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Abstract--In this paper, we first design a photonic crystal laser
chamber based on indium phosphide gallium arsenide and Zinc
Oxide quantum dots due to the large energy gap of about 3.37 eV
for laser beam propagation in terahertz applications. ZnO is easily
grown in the form of nanorods, nanowires, and thin films and
therefore can perform well in confined modes of photonic crystals.
The results are obtained by examining the quality factor criteria
of the dispersion temperature effect and the constant radius to
lattice ratio to enhance spontaneous emission for improving
optical pumping. In these materials, the quality factors for indium
arsenide and aluminum oxide are 227.98 and 131.95, respectively,
for the hybrid gain medium including gallium arsenide, aluminum
oxide, and zinc oxide. Finally, the photonic crystal laser beam is
driven to quantum logic gates, resulting in angle and rotation
changes, and its probability function for quantum laser
application are measured.

Index Terms- Photonic Crystal, Quantum Dots, Gain Medium,
CNOT Gate, Quantum Laser.

I. INTRODUCTION

Due to their robust optical confinement and ease of transfer to
non-native substrates, membrane photonic devices have
garnered considerable scholarly attention [1]-[2]. The
repositioning of electrodes to the device's lateral side [3]
presents novel challenges in carrier injection technology,
primarily because the membrane cladding layers are frequently
composed of air or insulating materials. Carrier injection can
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transpire through two mechanisms: via a lateral pin junction,
wherein the active material remains unaltered, or through a
conventional vertical pin junction established during the
epitaxial growth of the membrane [4]. Lateral doping, which is
a regrowth technique, offers greater flexibility as the doping
regions are localized and planar processing is maintained.
When integrated with lateral injection and an embedded
heterogeneous active region, it demonstrates enhanced
efficiency. By creating a large-area standing wave coupled with
light extraction in the vertical direction via first-order
diffraction, the lateral coupling of light amplification and band-
edge lasing is realized. The far-field pattern exhibits minimal
divergence due to the extensive coherent resonance. In
confined-mode nano lasers, the lasing threshold of colloidal
quantum dots, when utilized alongside silicon nitride-based
photonic crystals, can be as low as 10.5 kW/cmz2. This nano
laser features a square lattice arrangement composed of
cylindrical air holes within a dielectric plate having a refractive
index of 10, with quantum dots embedded within. The power
density is quantified at 5 kW/cmz,

An even surface topography is paramount for effectively
removing excess quantum dots from the surface in the confined
state, ensuring complete filling of the air voids, and achieving a
high-quality factor alongside a low lasing threshold [5]-[7].

The photonic crystal nano cavity is fabricated by superimposing
two photonic crystal structures at a designated rotation angle,
resulting in an exceptionally high-quality factor and significant
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light confinement within an extremely compact mode volume.
In a twisted cavity, the resonance wavelength and optical mode
distribution can be dynamically modified at the nanoscale
through the random selection of the twist angle. These
semiconductor nano lasers employ multiple quantum wells of
indium gallium arsenide phosphide as the gain medium and
demonstrate low lasing thresholds within the C-band. With a
minimal area of approximately 25 pm? and a theoretical mode
volume (Vm) of about 0.47 (AM/n)?, large-angle (5°) twisted
photonic crystal nano lasers are optically pumped at ambient
temperature, yielding single-mode emission with an
extraordinarily low lasing threshold of approximately 1.25
kW/cmz2. Photonic crystal nano cavity lasers emit a continuous
wave at a wavelength of 1540 nm, characterized by an
extremely low threshold current of 10.2 pA. Indium phosphide-
based photonic crystal lasers exhibit this threshold current of
10.2 pA [8]. The lateral pumping configuration of photonic
crystal nano lasers experiences significant carrier leakage,
which arises from unintended spontaneous emission at the pi
interface, thus limiting the injection efficiency to a mere 3%,
with a further decrease in efficiency observed at higher currents.
Consequently, researchers have shifted their focus to the
thermal stability of quantum dot materials derived from indium
phosphide and aluminum gallium arsenide. The high density of
the indium phosphide/aluminum gallium arsenide mixture
enables accurate (001) orientation on gallium arsenide
substrates; however, it necessitates relatively low substrate
temperatures. [9]-[10].

