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to be finely controlled in the range of 30 to 400 nm. The orders
periodicity of these nanopores can also be controlled through a v
of techniques (35–37).

These nanoporous templates were then transferred to a PVD
tem (Gatan, model 682) for the self-assembly deposition of
nanoparticles. At low gas pressures (� 1 × 10Š3 Pa), the gold ions fly
ballistically from the target in straight lines and travel deep (~1mm)
into the pores. They energetically affect the sidewall of each pore
template. At higher gas pressures (� 1 Pa), gold ions collide with the g
atoms that act as a moderator and move diffusively, reaching th
surface and sidewall and condensing after undergoing a random
Therefore, by finely tuning the pore size of the nanoporous temp
and the gas pressure of the PVD system, gold nanoparticles of dif
sizes can be deposited on both the top surface and sidewalls of the
in the templates (35). During the process of deposition, the depos
gold on the surface (rather than sidewall) forms a metallic f
Meanwhile, nanoparticles down in the pores adhere to the w
and aggregate, forming a randomlydistributed profile. Becaus
metal nanoparticles are more likely to gather near the entran
a pore, the sizes of nanoparticles change gradually along the
sition path. As shown in Fig. 1B, the particles near the top su
(deposited gold film side) are larger and sparser, whereas those
in the pore are smaller and more densely packed. As explained
the random distribution of particles with different sizes and sha
plays a critical role in enabling efficient and broadband plasmonic a
sorption. Figure 1C compares an optical photograph of a 1-inch
diameter bare nanoporous template(which is transparent) with tha
of a � 90-nm-thick gold-deposited nanoporous template (labele
Au/NPT; black).

A three-dimensional (3D) schematic of the ideal plasmonic
sorber is presented in Fig. 2A, which consists of a perforated gold
randomly distributed gold nanoparticles, and a nanoporous tem
Zhou et al. Sci. Adv. 2016;2 :e1501227 8 April 2016
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(an average pore diameterDof ~300 nm and a pore-to-pore distanceL
of 450 nm). Figure 2B presents a typical high-resolution scanning
tron microscopy (SEM) image of our self-assembled plasmonic abs
Note that pore diameterD is the most critical of all the geometry para
eters (see Supplementary Materials, note S2, and figs. S1 to S3
tails) and random gold nanoparticles are the most critical compo
responsible for the broadband plasmonic absorption effect. Large
diameter will allow the formation of close-packed gold nanopart
with a variety of aspect ratios during the PVD (Fig. 2, E and F), th
fore increasing the density of plasmonic resonant modes. In add
large pore–sized porous templates with a much reduced refractive i
and small impedance mismatch (see Supplementary Materials,note S3,
and figs. S4 and S5 for details) will enable extremely low reflec
and efficient light coupling within these pores, therefore significa
enhancing the absorption. In the experiment, absorbers with va
pore diameters were fabricated andcharacterized systematical
The corresponding top view and cross-sectional SEM imag
Au/NPT (D = 300 nm), acquired using dual-beam FIB microscopy (D
Beam FIB 235, FEI Strata), are shown in Fig. 2 (C and E, respec
The corresponding SEM images of an absorber with larger pore
a more disordered nanoporous template (noted as Au/D-NPT;D =
365 nm; see Materials and Methods) are presented in Fig. 2 (D and
Fig. 1. Schematic, processes, and photographs of plasmonic absorb-
ers. (A) Schematic of an ideal plasmonic absorber. (B) Self-assembly of gold
nanoparticles on nanoporous templates to form plasmonic absorbe
(C) Digital camera images of a 1-inch-diameter bare nanoporous templa
sample and a� 90-nm-thick Au/NPT sample (observed from the templa
side). CEAS, College of Engineering and Applied Sciences.
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Fig. 2. Structures of self-assembled plasmonic absorbers.(A) 3D sche-
matic of self-assembled plasmonic absorbers. (B) 3D SEM image of a typica
Au/NPT sample. (Cand E) Top view (C) and cross-sectional (E) SEM ima
of Au/NPT sample. The geometry parameters of the Au/NPT sample
the average pore sizeD ~300 nm and effective gold film thickness ~60 nm
(D and F) Top-view (D) and cross-sectional (F) SEM images of the Au/D-
sample with the average pore sizeD ~365 nm and effective gold film thick-
ness ~85 nm. The insets in (C) and (D) are the corresponding Fourier trans
form diagrams of Au/NPT and Au/D-NPT, respectively.
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