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Figure S1: Reflectance of the bottom DBR for MCpeq

The reflectance of the bottom DBR in Fig. S1 shows a great similarity to that of the tuned
microcavity shown both in the main text and in Fig. S2 below. The first order extends from
approximately 744 nm to 855 nm, with a FWHM of around 111 nm, comparable to that of the
MCyneq in the main text (120 nm). As the structure is a highly uniform dielectric mirror, the

absence of cavity modes and splitting of the interference fringes is self-evident.
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Figure S2: Reflectance of different spots of MCypeq

The reflectance spectra of MCyneq at different spots in Fig. S2 clearly shows the main
microcavity mode at an average value of 858 nm (black arrow). The spectral positions and
intensities of the fringes, the PBG and the wavelength of the cavity modes is highly uniform

between the different spots with a maximum shift below 10 nm.
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Figure S3: Angle-resolved transmittance of (a) S and (b) P polarization for MCy,.q. The dashed line

highlights the dispersion of the cavity mode.



Due to the photonic band structure of the microcavity, the transmittance spectrum depends
strongly on the incidence angles, as well as the polarization of the incident light. Panels a and
b of Fig. S3 show the experimental angle-resolved transmittance spectra collected for S and P
polarizations, respectively. The yellow values represent low transmittance, and the cooler blue
hues represent high transmittance. As such, the yellow wide bands that are shifting to lower
wavelengths as the collection angle increases represent the PBG, while the light green line (see
black dotted line) that starts around 850 nm at normal collection is the dispersion main
microcavity mode. For the S-polarization no significant effects on the PBG width are observed,

while for the P-polarized transmittance the PBG narrows at the Brewster’s angle.

For a rough estimation of the complex effective refractive index of the Dye:PAA blend, we use
the absorption of a film of the NIR dye blended in PAA (with the same concentration and
thickness as for the microcavity) in the (600-900 nm) wavelength window to calculate the

extinction coefficient (k) of the blend.

The value of absorption of the thin film is first corrected for the reflectance at the interface

between the film and air. Then, £ can be estimated from the absorption of the Dye:PAA film

(k_axl

4m) where o is the absorption coefficient.

The dispersion of & and n can be approximately described by the simplified Kramers—Kronig
dispersion relations in equation (1) and (2) for frequencies ® in the neighborhood of a
molecular transition frequency ®,.! In the equations, N is the number of dipoles per unit
volume, m, is the mass of the electron, e is the elementary charge, € is the permittivity of free
space, c is the speed of light and 77is the damping factor. As multiple transitions can occur in

molecular dyes, a summation of Lorentzian functions is needed to reflect this.
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The fitting parameters are reported in Table S1.

Table S1. Fitting parameters for absorption

Transition @wy(10%° s1) I(10%s?)
Principal transition 2.43 1.27
Secondary 2.65 2.73

The effect of the absorption on the general shape of the real part of the refractive index can be
described by anomalous and negative dispersion using the fitting parameters obtained by

Lorentzian fitting of the absorbance reported in Table S1 in Equation (2).!
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e”070% 4((‘)}'0 a)) + F}' It is possible to approximate the effective refractive

index and extinction coefficient of the Dye:PAA blend using their weighed averages, using the
fitted complex refractive index of the blend and that of PAA reported in the literature? to

roughly estimate the values as shown in Fig.S4.
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Figure S4. Estimated complex refractive index n + ik (n, panel a; &, panel b) dispersion for the Dye:PAA

blend.

Figure 5a shows the transmittance measured at normal angle and the corresponding
photoluminescence at the same spot in panel b. The cavity mode corresponding to the increased
transmittance at approximately 850 nm (dashed line) is perfectly spectrally tuned to the

measured PL enhancement.
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Fig. S5: Perfect correspondence of cavity mode measured in transmittance (a) and enhanced PL peak

of the MCypeq (b).
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Figure S6. Angle-resolved emission for (a) Dye:PAA, (b) MCeunea and (¢) MCyped



Figure S6 compares contour plots of the emission spectra of the standalone Dye:PAA film and
the cavities as a function of the incidence angle, where the blue hues indicate higher emission
intensity. The angle resolved emission of the Dye:PAA layer is evidently influenced by its
inclusion in the microcavities. The standalone Dye:PAA film shows no angular dependence
when it comes to the spectral position of the emission peak, only a decrease in intensity as the
angle of incidence is increased, as expected. In the case of MCgpifieq, the emission intensity is
modulated by filtering effects from the interference fringes of the DBRs, while no angular
dispersion of the spectrum is observed. On the other hand, the emission from MCyeq 1S
completely altered, showing a narrowing of the emission band to the cavity mode (the
enhancement effect discussed in the manuscript), which continuously shift in the emission peak
wavelength to higher energies as the angle is increased. This fits with the observation of the
angle-resolved transmittance, where both the PBG and the cavity mode shift to longer

wavelengths.

