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Giant Rabi Splitting and Polariton Photoluminescence in an
all Solution-Deposited Dielectric Microcavity

Hassan A. Qureshi, Michael A. Papachatzakis, Ahmed Gaber Abdelmagid,
Mikko Salomäki, Ermei Mäkilä, Oskar Tuomi, Olli Siltanen,
and Konstantinos S. Daskalakis*

Planar microcavity polaritons have recently emerged as a promising
technology for improving several performance characteristics of organic
light-emitting diodes, photodiodes, and photovoltaics. To form polaritons and
achieve enhanced performance, traditional microcavities with high reflectivity
mirrors are fabricated by energy-intensive physical vapor deposition methods,
which restrict their use in applications requiring flexibility and low cost. Here,
for the first time, a dielectric all-solution-processed polariton microcavity
consisting of Rhodamine 6G films in a poly(vinyl alcohol) matrix is
demonstrated, exhibiting more than 400 meV Rabi-splitting and
photoluminescence with uniform dispersion along the lower polariton mode.
The fully automated deposition and annealing fabrication protocol played a
key role in preventing interlayer mixing and producing high optical-quality
polariton microcavities, enabling to observe enhanced scattering of reservoir
excitons to the lower polariton and to explore the effects of strong coupling on
bimolecular interactions. Notably, it is found that polariton microcavities
exhibit a more than tenfold increase in the critical excitation density for
bimolecular annihilation compared to bare Rhodamine 6G films. This
enhancement can only be partially attributed to the sub-threefold measured
reduction in radiative lifetime, highlighting the critical role of strong coupling
in the influence of molecular dynamics.
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1. Introduction

Engineering device architectures that facil-
itate strong interactions between absorbers
and their electromagnetic environment is
central to modern organic optoelectronics.
When the energy exchange rate between
a material and its environment surpasses
their intrinsic losses, new hybrid light-
matter states form called polaritons.[1–3]

In recent years, polaritons in molecular
systems have emerged as a promising
platform for modifying chemical reaction
rates,[4–7] emission kinetics,[8–14] exciton
diffusion,[15–18] and for enhancing the per-
formance characteristics of organic light-
emitting diodes,[19–25] photodiodes,[26–28]

and photovoltaics,[29,30] as well as intro-
ducing novel coherent light sources and
all-optical switches.[31–38] In essence, these
effects originate from the hybrid nature of
polaritons, which inherit properties from
both light and matter: light contributes
to delocalization, while excitons provide
strong interaction terms. Planar microcav-
ities are a versatile photonic architecture
for modifying the electromagnetic environ-
ment; they are easy to design, fabricate,
and study under optical and electrical

excitation. Thus, they have been extensively used in polari-
ton studies in mirror configurations of metal–metal, dielectric–
dielectric, or a combination of both.[39]

Typical metal-metal (or metal-clad) polariton microcavities use
aluminum, silver, or gold to achieve high reflectivity in the ul-
traviolet, visible and infrared ranges, respectively. In these de-
signs, a highly reflective, sub-100-nm-thick, bottom mirror and
a semitransparent, sub-30-nm-thick, top mirror sandwich the ac-
tive material. This scheme allows for minimal physical deposi-
tion runs and reduced mode volume—important for increasing
the exciton-cavity interaction, which scales as ≈

√
N∕V , where

N is the number of absorbers and V is the mode volume.[40] How-
ever, the semitransparent top mirror is a bottleneck for real-world
applications of microcavity polaritons. It blocks light from going
in and absorbs the light the dipoles emit via single-plasmon and
surface-plasmon resonances. Importantly, because of its lossy na-
ture, it also limits the quality factor (Q) of such microcavities to
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below 90. This is detrimental to enhancing the radiative rates of
the cavity emitter—the Purcell enhancement factor being propor-
tional to Q/V—which is one of the main reasons for using micro-
cavities in the first place.

