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D-shaped cavities
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Abstract: A multiple Fano resonance refractive index sensor based on metal-insulator-metal (MIM) wave-
guides coupled with dual D-shaped cavities is proposed. The transmission spectra and steady-state magnetic
field distributions were simulated using the finite element method (FEM). The results show that the multiple
distinct Fano resonances are observed, which are primarily attributed to mode hybridization between the vi-
bration modes generated by the upper and lower D-shaped resonant cavities. Meanwhile, the influence of the
geometric parameters of the D-shaped cavity on the Fano resonance was systematically investigated. Further-
more, the performance of the refractive index sensor based on multiple Fano resonances was evaluated. The
results indicate that the sensor demonstrates excellent refractive index sensing performance, with a maxim-
um sensitivity and a figure of merit reaching 1860 nm/RIU and 68.77 RIU ', respectively. This work provides

a theoretical basis for the design of high-performance nanophotonic devices.
Key words: MIM waveguide; dual D-shaped cavities; fano resonance; mode hybridization; refractive index
sensor
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1 Introduction

Surface plasmon polaritons (SPPs) are hybrid
electromagnetic modes confined at the metal-dielec-
tric interface, formed by the coupling of electromag-
netic fields with the collective oscillation of free
electrons. They propagate along the interface and
exhibit exponential decay in the perpendicular direc-
tion ¥, This unique property enables SPPs to con-
fine electromagnetic energy to the deep-sub-
wavelength scale, thereby overcoming the diffrac-
tion limit of conventional optics “°l. As a result,
MIM waveguides, which serve as fundamental plat-
forms for SPP propagation, have become essential
components in high-density photonic integrated cir-
cuits. They provide the foundation for a Variety of

1681 beam

nanophotonic devices, including filters !
splitters ©), and refractive index sensors "%,

In MIM waveguide-based sensing applications,
the Fano resonance mechanism has garnered wide-
spread attention due to its superior performance
compared to conventional Lorentzian profiles. Phys-
ically, Fano resonance originates from the coherent

interference between narrowband discrete states

doi: 10.3724/CO.EN-2026-0018

CSTR:32171.14.CO.EN-2026-0018

(typically supported by the resonator) and broad-
band continuous states (provided by the bus wave-
guide). This resonance mechanism exhibits high
sensitivity to variations in both the structural para-
meters of the resonator and the surrounding dielec-
tric environment "*'¥, In pursuit of enhanced sens-
ing performance, researchers have not only pro-

posed innovative single-cavity designs such as split-

g [15-16] ]718]

ring resonator: and semicircular cavities

but also developed composite resonance structures

featuring stubs [,

These designs substantially
strengthen light-matter interactions, thereby posi-
tioning MIM waveguide-based sensors with excep-
tional potential for applications in biochemical de-
tection, environmental monitoring, and temperature
sensing ['***?, However, these designs face notable
challenges in practice. First, the quest for high sens-
itivity often employs complex nanopatterns, raising
fabrication cost and difficulty while reducing repro-
ducibility. Second, ohmic losses in metals limit the
FOM. Thus, achieving a compact, easily fabricated
plasmonic sensor with both ultrahigh sensitivity and
high FOM remains a critical pursuit in nanophoton-
ics.

In this paper, we propose a plasmonic sensing
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structure based on a MIM waveguide coupled to
dual D-shaped cavities. Utilizing the finite element
method, we demonstrate that this compact structure
can generate multiple Fano resonances across the
visible to near-infrared wavelength range. By ana-
lyzing the steady-state magnetic field distribution,
we elucidate the physical formation mechanism of
these resonances, revealing that the multiple Fano
resonances arise from the coupling between the
waveguide and the cavities as well as the coupling
between the two D-shaped cavities. In addition, we
discuss the influence of geometric parameter vari-
ations on the Fano resonances and comprehensively
evaluate the sensing performance of the device by
changing the refractive index of the filling medium.
Most importantly, the proposed sensor exhibits ex-
cellent sensing capabilities, making it highly suit-
able for high-performance refractive index sensing

applications.

