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Abstract: Bound states in the continuum (BICs) emerge
throughout physics as leaky/resonant modes that remain,
however, highly localized. Theyhaveattractedmuchatten-
tion in photonics, and especially in metasurfaces. One of
theirmost outstanding features is their divergentQ-factors,
indeed arbitrarily large upon approaching the BIC condi-
tion (quasi-BICs). Here, we investigate how to tune quasi-
BICs in magneto-optic (MO) all-dielectric metasurfaces.
The impact of the appliedmagnetic field in the BIC param-
eter space is revealed for a metasurface consisting of loss-
less semiconductor spheres with MO response. Through
our coupled electric/magnetic dipole formulation, the MO
activity is found to manifest itself through the interference
of the out-of-plane electric/magnetic dipole resonances
with the (MO-induced) in-plane magnetic/electric dipole,
leading to a rich, magnetically tuned quasi-BIC phe-
nomenology, resembling the behavior of Brewster quasi-
BICs for tilted vertical-dipole resonant metasurfaces. Such
resemblance underlies our proposed design for a fast MO
switch of aBrewster quasi-BIC by simply reversing thedriv-
ing magnetic field. This MO-active BIC behavior is further
confirmed in the optical regime for a realistic Bi:YIG nan-
odisk metasurface through numerical calculations. Our
results present various mechanisms to magneto-optically
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manipulate BICs and quasi-BICs, which could be exploited
throughout the electromagnetic spectrum with applica-
tions in lasing, filtering, and sensing.
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continuum; magneto-optics.

1 Introduction
Lately, certain kinds of localized states that otherwise lie
in the continuum of modes, called bound states in the
continuum [1] (BICs), are attracting much attention, espe-
cially inphotonics [2–5].Amongthevariousconfigurations
exhibiting photonic BICs, metasurfaces have been widely
exploited [6–9]. Such planar arrays with sub-wavelength
periodicity limit the outgoing radiation channels only to
the specular ones, facilitating the emergence of BICs at the
Γ point from localized/leaky modes that are not allowed
to radiate due to symmetry protection. A plethora of fas-
cinating phenomenology relying on BICs, mostly stem-
ming from their diverging Q-factors, has been explored:
e.g., lasing [10–12], enhanced nonlinearities [13, 14], elec-
tromagnetically induced transparency [15], and sensing
[16, 17].

Nonetheless, whereas tunable metasurfaces based on
a variety of mechanisms have been proposed [18, 19],
the active tunability of symmetry-protected BICs remains
largely unexplored, mostly due to the strong dependence
on geometrical constraints [20–28]. To the best of our
knowledge, active BICs in metasurfaces have been only
achieved through: photodoping a Si-based metasurface at
THz [20, 21] and telecomm [22] frequencies; photosensitive
chalcogenide glass metasurfaces [23]; adding a graphene
layer to all-dielectric metasurfaces also at THz frequencies
[24, 25]; andoptomechanical control of anad-hocT-shaped
ridge metasurface at telecomm frequencies [26]. Interest-
ingly, magneto-optically active systems have been consid-
ered, but with the aim of using the extreme localization
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of the BIC excitation to enhance the magnetic dichroism
rather than using magneto-optics (MO) as a mechanism to
tune BICs [24, 29, 30].

MO activity is one of themost studied effects to control
the flow of light using external sources. The application
of an external magnetic field induces couplings between
the induced dipoles in a system with ultrafast switching
times [31–35]. This allows rapid modulation of the optical
properties of the materials at hand, paving the way to the
development of high-performance devices such as highly
sensitive sensing platforms [36–38] or to new concepts
such as tunable radiative heat transfer [39, 40].

