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Abstract: Owing to their high oscillator strength, binding energy, and low-cost fabrication, two-
dimensional halide perovskites have recently gained attention as excellent materials for generating
exciton-polaritons at room temperature. Unlike traditional materials used for polaritons, such
as ZnO, GaAs, and GaN, halide perovskites exhibit great compatibility with matured CMOS
technologies. However, no studies have reported perovskite-based polaritons on silicon platforms.
Here, we numerically demonstrate the possibility of a polariton when a Si nanodisk array couples
with a thin film of phenethylammonium lead iodide perovskite. An asymmetric lattice of thin Si
nanodisks is used to generate surface lattice resonances from the coupling between the disk’s
electrical resonator and the lattice’s diffracted waves. Polaritonic modes with high Rabi splitting
values can be easily achieved for a large range of parameters. This Rabi splitting can be engineered
by varying the ratio of electromagnetic energy confined within the Si disk and perovskite thin film.
This study provides insight into nanophotonic structure design for CMOS-based optoelectronics,
sensors, and polaritonic devices.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Light-matter interactions have been investigated by generations of researchers owing to their
uniqueness in fundamental physics and great potential in practical applications [1–3]. The essence
of light-matter interactions is the coupling strength, g, which is used to classify weak or strong
interactions. In the weak coupling regime, g< |γ − κ |/4, where γ and κ are the damping rates of
the uncoupled optical modes and excitons, respectively [4,5]. During this process, no new state is
created; however, the optical properties of quantum emitters are modified in terms of enhanced or
inhibited radiations. Contrastingly, the strong coupling between light and matter (g> |γ − κ |/4)
is considered a reversible process in which the exchange rate between the cavity’s photon density
and the excitons of quantum emitters occurs periodically. The reversible process creates a new
mixed state that is half-photon and half-exciton, called exciton-polaritons. The intriguing property
of the polaritons is the possibility of collective relaxation to the ground state to form Bose-Einstein
condensation, which is accompanied by coherent radiation that does not require an inverse photon

#475968 https://doi.org/10.1364/OME.475968
Journal © 2023 Received 12 Oct 2022; revised 25 Nov 2022; accepted 7 Dec 2022; published 15 Dec 2022

https://orcid.org/0000-0002-9623-7437
https://doi.org/10.1364/OA_License_v2#VOR-OA
https://crossmark.crossref.org/dialog/?doi=10.1364/OME.475968&amp;domain=pdf&amp;date_stamp=2022-12-15


Research Article Vol. 13, No. 1 / 1 Jan 2023 / Optical Materials Express 180

population. Thus, it enables low-threshold lasers. The realization of room-temperature polaritons
is a real challenge due to the stringent requirements of excitons with large oscillator strength
for enhanced couplings and high binding energy for room-temperature polaritons. Hence, room
temperature polaritons have been realized only in a few classes of materials, including ZnO [6–8],
transition metal dichalcogenides [9–15], and organic semiconductors [16,17]. The inorganic
semiconductors possess a strong Coulomb potential and offer Wannier-Mott excitons in which
electrons and holes are weakly bound across several lattice sites, thereby preventing the relaxation
mechanisms of polariton at large population densities [18,19]. On the other hand, excitons
in organic semiconductors are tightly confined Frenkel excitons within the volume of a single
molecule, thereby allowing large binding energy and strong oscillator strength of the excitons
[20]. Metal halide-based perovskites, a unique class of semiconductors containing group VII
elements, such as Br and I, provide remarkably combined properties from organic and inorganic
semiconductors for a strong coupling study [21,22]. Similar to inorganic excitons, perovskite
excitons are of the Wannier-Mott type, thus exhibiting giant nonlinearity features compared
to the Frenkel excitons in organic materials. However, similar to organic excitons, perovskite
excitons possess very high binding energy of a few hundred meV and strong oscillator strength for
light-matter interactions. These unique features of perovskites are ideal to study exciton-polariton
at room temperature. To date, perovskites-based polaritons have been proposed and realized only
in traditional microcavities [23–25], surface plasmon polaritons [26,27], micro/nanowires [28,29],
and all-perovskite lattices [30–32]. Nonetheless, unlike the traditional excitonic materials for
strong couplings, such as ZnO, GaAs, or GaN, a high-quality perovskite layer can be achieved via
an all-solution-based process, thus enhancing this material’s compatibility with matured CMOS
technology having low-cost fabrication requirements. Harnessing polaritons at room temperature
by spin-coating a thin film perovskite layer onto a processed silicon layer of a CMOS chip would
be ideal to build future polaritonic devices. Recent studies have reported the surface lattice
resonances (SLRs) of structured Si to achieve polaritons using organic molecules [33,34] and
those of Ag structures using perovskites for conventional lasing [35]. However, owing to high
refractive indexes of perovskites, perovskite-based polaritons on the patterned silicon platform or
even broader SLR-supported system are yet to be investigated.

