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Abstract: We theoretically investigate the defect mode transmittance of light waves in superconductor—
semiconductor photonic crystals and its pressure-sensing dependence. The photonic crystal is
composed of alternating superconducting and semiconducting slabs and a defect locates at the center
of this structure. Two trapezoid waveguides are fixed at both sides of the crystal, which induces
the hydrostatic pressure applied and beams transmitted simultaneously. The resonant wavelength
variation in the defect mode is directly proportional to the pressure applied on the system in the near-
IR region, which can be utilized for linear pressure sensors in the cryogenic environment. Pressure
sensitivity reaches a high value of 2.6 nm/GPa, which is higher than that in the study based on the
reflection spectra. The sensitivity coefficient may be modulated by the environment temperature as
well. This study has potential regarding pressure-light-wave sensors.
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1. Introduction

Traditional pressure sensors are usually operated based on mechanical elastic defor-
mation [1,2], the piezoelectric effect [3-5], or the resistance—strain effect of materials [6,7].
The disadvantages of these kinds of sensors are that the response is hysteretic, the sensi-
tivity coefficient is greatly affected by the environment temperature, and the measuring
accuracy is not high enough. Especially in the cryogenic environment, the physical prop-
erties of materials fundamentally change, which greatly exceeds the working range of
conventional pressure sensors. Therefore, it is necessary to develop revolutionary struc-
tures and materials to manufacture pressure sensors with high sensitivity and stability in
low-temperature surroundings.

Periodic one-dimensional photonic crystals can be formed by alternating arrangement
of two dielectric materials with different refractive indices [8]. Photonic crystals can
support photonic bandgaps in which light waves cannot transmit through the systems [9,10].
However, if a defect is introduced into the periodic structure to form a defective photonic
crystal, a defect mode arises in the center of the bandgap [11,12]. The defective resonance
mode allows the light energy to pass through the photonic crystal without reflection.
The defect mode may strongly localize the electric field and is often used in the study of
optical bistability [13-15], laser points [16,17], exceptional points [18], and temperature
sensors [19]. The central wavelength of the defect mode is governed by the refractive index
of defect. Therefore, the central wavelength of defect mode can be regulated by external
parameters [20].

Superconductors and semiconductors, which refractive indices depend on for the
environment temperature and the external stationary pressure, have also been utilized
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for photonic crystals [21,22]. A superconducting material is embedded in the photonic
crystal to form a defect and the defective resonance mode is sensitive to the surroundings
under the critical temperature of the superconductor [23,24]. Segovia-Chaves, F., et al.
discussed the shifting of transmission spectra and the photonic bandgap appearance in
superconductor-semiconductor periodic photonic crystals [25]. Increasing the temperature
and incident angle, the transmission spectrum moves to the lower-frequency direction,
and meanwhile, the bandwidth of the photonic bandgap increases. Furthermore, they
also showed that the transmission spectrum shifts to higher frequency values, and new
bandgaps appear by changing the hydrostatic pressure.

Sabra, W., et al. investigated reflection spectra of light waves in defect photonic crystals
composed of superconductor Hg-1223 and semiconductor GaAs with a substrate [21]. The
operating wavelength is local in the mid-IR region. It showed that the highest pressure
sensitivity is 1.7467 nm/GPa at the hydrostatic pressure of 6 GPa. It is well known that
the defect photonic crystal can support a defect mode, which is a transmission mode,
with high transmittance and low reflectance. Since the defect mode strongly depends on
the hydrostatic pressure applied on the superconducting photonic crystal, obviously, the
phenomenon is more convenient and evident through probing the transmitted beam of
defect mode than by detecting the reflected beam.

A scheme is needed to induce the hydrostatic pressure and the transmitted beam,
for which we added two optical trapezoid waveguides on both sides of the defective
photonic crystal. Therefore, it is meaningful to construct defective photonic crystals with
superconducting and semiconducting materials and subsequently apply the pressure
on the structures to realize high-sensitivity and linearity sensors in the extremely low-
temperature environment.