However, indium phosphide/gallium arsenide quantum dot
materials primarily have issues pertaining to material properties
and growth dynamics. The relatively modest lattice mismatch
of around 3. 2% in ArsinGaLiM, as opposed to around 7. 2%,
reduces the strain energy during the Stransky Krastunov
growth, which widens the size distribution of quantum dots.
The presence of this inhomogeneity requires meticulous
optimization of the growth process to achieve uniform and
high-quality quantum dots. This is achieved by adjusting the
layer thickness during the development of quantum dots in
molecular beam epitaxy, utilizing a blend of indium phosphide
and gallium arsenide deposition thickness, along with an altered
indium alignment method in L and C-band quantum dot lasers.
This approach leads to a low threshold current density of 21. 35
kA/cm[11]. The lower optical loss in the photonic crystal
surface emitting laser designs with horizontal resonance and
vertical emission in indium phosphide and gallium arsenide
quantum dots, which have a larger single mode area, enables
high power, single mode operation, and very low divergence
angle.

To lower the threshold current to 80 mA, these nano lasers were
created by implanting protons in the pcl adding layer. The laser
wavelength is clearly dependent on the lattice constant, with
each 5 nm increase in the lattice constant resulting in a 15 nm
increase in the laser wavelength. The buried secondary epitaxial
structure has shown exceptional performance, primarily due to
the fact that the layer is close to the active region, which greatly

enhances the optical confinement factor and improves the total
device performance by increasing the optical feedback. The
substrate side emission configuration allows for the side
connection to the heat sink, therefore increasing thermal
dissipation and enhancing the overall device performance.
These discoveries offer useful guidance for the creation and
optimization of high performance 1.3 m gallium arsenide-based
surface emitting lasers [12]. Colloidal lead chalcogenide
materials were regarded in quantum dot nanolasers. However,
the exciton population was wiped out by high nonradiative
Auger recombination caused by trap states, which degraded the
light amplification and led to high gain thresholds. A binary
mixture of colloidal lead quantum dots and zinc oxide
nanocrystals was used to deactivate the trap states inside the
sodium diethyl dithiophosphate gain medium. In addition, the
transient absorption method reveals a fivefold enhancement in
the Auger lifetime, indicating a reduction in trap-assisted Auger
recombination.  Consequently, the threshold for enhanced
spontaneous emission at 1650 nm, with a linewidth of 1.23 nm,
was halved. Despite this, these colloidal quantum dot
nanolasers manage to achieve both stability and a high
integration density at the same time.  Research indicates that
employing colloidal quantum dots with zinc selenide/cadmium
selenide core-shell structures in a surface-based integrated
circular Bragg resonator can result in a mode confinement
factor approaching unity at 89% and a Purcell coefficient
reaching as high as 22.7. This configuration also offers a
significant confinement factor and a low laser threshold of 17
pJ/em?, which is 70% less than the threshold of 56 pJ/cm?
observed in surface-emitting lasers with vertical cavity
colloidal quantum dots [13]-[16]. Due to the self-assembled
nature of StranskyKrastanov growth, conventional quantum
dots encounter substantial difficulties in epitaxially controlling
their spectral inhomogeneity and spatial nucleation position. In
nanocavities integrated with small mode volumes, the cavity
enhancement caused by the Purcell effect is weak in the
coupling regime, even though thermal control and surface
defect states continue to affect the high photon extraction
efficiency of 85% in a circular Bragg grating resonator [17].
Buried photonic defects, which need little etching, may help
microcavities made of these solve these issues. Selfassembly
during epitaxial development results in their formation; their
location is controlled at the quantum dot under a buried stress;
hence, postgrowth lithography is not necessary [18].
Furthermore, the transient absorption technique demonstrates a
fivefold increase in the Auger lifetime, suggesting a decrease in
trap-assisted Auger recombination. As a result, the threshold for
enhanced spontaneous emission at 1650 nm, which has a
linewidth of 1. 23 nm, has been reduced by half. Nonetheless,
these colloidal quantum dot nanolasers successfully combine
stability with a high integration density. Studies show that using
colloidal quantum dots with zinc selenide/cadmium selenide
core-shell structures in a surface-mounted integrated circular
Bragg resonator can achieve a mode confinement factor almost
reaching unity at 89% and a Purcell coefficient as high as 22. 7.
This setup also provides a notable confinement factor along
with a low laser threshold of 17 pJ/cm?, significantly lower than
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the 56 pJ/cm? threshold found in vertical cavity colloidal
quantum dots from surface-emitting lasers. Additionally,
selenide phosphide quantum dots display nonlinear features,
including a modulation depth of 8. Additionally, selenide
phosphide quantum dots display nonlinear features, including a
modulation depth of 8.8%. [19].