A better alternative is dielectric distributed Bragg reflectors
(DBRs). They are periodic structures consisting of multiple lay-
ers of alternating materials with varying refractive indices. They
can be engineered to reflect only a specific range of wavelengths
while remaining transparent outside that range. Their reflectiv-
ity can be easily increased by adding more layer pairs (with the
expense of narrowing the reflectivity stopband), enabling the fab-
rication of microcavities with exceptionally high quality factors
Q.[39,41–43] DBRs have negligible absorption and plasmon-related
losses, which is why they are commonly used in polariton las-
ing experiments. However, DBR deposition is typically achieved
by using sophisticated, resource and time-demanding deposition
processes such as physical-vapor deposition (PVD), atomic layer
deposition, and molecular beam epitaxy. In most cases, these de-
position methods are unfit for organic optoelectronics where they
consist of sensitive organic layers. In fact, until recently,[44–46] or-
ganic polariton DBR microcavities have been exclusively made
with PVD.

Here we report, for the first time, polariton photolumines-
cence dynamics from a dielectric DBR planar microcavity fab-
ricated entirely using solution-processing methods, specifically
dip-coating, and spin-coating. This fabrication process holds the
potential to significantly reduce costs while maintaining or even
exceeding the performance of conventional techniques. Our pri-
mary focus is on developing a robust and versatile fabrication
process, for which we selected Rhodamine 6G (R6G) as the ac-
tive material due to its extensive characterization in the literature.
As confirmed by direct comparisons with results documented in
the literature,[47,48] our fabrication process consistently produces
pristine polariton microcavity samples. With this approach, we
ensure that our methods prevent interlayer mixing and main-
tain the integrity of the active layer. Notably, our microcavities
demonstrated Rabi splitting (ΩR) larger than 400 meV, match-
ing the one observed in metal-clad microcavities filled with iden-
tical R6G concentrations[49,50] (Figure S2, Supporting Informa-
tion), and surpassing by tenfold the coupling strengths of pre-
vious all-solution-based microcavities containing a perylene di-
imide derivative.[46]

We support our results with angle-resolved reflectivity and
photoluminescence measurements, which we compare to PVD-
fabricated silver-clad microcavities (Figure S2, Supporting In-
formation). Additionally, excitation-density-dependent measure-
ments reveal that in polariton microcavities, singlet-singlet anni-
hilation (SSA) is significantly suppressed compared to bare R6G
films. Time-resolved photoluminescence measurements show a
sub-threefold reduction in radiative lifetime, which can be at-
tributed to enhanced scattering of reservoir excitons to the lower
polariton. This reduced singlet depopulation lifetime partially
explains the observed SSA suppression, highlighting the rich
physics of strong coupling.

2. Results

Figure 1a shows a schematic representation of the developed
microcavities. They consist of an asymmetrical number of DBR

layer pairs, six for the bottom and five for the top mirrors. The
DBRs are fabricated using an automatized sequential dip-coating
and annealing protocol, as reported in our previous work,[45]

of Nafion in Isopropanol (IPA) as low refractive index and ti-
tanium hydroxide / poly(vinyl alcohol) TiOH/PVA in deionized
(DI) water as high refractive index films (see Figure 1b and Ex-
perimental Section). The R6G molecules in Methanol (MeOH)
were embedded in a polyvinyl alcohol (PVA) matrix and spin-
coated on the bottom DBR. To prevent the R6G/PVA active mate-
rials from dissolving during the deposition of the top DBR, a 20-
nm-thick poly(N,N’-bis-4-butylphenyl-N,N’-bisphenyl)benzidine
(poly-TPD) in Chlorobenzene (PhCl) transparent film was spin-
coated on the R6G/PVA film. We found that our glass substrates
had micrometer-sized “teeth-like” roughness along their edges,
through which we observed detrimental cross-diffusion between
R6G/PVA films and DBR solutions (see Figure S3, Supporting
Information). To prevent this, we carefully dip-coated the sub-
strate edges with a UV-curing epoxy (see Experimental Section
and Supporting Information).

