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Fig. 1. Schematic, processes, and photographs of plasmonic absorb-
ers. (A) Schematic of an ideal plasmonic absorbeB)Self-assembly of gold
nanoparticles on nanoporous templates to form plasmonic absorbers.
(O Digital camera images of a 1-inch-diameter bare nanoporous template
sample and a 90-nm-thick Au/NPT sample (observed from the template
side). CEAS, College of Engineering and Applied Sciences.

to be finely controlled in the range of 30 to 400 nm. The orders afié§- 2. Structures of sel-assembled plasmonic absorbers. (A) 3D sche-

eriodicity of these nanopores can also be controlled through a varfBgjic of self-assembled plasmonic absorber8) 6D SEM image of a typical
2f te Chnit(;lu es35-37) P 9 AgNPT sampleGand E) Top view (C) and cross-sectional (E) SEM imagesg

of AU/NPT sample. The geometry parameters of the AU/NPT sample areQ.
These nanoporous templates were then transferred to a PVD 3 ‘average pore siz® ~300 nm and effective gold film thickness ~60 nm. 3

tem (Gat_an, model 682) for the self-assembly depOSIt!on of g nd F) Top-view (D) and cross-sectional (F) SEM images of the Au/D-NP'g
nanoparticles. At low gas pressured (< 16° Pa), the gold ions fly sample with the average pore siz® ~365 nm and effective gold film thick-
ballistically from the target in straight lines and travel deepnf®)  ness ~85 nm. The insets in (C) and (Dahe corresponding Fourier trans-
into the pores. They energetically affect the sidewall of each pore infthe diagrams of AUNPT and Au/D-NPT, respectively.
template. At higher gas pressured (Pa), gold ions collide with the gas
atoms that act as a moderator and move diffusively, reaching the top
surface and sidewall and condensing after undergoing a random w@hk.average pore diamef2pf~300 nm and a pore-to-pore distarice
Therefore, by finely tuning the pore size of the nanoporous templatégl50 nm). Figure 2B presents a typical high-resolution scanning elee-
and the gas pressure of the PVD system, gold nanopatrticles of diffetemt microscopy (SEM) image of our self-assembled plasmonic absorlﬁgr.
sizes can be deposited on both the top surface and sidewalls of the péoéessthat pore diametdd is the most critical of all the geometry param- +
in the templates35b). During the process of deposition, the depositeders (see Supplementary Materials, note S2, and figs. S1 to S3 for de-
gold on the surface (rather than sidewall) forms a metallic filrtails) and random gold nanoparticles are the most critical component
Meanwhile, nanoparticles down in the pores adhere to the waksponsible for the broadband plasmonic absorption effect. Large pore
and aggregate, forming a randondistributed profile. Becausediameter will allow the formation of close-packed gold nanoparticles
metal nanoparticles are more likely to gather near the entrancendth a variety of aspect ratios during the PVD (Fig. 2, E and F), there-
a pore, the sizes of nanoparticles change gradually along the dép@ increasing the density of plasmonic resonant modes. In addition,
sition path. As shown in Fig. 1B, the particles near the top surfdage poresized porous templates with a much reduced refractive index
(deposited gold film side) are larger and sparser, whereas those damthsmall impedance mismatch (see Supplementary Mateatds$3,
in the pore are smaller and more densely packed. As explained laed figs. S4 and S5 for details) will enable extremely low reflectance
the random distribution of particles with different sizes and shapasd efficient light coupling within these pores, therefore significantly
plays a critical role in enabling efént and broadband plasmonic ab-enhancing the absorption. In the experiment, absorbers with various
sorption. Figure 1C compares aptwal photograph of a 1-inch- pore diameters were fabricated acttaracterized systematically.
diameter bare nanoporous templétehich is transparent) with that The corresponding top view and cross-sectional SEM images of
of a 90-nm-thick gold-deposited nanoporous template (labeled Ag/NPT (D = 300 nm), acquired using dual-beam FIB microscopy (Dual
AU/NPT; black). Beam FIB 235, FEI Strata), are shown in Fig. 2 (C and E, respectively).
A three-dimensional (3D) schematic of the ideal plasmonic albhe corresponding SEM images of an absorber with larger pores and
sorber is presented in Fig. 2A, which consists of a perforated gold fénmore disordered nanoporous template (noted as Au/D-NIPE;
randomly distributed gold nanoparticles, and a nanoporous templ@&@&b nm; see Materials and Methods) are presented in Fig. 2 (D and F). As

2oueApE//:dNY Woly papeojumod

ou

yosep uo /Biobe

Zhou et al. Sci. Adv. 2016;2:e1501227 8 April 2016 20of8





















