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Recent advances in exciton-polariton in
perovskite
Khalil As’ham, Andergachew Mekonnen Berhe, Ibrahim A. M. Al-Ani,
Haroldo T. Hattori and Andrey E. Miroshnichenko*

Along with being superior in solar cell applications, perovskites are also gaining popularity as an ideal semiconductor ma-
terial for investigating light-matter interaction in the strong coupling regime. In recent years, the demonstration of exciton-
polaritons in perovskites has advanced rapidly due to the materials' exceptional optical characteristics, which include rel-
atively  high  refractive  indices,  large  binding  energies,  strong  room-temperature  excitons,  broad  wavelength  tunability,
and simple and cost-effective growth conditions. Here, we discuss the fundamental properties of perovskite semiconduc-
tors for exciton-polaritons and review their recent rapid advances in the strong coupling between excitons in perovskite
and various photonic cavities. More specifically, we survey the recent progress on the theoretical and experimental real-
ization of strong light-matter interaction using a variety of optical cavities, and their applications in the polariton conden-
sation and polariton lasing. Finally, we provide an outlook and future prospects in this exciting field.
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 Introduction
In  addition  to  aiding  us  in  comprehending  the  world
around  us  in  all  of  its  various  forms  and  colours,  re-
search into the interaction between light and matter has
also made it possible to develop many of the cutting-edge
technologies  we  use  today.  Light  usually  interacts  with
matter  in  two  ways:  without  energy  exchange  (no  cou-
pling),  as  in  reflection,  transmission,  and  scattering,  or
with energy exchange (coupling), as in absorption, emis-
sion, and strong coupling. Strong coupling between exci-
ton and photonic cavities offers an excellent platform for
studying different kinds of fascinating physics phenome-
na, including Bose-Einstein condensates, polariton bista-
bility,  and  superfluidity.  Furthermore,  strong  coupling
allows for developing several innovative applications and
technologies,  including  ultralow  threshold  polariton

lasing and ultrafast all-optical switch systems1,2.
Many  traditional  organic,  inorganic,  and  wideband

gap semiconductor materials, such as silicon, gallium ar-
senide, gallium nitride, and zinc oxide, have been incor-
porated  into  various  resonant  photonic  structures  to
demonstrate  strong  coupling  between  light  and  matter.
However,  these  materials  suffer  from  either  the  small
binding energy of excitons that makes the observation of
strong coupling only possible at cryogenic temperature or
expensive and complicated fabrication processes. There-
fore,  it  is  necessary  to  develop  strong  coupling  at  room
temperature cost-effectively. The emergence of transition
metal  dichalcogenides  (TMDC)  monolayers  have
demonstrated  huge  potential  in  this  regard  due  to  their
intriguing  physical  and  chemical  properties  as  well  as
their large exciton binding energy at room temperature3,4. 
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These  high  quality  TMDCs,  however,  are  typically  pro-
duced  using  low-throughput  exfoliation  techniques  and
are typically only micrometre in size.

In contrast, lead halide perovskite materials have a di-
rect bandgap, thus enabling high luminescence quantum
yield  and  making  them  promising  candidates  for  next-
generation  photonic  devices5−9.  Furthermore,  they  have
large  exciton  binding  energy,  rendering  them  an  ideal
platform for realizing exciton-polariton at room temper-
ature10,11. In addition to their direct bandgap, perovskites
exhibit  strong  oscillator  strength  and  composition-de-
pendent  tunability,  allowing  precise  control  of  optical
properties across a broad spectral range. Their solution-
processable  nature  enables  cost-effective  and  scalable
fabrication of high-quality thin films and photonic struc-
tures  at  room  temperature,  distinguishing  them  from
traditional  semiconductors  that  often  require  complex
and  expensive  processing.  These  advantages  collectively
facilitate robust exciton-photon coupling,  leading to en-
hanced  nonlinear  phenomena  at  ambient  conditions.
Consequently, perovskites provide a versatile and power-
ful  platform  for  both  fundamental  studies  and  practical
implementations  of  strong  coupling,  outperforming
many conventional materials in terms of ease of fabrica-
tion and operational temperature range.

This  review  surveys  recent  advances  in  strong  cou-
pling observation in lead halide perovskite materials. We
first briefly introduce the fundamental physics of strong
coupling,  followed  by  a  highlight  of  perovskite  optical
properties.  Then,  the  strong  coupling  between  excitons
in  perovskite  and  mirror-based  microcavities  is  dis-
cussed. Following that, we discuss the plasmonic nanos-
tructures  approach  for  strong  coupling  observation  in
perovskite  materials.  Besides,  we  also  review  the  recent
progress on exciton-polariton by leveraging optical reso-
nances in all-dielectric metasurfaces. Finally, we provide
our  vision  of  the  challenges  and  opportunities  in  this
rapidly developing field.

 Introduction to strong coupling regime
Light-matter interaction falls within the strong coupling
regime  when  the  energy  exchange  rates  between  light
and  matter  exceed  their  decoherence  rates.  This  strong
coupling,  for  instance,  between  excitons  in  perovskite
materials and photonic or plasmonic cavities, can be de-
scribed by the coupled oscillator model12−15: 

(
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g EX + iℏΓX

)(
α
β

)
= ELP,UP

(
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)
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where EP and EX are the resonance energies of the cavity
photon  and  exciton,  respectively;  is  the  coupling
strength,  and ΓP and ΓX are  the  half-widths  at  half-
maximum (HWHM) of the photonic and excitonic reso-
nances. The eigenvalues,  are the energies of the re-
sulting mixed states,  and α and β are the corresponding
eigenvector  components  satisfying .  As  il-
lustrated in the energy diagram in Fig. 1(a), these mixed
states  form two distinct  energy  branches:  the  upper  po-
lariton (UP) and the lower polariton (LP) branches.

ELP,UP

Taking the determinant of Eq. (1) leads to the expres-
sion for : 
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ℏ
The  coupling  strength  can  be  reflected  by  Rabi  split-

ting  energy  ( Ω),  which  is  the  minimum  energy  differ-
ence between the two branches. When EP = EX, the Rabi
splitting becomes: 
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Therefore, to realize exciton-polaritons in perovskites,

two  conditions  must  be  satisfied:  and

.  When  these  conditions  are

met,  the  system  enters  the  strong  coupling  regime.  In
this  regime,  photons emitted after  the recombination of
an  electron  and  the  hole  will  not  propagate  away;  in-
stead,  the  system  will  absorb  it  again,  leading  to  energy
exchange  back  and  forth  between  the  photon  and  exci-
ton. The uniqueness of such mixed states lies in the com-
bined  advantages  of  their  photonic  and  excitonic  parts,
which promise many novel applications in photonics, in-
formation processing and quantum technologies16,17.

In addition to the above theoretical explanation, a sys-
tem  entering  the  strong  coupling  regime  can  be  clearly
identified experimentally by the existence of two peaks in
the absorption and photoluminescence (PL) spectra that
correspond  to  the  formation  of  the  two  polaritons
branches  (Fig. 1(a)).  Another  feature  of  a  strongly  cou-
pled  system  is  the  anti-crossing  behavior  in  dispersion
curves of the resonances when the cavity resonance is de-
tuned around the exciton resonance (Fig. 1(b)).
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The formed mixed state has the combined advantages
of the photonic part,  such as rapid propagation and low
effective  mass,  as  well  as  the  highly  desirable  optical

properties  of  exciton,  such  as  nonlinearity.  These  joint
properties not only provide an ideal  platform for study-
ing  many compelling  physics  phenomena such as  Bose-
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Fig. 1 | Schematic illustration of light-matter interaction in the strong coupling regime. (a) Schematic representation of strong coupling between a

cavity mode and an exciton in a semiconductor leading to energy spilt into two branches as shown in energy diagram and absorption spectrum.

(b) Anti-crossing behavior of light (Photonic mode) and matter (Exciton) when the cavity resonance is detuned around the exciton resonance.
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Einstein  condensation,  polariton  bistability,  and  super-
fluidity, but also lead to the emergence of many novel ap-
plications and technologies such as ultra-small polariton
laser18,  ultrafast  all-optical  switching19,20,  and  transfer
technologies. In addition, it exhibits considerable poten-
tial for high-performance all-optical 2D devices.