The output power from these nanolasers reached 7 W, and they
exhibited a brightness level of 180 mW/cm#/s. However, during
their development, particularly in structures made of gallium
arsenide with certain structural constraints, a suspended bilayer
torsional design linked to quantum dots in the near-infrared can
easily be affected. Additionally, the mode field of the
nanocavity primarily exists within the air gaps, which limits the
effective interaction between the quantum dot and the cavity
due to inadequate spatial overlap. Recently, researchers have
been examining how a Moiré nanocavity interacts with a single
guantum dot. Moiré nanocavities are created by the interaction
of two identical photonic graphene layers that are twisted at a
specific angle. When the Bloch modes of these layers couple,
flat bands appear in the energy spectrum. These flat bands allow
for light trapping that is not reliant on the momentum of the
Bloch wave, leading to modes that have a group velocity of zero
[20].

Il. DESIGN AND STRUCTURE

A photonic crystal-based nano laser was developed utilizing the
finite difference time domain numerical solution method. This
design incorporated a hybrid gain medium consisting of a 10
nm thick layer of aluminum dioxide, which has a refractive
index of 1. 75, alongside a gallium arsenide oxide dielectric
layer. The primary objective of this configuration was to
enhance optical pumping. This structure, as seen in Fig. 1, The
photonic crystal profiles in the symmetric A-state and the
antisymmetric B-state are shown in Fig. 1, is made up of a
silicon substrate with a 40 nm thick aluminum gallium arsenide
layer in the middle, and a gallium arsenide waveguide layer is
formed on top of it with a 170 nm thickness, which is situated
between two 40 nm thick aluminum gallium arsenide layers and
two 5 nm thick gallium a layers, respectively. The membrane
of the photonic crystal consists of a triangular lattice featuring
air holes, with a lattice pitch, denoted as 'a’, measuring 366 nm.
In this context, a hole radius of 135. 4 nm, equivalent to 0. 373,
is considered. Photonic crystal nano lasers, which utilize thin
semiconductor films in conjunction with single indium
phosphide quantum dots, are particularly noteworthy due to
their minuscule volume and ability to manipulate the magnetic
field within the cavity, facilitating atom emission. This
capability allows for the design of polarization-related patterns.
The incorporation of silicon in these structures is advantageous
due to its low cost, high integration potential, and compatibility
with integrated circuit manufacturing processes. However, the
optical pumping efficiency of these devices is constrained when
paired with gallium arsenide and aluminum gallium arsenide
materials. Research indicates that zinc oxide is a promising
alternative, as it possesses a relatively high exciton binding
energy of approximately 60 meV, which exceeds that of other
materials.

