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ABSTRACT
In this paper, a multifunctional layered photonic structure (LPS) with
NOR logical operation and multiscale detection based on the parity-
time (PT) symmetry breaking composed of magnetized yttrium iron
garnet (YIG) is proposed in theory. The accurate NOR logical oper-
ation is completed by properly modulating the target resonant
absorption peak (AP) by the external magnetic field and using the
peak to ascertain the logical operation. Given the high-quality fac-
tor of the resulting APs, the proposed structure can be used to
detect four important physical quantities, which are angle, magnetic
field, the thickness of ferrite1, and refractive index (RI). YIG is a typi-
cal representative of ferrite. Due to the magneto-optical effect, the
PT-symmetry is broken, resulting in a nonreciprocal phenomenon,
thereby further realizing NOR logic operation and multi-physical
quantity detection on the front and rear scales. Since the RI of YIG is
modulated by the magnetic field, the change of the magnetic field
can cause the AP generated by the resonance to shift, so that the
magnetic field can be detected.
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1. Introduction

The one-dimensional (1-D) layered photonic structure (LPS) [1] is a typical representative
of photonic crystals (PCs) [2,3]. Because it has some excellent characteristics for controlling
electromagnetic waves (EWs) [4], it is still the focus of research. The LPS has two essen-
tial properties, the photonic band gaps (PBGs) [5] and the strong photon confinement
result [6]. So, it is often used tomake logic operation controls [7], sensors [8,9], waveguides
[10], and filters [10].

Due to the magneto-optical properties of yttrium iron garnet (YIG), the permeability of
YIG is tensor under the action of an external magnetic field [11,12]. The permeability ten-
sor will be changed under the transverse and longitudinal magnetization configuration. Of
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course, this perfectmagnetic tunabilitymakesYIG ahot spot [13–15]. This anisotropy allows
YIG to be used for the preparation of optical filters [16,17], optical circulators [18,19], and so
on.

On the other hand, the parity-time (PT) symmetry breaking of LPS will greatly improve
the potential physical application value. Their simplest implementation is two identical
coupled waveguides, one with gain and the other with loss, so that the real part of the
RI is symmetrical with respect to the exchange of the waveguides. The interchange of the
waveguides, while the corresponding part of the imaginary numbers is asymmetric [20,21].
In an optical system, a PT-symmetry breaking can be simplified to mean that EWs show
different transmission, reflection, absorption, or other characteristics when they propagate
forward and backward. In fact, some potential effects can be observed even without gain,
although when both waveguides contain unequal losses [22]. This has been demonstrated
in previous experiments [23]. Based on this experiment it is possible to explain how our
structure breaks the PT – symmetry. Since YIG is an anisotropic material, the loss when
the EW propagates from the forward direction is not the same as the loss when it prop-
agates from the reverse direction, and the phenomenon brought about by the broken
PT-symmetry can be observed even without gain. The insertion of YIG into the proposed
periodic structure smashes the structural symmetry, and the time symmetry is destructed
because the permeability of the YIG is regulated by an external magnetic field. Therefore,
through positioning absorption peak (AP), the proposed LPS in this paper implements for-
ward and backward NOR logical operation at different frequency points andmulti-physical
detection.

In recent years, a logical operation is more and more widely used in communication,
computers, and other fields. Many of themare devoted to the study of logical operation. He
et al. committed themselves to research filters and logical gates based on two-dimensional
LPS with stable edge states, achieving logical gates like OR, AND, and XNOR utilizing linear
interference [24]. Zou et al. suggested a 1-D photonic heterostructure for all-optical logical
gates, half adders, and double switches with great efficiency [25]. Wang et al. researched a
high-sensitivity PCs refractive index sensor-baseddefectmode [26]. It had a linearmeasure-
ment range of 1.45-1.46 and a sensitivity of 28,000 nm/RIU. Most of the studies mentioned
above can only achieve one function and fail to be applied inmultiple scenarios. Only focus
on the improvement of a single performance, which to a certain extent limits the research
ideas in the field of reform. The electromagnetic device withmulti-function andmulti-scale
will meet the needs of more scenes, with great research value and development prospects.