 Fundamental physics of perovskite semiconductors
for exciton-polaritons
In addition to their superiority in solar cell applications,
lead halide perovskites are becoming increasingly attrac-
tive as a semiconductor material  for photodetectors and
light-emitting  devices  such  as  LEDs  and  microlasers.
They have a high absorption coefficient, a long diffusion
length, a large defect tolerance, and low nonradiative re-
combination  rates.  Lead-halide  perovskites  have  the

chemical formula ABX3, where A is a monovalent organ-
ic  or  inorganic  cation  (Cs+,  Rb+,  CH3NH3+,  NH2

CHNH2+, etc.), B is a metal cation (Pb2+, Sn2+, Ge2+, etc.),
and X is  a  halide anion (Cl-,  Br-,  I-,  or  their  mixture).  A
schematic  illustration  of  perovskite  structures  is  shown
in Fig. 2(a)21. As shown in the figure, the 2D Ruddlesden-
Popper can be viewed as a stacked structure made of one
or  more  layers  of  metal-halide  octahedra  separated  by
organic  cations.  This  structure  is  subject  to  both dielec-
tric  and  quantum  confinement.  However,  when  the
number  of  layers  is  increased  to  infinity  and  confine-
ment is  lost,  the structure is  classified as a  3D bulk per-
ovskite.  In  the  case  of  a  2D  structure,  exceptional  tun-
ability  that  is  not  possible  with  standard semiconductor
materials  could  be  achieved  by  changing  the  cations  or
anions,  the  number  of  inorganic  layers,  or  the  organic
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Fig. 2 | Optical properties of perovskite. (a) Crystal structures of metal halide perovskites. (b) The exciton ground state's binding energy of per-

ovskite decreases with the increase in the inorganic layer number because of weak quantum confinement at high inorganic layer numbers. (c)

Shows  CsPbCl3,  CsPbBr3,  and  CsPbI3 nanoplatelet  optical  absorption  and  PL  spectra.  Figure  reproduced  with  permission  from:  (a)  ref.21,

Springer Nature; (b) ref.25, under a Creative Commons Attribution License; (c) ref.26, John Wiley and Sons.
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portion's characteristics.
Because  of  their  reduced  dimensionality  and  strong

confinement,  2D perovskites  exhibit  significantly  higher
exciton binding energies compared to their 3D counter-
parts  (typically  tens  of  meV)22.  This  large  exciton  bind-
ing energy not only ensures stable excitons at room tem-
perature  but  also  enhances  strong  light–matter  interac-
tions,  a  prerequisite  for  robust  exciton-polariton forma-
tion in optical cavities. In contrast, while 3D perovskites
have  lower  exciton  binding  energies,  they  can  still
achieve  strong  coupling  due  to  their  high  oscillator
strengths  and  ability  to  form  high-quality  cavities.  For
example,  Paul  Bouteyre  et  al.  demonstrated  room-tem-
perature  cavity  polaritons  with  3D  hybrid  perovskites,
achieving a  Rabi  splitting of  70  meV in a  planar  micro-
cavity containing a spin-coated CH3NH3PbBr3 thin film.
These  findings  underscore  the  versatility  of  perovskite
materials  in  exciton-polariton  applications23.  The  Rud-
dlesden-Popper phase in 2D perovskites can further en-
hance  polariton  effects  due  to  the  large  dielectric  con-
trast  and  quantum  confinement,  leading  to  larger  Rabi
splittings24.

This  adaptability  significantly  impacts  the  perovskite
material’s  bandgap and exciton binding energy,  as  illus-
trated in Fig. 2(b)25. As a result, 2D perovskites show un-
precedented control over optical absorption and colorful
light  emission. Figure 2(c) shows  the  optical  absorption
and  PL  spectra  of  nanoplatelets  composed  of  CsPbCl3,
CsPbBr3,  and  CsPbI326.  Because  of  these  exceptional
properties,  as  well  as  their  low fabrication cost,  high re-
fractive indices,  and ease of integration with other types
of structures, halide perovskites have promised many ex-
citing  applications  in  advanced  nanophotonic  devices.
For  instance,  Laura  Polimeno  et  al.  have  demonstrated
polariton  condensation  at  room  temperature  in  cesium
lead  bromide  (CsPbBr₃)  microplatelets,  facilitated  by
whispering  gallery  modes  (WGMs).  This  was  achieved
by  synthesizing  CsPbBr₃  microplatelets  with  controlled
geometry using a low-cost  capillary bridge method.  The
precise  geometry  and  high  optical  quality  of  these  mi-
croplatelets  enabled  the  formation  of  polariton  conden-
sates  at  low  excitation  thresholds  (≈8  μJ/cm²)27.  This
work highlights the critical role of structural engineering
in  achieving  the  strong-coupling  regime.  These  unique
properties  such  as  low  excitation  thresholds  and  ultra-
fast  dynamics  can  be  harnessed  to  develop  more  effi-
cient  optoelectronic  devices,  including  polariton  lasers,
high-speed optical communications, and other technolo-

gies  that  require  efficient  light-matter  interactions  at
room temperature.

 Exciton-polaritons in perovskite
semiconductors

 Strong coupling in Perovskite enabled mirror based
microcavities
After  the  first  demonstrations  of  exciton-polariton  in
perovskite materials using distributed feedback cavity in
198928 and  infiltrated  photonic  crystals  in  200129,  the
field was initially  driven by the need to establish funda-
mental light–matter interactions in these emerging mate-
rials.  Fabry-Pérot  based  microcavities  were  proposed  as
promising  candidates  for  such  demonstration  mainly
owing  to  their  relatively  high Q-factors.  From  2006  to
2012, Fabry-Pérot type microcavities based on all-dielec-
tric  mirrors,  all-metal  mirrors,  and  hybrid  dielectric-
metal  mirrors  have  been  utilized  to  realize  the  strong
coupling  in  2D-perovskite  semiconductor  material  in
several  studies30−36.  These  works  were  interconnected by
their  shared goal  to  understand how different  cavity  ar-
chitectures  could  improve  exciton-photon  coupling,
thereby  bridging  early  demonstrations  with  more  re-
fined,  application-oriented  designs.  Later  in  2017,  both
strong coupling and polariton lasing were experimental-
ly  realized  in  a  microcavity-based  design  consisting  of
all-inorganic  perovskite  (CsPbCl3)  nanoplatelets  sand-
wiched  between  two  distributed  Bragg  reflectors  (DBR)
mirrors  formed  by  HfO2/SiO2 layers37.  This  advance-
ment  not  only  validated  the  theoretical  predictions  but
also  provided  a  link  between  fundamental  studies  and
practical  device  implementations,  as  clearly  depicted  by
the  schematic  in Fig. 3(a) and  the  experimental  data  in
Fig. 3(b).  As  a  result, Fig. 3(b) reveals  the  measured  ab-
sorption  and  photoluminescence  emission  of  CsPbCl3
perovskite  on  mica  substrate,  as  well  as  the  polariton
emission after  the  CsPbCl3 perovskite  was  placed in the
microcavity. In 2018, DBR-based microcavities compost-
ed of tantalum oxide (Ta2O5) and silicon dioxide (SiO2)
were  also  used  to  realise  the  strong  coupling  large  with
Rabi  splitting  (~242  meV)  in  organic-inorganic  per-
ovskite  [(PEA)2PbI4,  (PEA)2PbBr4]  at  room  tempera-
ture38.  The  angle-resolved  spectroscopy  analysis  reveals
that  the  hybridized  polariton  states  form  coherent  and
reversible  energy  oscillations,  highlighting  the  potential
of  2D  perovskites  in  exploring  quantum  phenomena,
such as Bose-Einstein condensation.
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In the same year of 2018,  coherent polariton conden-
sate in a one-dimensional all-inorganic cesium lead bro-
mide  (CsPbBr3)  perovskite  microwire  embedded  into
microcavity  was  experimentally  reported  for  the  first
time39. This pioneering demonstration establishes a criti-
cal milestone by achieving robust room-temperature op-
eration and introduces a unique 1D confinement that fa-
cilitates  long-range  coherent  propagation.  To  enter  the
nonlinear  regime,  the  system  was  non-resonantly
pumped by a  400 nm pulsed laser  with a  repetition rate

