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Human-like stereo sensors using plasmonic antenna
embedded MZI with space-time modulation control
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1. Introduction

Stereo sensors are three-dimensional (3D) sensors. The basic
principle of a stereo sensor is that, when two inputs are applied
in the sensor system, the final output is the multiplexing of both
signals. On this principle, a stereo sensor model was presented
using two microring resonators along the center ring, which are
mirror images''). The designed system has applications in
bio-cell sensors and communications. The system uses the phase
difference method given by the Kerr—Vernier effect of the non-
linear microring, where the crosstalk and stereo sensor sensitiv-
ity were calculated'"). The system was applied in double vision
problem solving, where the stereo sensor with a silicon micro-
ring was designed and simulated for the third eye structure. The
3D imaging was obtained using space and time function control,
where the double vision adjustment and vision expansion wave-
length were achieved'),

The 3D sensors found in the literature are as follows. One of
them is for applications in human body gesture recognition.
This uses biometric recognition based on the user adaption
learning method. The experiment was performed in a laboratory
with seven different gestures. This technique was found to be
superior to the conventional recognition method. The tradi-
tional method is based on the fixed body skeleton without user
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A micro stereo sensor system is proposed for human sensors, where eyes, ears, tongue, nose, body, and brain are applied by
six panda rings embedded in a Mach-Zehnder interferometer (MZI). The input power is applied to the upper branch of MZI
and propagates within the system. The six antennas (sensors) are formed by the whispering gallery modes of the panda
rings. The space-time modulation signal is applied to the MZI lower branch. The modulated stereo signals can be configured
as the plasmon (electron) spin orientations, which can be identified and applied for quantum codes and quantum

Keywords: micro-optical devices; electro-optical devices; integrated optics devices.

adaption'®’. A 3D force sensor was designed and integrated into
the robot. The designed sensors were a six-axis sensor with elec-
tronics components for 3D printing application[4], where a
review was presented for 3D printing methods using extrusion-
based electro and biomechanical sensors. Some examples of 3D
printed sensors are piezoresistive sensors, capacitive sensors,
and inductive sensors. The applications of 3D printed sensors
in the field of biomedical and soft robotics were presented in
detail ™. Another review was presented for 3D printed sensors
as applications in the engineering and biomedical fields. In engi-
neering, the 3D printed sensors were designed as mechanical
sensors to detect mechanical parameters, temperature sensors,
tactile sensors, and particle sensors to detect the particles in
the atmosphere. In the biomedical field, the sensors were
designed as bimolecular sensors, microbial sensors, cell-based
sensors, and bionic sensors. Recently, the mounting and
assembly techniques of the 3D printed sensors have also been
summarized®’.

Another 3D printed strain-gauge sensor was presented for
application in micro force sensors. Two sensors were designed,
one for the range of 0 to 2.5 nmol/L and another for the range of
0 to 120 nmol/L. The force sensors were designed and tested'”.
A 3D printing deformable sensor on the breathing lung was
designed and tested. The 3D printing in the biomedical field
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for patient monitoring was proposed, where the wearable elec-
tronics print directly inside the human body'®!. A 3D sensor was
designed to detect the 3D display and touch screen. The parallel
plane type capacitance measurement was applied using proxim-
ity and contact sensing types. Such a sensor can be applied to
sense the object with contact or without contact, which is useful
for controlling 3D images on display'®’.

The micro stereo sensor was presented using a chalcogenide
ring resonator. The communication between cells and the brain
was confirmed by Rabi oscillation!"!. These micro sensors are
presented for various sensing applications as flow rate sensors,
thin-film and distributed sensors, and wrist band circuits as
medical sensors. These sensors are designed using different
combinations of panda ring systems. These have been applied
in medical sensing, where whispering gallery mode (WGM) light
can penetrate the tissue, which results in intensity output being
observed at the observation device!'”). The micro stereo sensors
were presented by our group. A micro stereo sensor for a 3D
image was presented, which consists of two cascaded microring
resonators. Here, two input lights were applied at the input
ports, and the output was obtained in the center linear wave-
guide!""!. To date, human micro stereo sensors have not been
presented elsewhere. This work is the first time, to the best of
our knowledge, that reports of such a sensor design.