Herewith, with the aim of providing means to actively
and externally control BIC emergence, we show how a
canonical BIC can be tuned as a quasi-BIC through MO
activity. In particular, we focus on BICs in high-refractive-
index, all-dielectric meta-atoms (spheres, disks o pillars)
stemming from vertical electric or magnetic dipole reso-
nances in the visible [9, 11] or GHz [7] domains. First, its
tunability is proved in Section 2 for a simple configura-
tion consisting of a square array of lossless semiconductor
nanospheres with MO activity through finite-difference
time-domain (FDTD) numerical simulations, demonstrat-
ing in turn that our coupled electric/magnetic dipole
(CEMD) formulation [41, 42] enables one to address such
MO activity in an insightful (and much faster) manner.
CEMD is then used in Section 3 to reveal the peculiar
role played by the MO term in the lattice-induced dressed
polarizabilities, similar to that of meta-atom tilting in
the so-called Brewster quasi-BICs [7]. Thereby, means to
magneto-optically switch on/off Brewster quasi-BICs by
simply reversing the driving magnetic field are unveiled
and explored in the near-field too in Section 4, with far-
reaching implications for applications. In Section 5, the
MO-BICconcept isdemonstrated inamorepractical config-
uration in theoptical domainconsistingofBi:YIGnanodisk
arrays, on the basis of robust BICs decoupled from the
background. Finally, our concluding remarks are included
in Section 6.

2 MO quasi-BICs
As a proof of principle, let us consider a square array
of lossless semiconductor nanospheres, as shown in the
schematic inFigure 1,with lattice constanta = 300nmand
sphere diameter D = 150 nm. Such all-dielectric metasur-
faces are known to exhibit symmetry-protected magnetic-
dipole (MD) BICs [41, 42], similar to those reported exper-
imentally in the GHz [7] and visible [9, 11, 12] domains.
We include a weak MO response of the semiconductor

spheres in a similar way as in Ref. [43]. Upon consider-
ing an external applied magnetic field H oriented along
the y-direction (within the plane of the sphere array and
perpendicular to the plane of incidence), as shown in
the schematic in Figure 1a, this results in the following
tensorial permittivity:

𝜖 =
⎛
⎜
⎜
⎝

𝜖xx 0 𝜖
(MO)
xz

0 𝜖yy 0
𝜖
(MO)
zx 0 𝜖zz

⎞
⎟
⎟
⎠

, (1)

where the diagonal terms are given by the usual permit-
tivity of a semiconductor in the optical regime, assumed
constant and lossless:

𝜖xx = 𝜖yy = 𝜖zz = 3.52, (2)

and the MO-induced nondiagonal terms are simply
assumed to be constant at this time and given by:

𝜖
(MO)
xz = −𝜖(MO)zx = 0.05𝚤. (3)

First, we explore the spectral dependence on the MO
activity of the known BIC at the Γ point through FDTD cal-
culations. These FDTD calculations have been performed
using the commercial code Lumerical®, using periodic
boundary conditions in x and y directions and perfectly
matching layers in z. The discretization mesh used is 2 nm
in each direction in a 200 × 200 × 200 nm3 box around
the sphere, continuously growing to a maximum value of
12 nm at the boundaries, and the time span of the simu-
lation is 2 ps. Due to the sharpness of the resonance, we
need to enhance the frequency resolution of the Fourier-
transformed time signal. This has been achieved with the
aid of the Padé approximant [44], allowing e.g., to resolve
resonances of extremely high Q-factor [45]. In the current
study, we have computed the Poynting vector in the fre-
quency domain from the time signal of the fields obtained
by FDTD with the algorithm described in [46].

The resulting reflectance spectra,R(𝜔), for transverse-
electric (TE) and transverse-magnetic (TM) linear polariza-
tionsare shown inFigure 1a,wherein the schematicdepicts
the scattering geometry: 𝜃 is the angle of incidence defined
in the xz plane with respect to the normal to the metasur-
face, and the polarization angle 𝛿 is defined in such a way
that the polarization vector e is given by

ex = cos 𝜃 sin 𝛿, ey = cos 𝛿, ez = sin 𝜃 sin 𝛿. (4)