We wish to emphasize that the encapsulation steps using
poly-TPD and UV-curing epoxy were crucial for producing high-
quality solution-based polariton microcavities. In solution-based
coating methods, it is common to focus on solvent orthogonal-
ity between layer depositions to prevent cross-mixing. However,
for solution-based DBRs to become a viable technology for polari-
tonics, it is essential to develop a standardized DBR architecture
that can accommodate any active material or concentration, pro-
viding fabrication flexibility comparable to PVD. Our approach is
both simple and effective, and it can be easily extended to active
materials beyond R6G. Figure 1c shows a cross-sectional scan-
ning electron microscopy image of our typical samples. It con-
firms the consistency of the polariton microcavity layers and that
cross-dissolvement was prevented. Note that some fragmentation
in the intracavity layers is likely due to the broad ion-milling pa-
rameters used to produce the cross-sectional images. Moreover,
nm-sized blobs are visible in the TiOH/PVA DBR layers which
can be either TiO2 nanoparticles from incomplete hydrolysis or
hotspots generated after milling. In our previous work,[45] ellip-
sometry measurements of the TiOH/PVA did not show a scat-
tering effect in the visible spectral range, further confirming that
TiO2 nanoparticles are either totally absent, or their size is sub-
50-nm.

To examine the dependence of coupling strength for increas-
ing R6G concentration, we fabricated three polariton microcav-
ities with concentrations of R6G in a PVA matrix of 1, 3, and
5 mgml−1, resulting in ΩR of 130, 264, and 401 meV, respec-
tively. ΩR was extracted by fitting a coupled harmonic oscillator
in the measured reflectivity spectra (Figure 1; Figure S1, Support-
ing Information). The microcavities were precisely designed and
fabricated to align the optical mode to the R6G J-aggregate ab-
sorption peak,[51] shown in Figure S6 (Supporting Information).
Thus, in all three polariton microcavities, the active layer thick-
ness was kept at around 73 nm (see Experimental Section for
fabrication and characterization details). Figure 1d shows nor-
mal incidence reflectivity from the polariton microcavity with
3 mgml−1 R6G concentration. It demonstrates clearly that up-
per and lower polariton modes coexist within the DBR stop-
band, together with Bragg modes at the edges of the stopband.
For completeness, we also plotted the photoluminescence from
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Figure 1. a) Schematic showing the fabricated all-solution-based microcavity consisting of alternating layers of Nafion and titanium hydroxide / polyvinyl
alcohol hybrid films. Optical measurements were performed on samples with six-pair bottom and five-pair top DBRs. A 20-nm-thick poly(N,N’-bis-4-
butylphenyl-N,N’-bisphenyl)benzidine buffer film spin-coated on Rhodamine 6G and Ossila E132 encapsulation epoxy was carefully dip-coated at the
edges of the half cavity to protect Rhodamine 6G from dissolving when depositing the second DBR. The combination of poly(N,N’-bis-4-butylphenyl-
N,N’-bisphenyl)benzidine buffer film and epoxy edge sealing acts as our scheme for encapsulation of the half-cavity. b) Illustration of the automatized
dip-coating setup for the fabrication of DBRs. For every DBR pair we repeat the following process: i) dipcoating the titanium hydroxide / poly(vinyl
alcohol) solution, ii) annealing, iii) dipcoating Nafion, iv) annealing, and v) repeating the process until the desired number of pairs is deposited. c)
Typical scanning electron microscopy cross section of a full microcavity. The image is taken from five-bottom, four-top pair microcavity that was etched
using a broad ion beam. d) Normal incidence reflectivity spectrum (blue line, left axis) of a microcavity with 3 mgml−1 concentration resulting in an ΩR
of 264 meV and photoluminescence at normal incidence from the lower polariton (red line, right axis). The absorption spectrum of a bare 70-nm-thick
Rhodamine 6G film with 3 mgml−1, as used in the microcavity, is shown as greyed-out area.

the lower polariton mode, which is discussed in detail later in
this paper.