of 1 kHz. Such an excitation scheme enables efficient po-
lariton-reservoir  interactions,  ensuring  a  rapid  build-up
of  polariton  density  essential  for  condensation. Figure
3(c) shows  the  lower  polariton  dispersion  as  a  function
of the angle of incidence at 0.75 Pth and 1.3 Pth pumping
power (Pth = 0.8 mJ/cm2). The dispersion mapping vivid-
ly  reveals  the  transition from a  diffuse  angular  distribu-
tion to a highly directional emission pattern, underscor-
ing the system's entry into the nonlinear regime. At 0.75
Pth, a broad distribution at all angles is observed, whereas
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sent the polariton emission and Gaussian fitting of the CsPbCl3 nanoplatelet embedded in the microcavity. (c) Polariton dispersion at 0.75 Pth is

depicted in the left panel, with a wide distribution visible from all sides. Polariton dispersion at 1.3 Pth in the right panel, with symmetric dominant

emission at about ±20°. (d) The CsPbBr3 perovskite microcavity's schematic diagram. (e) Shows multiple polariton modes in the angle-resolved

photoluminescence spectral mappings of the CsPbBr3 microcavity along x and y polarizations under CW excitation; the uncoupled exciton mode

is indicated by the green horizontal dashed line. (f) Polariton parametric scattering process is indicated by the shift in the intensity dependence

between the idler(ks)/signal(ki) and the ground state condensate from linear to superlinear behaviour. The green vertical line indicates the thresh-

old for polariton parametric scattering from branch LP1 to branch LP2. (g) Perovskite zigzag lattice schematic diagram. (h) The zigzag chain on

the perovskite layer as seen in a scanning electron microscope image. (i, j) Show the X and Y polarizations of polariton dispersions as a function

of the angle of incidence for the perovskite zigzag lattices, respectively. The grey dashed lines highlight the topological gap that is developing in-

side the s band. Topological polariton edge states exist within the topological gap in Y polarisation. Figure reproduced with permission from: (a,

b) ref.37, American Chemical Society; (c) ref.39, under a Creative Commons Attribution NonCommercial License; (d–f) ref.44, American Chemical

Society; (g–j) ref.19, under a Creative Commons Attribution NonCommercial License.
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at 1.3 Pth, symmetric dominant emission at around 20° is
obtained,  indicating  the  presence  of  polariton
condensates. This marked evolution in emission not on-
ly  confirms  the  formation  of  a  coherent  condensate  but
also  highlights  the  device's  potential  for  future  applica-
tions in all-optical integrated photonic circuits.

One year later, Rydberg exciton polaritons (REPs) that
exhibit strong nonlinear behaviour were realized from an
excited  state  in  a  single  crystal  CsPbBr3 perovskite
strongly coupled to a microcavity based on hybrid metal-
dielectric mirrors. These REPs form naturally, exhibiting
strong  dipole-dipole  interactions  and  a  prominent  blue
shift,  attributed to the perovskite's  orthorhombic crystal
structure. This discovery opens new possibilities for sol-
id-state  quantum  optical  applications,  including  quan-
tum  information  processing  via  correlated  photonic
states  and room-temperature  nonlinear  optics  for  ultra-
fast  all-optical  switches  and  low-threshold  polariton
lasers for next-generation photonic devices40.

In  the  same  year,  another  research  group  has  shown
that  large  single-crystal  flakes  of  phenethylammonium
lead  iodide  (C6H5(CH2)2NH3)2PbI4 (PEAI)  can  sustain
strong  polariton  nonlinearities  at  room  temperature  by
embedding it into a microcavity based on two DBR mir-
rors  and  without  an  optical  cavity  formed by  highly  re-
flecting  mirrors41.  The  study  revealed  that  exciton-exci-
ton interaction energies in these perovskites are spin-de-
pendent and comparable to those observed in inorganic
quantum  wells  (QWs)  at  cryogenic  temperatures.  Later,
Rui  Su  et  al.  have  experimentally  demonstrated  non-
equilibrium exciton-polariton condensation using a one-
dimensional  micropillar  array  connected by  channels  in
a  caesium  lead  bromide  (CsPbBr3)  perovskite  sand-
wiched  between  two  DBR  mirrors42.  This  configuration
resulted in a large forbidden bandgap of up to 13.3 meV
and a  lattice  band width  of  up to  8.5  meV,  significantly
surpassing  previous  systems.  This  advancement  opens
avenues  for  implementing  polariton  condensates  in
quantum  simulators  operable  at  ambient  conditions.
Shortly  after,  both  lasing  from  the  bi-exciton  state  and
the  subsequent  generation  of  a  polariton  condensate
have  been  reported  in  PEAI  2D-perovskite  flake  placed
in a microcavity43. This lasing process contributed to the
population of the lower polariton branch. At higher exci-
tation powers,  a second threshold was surpassed, result-
ing in the formation of a polariton condensate.

In  an  exciton-polariton  system  made  of  lead  halide
perovskite  (CsPbBr3)  and  a  microcavity  constructed

from two DBR mirrors, Wu JQ et al44.  have reported on
theoretical  and  experimental  observations  of  nonlinear
parametric scattering,  as shown in Fig. 3(d).  After excit-
ing  the  system  with  a  473  nm  continuous-wave  (CW)
laser,  they  first  achieved  several  lower  polariton  modes
by  strongly  coupling  the  perovskite  exciton  to  multiple
cavity photon modes. Figure 3(e) depicts the experimen-
tal data of the system's PL spectra mapping as a function
of the angle of incidence along x and y polarisations. The
mapping data clearly shows lower polariton modes 1 and
2.  They  then  observed  a  transition  from  the  Rayleigh
scattering  regime to  the  nonlinear  parametric  scattering
regime after triggering the polariton condensation with a
400 nm pulsed laser and analysing the power-dependent
angle-resolved  emission  spectra  above  the  condensation
threshold.  This  transformation  is  evidenced  by  the
change from linear to superlinear behaviour in the inten-
sity dependency between the idler/signal and the ground
state  condensate,  as  seen  in Fig. 3(f).  Such  a  finding  of
the  parametric  scattering  effect  indicates  the  onset  of
room temperature perovskite-based nonlinear polariton-
ic devices.

In  another  report,  at  room  temperature,  an  exciton-
polariton topological insulator has been clearly shown to
exist in a perovskite zigzag chain inserted in a microcavi-
ty19. Figure 3(g, h) shows  the  schematic  drawing  of  the
system  and  SEM  image  of  the  zigzag  chain  on  the  per-
ovskite layer.  By exiting the zigzag chain with a 475 nm
CW laser, the authors obtained the energy-resolved mo-
mentum-space  polariton  dispersions  from  the  edge  of
the  perovskite  zigzag  lattice. Figure 3(i, j) shows  the  ex-
perimental  data  of  the  energy-resolved  momentum-
space PL spectra mapping for X and Y polarizations, re-
spectively. It can be seen that for Y polarization, discrete
states  emerged  inside  the  topological  gap,  which  corre-
spond  to  the  formation  of  topological  polariton  edge
states.  The  emergence  of  such  states  is  attributed  to  the
anisotropy  and  strong  photonic  spin-orbit  coupling  of
halide  perovskite  microcavities.  In  the  meantime,  it  al-
lows  distinct  topological  phase  switching  between  the
topologically  nontrivial  and  topologically  trivial  phases
by means of polarization switching. Such exciton-polari-
tons  in  topological  perovskite  materials  are  also  crucial
for  implementing  low-power  consumption  lasers  com-
pared  with  conventional  topological  lasers  that  rely  on
population inversion45.

The  demonstration  of  strong  coupling  in  perovskite
mirror-based  microcavities  has  been  further  refined
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experimentally.  For  instance,  a  room-temperature  po-
laritonic XY spin  Hamiltonian  was  realized  in  halide
perovskites  within  a  microcavity46.  The  authors  used  a
solution-based  nanoconfinement  growth  approach  to
create  smooth and uniform single-crystalline  large  crys-
tals required to observe XY Hamiltonian lattices at room
temperature.  First,  two  DBR  mirrors  were  thermally
pressed together with pre-patterned gold pillars acting as
spacers, resulting in a symmetric, two-dimensional (2D)
limited nanocavity that functions as both the optical cav-
ity  and  the  environment  for  crystal  growth.  The  halide
perovskite  solution  is  then  introduced  into  the  system,
resulting  in  excellent  quality  and  large-area  yet
nanoscale-thickness  crystal  formation  in  the  gap  be-
tween the mirrors. XY Hamiltonian lattices with sizes up
to 10 by 10 were created utilising this synthesis approach.
Perovskites are further proven to be a viable material for
polaritonic  physics  at  ambient  temperature  in  this
experiment.

