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1. OPTICAL METHODS AND EXTINCTION SPECTRA

The variable angle extinction spectrum of the particle array with dye layer on top (shown in
Figures Sla and S1b) was measured using a collimated white light beam from a halogen
lamp. The zero-order transmission of the white light from the sample under different angles of
incidence (7(6)) was normalized by the transmission through the bare dye layer on the quartz
substrate. The extinction was recorded as 1- 7(6). The photoluminescence enhancement (PLE)
is defined as the PL of the dye layer on top of the particle array normalized by the PL of the
same layer on top of a flat substrate. The PLE was measured by exciting the dye molecules
with a continuous-wave 532 nm laser at a low power to avoid any nonlinear or bleaching

effect. The excitation beam size on the sample was 1 mm®.

To correlate the features in the extinction spectra with the lattice resonances supported by the
particle array, we calculate the Rayleigh anomaly conditions (RAs), i.e., the dispersion of the

diffracted orders grazing to the plane of the array, using the grating equation,

ku=ki=G, (H

where k/; = (2n/Mnerrug and k; = (2n/A)sin(0)-u; are the parallel to the surface components of
the diffracted and incident wave vectors respectively, uqg and u; are the unitary vectors along
the diffracted and incident directions projected on the plane of the array, G=(2nm/a, 2nn/a) is
the reciprocal lattice vector of the square array with (m, n) defining the diffraction order, a is
the lattice constant of the array, 6 is the angle between the wave vector of the incident beam
and the direction normal to the plane of the array, and n. is the effective index defining the
phase velocity of the in-plane diffracted wave (RAs). For simplicity, we assume an average
effective refractive index neg of 1.53 considering the inhomogeneous surrounding of the

particle array. The dispersions of the (+1, 0) and (0, £1) RAs are plotted in Fig. SI(a) with
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dashed blue lines. Along with the RAs, we calculate the dispersion of the quasi-guided modes
in the polymer which is sandwiched between air and the substrate. The upper red (TM) and
green (TE) dashed lines correspond to the zeroth-order quasi-guided modes coupled into free
space through the (£1, 0) and (0, +1) diffracted orders. The first-order quasi-guided modes are
also shown in the same figure by the lower red and green dashed lines. Note that the coupling

between modes is neglected in the calculations.'?
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Figure S1. Angle-resolved extinction spectra of the particle array with 8.5 wt% dye layer on top at
¢=0° (a) and ¢=45° (b). Extinction as a function of the angle of incidence of the incident beam at the

wavelength of A, = 533 nm (c) and 4,, = 575 nm (d) for different azimuthal angles, ¢=0° (black
curve), 15° (red curve), 30° (blue curve) and 45° (magenta curve).
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2. PHOTOLUMINESCENCE LIFETIME

The photoluminescence lifetime of the excited dye was measured using time-correlated single
photon counting under picosecond pulsed excitation (150 ps pulse duration, 20 MHz
repetition rate at 4,=375 nm). Figure S2 displays the measurements for the bare dye layer and

the dye layer on top of the nanoparticle array.
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Figure S2. Time-correlated single photon counting measurements showing the PL decay of the dye
layer on the particle array (black curve) and the same dye layer on the flat quartz substrate (red curve).

3. CONFOCAL FOURIER SETUP

. L

NF TL pinhole FL

Figure S3. Confocal Fourier setup used for the angle-resolved emission pattern measurements. The
sample is excited with a focused green laser beam (A = 532 nm). The emitted red light from the sample
is collected by a 20x objective lens (NA = 0.45), passed through a 532-nm notch filter (NF), tube lens
(TL), pinhole, Fourier lens (FL) and is detected by the CCD camera.
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The PL intensity of the sample as a function of the emission angle was imaged with a
confocal Fourier setup (see schematic representation in Figure S3). The red emitting dye is
excited with a focused 4= 532nm, cw laser beam. The emitted light from the sample is
collected by an objective lens (NA = 0.45) and passed through a notch filter (532 nm, FWHM
= 18 nm). A pinhole with the diameter of 400 um placed at the image plane of the tube lens
allows to spatially filter out the non-conjugated points of the two objective lenses. The PL
intensity from the pinhole as a function of angle is imaged on the CCD at the back focal plane

of a Fourier lens.

4. COMPARISON OF THE ENHANCEMENT FACTORS
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Figure S4. (a) Ratio of the figure of merit enhancement (FE) and the excitation enhancement (ExE) (b)
measured from the two sides of the particle array sample as a function of the angle of incidence of the
pump laser beam at the wavelength A, = 575 nm.
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