Figure 2 shows the reflectivity from polariton microcavities
with 1 and 5 mg ml−1 R6G concentrations, respectively. Figure S1
(Supporting Information) shows reflectivity spectra from the mi-
crocavity with 3 mgml−1 R6G concentration. Increasing the con-
centration of R6G in the PVA matrix slightly increases the effec-
tive refractive index and the actual thickness of the spin-coated
films; the 5 mgml−1 films are usually around 3 nm thicker than 1
mgml−1 for same spin-coating parameters. Therefore, the micro-
cavity with high concentration exhibits a slightly higher effective
cavity thickness than the low concentration microcavity, resulting
in a small redshift of the uncoupled cavity −0.110 meV.

Despite that, the main origin of the large redshift of the lower
polariton is due to the substantially increased coupling strength.
Namely, the hybridized eigenenergies are given by Ref. [15]

(1)

where EX and Ecav are the singlet and cavity mode energies, re-
spectively.

As expected, increasing the coupling strength leads to a greater
splitting between the upper and lower polariton modes, causing
the lower polariton to flatten and redshift with respect to the un-
coupled cavity resonance. Figures 2c,f provide angle-resolved re-
flectivity spectra for better visibility of the polariton dips. Addi-
tionally, Figure 2a,d presents transfer matrix reflectivity maps of
the designed samples, showing an excellent agreement with the
experimental results.

To benchmark the performance of our solution-processed po-
lariton microcavities, we fabricated silver-clad and sputtered-
DBR microcavities using the same R6G concentrations as those
in the solution-deposited DBR microcavities. The silver mir-
rors were fabricated using ultra-high vacuum thermal evapora-
tion. In both metal-clad and sputtered-DBR microcavities, the
R6G/PVA films were spin-coated using the same recipe used
in the solution-deposited microcavities. As shown in Figure S2
(Supporting Information), our solution-deposited DBR micro-
cavities matched the coupling strength of the silver-clad micro-
cavities. We found that the sputtering process irreversibly dam-
ages R6G to the extent that strong coupling could not be ob-
served, and the samples appeared visibly degraded (Figure S9,
Supporting Information). Generally, metallic-clad microcavities
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Figure 2. Contour maps of transverse electric (a),(d) transfer matrix simulations and (b),(e) angle-resolved reflectivity measurements for the 1 and
5 mgml−1 R6G DBR microcavities. In Figure S1 (Supporting Information) we show the plots for the 5 mgml−1 R6G DBR microcavity. In (b),(e), the
positions of individual minima identified on the angle-resolved spectra (c),(f) are shown as blue squares. The dashed lines are a fit of the lower polariton
(LP) and upper polariton (UP) minima to a coupled harmonic oscillator model while the solid lines show the uncoupled cavity photon (Ecav) and exciton
(EX) dispersion relations.

exhibit smaller mode volumes than their DBR counterparts,
which suffer from effective cavity thickness losses. However, the
low Q-factor of metallic-clad microcavities can lead to transition-
ing to the weak coupling regime. In contrast, our DBR micro-
cavities achieve a higher Q of more than 90,[45] with a minimal
number of DBR pairs, which plays a crucial role in achieving
higher coupling strengths. To minimize potential damage to the
R6G/PVA active layer during the deposition of the top silver mir-
ror, we used low deposition rates, which have been previously
reported to preserve sample integrity.[48]

Note that for the R6G concentration range studies in this
paper, we see that R6G absorption is dominated by H- and J-
aggregation, and both contribute in the coupling.[49,52] In Figure
S6 (Supporting Information) we show the absorption measure-
ments of 70 nm R6G in PVA films having the same concentration
as to those used in the microcavity samples namely 1, 3, and 5
mgml−1. We observe that J-aggregate has a stronger contribution
for all studied concentrations. H-aggregate contribution is still
present at all concentrations, but its contribution becomes more
significant with higher R6G concentrations. The contribution of
the two species of aggregates is also apparent in the photolumi-
nescence from the bare films where we see that emission is −172
meV shifted compared to the low concentration. Despite this be-
havior of thin films, we found that ΩR still increases linearly with
concentration (Figure S7, Supporting Information)), that we are
beyond the linearization point of ΩR ∝

√
N.[7]