Considering the above problems and requirements, this paper proposes a multifunc-
tional LPS with the magnetic-controlled NOR logical operation and multiscale detection
based on the PT-symmetry breaking composed of magnetized YIG layers. In the terahertz
(THz) range, this LPS can realize the functions of logical operation and detection simulta-
neously. Specifically, located by AP, it is possible to accomplish NOR logical operation and
forward angle, YIG thickness, refractive index (RI) detection, and detection of backward H01

and H02 magnetic field small changes. The detection of multi-physical quantities is due to
the realization of the PT-symmetry breaking. In addition, the important metrics to consider
when evaluating a detection are sensitivity (S), quality factor (Q), the figure of merit (FOM),
and the detection limit (DL). The detection ranges ofmulti-physical quantities are also high-
lights of this paper. It should be emphasized that this article predominantly focuses on
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theoretical research, an experiment that iswithout in the scopeof thiswork, and is expected
to be reflected in future work.

2. Design and discussion

2.1. Theoretical model and simulation

The diagram of the proposed 1-D LPS is plotted in Figure 1. The different colored squares
are represented different dielectrics. To better apply to the general situation, the whole
structure is exposed to the air. θ is the incident angle. When the EWs travel through this 1-D
LPS, the Lorentz force affects EWswith TE polarization but not EWswith TMone [11]. TE and
TM polarization can be written as [11]

ηTE =
√

ε0

μ0

√
ε cos θ (1)

ηTM =
√

ε0

μ0

√
ε

cos θ
(2)

As a result, the applied magnetic field only has a controlling influence on TE polarization
[27]. Hence, thisworkwill concentrateon themagnetic control performanceunder TEpolar-
ization cases. Red arrows and blue arrows indicate EWs incident from the front and back,
respectively. A single A layer and B layer improve the value of A. The whole structure is
asymmetric andmagnetic field intensityH01 and H02 are externally appliedmagnetic fields
along the y-axis, so the PT-symmetry of LPS can be broken. The sameor evenmore complex
magnetic field distribution can be found in Ref. [28,29]. Consequently, the non-reciprocal
property of YIG is formed, achieving the function of the forward and backward magnetic-
controlled NOR logical operation and the detection of multi-physical quantities. Moreover,
the thicknesses of the dielectrics A, B, C, and D are denoted by dA, dB, dC, and dD, while
dA = 25 μm, dB = 35 μm, dC = 25 μm, and dD = 55 μm. d1 and d2 are employed to sim-
plify the thicknesses of YIG1 andYIG2, which are set as d1 = 1.9μmand d2 = 1.5μm. The RI
of dielectrics are fixed to nA = 3.5, nB = 2.7, nC = 3.853, and nD = 2.45. Both Ferrite1 and

Figure 1. a) The illustration of the proposed LPS, b) the forward propagation, and c) the backward
propagation.
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Ferrite2 are made up of YIG1 and YIG2, but each YIG layer has a different external magnetic
field strength. The permittivities of the YIG layers are ε1 = ε2 = 15 [30]. The transmission
characteristics of the whole structure are calculated using the transfer matrix method [31].
The parameters of the above structure are optimized.

