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Materials for excitons–polaritons: 
Exploiting the diversity 
of semiconductors
J. Bellessa, J. Bloch, E. Deleporte, V.M. Menon, H.S. Nguyen, H. Ohadi, S. Ravets, 
and T. Boulier* 

The regime of strong coupling between photons and excitons gives rise to hybrid light–matter 
particles with fascinating properties and powerful implications for semiconductor quantum 
technologies. As the properties of excitons crucially depend on their host crystal, a rich 
field of exciton–polariton engineering opens by exploiting the diversity of semiconductors 
currently available. From dimensionality to binding energy to unusual orbitals, various materials 
provide different fundamental exciton properties that are often complementary, enabling vast 
engineering possibilities. This article aims to showcase some of the main materials for strong 
light–matter engineering, focusing on their fundamental complementarity and what this entails 
for future quantum technologies.

© The Author(s), under exclusive License to the Materials Research Society 2024
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Introduction
In todays large field of semiconductor physics, the control 
over light–matter coupling has spawned a captivating object: 
the exciton–polariton. These hybrid light–matter quasipar-
ticles emerge from the admixture between excitons (bound 
electron–hole pairs) and photons. While exciton–polaritons 
exist in bulk semiconductors, major advances have been 
obtained with two-dimensional (2D) excitons confined in 
an heterostructure (e.g., a quantum well) embedded within 
an optical microcavity,1 as represented in Figure 1a. Exci-
ton–polaritons possess a unique blend of properties inherited 
from both their excitonic part and their photonic part, making 
them a subject of intense research interest with implications 
ranging from fundamental physics2 to practical applications 
in optoelectronics3 and quantum technologies.4

At its core, exciton–polariton research revolves around 
manipulating their properties to engineer specific systems 
of interest. The properties of an exciton–polariton gas 
arise from the delicate balance between the exciton–pho-
ton coupling, the exciton–exciton interactions, and the 

various interactions with the semiconductor environment 
(phonons, exciton band structure, crystal (an)isotropy, inco-
herent exciton reservoir,...). The exciton–photon coupling 
strength, g, is usually controlled via the choice of mate-
rial and the optical microcavity design: its quality factor, 
mode volume, and dimensionality all contribute to shaping 
exciton–polaritons. The interactions between two excitons 
are typically set by the wavefunction size and shape, itself 
governed by the choice of semiconductor material. One of 
the most striking features of exciton–polaritons is their non-
parabolic dispersion relation, displayed in Figure 1b, which 
is partly responsible for their peculiar properties, such as a 
momentum-dependent effective mass and photon–exciton 
mixing ratio.

This dispersion relation arises from the diagonalization of 
the Hamiltonian describing the coupled exciton–photon sys-
tem within the microcavity:
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where EX  is the energy for the excitonic states, EC is the 
energy for the cavity photon states, γX  represents the decay 
rate of excitons, and κ the dissipation rate of photons due to 
cavity losses. The two eigenstates reveal two distinct disper-
sion relations: the upper polariton branch E+(k) (UPB) and the 
lower polariton branch (LPB) E−(k) . The crux of engineering 
polariton is to ensure the strong coupling regime, whereby the 
dissipation rates γX  and κ are much smaller than the coupling 
rate g/� . In this limit, the dispersion relation becomes

where EX (k) is the dispersion relation of bare excitons and 
EC(k) denotes the dispersion relation of photons in the cavity 
plane. Here, ��R =

√

4 g
2 − �2(γX + κ)2 ∼ 2 g is the energy 

associated to the Rabi pulsation �R and δ
k
= (EX (k)− EC(k)) 

is the exciton–photon energy detuning at the momentum �k . 
This dispersion exhibits an anticrossing behavior between the 
exciton and photon modes, a hallmark of the strong light–mat-
ter coupling responsible for their admixture.
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E x p e r i m e n t a l l y, 
polaritons can be effi-
ciently excited and read-
out using optical spec-
troscopy techniques. On 
the one hand, so-called 
“nonresonant” excita-
tion using a highly blue-
detuned laser allows the 
incoherent pumping of 
polaritons followed, in 
some materials, by the 
emergence of a macro-
scopic phase through 
condensation processes. 
On the other hand, reso-
nant excitation allows 
creating polariton fluids 
with well-chosen energy, 
phase, and amplitude. 
By monitoring photons 
leaking out of the cavity, 
polariton modes can be 
fully characterized as the 
phase and amplitude of 
their wavefunction can 
be imaged both in real 
and reciprocal spaces 
with (pseudo)spin reso-
lution. Moreover, their 
statistics are directly 
accessible via the emit-
ted photon statistics.

From a fundamental 
perspective, exciton–polaritons are one of the few systems that 
exhibit superfluidity,5 Bose–Einstein condensation (BEC),6 
quantum vortices,7 and solitons,8 up to room temperature in 
some materials.9 For example, superfluidity arises from both 
the long-range coherence issued by the photonic side and from 
the interaction effects issued by the excitonic side. While simi-
lar to other quantum fluids (e.g., superfluid helium or atomic 
condensates), exciton–polaritons add a twist: it is a (nonequilib-
rium) driven dissipative system, from which new behavior can 
emerge.10 While a few optical systems (lasers, photorefractive 
systems, propagating nonlinear optics) exhibit some of these 
properties, exciton–polaritons possess some of the strongest 
nonlinearities, which makes them especially apt to mimic and 
complement cold atoms-based quantum fluids.3,11

Typically, the material can be spatially structured to 
suit a precise experimental scheme. For example, it can be 
designed to capture the essence of a more complex physical 
system, which is the principle of quantum simulation.12 It can 
also be designed to boost certain aspects of exciton–polari-
tons, for example, their interaction to enhance interaction-
induced quantum correlations.13,14 This illustrates that 

a

b

Figure 1.   (a) Schematic representation of a semiconductor microcavity with one embedded quantum well. 
The green and red layers constitute the two Bragg mirrors making up the optical cavity while the blue and 
salmon layers represent the quantum well. The electromagnetic field amplitude (yellow line) as well as its 
envelope (white dashed line) are represented. The quantum well is placed at an antinode of the electromag-
netic field. (b) Left: calculated bare exciton and cavity mode dispersion (dashed lines) as well as polariton 
dispersion (solid lines) for a photon–exciton detunings δ0 = 0 and a Rabi splitting of 6.6 me V . Right: cor-
responding photonic (green) and excitonic (gray) fractions for the lower polariton branch.

hnguyen
Rectangle

hnguyen
Rectangle



Materials for excitons–polaritons: Exploiting the diversity of semiconductors

MRS BULLETIN  •  VOLUME 49  •  SEPTEMBER 2024  •  mrs.org/bulletin               3

exciton–polaritons represent a rich playground for probing 
fundamental physics and studying novel quantum states of 
matter, with insights into quantum hydrodynamics, condensed-
matter physics, and nonlinear optics.