In this study, a Si nanodisk array has been numerically analyzed to realize strong coupling with
a two-dimensional halide perovskite. The metasurface is composed of a two-dimensional array
of Si nanodisks on a sapphire substrate. A thin film of phenethylammonium lead iodide (PEPI)
perovskite (C6H5C2H4NH3)2PbI4) covers the metasurface. The resonant Si particles are shown
to radiatively couple with the diffraction orders of lattice using Rayleigh anomalies to form SLRs
whose origin is investigated using multipole decomposition analysis. The polaritons are shown
to be easily achievable using positive and negative detuning of the coupling. The results indicate
that the Rabi splitting values can be manifested by engineering the ratio of the electric fields
confined within the Si structures and perovskite layer. Finally, we discuss the minor role of the
Q-factor of photonic modes in determining the Rabi splitting values.

2. Design and photonic modes in passive materials

A two-dimensional lattice of Si nanodisks is designed on a sapphire substrate (n= 1.76) to focus
on the SLRs while eliminating the waveguide-induced modes [36]. The schematic of the sample
is shown in Fig. 1(a). Si nanodisks with the height h= 30 nm and radius r= 56 nm are selected,
and their periodicities in the x- and y-directions are px = 260 nm and py = 320 nm, respectively.
We use a thin layer of PEPI perovskite that forms multiple quantum wells owing to the intertwined
bandgaps of the organic and inorganic compounds, as shown in Fig. 1(a). The excitons are
formed in the inorganic layers and confined by the surrounding organic layers because of a
reduction in lateral space and dielectric confinement. The combined confinements produce a high
binding energy of the perovskites’ excitons, which is up to 200 meV at room temperature [37,38].
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Additionally, the perovskite exhibits a well-defined peak in the absorption spectrum, which is
a signature of its large oscillator strength [39]. The excitonic properties of the perovskite can
be also inferred using relative permittivity. The optical properties of the PEPI perovskites were
imported by experimental values [40] and displayed in Fig. 1(b). A pronounced peak appearing
in the imaginary part of the permittivity indicates a large binding energy of the exciton whose
dielectric function can be described by the Lorentz model: ϵp(ω) = n2

∞ + A/(E2
X − E2 + iΓXE),

where n∞ = 2.4 is the refractive index of passive material, EX = 2.4eV is the excitonic energy,
and ΓX = 0.03eV is the homogeneous linewidth of PEPI perovskites with the oscillator strength
A = 0.4eV2 [27]. In our work, a passive design refers to the same structure; however, the
perovskite material is replaced by a dielectric material with only a real refractive index n∞ (the
excitonic resonance is taken out). The permittivity of Si is obtained from Ref. [41]. The system
was modeled using a commercial finite element simulator (Comsol Multiphysics, WaveOptics
Module). A plane wave was excited atop the structure with Floquet’s boundary conditions, and
the reflectivity occurring at the same port was probed. When the thickness of perovskites is
tuned in the common range of perovskite-based optoelectronics (50 nm to 500 nm, see Fig.S1,
Supplement 1), an optimal thickness to excite the SLRs is around 200 nm.

