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sançon Cedex, France
College of Science and Engineering, Hamad Bin Khalifa University, Doha, Qatar
Email: abdelkrim.khelif@femto-st.fr
Fadi Baida *
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In this article, we present an experimental study supported by numerical modeling that demonstrates the possibility of exciting Sym-
metry Protected-Bound states In the Continuum (SP-BICs) in a 1D silicon grating fabricated on a lithium niobate substrate. We
investigate both transverse electric and magnetic polarization states, leading to the excitation of four quasi-Bound states In the Con-
tinuum (quasi-BIC) resonances, exhibiting distinct behaviors. Under standard illumination conditions (plane of incidence perpendic-
ular to the 1D grating lines), two of these resonances are highly sensitive to illumination conditions, while the other two resonances
involving unconventional illumination directions (plane of incidence parallel to the grating lines) are more robust to the angle of in-
cidence, but just as sensitive to external stresses in terms of resonance wavelength and quality factor. Additionally, we experimen-
tally demonstrate temperature detection with a sensitivity of ST = 0.81 nm/◦C, a state-of-the-art value achieved due to significant
electromagnetic field enhancement inside the lithium niobate substrate at the quasi-BIC resonance. These findings pave the way for
their use in various sensing applications (such as biology, electromagnetic, and temperature sensing), as well as nonlinear applications
like second harmonic generation, and electro- and acousto-optic modulation.

1 Introduction

The enhancement of the light-matter interaction is a key point to exacerbate the optical response of a
given structure, thereby improving its performance [1, 2]. To this end, two conditions must be fulfilled:
first, increasing the lifetime of photons within the structure by exciting resonances with a high-quality
factor (Q-factor), and second, ensuring strong confinement of the electromagnetic field at the sub-wavelength
scale (small mode volume). The combination of these two conditions results in resonance with a large
Purcell factor [3]. Otherwise, plasmonic resonances [4] may not be suitable in this context due to intrin-
sic absorption of used metals. Thus, most research teams today focus on dielectric structures [5] that
fulfill the two conditions mentioned above. This can be achieved quite easily in some specific cases, such
as the excitation of a frozen mode within a photonic crystal [6], a Fano-like resonance mode [7], a Guided
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Mode Resonance (GMR) [8] or, more recently, a Bound state In the Continuum (BIC) [9]. In the latter
case, these modes can be interpreted as non-radiative, resulting from destructive interference between
two or more leaky modes, and thus they are not visible in optical spectra [10]. A typical example of such
modes is the family of Symmetry Protected Modes (SPMs) [11]. The non-radiative character (dark modes)
corresponds to resonance with an infinite Q-factor [9, 12]. Symmetry breaking allows the excitation of
such modes, with a Q-factor becoming more important as the degree of symmetry breaking decreases
[13]. Symmetry can be geometric (with respect to a specific axis or plane combined with an illumination
having the same symmetry) or of electromagnetic origin (where geometric symmetry is maintained but
the illumination differs in axis/plane of symmetry from the grating) [10]. BICs take part in many ap-
plications due to their extreme light confinement on a small scale and high sensitivity to slight external
variations, such as changes in the refractive index of the medium. Typical applications include enhanc-
ing optical nonlinearities, where BICs can significantly improve the efficiency of various nonlinear optical
phenomena, such as third harmonic generation THG in Si metasurfaces, or second harmonic generation
SHG in non-centrosymmetric materials [14, 15] [16, 17].
In this paper, we propose a 1D sub-wavelength grating with simpler geometry than in most recent pro-
posed configurations such as in [16, 17, 18], supporting multiple BICs and SPMs, not only in the near-
infrared range or in the visible range [19] but also for different polarization states. The structure has
been fabricated and characterized under various illumination conditions, revealing multiple resonances
with a nearly high Q-factor. Numerical simulations using FDTD (Finite Difference Time Domain) are
in excellent agreement with the experimental transmission spectra. The calculations also indicate that
these high Q-factor resonances coincide with significant enhancement of the electric or/and magnetic
fields, demonstrating strong electromagnetic field confinement either in the superstrate (air), substrate
(lithium niobate), or within the structured medium itself. This suggests diverse applications such as bi-
ological detection (index variations), and in electro-, acousto- or pyro-electric modulation, with the same
component operating at different wavelengths and under various illumination conditions.