2 Structural Model and Analysis
Method

Figure 1 shows the two-dimensional schematic
of the proposed MIM waveguide-based refractive
index sensor, consisting of a MIM waveguide and
two symmetrically placed D-shaped resonant cavit-
ies. The green and white regions represent silver
(Ag) and air, respectively. Silver is selected for its
excellent optical properties in the visible to near-in-
frared range, including strong electric field enhance-
ment and low ohmic losses. In addition, the D-
shaped resonators feature a simple geometry that fa-
cilitates fabrication. To ensure that only the funda-
mental transverse magnetic mode (TM,) is suppor-
ted, both the waveguide and resonator widths are
fixed at w = 50 nm. The default geometric paramet-
ers are as follows: r; = (R; + R,)/2 = 155 nm, r, =
(R;+ Ry)/2=155nm, [; =1, =160 nm, g = 10 nm,
d=10 nm.

Silver is selected as the metallic material for
this structure, and a modified Debye model % is

employed to accurately characterize its optical prop-
erties in the near-infrared region. The frequency-de-
pendent relative permittivity of silver, denoted as

&(w), is expressed as follows:

H Ag
|:| Air

Fig. 1 Schematic diagram of the MIM waveguide coupled

SPPs

with dual D-shaped cavities.

@)=+ BT L T )
l+iwt  iwey

In this equation, the infinite-frequency permit-
tivity &, = 3.834 4, the static permittivity &,=—9530.5,
the relaxation time 7 = 7.35 x 107" s, and the elec-
trical conductivity of silver o =1.1486 x 107 S/m.

The optical properties of the MIM waveguide
coupled cavity were numerically analyzed using the
finite element method (FEM), and the perfectly
matched layers (PMLs) were applied. The transmit-
tance of the system was calculated using the expres-
sion T = |S,]>, where S, denotes the transmission
coefficient from the input port to the output port #7,

The dispersion relation of the MIM waveguide

can be expressed as *¥:

tanh(kw) = 2kpa/(K+p*a?) 2

Here, x denotes the transverse wave vector in
the MIM waveguide. The parameters are defined as
P = &ilen and o= [ky*(e,—€m) + K°]"2, where ¢, and &,
represent the relative permittivities of the insulator
and metal, respectively, and ky =2n/1, is the free-
space wave vector. The value of x can be determ-
ined by solving this equation using an iterative
method. Subsequently, the effective refractive in-

dex (n.;) of the MIM waveguide is calculated as
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Ney = [en + (k/ky)’]"”, and the SPP wavelength is ex-
pressed as Ay, = do/Re(n,ss). So the resonant mode
number m supported within the cavity can be
defined as:

Lesy

k (3

m=
SPp

Inaddition, the sensitivity (S) ®? and figure of
merit (FOM) B, are adopted to evaluate the sensing

performance. They are expressed as follows:

Ad
S==, 4
An
FOM:L , (5
FWHM

Here, AA represents the resonance wavelength
shift, and An denotes the change in the refractive in-
dex of the sensing medium B, FWHM is the full
width at half maximum of the resonance dip, given
by FWHM =A4,—-A,, where A, and 4, are the
wavelengths at which transmissivity equals (7, +
Tin)2. T, and T,,;, are the peak and dip trans-

missivity, respectively®?.

Transmittance

. . . M
900 1100 1300 1500 1700 1900
Wavelength/nm

Fig.2 The diagram of FWHM.

3 Results and Discussion

To investigate the formation mechanism of the
Fano resonance and the advantages of the proposed
structure, this study examines a single bus wave-
guide, followed by its coupled configurations with a
single D-shaped cavity (including two coupling

modes: the curved edge of the cavity adjacent to the

waveguide (CEC) and the straight edge adjacent to
the waveguide (SEC)) and dual D-shaped cavities.
Their transmission spectra are presented in Figure 3.
For the bus waveguide (blue solid line), the trans-
mittance remains high (approximately 0.9-0.95)
across the entire simulated wavelength range, exhib-
iting a flat and broadband spectral response that cor-
responds to the continuous waveguide mode of the
system. In contrast, the CEC structure (red solid
line) exhibits two sharp transmission dips at A; =
1455 nm and A, = 735 nm, while the SEC structure
(purple solid line) shows two transmission dips at
A; = 1485 nm and A, = 790 nm. The formation of
these Fano resonance dips is the result of interfer-
ence between the broadband continuous mode
provided by the bus waveguide and the narrowband

discrete resonant modes excited by the D-shaped

cavity.
10
I
08 —
o
2 oot | |/— =Y
E
£ 04}
~
s S I

oL . . .
700 1 000 1300 1 600 1900
Wavelength/nm

Fig.3 Transmission spectra for four distinct configura-

tions.