Fig. 1. a) Schematic diagram of a rectangular lattice of Si nanodisks on a sapphire substrate
covered by a thin layer of PEPI perovskite. The periodicity in the short and long axes are
px = 260nm and py = 320nm, respectively. The thin film (200 nm) of perovskite has an
intertwined architecture of organic and inorganic layers forming quantum wells. E0 denotes
the bandgap energy between the conduction and valance bands. b) Dielectric functions of
PEPI perovskite indicate a pronounced exciton at 2.4 eV.

The properties of SLR modes in the passive design are discussed as follows. A plane wave is
excited atop the structure with Floquet’s boundary conditions and the reflectivity at the same
port is probed. Because the lattice is rectangular, the dispersion relation would be different based
on the projected axis of the incident waves. Consider the incident angle, θ, with respect to the
normal axis; thus, the dispersion of SLRs corresponding to the incident planes xOz and yOz
obeys the following equations 1(a) and 1(b), respectively:
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where ks and kx,y =
2π
λ sinθ are the scattered and incident wave numbers in x- and y- directions,

and (p,q) are integers defining the in-plane diffraction orders, (also known as Rayleigh anomalies
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(RAs)). The SLR is a hybrid mode between the resonators and diffracted waves; hence, it is
evident in the RA of scattering spectra. Particularly, we focus on the lowest energy modes
corresponding to the first diffraction orders, i.e., |p+ q|=1. These modes consist of four couples
(0,1), (0,-1), (1,0), and (-1,0) of (p,q) corresponding to the two pairs of SLR modes SLR(±1,0)
and SLR(0,±1) that are perpendicularly polarized requiring the y- and x-polarized excitation light,
respectively, for any incident plane. At normal incidence (i.e. kx,y = 0), Eq. (1)(a,b) indicates
that the offset energies of SLR(±1,0) and SLR(0,± 1) are imposed by the periods px along
x-direction and py along y-direction, respectively (see Supplement 1 for more details). Therefore,
the detuning of SLR(±1,0) and SLR(0,±1) can be determined independently with respect to
the excitonic resonance using px and py, respectively, i.e., the splitting between SLR(±1,0) and
SLR(0,±1) can be controlled via the anisotropy ratio px/py. Figure 2(a) shows the variation in
offset energies of the two pairs while scanning the anisotropy ratio. Here, the SLR (±1,0) and
SLR(0,±1) at k= 0 µm−1 are excited by an electric field polarized in x- and y-directions, or Pol-x
and Pol-y, respectively. The individual reflectivities are then combined and normalized to form
Fig. 2(a). The ratio px/py is scanned by simultaneously tuning the px and py while fixing their sum
which is equal to 580 nm. Evidently, SLR(±1,0) and SLR (0,±1) intersect at px/py = 1 and split
when a small anisotropy is introduced. At oblique incidence, SLR(±1,0) remains degenerated
along ky with parabolic dispersion (see Eq. (1b)), whereas the degeneracy of SLR(±1,0) is lifted
along kx, thereby exhibiting linear energy-momentum dispersions of opposite group velocities
(see Eq. (1a)). Similarly, SLR(±1,0) remains degenerated along kx with parabolic dispersion (see
Eq. (1a)) while splits into linear dispersions of opposite group velocities along ky (see Eq. (1b)).
For both pairs, the parabolic/linear dispersion along kx transforms to linear/parabolic dispersion
along ky [42].

Fig. 2. a) The surface lattice resonances of the Si nanodisk arrays as a function of the
asymmetric ratio. They are excited at k= 0 µm−1 using electric fields in x- (Pol-x) and
y- (Pol-y) directions. b) The resonator couples with in-plane diffraction orders (±1, 0) in
x-direction. c) SLR of the arrays when the resonator couples with diffraction (0,±1) in
y-direction. The red dashed lines in b) and c) indicate the position of the exciton (Ex) of
perovskites.