Superconductor and semiconductor slabs are laid along the X-axis to form a one-
dimensional photonic crystal. The photonic crystal is periodic, and a defect is local at the
center of the system. The bandgap and the defect resonant mode of the photonic crystal are
investigated and the dependence of the defect mode on the applied pressure intensity is
explored as well. We subsequently study the sensitivity coefficient of pressure sensors and
the influence of the environment temperature. The resonance and wavelength selectivity
of defect mode are then discussed through improving the periodic number of structures.
Furthermore, regulation of the defect mode by changing the incident angle is demonstrated
as well. This investigation has an application in cryogenic pressure-optic sensors.

2. Superconducting Photonic Crystals

The system is composed by superconductor and semiconductor materials as shown
in Figure 1. The structure can be denoted by ABABABCBABABA, where A and C are
superconductor slabs. The symbol of B represents the semiconductor slab. Obviously, this
system is viewed as a one-dimensional defective photonic crystal and can be expressed
as (AB)NC(BA)N, where N = 3 is the periodic number of the photonic crystal and C is
the defect of the periodic photonic crystal. The periodic number can also be set as other
positive integers.
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Figure 1. Schematic of defective superconductor photonic crystal. The periodic number is N = 3.

The thickness of slab A is set as a quarter of optical wavelength, i.e., d;o = A9/ (4n,),
where ny is the refractive index of A with the incident wavelength of Ag. The central
wavelength is Ag = 1.55 um. The corresponding thickness of slab B is also equal to the 1/4
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optical wavelength dyg = A/ (4npg), where ny, is the refractive index of B with the same
wavelength Ag. The defect thickness is d.g = Ag/(2n.) and n is the refractive index of C.
The slab has an optical wavelength thickness twice as much as the value of A and B, so the
component of C is treated as a defect in comparison with periodic photonic crystals. The
whole structure is symmetric to the center.

The symbols I; and I, represent the incident light beam and the transmitted light beam,
respectively. The two letter Ds at the inputting and outputting ports are coupled wave
guides. The symbol of F expresses the stationary pressure. Therefore, the guides of Ds play
the parts of transferring pressure and coupling optical waves simultaneously. The profile
of optical wave guide D is an isosceles trapezoid with a base angle of 45°. The incident
light beam perpendicularly impinges on the waist of D.

We only give a base angle value of 45 degrees for the waveguide cross profile in the
schematic diagram to demonstrate the operating principle. In other cases, one can adjust
the base angle of the trapezoid of the cross profile to satisfy the requirement of normal
incidence referring to the waist face of the trapezoid waveguide.

The superconductor HgBa;Ca;Cu3Og, s is chosen for slabs A and C. Slab B is set as
semiconductor material GaAs. The superconducting material of HgBay;CapyCuzOg, s is
lossless under certain temperatures. The permittivity of HgBayCap;CuzOg, s is governed by

2

a(w) =1 - =,
L

)

where c is the speed of light in free space, w = 27c/A is the angular frequency of light wave,
and A is the incident wavelength [26]. London penetration depth is given by

7 @

where the parameter T, is circumstance temperature, T, is the critical temperature and is
expressed as T, = A + B1P + D;P?, and P is the stationary intensity of pressure. The other
parameters are set as A; = 134, B; =2.009, and D; = —4.194 x 1072 [24].

The material of slab B is set as GaAs and the permittivity of this semiconductor is

ep(P, T,) = 12.74¢ ™ 173X10°PP4x10(T=756) 1, < 200K 3)

where K is Kelvin temperature [27]. The thickness of slab B is a function of P, and the
relation can be expressed by

dp(P) = dyo[1 — (S11 +2512) P] 4)

where dpg is the initial thickness of B for P = 0 GPa and the elastic constants are
S11=1.16 x 1072 GPa~! and S1p = —3.7 x 1073 GPa~!, respectively [27].