For YIG, under the influence of an external magnetic field, the effective permittivity of
YIG appears as a tensor form. The expression for the YIG tensor and specific components is
as followed [32]

µm =
⎛
⎝ μr 0 jμk

0 μ0 0
−jμk 0 μr

⎞
⎠ (3)

μr = 1 + ωm(ω0 − jαω)

(ω0 − jαω)2 − ω2
(4)

μk = ωmω

(ω0 − jαω)2 − ω2
(5)

whereωm = 2πγMs represents the circular frequency of YIG. γ = 2.8 GHz·Oe−1 [26] is the
gyromagnetic ration andMs = 1780Oe [26] is the saturation magnetization. ω0 = 2πγH0

is the resonance frequency, where H0 is the magnetic strength. α = 0.02 is the damping
coefficient [31]. The effective RI of YIG is [30]

nYIG =
√

(μ2
r + (jμk)2)εm/μr (6)

According to Maxwell’s equations and the boundary conditions, the deduced transfer
matrix is followed [30]

MTE =

⎛
⎜⎜⎜⎜⎝
cos(kTExdi) + sin(kTExdi)

kTEyμk

kTExμr
− j

ηTE

[
1 +

(
kTEyμk

kTExμr

)2
]
sin(kTExdi)

−jηTEsin(kTExdi) cos(kTExdi) − sin(kTExdi)
kTEyμk

kTExμr

⎞
⎟⎟⎟⎟⎠ (7)

where YIG1 and YIG2 are stated by i denoting 1 and 2, respectively. kTE = (ω/c)·(εm/μr)
·(μr

2+ (jμk)2)1/2, ηTE = (μ0/ε0)1/2·((μr
2+ (jμk)2)/(εm·μr))1/2/cosθ f , kTEy = kTE·sinθ f ,

kTEx = kTE·cosθ f , and θ f is the incident angle of lights into YIG layers.
The transfer matrix of an ordinary dielectric layer is [31]

Mi =
(

cos δi −j sin δi/ηi

−jηi sin δi cos δi

)
(8)

where the subscript i can represent 1, 2, 3, and 4 denoting dielectric layers A, B, C, and
D. δi = ni·di·cosθ i·(2π/λ) and ηi = (ε0/μ0)1/2·ni·cosθ . And Mf is the forward scale trans-
fer matrix while Mb is the backward scale. The specific expressions of A and B are as
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follows [33]

Mf = MAMB(MCMD)2M1(MCM2MD)2M1M2M1MDM2(MCMDMC)
3 (9)

Mb = (MCMDMC)
3M2MDM1M2M1(MDM2MC)

2M1(MDMC)
2MBMA (10)

where MA, MB, MC, and MD stand for the transfer metrics of dielectrics A, B, C, and D. M1

andM2 denote the transfer metrics of YIG1 and YIG2, respectively.
At the same time, to obtain the absorption rate, we need to first calculate the transmit-

tance and reflectance, whose calculation formulas are [31]

r = (m11 + m12ηN+1)η0 − (m11 + m12ηN+1)

(m11 + m2ηN+1)η0 + (m11 + m12ηN+1)
(11)

t = 2η0
(m11 + m12ηN+1)η0 + (m11 + m12ηN+1)

(12)

R = |r|2 (13)

T = |t|2 (14)

where η0 = ηN+ 1 = (ε0/μ0)1/2·cosθ f . Thus, the absorption rate canbe easily obtained, and
its formula is

A = 1 − R − T (15)

2.2. NOR logical operation

The following will be a more detailed explanation of the physical phenomena and func-
tional analysis of the NOR logical operation. In Figure 2a, it can be found that the T of
the whole structure is 0, meaning the formation of PBG. When frequency = 8.391 THz,
the R decreases rapidly, while the A increases rapidly at the position corresponding to the
frequency point in Figure 2b. This is in full agreement with the theory. Considering two
externally applied different magnetic fields as two different input logical energy levels, H01

