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Contrary to the traditional single-function sensor, a layered photonic structure (LPS) is proposed in this paper for
multipurpose sensing based on the mechanism of coherent perfect absorption (CPA), which can simultaneously
detect changes in the thickness of the dielectric layers, the refractive index, the incident angle, and the applied
magnetic field intensity. Utilizing the Faraday effect of magnetized yttrium iron garnet, CPA is excited in the LPS.
The transfer matrix method (TMM) is utilized to theoretically calculate the sensitivity, linear range, and figure of
merit of the structures. To achieve high adaptability and a wide sensing range, the LPS provides two modulation
detection methods based on CPA: phase modulation, which regulates and compensates for absorption via
changing the optical phase, and frequency modulation, which utilizes the frequency band in comb-like ab-
sorption peaks. Due to the fragility of CPA, the multipurpose structure is of high precision, high-sensitivity.
Furthermore, LPS benefits from its compact size and ease of fabrication. Therefore, we expect that our study

will have some viable potential in the gauging arena.

1. Introduction

In recent years, with the rise of the field of Non-Hermitian optics, the
inverse laser-based coherent perfect absorption (CPA) gives a feasible
solution to designing thin and lightweight structures of ordinary
dielectric materials with high absorption coefficients. Hence, CPA [1,2]
has sparked a great deal of focus because of its potential for all-optical
logical operations [3-5] and the dynamic tunability of absorption.
Meanwhile, Parity- and time-reversal (PT) symmetric optics have piqued
a lot of intrigue [6,7,8]. This paper introduces a one-dimensional PT-
symmetric layered photonic structure (LPS) that realizes CPA. More-
over, CPA is only achieved when light waves are manipulated correctly,
which requires a combination of optical absorption and optical inter-
ference. When magnetized yttrium iron garnet (YIG) is introduced into
the LPS, it exhibits more outstanding optical properties. The loss
induced in the structure is completely due to the absorption in the YIG
rather than the outcoupling loss, which indicates the potential for
detection. Conditions for realizing CPA have been theoretically deduced
and implemented experimentally [1,2]. CPA has a wide range of ap-
plications in Absorbers [9,10,11], metamaterials [12,13,14], metasur-
face [15], semiconductor quantum well structure [16],
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stereometamaterials [17], thin-film grating [18], fano resonance plas-
monic system [19], and many other materials or structures. It is indi-
cated that CPA has great promise in applications.

One of the applications with potential is to design a sensing structure
based on CPA. To realize CPA, the eigenvalue of the scattering matrix
should be zero [20]. This means that CPA is implemented over narrow
bands and has a hard time responding to broadband signals [21]. Hence,
choosing the appropriate system configuration and parameters is
necessary to achieve CPA. That is the inspiration for designing sensing
structures based on CPA. A tiny change in analytes will result in varia-
tions in CPA, which could be detected. Designing a sensing structure
based on the relationships between analytes and the system may be
useful. In 2018, Elmahdy et al. designed a thermal sensor based on a
central liquid crystal defect [22]. Shih et al. studied the surface plasmon
resonance sensor in 2019 and detailed how different plasma materials
affected the performance of the structures. Despite having a roughly 100
THz/RIU sensitivity, the linear measurement range reported is just
1.33-1.35 [23]. In 2020, Zaky et al. developed a refractive index gas
sensor with a measurement linear range (LR) of 13.5 and an S up to 1.58
THz/RIU, which is based on an effective combination of the Tamm
plasmon features and novel properties of porous silicon photonic
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crystals [24]. In 2021, Rao et al proposed a sensor composed of
magnetized ferrite photonic crystals, which can measure RI and mag-
netic induction intensity based on evanescent coupling [25]. In 2021, A
sensor based on the located defect mode resonance is presented by Wan
et al.,, which may be utilized to concurrently measure changes [26].
Their sensors perform well in a single detecting parameter and seldom
do they focus on designing a multipurpose sensor. We believe that
multipurpose sensing structure is promising. Furthermore, utilizing two
approaches to modulating in LPS for detection demonstrates the struc-
ture’s better environmental adaptability and selectivity, which is
another unique aspect of the structure.

