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Abstract
Anoptical structure containing the ferrite defects andFabry-Pérot cavitywith anarrowband absorption
feature and a sensingperformance is proposed andmodeled in theoretical scope. These two features
appear alternately on adjacent frequency rangeswithmodulationof the coherent perfect absorptionby
altering thephase difference between the two coherent incident lights. For the absorptionband, the relative
bandwidth reaches 9.7%.Benefiting from themodulationof themagneticfield applied in the ferrite layers,
the quality valueof the absorptionpeak is 494.85,which indicates the potential for use as a sensor. There
are highly linear relationships between the refractive index values of dielectric layers and the spike
absorption frequencies. The accurate analysis of theRI from2.7 to 3.4 canbe realized.The sensitivity
and the average detection limit are 1.287THzR−1IU−1 and7.46×10−4RIU.Thefigureofmerit is up to
83.03RIU−1. Similarly, the structure is also competent todetectRI of another kindof dielectric layer from
2.2 to 2.85. The correspondingparameters are 1.241THzRIU−1, 7.12×10−4RIU, and77.53RIU−1,
respectively.Meanwhile, the effects of the incident angle andmachining inaccuracies are alsodiscussed.

1. Introduction

Coherent perfect absorbers are devices inwhich two incidentwaves inopposite directions interferewith each other
internally and interactwith lossymaterialswhere perfect absorption canbe achieved [1, 2]. Coherent perfect
absorption (CPA) is not only about achieving complete absorptionof the incidentwave. The absorption capacity of
the devices that achieveCPAcan alsobeflexibly controlled by adjusting the phases of the incidentwaves.
Theoretically, the absorption can vary from0%to 100%byartificial tuning. Such a tuning property is valued at the
moment, as it does not dependon specificmaterials. In recent years,metamaterials havebeenmade to exhibit
tunabilitywith theuse of phase-changematerials, such asGeSnTe and vanadiumdioxide [3, 4]. By contrast, CPA
canbe achieved inmultiplematerials and geometries. Chong et al [1]demonstratedCPAwith the use of the silicon
slab.Guo [5] achievedCPAbased on ametasurfacemadeof black phosphorus. Shen et al [6]obtainedCPAusing a
grating composed of galliumarsenide and air. This demonstrates thepotential ofCPA in combinationwith the
properties of othermaterials. Theflexible tunability allowsCPA tobe applied to optical switches andmodulators
[7]. Comparedwith the conventional dynamicmodulation achievedwith bulky structures ormaterials, devices
basedonCPAare compact andhavepotential applications in optical computing andphotonic chips [8].

However, since CPA is essentially the time-reversed process of lasing [1], it is difficult to achieveCPAover a
wide frequency band. Bandwidth has always been an important reference for the performance of absorbers.
Thus, with narrow bandwidth, it is hard for CPA to be implemented infields such as electromagnetic stealth and
photovoltaic cells.Much effort has beenmade to increase the bandwidth of CPA.One solution that has
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theoretically proven to be effective is the use of thewhite-light cavity which can provide the ideal resonance
phase conditions over a frequency band [9]. There is also research that investigated broadbandCPA theoretically
and observed the corresponding phenomena in experiments on ametal-dielectricmetamaterial [10].
Meanwhile, ametasurface embeddedwith unit cells was applied to providemulti-bandCPA and the broadband
CPAwas achieved by optimizing the parameters on this basis [11]. Low-loss epsilon-near-zero filmswere also
introduced to realize broadbandCPAwhich are simple and scalable to implement [12]. However,most of the
research about CPAmentioned above only focuses on the absorption performancewithout considering the
tunability of CPA. Compared to the knownone-side perfect absorption, two-port CPAwhich depends on the
relationship between the incident lights applies to optical switches and all-optical logic gates [13–15].