The refractive index of superconductor HgBay,Ca;CuzOg,5 is nyg = 0.9984 for the
environment temperature T, = 100 K and intensity of pressure P = 100 GPa. The refractive
index of GaAs is ny,y = 3.2773 with the same condition. The thicknesses of A and B are
dao = Ao/ (dnyp) = 0.3881 um and djg = A/ (4npo) = 0.3881 pum, respectively. The thickness of
C is two times that of A and the value is d.g = A/ (2ngg) = 0.7762 um. Silicon dioxide (SiO,)
can be utilized for optical waveguide and its refractive index is given with a fixed value
ng = 1.5 for simplicity in simulations.

The superconducting material of HgBayCa;CusOg, 5 has been used for polychromatic
filters in semiconductor-superconductor dielectric periodic and quasi-periodic hybrid
photonic crystals, and the transmission peaks could be tuned by temperature in a cryogenic
environment [28]. One also regulates the photonic bandgap and transmittance by the value
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of environment temperature in superconducting Octonacci photonic crystals composed of
HgBa2C82CU308+5 [29].

3. Defect Mode Dependence and Pressure Sensing

For a transverse magnetic wave incident in the structure, the transmission and reflec-
tion characteristics of light can be simulated by the transmission matrix method (TMM) [30].
Figure 2a gives the transmission spectra under different values of pressure intensity. The
environment temperature is T, = 50 K. The vertical coordinate T represents transmittance
and the horizontal axis is denoted by the normalized frequency (w — wg)/wgap, where the
bandgap of the photonic crystal is wgap = 4wparcsin | (Nyg — Npg)/(Nap + Nipp) | 2/m. The
symbols w = 27c/A and wq = 27c/ Ay mean angular frequency of incident light and central
angular frequency, respectively. The parameter c is the speed of light in the vacuum.

R
Zam

— ——P=90GPa
P=100GPa
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I —
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- | I 1
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Figure 2. (a,b) Transmission spectra of light waves with different intensities of pressure for T, = 50 K
and 100 K, respectively. The incident angle of light beam is set as 6 = 45°. Periodic number of photonic
crystal is set as N = 3.

One can see that there are three transmission spectra for three given values of pressure
intensity: P =90, 100, and 110 GPa. A bandgap exists in each spectrum and a transmission
mode arises in the center of the bandgap, denoted by a dotted box. The transmission
peak moves to the right as the intensity of pressure increases, viz., the central wavelength
decreases with the increase in the pressure intensity. The corresponding central wavelengths
of defect modes are orderly: A, = 1.0508, 1.0307, and 1.0084 um for P = 90, 100, and
110 GPa. The wavelength interval between the corresponding peaks for P = 90 and 110 GPa
is 0.0424 um.

The designed structure is a photonic crystal with a defect. The defect can localize the
electric field, which approves a transmission mode, i.e., the defect mode. The whole system
is viewed as a resonant cavity. The defect is equal to the cavity body and the left and right
periodic dielectric multilayers equate to two reflectors. Light waves propagate forward in
dielectrics and are reflected backward by the reflectors. Consequently, a resonant mode
is achieved.

It can be seen that the central wavelength of defect mode is different with differ-
ent stationary pressure, that is, there is a one-to-one correspondence between the cen-
tral wavelength of defect mode and the static pressure. Therefore, the stationary pres-
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sure on the defective photonic crystal can be detected by the central wavelength of
transmission mode.

Figure 2b provides the transmission spectra for different pressure intensity as the
environment temperature is T, = 100 K. The photonic bandgap and defect mode are also
induced by changing the light frequency. The central wavelengths of defect modes are
Ap = 1.0448, 1.031, and 1.0091 pum for P = 90, 100, and 110 GPa, in order. The difference
in resonant wavelengths between the two corresponding peaks for P = 90 and 110 GPa is
0.0357 um. Compared with the results in the case of T, = 50 K, the interval of frequency
between two adjacent peaks becomes narrower for T, = 100 K. Therefore, the defect mode
can be controlled by the environment temperature as well.