2 Proposed geometry and results

As previously mentioned, to obtain SP-BICs, the structure must possess a high degree of symmetry. The
simplest form is axial symmetry, which in the case of a 1D periodic lattice translates into plane (mirror)
symmetry. Consequently, a rectangular cross-section ridge grating deposited on a planar substrate pre-
cisely meets this criterion, with axial symmetry perpendicular to the substrate interface.
The substrate chosen for this application is lithium niobate (LN), selected for its set of non-linear prop-
erties that make it electromagnetically very important. These properties include modulation of its opti-
cal refractive index (Pockel’s effect or pyroelectric effect) and SHG enhancement, in response to various
external stimuli. The nano-structure consists of an array of ridges made of amorphous silicon (Si), a di-
electric material with a high refractive index in the near-infrared spectral range (NIR).
In order to operate in the vicinity of λ = 1550 nm, we proceeded to optimise the geometric parameters
by performing simulations using a specially adapted FDTD code (see details in section 1 of Supplement
1). The aim of this parametric study was to find a structure that is easy to fabricate experimentally and
that supports SP-BICs modes in the wavelength range of λ ∈ [1200− 1700] nm.
The geometrical characteristics of the structure after optimization, as depicted in Figure 1a, are as fol-
lows: the gap between ridges is w = 60 nm, their height is h = 350 nm, and the lattice period is p =
640 nm. These specific parameters enable the excitation of SP-BICs under different illumination con-
ditions characterized by varying values of θ, ψ, ϕ (see Figure 1a), which denote angles specifying the il-
lumination properties (direction and polarization). It is noted that the reference frame (x, y, z) aligns
with the crystalline axes of the LN material for consistency of notations. As shown in Figure 1a, the LN
substrate consists of an X-cut wafer, where the optical axis z is oriented parallel to the Si-ridges. This
configuration exploits the lithium niobate’s highest electro-optical coefficient r33 [20, 21, 22] when the
incident plane wave is polarized along the z direction. Such alignment is crucial for achieving effective
light-matter interaction. Fabrication was carried out using e-beam lithography technique as discussed in
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Figure 1: a: Illustration of the proposed grating design featuring Si-ridges atop an X-cut LN substrate. The grating pa-
rameters include the period p = 640 nm, ridge gap w = 580 nm, and ridge height h = 350 nm. Illumination characteristics
are determined by three angles: the angles of incidence θ, azimuthal angle ψ, and the polarization angle ϕ. Π represents
the plane of incidence, while the wavefront defined by the plane (TE,TM) is perpendicular to k⃗i. b: Scanning electron mi-
croscope (SEM) image captured from the top view of the fabricated grating, with a magnified view showcasing the central
portion revealing the individual ridges.
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section 2 of Supplement 1. Figure 1b shows two scanning electron microscopy (SEM) images of the to-
tal manufactured structure (top), and a zoom-in (bottom) of the central part, revealing the high quality
of the manufacturing process. Other SEM images are presented in Figure S2 of Supplement 1, showing
different steps to validate the good quality of the manufacturing.
Four distinct configurations were examined based on the direction and polarization of the incident plane
wave. To distinguish them, we define three angles as depicted in Figure 1a : the azimuthal angle ψ, which
specifies the angular orientation of the plane of incidence counted from the y axis, ϕ related to the polar-
ization angle (ϕ = 0◦ for Transverse Electric (TE) and ϕ = 90◦ for Transverse Magnetic (TM) and the
angle of incidence θ. Hence, the four configurations studied, both numerically and experimentally, corre-
spond to the following parameters:
Configuration (a): (ψ, ϕ) = (0◦, 0◦)
Configuration (b): (ψ, ϕ) = (0◦, 90◦)
Configuration (c): (ψ, ϕ) = (90◦, 0◦)
Configuration (d): (ψ, ϕ) = (90◦, 90◦)
However, for all configurations, the illumination is conducted from above the grating (air) with the angle
of incidence θ ranging from 0 to 30◦. Notably, at normal incidence, configurations (a) and (b) are respec-
tively equivalent to configurations (d) and (c). In the former case, the electric field aligns parallel to the
Si-ridges (z - axis), while in the latter, it becomes perpendicular.
The optical refractive indices of LN are nx = ny = no = 2.211 and nz = ne = 2.139 [23]. Yet, only con-
figuration (d) represents an anisotropic case, while both configurations (c) and (d) require 3D numerical
simulations. The spectral positions of the Rayleigh anomalies (λA), the quality factor (Q) of resonances
and their extinction ratio (ER) are also calculated (see section 2 of Supplement 1) to better understand
some features of the transmission spectra. These anomalies may interfere with other resonant modes,
thereby altering their properties. The experimental spectra are recorded using an adapted optical bench
that has been specially developed for the occasion (see details in section 3 of Supplement 1).