On the practical side, exciton–polaritons have garnered 
significant interest for their potential applications in opto-
electronic devices15 and quantum technologies.16 Due to their 
strong light–matter interaction and the ability to propagate 
over long distances within (one-dimensional [1D] and 2D) 
microcavities, exciton–polaritons can be utilized for the devel-
opment of efficient light sources,17 low-threshold lasers,18 and 
integrated photonic circuits.15 Moreover, their unique nonlin-
ear optical properties and large spatial coherence make them 
promising candidates for applications in quantum information 
processing, where the coherent manipulation and the (nonlin-
ear) control of quantum states are essential.16

In this scientific landscape, exploiting the diversity of semi-
conductors becomes judicious for several reasons. First, dif-
ferent semiconductor materials offer distinct electronic and 
optical properties for excitons such as bandgap energy, bind-
ing energy, and exciton–photon coupling strength. By select-
ing appropriate semiconductor materials, the properties of 
exciton–polaritons (e.g., their effective mass) can be tailored 
to suit specific applications (e.g., UV light-emitting diodes 
with ZnO19), to explore particular physical phenomena (e.g., 
room-temperature condensation with perovskites20) or even to 
provide them with new properties (e.g., valley degree of free-
dom in TMD monolayers21). Second, leveraging the diversity 
of semiconductors enables the exploration of novel material 
platforms and the enhancement of device performance (coher-
ence, stability, nonlinear properties of exciton–polariton-
based devices). Finally, the diversity of semiconductors could 
facilitate the integration of exciton–polaritons with existing 
semiconductor technologies, paving the way for seamless 
integration into practical devices and systems. As different 
semiconductors offer distinct advantages and challenges, the 
exploration and selection of materials is critical in shaping the 
future of exciton–polariton research.

In this article, we will delve into the diverse landscape of 
semiconductor materials utilized in the study of exciton–polar-
itons, examining their respective merits and limitations. By 
exploring the interplay between the choice of semiconductor 
material and exciton–polariton physics, we aim to provide a 
comprehensive overview of the current state-of-the-art in this 
rapidly evolving field.

Exciton–polaritons in epitaxially grown 
materials
Cavity polaritons were evidenced for the first time in 1992 
using a GaAs-based microcavity.22 At that time, GaAs was 
the material of choice, optimized for optoelectronics applica-
tions and benefiting from more than a decade of experimental 
developments in epitaxial techniques. One key advantage of 
these materials is the very small lattice mismatch between 
AlAs and GaAs crystals offering the possibility of growing 

high reflectivity Bragg mirrors using AlxGa1−xAs alloys. 
This has led to the emergence of high finesse ( 103 ∼ 10

4 ) 
Fabry–Perot microcavities and of highly controlled cavity 
devices such as Surface Emitting Lasers (VCSELs) operating 
at room temperature both with electrical or optical injection. 
Moreover, when moving to cryogenic temperatures (below 
10 K ) the great material purity provides very narrow exciton 
linewidths. The exciton energy can also be tuned by selecting 
the proper alloy. These excellent properties, combined with 
the availability of well-developed technological tools, make 
them ideal for the studying fundamental physics. Thus, the 
field of quantum fluids of light (polariton gases1) emerged 
using the GaAs platform. This platform is also advantageous 
for the demonstration of innovative proofs of principle for 
photonic devices based on polaritonic effects.23 Note that other 
epitaxially grown materials were also available in the early 
2000s such as II–VI alloys (CdTe) and GaN quantum wells. 
Despite the fact that their growth was less controlled, lead-
ing to stronger disorder effects, these materials also played an 
important role in the development of the field.

Cavity polaritons being hybrid exciton–photon quasipar-
ticles, their photonic part provides them with a low effec-
tive mass ∼10

−5
me enabling BEC at elevated temperatures. 

Moreover, these effective masses can be made different for 
TE and TM polarizations, leading to an effective spin–orbit 
coupling for photons.24 Because of the constant cavity pho-
tons leakage, polaritons are driven dissipative in nature and 
implement non-equilibrium physics. The excitonic component 
provides polarization-dependent Kerr nonlinearities through 
exciton–exciton interactions that are at the heart of the phys-
ics of quantum fluids of light.1 Additionally, cavity polaritons 
also show strong magneto-optics response following the Zee-
man splitting of excitons under a magnetic field. Finally, the 
excitons provide the gain material for polariton condensation 
or photon lasing.

Under resonant pumping, nonlinear parametric processes 
(optical parametric oscillation  [OPO] and amplification 
[OPA]) were demonstrated in 2000 when exciting the system 
at the inflexion point of the lower polariton branch: signal and 
idler beams were clearly resolved.25 A few years later, opti-
cal bistability was reported in GaAs cavities by monitoring 
the transmission intensity under resonant excitation.26 Based 
on such degenerate four-wave mixing, squeezing below the 
standard quantum limit could then be measured.27

Another landmark was the demonstration of BEC of 
polaritons under nonresonant pumping. This manifests by the 
macroscopic population of a given polariton state via bosonic 
stimulation and the emergence of extended coherence through 
U(1) symmetry breaking of the phase. Polariton condensation 
was first demonstrated in CdTe based cavities (II–VI materi-
als) because of efficient polariton scattering.6 The resulting 
condensate profile was highly inhomogeneous because of 
disorder-induced localization. In GaAs-based structures, a 
relaxation bottleneck had to be overcome to reach conden-
sation while maintaining the strong coupling regime.28 This 
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could be achieved via exciton exciton scattering in samples 
with 12 quantum wells.29 In parallel, polariton lasing was 
achieved at room temperature in GaN microcavities benefit-
ing from the higher exciton binding energy preventing exciton 
ionization at high temperatures.30 Importantly, polariton con-
densates exhibit distinct features from atomic condensates due 
to their out-of-equilibrium nature, as highlighted recently with 
the demonstration of Kardar Parisi Zhang universal scaling in 
the spatio-temporal coherence decay.31

Another striking result has been the prediction32 and 
demonstration5 of superfluidity of a resonantly driven polari-
ton fluid. This is a direct consequence of the modification of 
the polariton–excitation spectrum induced by optical nonlin-
earities.33 Other investigations of the hydrodynamical prop-
erties of polaritons have led to the observation of quantized 
vortices, solitons, half-vortices, and half-solitons.1