The central wavelength of the defect mode is denoted by A,, and the environment
temperature is set as T, = 50 K. Figure 3a gives A, changing with the external stationary
pressure intensity P. The incident angle is set as 45°. It shows that the value of A, decreases
roughly with the increase in P. There are two nearly linear sections I and II in the depen-
dent relationship between A, and P. The defect mode cannot be observed at the value of
P = 85 GPa. Consequently, there is an abnormal gap in the relationship curve around
P =85 GPa. The optical loss of superconductor HgBayCayCu3Os, 5 is so great at the value
of pressure intensity 85 GPa that the optical energy of the central defect mode has been
dissipated entirely. In the stationary pressure probing, it requires the input-output relation-
ship curve to be linear, so section I or II can be selected as the working region of sensors in
practical applications.
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Figure 3. (a,b) Central wavelength of the defect mode and sensitivity coefficient of sensors changing
with the stationary pressure intensity at the environment temperature T, = 50 K. Periodic number is
N=3.

At the temperature of T, = 50 K, section I is chosen for the working region, as the
defect photonic crystal is utilized for pressure sensing. Figure 3b provides the sensitiv-
ity coefficient of pressure sensors. The stationary pressure intensity varies in the range
of [0 GPa, 80 GPa]. It can be seen that the sensitivity coefficient is negative, and the absolute
value of sensitivity coefficient decreases mildly as the pressure intensity increases. The
sensitivity coefficient of sensorsis | S| = 1.9 nm/GPa at the pressure intensity P = 80 GPa.

Increasing the environment temperature to T, = 100 K, Figure 4a gives the central
wavelength of the defect mode changing with the stationary pressure intensity. The incident
angle is set as 45° as well. Similarly, it can be found that the value of A, decreases as the
parameter P increases. Two nearly linear working regions III and IV exist in the whole
change relation curve. The defect mode disappears in the interval P = [84 GPa, 87 GPa],
which contributed to the giant loss of HgBayCay;CusOg, s in this pressure section. One can
choose sections Il and IV to utilize for the operating range of sensors.

One can choose section III for the working region to probe the stationary pressure
intensity at the temperature of T, = 100 K. Figure 4b gives the sensitivity coefficient of
sensors as the stationary pressure intensity changes. The variation range is set as the section
of [0 GPa, 80 GPa]. The horizontal axis is the inputting stationary pressure. The absolute
value | S| also slightly varies as the pressure intensity increases. The sensitivity coefficient
of sensors is |S| = 0.97 nm/GPa at the pressure intensity P = 80 GPa. Therefore, the
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sensitivity at T, = 100 K is generally lower than that at T, = 50 K. The sensitivity coeffi-
cient can be kept constant by mathematical means such as linear fitting, such as the least
square method.
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Figure 4. (a,b) Central wavelength of the defect mode and sensitivity coefficient of sensors changing
with the stationary pressure intensity at the environment temperature T, = 100 K. Periodic number is
N =3.

For different periodic numbers N of system, Figure 5a gives the corresponding trans-
mission spectra of light waves. The parameters are set as T, = 100 K and P = 100 GPa,
respectively. One can see that the bandgap and resonant defect mode are still supported in
these structures for different values of N. The bandgap edge becomes steeper as N increases,
and the resonant peak becomes sharper by adding the dielectric layers of the photonic
crystal. Since the system can be viewed as a resonant cavity, the resonance and selectivity
of defect mode were enhanced by improving the periodic number.

1
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Figure 5. (a) Transmission spectra for different periodic numbers of photonic crystal N. (b) Trans-
mitted peaks for different N. (¢) Quality factor of resonant cavity changing with N. Incident angle of
light beam is set as 6 = 45°.

To observe the defect mode more clearly, Figure 5b demonstrates the detailed view
profile of the transmitted peak of light waves for N =2, 3, 4, and 5. Obviously, for a larger
N, the peak of transmittance is narrower, viz., the resonance becomes stronger. Otherwise,
the central resonant wavelength vibrates slightly as the periodic number changes. The
dielectric layers increase by promoting N, and consequently the reflectivity of light is
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enhanced. Therefore, the light resonances of the system and the defect mode can be
improved synchronously by regulating the periodic number of the system.