A multipurpose sensing structure is presented in this paper, which
can detect four physical qualities and has two options to detect: fre-
quency modulation, which utilizes the frequency band in comb-like
absorption peaks, and phase modulation, which regulates and com-
pensates for absorption via changing the optical phase. Utilizing the
Faraday effect of magnetized YIG, the LPS generates CPA. Due to the
fragility of CPA, the sensing LPS performs excellently. Furthermore, a
one-dimensional LPS is easy to fabricate. In future studies, we will put a
larger focus on enhancing performance metrics as the major research
aim and extending the multitude of uses for sensing LPSs.

2. Theoretical model

In Fig. 1, the schematic diagram of the proposed LPS is plotted. The
LPS is irradiated by two beams of EM waves propagating in opposite
directions, reaching the surface of the structure with an incident angle 6.
Two coherent electromagnetic (EM) waves interfere with each other
throughout the structure, and CPA occurs. The structure is composed of
three common dielectrics and two magnetized dielectrics represented by
A, B, C, F;, and Fy, respectively). The structure model is arranged
symmetrically along the z-direction according to
“CBACCCFyF1FoF1FoFoFoF1FoF1FoCCCABC”. The thicknesses of three
common dielectric layers, denoted by da, dg, and dc, are dy = 14.6 pm,
dp = 15.3 pm, and d¢ = 8.5 pm. Two magnetized dielectrics are the YIG
[27] and are in different magnetic field configurations. F; and F, denote
the magnetized YIGs with thicknesses dp; = 16.8 pm, and dp = 15.2 pm,
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and their magnetic field intensity is denoted by Hp; and Hyy. Concerning
YIG, the permittivity of the YIG is ep1 = epa = ey = 15 [28]. To realize
CPA, the refractive index values are fixed to ny = 2.25, ng = 3.54, and n¢
= 1.31. Considering the specific materials, layer A can be made of ti-
tanium dioxide (TiO3) [29], layer B is composed of fused silica [30] and
the material of layer C could be chosen as silica dioxide (SiO2) [2931].
Under the TE mode, the forward and backward incident EM waves are
denoted by I, and I, respectively, and the output EM waves, which are
composed of reflected light and transmitted light, are denoted by 0", O".

Due to the external magnetic field along the y-direction, magnetized
ferrite is an anisotropic medium [32]. Therefore, the effective permit-
tivity of YIG is a tensor [19,33] and has the following form:

R e 0
'u/ = O ﬂo 0 (1)
—je 0 p,
where
(@ — jow)
e =14——— 2
(wo — jaw)™ — w?
[O0)
He = 3

(wo — jaw)* — @?

Here, @ = 0.02 is the damping coefficient, wg = 2nyH is the reso-
nance frequency, and wy, = 2nyMs is the circular frequency of YIG [32],
where y = 2.8 GHz-Oe™! is the gyromagnetic ratio, Hy is the magnetic
field strength, and Ms = 1780 Oe is the saturation magnetization. In the
proposed structure of this article, Hpy = 0.85 T, Hyy = 0.575 T.

The effective RI is [28]:

(82 + (im)* ) -eng

nyic = - (4)
Hy

Under TE polarization, the electric and magnetic field can be presented
as E = (0, Ey,00e7", H = (Hy,0, H,)e?™", respectively. Based on Maxwell’s
equation, an equation for Ey is attained:

Fig. 1. Schematic diagram of the proposed structure.
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Based on the boundary conditions, the transmission matrix can be
deduced [34]:
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wherenTE = ﬁ \/;;—E~ M,kn’;y = kTESil’lf)f,kTEx = kTECOSF)f, and F)flS

Hr-€vIG
the incident angle towards the ferrite of light.
As for conventional dielectric layers, the transfer matrix is [35]:

[ coss;  —jsin;/n;\,.
M; = (ﬁnisin&, cosd; (i=4,B,C) @
where & = njdjcos6;-2* andy; = \/%njcosej.