Because SLR(±1,0) and SLR(0,±1) behave similarly and their detuning with respect to the
excitonic resonance can be independently addressed, the rest of the paper focuses on SLR(±1,0)
without losing the generality. To numerically investigate these modes, the angle-resolved
reflectances of the passive metasurface with px = 260nm and py = 320nm are shown in Figs. 2(b)
and 2(c), respectively, which are excited using y-polarized light along kx and ky. The energy of
PEPI exciton (i.e. EX = 2.4 eV) is indicated by dashed red lines in Figs. 2(b,c). The analytical
calculations of Rayleigh anomalies for corresponding diffraction orders are denoted by dashed
black lines. Figure 2(c) indicates that the parabolic dispersion along ky of SLR(±1,0) is almost
dispersionless; hence, it is not suitable for studying the strong coupling regime. Contrarily, the
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linear dispersion along kx of SLR(±1,0) is of high group velocities [Fig. 2(b)]. Particularly,
SLR (1,0) intersects the excitonic resonance at kx = 1.38µm−1, thus being a good candidate
for investigating the anti-crossing feature of the strong coupling regime in active structures.
Figure 3(a) shows the photonic mode designed to achieve exciton polariton using PEPI perovskites.
The two modes SLR(±1,0) are monitored for different incident angles, as indicated by the two
dispersive peaks (black dashed lines). The SLR(1,0) crosses the exciton at 7◦, denoted by the
point A2 in the spectrum. The peak A1 marks the SLR(-1,0) of the lattice at the same angle. The
corresponding electric field intensities are presented in Fig. 3(b). These field distributions reveal
the formation of the diffracted waves extending to the edges of the unit cell when the resonances
of the Si nanodisk couple with the in-plane diffracted orders of the lattice.

Fig. 3. a) Simulated reflectance spectra of the Si metasurface probed in x-direction under
varied oblique incident angles. A is the SLR of px when the resonator of the Si nanodisk
couples with grazing diffracted waves. A1 and A2 are degeneracy of point A as the incident
angle increases. b) The electric fields of SLRs (points A1 and A2) when they are excited at
7◦ with respect to the normal axis. The upper panels show normalized E-fields at the side
view truncated at the middle of the Si nanodisk, whereas the lower ones show the normalized
E-fields at the middle plane of the disk (green dash lines). The cyan dash lines indicate the
interfaces between layers.

To gain insight into the formation of SLR(±1,0), the multipole decomposition of the Si
nanodisk array embedded in the passive layer is calculated. It is known that a miniaturized
high-index structure can support both electrical and magnetic resonances as a result of efficient
coupling of the displacement current inside the resonator and external electromagnetic waves.
The nature of resonances can be described using the Mie theory [43–45]. Previous studies of
dielectric resonators indicated that the electrical and magnetic resonances associated with Si
nanostructures could be tuned independently by altering the geometric parameters and optical
environmental settings [46–52]. The scattering coefficient of the proposed structure [ Fig. 4(a)] is
calculated using the multipole analysis from an electric charge-current distribution, as proposed
in Ref. [53]. Here, the periodic boundary condition and diffraction orders are implemented to
consider the lattice effect. Among the first and second order electric and magnetic resonances,
the proposed structures are governed by the electric resonance because of the small Si thickness.
Peak C (2.787 eV) is attributed to the cylinder’s electric dipole response. The radiative coupling
of the electric dipole with the first diffracted wave (peak B at 2.157 eV) produces the SLR (peak
A at 2.279 eV). To verify the accuracy of the multipole decompositions, the SLR excitation at
0◦ is shown in Fig. 4(b). A good agreement of the spectral positions of peaks (A, B, and C) is
obtained in the reflectance spectrum, which indicates a strong correlation between the multipole
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contribution calculation and simulated reflectance spectrum. The multipole decomposition
indicates the three emerging resonance peaks contributed by electric dipole radiation of the Si
nanodisk coupled with the first diffraction orders of lattices.

