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Abstract

A three-dimensional (3D) quantum printing technique is
proposed that uses electron spin cloud projections gener-
ated by microring-embedded gold grating. A dark soliton
pulse with a center wavelength of 1.50 pm excites the
gold grating, leading to electron cloud oscillations. By
using suitable parameters, the whispering gallery mode is
obtained, which is the result of trapping light (electrons)
inside the silicon microring. The plasma wave frequency
is generated at the Bragg wavelength at which the elec-
tron density is obtained. The electron spin-down and
spin-up forms the x-axis and y-axis along the propaga-
tion z-axis. In this proposal, the propagation wave axis is
applied to increase the printing resolution. The printing
points are formed by the spin-down, spin-up, and no spin
associated with [x, y, z] as [1, 0, —]. The electron spins
are distinguished by the time sequence and by modulat-
ing with the Gaussian pulse of 1.30, 1.10, and 0.80 pm,
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from which the spin states of the electron can be detected
and characterized. The shortest space-time paradox gap
is around 50 fs, which is the limitation of all measure-
ments (observations). The electron transport spin projec-
tion is achieved with respect to the time function in
which the 3D image is printed with a resolution of 50 fs
(107" 5). In application, the trapped electron densities
within the circuit are made possible via wireless connec-
tion for long-distance transmission.
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1 | INTRODUCTION

Three-dimensional printing (3D) is also called additive
manufacturing and involves creating 3D solid objects from a
digital file. This starts with the fabrication of 3D objects
layer by layer directly from computer-aided design (CAD)
drawings. It can be used to create complex shapes or designs
of objects by using 3D modeling software. The objects’ fab-
ricated layers are printed using a 3D printer,' and the first
thing needed for 3D printing is 3D modeling software. The
working principle of a 3D printer is similar to that of an
inkjet printer, where the 3D models are built layer upon
layer from the bottom upward by printing over the same area
repeatedly. The printer builds the 3D model directly from
the 3D CAD drawing using many two-dimensional (2D)
prints that sit on top of one another without paper in
between. The printer does not apply ink to the deposit of the
molten plastic layer, whereas the 2D prints that sit on top of
one another are joined together to create the 3D object.
There are different methods used for 3D printing, including
vat photopolymerization, material jetting, binder jetting,
material extrusion, powder bed fusion, sheet lamination, and
directed energy deposition. A 3D printer that uses vat photo-
polymerization and material jetting methods makes use of
ultraviolet light in the hardening or fabrication of 3D struc-
tural objects.” Other techniques have been employed by dif-
ferent researchers in printing 3D color objects.*® For
example, Yejing et al® used photonic crystals and heat-
shrinking techniques in the printing of 3D structural color
objects at a microscopic scale. Jingfang et al'® developed a
bis furan cyclohexane derivative/polyethylene glycol
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diacrylate photoinitiator system. It has excellent photo-
bleaching performance, which is being employed for 3D
light color printing for a long-wavelength light-emitting
diode. However, searching for a new technique that can pro-
vide a better printing resolution has continued. In the current
study, a novel 3D color printing technique that makes use of
electron cloud spin projections has been proposed and
manipulated. The microring circuit has the form of a panda
ring, which has been used by many researchers for different
applications. The advantage is that the nonlinear phase mod-
ulators can be adjusted to obtain the whispering gallery
mode (WGM), which is suitable for the required applica-
tions."'""* The WGM phenomenon has been used by differ-
ent researchers for various applications.'>'® The electron
cloud is the region where electrons are most likely to be
localized. Many researchers have used the concept of con-
trolling the electron spin for various applications.'” In this
proposed technique, the nonlocalized electron propagation
along the z-axis is also included to increase the printing reso-
Iution, and promising results have been obtained. The
Optiwave program has been used for the simulation from
which the parameters are extracted, and the MATLAB pro-
gram makes use of the extracted parameters. The MATLAB
program implements 3D quantum printing that uses electron
cloud spin projections generated by the microring circuit.

2 | BACKGROUND

The electron has a quantum feature known as spin. The elec-
tron spins in 3D are considered.'® In the x-axis: spin-down
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| | > (1 1>), with the spin matrix is 5 Lo

'. In y-axis: spin

0 —i
up |1 >(10>), with the spin matrix is 4| , and for the
i

z-axis: the propagation axis, which is the probability of spin
up or spin down, which is given by is C;| T > +C,| | >.
The probability of spin up is IC;I%, whilethe probability of
spin down is |C,%, Thus, the probability of spin up or spin
1 0
-1
where C; and C, are constants. 7 is the reduced Planck’s
constant. The superposition can be any of the two states,
which is written as [y> = a|0> + |1>, with lol* + IBI* = 1.
The schematic diagram of the microring circuit is shown
in Figure 1A, where the space source input is the dark soli-
ton pulse,”? with the wavelength A,as given in Equation (1)
in terms of a)=27r}%. Similarly, the modulated source is the

down is ICI*+1C,* =1, with the spin matrix %

k)