Mach-Zehnder interferometer (MZI)-based devices were
presented for different applications such as quantum communi-
cation, where the spin wave was produced, and quantum secu-
rity was confirmed by the spin-up and spin-down projections.
The triple mode transmission using wireless fidelity (WiFi), light
fidelity (LiFi), and cable was also presented"?. Another appli-
cation of MZI is the generation of micro plasma sources, which
can be used as a disinfectant spray for COVID-19. The system
stability was also discussed using Rabi oscillation for space-time
projection control. In both papers, the plasmonic antenna was
proposed using gold gratings and a silver (Ag) nano bar placed
in the center ring of microring resonator circuits. Here, two mi-
croring resonators were placed in each branch of MZI, where
one behaved as an uplink antenna and the other one as a down-
link antenna. The antenna operating frequency was in the tera-
hertz (THz) range. The plasmonic antenna was formed on the
basis of the Drude model'"*). An MZI based on silicon on insu-
lator was presented for biochemical sensing applications'*),
where the method used was silicon-in-insulator rib waveguide
with a large cross section. Here, the system was suitable to inte-
grate with an optical fiber, which has another application in
remote sensing. Thus, the MZI has the advantage of small size,
and it is easy to integratem].

The basic principle of plasmonics is that the electric charge
oscillates on a metal surface. A review on plasmonics was pre-
sented for manipulating optical information. Surface plasmon
and plasmonic waveguide circuits were explained in detail for
the application in optical computing and optical information
processing[lsl. Another review on plasmonic nano antennas
was presented, which gives the fundamentals, fabrication, and
measurement techniques!®. A recent review on the plasmonic
antenna is also presented, where reconfigurable plasmonic
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nano antenna along with the metallic plasmonic nano
antenna, and electro-plasmonic nano antenna for applications
in electrophysiology recording, gas sensing, and neuroscience
have been discussed''”). The plasmonic micro antenna was also
presented in a microring embedded circuit with a gold grating
for applications in sensors and brain cell communication. The
designed antenna was operating in the frequency range of
170-250 THz"®),

Principally, human sensors can be configured as eyes for
vision, ears for hearing, tongue for taste, nose for breathing
(smelling), body for the sense of touching, and brain for neural
sensors and signal processing. In this work, stereo sensors sim-
ilar to the human ones are presented by the six stereo sensors.
There are six panda rings embedded into MZI, where the center
ring is applied to the Ag bars for electric dipole oscillation. Each
of the panda rings is manipulated as the eye, ear, tongue, body,
nose, and brain. There are two input sources into the MZI, one is
the laser pulse, and the second is space-time modulation control
function. The WGM output confirms the stereo phenomena,
while the required signals are obtained by the space-time con-
trol at the MZI outputs. The micro stereo system is designed by
Optiwave software. Then, the results are plotted in MATLAB.
The theoretical background is given, and the results and discus-
sion are presented for human quantum sensors.

2. Theoretical Background

In Figs. 1 and 2, the equivalent circuits of the six human stereo
sensors for the body, tongue, nose, ears, eyes, and brain are
formed by the six panda rings embedded in the MZI, where
the combined output signals are at the MZI outputs. The stereo
sensor output of each node is at the center, which is in the form
of a WGM. The space-time modulation control is applied to the
MZI input. When the six stereo sensors are at resonance, the
space-time distortion of all sensor nodes has vanished, which
is the required sensing output signal. The space-time projection
can be applied, where the changes in the environment around
the sensor nodes change the stereo sensing outputs.

The quantum signals of the electron cloud spin up and down
can be obtained at the MZI outputs, which can be applied for
quantum code applications.

The input source is the polarized laser, which is input into the
MZI via the upper branch, while the space-time modulation is
input into the MZI lower branch. The device materials and
parameters are given in the figures and captions.

The input polarized laser is given as!'®*"!

E;,(t) = Dexp®Hino(®), (1)

where D is the amplitude of the optical field, L is the waveguide
length, and a and ¢, are the attenuation and phase constants,
respectively.

When light propagates into the device, the refractive index (n)
of the material changes, which is given as''*>"
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88.0 um

Fig. 1. Proposed design of the human-like micro stereo sensors system, where A; to g are node 1to node 6 for eye, ear, tongue, body, nose, and brain. R, and R,
are radii of microring resonators. k; to &, are coupling coefficients. The optical fields for input, throughput, add, and drop ports are given by £, Ew, Eagq, and Egr,

respectively.
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Fig. 2. Equivalent sensor node circuit. The center microring is embedded with
a silver (Ag) nano bar.

n=ny+ nyI =n, —i—&P, (2)
Aeff
where 1y, n,, I, P, and A g are the linear and nonlinear refractive
indices, optical intensity, optical power, and effective core area,
respectively.