More recently, leveraging their tunability, polaritons 
have been used to study the physics of various Hamiltoni-
ans, in effect enabling polariton-based quantum simulators. 
For instance, the spin–orbit coupling term, which results in 
an effective magnetic field in reciprocal space, has been used 
to demonstrate the optical spin Hall effect.34 In addition, in 
the presence of birefringence and time-reversal symmetry 
breaking, nonzero Berry curvature emerges, and the quantum 
geometric tensor was fully characterized.35 The presence of 
gain, dissipation, and polarization-sensitive losses leads to 
nonhermitian physics, featuring, for example, exceptional 
points that are actively being studied in the context of non-
hermitian topological photonics.36 An important development 
has been the introduction of nanotechnology techniques to 
laterally confine polaritons.37 Adjusting the confining potential 
allows engineering the band structure and emulating various 
Hamiltonians.38 Lattices with phase frustration between sites 
could be implemented, featuring flatbands, where condensa-
tion, disorder-induced localization,39 and exotic spin struc-
tures emerging in the presence of spin–orbit coupling40 were 
explored. The exquisite control over the potential landscape 
also enabled realizing quasi-periodic lattices for polaritons. 
Gap labeling could be illustrated in Fibonacci structures,41 and 
the emergence of criticality was carefully analyzed.42 Real-
izing honeycomb lattices, Dirac physics have been explored 
with polaritons.43 Emulating the effect of uniaxial strain, 
tilted and type III Dirac cones could be observed.44 Adding 
spin–orbit coupling has led to the observation of spin-textures 
characteristic of the Dresselhauss spin–orbit interaction.45 In 
the presence of time-reversal symmetry breaking, a polariton 
topological insulator was realized.46

In parallel to these fundamental investigations, proofs 
of principle for polariton devices were implemented. Over 
the years, various components have enriched the polariton 
device toolbox, such as interferometers, spin switches, opti-
cal transistors, ultrafast OPOs, polariton diodes,23 and more 
recently, topological lasers,47 and orbital microlasers.48 Such 
devices have opened the way toward digital optical comput-
ing, with the hope of speeding up computation times.23 Analog 

computing strategies are also being explored: for instance, 
coupled condensates were used as Ising machines,49 and polar-
iton nonlinearities enabled to demonstrate machine learning.50

The polariton platform with epitaxially grown materials 
presents such a degree of control that new research directions 
are currently emerging. Photonic systems have been high-
lighted as a great asset to explore topological physics beyond 
what is achieved with conservative systems.51 In this sense, the 
polariton platform offers the ability to combine nonhermiticity, 
topology, drive, gain, and dissipation. For instance, the non-
hermitian skin effect has been predicted in polariton lattices,52 
and new ways to define the quantum geometric tensor for non-
hermitian polaritons are being proposed.53 An exciting current 
challenge is to investigate topology in regimes where polariton 
nonlinearities become significant.54,55 New methods are being 
developed to investigate Bogoliubov excitations on top of a 
nonlinear steady state,33 where new topological features are 
expected.56 Analog gravity can be emulated with polariton 
fluids,2 and acoustic black holes have been realized by engi-
neering an interface between subsonic and supersonic polari-
ton flows.57,58 Probing correlations between photons emitted 
on each side of the event horizon is expected to reveal the 
Hawking radiation.59 Another exciting degree of freedom is 
provided by phonons residing in polariton microresonators so 
that new photon–exciton–phonon polaritons emerge, opening 
new avenues both for polaritonics and for optomechanics.60–63 
Finally, an exciting perspective is to make use of the quantum 
nature of polaritons that has been proposed to reach photon 
fermionization,64 explore driven dissipative Bose-Hubbard 
physics,65 and produce multiphoton entangled states. Quan-
tum polaritonics is currently at its infancy, and first indications 
of the quantum nature of polaritons were observed recently 
through correlation measurements.13,14,66 Various strategies are 
currently being investigated to increase polariton interactions 
and go deeper into the quantum regime, by developing new 
active materials featuring dipolar polaritons,67 Fermi-polaron 
polaritons,68,69 or by investigating new materials that are dis-
cussed in the following.

Exciton–polaritons in oxide semiconductors
In this section, we spotlight ZnO and Cu2 O as standout exam-
ples of oxides renowned for their well-documented excitonic 
properties, which are ideally suited for polaritonic applica-
tions. ZnO, a IIb–VI direct wide bandgap semiconductor with 
a room-temperature energy gap ( Eg ∼ 3.4 eV), is highlighted 
for its nontoxic, abundant, recyclable nature, and its com-
patibility with alloying processes involving MgO, BeO, and 
CdO.73 Its excitons possess a substantial binding energy of 
∼ 60 meV, ensuring their stability at room temperature.

A resurgence in ZnO research emerged in the 2000s,74 
driven by advancements in nanostructure growth techniques, 
including epitaxial layers, quantum wells, nanorods, and quan-
tum dots. ZnO, with its superior oscillator strength and higher 
exciton binding energy compared to GaN’s 26 meV in bulk 
form, emerged as a preferred choice for room-temperature 
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polariton applications from an early stage.75 The pioneering 
demonstration of strong exciton–photon coupling in ZnO was 
achieved in a layer grown by plasma-assisted molecular beam 
epitaxy within a hybrid microcavity composed of AlGaN/GaN 
and SiO2/Si3N4 distributed Bragg reflectors (DBRs), revealing 
a vacuum Rabi splitting (VRS) of ∼ 50 meV at room tempera-
ture. An example is given in Figure 2a. This milestone was 
swiftly followed by comparable achievements in 3�/2 cavi-
ties, demonstrating similar VRS energies.76 Further explora-
tion into strong coupling with multiple quantum wells was 
undertaken, though sustaining this at room temperature proved 
challenging.77

Historically, vertical cavity surface emitting lasing was 
observed before the identification of polariton lasing.78 Inven-
tively, these structures incorporated eight quantum wells, opt-
ing for ZnO and its Mg alloys over bulk materials, and were 
encapsulated within ZnMgO alloy DBRs. These monolithic 

ZnO-based microcavities demonstrated lasing under pulsed 
optical excitation, see Figure 2b, setting the stage for sub-
sequent demonstrations of polariton lasing/condensation in 
bulk ZnO cavities at room temperature.71,79 Remarkably, 1D 
ZnO cavities showcased polaritons with VRS reaching up to ∼
300 meV,80,81 a feature of ZnO that stands in contrast to other 
inorganic semiconductors such as GaAs, due to the VRS’s 
comparability to LO-phonon energy. This facilitates polariton 
relaxation assisted by LO phonons.82

Further advancements were seen in the domain of ZnO 
microwires, where long-range spatial coherence and polariton 
lasing were first observed83 before achieving polariton lasing 
at temperatures as high as 450K84 and ZnO-based waveguide 
polariton lasing.85 ZnO microrods, in particular, have shown 
exceptional promise in polariton physics, outpacing their 2D 
counterparts. Significant progress has been made in pattern for-
mation and 1D lattices using ZnO microrods on gratings,86 which 

a b

c d

Figure 2.   (a) Angle-resolved room-temperature spectra for a hybrid ZnO �-thick microcavity. Reprinted with permission from 
Reference 70. © 2008 AIP Publishing. (b) Polariton lasing in an optically pumped 3�/2-thick hybrid ZnO microcavity at room 
temperature. Reprinted with permission from Reference 71. © 2012 Optical Society of America. (c) Rydberg polaritons up to 
n = 6 in a ∼ 30 µ m thick Cu2 O microcavity. Reprinted with permission from Reference 72. © 2022 The Author(s), under exclusive 
license to Springer Nature Limited. (d) Quenching of Rabi splitting for Rydberg polaritons in a Cu2 O microcavity under resonant 
pulsed excitation. Reprinted from Reference 11. CCBY 4.0.

hnguyen
Rectangle

hnguyen
Rectangle



Materials for excitons–polaritons: Exploiting the diversity of semiconductors

6         MRS BULLETIN  •  VOLUME 49  •  SEPTEMBER 2024  •  mrs.org/bulletin

recently enabled polariton switching at room temperature with 
unprecedented speeds.87 However, akin to GaN, planar ZnO 
microcavities face challenges related to inhomogeneity and large 
disorder, which negatively impact the polariton lifetimes. In addi-
tion, the nonlinearity observed in ZnO, while similar to GaN, is 
weaker than that of GaAs, posing obstacles to the advancement 
of ZnO microcavities in keeping pace with the rapid development 
of GaAs-based microcavities in lattice physics.