2.1 Configuration (a): (ψ, ϕ) = (0◦, 0◦)

In this configuration, the plane of incidence (xy plane) is perpendicular to the direction of the Si-ridges
(z-axis). Moreover, the E-field is oriented along the z-axis (ϕ = 0◦), parallel to the Si-ridges. This cor-
responds to a conventional TE polarization case with no depolarization, as the plane of incidence is per-
pendicular to the direction of invariance (the z-axis). Consequently, the numerical simulations are en-
tirely two-dimensional, reducing the electromagnetic field to only the (Hx, Hy, Ez) components.
Figure 2 illustrates both numerical (in a) and experimental (in b) results of the transmission angular di-
agrams. Note that the experimental ones are unprocessed raw data. Additionally, the Rayleigh anoma-
lies of the diffracted first orders (m = ±1) are depicted by dashed blue lines in Figure 2a. There is ex-
cellent agreement between experiment and theory (Figure 2a and 2b) in terms of excited modes and res-
onance spectral positions.
Small differences can have several origins, such as the finite size of the structure and/or the illumina-
tion beam, as well as the unavoidable manufacturing defects. Under normal incidence (θ = 0◦), only the
Guided Mode Resonance (GMR) is observable at the wavelength of λ = 1368 nm. However, a slight vari-
ation of the angle of incidence θ leads to a break, even slight, in the symmetry of the structure relative
to the x-axis. Consequently, we observe the emergence of a Fano-shaped quasi-BIC above the m = −1
Rayleigh anomaly. This reveals the presence of a Symmetry Protected - Bound state in the Continuum
(SP-BIC) at the point of high symmetry (θ = 0◦).
As the angle θ increases, the GMR experiences a blue shift, whereas the quasi-BIC undergoes a red shift.
For example, Figure 2c illustrates the normalized transmission spectra obtained from both numerical
simulation (black dashed line) and experimental measurement (red solid line) at the angle of incidence
θ = 9◦. Within the same figure, one can observe the presence of the two resonances: the GMR located
around λ = 1330 nm and the quasi-BIC at λ = 1477 nm. Beyond θ ≈ 13◦, the SP-BIC couples destruc-
tively with the Rayleigh anomaly of order m = −1. This leads to an increase in its quality factor before
it disappears completely, giving rise to an accidental BIC [24].
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Figure 2: a: Transmission angular diagram obtained by FDTD numerical simulations. b: The dashed blue lines represent
the positions of the Rayleigh anomalies for both the m = 1 and m = −1 diffraction orders. Transmission in diagram
obtained from experimental measurements. c: The transmission spectra acquired from simulation (black dashed line) and
experiment (red solid line) at the angle of incidence θ = 9◦. d: Distributions of the normalized electric and magnetic in-
tensities obtained from FDTD simulations at the spectral position of the quasi-BIC λ = 1438 nm for an incidence angle of
θ = 0.5◦.