At normal incidence (Γ point) without MO activity, this
semiconductor sphere metasurface is known to exhibit
symmetry-protected MD and electric-dipole (ED) BICs
[41, 42], which as expected are not accessible through
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Figure 1: (a) Reflectance spectra R(𝜔) at
normal angle of incidence 𝜃 = 0◦ from an
infinite square array of lossless semicon-
ductor (n = 3.5) nanospheres (lattice period
a = 300 nm, sphere diameter D = 150 nm),
as a function of the wavelength 𝜆, calculated
through FDTD simulations (solid curves) and
our CEMD formulation (dashed curves), with
and without MO activity, for linear polariza-
tions: 𝛿 = 0◦ (TE), 𝛿 = 45◦, and 𝛿 = 90◦ (TM).
MO activity is accounted for: in FDTD through
a nondiagonal term in the electric permittiv-
ity, see Eqs. (1)–(3); and in CEMD through
nondiagonal terms in the electric/magnetic
polarizabilities, see Eq. (5). The schematic
illustrates the studied metasurface con-
figuration, indicating incident, reflected,
and transmitted plane waves, along with
the external magnetic field inducing the
magneto-optic response. (b–e) Spectral
regions around the symmetry-protected
(b and d) ED-BIC and (c and e) MD-BIC are
zoomed in: (b and c) FDTD; (d and e) CEMD.
Insets in (d and e) show contour maps of
the dependence on the entire range of linear
polarization 𝛿 calculated through CEMD.

plane wave illumination at normal incidence, revealing
no structure in the reflectances. Recall that the large broad
backgrounds stem from the broad, lowest orderMDandED
resonances of the single semiconductor spheres excited in
the plane of themetasurface. The impact of theMOactivity
isevident inFigure1a throughtheultra-narrowbands (with
divergingQ-factors) around the canonical BICs,which con-
vert them to quasi-BICs. For TM polarization as zoomed in
Figure 1b, the MO activity converts the ED-BIC at higher
energies into a quasi-BIC; for TE polarization, Figure 1c, it
is the MD-BIC at lower energies that emerges as a quasi-
BIC. Conversely, TE/TM polarization has no impact on the
ED/MD-BIC; at 45◦-polarization (basically a combination

of TE and TM polarizations), the MO activity affects both
BICs, turning them into quasi-BICs.

Next the above-mentioned MO effects on BICs are
explored analytically through our CEMD formulation for
infiniteplanararrays [41],whichallows formuch faster cal-
culationswith deeper physical insight, and in turn qualita-
tive and quantitatively accurate as long as no higher-order
multipoles are involved [7, 9, 42]. The (required) polariz-
abilities of the semiconductor spheres are simply given in
the absence of MO activity by Mie theory, retaining only
lowest-order MD and ED terms. In order to account for the
MO-induced terms, we calculate numerically (COMSOL)
the tensorial polarizabilities used in theCEMD formulation
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depending on the MO configuration as follows: the scat-
tering cross sections for lossless semiconductor spheres,
with the tensorial permittivity used above for the FDTD
calculations, are calculated with different combinations
of incident field direction and polarization, and applied
magnetic field direction, projecting them into the far-field
in order to extract all the contributions to the tensorial
polarizabilities. As expected, nondiagonal terms emerge;
in our case, considering themagnetic field along the y-axis
perpendicular to the plane of incidence (see Figure 1), this
results in the following tensor polarizability:

𝛼
E =

⎛
⎜
⎜
⎝

𝛼xx 0 𝛼
(MO)
xz

0 𝛼yy 0
𝛼
(MO)
zx 0 𝛼zz

⎞
⎟
⎟
⎠

, (5)

with 𝛼(MO)xz = −𝛼(MO)xz (similarly for 𝛼H).
The resulting CEMD (quasi-analytical) calculations of

the reflectance spectrawith/withoutMOactivity are shown
in Figure 1a, d, and e, exactly for the same configuration
of semiconductor-sphere metasurface used to explore the
MO-induced quasi-BICs through FDTD numerical simula-
tions. All MO-induced features discussed above are fully
confirmed, revealing indeed not only qualitative but also
quantitative agreement (except for a very small frequency
shift of the quasi-BIC central frequencies,mostly due to the
different sphere meshes used in FDTD and in the calcula-
tion of the polarizabilities). Bear in mind that, in the FDTD
numerical simulations, the MO activity is included as non-
diagonal terms in the electric permittivity tensor, Eq. (1),
whereas in our CEMDmodel such activity is accounted for
through the nondiagonal terms in the electric and mag-
netic polarizability tensors, Eq. (5), extracted in turn from
the scattering cross-sections of the semiconductor spheres
with/without MO. This not only supports the accuracy of
our simple CEMD formulation but also the procedure to
introduce the MO activity through tensorial polarizabili-
ties. To further illustrate the flexibility of our CEMDmodel,
insets in Figure 1d and e show the dependence of the
corresponding MO-BIC reflectance spectra on the linear
polarization angle 𝛿 = 0◦ − 90◦.