Under optical excitation, all polariton microcavities exhib-
ited uniform-intensity photoluminescence dispersion along the
lower polariton mode, as shown in Figure 3, where angle-resolved
photoluminescence is plotted for 1 and 5 mgml−1 concentrations
(see Figure S4, Supporting Information). The black dashed lines

represent the dispersion of the lower polariton, extracted from
reflectivity measurements, which perfectly matches the emission
dispersion. The white line shows the uncoupled microcavity dis-
persion obtained from coupled harmonic oscillator calculations.
We observed that photoluminescence maintained uniform in-
tensity across the entire angular dispersion for all three sam-
ples, which further confirms strong coupling. Uniform emission
dispersion can be attributed to efficient radiative pumping.[48]

As shown in Figure S5 (Supporting Information), both the bare
films and microcavities exhibit the highest photoluminescence
quantum yield at a concentration of 1 mgml−1. Generally, pho-
toluminescence intensity is decreased with increasing concen-
tration due to aggregation.[53] Surprisingly, the 3 mgml−1 sam-
ples show the lowest photoluminescence quantum yield, which
we speculate is due to competition between J- and H-aggregate
emission.[49]

Upon increasing the excitation intensity, the bare 70-nm-thick
R6G films exhibited a sublinear increase in photoluminescence
(Figure 3c; Figure S5, Supporting Information). We can reason-
ably conclude that the biomolecular annihilation observed is pre-
dominantly due to singlet-singlet annihilation (SSA), as exciton-
plasmon interactions are ruled out by the use of non-metallic mir-
rors, and the triplet population is negligible given that the singlet-
triplet energy gap in Rhodamine 6G exceeds 1 eV.[54] These bare
films are essentially identical to those used in the corresponding
polariton microcavities. Naturally, the severity of SSA was greater
for the film with the highest concentration. In particular, we de-
fined the critical absorbed pump fluence as the value at which
the photon counts deviate 10 % from the initial, linear trend on
the log–log scale (cf. Ref. [55]). After this value, SSA and other
quenching mechanisms start to dominate exciton dynamics. For
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Figure 3. a,b) Angle-resolved photoluminescence at low pump fluence (≈ 50 Jcm−2) for microcavities with 1 and 5 mgml−1 R6G concentrations. The
microcavity with high concentration exhibits a slightly higher effective cavity thickness than the low concentration microcavity, resulting in a small shifting
of −172 meV. Despite that, the main origin of the large redshift of the lower polariton is due to the substantially increased coupling strength. c,d) The
dependence of the photoluminescence photon number on the absorbed pump fluence is shown for the three different R6G concentrations for (c) bare
films and (d) microcavities. SSA is assumed to start dominating at the value of absorbed pump fluence at which the photon counts deviate 10 % from
the initial trend (dashed lines). For bare films, significant SSA was observed at approximately 17, 20, and 24 Jcm−2 in descending order of concentrations.
The corresponding pump fluences for microcavities were 249, 371, and 570 Jcm−2. These values are indicated by the vertical lines in (c) and (d).

bare films, the critical absorbed pump fluences are 24, 20, and
17 Jcm−2 for 1, 3, and 5 mgml−1 respectively. In contrast, for po-
lariton microcavities the critical absorbed pump fluences are 570,
371, and 249 Jcm−2 for 1, 3, and 5 mgml−1 respectively (Figure 3d;
Figure S5, Supporting Information).

To investigate the origin of the SSA suppression, we performed
transient photoluminescence measurements on bare films and
polaritons at low pump excitations (Figure 4 and Experimental
Section). The polariton microcavities showed a reduction in ra-
diative lifetime 𝜏 by less than threefold compared to bare R6G
films. This reduction is attributed to faster depopulation of the
exciton reservoir, which raises the critical excitation density at
which SSA occurs (see ref. [23] and reference therein). This ra-
diative enhancement alone accounts for part of the suppression
of SSA. Assuming that the critical pumping rate scales as 𝜏−2,[56]