To further enhance the sensing performance, a
second D-shaped cavity was introduced to construct
a dual-cavity coupled system, with its transmission
spectrum depicted by the black solid line in Figure 3.
Compared with the single-cavity configuration, the
dual-cavity structure produces more transmission
dips. These dips also exhibit a narrower FWHM,
which improves the FOM. Furthermore, the dips
shift toward longer wavelengths. A longer reson-
ance wavelength corresponds to a larger penetration
depth and interaction volume, thus yielding higher

refractive index sensitivity.
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To elucidate the physical mechanism underly-
ing the Fano resonance in this structure, the normal-
ized magnetic field distributions at four Fano reson-
ance dips (A = 1640 nm (FR1), A = 1375 nm (FR2),
A =810 nm (FR3) and A =710 nm (FR4)) were cal-
culated, as shown in Figures 4(a)-(d). The length of
the coupled cavityis Log=mr+2(1,-w/2)+2r;=1066.7
nm. At 4 = 1640 nm and A = 1375 nm, Re(n.y) is
of 1181 nm

and 988 nm, respectively. Calculations using Equa-

1.388 and 1.392, corresponding to A,
tion (3) yield resonance mode numbers of approx-
imately 0.90 and 1.08 for the D-shaped resonator,
respectively. Both values are close to the integer 1,
indicating that these two resonance dips correspond
to first-order modes. This theoretical result is con-
sistent with the magnetic field mode distributions, as
shown in Figures 4(a) and 4(b). At A = 1640 nm, the
magnetic field polarities in the upper and lower D-
shaped cavities exhibit an anti-symmetric distribu-
tion. The anti-phase magnetic field distribution cor-
responds to co-aligned electric dipole moments,
causing opposite charges to accumulate on either
side of the gap. The mutual attraction between op-
posite charges forms a strong coupling region,
which increases the electron oscillation distance
within the resonator. This causes the resonance
wavelength of the coupled structure to redshift relat-
ive to the single-cavity mode, resulting in a first-or-
der anti-symmetric mode. In contrast, at 1 = 1375
nm, the magnetic field polarities in the upper and
lower D-shaped cavities exhibit a symmetric distri-
bution. The in-phase magnetic field distribution cor-
responds to anti-aligned electric dipole moments,
causing like charges to accumulate on either side of
the gap. The repulsion between like charges
shortens the electron oscillation path, causing the
resonance wavelength to blueshift relative to the
single-cavity mode, thereby forming the first-order
symmetric mode.

At A = 810nm and A = 710 nm, Re(n,y) is
1.417 and 1.430, with A, of 572 nm and 496 nm,

respectively. Using Equation (3), the resonance

spp

mode numbers are calculated to be approximately
1.86 and 2.14, respectively, which are close to the
integer 2. This theoretical result agrees with the field
distributions shown in Figures 4(c)—(d), where the
dips correspond to the second-order antisymmetric
and symmetric modes, respectively, through the

same mechanisms as the first-order modes.

~
i
U { T (@i1640m Q
4=1455 nm 7/1*1 485 nm
m=1 Exn m=1
—
(b) 4=1375 nm
\ G~ ———
m=2 m=2

ke

-
-

:
P

=735

3

. 1
T (©/=810nm \: (i
B - e =
) ‘ ‘ /=785 nm 0
=
- l.

(d) =710 nm

Fig. 4 Mode Hybridization in a Double-D-Shaped Cavity
Waveguide Coupling System, (a) A = 1640 nm, (b)
A=1375nm, (c) A=810 nm, (d) A =710 nm.

To investigate the influence of geometric di-
mensions of the D-shaped resonator on the Fano res-
onance characteristics, the transmission spectra of
the proposed structure were systematically calcu-
lated and analyzed under various parameter config-
urations. Initially, the radii »; and r, of the two D-
shaped cavities were individually varied from
135nm to 175 nm in steps of 10 nm, tuning only
one parameter at a time while keeping all other geo-
metric dimensions constant. As shown in Figures 5
(a) and 6(a), regardless of whether the radius »; and
r, are increased, all resonance wavelengths exhibit a
significant redshift. This phenomenon can be attrib-
uted to the increased effective optical path length
with larger cavity circumference. However, the res-
onance dips display markedly different sensitivities
to geometric variations. As illustrated in Figures 5
(b) and 6(b), with increasing »; and r,, the redshift
rates of FRI and FR2 are substantially higher than
those of the other two resonance dips. This behavi-
or is closely related to the resonance mode order.