When the EM wave passes through the proposed structure, the entire
transmission matrix, which connected the input and output EM field can
be deduced by analogy [35]:

E E
(Hll ) - (MCMBMAMg (MM} )M, (Mflez)zMgMAMBMC>. <H';+11 )
.

m m E

— 11 12 . N+1 (8)
my My Hy 1y

The reflection coefficient R, and transmission coefficient T, are as fol-

lows [36],

R.=r| )
T, = |t (10)

;e (M1 + maay )Ny — (mar + many,,) a1
mytly + Mty + Mo + Myl

2
t= o (12)
myty + Mgy, + Moy + Mooty

And 17y = nyq = \/%cosﬁo in the TE mode.

Hence, the absorption can be presented as:
A=1—|r =1 13

Considering the interaction of two counter-propagating EM waves, the
forward and backward scattering EM fields (O and O.) can be obtained
from the incident of forward and backward waves (I and L), respec-
tively, through the following matric relationship:

O\ (LI _ [ty 7 1.
(&) =s(r) = (2 as
Due to the symmetry of the LPS, the transmission and reflection co-
efficients in the front and rear are equal in numerical, simplifying with

t, =t =t ry =r.=r. As aresult, the scattering waves can be expressed
as [37]

0, = |l |e" +r|I_|e?- (15)
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O_ = r|l, e +1|I_|e"- (16)

where ¢, and ¢. are the phases of two incident waves.
For a two-port structure, the joint absorption may be written as:

0. +|o_
A(.:1_% 17)
7" + 11|

With these equations, the absorption of the two-port system can be
indicated as:

18

211 ||1- A A
Ac—1<|t||r>22|zr(1+ I l-JcosApycos "’2>

P+

where A, = Arg(t)-Arg(r), where Arg() represents the argument prin-
cipal value of the plural and Ag2 = ¢-¢..

To reach perfect absorption, the condition (1) || = |I_|, (2) |¢| = |7],
(3) cosAgpicosAp, = -1 should be satisfied. Besides, what can be inferred
is that the absorption can be modulated from 1 to 0 by changing the
optical phase when the three conditions above are met.

3. Results and discussions

Utilizing the special properties of LPS, one could choose two ways to
detect physical quantities. Sensing structures designed under this prin-
ciple have great advantages in their measuring range and measurement
accuracy. On the one hand, detecting by frequency modulation is the
most extensively used because of its intuition and convenience. The
injection relationship between the frequency and the variable difficult to
measure directly is established. If the numerical value of the physical
quantity changes, the resonance frequency will shift accordingly. Hence,
one can measure these values indirectly by observing the position of the
absorption peak. On the other hand, the other workable technique for
sensing is to use phase modulation. Under specific structures, even a tiny
change in the value of physical quantities tend to result in a considerable
drop in absorption. Meanwhile, it is discovered that a unit phase shift
generates the maximum fluctuation in absorptance around the absorp-
tance of 0.5. Hence, exploiting the optical phase to maintain the
absorptance at 0.5 is considered. By measuring the phase of EM waves, it
is possible to calculate the value of physical quantities. The value of the
optical phase difference must then be repeatedly calculated at different
wavelengths to get the numerical connection between the optical phase
difference and the physical quantities.

S, quality (Q), the figure of merit (FOM), and detection limit (DL) are
crucial metrics to consider when evaluating a sensing structure, and a
good LPS has greater S, higher Q, higher FOM, and lower DL. The defi-
nitions are given as follows, where Af, Ap, and An denote frequency,
optical phase, and physical quantities change, respectively, fr denotes
the resonance frequency and FWHM denotes the half-height width of the
absorption peak [21,38].

