system shown in Figure 1(a, b). The acquired
parameters are then be used to perform the mathematical simulations. The optical field (E) propagates thorugh the microring system
as shown in Figure 1(a) is given by equations (1)-(3) [Phattharacorn et al., 2016; Amiri et al., 2012].
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Where E| is the electric field amplitude (real), k, is the wave number in the direction of propagation and w is the
angular frequency.
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within the system can also be found, where the mathematical formulas are be found the give reference [Phatharacorn et al., 2018].
Under specific conditions, add port output can be observed due to reflection (feedback), where in this work the TiO2
lengths are used to obtain the required optical power reflection[Chaiwong et al. 2017; Phatharacorn et al., 2018].
However, the energy conservation of the system must be satisfied, hence, the normalized system is applied, where the
normalized condition of the the input and output power for the remaining power. The remain output from the other
ports are always found.

The 3D image construction, reconstruction and display is also presented in this work, which can be performed by using the
same system which is considered as the microring conjugate mirror(MCM). Phatharacom et al. [Phatharacorn, et al., 2016], report
that the MCM can be formed when the reflected power from the through and drop ports are suitably selected. The image
construction can be seen at the WGM output, while the image reconstruction is obtained at the add port. In case of remote image
transmission, the link of the fiber optic cable is required, from which the output of the add port is input into the input port and
displayed at the WGM output, which produces naked-eye perception. The proposed sensor can be used as the dual-mode sensor,
which means that the applied external source can have optical or electrical parameters. The two modes are the optical or electrical
modes that can be selected by different output detection systems, which are obtained by the quantity in terms of the optical phase

termas ¢ = ZnﬁﬂL, where An, s is the change in the effective refractive index, L is the optical path difference, and A is the
input source wavelength. The relationship between the light intensity (1), group velocity and the electron mobility can be expressed
asl = E? =( %)2, which is defined by V4 = UE. When an electric field E is applied to the grating sensor and an electric current
is established in the conductor. The density Js of this current is given by Js = oE. The constant of proportionality ¢ is called the



specific conductance or electrical conductivity of the conductor (gold is 1.6x10% W-m?) [Gall, 2016; Baccarani and Ostoja, 1975].
The advantage of the modified add-drop filter with two side rings is that the nonlinear effect can offer the shorter output pulse width
and easier WGM resonant output control than the original system [Phatharacorn et al., 2017, Pornsuwancharoen et al., 2017]. The
sensitivity of the system can be obtained by the relationship between the electron mobility output and the applied current (input
power). Moreover, the use of the proposed sensor system may be possible for biosensors, specifically, using gold nanoparticles for
the detection of viruses (cells) [He et al., 2011; Lee et al., 2015; Foreman et al., 2015; Sharma and Dominic, 2018; Anker et al.,

2008].
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Figure 1: Schematiic of a photonic island structure, where
where Egy, E¢n, Egrop: Eaaq are the electrical fields of the
input, through, drop and add ports, R;, R,, R, are the rinh
radii of the left, right and center rings, respectively, xs :
compling coefficients are 0.5. Si: Silicon, Rg;: Silicon ring
radius, R, Graphene rin radius, Rsa,,: Gold ring radius,
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Figure 2: The Optiwave results, where the parameters are
Rl = RT = 12ﬂm, Rd = ZOum, RSi = RGT = 10[lm,
R4y =10 nm, hy, = 200 nm, the thickness of Si and
Graphene is 1 um and 10 nm, respectively, the input light
power is 200 mW. The refractive index of the silicon is 1.46.
The linear and nonlinear refractive indices of the GaAsInP/P
are 3.14 and 1.30x101® m®W-1, respectively. The attenuation
coefficient of the waveguide is 0.1 dB (mm)-L,