According to plasmon resonance theory, the reson-
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ance wavelength of the resonator is inversely pro-
portional to the mode order. Consequently, lower-

order modes—particularly the first-order mode—ex-

Transmittance

— r=135nm
— r=145nm
— r=155nm
— =165 nm
— =175 nm

800 1200 1 600
Wavelength/nm

2000

hibit greater sensitivity to changes in geometric

parameters compared to higher-order modes.

160

e FRI simulation results
a4 FR2 simulation results
= FR3 simulation results
120 | ¢ FR4 simulation results
— FRI1 fitting results
— FR2 fitting results
— FR3 fitting results
80 F — FR4 fitting results

40

Shift of resonance dip/nm

160 170 180 190 200
Change of r,/nm

Fig. 5 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different 7;; (b) Shift of the

resonance dip as a function of 7;.

Transmittance

800 1200 1 600
Wavelength/nm

2000

160

e FRI simulation results
A FR2 simulation results
120 | = FR3 simulation results
¢ FR4 simulation results
— FRI fitting results

— FR2 fitting results  a
80 | — FR3 fitting results
— FRA4 fitting results

40 ¢

Shift of resonance dip/nm

160 170 180 190 200

Change of r,/nm

Fig. 6 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different r,; (b) Shift of the

resonance dip as a function of r,.

Furthermore, as r; increases, the first-order
anti-symmetric mode (FR1) experiences a faster
redshift than the symmetric mode (FR2). During this
process, the transmittance of FRI1 gradually de-
creases, whereas that of FR2 gradually increases. A
similar trend is observed for the higher-order modes,
where the redshift rate of the second-order anti-sym-
metric mode (FR3) exceeds that of the symmetric
mode (FR4). Conversely, as r, increases, the red-
shift of the first-order symmetric mode (FR2) out-
paces that of the anti-symmetric mode (FR1). Con-
sequently, the transmittance of FR2 gradually de-
creases, while that of FR1 gradually increases. Cor-
respondingly, the redshift rate of the second-order

symmetric mode (FR4) is faster than that of the anti-

symmetric mode (FR3). This is because the first-or-
der FR1 and second-order FR3 resonance modes de-
pend primarily on the structural parameters of the
lower D-shaped cavity, whereas the first-order
FR2 and second-order FR4 are mainly determined
by the resonance of the surface plasmon polaritons
(SPPs) coupled from the lower D-shaped cavity to
the upper D-shaped cavity. Therefore, as rl in-
creases, the redshift rates are: FR1 > FR2, FR3 >
FR4. As r, increases, the redshift rates are: FR2 >
FR1, FR4 > FR3. Regarding changes in transmit-
tance, as the radius | of the lower cavity increases,
the structural symmetry between the upper and
lower D-shaped cavities is broken. This symmetry

breaking leads to changes in the energy distribution
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within the system and in the phase interference con-
ditions. As r; increases, the length of the lower D-
shaped cavity increases, strengthening the coupling
between the main waveguide and the lower cavity.
Consequently, more energy is coupled and local-
ized within the lower cavity, causing the transmit-
tance of FR1 to decrease. At the same time, because
the lower cavity increases in size while the upper
cavity remains unchanged, the asymmetric structure
induces a resonance wavelength mismatch between
the upper and lower cavities. Consequently, the
amount of energy that can be coupled into the upper
cavity decreases, leading to an increase in the trans-
mittance of FR2. Conversely, when the dimensions
of the lower D-shaped cavity remain constant, the
effective optical path length of the upper cavity in-
creases with parameter »,. More energy is coupled
through the lower cavity and localized in the upper

cavity, causing the corresponding transmittance of

0.8 H

0.6 H

0.4

Transmittance

— [,=140 nm
— [=150 nm
— [,=160 nm
— ;=170 nm
— [,=180 nm

0.2F

800 1200 1 600
Wavelength/nm

2 000

FR2 to decrease. Concurrently, since a large amount
of energy is coupled into the upper cavity, the en-
ergy in the lower cavity decreases, leading to an in-
crease in the transmittance of FR1.