this would lead to a sub-tenfold increase in excitation density
required for SSA onset. However, in all polariton microcavities,
we observed more than a tenfold increase in the SSA threshold,
namely 24-, 19-, and 15-fold for 1, 3, and 5 mgml−1 respectively.
In addition, radiative lifetime of bare films could be fitted with
simple convex combinations of exponentials. In contrast, polari-
ton microcavity lifetimes required stretched exponential fits (see
Experimental Section). All of the above hints that polariton emis-
sion in our samples results from competing physical processes.
Although a comprehensive study of this novel physical mecha-
nism is planned, we speculate two possible scenarios that could
explain it. The combination of large coupling strength and large
photonic content of 64 % (Figure S8, Supporting Information) re-
duces the exciton effective mass allowing them to propagate away
from neighboring excitons ballistically,[16–18,33] effectively reduc-

Figure 4. Transient photoluminescence measurements and lifetime fittings. a) Low-concentration (LC, 1 mg ml−1) film and polariton. b) Medium-
concentration (MC, 3 mgml−1) film and polariton. c) High-concentration (HC, 5 mgml−1) film and polariton. The dashed curves are the fitted functions.
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ing the SSA capture radius and thus lowering the probability of
SSA.[53,57] The second scenario is based on our recent theoretical
study, which predicts that under sufficiently strong coupling, sin-
glets couple more efficiently to the cavity mode than they interact
with neighboring excitons, leading to reduced SSA.[58] This is in
contrast to molecules with strong singlet fission, where strong
coupling typically enhances singlet fission.[59,60]

3. Summary

This study presents the development of a fully solution-processed
dielectric microcavity incorporating Rhodamine 6G (R6G) as the
active material, achieving a substantial Rabi splitting of over
400 meV while also demonstrating photoluminescence from the
lower polariton mode. The microcavities were fabricated using
spin-coating and an automated dip-coating process, optimized to
prevent interlayer mixing and maintain the integrity of the ac-
tive layers. Reflectivity and photoluminescence measurements
confirmed the pristine quality of the samples, with coupling
strengths that not only matched but, in some instances, sur-
passed those of metallic-clad microcavities. The study also in-
vestigated the excitation dependence of photoluminescence. At
low pump fluences, all microcavities displayed uniform photo-
luminescence intensity, with intensity decreasing as R6G con-
centration increased due to aggregation. Notably, polariton mi-
crocavities exhibited suppressed SSA compared to bare R6G
films, highlighting the critical role of coupling strength in shap-
ing photophysical behavior. This work demonstrates the viabil-
ity of solution-based fabrication techniques for advancing polari-
tonic devices,[25] with broad implications for improving the per-
formance of organic optoelectronic systems and potentially ad-
dressing one of the longest-standing challenges in solid-state or-
ganic laser diodes—efficiency roll-off caused by exciton–exciton
annihilation.[61,62] In addition, by combining an easily accessible
fabrication approach for polariton microcavities with accessible
optical characterization techniques, our work lowers the barrier
for researchers to explore polariton physics.

4. Experimental Section
Materials and Thin Film Fabrication: The high refractive index titanium

hydroxide / polyvinyl alcohol hybrid films were synthesized using titanium
(IV) chloride (Quality level 100) and PVA (MW 30000-70000) both pur-
chased from Sigma–Aldrich. The stock solution of TiOH was made by
slowly hydrolyzing 2.2 ml of TiCl4 in 20 ml of cold deionized H20 in an
ice bath. This solution was then added to aqueous PVA in 1:1 volume to
create the TiOH/PVA hybrid solution as described by ref. [63]. Titanium
hydroxide/ PVA hybrid films were fabricated using an in-house modified
Ossila dip coater with a single-step deposition and annealing. To fabricate
the low refractive index films, Nafion was diluted into desired concentra-
tions in IPA and then deposited it using the same dip coater. Nafion D520
(5% dispersion in water and low aliphatic alcohols) was purchased from
Chemours while IPA was purchased from Sigma–Aldrich. Rhodamine 6G
was purchased from Luminescence Technology. R6G stock solutions were
synthesized by adding methanol in a desired amount of R6G. The stock
solutions were then combined 1:1 in volume with aqueous PVA to make
an R6G/PVA solution. The solutions were spin-coated and annealed to
fabricate R6G/PVA active films.