Fig. 4. a) Contribution of each multipole to the scattering efficient of the Si lattice.
The calculation is based on expressions for the multipolar decomposition of an electric
charge–current distribution from Ref. [33], which incorporates the lattice effect. The
geometric parameters of Si nanodisk are: radius r= 56 nm, height h= 30 nm, while the
lattices in x- and y-axes are 260 nm and 320 nm, respectively. b) Reflectance spectrum of the
Si metasurface at normal incidence.

3. Polaritonic modes in active materials

Herein, we investigate the strong coupling regime between the aforementioned SLRs and PEPI
excitonic resonance in the active structure (i.e., the imaginary part of the permittivity of the PEPI
layer is taken into account). Figure 5 shows the angle-resolved reflectivity spectra along kx under
y-polarized excitations. We make the following observations:

• A dispersionless resonance signal at 2.4 eV indicates the fraction of PEPI excitons that do
not couple with the photonic modes.

• The strong coupling regime is indicated by an avoided crossing observed at kx = 1.38
µm−1 between the two modes LP1 and UP1 for the lower and upper polariton branches,
respectively. These polaritonic modes originate from the hybridization of SLR(1,0) and
PEPI excitons. A Rabi spitting of Ω1 = 230meV is extracted from the splitting of these
two modes at the avoided crossing momentum.

• Another pair of polariton branches, i.e., LP2 and UP2 (with resonance signal less pro-
nounced), is originated from the strong coupling between SLR(-1,0) and PEPI excitons.
Because the SLR(-1,0) does not cross the excitonic energy in passive structure [see
Fig. 2(b)], there is no avoided crossing point for LP2 and UP2. Therefore, the Rabi splitting
energy is not “visible” in these spectra. However, the bending of the UP2 band near the
exciton energy at high wavevectors is a hallmark of the strong coupling regime, and clearly
indicates the conversion from photonic-like at low wavevectors to excitonic-like at high
wavevectors of this mixed state.

We now implement a simple effective theory to explain the observed coupling mechanisms,
noting that all polaritonic modes can be calculated rigorously using a fully quantum model-
mechanical formalism [54,55]. Because excitons are uniformly and randomly distributed in the
PEPI film, the nature of their coupling with the SLRs can be different depending on their location
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Fig. 5. Angle-resolved reflectance of the Si nanodisk array coupled with perovskites. Two
avoided crossing points are observed at k= 1.38 µm−1. The first Rabi splitting Ω1 results
from a negative detuning between the SLR(1,0) and excitons of the perovskites, thereby
forming the upper branch of polariton (UP1) and lower branch of polariton (LP1). From this
reflectivity, the extracted value of Ω1 is 230 meV. Other polaritons are created owing to the
interaction between SLR (-1,0) and the exciton. The avoided crossing is not observed owing
to the absence of crossing between them.

with respect to the SLR(±1,0) hot spots [i.e. positions of strong intensities in Fig. 3(b)]. A
significant fraction of excitons resides outside the field hot spots and cannot be efficiently coupled
with the SLRs. They are responsible for the dispersionless resonance in Fig. 5. The excitons in
the vicinity of field hot spots can undergo the strong coupling regime with SLRs. However, these
excitons cannot strongly couple with both SLR modes because the hot spot locations of SLR(1,0)
overlap with cold spot locations of SLR(-1,0) and vice-versa. Consequently, these excitons can be
divided into the following two types: one half coupling strongly with the SLR (1,0) and another
half with SLR (-1,0). Thus, the polaritonic modes are described by an eigen-problem of four
coupled oscillators, given as follows [27]:⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