Copper(I) oxide ( Cu2O ) along with germanium dioxide 
( GeO2 ), tin dioxide ( SnO2 ), titanium dioxide ( TiO2 ), and thal-
lium halide oxides form a category of oxides characterized by 
a direct bandgap. However, the transition from the valence 
band to the conduction band is dipole forbidden due to parity 
conservation (parity-forbidden transitions), implying that S 
excitons are dipole forbidden. Notably, for principal quantum 
number n ≥ 2 , L = 1 states emerge with odd parity, known as 
p-states, which gain a minimal oscillator strength. This subtle 
oscillator strength, coupled with Cu2O ’s substantial Rydberg 
constant, allows the fitting of numerous excitonic states 
before reaching the bandgap edge (the continuum state). The 
linewidth of the p-states decreases as 1/n3 , a trend mirrored by 
the oscillator strength. Consequently, the resonance amplitudes 
theoretically remain constant. This has been observed to hold 
to a degree for states up to n ∼ 15 , beyond which the oscillator 
strength diminishes sharply due to defect interactions.

In addition, the p-states coexist with a broad phonon 
absorption background of nearly equivalent magnitude to the 
exciton absorption amplitudes, which induces losses that con-
strain the cavity finesse. The initial demonstration of strong 
coupling for Rydberg excitons, up to n = 6, was achieved 
through a top-down methodology.72 It involves the polishing 
and thinning of a bulk crystal down to 30 microns, which was 
then adhered to a DBR, with another DBR layer deposited on 
the crystal’s opposite side. The resulting polariton dispersion 
curves are presented in Figure 2c. This technique drew paral-
lels to methods used by the zinc oxide (ZnO) community in 
the early 2000 s. The light–matter coupling constant adhered 
to the 1/n3 oscillator strength relationship, but it declined sig-
nificantly after n = 5. Following this, nonlinear effects were 
showcased in a similar setup (using silver mirrors instead 
of dielectric DBRs) where the nonlinearity was indirectly 
measured as a quenching of the Rabi splitting,11 as visible in 
Figure 2d. The nonlinear coefficient for n = 7 matched that 
of the GaAs polariton system, marking this as the only sys-
tem to exhibit comparable nonlinearity to GaAs at such a low 
Rydberg state. This opens the door for further enhancements 
and achieving significant single-polariton nonlinearity, contin-
gent upon addressing the phonon background issue.

Promising avenues to bypass this challenge include elec-
tromagnetic transparency,88 although this is demanding as it 
necessitates two-photon excitation with the second photon 
at THz frequencies. Achieving single-polariton nonlinearity 
necessitates the cavity volume to match the Rydberg block-
ade volume, which underscores the importance of substan-
tial advancements in material development. Considerable 

progress has been made in the domain of synthetic bulk crys-
tals,89 microcrystals,90 and thin films.91 However, the highest 
quality remains with natural crystals. For these materials to 
be effectively integrated into photonic devices, synthetic thin 
films must evolve to match the maturity level of other semi-
conductor materials such as GaAs. Recent innovations in the 
patterning of bulk crystals and the crafting of Cu2 O pillars92 
offer promising avenues for the construction of Cu2 O lattices. 
Such advancements not only pave the way for exploring strong 
correlations within these structures, but also mark a significant 
step toward harnessing the full potential of Rydberg polaritons 
for quantum applications.

Exciton–polaritons in TMD monolayers
Atomically thin 2D van der Waals (vdW) materials have 
become a ubiquitous platform for studying variety of optoelec-
tronic phenomena.93 The most widely studied vdW material 
in the context of exciton–polaritons is transition-metal dichal-
cogenides (TMDCs) having MX2 stoichiometry, where M is a 
transition metal from group VI (M = Mo, W) and X is a chal-
cogen (X = S, Se, Te).94 These semiconductors exhibit mark-
edly distinct electronic and optical properties in the monolayer 
(2D) limit compared to their bulk. For example, they transi-
tion from indirect to direct bandgap in the monolayer limit 
thereby increasing their photoluminescence (PL) quantum 
yield by more than 1000 times, demonstrate second harmonic 
generation (SHG) in the monolayer limit owing to the bro-
ken inversion symmetry and robust valley degree of freedom 
allowing the use of circularly polarized light to address valley 
(in momentum space) specific carriers. The latter also gives 
access to spin-valley dynamics, which can be mapped onto 
exciton–polaritons. Additionally, owing to the reduced dimen-
sionality, the excitons and exciton complexes (bi-excitons, 
trions, fermi-polarons) exhibit large binding energy allow-
ing access to excitonic physics and polaritons even at room 
temperature. Finally, the large oscillator strength exhibited by 
the excitons results in 10–15% absorption at excitonic reso-
nances, makes them ideally suited to study strong light–matter 
interaction. All of these features of excitons in TMDCs can 
be imparted to their cavity polariton version, making them 
distinct from materials systems that have been studied exten-
sively in the past such as GaAs and organic semiconductors. 
In some sense the properties of the TMDC excitons although 
describable within the Wannier-Mott (WM) picture can be 
thought of as having characteristics somewhere between the 
delocalized WM excitons of GaAs and highly localized Fren-
kel excitons found in organic molecules. Indeed, such hybrid 
features were considered in the past as a novel route to highly 
nonlinear polaritons.95 Furthermore, the possibility to pick 
and place the 2D materials on different substrates presents a 
unique opportunity for integration of excitonic materials with 
photonic structures. Initial demonstrations of polaritons in 
2D TMDCs were carried out using distributed Bragg reflector 
(DBR)-based Fabry–Perot (FP) cavities where the top mirror 
was either monolithically integrated96 or in an open cavity 
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geometry where the top DBR was externally controlled.97 Fol-
lowing these initial experiments, various geometries, including 
hybrid cavities consisting of DBR-metal structures as well 
as exfoliated and transferred top DBRs were used to demon-
strate strong coupling.98 The biggest challenge in realizing a 
DBR-DBR microcavity structure in the context of 2D semi-
conductors is their sensitivity to fabrication processes caus-
ing detrimental effects on the overall optical properties of the 
excitons. An attractive approach in this context are structures 
such as photonic crystals, plasmonic structures and metasur-
faces that support coupling of their electromagnetic modes 
to the 2D excitons just by proximity99 and does not require 
post-processing after the transfer of 2D materials. In almost all 
strong coupling experiments reported to date the 2D materials 
were exfoliated from bulk crystals or removed from a sub-
strate following CVD growth and transferred onto the desired 
substrate using dry transfer techniques.100 Owing to the large 

refractive index of the TMDCs arising from the strong exci-
tonic resonance,101 these materials in their bulk form can host 
FP modes even without any mirrors and what is more intrigu-
ing is that these FP modes can self-hybridize with the excitons 
forming exciton–polaritons102,103 (see Figure 3k). However, in 
this case, owing to the indirect bandgap of most bulk TMDCs, 
the polariton states can only be observed in absorption (reflec-
tion or transmission) and not in PL with ReS2 and ReSe2 being 
some of the exceptions. Nevertheless, their nonlinear opti-
cal response and potential to realize active metasurfaces have 
become active areas of research.104–107