Asmentioned above,manymaterials havebeenapplied to achieveCPA.Yet, ferrites are rarelymentioned in
research related toCPA.Ferrites aremagnetic dielectricswithwhich electromagnetic (EM)waves can interactwhen
passing through [16]. Ferrites display special permeability indifferentmagnetization configurations. Excellent
anisotropyand tunability arebrought aboutwhen the ferrite defects are introduced into theoptical cavity. Bi et al
investigated ferrite-basedmetamaterials and found thatmodifying themagneticfield applied to the ferrite can
modulate thedielectric properties of themetamaterial [17]. Amagnetically tunable terahertz (THz) circulator basedon
siliconand ferrite is proposedbyFan et al [18]. This shows that the tunability of ferrites iswidely valuedby researchers.

As ismentioned above, there is work on applyingCPA to sensors and also on implementing broadbandCPA.
But there is hardly any research that uses themechanism ofCPA to achieve functional switching andmuch less
work that implements CPAwithwider bandwidth and the very narrowbandCPAon the same devicewhich can
be used as an absorber and a sensor. Based on this, our goal is to design a structure achievingCPA and exploit the
controllability of CPA to realize the functional switching, which is rarely addressed in research. In this work, we
propose an optical device by introducing ferrite defects into the photonic crystals (PCs) [19–22] to form the
optical cavity. PCs aremultilayered structures of stacked layers of dielectrics with different refractive index (RI)
values, which have special effects on the propagation of light. Fabry-Pérot (FP) cavity is themost commonly used
structure to achieve CPA, inwhich incident light can bounce back and forth. It can enhance the absorption
capacity of thewhole structure. By introducing ferrite defect layers, the spectra of the PCs are altered and the
optical cavity is endowedwith tunable properties. The purpose is not only to increase the bandwidth of CPAbut
also to enable functional switchingwith the advantage of the tunability of CPA.Ultimately, an optical device
with functional switching characteristics is proposed. The presented structure can be switched between a
narrowband absorption function and a sensing function by altering the phase difference of the incident lights.
The relative bandwidth (RBW) of the absorption band is 9.7%. And themaximumabsorptance does not fall
below 0.8 until the incident angle increases to 68°. The quality (Q) value of the absorption peak ismodulated to
494.85 by altering themagnetic field applied in the ferrite layers, which indicates the potential for use as a sensor.
The highly linear relationships can be found between the RI values of dielectric layers and the spike absorption
frequencies. The accurate analysis of the RI from2.7 to 3.4 can be realized. The sensitivity (S) and the average
detection limit (DL) are 1.287 THzR−1IU−1 and 7.46× 10−4 RIU. Thefigure ofmerit (FOM) is up to 83.03
RIU−1. Similarly, the structure is also competent to detect RI of another kind of dielectric layer from2.2 to 2.85.
S and averageDL are 1.241 THz/RIU and 7.12× 10−4 RIU. ThemaximumFOM is 77.53 RIU−1. There are few
cases of CPA for use for sensing and there is little research on expanding the bandwidth of CPA, not tomention
combining the two functions in a single device. The proposed structure implements these two functions from a
rather novel perspective, which provides innovative insights for further applications of CPA.