To further explore the quasi-BIC properties, we examine a small angle of incidence, for instance, θ =
0.5◦, for which the quasi-BIC resonates at a wavelength of λnum = 1438 nm, exhibiting a substantial
Q-factor of Qnum = 106. We numerically demonstrate that this resonance is accompanied by a signifi-
cant enhancement of both electric and magnetic field intensities (see definitions in section 2 of Supple-
ment 1), with values of Ie = 2.103 and Im = 8.104, respectively, as illustrated in Figure 2d. Based on
these results, the quasi-BIC could be ideally suited for a wide range of integrated photonics applications,
particularly in areas such as opto-electronics [25, 11] and nonlinear optics [26, 27].From these two field
distributions in Fig. 2d, the quasi-BIC appears to have a magnetic quadrupole origin, with an exalta-
tion of the magnetic field 40 times greater than that of the electric field. We have numerically verified
that another mode, i.e. magnetic dipolar, does exist and emerges at a higher wavelength of the order of
λ = 1940 nm. Further investigations show that the origin of these modes may be linked to Mie-type res-
onances for which the resonance wavelengths would be strongly red-shifted due to periodicity compared
to that of a single Si-ridge. The fact that the electric field of the electromagnetic wave is polarised along
the LN’s crystalline axis (z-axis) makes the configuration highly compatible with electro-optical or pyro-
electric applications. Indeed, the largest electro-optic (EO) coefficient of the LN is r33 = 31 pm/V [28],
which is mainly involved in the Pockel’s effect in this case. The obtained variation in the refractive index
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Figure 3: a: Experimental normalized transmission spectra around the quasi-BIC resonance at two room temperatures,
T = 42◦C (blue dashed line) and T = 51◦C (red solid line), for a TE polarized illuminating plane wave with an angle of
incidence θ = 7◦. b: Numerical transmission spectra around the quasi-BIC calculated by FDTD for the case of no tem-
perature change ∆T = 0◦C (blue dashed line) and at temperature change ∆T = 9◦C (red solid line) calculated at the
angle of incidence θ = 7◦. c: Refractive index distribution over one period of the structure corresponding to a temperature
variation of ∆T = 9◦C. This is calculated using Eq.3 after FDTD simulations , which allow calculation of f(x, y) at the
quasi-BIC resonance wavelength.

is given by Equation 1 [11] below.

∆n(x, y) = −1

2
n3
er33f(x, y)

2Es (1)

Es = − 1

ε0εr
pt∆T (2)

Here, Es denotes the external applied electric field magnitude, ε0 and εr are, respectively, the vacuum
and the LN relative dielectric constants equal to ε0 = 8.854 × 10−12 F/m, and εr = 28.7. The func-
tion f(x, y) represents the local optical field factor computed at each FDTD cell. It quantifies the elec-
tric field amplitude in the presence of the grating relative to the field amplitude in the absence of the
grating. However, this refractive index modification can also be induced by a change in temperature (py-
roelectric effect), which, through induced polarization, results in the generation of a charge displacement
leading to an electric field (polarization) within the LN crystal. A relationship linking the two effects is
given by Equation 2, where pt is the pyroelectric coefficient of the LN, pt = −8 × 10−5 Cm−2K−1 [29],
and ∆T corresponds to the temperature variation in Celsius (or Kelvin).
By injecting Equation 2 into Equation 1, we obtain the expression of the local refractive index modifica-
tion due to a temperature change of ∆T as:

∆n(x, y,∆T ) =
n3
er33pt
2ε0εr

f(x, y)2∆T (3)

The modification of the refractive index is then calculated through Equation 2 for each FDTD-cell of the
mesh and incorporated into the FDTD simulations to estimate the effect on the transmission response.
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Using a Peltier heater installed close to the structure, we first increased its temperature to 42°C and left
it to stand for six hours to eliminate the polarization induced by this heating. We then increased the
temperature to 51°. For each temperature, a spectral measurement was made around the quasi-BIC res-
onance. The results are shown in figure 3a, where the dashed blue spectrum corresponds to room tem-
perature T = 42◦C while the solid red corresponds to T = 51◦C . To compare with theory, we first
recalculated the homogeneous LN with an index of 2.139 and then determined from equation 3 the cell-
by-cell variations in LN refractive index due to a ∆T = 9◦C (see Figure 3b). The theoretical spectra pre-
sented in Figure 3b are in almost perfect agreement with the experiment, where a shift of ∆λ = 7.3 nm
is obtained instead of ∆λ = 7.65 nm in theory. These two values are in a great agreement, leading to an
experimental measured thermal sensitivity of St =

∆λ
∆T

= 0.81 nm°C−1. This value is amazingly similar to
values obtained in previous studies [30].