The manifestation of strong coupling in 2D semicon-
ductors nowadays goes beyond the mere observation of 
anticrossing: the advantage of 2D TMDs as polaritonic 
material can be seen in the wide array of novel phenomena 
and functions demonstrated. Next, we discuss some of the 
key effects:
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Figure 3.   Properties and unique phenomena of TMDCs for exciton–polariton studies (Left panel) as well as the photonic structures that enable 
the realization of polaritons (Right panel). (a) Valley polarization property. Reprinted with permission from Reference 108. © 2014 Springer Nature. 
(b) Rydberg excitons observable due to the large binding energy. Reprinted with permission from Reference 109. ©2014 American Physical 
Society. (c) Charged excitons–trions and Fermi-polarons. Reprinted from Reference 110. CCBY 4.0. (d) Moiré excitons. Reprinted with permission 
from Reference 111. © 2019 Springer Nature. (e) Van der Waals heterostructures. Reprinted with permission from Reference 112. © 2013 Springer 
Nature. (f) Dipolar interlayer excitions. Reprinted with permission from Reference 113. © 2021 Springer Nature. (g) Bragg reflector-based 1D cav-
ity. Reprinted with permission from Reference 96. © 2014, Springer Nature Limited. (h) Photonic crystal. Reprinted from Reference 99. CCBY 4.0. 
(i) Plasmonic array. Reprinted with permission from Reference 114. © 2020 American Chemical Society. (j) Nanoparticle on mirror. Reprinted with 
permission from Reference 115. © 2020 American Physical Society. (k) Self-hybridized polaritons. Reprinted with permission from Reference 102. 
© 2019 American Chemical Society. (l) Topological photonic crystals. Reprinted from Reference 116. CCBY 4.0.
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Valley polarization and valley coherence: The valley 
degree of freedom relates to the quantum mechanically distinct 
valleys (minimas) in the momentum space that the electron 
occupies. In monolayer TMDCs, the direct bandgap occurs at 
the K and K’ points and have distinct optical selection rules 
arising from the valley contrasting spin splitting of the valence 
and conduction bands,108 as visible in Figure 3a. This allows 
one to excite the distinct valleys using circularly polarized 
light of specific handedness and results in the PL having pre-
dominantly the same handedness as the excitation laser and is 
termed “valley polarization.” A related process termed “val-
ley coherence” occurs under linear-polarized excitation which 
excites carriers in both valleys, and the resulting luminescence 
follows the linear polarization of the excitation laser. Mag-
netic fields have been used to rotate the linear polarization—
thereby providing the possibility to control the valley pseu-
dospin on demand. A similar effect was also observed under 
optical Stark effect. Such rotation of the valley pseudospin 
can be mapped onto a Bloch sphere and, hence, is analogous 
to spin state manipulation. There have been several reports 
of valley polarization being preserved and in fact in some 
cases even enhanced.21,117–119 In all these reports, the cavity-
modified exciton relaxation affects the valley depolarization 
of the excitons. Furthermore, this effect was found to depend 
on the exciton and photon fraction of the polariton. In addition 
to the Maialle–Silva–Sham (MSS) mechanism, the splitting 
between the transverse electric (TE) and transverse magnetic 
(TM) modes of the FP cavity also contribute to the overall 
valley depolarization of the polaritons. Valley coherence was 
also observed in polaritons formed in 2D TMDCs.120–124 It was 
found that the polariton formation minimized valley dephas-
ing. The control of polariton valley pseudospin using magnetic 
field was also demonstrated. In addition to exciton LT split-
ting, in the context of exciton–polaritons, one needs to also 
consider the TE-TM splitting of the cavity photon mode which 
results in a pseudomagnetic field that modifies the polariza-
tion properties.125 Indeed, this effect has been recently used to 
manipulate valley coherence, where the dependence of TE-TM 
splitting on in-plane momentum ( k‖ ) was used to demonstrate 
precession of the valley pseudospin.126,127 Another intrigu-
ing effect arising from the robust valley degree of freedom is 
the valley Hall effect, where the helicity of the pump photon 
can drive carriers from specific valleys (k or k’) in opposite 
directions. In a recent demonstration, the valley-dependent 
directional propagation of polaritons in 2D TMDCs was 
demonstrated.121

Trion polaritons and Fermi-polaron polaritons: In the 
presence of doping, excitons are dressed by the Fermi sea, 
which allows the formation of trions (charged excitons, see 
Figure 3c) and Fermi-polarons at small and large doping, 
respectively. Owing to the large binding energy and oscillator 
strength of excitons in TMDCs, these exciton complexes have 
sufficient binding energy ( ∼ 30 meV) and oscillator strength 
allowing them to strongly couple to cavity fields.97,128 The use 
of doping of the TMDC layers via gating was also shown to 

tune strong coupling.129 Polaritons formed from these charged 
excitonic complexes are especially interesting from the stand-
point of nonlinearity owing to the Coulomb interaction.130–132

Nonlinear polariton–polariton interaction: Nonlinear 
interaction between polaritons is a key for realizing quan-
tum nonlinearity as well as for Bose–Einstein like conden-
sates. The primary mechanisms that dictate this interaction 
in monolayer TMDCs has been identified as phase space 
filling, and a smaller contribution from exchange interac-
tions.98,133,134 Following theoretical predictions,135 polari-
ton formation with the Rydberg excitonic states (Figure 3b) 
was demonstrated and the scaling of the nonlinearity with 
Bohr radius was shown.17 Another intriguing possibility is 
the realization of polaritons using moiré excitons (Figure 3d) 
and interlayer excitons realized in vdW heterostructures 
(Figure 3e). A challenge there is usually the weak oscilla-
tor strength of these excitonic species owing to the predomi-
nantly out of plane dipole moment preventing the realizing 
of strong coupling. One solution is to use moiré excitons that 
are hybridized with intralayer excitons. This strategy was 
shown to be successful in realizing moiré exciton–polari-
tons with large nonlinear interaction strength attributed to 
the localized excitons at the moiré sites.136 More recently, 
interlayer excitons with significantly large oscillator strength  
( ∼30% of the 1 s exciton) were shown to exist in homobi-
layer MoS2

137 (Figure 3f) and were used to demonstrate highly 
nonlinear dipolar polaritons with one of the highest reported 
nonlinear interaction strengths.138 The issue, however, is the 
linewidth of these interlayer excitons, which has so far been 
detrimental in reaching the limit of few photon nonlinearity.