(1
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where:

Nngpe 1S the average (effective) refractive index of the
composite photonic crystal medium. n, represents the
refractive index of the background (low-index) material, such
as air or silica.n,denotes the refractive index of the high-index
material, such as semiconductors or dielectric rods embedded
in the lattice FF is the fill factor, defined as the ratio of the
volume (or area in two-dimensional structures) occupied by the
high-index material to the total volume (or area) of the unit cell
[21].
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Fig. 1. Three-dimensional perspective of the photonic crystal nano laser
architecture.

I11. METHODS SECTION

In this work, we evaluate eight phase-shifting
configurations, each defined by a unique combination of phase-
step sequencing and modulation pattern. These configurations
differ in their noise susceptibility, robustness to phase-step
miscalibration, and sensitivity to harmonic distortions.
Assessing all eight variants enables a systematic optimization
of the reconstruction strategy and ensures that the selected
configuration maximizes stability and accuracy under practical
measurement conditions.

Step-by-Step Proposal of the Idea
Step 1: Selecting the Materials and Gain Media

The study begins by choosing suitable materials for the
photonic crystal laser cavity: indium phosphide (InP), gallium
arsenide (GaAs), aluminum oxide (Al:0s), and zinc oxide
(ZnO) quantum dots. The rationale is based on their large
energy gaps (~3.37 eV for ZnO), which make them appropriate
for terahertz laser propagation and efficient optical pumping.
ZnO is highlighted because it can be easily grown in nanorods,
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nanowires, or thin films, which helps achieve strong mode
confinement in the photonic crystal cavity.

Step 2: Designing the Photonic Crystal Laser Cavity

A photonic crystal laser chamber is designed using these
materials. The design considers dispersion effects, temperature
dependence, and geometrical parameters such as the constant
radius-to-lattice ratio to optimize the laser properties. The goal
is to enhance spontaneous emission and overall optical
pumping efficiency.

Step 3: Calculating Performance Metrics

The quality factor (Q-factor) of the cavity is evaluated to
quantify performance. These calculations confirm that the
cavity design supports efficient lasing and strong light-matter
interaction.

Step 4: Application to Quantum Logic Gates

After optimizing the photonic crystal laser, it is applied to
quantum logic gates. The study measures how the laser’s angle,
rotation, and probability function change in this context. This
demonstrates the potential of the designed system for quantum
laser applications, bridging photonic crystal laser technology
with quantum information processing.

Step 5: Highlighting Novelty and Utility

The novelty lies in combining:

Hybrid gain media with high-Q factors. Nanostructured ZnO
for strong confinement. Integration with quantum logic gates,
showing practical quantum photonic applications.

IV. RESULTS AND DISCUSSIONS

The Gaussian emission spectrum is initially found at 1210
nm and 1110 nm, respectively, in the quantum dots'
recombination of the ground state and first excited electron-
hole pairs. The variation in size of the self-assembled quantum
dots is shown by the width of each band. The hole emission
spectrum, in contrast to the wide emission bands of the quantum
dot array, displays distinct lines that span the spontaneous
quantum dot emission band as the ratio of the nanohole radius
to the lattice constant rises. The quality factor of the hole
restricts the linewidth of the modes, which increases with the
quality factor ratio of 131. 95. As shown in Figure 2, the mode
intensity increases as the cavity modes enter into resonance
with the majority of the quantum dots, i. e., near the peak
position of the quasiGaussian band.
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Fig.2. The Gaussian emission spectrum plot as a function of radius to lattice

constant.
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To enhance optical pumping within a waveguide made of
aluminum gallium arsenide, quantum dots are positioned in the
gallium interlayer. Additionally, aluminum oxide functions as
a dielectric layer with a refractive index of 1.75, serving as a
low refractive index material to confine the field for the gain
medium.