hy,: Gold rod height

3. Manipulation and Results

In a simulation, the manipulation of the proposed plasmonic circuit for biosensor with the 3D image presentation has
been configured by using the change in the MCM reflected power.The used parameters satisfiy the practical microring
parameters and the waveguide supported Q-factor[Bogaerts et al., 2012] . The TiO2 coated lengths on the waveguide
ends at the throughput and drop ports were varied, which is configured as the change in the sensing mechanism during
the measurement. The in-situ 3D image of the sensing mechanism can be captured and the image displayed by the
naked-eye 3D imaging recovery. The used parameters are provided with the given in the related figure captions and
the following content. The plot of the add port mobility visibility output with the reflected end TiO2 lengths from 100-
600 nm is shown in Figure 3. This is the MCM output is obtained from the sensor unit, which is the reflected
information of the image construction at the sensor head, which is shown the relationship between the mobility
visibility output and the different TiO2 lengths. It will be selected to perform the required sensor sensitivity. The
electron mobility in a gold material is 42.6 cm? V-1 s [Gall, 2016; Baccarani and Ostoja, 1975], the electron mass is
9.10 x 103 kilograms, the electron charge is 1.60 x 10°*° coulombs. The refractive index of the silicon is 1.46. The
linear and nonlinear refractive indices of the GaAsInP/P are 3.14 and 1.30x102® m?W-1, respectively. The attenuation
coefficient of the waveguide is 0.1 dB (mm)™. The plot of relationship between the mobility output and input power
of the through, drop and add ports is shown in Figure 4 is obtained by using the Equations (1)-(3) with the MATLAB
program, where the source wavelength is 1.55 um, the TiO2 coated end length is 100 nm, the input power is varied
from 0.5-5.0mW. The other parameters are given in Figure 2. There are 6 points(pixels) of 3D images of the sensor
activity manipulation by varying the TiO2 end lengths shown in Figure 5. The add port outputs are used to form the
3D images by entering the optical output signal into the 3D image recovery system, which is the same system with
the input information as shown in Figure 1. The selected plotted six TiO2 length and WGM power variations are
plotted, where (a) 600 nm, 0.1 mW, (b) 500 nm, 0.12 mW, (c) 400 nm, 0.2 mW, (d) 300 nm, 0.25 mW, (e) 200 nm,
0.3 mWw, (f) 100 nm, 0.34 mW. The 3D images of the six different parameters and images are seen. The sensor head
is the stacked layers of silicon-graphene-gold materials as shown in Figure 1, which means that if there is any change
of light power or electron mobility related quantities introduced into the sensor system, will affect to the mobility
output at all ports, while the 3D images of the measured target sample can be in-situ display. This system can be



integrated with the microscale device regime that can be used for cells or molecules sensors, while the live monitoring
can be performed. In application, the MCM array can be integrated and the number of 3D pixels increased for large
volume display.
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Figure 3: The plot of the add port mobility visibility output with the reflected end TiO2 lengths, which was varied from 100-600 nm using the
MATLAB program. The data points are the simulation result, where the solid line is the fitting curve.
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Figure 4: The plot of the mobility output and input power of the through, drap and add ports at the source wavelenth of 1.55 pm, using the Equations (1)-(3) with the
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Figure 5: Plots of the sensor activity manipulation by varying the TiO2 end lengths, using the Optiwave program. The add port outputs are plotted
with the six TiO2 length and WGM power variations, where (a) 600 nm, (b) 500 nm, (c) 400 nm, (d) 300 nm, (e) 200 nm, (f) 200 nm. The 3D
images of the six different measurement vales are plotted and seen, which is the manipulation of the sensing data.

4. Conclusion

We have proposed the use of the plasmonic island embedded within the MCM for the in situ 3D biosensors. The
amount of change in cells quantities in response to the optical or electrical quantities tells about sensitivity of the
sensor. We have manipulated the excited sensor environments by changing the MCM reflection coefficients to employ
the sensor quantities. By the manipulating simulation, we have found that the change in the sensor head can be occured
by the exciting environment related to the electron mobility or light incident energy. For an instant, the change in cells
quantities related to the optical or electrical quantities can be formed the sensor sensitivity. We have manipulated the
excited sensor environments by changing the MCM reflection coefficients to employ the sensor performance. The in-
situ 3D image is also possible formed and presented by the output of the MCM, where the FWM signal outputs are
input into the display system, the 3D image of the sensor is confirmed and displayed. The sensor sensitivity of 2.0 x
1072 cm2V~1s~1 (mW)~1is obtained. Moreover, this system is not required the electronic 3D image reconstruction,
it is the naked-eye 3D display using the image recovery, which is the same as the initial input system.
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