2.2 Configuration (b): (ψ, ϕ) = (0◦, 90◦)

In this configuration, the plane of incidence remains the same as in configuration (a), namely perpen-
dicular to the Si-ridges. However, the polarization state changes to a transverse magnetic (TM) with
ϕ = 90◦. Consequently, the electromagnetic field components are now characterized by (Ex, Ey, Hz),
where the electric field aligns with both ordinary axes (x and y), resulting in an isotropic study case.
Numerical simulations and experimental measurements of the transmission angular diagram are pre-
sented in Figure 4a and Figure 4b, respectively. As before, the Rayleigh anomalies are also indicated by
the blue dashed lines. In both diagrams, we observe the emergence of a quasi-BIC above the Rayleigh
anomalies when the angle of incidence increases, leading to its apparition at approximately λ = 1678 nm.
The numerical and experimental normalized transmission spectra at an angle of θ = 4◦ are illustrated
in Figure 4c, where the quasi-BIC is located at a wavelength of λ = 1686 nm. In contrast to configura-
tion (a), the quality factor of the SP-BIC decreases considerably with small symmetry breaks, giving rise
to a broadened resonance. To exploit it in detection, modulation, or non-linear signal generation appli-
cations, it would be necessary to operate at small incidence angles. Therefore, to quantify the confine-
ment of the electromagnetic field, we consider an angle of incidence θ = 0.5◦ for which the mode appears
at λ = 1679 nm with a Q-factor of Q = 892. As depicted in Figure 4d, the electric intensity associ-
ated with the mode is predominantly enhanced at the surface of the LN substrate within the air cavi-
ties, reaching a maximum of Ie = 6 × 103, along with an enhancement in magnetic intensity, mainly
confined inside the Si-ridges, peaking at Im = 3 × 104. As for configuration (a), we observe a strong
increase in magnetic intensity, probably due to the excitation of a Mie-type magnetic dipolar resonance
(no other resonances at longer wavelengths) of the Si-ridges, which considerably increases the MLDOS
(local density of magnetic states), opening the way to magneto-optical applications with non-absorbing
structures [31, 32] other than metallic nano-antennas [33]. As mentioned above, the electric field at res-
onance is significantly enhanced at the substrate interface between two Si-ridges in the gap region. This
enhancement could be exploited to build a bio-sensor or refractive index detector. In this case, the su-
perstrate is no more air but a liquid (water or blood) with refractive index nl. FDTD simulations were
conducted using two fairly close values of nl to evaluate the refractive index sensitivity of the structure
in the vicinity of the quasi-BIC. Figure 5a shows the obtained transmission spectra in the spectral re-
gion of the quasi-BIC resonance for nl = 1.34 and nl = 1.35, with the angle of incidence from air on
the liquid interface fixed to θ = 0.75◦. We can clearly see that the transmission peak is slightly shifted
by ∆λ = 0.7 nm corresponding to a weak sensitivity of 70nm/RIU, which is not sufficiently relevant for
a refractive index detection, even though the Q-factor of the resonance is quite high (Q = 490). Never-
theless, phase detection, as opposed to intensity detection, can greatly improve sensitivity in certain con-
figurations [34]. Figure 5b presents the corresponding phase change induced during the transmission of
light through the structure for the same two values of the refractive index (dotted blue line for nl = 1.34
and solid black line for nl = 1.35). At λ = 1693.95 nm, the phase difference, plotted as a green dashed
line, is maximized at 23.48◦, providing a good phase sensitivity of 2348◦/RIU. This value is considerably
high [35, 36], making the structure an excellent candidate for various applications, including label-free
bio-sensing, bio-imaging, and optical filters.
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2.3 Configuration (c): (ψ, ϕ) = (90◦, 0◦)