As shown in Fig.3, the gallium arsenate gain material has a high
refractive index of 3. 4. The effect of indium arsenic zinc oxide
and gallium arsenate in increasing the confinement intensity of
the gain medium is also determined by their quality factor in
Fig.4, which is maximized at a frequency of 212 THz.
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Fig.3.The emission intensity as a function of frequency, spanning from 180 to
280 terahertz, within a hybrid gain medium.
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Fig.4. Emission intensity vs. frequency in the range of 180 to 280 terahertz.

The only well-defined current injection window identified is
region |, as illustrated in Fig.5. The figure displays the curves
for quantum dots with lattice constants of 366nm, along with
injection apertures of 60 pum and 40 um at a temperature of
10°C.
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graph.

In Fig.6, the parameter is presented. The current
confinement provided by the gallium arsenide and zinc oxide
layers leads to a decrease in the threshold current by around 0.
25 mA, even though there is an increase in the threshold current
density. The device with a 0. 1-micrometer injection aperture
did not exhibit a reduction in threshold current. The observed
increase in threshold current density is linked to the discrepancy
between the gain spectra and the limitations set by the photonic
crystals. Furthermore, the current density tends to rise with
increasing temperature.
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Fig.6. The output gain curve of a photonic crystal laser with current
excitation in a gallium arsenic and zinc oxide gain environment as a function of
temperature fluctuations.

Absorption is one of the most important factors determining the
threshold, efficiency, linewidth, and output stability. Because
nanolasers have very small dimensions, even a small amount of
absorption can significantly change the optical and quantum
behavior of the laser. Increasing absorption in the active
material reduces the Q-factor, which in turn increases the
optical pumping threshold. The effect of material absorption is
examined in Fig.6, The results show that the use of the
aluminum  gallium  arsenic/gallium  arsenic  material
combination shows a lower absorption of 70% compared to the
gallium  arsenic/indium  arsenic/zinc  oxide  material
combination. In a similar vein, the indium arsenide quantum dot
material's absorption impact has been examined in isolation
throughout the wavelength range of 0. 5 to 1600 nm. The
quality was evaluated by measuring the absorption at 2000 nm,

yielding a result of 0. 8%, as demonstrated in Fig.7, The amount
of light trapped in this area is estimated to be 1455. 3 times the
factor. The variations in the gain environment are depicted in
Fig.8, Zinc oxide, indium arsenic, and aluminum dioxide
coatings have all been examined. The aluminum dioxide layer
has a lower peak than the variations in time with the field
intensity, and it is nearly identical for all of them: the indium,
arsenic, and zinc oxide layers.
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Fig.7.Absorption diagram of active hybrid materials in photonic crystal lasers
in wavelength of 1000 nm.
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In Fig.9, Laser dispersion can depend on the threshold and
quality factor of the laser. The dispersion diagram of the active
hybrid materials of the photonic crystal laser shows that the
combination of aluminum gallium arsenid material and indium
arsenic quantum material/zinc oxide shows a 40% lower
dispersion compared to the gallium arsenid/aluminum gallium
arsenid material. Since the reduction in dispersion is inversely
proportional to the quality factor, therefore, the reduction in
dispersion increases the quality factor. This feature is effective
in reducing the threshold of the photonic crystal laser. The gain
and transmission of the active hybrid materials in the photonic
crystal laser are examined below. The Fig.10, orange curve is
the transmission at frequencies from 180 to 260 THz. The
transmission value at around 200 THz is 0.8. As the frequency
increases, the transmission of the material decreases. This
behavior is related to the absorption frequency part of the active
material. At lower frequencies, the absorption is low and the
transmission is high near the band edge or resonance, and the
absorption is high and the transmission is low. For the gain on
the right side of the graph, a very sharp peak is seen. The peak
value reaches about 0.99 (approximately 1). At a certain
frequency, the gain grows suddenly. Then it drops back to near
zero. This peak indicates the density of optical states at a
frequency of 240 THz. There is a high-quality resonance mode
(High-Q mode).