Polariton condensation: Recently, there have been few 
reports of polariton condensation and onset of coherence in 
TMDC-based exciton–polaritons.139–141 Although the bind-
ing energy of these excitons allows for condensation to be 
realized at room temperature, the initial experiments had 
to be carried out at low temperature most likely due to the 
sample quality. More recently, there have been reports of 
room-temperature condensation as well.142,143 A related work 
showed the emergence of spatial coherence in 2D TMDC-
based cavity structures owing to the spatial inhomogeneity 
and the small flake size.144 A significant challenge in using 
such 2D TMDC-based BECs for realizing condensate lattices 
or other polaritonic structures is the small size of the exfoli-
ated flakes. Using high-quality CVD grown flakes or the use 
of gold exfoliation technique could address this issue.145

Photonic and plasmonic crystal-based polaritons: By 
exploiting the possibility to pick and place the 2D material 
on different structures, various groups have reported realiz-
ing exciton polaritons using photonic crystals and plasmonic 
lattices99,146,147 (see Figure 3h–i). These structures allow larger 
tunability of the photonic dispersion as well as the Q-factor, 
which maps on to the polaritons as well. A good example of 
this is the coupling of excitons in TMDCs to topological pho-
tonic crystals. Here, the polariton emission was shown to cou-
ple in a nonreciprocal manner owing to the band structure of 
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the underlying photonic crystal,116,148 see Figure 3l. The ability 
to realize vdW heterostructures also allowed the realization of 
an electrically driven polariton LED which consisted of thin 
hBN tunnel barriers, graphene contact, and WS2 as the exci-
tonic emitter. The entire structure consisted of eleven layers 
and was placed inside a DBR—silver cavity.17

Outlook
Looking ahead, some of the new directions include the possi-
bility of reaching the polariton blockade limit by exploiting the 
enhancement in nonlinearity provided by the TMDCs via the vari-
ous mechanisms such as dipolar interactions, coulomb interaction 
arising from charged excitons, or even large Bohr radius Rydberg 
excitons, as visible in Figure 3b. A recent direction that has 
emerged is the use of correlated vdW materials such as charge-
transfer insulators149 and vdW magnets.150 In these systems, the 
intertwined electronic, magnetic, and optical responses present 

a unique opportunity to explore the role of strong coupling and 
the distinctive properties of this new class of exciton–polaritons.

Exciton–polaritons in halide perovskite 
semiconductors
Halide perovskites represent an emerging class of semicon-
ductors that can be processed from solutions at temperatures 
below 100◦ C and ambient pressure. This method is well suited 
for low-cost and large-surface applications. The so-called 3D 
perovskites (see Figure 4a), with a general chemical formula 
of ABX3 (where A is a cation, B is a divalent metal such as 
Pb, and X is a halogen such as I, Br, or Cl) are direct band-
gap semiconductors and stand out due to their remarkable 
chemical flexibility, enabled by soft chemistry techniques. 
Each component—A, B, and X—can be customized: A can 
range from organic compounds such as methylammonium 
[MA = (CH3NH+

3
 )] to inorganic elements such as Cs, or even 
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Figure 4.   (a) Crystalline structure of (Left) 3D perovskites, and (Right) layered Ruddlesden–Popper perovskites. (b) Energy of the three polariton 
branches of the hybridization between cavity photons (CPs), perovskite excitons, and ZnTPP when scanning the cavity air gap. Reprinted with 
permission from Reference 151. © 2006 American Physical Society. (c) Left panel: 2D microcavity and 0D photonic molecule on the same sample 
with PEPI as an active layer. The SEM image shows a sphere-like 0D photonic molecule on the top-mirror. Middle and Right panels: Polariton 
dispersion measured in the 2D cavity region and the 0D photonic molecules, respectively. Reprinted with permission from Reference 152. © 2014 
AIP Publishing LLC. (d) Images of nonlinear polariton transport for 1D (left) and 2D (right) fluids, illustrating supersonic and subsonic propaga-
tion. Reprinted from Reference 153. CCBY 4.0. In the supersonic regime, the 1D fluid exhibits patterns originating from the interference between 
the flow and its reflection at the sample edge, while the 2D fluid shows Cerenkov waves upon encountering a defect. In the subsonic regime, the 
absence of scattering in both 1D and 2D fluids indicates their superfluid nature. (e) Left: Sketch of a mono-atomic polaritonic chain made of per-
ovskite-based coupled micropillars. The lattice confinement was achieved by introducing a patterned PMMA layer on top of the CsPbBr3 flake. 
Middle and right panels: Polariton dispersion measured at pump power below and above the threshold, respectively. Reprinted from Reference 
154. CCBY-NC 4.0. (f) Left: Sketch of a perovskite metasurface composed of subwavelength PEPI pillars arranged in a square lattice with sub-
wavelength periodicity. Reprinted with permission from Reference 155. © 2020 American Chemical Society. Right: Experimental results showing 
the measurement of the polarization orientation angle φ , demonstrating the polarization singularity at a polariton bound state in the continuum. 
Reprinted with permission from Reference 156. © 2022 Wiley.
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combinations thereof. B can be a single divalent metal or 
a blend between two cations. X can be any combination of 
halogen ions. Adjusting the halogen content in lead-based 
perovskites allows for the tuning of the perovskite’s bandgap 
across the visible spectrum. Most importantly, by tuning the 
component A and the stoichiometry of the mixture, perovskites 
can be engineered into lower-dimensional forms. For instance, 
the layered perovskites, among the most studied, of general 
formula (R-NH3)2(CH3NH3)m−1MmX3m+1 (see Figure 4a), are 
synthesized by incorporating bulky organic components such 
as phenylethylammonium [PE = (C6H5C2H4NH+

3
)]. Varying 

the integer m allows for control over the material’s excitonic 
characteristics. At m = 1 , the structure is 2D, confining both 
electrons and holes within an atomically thin inorganic layer 
composed of [PbX6]4− octahedra (type-I quantum well). This 
configuration results in strongly bound excitons with binding 
energies of several hundred meV due to quantum and dielec-
tric confinements.157 Conversely, at m = ∞ , the material tran-
sitions to a 3D structure (MAPbX3 ), characterized by weaker 
excitons. Thus, from m = 1 to m = ∞ , the excitonic properties 
of hybrid perovskites can be continuously tailored.158

Exhibiting superior excitonic effects compared to other 
members of its family, the 2D hybrid perovskite ( m = 1 ) is 
naturally the most suitable layered perovskite for studying the 
exciton–photon strong coupling regime. In 1998, the strong 
coupling regime using perovskite material was demonstrated 
for the first time, employing a spin-coated layer of PE2PbI4 , 
known as PEPI in a distributed feedback cavity at room tem-
perature.159 Subsequently, single-mode planar microcavities 
with a 50-nm spin-coated layer of PEPI showcased strong 
coupling at room temperature with substantial Rabi splittings 
of 150 meV.160 This is facilitated by 1) the remarkably stable 
exciton with a binding energy of more than 200 meV; 2) a high 
oscillator strength (optical coupling strength) of 3.6 × 1013 
cm−2 per quantum well. Notably, the interaction between the 
photonic mode and the perovskite, alongside another material 
with a high excitonic oscillator strength, results in the forma-
tion of three-component hybridized states151 (see Figure 4b).

