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Tow types of broadband light absorbers consisting of thin metallic films with
randomly arranged nanobumps or nanoholes are proposed. The random structures convert
broadband incident light into surface plasmon polaritons (SPPs), which induce strong light
absorption by the metal. Both nanobumps and nanoholes were fabricated with a colloidal
lithography, which is suitable for fabricating device with large area at low cost.

One absorber, which | call the bumpy MIM, is based on a metal / insulator / metal
(MIM) structure, of which incident-side thin metal film with randomly arranged nanobumps
are introduced. The bumpy MIMs exhibited broadband absorption spectra without angular or
polarization dependence. Especially, the bumpy MIM made of silver exhibited the broadest
absorption band ranged from 0.4 to 3.2 um corresponding to a three-octave band width. Then,
| investigated the mechanism of the broadband absorption using the finite-difference
time-domain method. Calculated absorption spectra of the bumpy MIMs consisting of 1, 2, or
3 particles in a row showed that the absorption peak redshifted toward longer wavelength as
the number of particles increased. This result indicates that the randomly arranged metal
nanobumps, which have different shapes and sizes, worked as absorbers with different
resonant wavelengths resulting in the broadening the absorption band. Calculated
electromagnetic field distribution suggested that the localized SPPs were excited both in the
thin metal film on the particles and the nanoholes in the thin metal film. These
complementary structures eliminate the polarization dependence of the absorber.

The other absorber is a silver thin film with randomly arranged nanoholes, which I
call the plasmonic electrode. | fabricated an organic solar cell whose indium tin oxide
electrode (ITO) was replaced with the plasmonic electrode (plasmonic OSC). Although the
transmittance of the plasmonic electrode was only one third of that of the ITO electrode,
obtained conversion efficiency of the plasmonic OSC was almost comparable to that of the
OSC with an ITO electrode. This result indicated SPPs significantly contributed to the current
generation.
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