3
°
S
Gain / Transmission

Fig 10. Gain and transmission graph of photonic crystal nano laser versus
frequency in the THz range.

Apodization allows the removal of effects that occur near the
beginning and/or end of the simulation from the Fourier
transform of the monitors. This feature can be useful for
filtering out short-term transients that occur when the system is
excited by a dipole source and when studying high-Q systems
that decay very slowly. Monitor apodization Fig.11, A applies
a window function to the simulation fields before the monitor
performs its Fourier transform of E(t) to obtain E(w). This
allows the calculation of E(w) from a portion of the time signal.
Start apodization can be used to ignore all transients that occur
near the beginning of the simulation.

x(m)

Fig.11. Mode profile of photonic crystals. A) In the state without
apodization. B) In apodization. C) Apodization with its effect eliminated at the
starting point. D) Apodization with its effect eliminated at the ending point.

V. LASER-BASED OPTIMIZATION OF QUANTUM
LOGIC GATES

Recently, nanolasers have been used to control qubits due to
their low power, frequency stability, and on-chip integration
[21]. Nanolasers are challenging to couple with photonic qubits
or other qubits (e.g., atomic or quantum dots) to provide high-
quality photons or modulated light; coupling, losses, noise, and
fabrication uniformity are complex. Long-term stability,
environmental interference, and engineering issues (operating
temperature, precise modulation, integration with other
quantum components) are still serious obstacles [22]. A
Gaussian laser pulse is added as an input (drive) to the quantum
circuit. The Gaussian pulse (which has a unitary effect on the
qubit) is obtained with a Unitary gate extracted from the pulse
model. The Python software giskit library is used for modeling.
The Gaussian laser pulse is equated to a Unitary gate. This gate
acts just like a "laser drive™ on the qubit. This is the way Qiskit
can model "light" or "laser".

Gaussian laser pulse is added as an input (drive) to the quantum
circuit. The Gaussian pulse, which has a unitary effect on the
qubit, is obtained with a Unitary gate extracted from the pulse
model. The Python software giskit library is used for modeling.
The Gaussian laser pulse is equated to a Unitary gate. This gate
acts just like a “laser drive” on the qubit. This is how Qiskit can
model “light” or “laser”. Next, the laser is driven by a 3-qubit
cont circuit. Since the use of laser beams in quantum circuits
for angle control, and rotation. The schematic of the 3-qubit
quantum circuit is shown in Fig.12.

q.8: 1 Ry(30.08) H_H7
q.1: 1 Ry(18.08)
0.2: 1 Ry(23.688)

3

B 12
Counts: {'060': 608, '811's 265, '111: 37, '110": 99, '0A1': 99, '100": 462, ‘010" 162, "161": 52)

Fig.12. Three qubit CNOT quantum circuit with a Gaussian laser pulse.
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The results on angle control and rotation are shown in Fig.13,
As can be seen, the Gaussian pulse QO has the largest area and
therefore the largest angle RY. Q1 has a shorter and shorter
pulse, so the rotation angle is smaller. Q2 is located between
these two. Pulse area — angle Rotation — The probability of
superposition changes in the state |0) and |1). Table 1 also shows
the results for each qubit. Table I. Investigation of the
parameters of the elevation area and the rotation angle of each
qubit with the Gaussian laser pulse.

TABLE |
The parameters of the laser

Qubit Omega0 Sigma wavelength With, Height
012 10 Distinct Maximum
peak, average area —
width maximum
rotation angle
1109 8 Shorter peak  average
and lower rotation angle
2 1.05 9 Between Q0  medium-high
and Q1 rotation angle

Gaussian Pulses of 3 Qubits (3D)

—— Qubit0
Qubit 1
—— Qubit 2

| ]
o N

2 o o
o 2] o
Amplitude

0.2

40

s

Mpje ,-M:D 60 o 025
e

Fig.13.Gaussian wavelet plot for each qubit.