Unlike other room-temperature polariton materials, per-
ovskites produce delocalized Wannier excitons with a Bohr 
radius significantly larger than the material’s lattice period, 
promising high nonlinearity. Investigations into the exci-
tonic nonlinearities of PEPI have revealed behaviors similar 
to those of GaAs-based semiconductors, despite PEPI’s high 
exciton binding energy.161 Remarkably, the exciton–exciton 
interaction energies, derived from the polariton nonlinear-
ity in PEPI-based polaritons, are spin dependent and closely 
resemble those observed in GaAs-based quantum wells at 
cryogenic temperatures exceeding those of organic polaritons 
by more than an order of magnitude.162 Furthermore, coupling 
of photons in engineered 0D microcavity with PEPI excitons, 
polaritonic mode of experimental Q-factor up to 750 was 
reported152 (see Figure 4c). Despite these promising features, 
leveraging 2D hybrid perovskites to achieve polariton BEC at 
room temperature remains a significant challenge due to strong 

surface trapping, long-lived triplet states, Auger recombina-
tion, and exciton–phonon interactions. To date, BEC has only 
been experimentally demonstrated at cryogenic temperatures 
for these materials.163

Using 3D all-inorganic perovskites, researchers finally 
solved the puzzle of creating a polariton BEC at room temper-
ature from a halide perovskite material. This breakthrough was 
made possible by a tradeoff between the lower excitonic con-
finement, which leads to smaller exciton binding energy, and 
the superior gain properties of 3D all-inorganic perovskites 
compared to their 2D hybrid counterparts. The first observa-
tion of polariton BEC at room temperature in perovskite mate-
rials was demonstrated with a planar microcavity containing 
an exfoliated CsPbCl3 flake.164 Using the same platform, but 
with 1D exfoliated CsPbBr3 , long-range coherent propaga-
tion of a polariton condensate was subsequently reported.165 
In addition, hallmarks of nonlinear polaritons such as optical 
parametric scattering166 and nonlinear transport of quantum 
fluid153(see Figure 4d) were demonstrated with this platform. 
Remarkably, in the same fashion as cryogenic polaritons in 
GaAs systems, a tight-binding Hamiltonian can be engineered 
using coupled micropillars of a perovskite-based cavity. This 
is achieved by implementing a patterned PMMA layer on top 
of the perovskite flake before the deposition of the top Bragg 
mirror. For instance, polariton BEC in a polariton mono-
atomic chain154 (see Figure 4e) and at the topological edge 
state of a Su–Schrieffer–Heeger (SSH) chain167 were dem-
onstrated. However, a recent report casts doubt on whether 
the observed polariton BECs with all-inorganic perovskites 
were actually below the Mott density threshold, suggesting 
that the lasing emissions may originate from polaritonic Bar-
deen–Cooper–Schrieffer states rather than polariton BEC.168 
Therefore, further studies investigating the photophysics of 
polariton lasing in all-inorganic perovskites are crucial.

Despite the success of 3D all-inorganic perovskites in 
achieving perovskite-based polariton BEC at room tem-
perature, most of these studies employed perovskite flakes 
that were exfoliated. However, creating solution-based thin 
films of these perovskites is challenging due to the low 
solubility of CsBr and CsI precursors, which hinders the 
production of large surface polaritonic devices. To over-
come this limitation, using spin-coated 3D hybrid perovs-
kites instead of exfoliated 3D all-inorganic perovskites 
presents a promising alternative. Indeed, strong coupling 
has been demonstrated in a planar microcavity with a spin-
coated MAPbBr3 layer.169 While the low Q-factor ∼100 of 
this structure does not lead to polariton lasing, the polari-
tonic modes have been utilized to redirect the random las-
ing emission for directional beam.170

Finally, the integration of superior excitonic features of per-
ovskite materials with modern nanophotonic concepts, includ-
ing bound states in the continuum and exceptional points in 
subwavelength metasurface lattices,171 is a promising strategy 
for novel polaritonic functionalities. These metasurfaces are 
composed of perovskite elements not only of subwavelength 
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size but also arranged with a subwavelength periodicity (see 
Figure 4f). They can be fabricated by infiltrating a perovs-
kite solution into a prepatterned substrate155 or through direct 
nano-imprinting.172 Milestones of strong coupling physics 
with perovskite metasurface include (1) on-demand dispersion 
engineering of polaritonic modes;155 (2) formation of polariton 
bound states in the continuum, which significantly enhances 
the Q-factor and exhibits polarization singularity156 (see Fig-
ure 4f); and (3) polariton lasing at exceptional points.173 Most 
recently, large-scale perovskite metasurfaces were constructed 
using cost-effective methods such as interference lithography, 
spin coating, and thermal nanoimprint, showcasing homogene-
ous polaritonic modes across cm2 of sample area.172

Exciton–polaritons in organic semiconductors
The first demonstration of cavity polaritons with an organic 
material, has been performed by Lydzey et al. in Reference 
174. The cavities studied were produced by spin coating an 
organic layer (porphyrin molecules in a polystyrene matrix) 
onto a Bragg mirror, the cavity being closed by a metal mir-
ror. Reflectometry experiments at room temperature have 
shown the typical anticrossing between optical resonance 
and organic exciton with a Rabi splitting of 160meV. One 
year later strong coupling was evidenced with Cyanine 
J-aggregated dyes excitons.175 These first demonstrations 
highlighted two of the key properties of organic polaritons: 
the large light–matter coupling strength (oscillator strength) 
of organic semiconductors, which means they can operate at 
room temperature and the relative simplicity of fabricating 
the structures (compared with epitaxial GaAs structures). 
Since then, a wide variety of organic materials have been 
exploited for polaritons, including molecules in matrix,176 
J-aggregated dyes,175 polymers,9 fluorescent proteins177 and 
organic crystals.178 The Rabi oscillation between exciton 
and photons that is intrinsically linked to strong coupling, 
was observed with pump probe experiments with J-aggre-
gates excitons coupled to metal nanostructure resonances.179 
Ultrafast oscillations a period of a few tens of femtoseconds, 
were associated with the large Rabi energy of organic polari-
tons. It should be noted that recently, organic polaritons in 
the infrared range have been demonstrated by coupling a 
vibrational transition (c = o stretching), instead of an exci-
tonic transition, to a cavity mode.180

The excitons (electron and positively charged vacancy 
linked by a Coulomb interaction) in these organic materi-
als with different degrees of order, from single molecules to 
molecular crystals, are highly localized with respect to the 
photon wavelength.185 They can, therefore, be considered 
to be dispersionless, and thus, differ from extended Wannier 
excitons in inorganic semiconductors. The image of a photon 
and an exciton with the same in-plane wave vector hybrid-
izing to create a polariton22 is no longer relevant. Agranovich 
et al. have theoretically studied the structure of polaritons185 
in disordered organic semiconductors (J-aggregated dye). 