Additionally,  Wang  TT  et  al.  have  reported  the  first
demonstration  of  an  electrically-injected  light-emitting
device  (LED)  based  on  exciton-polariton  in  halide  per-
ovskite47.  The  proposed  LED  is  made  of  inorganic  per-
ovskite  CsPbBr3 microplates  sandwiched  between  few-
layer  graphite  (FLG),  hexagonal  boron  nitride  (h-BN),
and DBR mirrors  at  the  bottom and h-BN and thin  sil-
ver mirrors at  the top as shown in Fig. 4(a).  In addition
to being a mirror, the transferred silver layer also serves
as  an  electrode  in  this  design.  An  alternating  current
(AC) voltage can be used to inject electrons and holes in-
to  the  CsPbBr3 microplates  separately.  Both  angle-re-
solved PL mapping, obtained by exciting the system with
a  CW  laser  centred  at  405  nm  (left  panel  in Fig. 4(b)),
and angle-resolved EL mapping,  obtained by applying a
bipolar square voltage with a Vbias of 20 V and a frequen-
cy of  1 MHz (right panel  in Fig. 4(b)),  provide evidence
for  the  presence  of  polariton  emission.  Additionally,  as
shown  in Fig. 4(c),  the  polariton  EL  intensity  increases
with applied voltage,  corresponding to enhanced carrier
injection at higher voltages. This study paves the way for
developing  functional  perovskite  polaritonic  devices
such as  inversion-less  electrically  pumped lasers  and ul-
trafast light-emitting devices for data transmission.

Moreover,  embedding  them  into  optical  cavities  can
also  demonstrate  strong  light-matter  coupling  in  per-
ovskite quantum dots.  As a result,  Clara Bujalance et  al.
have  achieved  strong  coupling  at  room  temperature  by
integrating cesium lead bromide quantum dot (CsPbBr3-

QD)  solids  in  silver-based  optical  cavities.  The  demon-
strated  CsPbBr3-QD-based  strong  coupling  has  signifi-
cant implications for reducing photoemission line width
and enabling ultrafast modulation of the optical absorp-
tion of  the  QDs48.  These  results  pave  the  way for  devel-
oping  perovskite  quantum dot  (PQD)-based  polaritonic
devices.

More  recently,  Zou C et  al.  demonstrated  room-tem-
perature  CW  perovskite  polariton  lasers  with  remark-
ably  low  thresholds,  enabled  by  a  variable  single-crystal
perovskite microcavity (see Fig. 4(d) for the design)49. As
shown in Fig. 4(e),  the  lasing  properties  of  these  micro-
cavities were investigated using a 405 nm CW diode laser
for off-resonant pumping. When the excitation intensity
exceeds ~0.4 W·cm−2, the emission peak at ~551 nm ris-
es sharply, signaling the onset of lasing. The steady-state
polariton  condensation  responsible  for  this  ultralow-
threshold  lasing  is  further  confirmed  through  angle-re-
solved  emission  measurements  at  room  temperature,  as
depicted  in Fig. 4(f) for  the  above-threshold  condition.
As  the  pumping  intensity  reaches  the  threshold,  polari-
tons  accumulate  at  the  bottom  of  the  lower  polariton
(LP)  dispersion,  a  key  characteristic  that  distinguishes
polariton  condensation  from  conventional  photon  las-
ing.  This  transition  underscores  the  presence  of  strong
exciton-photon coupling, which plays a crucial role in re-
ducing the lasing threshold. Moreover, the study demon-
strates an innovative,  indirectly injected perovskite laser
chip powered by a GaN LED, which highlights the prac-
tical integration potential of these polaritonic devices for
on-chip  photonic  applications.  These  findings  open  ex-
citing  new  avenues  for  the  on-chip  integration  of  solu-
tion-processed  lasers,  offering  opportunities  for  ul-
tralow-energy  consumption  and  high-performance  las-
ing in compact photonic devices.

Additionally,  Song  JP  et  al.  demonstrated  room-tem-
perature CW pumped exciton-polariton condensation in
a perovskite microcavity, achieving an exceptionally low
condensation threshold of ~0.53 W cm−2 50. The presence
of  strong  exciton-photon  coupling  was  confirmed
through angle-resolved photoluminescence (PL) and re-
flectance  measurements,  which  exhibited  clear  anti-
crossing  behavior  with  a  large  Rabi  splitting  of  ~128
meV  (Fig. 4(g)).  This  strong  coupling  ensures  efficient
polariton  interactions  and  energy  relaxation,  facilitating
condensation  at  significantly  lower  pump  powers.  As
shown  in Fig. 4(h),  at  low  pump  densities,  the  lower
polariton (LP) branch exhibits a broad angular emission
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distribution, indicating a non-condensed polariton state.
However, as the pump density increases to the condensa-
tion  threshold,  a  macroscopic  occupation  of  the  LP
ground state emerges. This transition is characterized by
a sudden nonlinear  increase  in  emission intensity  and a
linewidth narrowing to ~0.5 meV, as depicted in Fig. 4(h,

i).  These  distinct  spectral  features  confirm  the  onset  of
steady-state  polariton  condensation  under  CW  optical
excitation  at  room  temperature,  distinguishing  it  from
conventional  photon  lasing.  The  demonstration  of  CW
polariton  condensation  in  a  solution-processed
perovskite microcavity represents a significant milestone
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Fig. 4 | Applications  of  exciton-polariton  in  perovskite-microcavities  hybrid  structures.  (a)  The  structure  of  the  completed  device  is  presented

schematically with the cross-sectional view provided in the inset. (b) Maps showing the device's PL (left panel) and EL (right panel), both mea-

sured at 7 K. The vertical axis indicates the wavelength, while the horizontal axis is the emission's angle with respect to the z-axis. (c) Effect of

applied voltage on the polariton EL intensity. (d) A perovskite single crystal is enclosed between two highly reflective DBRs, enabling CW lasing

through strong light-matter interactions. (e) Evolution of emission spectra under CW operation by varying pump intensities. (f) Angle-resolved PL

spectra above the lasing threshold (3.0 Pth). The solid straight line represents the dispersion relation of excitons, while the solid parabolic curve

corresponds to the dispersion relation of cavity photons. The dashed curve illustrates the dispersion of the lower polariton branch. (g) Angle- and

polarization-resolved PL spectra of a CsPbBr3 microcavity at room temperature, under nonresonant CW excitation, with the pump density slightly

exceeding Pth. Lower polariton modes are fitted using the coupled harmonic oscillator model, revealing a Rabi splitting of ~128 meV. Angle-re-

solved PL spectra under  nonresonant  CW excitation at  pump densities of  (h)  0.3 Pth and (i)  1.0 Pth.  Figure reproduced with permission from:

(a–c) ref.47, American Chemical Society; (d–f) ref.49, (g, h) ref.50, under a Creative Commons Attribution NonCommercial License.
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in  the  development  of  scalable,  low-threshold,  and
miniaturized optical technologies.

In condensed matter, a variety of spintronic and topo-
logical  phenomena  are  driven  by  spin-orbit  coupling
(SOC).  Recently,  in  microcavities  made  of  birefringent
lead halide perovskite single crystals and DBR mirrors, a
research  group  demonstrated  photonic  analogues  of
SOCs in exciton-polaritons and associated condensates51.
They  have  shown  exciton-polaritons  with  pseudospin
textures phase transition to competing condensates with
orthogonal  polarizations  as  density  rises.  Because  exci-
ton-polaritons  and  condensates  inherit  nonlinearity
from their  excitonic  components,  such designs  have the
potential to serve as quantum simulators for many-body
SOC processes.

 Strong coupling in perovskite enabled by plasmonic
nanostructures
Reducing  the  mode  volume  and  enhancing  the  field  lo-
calisation through the use of plasmonic nanostructures is
another method for boosting the coupling between light
and  matter  from  weak  to  strong  coupling.  The  surface
plasmon  can  confine  optical  modes  to  subwavelength
scales,  resulting  in  extreme  localised  electromagnetic
fields.  One  of  the  first  studies  that  employed  plasmonic
nanostructures to demonstrate strong coupling regime in
perovskites  was  reported  in  201552.  Wendy  Niu  et  al.
used perovskite-coated silver gratings to strongly couple
surface  plasmon polaritons  (SPPs)  with  the  exciton  and
its  image  "biexciton,"  achieving  Rabi-splitting  of  150
meV  and  125  meV.  The  interaction  between  excitons
and their images in the metallic mirror on which they sit
causes the excitation of such biexciton.