In this configuration, the azimuthal angle ψ is set to 90◦, corresponding to a plane of incidence that is
parallel to the xz plane and aligned with the Si-ridges. The polarization is set to TE (ϕ = 0◦), ensuring
that the electric field remains perpendicular to the Si-ridges, regardless the angle of incidence. Due to
the diffraction and the invariance along the z direction, this electric field will produce a field only located
in the xy plane, making the theoretical problem completely isotropic. Additionally, as in configuration
(d), changing the angle of incidence induces a very slight change in illumination conditions, so this case
is rarely considered in the literature.
The numerical and experimental transmission angular diagrams are illustrated in Figure 6a and 6b, re-
spectively. Once again, the simulations yield results that are very faithful to those obtained experimen-
tally (see Figure 6c), showing the excitation of one SP-BIC mode and one GMR. These two modes are
the same as those obtained in configuration (a) for the quasi-BIC and in configuration (b) for the GMR.
In fact, at normal incidence, configuration (c) is completely identical to configuration (b), while the oc-
currence of quasi-BIC is due to the diffraction-induced depolarization at θ ̸= 0◦, specifically the emer-
gence of a non zero x-component of the electric field. As expected, the weak extrinsic symmetry break
(θ ̸= 0) reveals this quasi-BIC at the same wavelength as in configuration (a), above the Rayleigh anomaly,
as depicted in Figure 6c for θ = 9◦. The quasi-BIC resonance exhibits a good quality factor over a wide
range of angle of incidence (up to Qnum = 0.94×106 for θ = 0.5◦), making this configuration more robust
with respect to the experimental illumination conditions.
At the aforementioned quasi-BIC resonance, the electromagnetic field distributions (Figure 6d) are obvi-
ously similar to those in configuration (a) (Figure 2d), but with a slightly higher enhancement, as shown
on Figure 6d. The normalized electric and magnetic field intensities reach Ie = 9× 103 and Im = 8× 104,
respectively, for θ = 2◦, whereas similar enhancement factors require a smaller angle of incidence (θ =
0.5◦) in the configuration (a). Nevertheless, even though the origin of the quasi-BIC is the same (Mie-
type magnetic resonance) for both configurations (a) and (c), the spectral behavior with respect to vari-
ation in the angle of incidence is different. Specifically, for the (c) configuration, increasing the grating’s
asymmetry induces a blue-shift to the quasi-BIC, while it red-shifts in configuration (a). Furthermore,
the potential applications of the quasi-BIC generated in this configuration are very similar to those pro-
posed in configuration (a) due to their comparable confinement properties. However, at high incidence
angles (θ > 4◦), the quasi-BICs in the two configurations occupy different spectral positions and can
therefore be used simultaneously for the same or different applications, depending on the desired perfor-
mance of each.

2.4 Configuration (d): (ψ, ϕ) = (90◦, 90◦)

In this last configuration, both angles ψ and ϕ (defined in Figure 1a) are set to 90◦. Therefore, the plane
of incidence is the xz plane, as in configuration (c) but the polarization state is TM. Consequently, the
electric field is parallel to the plane xz and now has two components along both the ordinary and ex-
traordinary axes (x and z). The 3D-FDTD simulations must account for this anisotropy in this config-
uration. The numerical and experimental transmission angular diagrams are presented in Figure 7a and
7b respectively. As before, there is a good agreement between the two results. In Figure 7a, the dashed
blue line identifies the Rayleigh anomaly corresponding to the first diffracted order (m = ±1), calcu-
lated using Equation S1 of Supplement 1. Both diagrams emphasize the presence of two modes. How-
ever, under normal incidence, this configuration is identical to configuration (a), where a single mode ex-
ists above the Rayleigh anomalies, which is actually the GMR at λ = 1370 nm. The second mode, which
is more difficult to observe experimentally, only appears at θ ̸= 0◦, presenting an exceptional quality fac-
tor of Qnum = 1.3× 106 at θ = 0.5◦, indicating a quasi-BIC state. This reveals the presence of an SP-BIC
at the highest symmetry point (here Γ).
Nevertheless, the excitation of the BIC is clearly visible on the two diagrams in Figures 7a and 7b, but
their extinction ratio is different. The blatant discrepancy between the theoretical and experimental qual-
ity factors clearly demonstrates the sensitivity of the structure to manufacturing defects when the plane
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Figure 6: a: Transmission angular diagram derived from FDTD numerical simulations. The dashed blue line represents
the spectral positions of the Rayleigh anomaly for the first diffracted order (m = ±1). b: Transmission angular diagram
obtained from experimental measurements. c: The transmission spectra obtained from simulation (black dashed line) and
experiment (red solid line) at the angle of incidence θ = 9◦. d: Distributions of the normalized electric and magnetic in-
tensities obtained from FDTD simulations at the spectral position of the quasi-BIC λ = 1450 nm for an incidence angle of
θ = 2◦.
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of incidence and the electric field of the incident wave are both parallel to the ridges of the grating. This
difference may also be linked to the fact that the wavelength of the quasi-BIC is very close to that of the
Rayleigh anomaly, as shown in Figure 7a. Combined with manufacturing defects (mostly related to ridge
width), this could lead to a widening of the resonance as shown in Figure 7c.
However, this makes this configuration one of the most suitable for detecting small changes in the geom-
etry of the structure, as will be demonstrated in the following through the considered opto-mechanical
application.
As with configuration (c), quasi-BIC maintains a significant quality factor even at higher angles of inci-
dence. For example, at θ = 26◦ its value remains substantial (see Figure 7c), reaching a theoretical value
of Qnum = 0.57 × 104, with a perfectly asymmetric Fano-shape, making this configuration highly promis-
ing for lasers and Q-switch applications.
Moreover, this quasi-BIC is the same as the one excited in configuration (b) at around λ = 1679 nm and
is due to depolarization, which reveals a y-component that remains fairly weak regardless the angle of
incidence. Figure 7d illustrates the electric and magnetic intensity distributions for θ = 9◦. As expected,
these distributions are identical to those of the quasi-BIC achieved in configuration (b). However, the
quasi-BIC generated in this configuration offers better confinement due to its high Q-factor and has the
advantage of being more robust with respect to the angle of incidence.
By observing the symmetry of the electric field distribution in Figure 7d, we can see that it is closely de-
pendent on the shape of the Si-ridge. A mechanical vibration of this ridge is likely to disrupt the exci-
tation of this quasi-BIC by shifting its excitation wavelength, which will modulate the intensity of the
transmitted signal. Consequently, we investigate the structure‘s sensitivity to such mechanical vibration,
which is particularly relevant for acousto-optical applications [37].
A straightforward approach is to consider a uniform tilt of the Si-ridge as shown in Figure 8a, where α
denotes the tilt angle of the ridge relative to the vertical direction. To estimate the influence of ridge
bending, we calculated the transmission spectrum for α = 1◦ (corresponding to a maximum displace-
ment of 6.1 nm for the top of the ridge) and compared it to that of the initial structure (α = 0◦). Both
spectra are shown in Figure 8b, where the quasi-BIC undergoes a shift of ∆λ = 3.3 nm, leading to a sen-