Subsequently, the effects of the geometric
parameters /; and /, on the transmission spectra were
investigated by varying both values from 140 nm to
180 nm in steps of 10 nm, tuning only one paramet-
er at a time. The transmission spectra are shown in
Figure 7 and Figure 8. Regardless of whether /; or /,
is increased, all resonance dips exhibit a significant
redshift. However, the overall redshift rates induced
by increasing /; or /, are considerably lower than
those caused by increasing 7; or r,. This is because,
for the same parameter increment, the increase in
the cavity's perimeter driven by linear parameters /;
or [, is smaller than that driven by radial parameters,

resulting in a more modest wavelength redshift.

80

(b)
e FRI1 simulation results b
4 FR2 simulation results

60  m FR3 simulation results
¢ FR4 simulation results

— FRI fitting results

— FR2 fitting results

40  — FR3,FR4 fitting results

20 1

Shift of resonance dip/nm

140 150 160 170 180
Change of /,/nm

Fig. 7 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different /;; (b) Shift of the

resonance dip as a function of /;.
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20 1

Shift of resonance dip/nm
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Fig. 8 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different /,; (b) Shift of the

resonance dip as a function of /.
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We further investigate the effect of the gap g
between the MIM waveguide and the D-shaped res-
onator on the system’s transmission characteristics.
Figure 9(a) presents the transmission spectra ob-

tained by varying g from 10 nm to 30 nm in 5-nm

1.0 @
0.8
3
g
£ 06
g
s
< J—
£ g=10 nm
& 04r — g=15nm
— g=20nm
— g=25nm
02+ — g=30nm
800 1200 1600 2 000
Wavelength/nm

increments. The results show that all resonance dips
blueshift to varying degrees, and the blueshift
gradually saturates as g increases, as shown in
Figure 9(b).

0+(b)

Resonance dip/nm
|
[oe]

—12 + —»— FR1
—— FR2
—=— FR3,FR4

10 15 20 25 30
Change of g/nm

Fig. 9 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different g; (b) Shift of the

resonance dip as a function of g.

The physical origin of this blueshift phenomen-
on lies in the change in the coupling phase between
the waveguide and the cavity. In plasmonic coup-
ling systems, the generation of resonance requires

the following phase-matching conditions to be satis-
fied:

AnnerrLeosy

N , (6

+¢,+d. =2mn

In this equation, n,;; represents the effective
refractive index within the cavity, L, is the charac-
teristic length of the resonator, A is the resonant
wavelength, ¢, and ¢. denote the interface reflec-
tion phase and the additional phase delay intro-
duced by coupling, respectively, and m is the reson-
ant mode number. As g increases, the near-field in-
teraction between the waveguide and the resonator
weakens, leading to a corresponding decrease in the
coupling phase ¢.. According to the equation, the
resonance wavelength A decreases, which manifests
as a blueshift in the transmission spectrum. When g
exceeds the decay length of the surface plasmon
evanescent field, the near-field perturbation of the
bus waveguide on the resonator system signific-

antly weakens, and the resonance wavelength is no

longer affected by the position of the external wave-
guide, leading to saturation of the shift. Further-
more, as g increases, the transmittance at the four
Fano resonance dips gradually increases. This oc-
curs because the coupling efficiency decreases ex-
ponentially with increasing separation, causing more
photons to transmit directly through the bus wave-
guide and thereby diminishing the Fano resonance
intensity.

The transmission spectra were calculated by
varying the parameter d from 10 nm to 30 nm in
steps of 5 nm, as shown in Figure 10(a). With in-
creasing d, FR2 and FR4 exhibit a redshift, whereas
FR1 and FR3 display a significant blueshift. As il-
lustrated in Figure 10(b), the blueshift fitting curves
for FR1 and FR3 present a nonlinear deceleration
trend, indicating that the blueshift rates of these two
resonance dips gradually diminish. For the anti-
symmetric modes FR1 and FR3, an increase in d
mitigates the attractive force between opposite
charges. This shortens the effective electron oscilla-
tion path within the cavity, thereby inducing a blue-
shift. Conversely, for the symmetric modes FR2 and
FR4, an increase in d weakens the repulsion

between like charges. This extends the effective
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electron oscillation path within the cavity, ulti-
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mately causing a redshift.
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Fig. 10 (a) Transmission spectra of the MIM waveguide coupled with dual D-shaped cavities for different d; (b) Shift of the

resonance dip as a function of d.