In  2018,  a  substantial  Rabi-splitting  of  564  meV  was
recorded  in  perovskite  nanowires  strongly  coupled  to
surface plasmons at ambient temperature53.  The authors
employed  a  MAPbBr3 NW  sitting  on  a  SiO2/Ag  sub-
strate with a SiO2 spacer layer for the strong coupling ex-
periments, as illustrated schematically in Fig. 5(a). In this
case,  in  addition  to  the  surface  plasmon  given  by  the
metal  component,  the  perovskite  naturally  works  as  a
Fabry-Pérot microcavity since its two end facets serve as
micro-reflectors. Figure 5(b) depicts  the  polariton  dis-
persion  as  a  function  of  the  wavevector  in  the z-direc-
tion for a perovskite nanowire on top of a glass substrate
(pink data points) with a Rabi-splitting of 392 meV and a
SiO2/Ag  substrate  (navy  data  points)  with  a  Rabi-split-
ting of 564 meV, respectively. The enhancement in cou-

pling  strength  is  primarily  attributed  to  the  redistribu-
tion  and  localization  of  the  electromagnetic  field  in-
duced by surface plasmons.  This  effect  arises  due to the
strong  interaction  between  incident  photons  and  free
electrons  at  the  silver-dielectric  interface,  leading  to  in-
tense  near-field  confinement.  Moreover,  the  small  skin
depth  of  metals  (such  as  silver),  results  in  a  higher  de-
gree of field confinement12.

ℏ ℏ

Another  study  has  theoretically  described  how  exci-
ton-surface  plasmon and exciton-photon  polaritons  can
be  obtained  in  a  perovskite-based  subwavelength  lattice
on  a  metallic  plane54.  Using  a  perovskite  thin  film  de-
posited  on  a  metallic  substrate,  two  types  of  guided
modes are excited. The first is the dielectric-guided mode
(DGM),  which  occurs  within  the  perovskite  layer  of
wavelength-scale  thickness  and can be  observed in  both
TE and TM polarizations. The second is the surface plas-
mon polariton (SPP), located at the perovskite–metal in-
terface and observable only in TM polarization. The top
panel  of Fig. 5(c) depicts  the  angle-resolved  reflectivity
spectra  of  the  passive  structure  under  TM-polarization
excitation,  revealing  both  photonic  and  SPP  modes.  In
the  active  structure,  both  exciton-photon  and  exciton-
surface  plasmon  polaritons  are  realized  with  Rabi  split-
tings of ΩR1 = 241 meV, ΩR2 = 207 meV, respectively.

Plasmon-polariton-based  all-inorganic  lead  halide
perovskite  nanocrystals  formation  in  the  strong  cou-
pling regime has been demonstrated experimentally and
theoretically  in  a  recent  study55.  By  synthesising
nanocrystals  with  various  morphologies,  such  as
nanoplatelets  and  nanowires,  or  by  altering  the  halide
content in the nanocrystals, the optical characteristics of
perovskites  have  been  modified.  Then,  by  exciting  the
system  with  a  p-polarized,  tunable  laser,  surface  plas-
mon  polaritons  are  produced  in  the  system  by  placing
the perovskite nanocrystals near a chemically functional-
ized  metal  sheet  in  a  Kretschmann  configuration  (as  il-
lustrated  in Fig. 5(d)).  According  to  the  obtained  theo-
retical  and  experimental  reflection  mapping  data  as  a
function  of  the  angle  of  incidence,  the  maximum  Rabi
splitting  was  achieved  in  CsPbI3 nanoplatelets,  as  dis-
played  in Fig. 5(e, f);  these  findings  further  support  the
notion  that  perovskite  nanocrystals  are  promising  and
strong  candidates  for  investigating  light-matter  interac-
tions at the nanoscale level.

More recently, a plasmonic nanoparticle Al lattice was
also connected to 2D Ruddlesden-Popper perovskites for
the strong coupling realisation56. The proposed plasmon-
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ic structure is depicted schematically in Fig. 5(g). Due to
the  open  cavity  feature  of  the  system,  the  coupling
strength of  the  system was  altered by  altering  either  the
superstate  refractive  index  or  perovskite  thickness.
Avoided crossings were seen in both experiments and fi-
nite-difference time-domain simulations of the angle-re-

solved  transmission  mapping  as  presented  in Fig. 5(h)

left and right panels,  respectively. The authors have also

shown that both polaritons branches have faster excited-

state dynamics than pure excitons, according to ultrafast

transient absorption spectroscopy measurements.
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solved reflectivity spectra under TM-polarization excitation of the passive and active structure indicate photonic and SPP modes in the top and

bottom pales,  respectively.  (d)  The Kretschmann configuration shown schematically  is  used for  perovskite  plexciton demonstration.  (e, f)  Per-

ovskite plexciton dispersion curves in theory and in experiment, respectively. (g) Schematic drawing of C5N2-I film-coated Al NP lattices, and (h)

its  experiments  and  finite-difference  time-domain  simulations  of  the  angle-resolved  transmission  mapping.  Figure  reproduced  with  permission

from:  (a,  b)  ref.53,  American  Chemical  Society;  (c)  ref.54,  Chinese  Laser  Press;  (d–f)  ref.55,  Royal  Society  of  Chemistry;  (g,  h)  ref.56,  American

Chemical Society.
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 Strong coupling in perovskite enabled by dielectric
nanostructures
Similar  to  plasmonic  metasurfaces  supported  by  plas-
monic  resonances,  all-dielectric  metasurfaces  made  of
high  refractive  index  semiconductors  support  multipo-
lar electric and magnetic Mie resonances, thus providing
an excellent platform for realizing strong light-matter in-
teraction. On the other hand, they can be fabricated with
standard  nanofabrication  technology.  Furthermore,  be-
sides being applicable to various excitonic materials,  the
metasurface  provides  significant  flexibility  for  modify-
ing polaritonic features such as quality factor, group ve-
locity,  and  emission  pattern.  As  previously  stated,  exci-
ton-polariton  in  perovskite  semiconductors  was  first
demonstrated  in  1998  in  a  distributed  feedback  (DFB)
microcavity28.  The  DFB  cavity  is  created  by  filling  a
prepatterned quartz  substrate  with PEPI perovskite,  fol-
lowed by a polystyrene overcoating film. Rabi-splitting as
high as  100 meV at  ambient temperature is  achieved by
adjusting  the  grating  period  or  incidence  angle,  which
results in anti-crossing behaviour in the absorption spec-
trum.  Few  years  later,  organic–inorganic  layered  per-
ovskite  (C6H5C2H4NH3)2PbI4 [bis-(phenethylammoni-
um) tetraiodoplumbate (PAPI)] is strongly coupled to an
ordered  array  of  silica  microspheres29.  The  authors  fur-
ther shown that it is possible to flexibly modify the cou-
pling  conditions  of  photons  and  excitons  by  adjusting
the size of silica microspheres.

Recently, by using a resonant metasurface constructed
from  a  sub-wavelength  2D  lattice  of  perovskite  pillars,
Nguyen Ha My Dang et al. experimentally and theoreti-
cally demonstrated exciton-polaritons operating at room
temperature57. The perovskite metasurface is designed by
first  fabricating  SiO2 holes  array  as  backbone  structure
and  then  spin-coating  PEPI  in  dimethylformamide
(DMF) solution followed by  a  PMMA layer. Figure 6(a)
shows the 3D schematic drawing of the proposed system.
Exciton-polaritons  with  Rabi  splitting  of  200  meV  are
obtained in both angular-resolved PL and reflectivity ex-
periments.  Additionally,  polaritonic dispersions display-
ing linear, parabolic, and multivalley dispersions are pro-
duced  by  engineering  the  photonic  Bloch  mode. Figure
6(b) depicts  both  the  predicted  absorption  and  the  ob-
served PL spectrum of  the  multivalley  polaritonic  mode
dispersion induced by strong coupling between the PEPI
exciton and an S-polarized exotic mode with a W-shaped
multivalley  dispersion  with  two  off-F  minima.  These
findings  could  pave  the  way  to  large-scale,  inexpensive

integrated  perovskite  polaritonic  devices  that  operate  at
ambient temperature.