Figure 5c investigates the quality factor (Q-factor) of the resonant cavity varying with
the periodic number N. The Q-factor is defined as the reciprocal of the half width for each
transmission peak. It shows that the normalized Q-factor of the resonant cavity increases
exponentially with the increase in N. The monochromaticity and selectivity of frequency
are more excellent with a higher value of Q-factor.

Changing the incident angle, the transmission spectrum of light waves also changes.
Figure 6a provides the transmittance varying with the normalized frequency for 6 = 0°,
20°, and 45°. The environment temperature is T, = 100 K, and the intensity of pressure
is set as P = 100 GPa. By increasing the incident angle, one can see that the bandgap and
defect mode are simultaneously moving toward the high-frequency direction. The interval
between two adjacent peak enlarges as the incident angle grows. It can be further found
that the resonant peak becomes wider, and the transmittance remains unchanged as the
incident angle increases, so the resonance of the defect mode tends to become weaker by
giving a larger value of 0.

1 1 0 1

10

20 30 40 50 0 10 20 30 40 50
0 (Deg.) 0 (Deg.)

Figure 6. (a) Transmission spectra for different values of the incident angle. (b) Central wavelength
of resonant state varying with the incident angle. (c) Quality factor of the resonant cavity changing
with the incident angle. Periodic number of photonic crystal is set as N = 3.

Figure 6b gives the central wavelength A, of the defect mode changing with the
incident angle. It has been shown that the transmission peak moves toward the right with
respect to the normalized frequency axis as the incident angle increases. Simulation shows
that the central wavelength A, is inversely proportional to the incident angle and moves in
the short wavelength direction. Therefore, the central wavelength of the resonant peak can
be modulated by tuning the value of 6.

Figure 6¢ explores the Q-factor of the resonant cavity changing with the incident angle.
The Q-factor is the same as the definition in Figure 5c. It has been mentioned that the
transmission peak becomes wider as the incident angle grows, so one can see that the
Q-factor of the defect cavity decreases with the increase in the incident angle. This means
that weak selectivity of frequency and terrible monochromaticity of the defect mode may
be a result of modulating a larger incident angle.
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Figure 7a gives the electric field distribution of the defect mode. The environment
temperature and pressure are set as T, = 100 K and P = 20 GPa, respectively. The incident
angle is given by 6 = 20°. The central wavelength of the defect mode in the transmission
spectrum is Ay = 1.4709 pum. In this case, the refractive indices of HgBa;CayCu3Og, 5 and
GaAs are n, = 0.9994 and ny, = 3.5123, respectively. One can see that the power of the
electric field is mainly restricted in the defect layer in the center. The symbol of E, is the
component of the electric field along the propagating direction. We normalized the field to
demonstrate the distribution of power conveniently. The field distribution is asymmetric to
the center point, resulting from the thickness shrinkage of dielectric layers on which the
hydrostatic pressure is applied.

(b) 1
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Figure 7. (a) Distribution of electric field of the defect mode. Transmission spectra for different values
of the incident angle. (b) Local field correction factor changing with the normalized frequency. The
incident angle is 6 = 20°.

In the polarized dielectrics, the local field Ej,.,; presents the electric field acting on an
atom or molecule in dielectrics. The difference between Ej,.,;; and the macroscopic field E
is denoted by the local correction factor correction factor fj,q,;. For a resonant cavity, the
effective local field for the polarization is expressed as

eff e—1_ 3¢
ot = B+ 51 F = 2 1P ©)

where ¢ is the permittivity of the material of the resonant cavity [31]. Therefore, the local
field correction factor is given by

f local = i (6)

2e +1

The whole superconducting photonic crystal can be viewed as a resonant cavity and
the defect local at the center is the body of cavity. Since the permittivity of the material of
defect, viz., the superconductor HgBa;Ca,;CusOs;, 5, is a function of the incident wavelength
of light, the local field correction factor changes with the wavelength as well.