To further investigate the influence of the me-
dium's refractive index n on the transmission char-
acteristics of the waveguide, the transmission spec-
tra were calculated for various refractive index val-
ues. While keeping all other geometric parameters
constant, the refractive index n was gradually in-
creased from 1.00 to 1.20 in steps of 0.05. As shown
in Figure 11(a), all Fano resonance wavelengths red-
shift significantly with increasing refractive index,
indicating that the resonance wavelengths are highly
sensitive to changes in the surrounding medium.
The relationship between the central wavelength of

each resonance dip and the refractive index was ex-

1.0
i
0.8
3
g 06
E
©n
§ 0.4
= — n=1.00
— n=1.05
02 — n=1.10
— n=1.15
) ) ) — n=1.20
800 1200 1 600 2000
Wavelength/nm

Fig. 11

ive index.

Finally, the performance of the proposed
sensor is compared with that of previously reported

structures, as summarized in Table 1. The results

tracted and fitted linearly, as presented in Figure 11
(b). The results demonstrate that all resonance
wavelengths possess an excellent linear correlation
with the refractive index: R, = 0.99265, R, =
0.99962, R3.., =0.99931, RZ,, =0.99914. The per-
formance of surface plasmon sensors is primarily
evaluated using two key metrics: sensitivity (S) and
figure of merit (FOM). Based on Equation (4), the
sensitivities of FR1, FR2, FR3 and FR4 are calcu-
lated to be 1860, 1350, 760 and 680 nm/RIU, re-
spectively. Similarly, using Equation (5), their cor-
responding FOM values are determined as 57.25,
68.77, 56.69, and 48.97 RIU ', respectively.

x10?
(b) = FR1e FR2  FR3 ¢ FR4 g, 0992 65
2.0
Je=1 860n-228
g R,=0.999 62
i 1.6 Jero=1 3500423
5
3
g
= 1.2+
=]
3] R35=0.999 31
08f o v "¢
Jen=680n+31 Rini=0.999 14
100 105 110 115 120

Refractive index

(a) Transmission spectra as a function of refractive index; (b) linear fit of the resonance dip wavelength versus refract-

demonstrate that the proposed design significantly
outperforms many existing sensors of the same type

in terms of overall sensing performance.
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Tab.1 Comparison of the proposed sensor with other

at the

wavelengths corresponding to different Fano reson-

and the magnetic field distributions

reported plasmonic sensors.

Reference Resonator structure S(HHI/RIU) FOM (RIUiI) ance dlps’ the generatlon mechanism Of the Fano
[16] circular split ring 1250 54 resonances in the proposed structure is elucidated.
[17] semicircular cavity 941.33 - The coupling between the upper and lower D-
(31] a nanoring 5672 372 shaped cavities induces mode hybridization. Fur-
(33] square shaped cavity 1210.12 20 thermore, the effects of varying structural paramet-

ers on different Fano resonance dips are investig-
[34] dual-ring resonator 324.76 10.187 p g

ated. In terms of refractive index sensing perform-
[35] arc-shaped resonator 867.20 57.80 L

ance, the proposed structure exhibits an excellent
[36] L-shaped resonator 1638 21.84 . Lo . .

linear response to variations in the surrounding me-
37] semi-elliptical ring resonator 1783 27 . . . e
BTl P £ dium. The sensor achieves a maximum sensitivity
. . 57.25,68.77

This work 1 D-sh ties  1860,1350,760,680 SANAN
is work _ dual D-shaped cavities  1860.11330.760.680 56 g4 45,97 (S) of 1860 nm/RIU (from FR1) and a FOM of

4 Conclusion

This paper proposes and systematically invest-

68.77 RIU"! (from FR2), demonstrating overall sens-
ing performance that significantly surpasses that of
many existing structures of the same type. In terms
of fabrication, high-quality silver films can be de-

posited on smooth substrates using magnetron sput-

igates a surface plasmon refractive index sensor
based on the coupling between a MIM waveguide
and dual D-shaped resonators. Numerical simula-
tions using the finite element method confirm that
the proposed structure excites multiple distinct Fano
resonances in the near-infrared region. By analyz-

ing the transmission spectra of different structures

tering technology, followed by precise patterning
employing mature processing techniques such as
electron beam lithography (EBL) or focused ion
beam (FIB) etching. This study provides a solid the-
oretical foundation and design strategy for the de-
velopment of on-chip high-sensitivity biochemical

sensors and micro-nano photonic devices.
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