Sensing nodes are formed by the panda ring resonator
embedded Ag bars on the center ring. In manipulation, using
the iteration method, the resonant WGMs can be obtained when
the optical path differences of the space-time modulation along
the side rings are balanced, which are known as stereo sensor
nodes. The WGM outputs couple into the silicon and sliver bars,
where the Ag bar surface electrons are excited by the plasmonic
waves. Here, the trapped electron cloud is oscillated by the
plasma frequency (@,), which is described by the Drude
model">*!! given as

2
ne
e(w)=1-—¢

©)

b
€omw?

where 7, is the electron density, m is the electron mass, w is the
angular frequency, €, is the relative permittivity, and e is the
electron charge. The plasma frequency (w,) at the resonance
is obtained from the angular frequency, which is given by

Eq. (4)12122;
2\ —1/2
wp = (_) | @
€0m

_ wpegm

From Eq. (4), n, ="

The space-time modulation circuits can be described by using
the standard MZI and modulation function. The space-time
modulation is applied at the lower branch of the MZI. The
space—time signal is given by Eq. (5)2%**);

Eyqa = Ae*™, (5)

where A, w, and ¢ are the amplitude, angular frequency, and
time. A space-time modulation signal is applied to achieve
the polarized (entangled) output. The + show both of the axes
of time.

The excited electrons are trapped inside the six microring res-
onators, where the formation of six WGMs has taken place.

The outputs at throughput (Ey,) and drop ports (Ey,) are given
pyl21-23]

Eq, = myEiy, + m3E g4, (6)
E4 = msEyqq + meEip, (7)

where m,, m;, ms, and mg are constants. The system outputs are
normalized intensities, which are given as!*>*!

In _ (En)?

L =i 8
Iin (Ein) ( )
Tar _ (E_d)2 ©)
Iin Ein
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where Iy, I, and I, are the throughput, input, and drop port
intensities, respectively.

Each plasmonic stereo sensor circuit is formed by a silicon mi-
croring resonator embedded with a Ag grating. The electric field
is input via the MZI and a panda ring input port, while the add
port is input by the modulated energy-time function fed by the
MZI signals. The MZI output (In;)'**! is given in Eq. (10), and
the output is normalized, as given in Egs. (8) and (9):

Ivzr = Linii + Laoi + 24/ Liniilmai €08 @), (10)

where ¢, = %{”e“Lb L; is the length of light propagation in the
MZI of each sensor node, n.g is the effective refractive index, and
A; is the ith Bragg wavelength, i = 1—6. I,;; and I;y,; are defined
as the upper and lower branch output intensities of each sensor
node before entering the MZI 3 dB coupler output. The Bragg
wavelength is Az =2n,A, where the grating period is A, and
the effective refractive index is #,. The plasma center frequency
oscillation of the electric dipole is obtained by the frequency and
Bragg wavelength conversion. The sensing output signals are
identified by the Bragg wavelengths, which can be detected by
a single photodetector. The MZI output can be applied for
the brain sensing probe, where the brain-device interfacing is
suitable.

The circuit operates under successive filtering and pumping
mechanisms. The resonant output signals can be obtained by
the resonant condition. The required output is in the form of
the WGM, which can be obtained by adjusting the optical path
difference of the two side phase modulators. The required sig-
nals can be received at throughput and drop ports and the
MZI output. When light propagates into the different device
lengths, the optical path difference is formed, from which the
material refractive index is the key parameter. The WGM is gen-
erated by the plasma oscillation of the trapped electrons (plas-
mons), where light behavior becomes a quantum phenomenon.
The wave-particle behaviors can be applied and described by the
energy-time function, where the general wave-particle propaga-
tion in the system is given by!*”!