2. Simulationmodel and formulation

The structure of the proposed optical cavity is shown infigure 1, where A, B, C, andD represent four common
materials with different RI values.Here PCs resonant cavities (AB)2-F1-F2-(ABCAB)-D-(BACBA)-F2-F1-(BA)
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are utilized to provide an absorption spikewith a highQ value. The resonant cavity formed by the laminated
structure results in a narrow spectral width. And the ferrite layers inserted in it help to adjust theQ value.
Therefore, in sensingmode, such a structure provides higher sensor accuracy and an overall improvement in
sensor performance. Ferritematerial Yttrium iron garnet (YIG) is used for defect layers, which is often
introduced into structures in this way in theoretical research [23–25]. The two kinds of defect layers, which are
represented as Ferrite1 and Ferrite2 respectively, are bothmade of YIG.However, themagnetic fields applied to
them are of differentmagnitudes and in opposite directions, denoted asH01 andH02 respectively.H01 is oriented
in the same direction as the+ z-axis, whileH02 is oriented along the− z-axis. The directions aremarkedwith
arrows infigure 1. Thicknesses of the dielectric layers are signifiedwith dA= 4.6 μm, dB= 8.7 μm, dC= 23.4 μm,
dD= 9 μm, dF1= 6.8 μmand dF2= 5 μm.The thickness is selected according to the operating frequency band
and absorption efficiency. The thickness in themillimeter range allows the operating band to be located in the
terahertz band. Both incident waves propagate in the xoy plane and the angle of incidence is expressed as θ. The
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overall structure is based on the FP cavity, with defect layers introduced in the formof replacements or inserts.
This is reasonable, as a single FP cavity often needs to optimize all parameters of each layer to obtain the desired
effect of absorption. By introducing defective layers, the spectrumof the structure can bemodulated by the
defect layers, especially the ferrite layers, thusmaking the processmuch easier.Meanwhile, the RIs ofmaterials
are different which are expressed as nA= 2.17, nB= 3, nC= 2.5 and nD= 2.3, to be specific. The permittivity of
the ferrite layers is taken as εF1= εF2= εm= 15 according to previous research [26]. It is worthmentioning that
ourwork is theoretical research, the requirement is that thematerials constituting the structure should have
these specific refraction indices in the terahertz band as we have chosen. How tomanufacture or experimentally
implement thematerials is not in the scope of the discussion. There aremany precedents in theoretical analysis
where the intrinsic absorbance is negligible because of the small imaginary part of the permittivity of the
material, sowemake the same proposal in this work. The proposedmaterials have sufficiently small imaginary
parts. The chosen parameters are not unattainable, considering that the RI of silicon is about 3.42 at terahertz
frequencies and the RI of silicon dioxide is about 2.12 at terahertz frequencies [27, 28]. On the other hand, the
structure we propose is not completely unattainable if the experimental implementation is considered.
Deposition and etching are commonmethods used tomanufacture the structure [29] and the YIG films have
been fabricated and applied to PCs in the publishedwork [30].

The transfermatrix for the entire optical cavity isfirst deducedwith the transfermatrixmethod (TMM)[23],
which is the basis for the subsequent simulations. As for YIG, the effective permeability is a tensor in the
transversemagnetization configuration, which can be expressed as [31]
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Here,α=0.02 refers to thedamping coefficient [24].ω0 is the resonance frequency,with the formasω0=
2πγH0,whereγ=2.8GHzOe−1 is the gyromagnetic ratio [24] andH0 is the intensity of themagneticfield. In this
work,H01 andH02 aremodulated to realize different functions. The circular frequencyofYIG is represented asωm=
2πγMS,whereMS is the saturationmagnetization and taken asMS=1780Oe,which is a typical value [24].

The effective RI of YIG under the transverse electric (TE) polarization is [26]
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It is well known that ferrites are unaffected by the appliedmagnetic field under a transversemagnetization
(TM) configuration. In this work,magnetic fieldmodulation has a critical impact on the performance of the

Figure 1. Schematic diagramof the proposed optical cavity with ferrite defects.
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proposed structure. Hence, we concentrate on the transfer properties of the ferrite layer in TEmode in the
following discussion.

UtilizingMaxwell curl equations and considering the boundary conditions of the EMwave propagating in
the dielectric layer, the transfermatrix of the ferrite layer can be deduced [26]
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2]}1/2, kTEy= kTE sinθf,
kTEx= kTE cosθf, and θf is the refractive angle of the ferrite layers.