Gaussian pulse with wavelength 1, as given in Equation (2).
The fabrication structure is shown in Figure 1B, which con-
sists of the silicon substrate, two silicon linear waveguides, a
silicon microring at the center, with two nanorings at its
sides. The center of the silicon microring is embedded with
gold grating, which gives rise to electrons when illuminated
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FIGURE 1
circuit, where NLM is the nonlinear phase modulator, WGM is the

A, Schematic diagram of the 3D quantum printing

whispering gallery mode. The first space power can be the soliton pulse
at the input port, the modulated source can be the Gaussian pulse at the
add port. B, The fabrication structure, where the input port, throughput
port, add port, and drop port are E;,, Ey,, E.qq, and Ey, respectively. Ry
main ring radius, Rz and R;: side ring radii, K1-K4: coupling constants.
The isolator and spin projection control are applied to protect the
feedback and filtering purpose. The other symbols are given in Table 1
[Color figure can be viewed at wileyonlinelibrary.com]

by light and the behavior of the electrons described by the
Drude model?>?? as written in an Equation (3).

lP=Be_i(wt+i_2t), (1)

where B=B.Tanh (Tl(]) exp (i) , which is the input field

(dark soliton). B is the amplitude, z is the propagation dis-
tance, T is the propagation time of the soliton pulse, the
length dispersion Lp = %, where T, is the initial propagation
time, f is the propagation constant in linear and nonlinear

E,

terms.?* wr is the phase term of the multiplexing function, s

n=1,2,3,...
The multiplexed space-time applied into the system,
which is given by an Equation (2).

Eadd =Aej:iwt (2)

where o =2xf,f = %,m, f,andc are the angular frequency,
linear frequency and speed of light in vacuum, respectively.
D and r are the amplitude and time, respectively. The + signs
of the exponent term used for the full-time slot axis; the con-
trol time is given by ¢ and ¢ = 0 for the time domain.
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1’1(?,2

e(w)=1- (3)

€omm?

The relative permittivity defined by ¢, electron charge
defined by e, mass defined by m and electron density defined
by n and angular frequency defined by w,,. At resonance, the
angular frequency becomes plasma frequency (w),) as written

in Equation (4) as:
ne?1 "
W, = [—} (4)

€eom

From Equation (4) the electron density n= %geom. The
plasmonic wave oscillation is a consequence of electron den-
sity in an electric field. To obtain the exponent decay and
TM-polarization of the electric field Maxwell equations are
employed.

The Bragg and resonant wavelengths are related
by Ap = 2n.A, Bragg wavelength is 1p, effective refractive
index is n., which is also the refractive index of the gold
gratings inside the waveguide and grating period is A. Kerr
effect exists through the structure and it can be included in
the n = ng + ny, I = ng + ny, P/A< equation. n is the refrac-
tive index, ng is the linear refractive index, n, is the
nonlinear refractive index, / is the optical intensity, P is the
optical power and A is the structure effective mode core
area. The two nanorings at the sides of the silicon microring
act as phase modulators which control the whispering gallery
mode at resonance and through the throughput and drop
ports the normalized intensities are obtained. The normalized
intensities of the system output written as'*:

In _ {E_] )
Iin Ein
Idﬂ _ |:Edr0p:| : (6)
]in Ein

From Equations (5) and (6), the first apace function is a
soliton input via an input port, while the second space-time
function is input via the add port simultaneously. The suc-
cessive filtering of the transmission circuit controlled by the
two side ring coupling parameters, where the induced
nonlinear effects coupled the center ring can give the reso-
nance. Finally, the spin projection applied at the resonance
condition at the drop port, while the throughput formed the
reference port. The spins transport can apply using the
WGM and throughput port output for long-distance trans-
mission, in which the spin information transmits via the
spin-waves into the transmission lines.

3 | RESULTS AND DISCUSSION

In the simulation, the schematic and fabrication structure is
as shown in Figure 1.>> The input light (dark soliton) fed
into the system has a center wavelength of 1.50 pm via the

seib b AALALY “;‘:',‘v!l‘“““‘,&ﬂ. A s y
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FIGURE 2 Results of the graphical output of the Opti-wave
program, with the formation of the whispering gallery mode (WGM) at
the center of the main ring of the microring circuit, where R; = 3.0 pm,
Rr=1.0 pm, R, = 1.0 pm, each k = 0.50, Input power = 25 mW, with
the center wavelength of 1.50 pm, and other parameters given in