F =Aeii[(5—2)f+m], (11)

where F is the multiplexed signal that transmits through the
throughput port, as shown in Fig. 1. Other output signals can
also be obtained at the drop port and the center circuit outputs
(WGMs). A is the input polarized space function into the propa-
gation axis (z), which is expressed by E, emilkztA2) - where
k, = 27”, is the wave number, the field’s amplitude is defined
by E,, the distance of propagation is defined by z, and the input
optical field wavelength is defined by A. The * represent the par-
ticle projections (spins), each of which presents one side of time.
E, = nhy, where n is a positive integer, h = %, 7 is an oscillation
frequency, ¢ is an oscillation time, and Az and At are space and
oscillation time distortions within the device due to the optical
path differences.
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In this case, the system is configured by the two-level system.
From Eq. (11), when n = 2, the system becomes a two-level sys-
tem known as a harmonic oscillator. The required oscillation
frequency called Rabi oscillation can occur, where there are
two different frequencies (energy states). Space and time distor-
tions are compensated and matched by the resonant optical path
differences within the circuit, in which both space and time dis-
tortions have vanished!'>**!. With the n = 2 state, the mindful-
ness state was achieved in plasmonic circuits using polariton
oscillation>®/,

3. Simulation Results and Discussion

The finite-difference time-domain (FDTD) method is applied to
obtain the resonant results, where successive filtering is per-
formed by the iteration, in which the maximum iteration of
20,000 roundtrips was applied. The optimum parameters are
extracted and verified by MATLAB program results. In the case
of the human stereo sensors, the energy-time function is
applied, which is formed by the occurrence of the Rabi oscilla-
tion. The quantum signals are obtained by the space-time
modulation projection, where the electron cloud spins can be
obtained and used for quantum code applications. The micro
distributed plasma stereo sensors are shown in Figs. 1 and 2,
which consist of six nodes embedded into the MZI. The nodes
basically represent the panda ring. Each node consists of one
small ring at the center of radius R, and two side rings of radius
R,. The side ring radii are larger than the center ring radius. The

Table 1. The Optimized Parameters Used in Simulation!®2%!

Parameters Symbol Values Units
Input source wavelength A 1.50 pm
Input power P 10-20 mW
Center ring radius R 150 pm
Side ring radius R, 2.00 pm
Coupling coefficient K 0.60-0.70

Silver refractive index Mg 014

Si refractive index Nsi 347

Metallic film area A 155 % 2.0 pm?
Mass of electron m 9.1 %10 kg
Waveguide loss a 05 dB mm-!
Electron charge e 16x 10" Coulomb
Effective core area Aot 0.30 pm?
Free space permittivity € 8.85 x 107" F/m
Sensing device volume Lx Wx H  88x134x10 pm®
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nodes are distinguished by the arrangement of Ag bars. Ag nano
bars are applied because Ag is a metamaterial, which provides
wider antenna bandwidth'*’!. Ag nanoparticles have higher sta-
bility and optimized bar dimensions, as given in Table 1, which
are used to achieve the WGM formation'*®. From node 1 to
node 6, the separations between the two bars are increasing,
where the center frequency of each node is different.

Figure 3 shows the simulated intensity distribution and elec-
tric field results, where WGMs are formed at the six nodes. Input
light with a wavelength of 1.50 pm is applied at the upper arm of
the MZI. This is given by Eq. (1). The light propagates through
node 1 to node 6. The space-time function is applied at the lower
arm of the MZI, which is given by Eq. (5). The light got trapped
inside the center ring. The Ag nano bars got excited, and WGM
formation takes place. At the endpoint of the MZI, two outputs,
1 and 2, are achieved. These WGMs form the antenna. Each
node has four ports: input port, drop port, add port, and
throughput port. Figure 4 shows the sensor sensitivity plot of
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Fig. 3. lllustration of OptiFDTD simulation results: (a) light intensity distribution
and (b) electric field (plasmon) distribution. The input source is a polarized
laser with a wavelength of 1.50 pm. The used parameters are given in Table 1.
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Fig. 4. Plot of six sensor sensitivities with input power variation from 10 mW to
20 mW. The calculated sensor sensitivities obtained are 1.019 pm'z, 0.722 pm’z,
1073 pm™, 0.239 um™, 0439 pm™, and 0.193 um respectively.
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six different nodes. Sensor sensitivity is calculated by using
the obtained intensity value at the throughput ports. The sensi-
tivity is plotted by varying the input power from 10 mW to
20 mW in steps of 2 mW. Figure 5 shows the antenna profiles,
where Figs. 5(a)-5(f) show the antenna directivities of antennas
1 to 6. Antenna directivity is plotted by using the concept of ratio
of power radiated in all directions from WGM to the power radi-
ated at a point. The directivity is dimensionless. Calculated
directivities are 2.91, 5.78, 4.92, 4.97, 3.54, and 8.51. In Fig. 5(b),
antenna gain is plotted by varying the input power from 10 mW
to 20 mW. Gain is calculated by using the concept of a power

mm Antennal mess Antenna === Antenna3

(&) Gain

10+ == Antenna4 === Antenna5 === Antenna6
g 8
2y il
g 6
S 4

2

0 . . .