Table S2 Biexponential fitting parameters for lifetimes of Dye:PAA layer, MCgeuneg and MCypeq

Parameter Dye:PAA MCiuned MCyetuned
[, (Counts) 512 870 851
7, (ns) 1.1 2.9 1.9
I, (Counts) 1640 3935 3585
T, (ns) 0.27 0.39 0.36
(-
- 7

lifetimes were averaged considering their intensity ( L ),> which allowed to
determine the overall decay process of the emitter embedded in the microcavities and for the

emitter blend.
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Figure S7: (a) Transmittance spectra of microcavities with different cavity lengths and similar cavity

mode wavelengths, (b) PL decays of the microcavities compared to a reference layer of Dye:PAA.

In order to investigate the reproducibility of the observed effect, different cavities with similar
PBGs and primary MC mode wavelengths (MCgneq, MC; and MC,) were fabricated and
characterized. All the microcavities consist of 2 DBRs of 20 BLs each, sandwiching a layer of
the Dye:PAA blend. However, the thickness of the PVK layers in the direct vicinity of the
active layer are varied. Table S3 lists all the samples, their cavity length
(Le~PVKpove TP VKypeiowtDye:PAA), principal cavity mode wavelength (A.), 7, 7., and 7,4
The transmittance of each sample is reported in Figure S7a, with all samples showing a PG
tuned to the Dye emission (red shaded area), with a MC mode around 840-850 nm. The lifetime
measurements are shown in panel b. The thickness of the layers was estimated through atomic
force microscope measurements using the scratch method on thin films on glass substrates cast
under the same conditions as the cavities. Clearly, the quantum yields and average PL lifetimes
for the three samples are very similar, and consequently their radiative lifetimes is identical

within the margins of error.



Table S3: Characterization of various microcavities

Parameter L. (nm) Ad(nm) n (%) 7,,(ns) 1 ,q.(ns)
MCiuned 620 850 5+2 1.9 0.5
MC, 900 844 62 1.9 0.5
MC, 920 860 7+2 2.0 0.5

In order to have a concrete understanding of the effect of refractive index contrast between the
polymers used for the dielectric mirrors, we make a comparison of hypothetical structures with
the same tuning and comparable thicknesses. The polymer pairs chosen are PS/CA (An=0.109),
PVK/CA (An=0.212), PVK/PAA (An=0.197), where the refractive indices of the materials are
approximately npg=1.58, npyg=1.68, nca= 1.47, nppa=1.48, and nso=1.35 in the NIR spectral
range. The pairs were picked as in literature they constituted microcavities that demonstrated
emission intensity enhancement but not radiative rate modification.> 47 To simulate the
structures that contain PVK, its thickness was kept constant while the thickness of the low-
index material was varied to position the microcavity mode at 850 nm (CA= 147 nm and PAA=
148.5 nm). For the PS/CA pair, CA was kept at 147 nm, and the thickness of the high-index
PS was changed accordingly (123.5 nm) while the defect layer was not changed for all

simulations. As such, the overall thickness of the simulated samples is similar, at about 10 pm.
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Figure S8. Simulated transmittance for microcavities using different polymer pairs for the DBRs.



The results of the transfer matrix method calculations of the transmittance of all structures
using discretization of wavelength of 1 nm are shown in Fig. S8. The low dielectric contrast
between the PS and CA results in a planar microcavity with a PBG that fails to reflect 100%
of the incident light, with a transmittance of about 2%). For PVK/CA and PVK/PAA based
microcavities with a comparable refractive index thickness difference, the transmittance of the
PBG is zero with a wider band than that for PS/CA, but less narrow than that of PVK/AQ.
Hypothetically, using a pair of higher refractive index such as PVK/Hyflon, would result in
even wider PBGs and higher confinement, however the processability of Hyflon is much lower
than that here observed for AQ.% ° This simulation was used to compare the relative intensity
of the electric field at the microcavity mode wavelength for the different structures as well as

the width of the photonic bandgap as reported in the main text.
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