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FDTD Simulations
We used commercial software (FDTD solutions, Lumerical Inc. Vancouver, Canada) to perform finite-difference time-domain (FDTD) simulations with a mesh size of 2 nm (x-, y-, and z-directions) in the metal. We monitored the simulation stability (convergence) using the built-in software to eliminate artifacts that could possibly be generated near the sharp tips. All the simulation results were compared with experimental transmission spectra. The optical constants of Au were taken from Johnson and Christy (Phys Rev B 1972, 6, 4370-4379). The dielectric functions of Au were fit by a multi-coefficient model that uses an extensive set of basis functions. Perfectly matched layer (PML) boundary conditions were set for the z direction, and periodic boundary conditions were applied to x and y directions to simulate the periodic lattice. Field profile monitors that recorded electric field strengths at the planes of interest (Figs. 3b and 4b) were used to display the 2D field-intensity distributions.
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Figure S1. Transmission of 3D bowties depends on gap distance and polarization of incident light. (a) Parallel and (b) perpendicular polarizations are applied with respect to major dimer axis of Type A bowties. Average gap distances are ca. 10 nm (red), 20 nm (black) and 35 nm (blue).
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Figure S2. Normalized field intensity profiles of 3D bowtie across center of the gap. Logarithmic plots of normalized near-field intensity along at z0 =100 nm from the PU surface, mid-level between two bowtie tips in the x-z plane. Plots were taken with the polarization parallel to the dimer axis for (a) Type A bowties at a resonant wavelength (+ = 810 nm (bonding, black line) and (- = 661 nm (anti-bonding, red line) and (b) Type B bowties at a resonant wavelength (+ = 841 nm (bonding) and (- = 669 nm (weak anti-bonding). Note that the field intensity of the anti-bonding mode falls off faster than that of the bonding mode.
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Figure S3. Energy dispersion relations showing diffractive coupling of localized surface plasmons. Angle-resolved zero-order transmission measurements of the bowtie arrays with excitation angle from 0( to 60( in 1( increments under p-polarized, collimated white light for (a) parallel polarization for Type A, (b) perpendicular polarization for Type A, (c) parallel polarization for Type B, and (d) perpendicular polarization for Type B. The curves and numbers in parenthesis represent the Rayleigh anomaly modes. White (solid) and blue (dashed) colors denote PU and air modes, respectively.
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