For the commondielectric layers, the transfermatrix can be expressed as [32]
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1/2 ni cosθi and δi is the propagating phase which is expressed as δi= nidicosθi(2π/λ). Here

symbols are addedwith subscript i to represent the parameters of the different layers.
The overall transfermatrix of the entire structure can be derived recursively from the transfermatrix of the

individual dielectric layers and the arrangement of the cavities. This is shown as follows [32]
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Via the transfermatrixderivedabove, the reflection coefficient and transmissioncoefficient canbeexpressed as [32]
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And η0= ηN+1= (ε0/μ0)
1/2 cosθ0 because the light is incident from the air in TEmode in this work.

Hence, the reflectance, transmittance, and absorptance of thewhole structure can be obtained:
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This is followed by a description of the conditions for CPA. The generation condition for CPA is then
obtained by numerical derivation and is of guidance in achievingCPA andmodulating the absorption.

A schematic diagramof theCPA is shown infigure 2. Twocoherent beams are directed in opposite directions
into the absorber, one from the front (I+) and and the other from the back (I−). In thiswork, the absorber is of a
symmetric structure. An incident light produces a reflected light and a transmitted light. Scatteredwaves (O+ and
O−) canbedetected at the front and rear sides of the absorber, containing lights reflected fromthe same side and
transmitted from the other side. The input andoutputwaves are connected by a scatteringmatrix [33]
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where the transmission and reflection coefficients of two sides are respectively represented as (t+, r+) and (t−, r−).
Because of the symmetry of the structure, the transmission coefficients are numerically equal and reflection
coefficients are also numerically the same,which can be described as t+= t−= t, r+= r−= r. Consequently, the
scatteredwaves are denoted as [33]

∣ ∣ ∣ ∣ ( )O t I e r I e , 14i i= +f f
+ + -+ -

∣ ∣ ∣ ∣ ( )O r I e t I e , 15i i= +f f
- + -+ -

Here,f+ andf− are the symbols of the phases of twowaves of incidence.
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As a result, theCPA can be expressed by the intensities of input and output lights
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whereΔf1=Arg(t)−Arg(r) is the difference in phase of transmission and reflection coefficients and the
difference in phase of two incident wavesΔf2=f+−f−.

Equation (17) indicates the conditions of CPA. Intuitively, when a beamof light is incident without
correspondingly producing transmitted and reflected light, this phenomenon can be described as perfect
absorption, whichmeans |t|= |r|= 0. In this condition, equation (17) equals 1, confirming this inference.
Nevertheless, for the vastmajority of situations, thematerials and structures do notmeet this condition.
Meanwhile, the other conditions can be found by observing the equation, which are |I+|= |I−|, |t|= |r|, and
cosΔf1cosΔf2=−1. It can be known that if the two light is controlled to be of the same intensity, the
transmittance is equal to the reflectance withΔf1= 0, the only variable that can affect the absorptance isΔf2. In
otherwords, the absorptance can bemodulated by altering the phase difference between two incident lights.

3. Analysis and discussion

3.1. The switch between the narrowband absorption and the spike absorption
In the following section, the intensities of the two incident beams are set to be the same. SettingH01= 7337Oe
andH02=−5640Oe, CPA can be found at specific frequencies. In the range of 6.9 to 8 THz, a narrow absorption
band is generatedwhenΔf2= 180°.While a sharp absorption peak arises atΔf2= 0°with the disappearance of
the narrow absorption band. The absorption curves at these two phases are drawn infigure 3.Meanwhile,
figure 4 is drawn to visually demonstrate the role ofΔf2 in functional switching and to improve the existence of
CPA. The two phenomena appear alternately with themodulation of CPA.