Figure 7b explores the local field correction factor varying with the frequency of
light waves. It shows that the correction factor of local field increases with the increase
in the normalized frequency. The value of the correction factor is fi,;; = 0.9944, and it
tends to saturate as the normalized frequency increases. The saturation value of the local
field correction factor is approaching 1. The factor f,.,; can be utilized for correcting the
local field of defect mode, which makes the distribution of the electric field more precise.
However, the conclusion of the main power of the defect mode locating at the central defect
is unchanged.

Two trapezoid waveguides are local at both sides of the photonic crystal, which apply
the hydrostatic pressure on the structure and transmit light beams out synchronously.
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The three low-loss windows are at near-IR range, so we set the operating wave length
of pressure sensing around 1.55 pm to transmit the sensing information in the fiber. The
absolute pressure sensitivity can be as high as 2.6 nm/GPa at the hydrostatic pressure of
6 GPa, which is higher than the maximum 1.7 nm/GPa in the investigation [21].

4. Conclusions

In conclusion, the transmission spectra of defect modes in photonic crystal depen-
dence on the stationary pressure and environment temperature were explored. The system
constructed by superconducting and semiconducting dielectric multilayers is a defective
photonic crystal. The waveguides at the two ends induce pressure and light beams into the
system. The central wavelength of the defect mode changes with the pressure intensity lin-
early with a given value of cryogenic environment temperature, of which the characteristic
could be utilized for wavelength-pressure sensors. The sensitivity coefficient of pressure
sensors fluctuates slightly in the operating region and can be tuned by the environment
temperature. The highest sensitivity of pressure can reach 2.6 nm/GPa. By increasing the
periodic number of photonic crystals, resonance and wavelength selectivity of the defect
mode are further enhanced. Otherwise, the resonant wavelength moves to a short value as
one turns up the incident angle of light. This investigation may have found applications
for pressure-optic sensors.

Author Contributions: Conceptualization, H.-H., M.F. and D.Z.; methodology, D.Z.; software, H.H.
and D.Z.; validation, X.C., M.Z. and L.W,; formal analysis, M.Z.; investigation, H.H.; resources, M.F.
and D.Z.; data curation, D.Z.; writing—original draft preparation, H.H. and M.E,; writing—review
and editing, H.H., M.E. and D.Z.; visualization, X.C. and D.Z.; supervision, M.F. and D.Z.; project
administration, M.Z. and D.Z.; funding acquisition, H.H.; L.W. and D.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was funded by the National Natural Science Foundation of China (NSFC)
(12274157), the Hubei Province Natural Science Foundation of China (2022CFB179), the Science and
Technology Plan Research Project of Hubei Education Department (B2022187), and the National
Innovation and Entrepreneurship Training Plan for Undergraduates (202210927001).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

1.  Mohammed, A.A.; Haris, S.M.; Nuawi, M.Z. Using the pressure transmission coefficient of a transmitted wave to evaluate some
of the mechanical properties of refractory metals. Ultrasonics 2015, 55, 133-140. [CrossRef]

2. Kulkarni, A.; Kim, H.; Choi, J.; Kim, T. A novel approach to use of elastomer for monitoring of pressure using plastic optical fiber.
Rev. Sci. Instrum. 2010, 81, 1597. [CrossRef]

3. Geng, D.;Han, S.; Seo, H.; Mativenga, M.; Jang, . Piezoelectric pressure sensing device using top-gate effect of dual-gate a-IGZO
TFT. IEEE Sens. . 2017, 17, 585-586. [CrossRef]

4. Veeralingam, S.; Bharti, D.K.; Badhulika, S. Lead-free PDMS/PPy based low-cost wearable piezoelectric nanogenerator for
self-powered pulse pressure sensor application. Mater. Res. Bull. 2022, 151, 111815. [CrossRef]

5. Li, X.; Wang, K.; Wang, Y.L.; Wang, K.C. Plantar pressure measurement system based on piezoelectric sensor: A review. Sens. Rev.
2022, 42, 241-249. [CrossRef]