In a subsequent report, the strong coupling in the per-
ovskite  was  optimised  using  a  quasi-bound  state  in  the
continuum (QBIC) with a high-quality factor (Q-factor)
to  double  the  Rabi-splitting  value  while  still  using  the
same material  parameters10.  It  has been determined that
the  maximum  Rabi  splitting  can  be  increased  up  to  a
record high value of 400 meV by exploiting the extreme
electric  field  confinement  made  possible  by  a  high-Q
mode.  Two  all-perovskite  metagrating  nanostructures
supporting symmetry-protected BICs and toroidal dipole
BICs were proposed in this report, as shown in Fig. 6(c)
and 6(e),  respectively.  By  either  breaking  the  structural
symmetry  or  tuning  the  distance  between  two  identical
nanowires, BICs are converted into QBICs with high Q-
factors.  The  simulation  results  show  that  the  enhanced
strong coupling is primarily caused by the QBIC mode's
Q-factor and the perovskite metasurface's thickness. The
Rabi-splitting  dependence  on  the Q-factor  is  shown  in
Fig. 6(d) as the Q-factor of the SB-QBIC system is tuned
from 50 to 10,000. It is clear that the Rabi-splitting starts
to  increase  sharply  at  low Q-factor  values  and  becomes
saturated at Q values above 800. A similar trend was ob-
served by increasing the perovskite thickness in Fig. 6(f),
which  depicts  the  SP-QBIC  system's  Rabi-splitting  de-
pendence on perovskite thickness.

Later,  strong coupling in 2D PEPI perovskite  is  theo-
retically  and  experimentally  realised  by  leveraging
BICs58. Figure 6(g) presents  a  schematic  representation
of  the  proposed  structure,  which  was  created  by  spin-
coating  PEPI  and  PMMA  layers  on  a  quartz  substrate
with  a  prefabricated  square  lattice  of  circular  patterns.
The  Rabi-splitting  of  205  meV  was  then  achieved  by
mapping  the  energy  of  the  nanostructure's  reflection
spectrums as a function of the in-plane wavevector kx/k0,
as  shown  in Fig. 6(h).  In  addition,  room  temperature
topological  singularities  were  found  after  determining
the  Stokes  parameters  of  PL  emission  in  the  Fourier
plane. It has been found that circular patterns exhibit po-
larisation  vortices,  whereas  symmetry-broken  structures
based on triangular patterns exhibit a large degree of cir-
cular  polarisation  (DCP)  of  0.835.  Therefore,  this  work
suggests  that  active  photonic  devices  made from polari-
tonic  BICs  based  on  2D  perovskite  materials  may  have
superior  material  characteristics  as  well  as  distinctive
topological properties.

Another  report  further  confirmed  numerically  and
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experimentally the transfer of such topological nature of
the BIC photonic  mode to  the  exciton-polariton in per-
ovskite  using  a  similar  design59.  The  presence  of  two
symmetry-protected BICs, designated as BIC1 and BIC2,
is  shown  in Fig. 6(i),  which  maps  the  simulated  reflec-
tion of the passive structures as a function of the angle of
incidence. Following that, by taking active structure into
account,  two  polaritonic  branches  are  formed,  and  all
dispersion curves  are  strongly  red-shifted from the  bare
exciton energy, as demonstrated by the simulated reflec-
tivity spectra shown in Fig. 6(j). These results are further
supported experimentally by measuring the system's an-
gle-resolved reflectivity  spectra (Fig. 6(k)).  Furthermore,
polarization vortex was realized both in the bare photon-
ic BIC and in the far field emission of the polariton BIC
modes.

According  to  a  more  recent  report60,  the  strong  cou-
pling in perovskite could also be enhanced by a metasur-
face  that  supports  multipolar  Mie  resonances,  such  as
magnetic quadrupole dominant (MQ), anapole, magnet-
ic-dipole  (MD)  and  toroidal-dipole  (TD)  resonances.
The strong coupling in perovskite is revealed with a Ra-
bi-splitting of 230.7 meV in MQ resonance and 253 meV
in  both  anapole  and  TD  resonances  using  an  array  of
perovskite nanodisks. Additionally, as shown in Fig. 6(l),
the relationship between the Rabi splitting and the exci-
ton mode's oscillatory strength was also examined, show-
ing almost linear dependence.

More  recently,  dielectric  grating  supporting  guided

mode  resonance  (GMR)  was  strongly  coupled  to  PEPI
exciton in a theoretical study61. A 1D grating nanostruc-
ture  with  a  refractive  index  of nH =1.62  was  placed  on
top of  a  PEPI perovskite  film as  schematically  shown in
Fig. 6(g).  By  sweeping  the  period  of  the  grating,  anti-
crossing behaviour is realized with maximum Rabi-split-
ting  of  378  meV.  Moreover,  confining  light  to  the  per-
ovskite  metasurface,  utilizing  the  anapole  modes  in  the
perovskite  metasurface,  and  subsequently  hybridizing  it
with excitons in  the same material  could surpass  a  Rabi
splitting of  500 meV62.  This large Rabi splitting induced
by the phenethylammonium lead iodide (PEPI) metasur-
face  indicates  the  formation  of  self-hybridized  exciton-
polaritons within the metasurface.

Finally,  we  summarize  the  Rabi  splitting  observed  in
exciton-polaritons when perovskites are hybridized with
different  optical  cavities,  highlighting  how  the  interac-
tion  strength  varies  with  both  the  material  and  cavity
type. Different perovskite compositions, such as 3D lead
halide  perovskites  and  2D  layered  perovskites,  exhibit
varying degrees of splitting depending on their excitonic
properties  and  the  cavity's  confinement  effects.  Optical
cavities  including  Fabry-Pérot  resonators,  distributed
Bragg  reflectors  (DBRs),  dielectric  metasurfaces,  and
plasmonic  structures,  enhance  this  coupling  in  distinct
ways,  influencing  the  transition  from  weak  to  strong
coupling regimes. As a result, Table 1 presents a compar-
ative  analysis,  demonstrating  how  perovskite-cavity  hy-
brid  systems  can  be  engineered  to  achieve  strong

 

Table 1 | Comparative analysis of cavity/structure types of perovskite exciton-polariton systems and their key achievements.
 

Cavity/structure Perovskite system ℏΩ (meV) Key achievement Ref.

DFB microcavities PEPI perovskite thin films 100
Achieved large splitting at room temperature in simple

nanostructured geometry.
ref.28

DFB Microcavity
Single-crystal perovskite

layer
115

Room-temperature continuous-wave perovskite low
threshold polariton lasers.

ref.49

Plasmonic gratings
Perovskite-coated silver

gratings
150

Achieved the first realization of exciton-polaritons in
plasmonic -perovskite architectures.

ref.52

Plasmon-enhanced
microcavities

MAPbBr3 NW sitting on a
SiO2/Ag substrate

564
Ultra-high coupling strengths using ssurface plasmon

induced localized excitation.
ref.53

Metagrating via QBIC PEPI-nanowire metagrating 400
Enhanced strong coupling due to high-Q factor in the

perovskite metagrating.
ref.10

BIC-based
metasurfaces

2D PEPI perovskite 205
Demonstrated topological control of 2D perovskite

emission in the strong coupling regime.
ref.58

DBR-based
microcavities

2D organic-inorganic
perovskite

242
Using high Q-factor ~ 2200 microcavity, they achieved

strong coupling.
ref.38

DBR mirrors CsPbBr3 microplatelets 128
Room-temperature CW optically pumped polariton

condensation with an ultralow threshold of ~0.53 W cm-2.
ref.50

__ PEPI metasurfaces 553
Demonstrated room-temperature self-hybridized exciton-

polaritons within the metasurface.
ref.62
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coupling  for  applications  in  polariton  lasing,  quantum
optics,  and  light-driven  technologies.  The  table  high-
lights  that  different  structures  exhibit  varying  coupling
strengths,  depending  on  their  interaction  with  external
energy  sources.  For  instance,  the  MAPbBr3 nanowire
(NW)  on  a  SiO2/Ag  substrate  achieves  the  highest  Rabi
splitting of 564, benefiting from the synergistic enhance-
ment provided by high optical confinement from the sil-
ver grating, while the perovskite itself functions as a Fab-
ry-Pérot microcavity53.