3.2. The narrowband absorption
The narrowband absorption isfirst to be discussed. The narrowband absorption is attributed to the proximity of
the three absorption peaks. As illustrated infigure 4(a), reflectance and transmittance oscillate up and down
between 7 and 7.78THz, and are found to be equal at 7.01THz, 7.13 THz, 7.31 THz, 7.50 THz, 7.70 THz, and
7.78 THz, respectively. The cosine value ofΔf1 equals 1 at 7.07 THz, 7.38THz, and 7.73 THz. These
phenomena are consistent with the conditions of CPA. As a result, the absorptance reachesmaximums at
7.08 THz, 7.38THz, and 7.73THz, which are 0.960, 0.996, and 0.998, respectively. The absorption bandwidth is
0.718 THz andRBW is 9.7%. Figure 5 depicts how the absorption changes withΔf2, showing thatmodulating
the phasemerely changes the absorptance and does not result in a frequency shift.

Impacts of the incident angle on the absorption of the structure are exhibited, as shown infigure 6, when
Δf2= 180°, the bandwidth of absorption above 80%does not changemuch until the incidence angle is over
56°, after which the bandwidth is halved. Starting at θ= 4°, themiddle part of the absorption band becomes
concave and falls below 90%as the angle increases. As an optical precision device, the input lights were set to be

Figure 2.The schematic diagramof the system ofCPA.
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vertically incident to the structure for the best absorption performance. The result shown in thefigure indicates
the robustness of the structure. Themaximumabsorptance does not fall below 80%until the incidence angle is
68°.With the increase of θ, the absorption band has a blue-shift phenomenon.

Figure 3.The absorption curves at different phases between incident lights. The proposed structure exhibits narrowband absorption
atΔf2= 180° and spike absorption atΔf2= 0°.

Figure 4.Transmittance, reflectance, and the phase differenceΔf1 versus frequency for (a) the narrowband absorption and (b) the
absorption peak. (c)The three-dimensional (3D) surface plot of absorptance variationwithΔf2 and frequency.
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Due to the demanding conditions of CPA, especially, for narrowband absorption, it is necessary to discuss
the tolerance for the parameters of the device. After research, it is found that the changes in device parameters
have a similar effect on the absorption band. Taking dA as an example, the variation of absorption is shown in
figure 7. It can be observed infigure 7(a) that the absorption band does not shift obviously in frequencywhen
Δf2= 180°. However, one side of the absorption band falls with the variation of dA. The sidewith high
frequency begins to fall below 80%when dA is less than 4.52 μmand the other side begins to fall below 80%
when dA ismore than 4.68 μm.This indicates that achieving narrowband absorption requires precise parameter
selection. By contrast, from figure 7(b), whenΔf2= 0°, the frequency of the spike absorption shifts slightly
(8.3745∼ 8.3190THz)with the variation of dA, and the spike absorptance remains over 0.9 during this process.

3.3. The sensing performance
When the phases of the two incident waves are adjusted to coincide, the absorption band disappears and an
absorption peak is observed at 8.342 THz, which can be seen in figure 4(c).R,T, andΔf1 as functions of
frequency are shown infigure 4(b).R is 0.2689,T is 0.2171 and the cosine value ofΔf1 is−1 at 8.342 THz. As a
result of this, an absorption peak appears at the same frequencywith the absorptance of 0.997. The prospect of
using this as a basis for a sensorwill be discussed.

Figure 5.The variation of narrowband absorptancewith the phase difference between the two incident lights.

Figure 6.CPA as a function of incident angle and frequency. Ideal absorption areas where CPA� 0.9 andCPA� 0.8 aremarked out
bywhite solid lines and black dashed lines separately.
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In this paper, all of the dielectric layers are seen as awhole structure. Butwhen used as a sensor, some of these
dielectric layers are filledwith the substances to bemeasured. This work is to present a new structure with
attractive performance and discuss it theoretically sharing innovative ideas. But if practical applications are
considered, it is also feasible to put our theory into practice. In preparation of the structure, a commonmethod
is etching. The structure can be formed by etching out vertical grooves andfilling themwith the corresponding
substances according to the design [29].When the structure is used as a sensor, the corresponding positions of
those layers are vacant. For gases and liquids to bemeasured, the structure can be placed in an environment filled
with the substance to bemeasured, with the air layer at both ends as light incidence ports. For solids, thin films of
these kinds of substances of the same size can be grown and inserted into the structure or stackedwith other
media layers of the structure.

