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innovating with micro and nanotechnology
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emission enhancement depends strongly on positioning and efficiency

-  few emitters

- far red region of the spectrum Plasmonics for SSL?
- low PL quantum yield



Plasmonics for SSL

color-converter

Phosphor-LEDs
Nat. Photon. 3, 180 (2009)

blue LEDs



Plasmonics for SSL

color-converter

Phosphor-LEDs
Nat. Photon. 3, 180 (2009)

blue LEDs
secondary optics for directional

LED modules: bulky and not so efficient




Plasmonics for SSL
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Phosphor-LEDs
Nat. Photon. 3, 180 (2009)
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emitting material

blue LEDS W

secondary optics for directional

LED modules: bulky and not so efficient

coherent scattering from periodically arranged

Qetal nanoparticles for beaming LED emission




Hybrid lattice modes

theory: JOSAB 3, 430 (1986); JCP 120, 10871 (2004); PRL 95, 233901 (2005)
exper-extinction: PRL 91, 183901 (2003); PRL 101, 087403 (2008); APL 93, 181108 (2008); PRL 101, 143902 (2008)

exper-emission: PRL 102, 146807 (2009); PRL 105, 266801 (2010); APL 100, 111103 (2012); Nat. Nanot 8, 506 (2013)
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high local fields spatially extended
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hybrid lattice mode
high local fields and weakly confined
low losses



Plasmonic¢ color-converter
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combination of large area metallic arrays with close-to-one QY dye
molecules



color converter ‘

Al nanoparticle
| array

LED element

Normalized Absorbance

Normalized Fluorescence

electrode
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color-converting LED Wavelength (nm)

plasmonic planar

|
PL relative intensity max

min
combination of large area metallic arrays with close-to-one QY dye
molecules
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fluorescence is largely enhancenced in a very narrow angular range

close to the normal to the sample
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LDOS: quantum yield
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excitation

total enhancement is the result of phenomena taking place at the
emission and the excitation frequency of the dye
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total enhancement is the result of phenomena taking place at the
emission and the excitation frequency of the dye



Enhancement contributions. Excitation

G. Lozano et al., New J. Phys. 16, 013040 (2014)

excitation enhancement map measured using a time-reversed Fourier microscope
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Emission enhancement depends strongly on the illumination angle
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total enhancement is the result of phenomena taking place at the
emission and the excitation frequency of the dye



-
PLE (vus. Qs Ao, Q) — T Aeins Qi) | E (7 Ae Qo) dV
exs dbexs Nems Stem ) — fV nref(F)‘m’Qem IEref (T /\e:eraz)| dV
o

LDOS: quaniia veld
+directionality

excitation

total enhancement is the result of phenomena taking place at the
emission and the excitation frequency of the dye



Enhancement confributions. Directionality
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the field enhancement of SLRs extends away from the nanoparticles
leading to an enhancement of the emission over a large volume



Directionality
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color-converting LED

Fourier microscopy allows for an accurate characterization of the
directionality of light-emitting devices



hexagonal lattice

the emission directionality can be designed tailoring the separation
between the metallic nanoparticles in the array



Conclusions

- plasmonics provides a reliable platform for state-of-the-art lighting applications

- arrays of metallic nanoparticles can improve the performance of already
efficient emitters by enhancing the absorption and directing the emission
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