 Challenges in cavity-enhanced coupling
in perovskites and pathways to
commercialization
Despite  notable  advances  in  exciton-polariton  in  per-
ovskites, the lack of long-term stability remains a critical
barrier  to  commercializing  perovskite-based devices.  To
transition  from  small-area  demonstration  devices  to
commercially  relevant  platforms  such  as  lasers,  scalable
deposition  methods  (including  slot-die  coating  and/or
chemical vapor deposition (CVD)) must be optimized to
preserve the strong coupling regime while ensuring film
uniformity  and  reproducibility.  Especially,  perovskite
QWs present an additional challenge because their ultra-
thin, well-defined layers are particularly sensitive to even
minor  chemical  or  structural  changes.  Achieving  high-
quality  perovskite  QWs  with  atomically  precise  thick-
ness  and  uniform  composition  is  difficult,  and  small
thickness  variations  can  lead  to  inhomogeneous  broad-
ening  of  exciton  resonances.  This,  in  turn,  undermines
the  strong-coupling  regime  necessary  for  pronounced
cavity-enhanced  effects63.  Consequently,  the  layer-by-
layer  growth  techniques  used  for  QW  fabrication  must
be carefully optimized to minimize defect densities.

Additionally,  for  robust  cavity-enhanced  light-matter
interactions,  the  resonator's  photonic/plasmonic  mode
must  closely  align  with  the  excitonic  transition  in  the
perovskite. This requirement necessitates precise control
over both the optical cavity and the exciton energy of the
perovskite, which is sensitive to composition, strain, and
layer thickness. Even slight inhomogeneities can weaken
the coherent energy exchange in the system, resulting in
diminished polaritonic signatures. To address these chal-
lenges,  refined  synthesis  routes  for  ultra-thin  perovskite
layers,  improved encapsulation or protective coatings to
mitigate  degradation,  and  advanced  cavity  engineering
are crucial for achieving reproducible and stable strong-
coupling phenomena.  Defect  control  is  also  essential,  as

pinholes  and  grain  boundaries  can  act  as  non-radiative
recombination centers, reducing quantum efficiency and
accelerating degradation64.  Strategies  such as  defect  pas-
sivation  using  surface  ligands  and  interfacial  engineer-
ing  can  improve  crystallinity,  suppress  recombination
losses,  enhance  charge  transport,  thereby  improving
both efficiency and stability.

 Conclusions and outlooks

 Conclusions
We have reviewed recent advances in both the theoreti-
cal  and  experimental  realization  of  strong  light-matter
interactions  using  various  optical  cavities  made  of  per-
ovskite  semiconductors  and  their  applications.  This  re-
view highlights the latest developments in perovskite re-
search,  with  a  particular  focus  on  their  applications  in
optoelectronics  and  the  detailed  study  of  their  physical
properties under strong coupling conditions. The excep-
tional  optical  and  electronic  properties  of  perovskites,
combined with their relative ease of fabrication, have at-
tracted  significant  interest,  motivating  a  wide  range  of
studies  aimed  at  harnessing  exciton-polaritons  for  new
photonic  functionalities  and  fundamental  research  in
quantum and nonlinear optics. As a result, early work fo-
cused on incorporating two-dimensional perovskite ma-
terials into various optical resonators,  ranging from dis-
tributed  feedback  structures  and  photonic  crystals  to
high-Q Fabry-Pérot  microcavities.  This  enabled  robust
polariton  states  even  at  room  temperature.  Milestones
from  2006  to  2012  demonstrated  strong  coupling  with
different  mirror  configurations  (dielectric,  metals,  and
hybrid mirrors), setting the stage for breakthroughs such
as  polariton  lasing  in  CsPbCl3 nanoplatelets  and  coher-
ent  polariton  condensation  in  both  organic-inorganic
perovskites and CsPbBr3 microwires. These accomplish-
ments underscored the readiness of perovskite microcav-
ities for advanced polariton physics,  spanning nonlinear
parametric  scattering  and  exotic  exciton  states  such  as
Rydberg excitons.

Parallel efforts harnessed plasmonic nanostructures to
realize  strong  coupling  by  confining  electromagnetic
modes at subwavelength scales. For instance, silver grat-
ings  coated  with  perovskite  have  achieved  large  Rabi
splitting of up to 150 meV by coupling surface plasmon
polaritons (SPPs) with excitons and their biexciton coun-
terparts.  Later  work  on  perovskite  nanowires  on  metal
substrates  reported  enhanced  splitting  values  exceeding
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560  meV,  thanks  to  the  focused  field  localization  at  the
metal-dielectric  interface.  Both  experimental  and  theo-
retical studies further demonstrated that perovskite films
on metallic substrates can simultaneously support dielec-
tric-guided  modes  and  SPPs,  yielding  large  Rabi  split-
tings  in  the  200–240  meV  range.  Recent  advances  in-
clude using plasmonic nanoparticle lattices to tune cou-
pling strengths via changes to the surrounding refractive
index  or  perovskite  layer  thickness,  paving  the  way  for
controllable,  ultrafast  polaritonic  interactions  at  the
nanoscale.

Dielectric  metasurfaces  present  another  potent  plat-
form  for  generating  exciton-polaritons  in  perovskites,
leveraging  high-Q resonances  like  Mie  resonances  and
bound states in the continuum (BICs). Early demonstra-
tions  utilized  distributed  feedback  microcavities  with
perovskite  layers  to  achieve  Rabi  splittings  around  100
meV, while subsequent designs involving subwavelength
pillars and arrays of silica microspheres provided greater
flexibility  in engineering photonic bands and dispersion
relations.  By  exploiting  quasi-BICs,  researchers  doubled
the  achievable  splitting  to  approximately  400  meV,  un-
derscoring  the  importance  of  symmetry  breaking  and
layer thickness in optimizing coupling strength. Notably,
the formation of topological singularities and polarization
vortices  in  these  structured  metasurfaces  demonstrates
the  intriguing  interplay  between  light-matter  coupling
and  photonic  topology.  Meanwhile,  guided  mode  reso-
nances  and  multipolar  Mie  modes  push  Rabi  splittings
above  200  meV,  offering  enhanced  device  functionality
and the potential for self-hybridized exciton-polaritons.

In  conclusion,  perovskite  semiconductors  have
demonstrated  remarkable  versatility  in  establishing  and
exploring  exciton-polaritons  across  various  platforms,
such  as  Fabry-Pérot  cavities,  plasmonic  nanostructures,
and dielectric metasurfaces.  The strong coupling regime
is  reliably  achieved  at  room  temperature,  enabling  a
broad range of nonlinear and quantum phenomena. The
evolution of perovskite materials for strong light–matter
coupling  has  progressed  from  nanoplatelets  to  1D,  sin-
gle-crystal,  and  ultimately  2D  forms,  each  offering
unique  benefits  such  as  higher  exciton  binding  energies
and  improved  optical  stability.  Early  successes  with
nanoplatelets  proved  the  feasibility  of  strong  coupling
and spurred the development of more complex architec-
tures that further refine photonic and electronic proper-
ties.  This  incremental  approach  has  led  to  continuous
improvements  in  coupling  strength  and  device  perfor-

mance,  while  enhancing  material  stability  and  deepen-
ing our understanding of exciton dynamics under differ-
ent  confinement  conditions.  These  hybrid  excitations
hold  promise  for  advancing  applications  such  as  lasers,
light-emitting  diodes  (LEDs),  and  other  optoelectronic
devices, positioning perovskite materials at the forefront
of next-generation technology.

 Outlooks
On the other hand, even though remarkable progress has
been  made  in  demonstrating  exciton-polaritons  in  per-
ovskites with large Rabi splitting, we believe that there is
still  room for improvement and significant potential  for
future applications.

