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Abstract— In this paper, a micro-stereo sensor is proposed using two-identical Panda-ring resonators, which are coupled by
jointed drop ports. When light from the identical coherent sources is fed into the system via the input ports, the coupling
outputs are obtained at the drop port at the resonant condition. These are mixed signals in the form of stereo signals. By using
different input power between the right and left systems, the phase difference generated by the Kerr-Effect in the non-linear
medium leads to the shift in the coupling outputs. The shift in the center wavelength is the primary measurement of interest
along with coupling crosstalk signals that are also visible at the output. The measurement self-calibration of the two channels
is confirmed by the mixed channel signals. In the manipulation, the crosstalk signals can be used to interpret the cross-
communication of bio-cells. The crosstalk results have shown the optical crosstalks of ~2.0 and ~2.5 dB are calculated and
obtained, respectively. The stereo sensor sensitivity of ~5.70 nmW™ is noted.
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1. Introduction

A stereo is preferred because of its advantages of measurement accuracy and capability of 3D measurements. The signals are
detected by a pair of identical sensors, where most similar to the natural sensor occurrences, for instance, human eyes, ears,
nose. Currently, the most popular one is the use of the improvement of camera resolution and audio recording by reducing the
environmental noises by mixing the feedback from two-channel sensors. Moreover, the 3D image display can be performed
by this method [1-9]. Recently, the researchers have demonstrated the use of Panda-ring resonator as Microring Conjugate
Mirror (MCM) [10-14]. In our previous publications [15], we have proposed 3D image construction and display to mimic the
human eye operation. On the similar basis, we are proposing the use of two identical panda-ring resonators to form stereo
sensors, which has not been found elsewhere. In principle, stereo sensors can be formed when the identical sources input into
two sensor systems, in which the detected stereo signals are obtained at the coupling output after mixing signals of the two-
sources(channels). In practice, the identical Panda-ring fabrication may be difficult, however, the offset signals of the initial
set up is required before measurement. From which the different input power into the identical systems can lead to the change
(phase shift) in stereo sensor signals. This phase shift in the output signal is the actual measurement of interest. In this
proposed work, the change in phase of the two different systems is a result of the Kerr effect [16], which causes changes in



the optical path of light (optical path difference, OPD) within the propagation system. The slight change in the OPD is the
similar effect to the Vernier effect [17]. By using the Kerr-Vernier effect, we propose to design a system to accomplish stereo
sensors. By varying the input identical light sources a change in the refractive index of the device is caused by the nonlinear
effect [18-20]. We have attempted to describe cell communication using our proposed stereo sensors, which is one of the
current research areas of interest in the scientific community [21-23]. The system is simulated by introducing non-identical
input light power into the systems and record the shift in the center wavelength of both systems. In manipulation, the
variation of the input power of the stereo sensor sensitivity of the two live cells within the two different systems is discussed.
The coupling signals (mixed signals) of the systems are presented by the cross-talk output, which is the coupling of the two
living cell systems. The shift in the output coupling signals from the initial values mean the live cells of the two systems can
communicate with each other. There are some investigations by the mathematical modeling aspects, however, the live cell
communication research has not realized the practical demonstration yet, which would be interesting to see [23]. The device
parameters are at realistic scales, in which current technology can be used for the fabrications [24, 25]. The theoretical
description is rearranged and given. The Optiwave and Matlab software are used to perform the simulation results.

2. Theoretical Background

Upon inputting a coherent light into the Panda-ring resonator, the electrical output field (Ewgm) is in the cylindrical
coordinates [10]. To simplify the equation, the reflection from the reflector surface is neglected, where the reflection output
can be obtained by Iyemr = —Rwem Iwemr- Rwem- Here, Rwen, 1S the reflectivity of the applied material [26]. Several types
of optical filter devices can be utilized in sensor communication applications in such a way, the circuiting power can be
combined with the power reflected from the reflector surfaces and finally can be detected in the output ports of the device.
The simulation if such optical systems can be performed using the parameters utilized in practical and experiments [24, 25].
The used parameters are given in the captions of relevant figures. In Figurel, a selected light source is fed into the system via
an input port, which is represented as the input electric field (E;;, ). The electric fields are circulated within the system and
described by the equations (1)-(3) [12], the input electric field is fed into the z-axis, where E;, = E;= Eqe~k:Z-9t*¢ E s
the initial electric field amplitude, Where E, is the electric field amplitude (real), k, is the wave number in the direction of
propagation (z-axis) and w is the angular frequency [27-29], where ¢ is the initial phase.
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Here, E,. = —nEg, [26]. Where n is the reflection ratio, E,, is the electric field output from the add port, E;,, Ey4, Eo5, and E,, are
the electric fields in the system. y;, are the intensity insertion loss coefficients of the 3dB couplers, and k;; are the coupling constants. « is
the attenuation loss of light in the waveguide, and k,= (2r/A)n.g. C;and C, is the coupling crosstalk power. The out outputs are
obtained by the coupled equations between equations (3) and (6). Lp; is the circumference of the center ring.