Sample Fabrication: The substrates (15mm*15mm*1mm) were
cleaned with water/soap (3 % Decon 90) and Isopropanol solutions to

remove any residue from the surfaces. The substrates were sonicated for
10 min on each step and finally dried with a nitrogen purge. A similar
cleaning protocol was deployed for the silicon substrates that were used
to measure the optical constants and thicknesses with ellipsometry.[64] As
illustrated in Figure 1a), microcavities consisting of two DBRs separated
by an active layer were fabricated on glass substrates. In each deposition
step, the substrate was lowered into the desired solution and retracted
at a constant speed of 40 mm min−1 to ensure uniform surface wetting.
The coated substrate was then placed on a heating element and dried
at 80 °C for one minute. Before proceeding to the next layer, the sample
was dried in the ambient temperature for one minute to dissipate heat.
The process was repeated until the desired number of depositions was
achieved, resulting in a DBR structure on both sides of the substrates.
The DBR facing the heater was removed by scraping it out. In Figure S10
(Supporting Information) it was shown that the fabricated DBRs were in
very good agreement with TMM simulations. The 70 nm active material
film was spin-coated from the R6G/PVA solution and dried at 80 °C for two
minutes. The 20 nm poly-TPD protective film was spin-coated and dried
at 100 °C for 10 min. To protect the edges, Ossila E132 encapsulation
epoxy was carefully dip-coated at the edges. The sample was soft-baked
at 100 ° C for two minutes, exposed to UV for five minutes, and then the
top DBR was deposited with the same dip-coating process. Figure S11
(Supporting Information) demonstrates that the approach for fabricating
solution-deposited DBRs perfectly preserves the organic active layer.

Optical Characterization: The optical constants and thicknesses of the
thin films were acquired using a J.A Woollam VASE ellipsometer. An Xe
lamp was utilized with a spectral range of 250–2500 nm to obtain the
spectra, the data was analyzed by fitting a Cauchy model in the transpar-
ent region of the film. The dispersion of the DBRs and polaritonic modes
was obtained with a VASE ellipsometer and a custom-built angle-resolved
imaging setup that could measure reflectivity and photoluminescence.
The setup used a collimated light from a halogen lamp illuminating the
sample through a 0.75 NA microscope objective. The reflected light was
then collected with the same objective and the back focal plane image
was then focused into the slit of the spectrometer that was coupled to a
2D CCD camera (1340*400 pixels). The reflectivity dispersion was then
resolved in wavelength versus angle. The sample was excited in PL config-
uration using 250 fs pulses at 530 nm and 200 kHz repetition rate (Light
conversion Pharos, Orpheus and Lyra). PL emission was collected using
a microscope objective with NA of 0.2 allowing to collect the photolumi-
nescence from approximately -10 to 10 degrees. The time resolved mea-
surements were performed using the same spectrometer coupled to the
PicoQuant TimeHarp 260 Time Correlated Single Photon Counting card
with temporal resolution of 200 picoseconds. The TMM was used to sim-
ulate the reflectivity of DBR and a couple harmonic oscillator model was
used to fit the polariton modes and extract the Rabi splitting energy.

Fitting: The lifetimes 𝜏 in Figure 4 were evaluated by fitting a generic
multi-exponential model

I(t) =
∑

i

Aie
−(t∕𝜏i)

𝛽i ,
∑

i

Ai = 1 (2)

to each (normalized) data set and calculating[65]

𝜏 = ∫
∞

0
dtI(t) (3)

here, Ai is the weight of the decay channel i with the decay time 𝜏 i. The
exponents 𝛽 i either stretch (0 < 𝛽 i < 1) or compress (1 < 𝛽 i) the functions.
In the bare-film cases, it was enough to fix 𝛽 i = 1. However, this did not
give us good fits in the polariton cases, which is why the parameters 𝛽 i
were set free.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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