6. Paliwal, S.; Yenuganti, S.; Manuvinakurake, M. Fabrication and testing of a Hall effect based pressure sensor. Sens. Rev. 2022,
42,354-364. [CrossRef]

7. Wang, H,; Zou, D.; Peng, P; Yao, G.; Ren, ]J. A novel high-sensitivity MEMS pressure sensor for rock mass stress sensing. Sensors
2022, 22, 7593. [CrossRef]

8. Wu, L; He, S; Shen, L. Band structure for a one-dimensional photonic crystal containing left-handed materials. Phys. Rev. B 2003,
67,102-105. [CrossRef]

9.  Guo, ].Y;; Chen, H,; Li, H.Q.; Zhang, Y.W. Effective permittivity and permeability of one-dimensional dielectric photonic crystal

within a band gap. Chin. Phys. B 2008, 17, 2544.


http://doi.org/10.1016/j.ultras.2014.07.001
http://doi.org/10.1063/1.3386588
http://doi.org/10.1109/JSEN.2016.2639525
http://doi.org/10.1016/j.materresbull.2022.111815
http://doi.org/10.1108/SR-09-2021-0333
http://doi.org/10.1108/SR-01-2022-0001
http://doi.org/10.3390/s22197593
http://doi.org/10.1103/PhysRevB.67.235103

Crystals 2023, 13, 471 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ren, H.; Zhao, X.; Wu, M.; Fei, H.; Zhang, M.; Yang, L.; Yang, Y. Design of single-dual channel conversion filter based on
one-dimensional photonic crystal. Mat. Sci. Semicon. Proc. 2022, 147, 106697. [CrossRef]

Carlos, A.; Arturo, R. Temperature-dependent optical band structure and defect mode in a one-dimensional photonic liquid
crystal. Lig. Cryst. 2017, 44, 1620-1631.

Gryga, M.; Ciprian, D.; Gembalova, L.; Hlubina, P. One-dimensional photonic crystal with a defect layer utilized as an optical
filter in narrow linewidth led-based sources. Crystals 2023, 13, 93. [CrossRef]

Guo, SJ.; Li, Z].; Li, EY,; Xu, Y.; Zhang, H.F. The asymmetric optical bistability based on the one-dimensional photonic crystals
composed of the defect layers containing the magnetized ferrite and nonlinear Kerr dielectric under the transverse electric
polarization. J. Appl. Phys. 2021, 129, 093104. [CrossRef]

Ali, M.Z. Plasmon-polariton gap and associated phenomenon of optical bistability in photonic hypercrystals. Phys. Lett. A 2021,
387,127026. [CrossRef]

Liu, W.; Wu, ].W. Tunable optical bistability at microwave frequency based on 1D sandwich photonic structure consisting of a
nonlinear dielectric slab and two magnetized cold plasma layers. Curr. Appl. Phys. 2021, 29, 66-71. [CrossRef]

Liu, A.; Chen, W,; Xing, M.; Zhou, W.; Qu, H.; Zheng, W. Phase-locked ring-defect photonic crystal vertical-cavity surface-emitting
laser. Appl. Phys. Lett. 2010, 96, 151103. [CrossRef]

Huang, W.Q.; Huang, Z.M.; Miao, X.J.; Cai, C.L.; Liu, ].X,; Quan, L.; Liu, S.R.; Qin, C.J. An all-silicon laser by coupling between
electronic localized states and defect states of photonic crystal. Appl. Surf. Sci. 2012, 258, 3033-3038. [CrossRef]

Liu, F; Zhao, D.; Cao, H.; Xu, B.; Ke, S. Exceptional points in non-hermitian photonic crystals incorporated with a defect.
Appl. Sci. 2020, 10, 823. [CrossRef]

Dixit, Y.; Tiwari, S.; Dixit, A. Analysis of photonic crystal cavity based temperature biosensor using indirect bandgap materials.
Optik 2021, 241, 167221. [CrossRef]