is used as the first input logical energy level (I1) whileH02 is the second input logical energy
level (I2). At the same time, when the AP (A > 0.9) appears, the result of the output log-
ical operation is 1, otherwise, the output logical operation (A < 0.1) is 0. Here, we only
care about A at the corresponding frequency point when performing logical transforma-
tion operations, and do not care about A at other frequencies. This ensures amore accurate
modulationof themagnetic field for logic operations. This can ensure amore accuratemag-
netic field modulation of the logical operation. In Figure 2b, when both external magnetic
fields are absent (H01 = 0 Oe and H02 = 0 Oe), it means that the first and second input
energy levels are 0. Meanwhile, the output logical operation is 1, because of the occurrence
of an A greater than 0.9. The values of frequency and A are 8.391 THz and 0.941, respec-
tively. Then, when the external magnetic field H01 exists but H02 does not (H01 = 1350 Oe
and H02 = 0 Oe), the first input energy level is 1 and the second input level is 0. Only the
A with a value of 0.15 appears while the frequency = 8.392 THz is not equal to the previ-
ous case frequency = 8.391 THz and the output logical operation is 0. This situation is also
suitable for NOR logic operation. Next, when the external magnetic fieldH02 occurs butH01

disappears (H01 = 0Oe andH02 = 4400Oe), it is the opposite of the previous case. The first
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Figure 2. Schematic diagrams of (a) R and T, (b) logical operation of forwardmagnetic fieldmodulation.

Figure 3. Illustration of (a) R and T, (b) logical operation of backward magnetic field modulation.

input energy level is 0 and the second input level is 1. The magnitude of the maximum A
is less than 0.1, which reaches 0.053 at the frequency of 8.394 THz, and the output logical
operation is 0. Finally, both H01 and H02 exist (H01 = 1350 Oe and H02 = 4400 Oe), corre-
sponding to the first input energy level and the second input level of 1. At this point, the
A is also less than 0.1, only 0.043 when the frequency is 8.374 THz. In this case, the output
logical operation is 0. Based on the above analysis, the results obtained by LPS can be well
in line with the NOR logic operation and form an accuratemagnetic fieldmodulation. From
the absence of a magnetic field to the presence of a magnetic field, this will be taken into
account later in the magnetic field detection.

To understand the NOR logic operation more intuitively and clearly, the truth table is
shown in Table 1. ‘ I1 ’ and ‘ I2 ’ correspond to the first and second input energy levels,
respectively. ‘ O ’ indicates the output logical operation. Figure 3 shows the backward NOR
logic operation, and the analysis is similar to the forward propagation in Figure 2. The value
of A is equal to 0.995 at the frequency of 8.879 THz when neither H01 nor H02 exists.
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Table 1. Truth table of theNOR logical operation
(the input energy level and output logic opera-
tion is shown in parentheses).

I1 I2 O

0 0 1 (A > 0.9)
1 (H01 exists) 0 0 (A < 0.1)
0 1 (H02 exists) 0 (A < 0.1)
1 (H01 exists) 1 (H02 exists) 0 (A < 0.1)

Figure 4. The charts of the electric field distributions, (a) the forward scale, and (b) the backward scale.

To understand the mechanism of the formation of a high AP, the forward and back-
ward electric field distributions are plotted in Figure 4. Considering the asymmetry of the
proposed structure and the application of two external magnetic fields to break the PT-
symmetry, the non-reciprocal phenomenon is formed. As exhibited in Figure 4(a), the AP
appears at a frequency of 8.391 THz. Since the YIG layer is introduced into theperiodic struc-
tures A, B, C, and D, it can be clearly and intuitively seen from Figure 4(a) that the energy
is localized in the YIG layer close to the propagation direction. It turns out that when the
frequency of the EWs is the natural frequency of the YIG layer of the LPS, resonance will
happen and the electrons will vibrate violently, resulting in high electric field energy in
the YIG layer. Meanwhile, in the YIG layer, the forward incident EWs will interact with the
backward reflected EWs again to produce a destructive interference effect, continuing to
increase the electric field energy. A highly resonant AP is generated here. However, in the
back part of the LPS, the electric field diagram is demonstrated in blue. This means that the
EWs do not pass through the LPS. The analysis of the forward propagation is also applicable
to Figure 4(b) (the backward case). Therefore, through accuratemagnetic fieldmodulation,
the logical operation can be well realized by the precise positioning of AP.