sitivity of
∆λ

∆α
= 3.3 nm/degree. We believe that this bending can be induced by a surface acoustic wave

(SAW), directed along the y-axis and generated by an interdigital comb arranged alongside the struc-
ture, on the surface of the LN piezoelectric substrate.

3 Conclusion

We have demonstrated the ability to excite quasi-BIC modes by symmetry breaking, using four distinct
configurations within the same simple-to-fabricate structure that does not involve lithium niobate struc-
turing. By breaking the lattice symmetry, leakage to the SP-BIC occurs, resulting in a resonant mode
(quasi-BIC) within the lattice with a particularly high Q factor. Numerical simulations and experimen-
tal measurements show excellent agreement, confirming the reliability of the proposed structure. In each
configuration, the investigation of quasi-BIC demonstrated the quality of the electromagnetic field con-
finement. Of the four configurations, only two SP-BICs exist, but their coupling to the continuum can
occur in two distinct ways. For example, while configurations (a) and (c) differ in various aspects such
as plane of incidence, LN’s refractive index, and levels of symmetry breaking, they both produce quasi-
BICs with similar characteristics, including comparable wavelengths at low angles of incidence (θ ≤ 0.5◦)
and similar field distributions. This similarity allows for their exploitation under different experimental
conditions, as schematically shown in Figure 9. Similarly, configurations (b) and (d) exhibit similarities
in their quasi-BICs excited at low angles of incidence (θ ≤ 0.5◦), indicating the common origin of the
SP-BIC. However, the four generated quasi-BICs show distinct responses to increasing asymmetry via
the angle of incidence.
In addition to the compact size of the structure and the absence of etching in the LN, all quasi-BICs of-
fer significant light confinement, making the proposed structure an efficient miniaturized device for in
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Figure 8: a: Diagram of a structure subjected to bending of the ridges at an angle α. b: Comparison of the spectral posi-
tion of the quasi-BIC when α = 1◦ (red dashed line) versus α = 0◦ (green solid line) at the angle of incidence θ = 9◦.

Figure 9: Artistic illustration showing the versatility of the proposed configuration.
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chip-scale applications in the NIR.
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