To evaluate a sensor, several parameters should be introduced, which areQ, S, FOM, andDL. TheQ value is
defined as the ratio of the resonant absorption frequency fT versus the full width at halfmaximum (FWHM) of
the resonant absorption peak. S is used tomeasure the ability of a sensor to respond to changes in themeasured
value. FOM is defined as the ratio between S and FWHM,which is a parameter tomeasure the comprehensive
performance of a sensor [34]. DL describes theminimal change of RI that can be detected by the sensor [35].

( )Q
f

FWHM
18T=

( )S
f

n
19=

D
D

( )FOM
S

FWHM
20=

Figure 7. (a)The variation of the absorption bandwith dA. CPA= 0.9 andCPA= 0.8 aremarked out bywhite solid lines and black
dashed lines, respectively. (b)The variation of the absorption peakwith dA. CPA= 0.9 aremarked out by green solid lines and black
dashed lines, respectively.
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whereΔf andΔn are the changes of frequency andRI respectively.
As a dual-function device, it is not easy to getmultiple functions to performwell at the same time. But the

single function can bemade to performbetter by changing the configuration of themagnetic field applied in the
ferrite layers. As shown infigure 8, the bandwidth of the absorption peak is further narrowed by altering the
magnetic field and the performance of the sensor will be improved consequently. Itmeans that, without
changing the structure ormaterials, the function can be switched by optical phasemodulation, and then the
single function that is operating can performbetter viamagnetic fieldmodulation, a non-contactmean. If
considering the actual operation, themagnetic field can be generated by an energized gradient coil [36], which is
a spatial linearmagnetic field suitable for use in this proposed structure. A spatial linearmagnetic field can be
generatedwith gradientmagnetic field coils. SettingH01= 4680Oe andH02=−6150Oe, the absorption peak
becomes sharper and theQ value is 494.85, which used to be 175.62. The peak is at 8.4125THz and of
absorptance of 0.9901 after themodulation of themagnetic field. Compared to the absorption peak before
adjustment, the spike shifts slightly towards the high frequency, but theQ value increases substantially and the
spike absorptance remains above 0.99.

When the frequency is 8.4125THz, the electric field distribution is shown infigure 9. It can be seen that the
energy ismainly concentrated in the ferrite layers, which is due to the periodic arrangement of the common
dielectric layers forming pairs of FP cavities with the ferrite layers in themiddle, where the light is continuously
reflected in the FP cavities and the energy is dissipated in the ferrite layer. This explains where the energy of
CPA goes.

Maintaining themagnetic field configuration above, the ability of the proposed structure tomeasure theRI
was investigated. Figure 10(a) shows the absorption curves produced at different RI.With nB changing from

Figure 8.Modulation of the absorption peak by themagnetic field. The absorption bandwidth is narrower and the absorption peak is
steeper bymagnetic fieldmodulation.

Figure 9.The distribution of electricfield at 8.4125 THz.
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2.7 to 3.4, the frequency of absorption spike varies from8.813 to 7.915 THz, showing a highly linear relationship
with RI. This is because the variation inRIwill result in a change in thewavelength of the light propagating
through themedium.This can cause a change in the phase of the two coherentwaveswhen they interact in the
medium, resulting in a reduction in the absorption of thosewaves that could beperfectly absorbed in the original
frequency. The frequency atwhichCPA is achievedwill therefore change as theRI varies. The results of the curve
fitting are plotted infigure 10(b). AsnB isometrically increases from2.7 to 3.4, the frequencies of the absorption
peaks are 8.814THz, 8.575THz, 8.3475THz, 8.126THz, and 7.915THz respectively.Within this range, the
relationship betweennB and frequency can be expressed as a linearfitting equation,which is f=−1.287nB+ 12.28