_
©= Fwam (19)
_Jr
L= 20-S-Q (20)
If frequency modulation is applied, the parameters are as follows.
Af
S = An 2D
FOM = —>__ (22)
~ FWHM

If phase modulation is applied, the parameters are as follows: I denote
the intensity [38,39].
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Employing the TMM, the results are determined by the deduced
coherent absorption condition. A comb-like absorption peak appears in
the frequency domain. As shown in Fig. 2(a) and (b), the CPA condition
is satisfied only when cosA¢; is equal to 1 or —1. The A, shown in
Equation (17) is maximized when the amplitudes of the transmission
coefficient are equal to the reflection coefficient with a value of 0.25 and
cosAgicosAgy = —1. Fig. 2(c) indicates that the maximal absorption is
0.5 when an EM wave incident from one side. By comparing Fig. 2(c)
and Fig. 2(d), it is obvious that when the absorption peak ascends from
0.5 to 1 when the CPA theory is applied to the proposed LPS. Further-
more, one can discover that the amplitude of A, is modulated from 0 to 1
by changing the phase difference of the incident wave from 0 to 7. Ac-
cording to Fig. 2(d), in the specific frequency domain, all of the ab-
sorption peaks are above 0.9. Taking the peak shown in Fig. 2(d) as an
example, When ¢y = 30°, the absorption peak drops from 0.9995 in ¢g
= 0° to 0.9328. and there is a dramatic fall in @9 = 60°, decreasing to
0.7504, the absorption peak is around 0.5, with a value of 0.5012.
Subsequently, it remains decline when ¢ = 120° and ¢ = 150°, and the
coherent absorption no longer exists when ¢o = 180°. The example
absorption peak has Q = 256.4375 when f = 4.103.

Based on the comb-like absorption peaks, one can study the peak
therein to realize measuring, and the results are displayed in Fig. 3(a)
and (b). At the frequency of 4.581 THz, both reflectance and trans-
mittance are 0.25. Meanwhile, at the same frequency, the absorption
reaches a maximum value of 0.9995, which can be considered CPA. As
demonstrated in the 3-dimensional (3-D) plot in Fig. 3(c), changing the
optical phase allows for arbitrary modulation of the absorbance. It is
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worth noting that when the optical phase difference between two beams
is 180°, there is a narrow band of strong absorptance in the spectrum of
absorption. The absorptance declines as the phases slowly diverge. The
absorptance drops to zero when the optical phase difference is + 180°.

To observe the effect of this energy transfer more clearly and visu-
ally, Fig. 4 illustrates the electric field distribution at the frequency point
of 4.581 THz, where the amplitude of A, reaches the peak and the
coherent absorption is realized. The electric field energy varies from
500 V/m to 5000 V/m. Immense changes in energy state indicate the
remarkable interaction between two beams of counter-propagating
light, which contributes to improving electromagnetic absorption
properties.

3.1. Detecting by frequency modulation

First of all, when LPS is applied to measure the thickness of the
dielectric layer. Due to space constraints, F; is picked for a thorough
analysis even if Fy also has great S and LR. In the 3-D plot in Fig. 5(c) the
bulk of the A, peak amplitude is greater than 0.9, and with the thickness
of the amplitude shift, the movement does not fade. Intuitively, it
maintains very good linearity and high absorption in a wide range. Fig. 5
(a) shows the linear fitting equation between dps and frequency. The
linear range is 14 pm-20.2 pm. In this range, the linear fitting equation
of frequency is 3.876 THz-4.779 THz. The wide linear range makes its
wide measuring range. The fitting curve between them is f =
-0.14472-dpy + 6.78106. In addition, in this case, we use R-square to
describe its linearity. R-square is equal to 0.99862, demonstrating that
its linearity remains excellent, which is propitious to design a sensing
structure. Fig. 5(b) points out the variation of FOM and Q values under
the corresponding thickness. The average FOM and Q values are 7.177
um~! and 212.67, respectively. The data indicate that both FOM and Q
increased substantially before they reach a peak of 8.31724 pm™and

(b)
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Fig. 2. When 6 = 0°, relative criteria to realize CPA and the phase modulation properties. (a) The relation between the frequency and the transmission of a forward
EM wave and the reflection of a backward EM wave. (b) The CPA condition is satisfied only when cosA¢, is equal to 1 or —1. (c)The absorption curve of a one-sided

incident wave. (d) change the amplitude of CPA when ¢, varies from 0 to .
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246.30, respectively, and there are slumps until 20.2 pm. By calculation,
it has an average DL of 0.0071. The board LR together with the high
value of FOM and Q indicates the proposed LPS is characterized by a
wide range and high accuracy.