3 Brewster quasi-BIC equivalence:
MO tuning

Wenowanalyze throughourCEMDformulation thephysics
underlying the MO tuning of the quasi-BIC. Apparently,
the MO activity is introducing a dipolar response at other
directions away from theΓ point, inducing coupling of the

vertical MD/ED (responsible for the BIC at TE/TM polariza-
tions) into in-plane dipoles, thus breaking the symmetry
protection mechanism. To shed more light on this plau-
sible mechanism, we calculate the dependence of the
MO-induced quasi-BIC on the strength of the MO term.
Instead of recalculating the polarizability for different val-
ues of 𝜖(MO)xz ∝ H (since we are in the linear response in
H), the MO-induced nondiagonal term is proportional to
the previously calculated polarizability multiplied by a
factor𝛽, thatwill simulate the intensity of the appliedmag-
netic field. Nonetheless, for ensuring energy conservation,
instead of directly multiplying the off-diagonal term 𝛼

(MO)
xz

by 𝛽 (this will lead to nonconservative systems), the off-
diagonal term of the inverse of the polarizability is scaled
by the factor 𝛽. Specifically:

(1∕𝛼)(N)xz = 𝛽(1∕𝛼)xz ∝ H, (6)

where (1∕𝛼)xz is the off-diagonal term of the inverse of
the polarizability calculated through the FDTD numerical
simulations, and (1∕𝛼)(N)xz the new term of the polarizabil-
ity used to model the MO effect. After that scaling, the
finalpolarizability isobtainedby inverting thisnew inverse
polarizability,whereonly theoff-diagonal termismodified.

The reflectance spectra for fixed (normal and off-
normal) angles of incidence 𝜃 = 0◦, 5◦ are plotted in
Figure 2. At normal incidence, Figure 2a and b, the typical
map of BIC spectra around the Γ point in the parameter
space is evident, becoming a quasi-BIC with increasing
(starting from negligible) spectral width as the parame-
ter is tuned, with the (crucial) fact that the parameter, in
this case, is the MO activity. On the other hand, we clearly
observe at 𝜃 = 5◦ in Figure 2c and d a different scenario: a
quasi-BIC exhibiting again a narrow (though finite) spec-
tral width that becomes inaccessible at a given value in the
MOparameter spaceof theappliedmagneticfield,different
for each polarization.

Further confirmation of the emergence of quasi-BICs
due to the MO activity is given in Figure 3, where the
spectral dependence of the relevant dipole moments on
each sphere is calculated at normal incidence. In the
absence of magnetic activity, dipole moments show mod-
erate, nearly constant values indicating that no resonance
is excited other than the broad in-plane ones. Moreover,
the out-of-plane dipole moments are not excited at nor-
mal incidence. Upon switching the magnetic field on
(𝛽 = 1), the dipolemoments associatedwith the quasi-BICs
are enhanced by a few orders of magnitude: in partic-
ular, the out-of-plane electric pz (respectively, magnetic
mz) dipole moment for TM (respectively, TE) polariza-
tion associated with the emergence of the ED quasi-BIC
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Figure 2: Contour maps of the reflectance
spectra R(𝜔) from an infinite square
array of lossless semiconductor (n = 3.5)
nanospheres (lattice period a = 300 nm,
sphere diameter D = 150 nm), at angles
of incidence 𝜃 = 0◦

, 5◦, as a function of
MO activity 𝛽 (see text) and wavelength 𝜆,
theoretically calculated through CEMD for
(a and c) TM and (b and d) TE polarizations:
(a and b) normal incidence 𝜃 = 0◦; (c and d)
non-normal angle of incidence 𝜃 = 5◦.

(respectively, MD quasi-BIC), see Figure 3a (respectively,
b). Inaddition, the in-planedipolemomentsorientedalong
the x-axis show narrow, asymmetric Fano resonances,
whereas the in-plane dipolemoments oriented along the y-
axis (those not relatedwith the quasi-BIC) showno change
upon the application of the external magnetic field.