Considering the material excitations as localized point dipole 
moments spread in the cavity, the system supports coexist-
ing coherent and incoherent excitations. Coherent states are 
superposition of a photon and excitons of a large number of 
molecules, with a well-defined wavevector. The extended 
coherence of excitons that spread on several microns has been 
experimentally demonstrated.186 Incoherent states are formed 
by a superposition of excitons that are dispersionless and spec-
trally close to the bare exciton energy.187 These incoherent 
states, also named exciton reservoir, play a key role in relaxa-
tion in organic systems in strong coupling.188

As the oscillation strength of organic materials is large, 
high-quality resonators are no longer needed to generate polar-
itons. Hybrid states between organic excitons and propagating 
surface plasmon modes have been demonstrated in 2004.189 
A J-aggregated dye layer deposited on a silver film that sup-
ports surface plasmons constituted only the system studied. 
Different localized plasmon resonances have also been hybrid-
ized with excitons (a review can be found in Reference 190). 
Polaritons can even be generated in free standing membranes 
without mirror (Q-factor = 33).191 Several applications of 
polaritons require low-loss optical modes. In addition to 
microcavities with Bragg mirrors, low losses modes have been 
proposed, such as plasmonic gratings192 as well as dielectric 
resonator arrays193 or Bloch surface waves.194

The inclusion of two or more different materials in a 
strongly coupled cavity under appropriate conditions leads to 
the formation of hybrid states that mix the excitons of each 
material.195 One particular application of this hybridization is 
to improve the energy transfer between a donor material and 
an acceptor material. Energy is transferred through an inter-
mediate state comprising the contributions of both donor and 
acceptor (medium-energy polariton).196 As long as the donor 
and acceptor are hybridized together by the optical mode, 
energy transfer remains efficient. This nonradiative energy 
transfer in strong coupling has been demonstrated for separa-
tions of up to 100 nm, with time-resolved experiments.197 This 
distance should be compared with a few tens of nanometers for 
Forster energy transfer. The transfer distance can be increased 
to several microns by extending the cavities vertically182 (see 
Figure 5c) or by using the lateral extension of the optical 
mode. Indeed, structuring an organic layer on a metal film 
(plasmon mode) leads to a metasurface effect, if the spatial 
period is smaller than the polariton extension.198 In order to 
couple two materials, two patterned interlocked dyes arrays, 
one donor and one acceptor, need to be deposited on a sil-
ver film, as illustrated in Figure 5d. For a period of 5 µm , 
the donor and acceptor are hybridized by plasmon, leading to 
long-range energy transfer.183

The room-temperature polariton laser is an important 
application of the organic polaritons. Polaritonic condensed 
emission was first demonstrated in a highly ordered organic 
material, anthracene single crystal, sandwiched between two 
Bragg mirrors.181 The emission as a function of the pump flu-
ence passes from a sublinear level (bimolecular extinction) to 
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a super-linear level after the lasing threshold. An accumulation 
at the bottom of the dispersion, associated with extended spa-
tial coherence,199 also occurs above threshold (see Figure 5b). 
BEC has been demonstrated in various organic materials that 
are less ordered than anthracene single crystals (review articles 
on organic polariton laser can be found in References 200 and 
201), but also in plasmonic structures based on plasmonic lat-
tice resonances.202 The reduction of the polariton laser thresh-
old can be achieved by improving the relaxation processes 
from the exciton reservoir to the low energy polariton.203

In the last 10 years, a new direction has emerged with 
organic polaritons, building on the pioneering work of 
Ebbesen et al.,204 which aims to exploit the strong coupling 
between light and matter to modify the properties of these 
materials beyond their optical properties.205 Strong interaction 
with a resonant mode modifies the molecular states (associ-
ated with a resonant transition with the optical mode), with 
a change in energy landscape and the formation of coherent 
extended states. These modifications are perceptible either by 
direct optical measurement or without light, through changes 
in “nonoptical” material properties. The electrical conduc-
tivity of an organic film can be improved by one order of 

magnitude when it is strongly coupled to a plasmonic resona-
tor.204 Chemical reactivity can also be modified with strong 
coupling between a cavity mode and excitonic transition206 
or vibronic transitions,207 as illustrated in see Figure 5e–f. In 
addition to new applications for organic polaritons, these phe-
nomena raise open theoretical questions that are the subject of 
numerous studies.208

Conclusion
In this article, we have explored some of the diverse land-
scape of semiconductor materials that can be utilized for 
exciton–polaritons, highlighting their respective advantages 
and challenges. By leveraging the diversity of semiconduc-
tors, one can tailor the properties of exciton–polaritons to 
suit specific applications and explore novel phenomena. 
Therefore, exciton–polaritons in semiconductor microcavi-
ties represent more than ever a captivating frontier at the 
intersection of quantum mechanics, condensed-matter phys-
ics, and photonics. Through continued research and tech-
nological advancements, exciton–polaritons are poised to 
play a significant role in shaping the future of photonics and 
quantum technologies.

a c e

b d

f

Figure 5.   (a) Layout of an organic microcavity with the channels that contain antracene and antracene crystal structure. Reprinted with permis-
sion from Reference 181. © 2010 Springer Nature. (b) Angle-resolved photoluminescence above the polariton lasing threshold with an image of 
the emission in inset. Reprinted with permission from Reference 181. © 2010 Springer Nature. (c) Left panel: Cavity used for long-range energy 
transfer with vertical cavity extension. Right panel: Illustration of the energy transfer mechanism. Reprinted from Reference 182. CCBY 4.0. (d) 
Top left: Donor (blue) and an acceptor, in (red) materials structured and deposited on a metallic film with a 5 µ m period. Reprinted with permission 
from Reference 183. © 2022 Wiley. Top right: Illustration of the polariton energy levels, bottom panels, AFM image on the left and fluorescence 
image on the right showing the extended emission with an excitation localized in the center of the image. (e) Illustration of the vibrational ener-
gies of molecules in strong coupling with cavity modes and the silane deprotection reaction of 1-phenyl-2-trimethylsilylacetylene that is modified 
by strong coupling. Reprinted from Reference 184. CCBY 4.0. (f) Reaction rate as a function of the temperature for the reaction inside the cavity 
and outside showing the influence of vibrational strong coupling. Reprinted from Reference 184. CCBY 4.0.
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