Secondly, the structure also performs exceptionally well when is
applied to detect the magnetic field intensity. Fig. 6(c) depicts the
location of the A, peaks as the magnetic field intensity changes. Most
absorption peaks in the LR area of detection had an amplitude of more
than 0.9, with the greatest being 1.0000. With coherent frequency points
and excellent linearity, the magnetic field intensity varies from 0.525 T
to 0.605 T, and the Ac amplitude is more than 0.9. The precise data
analysis is displayed in Fig. 6(a) and (b). The linear frequency-magnetic
field intensity fitting equation is f = -2.57451-Hy + 6.65989 for the
range of 5.114 THz to 5.414 THz, and the S may be obtained by a value
of 2.57451 THz/T. Additionally, the R-square, equal to 0.98774,

illustrates the linearity of this equation and shows that it satisfies the
specifications of the sensing structure intended for it. When H, = 0.605
T and f = 5.114 THz are used, the Q and FOM are determined to be
108.81 and 54.78 T}, respectively. As demonstrated in Fig. 6(b), the
values of FOM and Q somewhat rise as the frequency decreases. Addi-
tionally, its values are 46.81 T~ ! and 96.782 when f = 5.323 THz.
Furthermore, the average DL value is 0.0009, which explains the LPS
makes it easier to distinguish absorption peaks, making measurements
more convenient. The ferrite layer must be selected as the sensitive area
since A, peaks are more susceptible to the applied magnetic field when
measuring the magnetic field intensity. The high values of Q and FOM
and low values of DL indicate small measurement errors and excellent
sensing resolution.

Thirdly, the LPS may be used to gauge the RI of analytes C. The
measurement principle is the optical phase velocity changes when the RI
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view of the comb-like A. peaks with H, changes.

of the dielectric layer changes. As it moves through, it alters, leading to a
mismatch between the transmission properties of the system and the
prerequisites for CPA. This disparity results in a substantial fluctuation
in absorptance, which may be utilized to identify the RI. Fig. 7(c) depicts
the pattern of the position of A. peaks shift as the refractive index varies.
In the range covered by the frequency, the change is from 4.541 THz to
4.565 THz. Most of the comb-like absorption peaks depicted in the figure
have an absorption amplitude larger than 0.9, and the amplitude does
not diminish when the position of the absorption peak changes. Fig. 7(a)
and (b) display the linear fit curves for refractive index and frequency.
The range of the refractive index’s linear change is 1-1.29. The
extremely linear and appropriate for sensing LPS design linear fit curve
at R-square = 0.98832 is f = 0.08889-n. + 4.45331. With a computed S
of 0.08889 THz/RIU, the average Q and FOM are 243.8177 and 4.819
RIU™L. As the frequency increase, their values fluctuate in steps,
reaching the peak of 253.2 and 5.000 RIU %, respectively. Besides, the
average DL of 0.010 can be obtained through the calculation of Equa-
tion (20). The excellent S and Q values express the sensing structure is
sensitive to the tiny changes in RI, which shows the good properties of
the LPS for sensing applications.