EX − iΓX g10 0 0

g10 E10 − iΓ10 0 0

0 0 EX − iΓX g−10

0 0 g−10 E−10 − iΓ−10

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

α10

β10

α−10

β−10

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
= E

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

α10

β10

α−10

β−10

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(2)

where EX , E10, and E−10 are the energies of the exciton, SLR(1,0), and SLR(-1,0), respectively.
ΓX , Γ10, and Γ−10 represent the dissipate rates of the exciton and collective resonances. E is
the eigenvalue energy of the polaritonic modes. α±10 and β±10 are the respective Hopfield
coefficients of the excitons and photonic modes that constitute the polaritons. The fitting of
UP1 and LP1 polaritonic modes (black dashed lines in Fig. 5) corresponds to a Rabi splitting
of Ω1 ≈ 2g10 = 222meV that commensurates with the extracted values from the numerical
simulations of reflectivity spectra and it is in good agreement with the typical Rabi splitting of
PEPI-based polaritons [30]. Furthermore, the fitting of UP2 and LP2 branches (purple dashed
lines) allow us to obtain the second Rabi splitting Ω2 that cannot be directly extracted from
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numerical simulations. The obtained value of Ω2 is 6 meV smaller than that of Ω1, thereby
indicating that the coupling strengths g10 and g−10 are practically equal. The similar coupling
strengths are in accordance with the fact that (1,0) and (-1,0) are first diffraction orders coupled
with the same electric dipole mode.

The mixed exciton-photon nature of the polaritonic states is quantified by the excitonic fractions
|α±10 |

2 and photonic fractions |β±10 |
2 that are calculated using the Hopfield coefficients obtained

from the fittings of the four polaritonic modes. Furthermore, the excitonic and photonic fractions
are plotted in Fig. 6 as functions of the wavevector kx. Crossing points of excitonic and photonic
fraction curves at kx = 1.38 µm−1 in Figs. 6(a,b) indicate a balance of 50%-50% of exciton-photon
hybridization for LP1 and UP1 at the avoided crossing point. The crossing points between fraction
curves are not observed in Figs. 6(c,d) owing to the absence of avoided crossing point between
LP2 and UP2. However, these states exhibit mixed exciton-photon behaviour with the highest
hybridization of 28%-72% at kx = 0.

Fig. 6. a) Hopfield coefficients for polaritons in Si nanodisk array with PEPI perovskites.
The linear composition of excitons or SLR modes in each polariton branch are shown. a)
and b) indicate the compositions of upper and lower polariton brands created by the coupling
between SLR(1,0) and the excitons. c) and d) indicate the compositions of the upper and
lower polaritons from a positive detuning.

The strong coupling mechanism is engineered by tuning the geometry of the Si nanodisks
in which the photonic losses of the passive structure and avoided crossing point between LP1
and UP1 of the active structure are monitored for different nanodisk sizes. The disk thickness
(30 nm) is kept constant to conserve the original physics of the Si lattice. The nanodisk radius is
scanned from r= 30 nm (filling factor, ff = 1%) to r= 111 nm (ff = 14%), where the filling factor
ff is defined as the volume of the Si cylinder divided by the unit cell volume of the perovskite
layer (320 nm x 260 nm x 200 nm). Figure 7(a) represents the Q-factor of the passive structure
and Rabi splitting as a function of the filling factor. The results indicate that the passive quality
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factor decreases with increasing ff, which can be nicely fitted using the following quadratic law:
Q(ff ) = Q0 +

α
f f 2 where Q0 = 37 and α = 0.1. This simple dependence of the quality factor can

be explained as a quasi-bound state in the continuum behaviors. Indeed, for ff= 0, the passive
structure only consists of a lossless dielectric slab (n= 2.4) on sapphire. Thus, the photonic
mode is a lossless guided mode with an infinite quality factor Q(ff = 0) = ∞. This perfect
photonic bound state is perturbated when the silicon disks are implemented (i.e. non-zero ff )
and it becomes leaky via radiative channels (i.e. radiation to the free space) and non-radiative
channels (i.e. absorption of Si). Such perturbations produce a quasi bound state in the continuum
situation that usually exhibits quadratic decline law as a function of the perturbation strength.
For high values of filling factor, the structure can be assimilated as a lossy silicon slab on top of a
lossless dielectric slab on sapphire, having Q0 as quality factor.