In essence, the impact of MO activity, as stated in our
CEMD model, is formally equivalent to consider that the
vertical EDs/MDs are tilted, as shown literally by tilting
the disk vertical axis in high-index disk arrays in Ref. [7].
If this is so, a quasi-Brewster BIC should emerge at angles
of incidence related to this effective MO-tilting. The MO
activity is inducing an effective tilt to the ED (respectively,
MD) resonance, proportional to the MO response for TM
(respectively, TE) polarization.When the induced tilt angle

equals 𝜃MO = 5◦, as derived from the following conditions
(note that the MO impact is different for each BIC, due to
the different E or H polarizability terms involved):

sin 𝜃
(E,MO) =

|
|
|
|
|

𝛼
(E)
zx

𝛼
(E)
zz

|
|
|
|
|𝜔BIC

, TMpolarization; (7)

sin 𝜃(H,MO) =
|
|
|
|
|

𝛼
(H)
zx

𝛼
(H)
zz

|
|
|
|
|𝜔BIC

, TEpolarization; (8)

the quasi-BIC resonant line shape disappears from the
reflectance spectra in parameter space, as evidenced in
Figure 2c and d. Recall that this does not mean that a BIC
emerges at a different angle. As thoroughly described for
tilted dipolar resonances [7], the mode is a quasi-BIC with
a very large (but finite) Q-factor, which cannot either be

Figure 3: Spectral dependence of the relevant electric and magnetic dipolar moments (in logarithmic scale) on each sphere of an infinite
square array of lossless semiconductor (n = 3.5) nanospheres (lattice period a = 300 nm, sphere diameter D = 150 nm) as in Figure 2a
illuminated at normal incidence 𝜃 = 0◦, with (𝛽 = 1, solid curves), and without (𝛽 = 0, dashed curves) MO activity, theoretically calculated
through CEMD in the vicinity of each BIC: (a) out-of-plane electric dipole pz and in-plane contributions px ,my for TM polarization; (b) out of
plane magnetic dipolemz and in-plane contributionsmx ,py for TE polarization. All of them are normalized by the in-plane electric or magnetic
dipole moments (py ormy ) that would be excited about an isolated sphere. The out-of-plane dipole moments pz,mz are negligible for 𝛽 = 0.
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excited or radiate at the tilt angle 𝜙 (namely, at 𝜃 = ±𝜙),
so-called Brewster quasi-BIC. The Q-factor is larger the
closer the quasi-BIC is to the true BIC, namely, the closer
is the MO activity (or the tilt angle) to zero: this explains
the smaller width of the MO quasi-BIC spectra near the
Brewster angle condition for TE polarization in Figure 2d,
as compared to that for TM polarization in Figure 2c. It
should be emphasized that, though not being a true BIC,
this Brewster/MO quasi-BIC can be very useful in applica-
tions exploiting a BIC-like phenomenology (inaccessible
resonances with near divergent Q-factors) at non-normal
angles, such as sensing, lasing, and nonlinear processes
[11, 12], with the advantage in our present configuration
that the angle can be actively tuned through an applied
magnetic field.

4 Brewster quasi-BIC MO switching
Next, we focus on another peculiar feature of Brewster
quasi-BICs: they are not fully symmetric upon mirror-
symmetric illumination with respect to the metasurface
normal, that is, upon illuminating with ±𝜃. As discussed
in Ref. [7], when the angle of incidence is aligned with the
tilted disk axis, no resonance is excited and light traverses
the metasurface unaltered. By contrast, when the angle of
incidence is minus that tilt angle, the resonance (quasi-
BIC) is excited, nonetheless leading to no reflection and
full transmission (by reciprocity) through the interference
of the quasi-BIC scattered field with the incident field. Let
us explore this phenomenology in the case of MO activity,
addressing in turn the near-field footprint (not done in Ref.
[7]). To this end, we investigate near-field maps calculated
through our CEMD model [42] at spectral/angular regions
close to the MO quasi-BIC wavelength and incident angle
(equivalent to the Brewster quasi-BIC tilt angle) observed
in the far-field spectra inFigure 2.Moreover,we takeadvan-
tage of the equivalence between the appliedmagnetic field
direction and the sign of the resulting Brewster quasi-BIC
tilt angle, to explore MO tunability with varying angle of
incidence, so that reversing themagnetic field direction (𝜋
rotation) is formally identical to changing the sign of the
angle of incidence.