Table 1 [Color figure can be viewed at wileyonlinelibrary.com]

input port. The gold grating at the center ring is excited by
the input light, where the Bragg wavelength formed. The
oscillation of the polariton dipoles and plasmonic waves
occurs. The generated whispering gallery mode is made pos-
sible from the coupling of light inside the microring with the
embedded gold gratings at the center of the silicon micro-
ring. The center wavelength usually shifted by the gold grat-
ing to the Bragg wavelength. The device output ports are the
throughput and drop ports, where the output signals are
obtained. First, in the manipulation, the 32-bit version 12.0%
of the Optiwave FDTD program is employed and at reso-
nance with a particular wavelength results in the trapping of
light inside the silicon microring. The grid size of the system
using the Optiwave FDTD simulation is 0.05 with the mesh
cell size of 399, 71, and 456 for the three axes (x, y, and z,
respectively). The APML boundary condition which is the
anisotropic perfect matched layer is used with a layer of 15,
real tensor of 1.0 and 1.0 x 10™'? theoretical reflection coef-
ficient. The number of round trips is 20 000 which is used to
confirmed resonant results. A high-performance computer of
32Gb RAM used for all simulations to ensure accuracy. As
shown in Figure 2 is the WGM formed at the center of the
silicon microring using other parameters in Table 1. The
parameters from the results of the Optiwave FDTD simula-
tion are extracted and used in the MATLAB program. In
Figure 3, the plot of the electron spins with the time function
is shown, where the spin-up (blue) at the throughput port,
spin-down (red) at the drop port, and no spin (green) at the
throughput port/drop port. Figure 3A is the modulation
wavelength of 1.40 pm with a projection time of 1.50 fs.
Figure 3B is the modulation wavelength of 1.10 pm with a
projection time of 1.40 fs, while Figure 3C is the modulation
wavelength of 0.8 pm with a projection time of 0.8 fs. The
spins of the electron in three axes (X, y, z) given by the fol-
lowing. The spin to the x-axis (spin-X), y-axis, and z-axis are
the spin-down|l>, spin-up|0>, and no spin projection,
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TABLE 1  The parameters that were selected and used in the simulation

Parameters Symbols Values Units
Input power (Dark soliton) P 1-25 mW
Input power (Gaussian pulse) P 1-25 mW
Length of silicon linear waveguide L 15.0 pm
Silicon center ring radius Ry 3.0 pm
Left nanoring radius Ry 1.0 pm
Right nanoring radius Ry 1.0 pm
Gold dielectric constant'® €, 6.9
Gold permittivity ' € 10.0
Gold width Wau 04 pm
Gold thickness d 0.2 pm
Gold length Lay 1.6 pm
Refractive index of Au'® n 1.80
Insertion loss Y 0.01
Coupling coefficient K 0.50
Refractive index Si%’ ns; 3.42
Si nonlinear refractive index>° n, 13x 1071 m> W!
Input light wavelength input port M 1.50 pm
Modulation wavelength input A 1.40, 1.10, 0.80 pm
Waveguide core effective®® Actr 0.30 pm2
Waveguide loss o 0.50 dB (cm)_1
Plasma frequency?' o, 1.2990 x 10'6 rad s~
Electron mass m 9.11 x 107! kg
Electron charge e 1.6 x 107" Coulomb
Permittivity of free space € 8.85 x 1072 Fm™'
Grating period A 0.50, 0.40, 0.30 pm
Reduced Planck’s constant n 1.00 ARU

respectively. By using Equations (1-6), the dark soliton
pulse excites the gold grating, which leads to electron cloud
oscillations. It can process the spin-up, and spin-down by
the projection automatically at the drop port. The output at
the throughput port performed the referencing information.
The center wavelength of 1.50 pm when modulated with the
Gaussian pulse of 1.30, 1.10, and 0.80 um the spin states of
the electron can be detected and characterized. The normal-
ized outputs are obtained at the throughput and drop ports.
The electron cloud at the center system is of high density
due to the intense optical power at the center WGM. Fig-
ure 3D is the selected plot of the 3D image (A = 1.50 um)
with the time function, where the 3D image resolution and
filtering were taken in account. Generally, the projection of
the first space to the second space after the singularity is
linked by time-bridge. The paradox pair (orthogonal compo-
nents) has the shortest time of the paradox gap. After the
measurement (disturbance), the time-bridge broken, the par-
adox pair collapsed. The shortest time of the paradox pair is