The performance characteristics when utilized as an angle sensing
LPS are described in this work because there are few sensors for
measuring the incidence angle. Through various angles of incidence, the
LPS modulates absorption for detection. Fig. 8(c) displays a 3-D planer
plot showing the position of the absorption peaks with the incident angle
changes. When the absorption is assured to be large, the frequency
changes from 4.59 THz to 4.70 THz, and the incident angle satisfied an
excellent positive linear relationship with frequency. Within the LR, all
absorption peaks exceed 0.9. The fitting curve is shown in Fig. 8(a).
Their linear fitting equation, f = 0.143239.-0 + 4.55, has a perfect R-

square value of 1 and guarantees a solid linear connection. In addition,
the S of this angle sensing structure is determined to be 0.14332 THz/rad
for the LR 16°~60° of the incident angle change. As can be observed in
Fig. 8(b), The overall value of Q and FOM goes up first and then down,
reaching the maximum value of 220.915 and 6.821 rad~!. Their average
values are 217.71 and 6.713 rad™’, respectively, and it also has an
average DL of 0.0074. The great values of Q and suitable DL demonstrate
the high precision of the structure.

3.2. Detecting by phase modulation

Phase modulation can also be applied in measuring the thicknesses of
the dielectric layers. It is evident from Fig. 9(c) that even a slight change
in d, results in a large fall in absorption, and exploiting the optical phase
to raise the absorption back is considered here. The property is suitable
for designing a phase-modulation sensing structure. The absorptions are
0.882, 0.800, 0.706, 0.621, 0.564, and 0.545 when d. is from 9 pm to
10.5 pm at intervals of 0.3 pm. Meanwhile, the frequency of absorption
peak varies quite small. As seen in Fig. 9(a) and (b), the linear rela-
tionship between the optical phase difference and d. is formed. For the
LR of 9 pm-10.5 pm, the linear optical phase difference-d, fitting
equation is Apy = -35.3382-d. + 406.235, which has a high S value of
35.3382°/pm. At the same time, its R-square value reaches 0.98939,
which represents high linearity and small measurement error. The
values of FOM and Q are 276.728 ym™! and 44.153 when d. = 10.5 pm
and Agy = 37°. As the optical phase difference rises, the value of FOM
and Q increase accordingly. Correspondingly, for Ap, = 85°, its values
are 449.024 pm~! and 71.92. Their average values are 365.442 pm ™!
and 58.50, respectively. In addition, the calculated DL is determined to
be 0.0014. The high value of FOM and small DL show the excellent
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performance of the LPS. The detecting range here is not to be over-
lapping with the range of frequency-modulate detection, which widens
the measuring range of the sensing structure.

When measuring the magnetic field intensity, the structure also ex-
hibits superb. Considering that even a tiny change in Hy; causes a sig-
nificant drop in absorption, as seen in Fig. 10(c), the sensing LPS shows
the potential of using the optical phase to increase the absorption back
up to measuring Hp;. When Hy; is varied from 0.56 T to 0.92 T at 0.06 T
intervals, the absorption peaks are 0.853, 0.735, 0.641, 0.578, 0.538,
0.513, and 0.499. As illustrated in Fig. 10(a) and (b), the linear
connection between the optical phase difference and Hy; is generated.
The optical phase difference - Hy; fitting equation for the LR of 0.56

T-0.9 T is Apy = -216.835-Hp; + 210.232, with a high R-square value of
0.99592 and determined S of 216.835°/T. When Hy; = 0.56 T and A¢s
= 85° are used, the FOM and Q are ascertained to be 3496.774 T~! and
97.258, respectively. With the optical phase difference decreasing, their
value decreases at first and then increases. The outstanding FOM with an
average value of 1881.833 T, Moreover, the DL value of the LPS is
0.00002. The considerable numerals of S, FOM, and DL explain that the
proposed structure is sensitive to the changes in Hy; and suited for
sensing.