10 12 14 16 18 20

Input power [mW]

Fig. 5. Plots of antenna parameters, where (a)-(f) are the directivities of
antenna 1 to antenna 6. The obtained directivities are 2.91 dBm, 5.78 dBm,
4.92 dBm, 4.27 dBm, 3.51 dBm, and 8.14 dBm for antenna 1to antenna 6, respec-
tively, and (g) the gains of the antennas are 8.50 dB, 7.29 dB, 6.88 dB, 4.49 dB,
2.36 dB, and 3.30 dB of antenna 1 to antenna 6, respectively.
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radiated antenna to the input power'**). The obtained gains are
8.50 dB, 7.29 dB, 6.88 dB, 4.49 dB, 2.36 dB, and 3.30 dB. The
antenna frequencies are 203.77 THz, 199.93 THz, 201.98 THz,
198.8 THz, 198.90 THz, and 193.77 THz in the frequency
domain. This has an application using WiFi. The antenna wave-
lengths for applications in LiFi are 1.43 pm, 1.49 pm, 1.48 pm,
1.50 pm, 1.50 pm, and 1.54 pm, respectively.

Figure 6 shows the frequency domain plots of different
WGMs. The graphs are plotted using the six different powers
and intensities. The center frequencies are 209.15 THz,
199.93 THz, 201.98 THz, 198.80 THz, 198.90 THz, and
193.77 THz for WGMs 1 to 6, respectively. The wavelength
and time domain plots are shown in Figs. 7 and 8. The wave-
length where the maximum intensity is obtained is 1.43 pm,
1.49 pm, 1.48 pm, 1.50 pm, 1.50 pm, and 1.54 pm, respectively,
for WGMs 1 to 6.

Figure 8 shows the time taken by light propagation, which
increases from node 1 to node 6. At node 1, the signal starts

W
]
[
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early, while at node 6, it starts after 200 fs. For node 1, signal
propagation starts at 40 fs, node 2 at 90 fs, node 3 at 140 fs, node
4 at 180 fs, node 5 at 220 fs, and node 6 at 360 fs. The maximum
amplitude for node 1 in the time domain is obtained at 270 fs,
node 2 at 170 fs, node 3 at 320 fs, node 4 at 520 fs, node 5 at
380 fs, and node 6 at 450 fs. Figures 6-8 show the WGM results
of six nodes in the frequency, wavelength, and time domains,
respectively. It is clear from Figs. 6-8 that the intensity values
are changing in accordance with the input power in the fre-
quency and wavelength domains. In the time domain, the ampli-
tude value varies according to input power.

Figure 9 shows the calculation results of the two side rings for
six nodes. At node 1, the maximum values of intensities are
46.11 mW /pm? and 39.02 mW /pm? obtained at 1.43 pm for
the upper ring and lower ring, respectively. The obtained
maximum intensities at the upper ring and lower ring are
19.85mW /pm? at 1.50 pm and 17.97 mW /pm? at 1.47 pm.
Similarly, for node 3, the intensities are 40.61 mW/pm? at
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Fig. 6. WGM results of the sensor nodes in the frequency domain, where (a) to (f) are for node 1to node 6, respectively.
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Fig. 9. Plots of the output signals of the six stereo sensor nodes (two-side ring results) with the optimum value from Fig. 4, where the upper small ring values are

higher compared to the lower small ring.