Figure 10. (a)The absorption spectra in sensing functionmode versus nB. (b)The linear relationship between the RI and resonance
absorption frequency. (c)Qand FOMchangingwithRI.
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withR2= 0.9996. S is 1.287THzR−1IU−1 according to the equation.As theRI changes, theQ value can beup to
524.26 and the lowest is 314.78, and FOM is at amaximumof 83.03RIU−1 and aminimumof 45.96RIU−1,
which can be observed infigure 10(c). The averageDLof 7.46× 10−4 RIUcanbe calculated according to
equation (17). All of the above parameters indicate that the proposed structure has decent sensing properties.

The same principle can be applied tomeasure the nC. Figure 11(a) displays the colormapping plan of
absorption generated at different RI.When nC varies from2.2 to 2.85, the frequency of absorption spike is
8.813∼ 7.915 THz. Thefitted curve is plotted infigure 11(b). As nC incrementally expands from2.2 to 2.85, the
frequencies of the absorption peaks are 8.822 THz, 8.636 THz, 8.464 THz, 8.302THz, 8.154 THz, and 8.014 THz
respectively. A linearfitting equation can be obtained, which is f=−1.241nC+ 11.53with R2= 0.9975,meaning
that S is 1.241 THz/RIU. As shown infigure 11(c), themaximumandminimumofQ are 509.59 and 420.10, and

Figure 11. (a)The absorption spectra in sensing functionmode versus nC. (b)The linear relationship between the RI and resonance
absorption frequency. (c)Qand FOMchangingwithRI.
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those of FOMare 77.53 RIU−1 and 59.10 RIU−1, respectively. Then the averageDL of 7.12× 10−4 RIU can be
calculated.

Any conventional dielectricmaterial with refractive indices in this range can be detectedwith the proposed
structure. However, slightly changing theRI values of other dielectric layers, the frequency shift of the
absorption peak does not show a good linear relationshipwith the variation of RI values, or the intensity of the
absorption peak decreases sharply with the change of RI values, both of which are detrimental to the operation of
the sensor. This is because changes in the RI values of thesematerials have a significant effect on the system
response and can easilymake the absorber deviate from theCPA conditions.

The traditional device usually only has one function and inmost cases whatmakes it special is the extreme
performance in one specific indicator [10, 11, 37]. By contrast, the structure proposed in this work is born under
a novel research direction. The thought that realizing two functions in one structure is of practical relevance
nowadays. The results of this study show that the proposed structure has good performance in both functions.
Table 1 is shown for comparison to have an intuitive appreciation of the advantages of our design.

4. Conclusion

In this work, an optical structure with a narrowband absorption feature and sensing performance is proposed.
Butmore importantly, these two features can be switched by optical phasemodulation. Both of the two features
are analyzedwith the TMM.Via the switching characteristics of CPA, the narrowband absorption feature and
the sensing function occur alternately.When the phase of the two incident lights is adjusted to the same, a spike
absorption can be obtained and have potential as a sensor.When adjusting the phase of the two incident lights to
be opposite, the absorption peak disappears and a narrow absorption band arises. TheRBWof the absorption
band is 9.7%.Whenmeasuring the RI of one kind of dielectric layer from2.7 to 3.4, S and the averageDL are
1.287 THzR−1IU−1 and 7.46× 10−4 RIU respectively. ThemaximumFOM is up to 83.03 RIU−1.When it is
used for themeasurement of the RI of another kind of dielectric layer from2.2 to 2.85, S and averageDL are
1.241 THz/RIU and 7.12× 10−4 RIU. FOM is up to 77.53 RIU−1 atmaximum. The effects of θ and dA on
narrowband absorption are discussed. And the influence ofH02 on the sensing performance is also discussed
briefly. The structure is simple and easy to implement, and the dual-function is suitable for awide range of
potential applications.
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