In Fig.14, the |000) state has the highest probability (long
column + light color) — indicates that most qubits were still
close to |0) before CNOT. The |111) state has a significant
probability indicates the CNOT chain effect that correlates QO,
Q1, and Q2. Intermediate states such as |001), |010), |101) are
less frequently observed. The combination of the RY angle and
the CNOT effect makes the distribution non-uniform. The color
of the columns is determined by the probability: columns with
higher probability are brighter or warmer, and columns with
lower probability are darker. The angle 6 of each qubit is taken
from the area of the Gaussian pulse: 6 = Q0 * ¢ * V(2m) QO,
with the largest 6 — more likely to change — directly affect Q1

and Q2 via CNOT. Q1 and Q2 have intermediate angles — less
likely to superpose — asymmetric probability distribution.
Thus,
entanglement, since CNOT makes the qubits dependent.

the column |111) indicates the generation of

Counts
o
N
o

o

o

w
Probability

0.10

Fig.14. Probability density of qubits correlation with the Gaussian
distribution.

These conditions have been routinely achieved in both cold-
atom and thermal-vapor platforms, where strong dipole—dipole
interactions and well-resolved EIT features have been reported.
Previous studies have also demonstrated stable optical phase
control and interaction-mediated nonlinearities at comparable
Rydberg excitation densities, confirming that the interaction
strengths and coherence times required for our scheme are
already experimentally accessible. Taken together, these
established capabilities indicate that the proposed approach is
feasible with current technology and amenable to near-term
experimental realization.

Despite the robustness to decoherence demonstrated in this
work, several limitations remain. First, the system retains a
degree of sensitivity to photon-loss channels, which may
become more pronounced under strong driving conditions or in
ultra-compact cavity geometries. Second, phase-matching
requirements can impose constraints on efficient light-matter
coupling, particularly when nonlinear processes or multi-mode
interactions are involved. Finally, the scalability of atomic-hole
and defect-based gain media is still restricted by fabrication
uniformity, spectral inhomogeneity, and integration challenges
at the wafer level. Addressing these issues will be essential for
transitioning the proposed platform toward large-scale and fully
integrated photonic architectures. Finally, the comparison table
is provided as Table II.
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TABLEII
The Comparison table
Ref. Material Q Structure  Feature Application
[24] InAs/InP >100 PhC High-Q quantum
cavity, communicatio
n and
networking
[25] Optofluidic ~ 200<  Ring High Quantum
resonator sensitivit  sensor
y
[26] InAs/InGaA - Quantum Tunable Optical
S dot power switching
devices
[27] InAs/GaAs 100<  SOA Low Logical
power devices
This  Indium 227. PhC High-Q Quantum
Wor  arsenide 98 cavity, logic gate
k strong
light-
matter
interactio
n
This  Aluminium  131.  PhC Moderate  Quantum
Wor  oxide 95 Qin logic gate
k hybrid
gain
medium

VI. CONCLUSION

In this paper, the hybrid gain medium of quantum dot photonic
crystal nanolaser in the increase of the pumping of the var with
aluminum oxide, zinc oxide, and gallium arsenide materials has
been investigated, and the degree of confinement of the var with
a quality factor of 227.89 for the indium arsenic layer and
122.26 has been obtained. Also, increasing the radius variation
with a lattice constant rate of 0.37 increases the spontaneous
emission, and the linewidth of the modes is limited by the
quality factor of the hole. The photonic crystal laser beam is
driven into the logic gates of the 3-qubit quantum CNOT
circuit, and the results are measured in terms of angle and
rotation variations and their probability function for quantum
laser application. The Gaussian pulse QO has the largest area
and therefore the largest RY angle. Q1 has a shorter and shorter
pulse; the rotation angle is smaller. Q2 is between these two.
Pulse area rotation angle superposition probability changes in
the |0) and |1) states.
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