1.52 pm and 12.05mW/pm? at 1.50 pm for the upper and
lower rings, respectively. For node 4, the intensities are
18.40 mW /pm? at 1.53 pm and 10.97 mW/pm? at 1.52 pm
for the upper and lower ring, respectively. At node 5, the maxi-
mum intensities are 23.30mW/pm? and 4.93 mW/pm?
obtained at 1.50 pm and 1.49 pm for the upper and lower rings,
respectively. At node 6, the obtained intensity values are
16.23mW /pm? and 5.35mW/um? at 1.55 pm and 1.52 pm
for the upper and lower rings, respectively, where it is observed
that the upper and lower rings follow the same pattern for inten-
sity distribution at all nodes. The upper ring intensities are
higher as the power propagates first in the upper branch.
Then, the power goes to the small center ring and then to the
lower (side) ring, so intensity decreases with distance. In
Fig. 10, the output MZI signals are plotted for both the upper

and lower branches. The maximum intensity obtained is
33.85mW/um? at 1.57 pm and 13.17 mW/pm? at 1.55 pm
for the upper and lower branches, respectively, which shows
the stereo sensors. The output of the MZI upper branch is the
summation of all upper rings for nodes 1 to 6. Similarly, the out-
put of the MZI lower branch is the combination of all lower rings
for nodes 1 to 6. The MZI output describes the stereo
phenomena.

Figure 11 shows the electron density output with space-time
control. The space-time control is applied at the lower branch of
the MZI input port. Figure 11(a) is plotted by changing the input
power in steps of 5 mW to 15 mW. The electron density is
directly proportional to input power. Figure 11(b) shows the plot
of electron density and phase shift. From Fig. 9, the stereo sensor
resonant outputs can be applied to the space-time distortion
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Fig. 11. Plots of electron density (ED) outputs with space-time control appli-
cation: (a) ED and input power and (b) ED and time (phase).

control, from which human consciousness forms before the Rabi
oscillation has collapsed. Successive filtering (iteration) is
applied until the space-time distortion has vanished. The elec-
tron spin projections in this time interval (1.4 fs) can be config-
ured as the quantum signals that communicate with brain
signals, which can be used as quantum consciousness sensors.
One of the spin projection results is shown in Fig. 12 for one
node. Other nodes also have the same projection pattern. The
electron spin up and down, which is the time entanglement,
is plotted with the input phase and normalized electron density.
The MZI outputs can form the antenna and link to the brain cells
by the six different antenna propagations, where any change
related to the six sensor sensitivities can be obtained and
used for quantum codes (bits), especially for quantum device
applications**—%,

This device is a modified optical add-drop filter known as a
panda ring, which has been applied in various applica-
tions'">'%). The successive filtering and self-pumping mecha-
nisms can keep the system performance under nonlinear Kerr
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Fig.12. Two-level system results, where (a) one of the electron spin projection
results, the guantum bit rate of 28 Pbit/s, is achieved, and (b) the Rabi oscil-
lation gives the guantum behavior before collapsing at ~14 fs.

effects. There are two bars where the gratings form, which results
in one grating period. The length of the grating is 0.8 pm.
The input source into the system is the entangled source (polar-
ized laser), from which the entangled result means the outputs
have 90° phase difference. The spin projection result is shown in
Fig. 12(a), where one signal spins up, and another spins down.
The sensor sensitivities are calculated and obtained at the
throughput port, while the gain is at the WGM in the center ring
in Figs. 4 and 5, respectively. Both are linearly varying with input
power. The power changes as the intensity value changes. The
used parameters in the design are realistic parameters (experi-
mental parameters) that can be used in fabrication. This result
is the fixed parameters condition under successive filtering,
where space and time distortions in terms of optical path
differences are vanishing at the resonance. It is the balance posi-
tion where the WGM is obtained.

4. Conclusion

In this paper, six panda ring resonators are embedded into an
MZI to form a human-like stereo system. These six sensors
are related to human sensors known as a stereo formed by
two side organs. The electromagnetic wave transmission output
obtained at the center (WGM) can be manipulated for six
human sensors. Such a system can offer brain-device interfacing,
in which human sensor investigation can be applied. The input
light is a polarized laser and is an entangled source applied at the
MZI upper branch. The space-time function is applied at the
lower branch of MZI to form the two-level system behavior
known as Rabi oscillation. The antenna directivity and gain
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are calculated and obtained. The human sensor is obtained at the
MZI output, which can be applied for sensing applications. By
using the space-time modulation control at the MZI input, the
electron distributions and spins are obtained. The quantum bits
were plotted, where the obtained bit rate was 28 Pbit/s. The
designed system can be applied for brain-device interfacing
applications based on optical pumping and successive filtering
applications such as quantum consciousness, deep learning,
and machine learning.
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