As shown in Figure 5 (a), (b), and (c), we also show the electric field distributions with
output logic operation 0 in forward propagation under the condition of H01 exists but H02
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Figure 5. Graphs of the electric field distribution. Forward EWs go through the LPS when frequency
is 8.391 THz: (a) H01 exits but H02 does not. (b) H02 exits but H01 does not. (c) Both H01 and H02 exist.
Backward EWs go through the LPS when frequency is 8.879 THz: (d) H01 exits but H02 does not. (e) H02
exits but H01 does not. (f ) Both H01 and H02 exist.

does not,H02 exists butH01 does not, and bothH01 andH02 exist, apart. In front of LPS is the
air layer. It is obvious that the energy is concentrated in the air layer in front of the LPS. The
EWs do not enter the LPS, and a huge part of the energy is reflected out, so there is no sharp
AP in the LPS, which corresponds to the A = 0 in Figure 2. The electric field distributions of
the backward scale are displayed in Figure 5 (d), (e), and (f) in the case of H01 exists but H02

does not, H02 exists but H01 does not, both H01 and H02 exist, separately. Similarly, an air
layer is also added at the end of the structure. The electric field distributions for forward
propagation and backward propagation are similar. Most of the electric field is forced on
the air layer, and there are no EWs passing through the LPS. These results are in perfect
agreement with the results in Figure 3 that there is no AP in the LPS. Based on the above
analysis, it is proved and explained that sharp AP can appear in the LPS only when H01 and
H02 do not exist, forming the NOR logical operation of precise magnetic field regulation.

In Figure 6, the A of three-dimensional (3-D) maps at the range of 0°∼25° are plotted.
At the top of the layer is a 3-D graph of A varying with θ and frequency, and at the bottom
is a plane view from the 3-D view. In Figure 6(a), from the 3-D graph, the AP of forward
propagation is always higher than 0.9within a given range of angles around 0°∼25°. At the
same time, it can be seen from the planar picture that with the increase of θ , the blue-shift
phenomenon of AP occurs, that is, gradually moving to the high frequency. However, in
Figure 6(b), the A of the backward scale is higher than 0.9 only within the scope of 0∼20°
while in the range of 20°∼25°, the A fall below 0.9, which fails to meet the requirement
of logical operation. Similar to Figure 6(a), with the change of θ , the AP has a blue-shift.
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Figure 6. The A of 3-D map at the range of 0°∼ 25°. (a) Forward scale. (b) Backward scale.

Figure 7. The values of A for different parameters: nA = 2.35, dA = 10 μm, and d2 = 3 μm.
(a) Forward propagation. (b) Backward propagation.

Therefore, the angular stability of NOR logical operation performance is 20°. This specialty
can make logical operations have a greater practical application.

Moreover, to verify that the logical operation is preciselymagnetic field controlled,more
parameters are discussed in Figure 7, including nA, dA, and d2. When these parameters are
varied, the values of A forward and backward scales are all obviously less than 0.9, which is
completely out of linewith the basic requirements for NOR logic operation. Hence, theNOR
logic operation is precisely controlled by H01 and H02. This has a great application prospect
in devices requiring high precision.

2.3. Detector

In past studies, many researchers attached great importance to improving the detector
performance but ignored the detection of multiple physical quantities. This research idea
limits the development of detectors to a certain extent. In this paper, we break down the
PT-symmetry of the LPS. Therefore, we can realize forward and backward multi-physics
detection at the same time.
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Figure 8. (a) The 3-D top view of the A vary with nA and frequency. (b) The linear fitting equation
between nA and frequency. (c) Q and FOM variation with nA.

Importantmetrics to considerwhenevaluating adetection are S,Q, FOM, andDL. Agood
detection has a greater S, a higher Q, a higher FOM, and a lower DL. The definitions are
given as follows, where �f and �n denote frequency and RI change, respectively, while f T
denotes the resonant frequency and full width at half maxima (FWHM) denotes the half-
height breadth of the resonant peak [8].