The coupling crosstalk (C) of the signals in equations (3) and (6) present the communication among cells between the two
systems, which are described by the following equations [30].

C;(4:) =10 Log[P;(A:)P; (2] ™

Here Pj(4;) is the output power of the signal with wavelength 4; which exports from the channel j, Pi(4;) is the output power of
the signal with wavelength 4; which exports from channel i.
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Figure 1: A schematic of the on-chip Si-ChG microring circuits, where R,q, Ry, Ry,  are the ring radii of the center ring and two side rings
of the left system (system1) and R,,, Ry2, Ry, are for the right system (system2). Es,,; are the electrical fields in the related system.

3. Simulation Results and Discussion
Considering the phase delay as ¢ = m%, the only variations of the refractive indices can change the phase delay though

the other parameters such as the A and L are constant. The refractive index varies with respect to the changes in the light path.
The other effects such as the electron mobility in the microring resonator system can change the refractive index. The
variation of the refractive index can be described by n = ny+n,l = ng+n, P/A.sf. In this formula, the linear and nonlinear
refractive indices are defined as ny and n, respectively [31, 32]. The optical intensity and power are defined as | and P, where
the A« Which varies between 0.1 to 0.5 pm? is the effective mode core area of the proposed device [24, 25]. The Optiwave
computational software is used to perform the simulations utilizing the graphical method, where the selected parameters were
used to obtain the whispering gallery mode at the center ring of the microring stereo system as shown in Figure 1, the
graphical plot is shown in Figure 2. The used parameters are given in the figure captions. There are more parameters given in
the related figure captions. The perfect stereo system output is plotted in Figure 3, the simulation tool is the Matlab program,
where the completely mixed signals of the two systems from the right and left hands are obtained. In this case, the input
power of the two system is the same and varied from 1-5 W. In case of the difference input power, the plot is shown in Figure
4, where the plot of the wavelength shift(A1) and the input light source wavelength(A) has shown that the trend of the
linearity is seen, the sensitivity of ~5.70 nmW ~1 is obtained. In Figure 5, the plot of Figure 4 in terms of the two-channel
crosstalk is presented, which is more suitable for the description, when the system is filled by the two cell samples for both
sensor and communication investigation. In the manipulation, the same cell (live cell) samples are put on the center of the
Panda-ring resonators, where the cell samples interact with the WGM beams of each system, the reflected light beams are
reverted to the stereo sensor system, which will be coupled to each other and the results obtained at the coupled drop port. By
using the coupled equations between equations (3), (6), and (7), the center wavelengths of both systems and the crosstalk
results are obtained. The change in the optical intensity will cause changes in the refractive index due to the Kerr effects.
Therefore, a variation of the optical intensity will lead to changes in the OPD of the light in the system. Changing the light’s
phase within the system can be due to the electron mobility caused by mixing the ChG ring with the metallic material, for an
instant, silver, thus, the electron mobility (1) in the ChG-silver can be changed [34, 35], from which the excited electrons are
affected to the system output, which is related to the group velocity (V) of the waves, therefore the device acts as sensor. The

light intensity can be described by I=E? = (Vf)2 as the V4g=pE and E is the applied electric field to the transducer as the
sensing system in which an electric current can be established with a density of J; as J==cE. Generally, the electrical signal is
the more appropriate quantity for the cell interchange and communication, in which if there is an electrical transient is