First, we make evident the asymmetry in the far-
field mentioned above by plotting not only the intensity,
Figure 4a, but also the phase, Figure 4b, of the reflectance
spectra: strong phase shifts are observed at positive angles
of incidence as an indication of a resonance excitation,
whereasnosignificant structureappearsatnegativeangles
of incidence. To confirm such excitation, a near-field pat-
tern is shown in Figure 4c within a unit cell at a fixed

height (z = 100 nm), upon illuminating themetasurface at
theBrewster quasi-BICwavelength (𝜆 ∼ 532nm) andangle
of incidence 𝜃 = +5◦: a vertical magnetic field pattern
with a large intensity (normalized to that of the incident
field) and the expected spatial distribution confirms the
coupling into the MD-induced Brewster quasi-BIC. If the
angular/spectral dependence of the intensity of such com-
ponent at the unit cell center is plotted, see Figure 4d, as
in Figure 4a and b, the asymmetry in the coupling into the
Brewster quasi-BIC is clearly manifested. Finally, we make
sure of such asymmetry by showing the vertical near-field
magnetic field intensity spectra along one unit-cell direc-
tion at a fixed angle of incidence at 𝜃 = ±5◦ in Figure 4e
and f: if the direction of the incoming field is the mirror-
symmetric of that of the MO-induced tilting of the vertical
MD resonance (with respect to the plane normal to both
themetasurface and the plane of incidence, see schematic
in Figure 4g), a strong near-field enhancement is observed
in the center of the unit cell; by contrast, if the direction
of the incoming field is that of the MO-induced tilting of
the vertical MD resonance (see schematic in Figure 4h),
the near-field spectra show no significant enhancement.
Recall the equivalence between ±𝜃 angles of incidence
and reversing the applied magnetic field direction.

Thereby, we unveil amechanism tomagneto-optically
induced switching on/off of an MO (equivalent to Brew-
ster) quasi-BIC with a large Q-factor by simply reversing
the magnetic field direction as in Figure 4g and h. The
advantage with respect to conventional quasi-BICs is their
”transparent” behavior, leaving unaltered the incoming
beam, while switching on/off the excitation within the
metasurface of the MD-related MO-quasi-BIC, which can
be in turn exploited to enhance nonlinear processes, las-
ing, or sensing. Incidentally, it should be emphasized that
the presence of a dielectric substrate has no significant
impact on the above-mentioned phenomenology. In prac-
tice, index-matching layers canbeused to cover the sample
so that the environment is homogeneous as in Ref. [9], an
approach which even allowed for BIC-induced lasing [12];
moreover, if an index jump still exists, as long as the res-
onant dipolar behavior is preserved, BICs emerge with the
only impact of a slightly (substrate-induced) shift of the
resonance frequency [8].

5 Bi:YIG nanodisk metasurface
We now extend the MO-BIC analysis to a more practical
configuration. With the aim of decoupling the BIC from
the broad resonance backgrounds, disk shapes are consid-
ered. The chosenMOactivematerial is Bismuth substituted
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Figure 4: (a and b) Contour maps of the (a) intensity and (b) phase of the reflectance complex amplitude r(𝜔) (where R(𝜔) = |r(𝜔)|2) for TE
polarization from an infinite square array of lossless semiconductor (n = 3.5) nanospheres (lattice period a = 300 nm, sphere diameter
D = 150 nm), as in Figure 2a and c, but for fixed MO activity 𝛽 = 1, as a function of the angle of incidence and wavelength 𝜆, theoretically
calculated through CEMD, exploring the angular dependence of the MD quasi-BIC. (c–f) Contour maps of the amplitude of the vertical
magnetic near-field, calculated also through our analytical CEMD theory, all of them at a distance of z = 100 nm above the square array: (c)
within a unit cell at the wavelength (𝜆 = 531.76 nm) and angle 𝜃 = 5◦ of the Brewster quasi MO-BIC; (d) spectral and angular dependence as
in (a and b); (e and f) spectral dependence of cuts along one of the in-plane axes within the unit cell, at two fixed angles of incidence (e)
𝜃 = 5◦ and (f) 𝜃 = −5◦ (equivalent to two antiparallel magnetic field directions at a fixed angle of incidence). (g and h) Illustration of the
switching concept based on reversing the direction of the magnetic field at a fixed angle of incidence, (g) with and (h) without coupling into
the Brewster quasi-BIC, equivalent to the configurations based on symmetric angles of incidence and fixed magnetic field shown,
respectively, in (e) and (f).