The RI may also be measured via phase modulation. Fig. 11(c) shows
a 3-D plan view of the A, peak with RI changes. The phase velocity of
light as it flows through the dielectric layer changes as its refractive
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Fig. 10. (a) The linear relationship between the optical phase difference corresponding to Hy; that increases at equal intervals. (b) FOM and Q values at different Hy;.
(c) The absorptance of the proposed structure versus frequency and optical phase difference for different Hy;.
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index changes, which causes a mismatch between the system’s trans-
mission characteristics and the parameters needed to achieve CPA. This
disparity results in a substantial disparity in absorptance, which may be
utilized to identify the RI. When n, differs from 1.34 to 1.5 at 0.03 in-
tervals, the absorption peaks are 0.934, 0.890, 0.835, 0.776, 0.725, and
0.692, respectively. The linear fitting curve is shown in Fig. 11(a). A
negative correlation exists between the optical phase difference and the
RI. Within the LR of 1.34-1.50, the fitting equation is Ap, = -144.363-n,
+ 282.583, with the calculated R-square being 0.99089. A high R-square
indicates a good linear fit. One can also learn that the S of the structure is
144.363°/RIU. Changes in FOM and Q values at different n, are revealed
in Fig. 11(b). When n. = 1.34 and A¢y = 88°, FOM and Q acquire values
of 2092.217 RIU™! and 81.97, respectively. Accordingly, the average
value of FOM and Q are 1673.547 RIU"! and 65.55. What’s more, the
obtained average DL value is 0.000030. To maintain the favorable
properties of the LPS and a wide measuring range, the detecting range
here does not intersect with the one above. Simultaneously, the sub-
stantial values of Q, FOM, and diminutive DL suggest the high accuracy
of the sensing structure.

The structure might also be employed to determine the incident
angle 6. The absorption peak with incident angle variations is shown in
Fig. 12(c). When the incident angle raises from 76° to 80° at 1° intervals,
the absorption significantly decreases accordingly, with values of 0.935,
0.890, 0.835, 0.776, 0.725, and 0.692. Fig. 12(a) depicts the linear
fitting curve. The optical phase difference and the incident angle have a
negative association. With a reported R-square of 0.98496, the fitting
equation is Apy = -102.559-0 + 217.689, when 6 is in the LR of 76-80°.
Additionally, the S of LPS, which is 102.559°/rad, can be found. Fig. 12
(b) focuses on the change in FOM and Q values at various incident

angles. FOM and Q acquire values of 5127.95 rad ! and 236.2 when Ag;
=74° and 6 = 1.396 rad. As the angle of incidence grows, the values of Q
and FOM fluctuate and increase. Furthermore, their average values are
4992.3 rad ! and 2229.93, respectively. The DL can be acquired as well,
with an average value of 0.000010. According to the numerical above,
obviously, at a large incident angle range, the proposed structure
shows good properties. Combining the two detecting methods above,
the sensor can measure essentially arbitrary angles, which is a unique
feature of an optical structure.

As shown in Table.1, the proposed model in this study is more
essential than traditional sensors owing to its multi-physics measuring
capacity and use of coherent absorption theory in sensing. By comparing
with Refs. [40] and [41], the sensor they designed has decent sensi-
tivity, but the range of measurement is too narrow to detect. Meanwhile,
a single measurement volume sensor has limitations. When compared to
Ref. [43], the presented LPS has a greater FOM when measuring the RI.
The FOM is positively connected with the sensitivity when measuring
each physical quantity because the structure is intended to have a
limited impact on the relative bandwidth of the absorption peaks when
measuring various parameters. In comparison to Refs. [42] and [44],
the multipurpose structure has a broader LR, when it comes to
measuring single physical quality. Generally speaking, the multipurpose
sensor features a wide variety of detecting quantities, a wide detecting
range, and high sensitivity, which is promising for application.

In this paper, a one-dimensional LPS is proposed, which is composed
of common dielectric and YIGs. TiO2, SiO2, and fused silica can be
selected as the common dielectric. and YIG exhibits special optical
properties by modulating the strength of the applied magnetic field. By
the calculation of the transmission matrix method, we obtain the
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Table 1

Comparison of optimal parameters between reference and this work.