ensured it will affect the change in the measurement output [36-38]. The change in the electrical transient will affect the
sensor sensitivity, where the cell communication of the two systems can be characterized.
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Figure 2: The graphical results of the wave propagation in the system in Figure 1 using the Optiwave program, where the input light source
wavelength cenetr is at 1.55 um, Ry; = Ry; = Ry, = Ry, = 1.2 um, Ry, = Ry, = 2.0 um, each of the coupling constant, «, to kg is 0.5, the
refractive index; nycne= 2.9, the nonlinear refractive index, n,c,e= 1.02x10™" m?W* [33], ny; = 3.47 (Si-Crystalline silicon).
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Figure 3: Plot of the stereo signal obtained from the tow systems, where (a) the left channel signal, (b) the right channel signal, (c) the
mixed stereo signals.
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Figure 4 : The plot the shift in phase of the stereo sensor system due to the Kerr-Vernier effect, which leads the shift in the center
wavelength of the two channels, where the plot of the wavelength shift (A4) and the input light source power has shown that the trend of the
linearity is seen, the sensitivity of ~5.70 nmW! is obtained.
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Figure 5: Plot of the relationship of the change in the crosstalk and the input power, from which the Kerr-Vernier effect lead the shifted
wavelength of the two channels, where one of the input power is fixed to 1 W, the another one is varied from 1 W to 5 W and the crosstalks
of the two-channels in terms of C; and C, in an equation (7), which present the cell communication by the cross-coupling signals can be
calculated and obtained.

Moreover, the large scale of the bio-cell communications called cellular automata can be implemented [38]. The
comparative results of the microring stereo system are obtained at the coupling drop port as shown in Figure 1, from which
the shift in the center peak signals from the stereo mixed signal outputs are the required measurement values. The stereo
sensor is confirmed when the perfect mixing output is obtained. From the difference output variation, the coupling of the
two-channel signals is occurred, which is the crosstalk signals of the two stereo channels. The crosstalk variation from both
channels can be used to present the communication among the live cells. The optimum of the Kerr-Vernier effect depends on
the ChG ring resonator length which is increased with the input power. The maximum change of 6 um of ChG length could
be obtained when the applied input power of 500 W was reported, the output wavelength was ranged from 1.5-4.5 um[39].
However, in the proposed bio-cell sensor system, the applied input power is fixed while the small changed from the cell
electrical transient of the stereo sensor is the required measurement quantity. The variation of the input power to obtain the
change in the ChG is only for manipulation. There is an alternative method that can be used to study the proposed bio-cell
communication when a similar system with two identical Panda-ring resonators are embedded by the plasmonic islands. A
plasmonic island consisted of the stacked layers of silicon-graphene-gold materials[40-42], where the electron mobility
sensitivity of ~ 2x10™** m V~!s~! was obtained. The bio-cell samples are placed on the islands of each system, the
coupling of the electrical transient of the two bio-cells samples caused the change in the island mobility that can be monitored
and seen at the sensor outputs. The embedded island and its function within the system can be found in the reference[42].

The strong coupling of electromagnetic waves within an electric or magnetic dipole-carrying excitation generates the
polaritons, are the quasiparticles [43]. It is the expression of the level of repulsion, which is the crossing of the dispersion of
light with any interacting resonance. From the obtained results, the high energy light pulses of the coupling channels
generated by the two different cell systems can be obtained by the nonlinear effect of the two side rings coupled to the center
ring, which can present the strong coupling fields. The polariton is a bosonic quasiparticle, which is an electron plus an
attached phonon cloud. A major feature of polaritons is a strong dependency of the propagation speed of light through the
crystal on the frequency of the photon, which is the Rabi frequency. In human body is required by the network links between
the brain and cell membrane signals, which involve the ion channels generated by the strong coupling between the photons
and the excited ions(dipole-carrying excitation). The transmission of the polaritons with the specific Rabi oscillation can
make the link between cell membrane-cell membrane and brain, where the cell communication can be performed.

4. Conclusion

We have proposed the manipulation of live cell-sensor and communication using the microring stereo sensors. By using the
Kerr-Vernier effect within the two identical microring systems, the changes in the refractive index of the microring material
due to the difference Kerr effect is induced by the input power variation. By using the electro-optic material such as silver
ChG, the center ring ChG can be changed to be the silver chalcogenide glass, in which the coupling between the electron
mobility and transient electrical quantity can give the change of the change in phase of light [34, 35]. The electro-optic
crosstalk of the sensor signal is converted from the optical crosstalk that can be the more appropriate application of cell
communication investigation. The induced transient electrical quantity of the cells between the studied systems in either
current or voltage will affect the crosstalk initial values, which will be used to interpret the cell talking or communication.



The initial crosstalks of the two systems are calculated and plotted. The stereo sensor sensitivity of ~5.70 nmW™, the maximum
crosstalk of C; and C, are ~2.0 and ~2.5 dB is calculated and obtained respectively.
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