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Figure S1. Representative antenna quantum yields of the horizontal dipole along the z-, y-direction
and the vertical dipole along the z-direction within (a) the Au aperture and (b) the Au/Si hybrid

aperture at the position (0, 0, 10 nm; the origin is at the center of water-glass interface),
correspondingly.
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Figure S2. Field distribution (a) | ExI? (b) |Eyl2and (c) | Ez|2 in the xz-plane and xy-plane for Au nano-
aperture antenna at a wavelength of 573 nm, Au/Si hybrid nano-aperture antenna at a wavelength of
785 nm illuminated by a plane wave with x-polarization from the bottom.
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Figure S3. Radiative rate of bottom collection (Prad-glass) and full integrated (Prad) for (a) the Au nano-
aperture and (b) the Au/Si hybrid nano-aperture.

The “bottom connection” (Prad-glass) means that the radiated emission is collected from the bottom,
i.e. the glass side. The “full integrated” (Prad) means to collect all far-field radiated emission, it can be
obtained by integrating the Poynting vector over closed surfaces that contain the nanoantenna and
dipolar source.
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Figure S4. Position-dependent quantum yields (the sizes of red disks represent the relative value of
quantum yield at the positions correspondingly) (a), (c) at a wavelength of 660 nm for Au nano-
aperture antenna, (b), (d) at a wavelength of 814 nm for Au/Si hybrid nano-aperture antenna; (e) and
(f) show quantum yields with different x- and z-positions in the way of (a)—(b) full integrated and (c)—
(d) bottom collection, correspondingly.
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Figure S5. Field distribution | E/Eo|? in the xz-plane and xy-plane for (a) Au nano-aperture antenna at
a wavelength of 573 nm, (b) Au/Si hybrid nano-aperture antenna at a wavelength of 785 nm, (c) Si
nano-aperture antenna at a wavelength of 725 nm illuminated by a plane wave with x-polarization
from the bottom. (d) shows the antenna quantum yields of structures above which all are calculated
for a dipole located at position (0, 0, 10 nm).
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Figure S6. Aperture size of the antenna-dependent enhancement effects. (b) Total decay rate
enhancements, (c) Far-field radiative rate enhancements, (d) Non-radiative rate, (e) Antenna quantum
yields of (a) the Au nano-aperture antenna with diameters from 20 to 120 nm. (g)—(h) show the same
corresponding plots for (f) the Au/Si hybrid nano-aperture antenna with diameters from 20 to 120 nm,
respectively. The thickness of the Au layer is 100 nm for gold aperture, and the hybrid structure
consists of an 80 nm Au layer and a 20 nm Si layer.
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