Optics and Laser Technology 163 (2023) 109422

Ref. Physical quantity LR S FOM/ FOM* Physical mechanism

[40] Thickness None None None Surface Plasmon Resonance
Magnetic field None None None
Refractive index 1.33-1.34 236 THz-RIU™! None
Incidence angle None None None

[41] Thickness None None None Surface Plasmon Resonance
Magnetic field None None None
Refractive index 1.47-1.48 10.3 THz-RIU ! None
Incidence angle None None None

[42] Thickness None None None Multiple Fano Resonance
Magnetic field None None None
Refractive index 1.3-1.4 765 nm-RIU™" 1098 RIU!
Incidence angle None None None

[43] Thickness None None None Frequency Selective Surfaces Absorber
Magnetic field None None None
Refractive index 1-3.16 1.311 GHz-RIU ! 7.28 RIU™?
Incidence angle None None None

[44] Thickness None None None Magnetic-Fluid-Integrated Fiber Interferometer
Magnetic field 0.004-0.016 T 346.4 nm-T! none
Refractive index None None None
Incidence angle None None None

[45] Thickness None None None Optical Tamm State
Magnetic field None None None
Refractive index 2-2.7 32.3 THzRIU ! 100 RIU !
Incidence angle 25~70° 0.5 THz-deg ™! 0.5 deg™!

This work Thickness 14-20.2 pm 0.14472 THz-pm ! 8.31724 ym ! Frequency Modulation (CPA)
Magnetic field 0.525-0.605 T 2.57451 THz- T~! 54,78 T!
Refractive index 1-1.29 0.08889 THz-RIU ™ 4.73684 RIU™!
Incidence angle 16~60° 0.143239 THz-rad ! 6.821 rad ™!
Thickness 9-10.5 pm 35.3382°.pm ! 449.024 pm~! Phase Modulation (CPA)
Magnetic field 0.56-0.9 T 216.835°-T! 3496.774 T~!
Refractive index 1.34-1.5 144.363°-RIU" 2092.217 RIU™!
Incidence angle 76-80° 1102.559°-rad ! 5127.95 rad !

absorption rate of coherent absorption and perform the sensing function
using the following two options: frequency modulation, which utilizes
the frequency band in comb-like absorption peaks, and phase modula-
tion, which regulates and compensates for absorption via changing the
optical phase. We apply two methods for sensing each of the four
physical quantities: thickness, refractive index, incident angle, and
applied magnetic field intensity. By calculating the S, FOM, and DL
values of the sensing structure, we found that the sensing structure has
the advantages of high sensitivity and high measurement accuracy. In
addition, the structure is based on a one-dimensional LPS, which enables
it to have the advantage of being easy to fabricate and compact in size.

4. Conclusion

The research presents a unique multi-purpose detection method
based on is introduced by proposing a hypothetical sensing structure
model that employs frequency modulation and phase modulation for
measuring. This sensing LPS can detect the thickness of the dielectric,
the magnetic field intensity, the refractive index, and the incident angle
and examine the performance of these four conditions. Substantial
values of S, FOM, and Q demonstrate the excellent working performance
of LPS. About phase modulation, through the analysis, it is concluded
that the LR and S of the sensing structure when it is used for sensing ds
are as follows: 9 pm-10.5 pm, 35.3382°/pm. If used to detect Hyj, the
corresponding parameters are 0.56 T-0.9 T, 216.835°/T. When it is
applied to the measurements of ng, the related values are 1.34-1.50,
144.363°/ RIU. If used to measure the incident angle 0, the relevant
values are 76-80, 1102.559°/rad. Meanwhile, when it comes to fre-
quency modulation, in the case of being used to measure dgs, the rele-
vant values are 14 pm-20.2 pm, 0.14472 THz/pm. On condition that Hyy
is measured, the homologous parameters are 0.505 T-0.605 T, 2.91974
THz/T. As for 6 and ng, the corresponding values are 0.81-1.2, 0.152727
THz/RIU, and 16-60, 0.143239 THz/rad. Combining the two gauging
methods, the proposed structure has a broad detecting range. The

innovation point of study and significant aspect is the use of CPA theory
to detect many quantities from different physics with a single LPS by
phase and frequency modulation. In the fields of pressure sensing,
photosensitive sensing, biosensing, and absorber designing, it is hoped
that this study will be widely used. This theoretical study broadens the
usage of CPA in sensing applications and serves as a guide for foresee-
able applications.
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