around 50 fs. It is the limitation of all measurements (obser-
vations). The resolution obtained with an angle of observa-
tion of 45°, making use of the relation as t = (52), where 7 is
the resolution at each projection point, r is the radius of the
microring, n is the refractive index of the silicon ring, and ¢
is the speed of light in vacuum. The separation of each spin
projection point in time of 50fs (10™'%s) achieved. For the
3D image construction, the grating at the center of the micro-
ring with suitable parameters in Table 1 forms the WGM
beam, which is projected upwards and with the trapped elec-
trons at the center, the electron cloud oscillation that leads to
spin-down (red) and spin-up (blue) projected at the x and y
axes propagated along the z-axis (green) are superimposed
to construct the 3D image. The image formed by the vortex
beam of the spin electrons, which is the twisted beam of the
angular momentum. It appears as a helix surrounding a prop-
agation beam (z-axis), which is projected on the flat surface,
where the 3D image is constructed. For filtering, the median
filter employed to remove the noise from the 3D image to
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FIGURE 3 The plot of the Matlab program result using the time
function where the spin-up (blue) at the throughput port, spin-down
(red) at the drop port and spin-up/spin-down (green) at the throughput
port/drop port, where A, the modulation wavelength of 1.40 pm with
projection time of 1.50 fs; B, the modulation wavelength of 1.10 pm
with projection time of 1.40 fs; and C, the modulation wavelength of
0.8 pm with projection time of 0.8 fs [Color figure can be viewed at
wileyonlinelibrary.com]

enhance the 3D image quality. By using the MATLAB pro-
gram, the filtering image by a 3x3 filter obtained. The
trapped electron cloud distributed covering the gold grating
at the center, which is in the form of WGM output. The elec-
tron transported sequentially in time to the projection target,
which can be projected to the image plane, while the gap of
the 2-spin projections filled by the non-spin along the propa-
gation axis. In application, the electron cloud can be used to
form a 3D shape (hollow), from which the 3D mold can be
constructed and used for 3D printing. Moreover, this method
is formed by the quantum network, which can also be
applied by either wireless or cable transmission for long-dis-
tance transmission. By using the space-time control, where
somehow the system can reach the teleportation when the
space-time uncertainty saturation, which can also be very
interesting and challenging for future technologies.

In operation, the microring embedded gold gratings cir-
cuit is used with an electron cloud spin projection to form
the 3D image of the object at the center ring. A paradox pair

is formed by the wave-particle duality. After the projection,
the measurement is observed. But the reality is disappeared,
means the paradox pair is collapsed. The center ring radius
is varied from 2 to 4 pm, where the results of 30, 50, and
70 fs scanning resolution are obtained by the ring radii of 2,
3, and 4 pm, respectively. The 3D image plot of these ring
radii is shown in Figure 4A-C. The input light is the space
source is fed into the system via the input port. The space-
time source is multiplexed to form the space-time function at
the add port. The input light (dark soliton) excites the gold
gratings at the center ring, which leads to electron cloud
oscillations that form the electron density results in the spin-
up (y-axis) and spin-down (x-axis) of electrons, where both
spins are propagating along the z-axis. The small rings at the
side of the center ring act as phase modulators, induce the
nonlinearity effect in the system. The trapped light oscillated
around the microring inside the microring, the suitable
parameters as given in Table 1. The trapped light forms
the whispering gallery mode at the center ring, which is pro-
jected upwards and with the trapped electrons at the center
ring where the spin-up (blue) (y-axis), and spin-down (red)
(x-axis) propagating along the z-axis are superimposed to
form the 3D image of the object at the center ring. Other
works are cited in Table 2.

4 | CONCLUSION

A novel 3D quantum printing technique using a microring
circuit has been proposed. The Bragg wavelength can be
formed by the embedded gold grating which also induced
polariton, which can be employed to form the plasmonic
sensor and dipole oscillation. The electron cloud is driven by
the polariton and generated in the form of the WGM beam,
which can transport through the system via the space-time
control carrier. The transport of the trapped electron densi-
ties within the circuit is made possible via wireless connec-
tion making use of the whispering gallery mode and via
cable connection. The electron spins distinguished by the
time sequence modulation and projection. By using the mod-
ulated sources with the Gaussian pulse of 1.30, 1.10, and
0.80 pm, the 3D images using the spin projections at the
drop port obtained, in which the image projection space sep-
aration of 50 fs (107'3 s) is achieved. The 2-axes of the elec-
tron spins and the propagation axis use to form the image,
where the 3D quantum printing can construct. In this study,
the ground state of the electrons was only applied, which is
described by the electron density. The errors were not taken
in account since the errors have less effect on the quantum
bits results. In application, a pan da-ring can form the
plasmonic antenna and apply in a quantum computing
device, quantum sensor, quantum encryption based on the
spin projections, while the long-distance 3D image with
quantum security via either cable or wireless is possible.
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FIGURE 4 The 3D image plot (A = 1.50 pm) using the electron transport spin projection with the modulation wavelength of 1.30 pm, where A,
ring radius of 2 um; B, ring radius of 3 pm; and C, ring radius of 4 um [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 2
previous study

Comparison of print resolution of present study with

Proposed work

(scanning resolution) Other works

30 fs 1ms™" [27]

50 fs 40 mms™' [28]
70 fs 8000 mms™" [29]
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