S = Δf

Δn
(16)

Q = fT

FWHM
(17)

FOM = S

FWHM
(18)

DL = fT

20 · S · Q (19)

2.3.1. Forward scale for detection
RI and θ can be detected in the forward scale. In Figure 8(a), it can be seen intuitively that
with the change of RI from 3.85 to 3.97 the AP appears as a blue-shift phenomenon that
is able to be detected biological elements such as galena. This is mainly because the AP is
dependent on the RI of the medium. When the RI changes, the wave vector and phase will
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Figure 9. (a) The corresponding three-dimensional overheadplan for θ , (b) Linear relationship between
θ and frequency (c) Q and FOM change with θ .

beaffected and the resonant frequencywill be changed. From the3-D topview, in the linear
range, the AP value is always greater than 0.9, which ensures excellent detection perfor-
mance. Figure 8(b) shows the linear fitting equation between nA and frequency. The linear
equation is f = −1.1773×nA+ 13.64, where S = −1.1773 THz/RIU. The value of R-Square
is a measure of the degree of linear fitting, and the closer the value is to 1, the better the
line type fitting. Here, the R-Square is 0.9964. This indicates that the linearity of RI and fre-
quency is very high, and the response on the device shows perfect detection performance.
In Figure 8(c), the curves of Q and FOM variation with frequency are plotted. Themaximum
values of Q and FOM are 8265 and 1070 RIU−1 when the nA is 3.865, which is an excellent
value for detection. The overall trends of Q and FOM are to decrease with the increase of
RI, and the minimum values are 6405 and 841 RIU−1 when nA is equal to 3.97, respectively.
But this can still achieve good performance for detection.

Angle detection is quite an important dimension for detection devices. This LPS can also
realize thedetectionof θ . As shown inFigure 9(a), in the rangeof 15° to35°,with the increase
of the θ , the AP is blue-shifted, which is opposite to the situation whenmeasuring the RI. In
Figure 9(b), the linear fitting equation between θ and frequency is f = 0.007358×θ+9.0236
and the R-Square can be 0.9929, which satisfies the requirements of detection. After further
calculations, the maximumQ and FOM of this LPS are obtained as 3042 and 2.45 degree−1

under S = 0.007358 THz/RIU when θ = 32°. Moreover, in Figure 9(c), it can be observed
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Figure 10. Top view of A change with frequency and (a) d1, (b) H01, and (c) H02.

that Q and FOM are to decrease sharply with the increase of θ from 3042 to 161 within the
area of 15° to 35°.

However, the physical quantities RI, H01, and H02 that can be detected in the backward
direction do not have good performance in forward detection. The following is a more
detailed discussion. With the NOR logical gate frequency point as the center, the selected
frequency range is 8.30 THz ∼ 8.50 THz. In Figure 10(a), when the d1 increases, the fre-
quencyof theAPdoes not shift significantly,which is located about frequency = 8.391 THz.
Itmeans that the value of S can be 0.Meanwhile, theA ismuch less than 0.1when d1 = 0.22
μm, while this performance is far from the basic requirements of the detection. In Figure
10(b), the situation is the same as in Figure 10(a). The position of AP does notmove and the
A drops to almost 0 when the H01 = 0.14 T. As shown in Figure 10(c), compared with the
first two cases, the frequency moves to a high frequency when the H02 increases from 0 T
to 0.28 T. But in the process of increasing, there is a gap in the A as H02 = 0.11 T which is
a bad performance for detection. Another reason, as can be seen in Figure 10, is that the
sensitivity is too poor. This can seriously affect the accuracy of the detection.