Yttrium Iron Garnet (Bi:YIG). Apart from being a dielectric
medium with a relatively large, almost lossless dielectric
constant in the visible domain (nearly dispersionless in the
500–600nm range, 𝜖Bi:YIG ∼ 5.5) [47, 48], Bi:YIG disks are
in turn amenable to nanofabrication.

We calculate through FDTD numerical simulations (as
detailed above) the reflectance spectrum at normal inci-
dence (TE polarization) and fixed MO activity: the latter is
assumedsaturatedand leading toanondiagonalpermittiv-
ity 𝜖

(MO)
xz = −𝜖(MO)zx = 0.01𝚤, with a configuration identical

to the schematic in Figure 1a. The result is shown in
Figure 5. The main advantage of the disk shape as com-
pared to the isotropic spheres is the fact that the vertical

MD & ED resonances are decoupled from the in-plane
resonances. Indeed, only the broad resonance due to the
in-plane MDs is observed in Figure 5 at 𝜆 = 505 nm. The
MO impact on the canonical BIC is revealed as a nar-
row peak at 𝜆 ∼ 583 nm over a weak background. Its
extremely narrow width (high Q-factor) and asymmetric
(Fano) line shape are evidenced in the inset, demonstrat-
ing the BIC detuning at the Γ point controlled by the
appliedmagneticfield, converting it intoaquasi-BICacces-
sible through plane wave illumination. This confirms that
Bi:YIG disk metasurfaces could also be utilized for MO
(active) tuning and switching of Brewster quasi BICs. It
is worth noting that we have discarded the small losses in
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Figure 5: Reflectance spectra R(𝜔) from an infinite square array
(lattice period a = 340 nm) of Bi:YIG (𝜖Bi:YIG ∼ 5.5) nanodisks
(150 nm radius and 120 nm height), for fixed MO activity (see text),
calculated through FDTD simulations for TE polarization.

both thediagonal (𝜖Bi:YIG ∼ 5.5+ 0.0025ı) andoff-diagonal
(𝜖(MO)xz ∼ 𝚤(0.01− 0.0015𝚤)) permittivity terms, since they
have no impact on the phenomenology other than pro-
viding upper limits to the quasi-BIC Q-factors, as shown in
Refs. [8, 9].

6 Concluding remarks
In summary, we have shown how to actively tune a canon-
ical BIC in all-dielectric metasurfaces through MO activity.
As a proof of principle, a square array of lossless semicon-
ductor spheres is first considered, revealing through our
CEMD model and FDTD simulations how the MO activity
turns the BIC into a quasi-BIC with an extremely large, but
finite Q-factor. In addition, this MO-tuned BIC is shown
to be analytically equivalent to tilting the vertical-dipole
resonance responsible for the BIC emergence, much in the
same way as Brewster quasi-BICs [7]. Such resemblance is
exploited to turn BICs into quasi-BICs by increasing the
magnetic field applied parallel to the planar array, thus
making Brewster quasi-BICs emerge at desired (MO-tuned)
angles of incidence. In addition, we propose a switching
mechanism by simply reversing the magnetic field direc-
tion, allowing to choose whether or not the high-Q MO
(Brewster) quasi-BIC is excited (on/off state) with strong
resonant-like near-field patterns. The active MO control
of a Brewster quasi-BIC in the optical domain is further
confirmed in a realistic Bi:YIG nanodisk metasurface
throughnumerical simulations. Our results reveal a simple

mechanism to actively (and fastly) tune/switch quasi BICs
with obvious applications in sensing, filtering, slow light,
and nonlinear optics.
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