Kumar, V.; Suthar, B.; Kumar, A.; Singh, K.S.; Bhargava, A. Design of a wavelength division demultiplexer using Si-based
one-dimensional photonic crystal with a defect. Optik 2013, 124, 2527-2530. [CrossRef]

Sabra, W.; Elsayed, H.A.; Mehaney, A.; Aly, A.-H. Numerical optimization of 1D superconductor photonic crystals pressure sensor
for low temperatures applications. Solid State Commun. 2022, 343, 114671. [CrossRef]

Baraket, Z.; Zaghdoudi, J.; Kanzari, M. Investigation of the 1D symmetrical linear graded superconductor-dielectric photonic
crystals and its potential applications as an optimized low temperature sensors. Opt. Mater. 2017, 64, 147-151. [CrossRef]
Srivastava, S.K. Study of defect modes in 1d photonic crystal structure containing high and low T superconductor as a defect
layer. J. Supercond. Nov. Magn. 2014, 27, 101-114. [CrossRef]

Yamamoto, A.; Takeshita, N.; Terakura, C.; Tokura, Y. High pressure effects revisited for the cuprate superconductor family with
highest critical temperature. Nat. Commun. 2015, 6, 8990. [CrossRef]

Segovia-Chaves, F,; Vinck-Posada, H. Tuning of transmittance spectrum in a one-dimensional superconductor-semiconductor
photonic crystal. Phys. B 2018, 543, 7-13. [CrossRef]

Segovia-Chaves, F; Vinck-Posada, H. Effects of temperature, pressure and thickness on a one-dimensional Thue-Morse photonic
crystal. Optik 2020, 203, 163887. [CrossRef]

Segovia-Chaves, F.; Vinck-Posada, H. Transmittance spectrum of a superconductor-semiconductor quasiperiodic one-dimensional
photonic crystal. Phys. C 2019, 563, 10-15. [CrossRef]

Soltani, O.; Francoeur, S.; Baraket, Z.; Kanzari, M. Tunable polychromatic filters based on semiconductor-superconductor-dielectric
periodic and quasi-periodic hybrid photonic crystal. Opt. Mater. 2021, 111, 110690. [CrossRef]

Zamani, M.; Amanollahi, M.; Hocini, A. Photonic band gap spectra in octonacci all superconducting aperiodic photonic crystals.
Phys. B 2019, 556, 151-157. [CrossRef]

Fang, M.; Wang, Y.; Zhang, P.; Xu, H.; Zhao, D. Multiple exceptional points in APT-symmetric Cantor multilayers. Crystals 2023,
13,197. [CrossRef]

Cao, C.Q.; Long, W.; Cao, H. The local field correction factor for spontaneous emission. Phys. Lett. A 1997, 232, 15-24. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.mssp.2022.106697
http://doi.org/10.3390/cryst13010093
http://doi.org/10.1063/5.0041461
http://doi.org/10.1016/j.physleta.2020.127026
http://doi.org/10.1016/j.cap.2021.06.003
http://doi.org/10.1063/1.3394006
http://doi.org/10.1016/j.apsusc.2011.11.032
http://doi.org/10.3390/app10030823
http://doi.org/10.1016/j.ijleo.2021.167221
http://doi.org/10.1016/j.ijleo.2012.07.025
http://doi.org/10.1016/j.ssc.2022.114671
http://doi.org/10.1016/j.optmat.2016.12.005
http://doi.org/10.1007/s10948-013-2274-5
http://doi.org/10.1038/ncomms9990
http://doi.org/10.1016/j.physb.2018.05.005
http://doi.org/10.1016/j.ijleo.2019.163887
http://doi.org/10.1016/j.physc.2019.04.008
http://doi.org/10.1016/j.optmat.2020.110690
http://doi.org/10.1016/j.physb.2018.12.011
http://doi.org/10.3390/cryst13020197
http://doi.org/10.1016/S0375-9601(97)00322-8

	Introduction 
	Superconducting Photonic Crystals 
	Defect Mode Dependence and Pressure Sensing 
	Conclusions 
	References