2.3.2. Backward scale for detection
The thickness of YIG1 (d1), H01, and H02 can be detected on the backward scale. To begin
with, the detection can be used to detect the thickness of YIG1 (d1). From the top view in
Figure 11(a), the AP is blue-shift with the increase of d1. At the same time, it can be clearly
seen that the value of AP is always greater than 0.9 in the linear range from 0.5-3 μm. The
specific linear equation data analysis is presented in Figure 11(b). The linear equation is



WAVES IN RANDOM AND COMPLEX MEDIA 13

Figure 11. (a) The 3-D top view of the A change with d1 and frequency. (b) The formulation of linear
fitting between d1 and frequency. (c) Q and FOM change with d1.

f = 0.02071×d1+ 8.8391 andR-Square is 0.994,which is awonderful value for demonstrat-
ing the performance of detection. In the case of S = 0.02071 THz/μm, themaximumQ and
FOM are calculated to be 2223 and 5.2μm−1 when d1 = 1μm. From Figure 11(c), the min-
imum Q and FOM are 97.2 and 0.23 μm−1 when d1 = 1.6 μm. According to Eq(17), in the
case of the same FWHM, the value of Q is limited to the selected frequency. Most Q values
are more than 1000 in Figure 11(c) which attain the qualification of detection.

The detection of small changes in magnetic field intensity is quite important for the
detection of precision magnetron devices, which is special for magnetic control logical
operation. Below, the detection range and performance ofH01 andH02 will be discussed. In
the 3-D topview in Figure 12(a), the vastmajority of theA is higher than0.9, andwith theH01

of the change in amplitudedoesnot decrease. Figure 12(b) shows the linear fitting equation
of frequency versus H01. From 8.88 THz to 8.90 THz, the linear region of the H01 varia-
tion is 0∼0.26 T. The linear fitting equation between them is f = 0.06878×H01+ 8.8786,
S = 0.06872 THz/T and R-Square is 0.9950, which confirms the requirement of detection. In
Figure 12(c), the highest point of the Q and FOM are 3704 and 28.6 T−1 when H01 is 0.16 T.
On the whole, Q and FOM are to rise first and then fall, reaching a minimum at H01 = 0.26
T, where Q and FOM are equal to 2781 and 21.5, severally.

On the other hand, when the detection is used tomeasure the H02, it also has an equally
excellent performance. The pattern of the frequency shift of the AP is shown in Figure 13(a)
as the H02 changes. In the range covered by the frequency, the change of H02 is from 0 to
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Figure 12. (a) The 3-D top view of the A vary with H01 and frequency. (b) The relationship between H01
and frequency. (c) Q and FOM variation with H01.

0.26 T. The AP shown in the figure has an absorption amplitude greater than 0.9, and the
amplitude does not decrease with the change of the AP position. The linear fit curves of
H02 and frequency are shown in Figure 13(b). The linear fit curve when R-square = 0.9979
is f = 0.02689×H02+ 8.8788, which can be seen as highly linear and suitable for detection.
The maximum Q and FOM are 3209 and 10 T−1 separately when the H02 is equal to 0.18
T. From Figure 13(c), to sum up, Q and FOM are first stable and then decreasing, with a
minimum value of 2867 and 8.7 T−1 apart when H02 = 0.26 T. In addition, since we have
set a step size of 10 Oe, magnetic field detection is possible for a single-digit order of Oe.
However, for smaller magnitudes, such as 0.1 Oe, the accuracy of detection may be limited
by sensitivity.

Similarly, there are two physical quantities, which are RI and θ , negative about detection
in the backward propagation. In Figure 14(a), since the frequency point of the backward
NOR logical gate is taken as the center, the frequency range varies from 8.80 THz to 9.00
THz. Though the AP is over 0.9, there still is a gap in the 3-D top view when RI is 3.90. When
the θ changes, the jump of AP is relatively large. To avoid double counting of AP, the fre-
quency range is expanded to 9.2 THz in Figure 14(b). Meanwhile, despite the wonderful
linear relationship, the AP is about 0.5 which is a poor value for detection. A gap appears
when θ is equal to 29. Considering thediscussion above, onlyd1,H01, andH02 are concerned
with backward detection.
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Figure 13. (a) The 3-D top view of the A vary with H02 and frequency. (b) The formulation of H02 and
frequency. (c) Q and FOM change with H02.