 Light-matter interaction in heterostructures
There  have  been  limited  studies  on  cavity-enhanced
light-matter  interactions  in  perovskite  quantum  wells25

with strongly bound excitons. The interaction between a
microcavity and excitons in such a system, where a per-
ovskite  emitter  is  coupled  to  a  resonant  cavity,  is  de-
scribed  by  cavity  quantum  electrodynamics  (CQED).
Furthermore,  hybridizing  perovskite  excitons  with  plas-
monic surface lattice resonances (SLRs)65 can induce en-
hanced light-matter interactions, leading to a strong cou-
pling regime66,67. Additionally, integrating SLRs with per-
ovskite  metasurfaces  for  strong  coupling  applications
leverages  the  strengths  of  both  materials:  the  extreme
light confinement of SLRs and the low-loss resonances of
high-Q dielectrics.  Specifically,  the  high Q-factor  reso-
nance and ultra-low electric field confinement of an SLR
combined with high refractive index perovskite metasur-
faces10 can enhance the Rabi splitting of the system. This
hybrid  structure  opens  new  horizons  for  developing
strong coupling effects  at  room temperature,  paving the
way  for  superior  nanophotonic  and  tunable  optoelec-
tronic applications.

 Perovskite-based light emitting diodes
Recent research has made significant strides in develop-
ing  metal  halide  perovskites  for  LEDs68.  However,  chal-
lenges  remain,  particularly  in  improving  these  devices'
external  quantum  efficiency  (EQE).  Exciton-polariton
quasiparticles,  which arise  from the  strong coupling be-
tween excitons and photons in microcavities or photon-
ic/plasmonic  structures,  could  potentially  solve  this  is-
sue.  Notably,  hybridizing  metal  halide  perovskites  with
higher Q-factor  plasmonic  metamaterial  cavities  can
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induce  a  large  Rabi  splitting  and  efficient  energy  ex-
change  within  the  system.  This  strong  coupling  en-
hances  the  light-matter  interaction,  facilitating  efficient
energy transfer and emission. Furthermore, excitonic po-
larons  formed  through  the  interaction  of  excitons  with
atomic lattice vibrations (phonons) offer a promising so-
lution  to  these  challenges69.  By  minimizing  non-radia-
tive pathways, excitonic polarons can boost the radiative
recombination efficiency of  excitons,  resulting in higher
emission rates and improved EQE.

 Low-threshold polariton laser
Placing  a  semiconductor  gain  material  in  appropriately
designed microcavities could induce a low-threshold po-
lariton laser in the parity-time (PT)-symmetry-protected
regime. Weilu Gao and his colleagues demonstrated con-
tinuously  tunable  light-matter  coupling  strength  using
the polarization of light relative to the axis of single-wall
carbon  nanotubes  (SWCNTs)  placed  in  a  mirror70.  The
system  can  be  tuned  from  a  PT-protected  system  to  a
symmetry-broken  one,  resulting  in  a  transition  from  a
strong  coupling  regime  to  a  weak  coupling  regime71.
Similarly, by placing a perovskite in microcavities, a low-
threshold  polariton  laser  could  be  achieved.  Moreover,
placing a nanowire on top of plasmonic/photonic meta-
material  cavities  could decrease  the threshold voltage in
the  strong  coupling  regime  due  to  efficient  energy  ex-
change72. A compact and energy-efficient nanoscale laser
is  also  desirable  for  future  on-chip  manipulation.  Exci-
ton-polaritons  in  perovskites  offer  a  promising  solution
for  future  on-chip  lasing  by  enabling  low-threshold,  ul-
trafast,  and energy-efficient operation. This could be re-
alized  by  hybridizing  perovskite  gain-plasmonic  cavities
to  decrease  the  total  volume  of  the  device,  leading  to
stronger light-matter interactions and lower power con-
sumption73−75.  Moreover,  enhancing  the  spontaneous
emission  of  semiconductor  emitters  is  a  bottleneck  to
achieving  ultrafast  lasers.  However,  perovskites  have
longer response times. To solve this problem, D. A. Litvi-
nov et al. have investigated the possible enhancement in
the spontaneous emission of perovskites over the all-visi-
ble  wavelength  range  by  changing  the  phase  of  phase-
change  materials  (PCMs).  As  a  result,  they  demonstrat-
ed the reversible control of spontaneous emission of per-
ovskites  using PCMs, showing more than a 50% change
in  the  Purcell  factor  with  a  change  in  the  PCM  phase.
PCMs  such  as  Ge-Sb-Te  and  SbSe  are  highlighted  as  a
promising solution for enhancing the spontaneous emis-

sion of perovskites, with the ability to modulate their op-
tical response76.

 Single-photon source and quantum computing

γc + γx
2

γc γx

g ∝ Q/
√
V

g2(τ = 0) ≈ 0,

In the weak coupling regime, the Purcell factor (FP) indi-
cates the enhancement of the emitter's  emission rate (γ)
through  the  cavity.  However,  this  relationship  becomes
invalid  in  the  strong  coupling  regime,  where  the  decay

rate  of  the  coupled  hybrid  states  stabilizes  at ,

with  being  the  decay  rate  of  the  cavity  mode  and 
the  emitter's  emission  rate,  particularly  in  the  limit  of
large  detuning  from  the  cavity66.  In  the  strong  coupling
regime, the system's dynamics are dominated by the cou-
pling strength, , where Q is the cavity's quali-
ty  factor,  and V is  its  optical  mode  volume.  Moreover,
the strong coupling regime offers additional benefits for
achieving  controllable  single  photon  source  (SPS),  in-
cluding the potential for photon blockade and the ability
to  generate  more  complex  quantum  states,  which  are
crucial  for  producing  streams  of  photons  that  exhibit
sub-Poissonian  statistics  and  anti-bunching77.  Unlike
classical  light  sources,  these  SPSs,  which  exhibit  a  sec-
ond-order correlation function  emits ex-
actly  one  photon  at  a  time78.  In  this  regard,  by  varying
the  perovskite  composition,  the  emission  wavelength  of
these single photons can be tuned, enabling flexible inte-
gration  into  various  photonic  systems79.  In  quantum
computing,  these  single  photons  can  be  used  as  quan-
tum  bits  ("qubits")  to  execute  computations.  The  exci-
ton-polariton  quasiparticles  also  exhibit  remarkable
characteristics,  such as  low effective mass,  making them
ideal for quantum computing applications. While the ex-
ploration of perovskite-based polaritons is still in its ear-
ly  stages,  the  potential  for  developing  robust  and  scal-
able  quantum  computing  systems  is  vast.  Future  re-
search  will  likely  focus  on  optimizing  the  coherence
properties of polariton qubits, developing efficient meth-
ods  for  qubit  manipulation,  and  integrating  these  com-
ponents  into  functional  quantum  circuits.  For  instance,
the recent advancements in perovskite-based active mul-
tifunctional integrated photonic devices could lead to the
development  of  sophisticated  integrated  optical  chips,
opening new avenues in quantum computing80. Further-
more,  the pronounced nonlinearities and high oscillator
strengths  in  perovskite  also  provide  a  platform  for  po-
lariton-based  quantum  simulations,  allowing  the  explo-
ration  of  complex  many-body  phenomena.  Therefore,
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future work will  likely  focus on refining perovskite  syn-
thesis  for  precise  exciton  energy  tuning,  stabilizing  its
quantum properties under ambient conditions, and inte-
grating these systems with established quantum comput-
ing architectures.

 Enhanced gas or particle sensors
Dielectric  metasurfaces  with  a  high Q-factor  are  highly
desirable  for  enhancing  gas  or  particle  sensors.  Ibrahim
Al-Ani and his colleagues demonstrated strong coupling
between  the  exciton  of  perovskite  and  a  quasi-bound
state  in  the  continuum  (QBIC)  with  an  extremely  high
Q-factor supported by phenethylammonium lead iodide
(PEPI)  perovskite  metagratings10.  Additionally,  Xianxin
Wu  and  his  team  have  demonstrated  exciton-polariton
condensation from BIC in all-inorganic cesium lead bro-
mide  (CsPbBr3)  photonic  crystals  fabricated  using  fo-
cused ion beam (FIB) milling81.  These high Q-factors  in
perovskite  metagratings  and  metasurfaces  can  increase
sensitivity  in  detecting  minute  changes  in  the  environ-
ment,  which  is  crucial  for  real-time  sensing.  Moreover,
by appropriately optimizing the incident angle, polariza-
tion  angle,  and  geometry  of  dielectric  metagratings  and
metasurfaces,  exceptional  points  can be  achieved.  These
points are singularities in the parameter space of a system
where two or more eigenvalues and their corresponding
eigenvectors  coalesce,  becoming  degenerate.  Unique  to
non-Hermitian systems that interact with their environ-
ment, these exceptional points facilitate energy exchange
and enable enhanced gas or particle sensing82.
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