Fig. 7. a) Correlation between quality factor and Rabi splitting as a function of filling factor.
b) Rabit splitting (Ω1) of the polariton is shown as a function of the field faction η. The
field faction is defined by a ratio of electric field confined in the Si disk to that of the PEPI
thickness. c) The electric field distribution crosses the unit cell at points D, E, and F. A
stronger energy confined in the Si disks leads to a decrease of the electromagnetic energy
interacting with the exciton. It results in a decline of the Rabi slitting.

The Rabi splitting as a function of the filing factor is shown in Fig. 7(a), which decreases
with increasing filling and it can be fitted using the following linear decreasing law: Ω(ff ) =
Ω0(1 + β.ff ), where Ω0 = 244 meV and β = −2.9. Particularly, ff = 0 corresponds to the
structure of a PEPI waveguide on sapphire and Ω0 is the Rabi splitting of polaritonic modes
arising from the strong coupling between photonic guided mode and PEPI excitons. The distinct
features of the Rabi splitting and Q-factor in the same variation of the filling factor indicate that
the quality of the photonic mode plays a trivial role in the determination of Rabi splitting strength,
which is consistent with a recent study on the all-perovskite polariton [21,56]. The electric fields
in the lattices are analyzed to gain insights into the contradictory features of Rabi splitting as the
geometry of the cylinders is tuned. We calculate the field fraction, η , between electric fields
confined within the Si cylinder (ESi) and those confined in the perovskite slab Ep; hence, the
normalized η = ∫VSi |ESi |dV

∫Vp |Ep |dV . The Rabi splitting as a function of the field fraction is shown in
Fig. 7(b). The numerical results are in agreement with the formula Ω(η) = Ω0(1 − η)2 without
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any more fitting parameters, where 1 − η is the fraction of the electric field confined in the
perovskite. If the energy (∝E2) is confined in the perovskite slab, the exciton-SLR couplings are
enhanced. Consequently, the Rabi splitting is relatively stable, provided that the energy remains
in the perovskite layer. As the disk diameters are increased, a shift in the energy confinement
is observed inside the Si nanodisks, thereby resulting in a less interactive energy between the
SLR and excitons and decreasing the Rabi splitting. The evolutions of energy confinement with
increasing disk radius at several representative points (D, E, F) are shown in Fig. 7(c).

4. Conclusions

In summary, we proposed a system of thin Si metasurfaces on a sapphire substrate to realize
exciton polariton at room temperature for a thin film of halide perovskite. The optical properties
of a Si crystalline are used to excite the resonances in a rectangular lattice of Si nanodisks, which
emerge when the electric dipole radiation of the Si nanodisk is coupled with the grazing waves
in lattices. The asymmetric lattice of Si nanodisks was designed to separate photonic modes
and allow individual investigation of their roles in the formation of exciton polariton. The Rabi
splitting (larger than 200 meV) was numerically demonstrated to be easily achievable for the
perovskite thin film. Furthermore, engineering the confined energy in the perovskite thin film
is crucial in controlling the Rabi splitting. The system can be fabricated using commercial Si
on Sapphire (SOS) substrates and low-loss a-Si [57]. These findings are important designing
strategies for implementing sensing and polaritonic devices. Other than the regular cylindrical
lattices, more complex lattices can be engineered. Various concepts, such as bound states in the
continuum (BIC) and quasi-BIC, can be used to engineer higher quality factor for sensing and
polaritonic devices and photonic band dispersion.
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