Figure 14. The corresponding 3-D overhead plan for (a) RI, and (b) θ .

Moreover, as shown in Table 2, the forward and backward optimal performance of the
LPS is compared with the optimal performance of the logic gate or detector in the report,
and it is found that the proposed LPS has better performance in several aspects.

It isworth stating that thephysical quantities detected in the forwarddirection are found
to be not fully uniform with those detected in the backward direction. This is due to the
fact that the PT-symmetry of the structure is broken and the EWs do not produce exactly
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Table 2. Comparison of performance between this work and published reported.

References Physical quantity LR S FOM Logic operation

[8] Magnetic field None None None None
Thickness None None None

Incidence angle None None None
Refractive index 1∼ 3.5 1.58 THz/RIU 3.6× 105 RIU−1

[26] Magnetic field None None None None
Thickness None None None

Incidence angle None None None
Refractive index 1.45∼ 1.46 28000 nm/RIU None

[33] Magnetic field 1.9 T∼ 2.55 T 0.838 THz/T 34.2 T−1 None
Thickness None None None

Incidence angle None None None
Refractive index 1.4∼ 3.8 7.144 THz/RIU 5656.7 RIU−1

[34] Magnetic field None None None OR
Thickness None None None

Incidence angle None None None
Refractive index None None None

[28] Magnetic field H01: 1.14 T∼ 1.40 T 0.528 THz/T 29 T−1 AND
H02: 1.20 T∼ 1.45 T 3.13 THz/T 430 T−1

Thickness None None None
Incidence angle None None None
Refractive index 2.21∼ 2.65 0.113 THz/RIU 66.5 RIU−1

[35] Magnetic field 0.2 T∼ 2.6 T 1.41 GHz/T 30.65 T−1 None
Thickness None None None

Incidence angle 28 °∼ 78 ° 0.98 GHz/degree 24.75 degree−1

Refractive index 1.05∼ 2.05 34.3 GHz/RIU 634 RIU−1

This work Magnetic field H01: 0 T∼ 0.26 T 0.06872 THz/T 28.6 T−1 NOR
H02: 0 T∼ 0.26 T 0.02698 THz/T 10 T−1

Thickness 0.5μm∼ 3μm 0.02071 THz/μm 5.2μm−1

Incidence angle 15°∼ 35° 0.00754 THz/degree 2.45 degree−1

Refractive index 3.85∼ 3.97 −1.1773 THz/RIU 1070 RIU−1

the same properties from the forward incidence and the backward incidence. The forward
direction produces anAP for the detection of RI, while the backward direction does not. The
converse is also true. For this reason, excellent performance for multi-physics detection in
a different direction is achieved.

3. Conclusions

In conclusion, it is suggested to design a LPS that integrates magnetic-controlled NOR log-
ical operation, the detection of angle, YIG thickness, RI, and H01 and H02 magnetic fields
of small changes. The transfer matrix approach is used to calculate the A of the structure.
The targeted localization of the absorption peak can realize all functions. For the forward
propagation, the angle and RI are 15∼35°, and 3.85∼3.97, separately, and the maximum
Q and FOM are 3042, 8264, and 2.45 degree−1, 1070 RIU−1, apart. For the backward prop-
agation, the H01, H02, the thickness of YIG1 are 0∼0.26 T, 0∼0.26 T, and 0.5∼3 μm, the
corresponding values are about 3704, 3290, 2223, 28.6, 10 T−1, and 5.2 μm−1. The 1-D LPS
presented in this paper has the function of NOR logical operation and detection at the for-
ward and backward scales and will have application prospects in optical communication,
optical processing, biological detection, and refractive index measurement of materials in
the future.
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