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High-Q optical microcavities can strongly modify the local density
of electromagnetic states (LDOS) and thus can be used for the
frequency-selective enhancement (suppression) of the radiative
rates of emitters either evanescently coupled to or embedded in-
side the cavities. The enhancement is characterized by the Purcell
factor, and can be large in cavities that support optical modes
with high quality factors and small mode volumes (1–5). Fig. S1
illustrates this effect for a model structure composed of a single
dipole emitter with a transition moment oriented along the y-axis,
which is evanescently coupled to a microsphere via a 1nm-wide
airgap (Fig. S1A). The spectra of the microcavity-mediated dipole
radiative rate enhancement shown in Fig. S1B feature a series of
sharp peaks that correspond to the dipole emission coupling to
the whispering-gallery (WG) modes inside the microspheres. The
spectral positions of the resonances are determined by the mor-
phology of the microcavity (its size and material composition),
and the resonance linewidths are inversely proportional to the
WG mode Q-factors.

In general, each WG mode in a microsphere can be specified
by four indices: n, the radial order (the number of peaks in the
intensity profile along the radial direction); m, the azimuthal
mode index (the number of field variations along the sphere
equator); l, the number of waves in a cyclic orbit (l − jmj þ 1
is equal to the number of peaks in the intensity profile of the
mode along the meridian); and polarization, TE (transverse-
electric) or TM (transverse magnetic) (6, 7). Each WG mode
is multiple-degenerate in frequency with m taking the values
l;l − 1… − l for each n. Our simulations show that the most pro-
nounced spectral peaks in Fig. S1B correspond to the excitation
of TE-polarized WG modes with n ¼ 1 and m ¼ l in the micro-
sphere (see Fig. S2), which are indexed as TEm;1 modes in
Fig. S1B. The spectra of the electric field intensity monitored
on the opposite side of the microspheres demonstrate narrow-
peak resonant enhancement produced by the evanescent tails
of the WG modes (Fig. S1C). However, as the optical leakage
of the WG modes occurs along the whole circumference of
the sphere, light refocusing into a nanoscale volume cannot be
achieved. Typical electric field intensity distributions of TEnm
modes in microsphere resonators are shown in Fig. S2.

Strong coherent coupling of the fields of nanoscale emitters to
surface plasmon resonances in noble-metal nanostructures also
results in strong modification of their radiative and nonradiative
decay rates (8–10). In this case, the Purcell enhancement of
dipole emission is enabled by the strongly reduced effective mode
volume for the photons, while the Q-factors of plasmonic nano-

structures are limited by high dissipative losses in metals at op-
tical wavelengths. A schematic of a nanoantenna-coupled dipole
source is shown in Fig. S3A together with the second acceptor
nanoantenna, which is separated from the donor one by a mi-
cron-scale distance L. The spectra of the nanoantenna-mediated
emitter radiative rate enhancement feature a single broad peak
that corresponds to the excitation of the bonding dipole plasmon
resonance of the nanodimer (with the peak wavelength deter-
mined by the Au nanoparticles radii and the antenna gap width,
see Fig. S3B). The spectra of the field intensity measured in the
gap of the acceptor nanodimer also feature a single broad peak
(Fig. S3C). However, a free-space energy transfer between two
plasmonic nanoantennas is not efficient as most of the energy
radiated by the donor nanoantenna cannot be recaptured by the
acceptor antenna (see Fig. 1 F and G).

The results of our simulations shown in Fig. 1 of the main text
demonstrate that a combination of the high Q-factors of the mi-
crocavity modes and the strong field localization in the gap of
plasmonic antennas result in the resonant increase of the dipole
radiative rates over the values achievable either by using a micro-
cavity or an antenna alone. In the optoplasmonic superlens con-
figuration considered in this paper, plasmonic antennas interact
with the microcavity modes via the exponentially decaying tails of
their evanescent fields (Fig. S4A). Therefore, the interaction is
distance-dependent and, as shown in Fig. S4B, the amplitude
of the effect reduces with the antenna-cavity separation. How-
ever, the data in Fig. S4B demonstrate a high tolerance of the
values of the radiative rate enhancement to the variations (up
to tens of nanometers) in the width of the antenna-cavity gap.
Furthermore, our calculations show that coupling of the antenna
to the microcavity not only can enhance the dipole radiative rate
but also increases its external quantum efficiency (Fig. S4C). Fi-
nally, the efficiency of the light refocusing in the acceptor antenna
is robust to small variations in the antenna-microcavity coupling
distance (Fig. S4 D and E).

As mentioned in the main text, a number of nano-fabrication
techniques can be used to fabricate the proposed bright- and
dark-field optoplasmonic superlenses and on-chip integrated op-
toplasmonic networks. Some of the examples of possible realiza-
tions of the optoplasmonic components and circuits are shown in
Fig. S5 and can include not only spherical particles or microcav-
ities but also planar microdisk, microring and microtoroid reso-
nators as well as bow-tie and other types of dimer gap antennas
and metal nanoclusters.
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Fig. S1. (A) A schematic of the microsphere excited by a dipolar source (blue arrow, h ¼ 1 nm) and the position of the detector monitoring the electric field
(red bar). (B) The dipole radiative rate enhancement (over the free-space value) as a function of wavelength and the sphere morphology (blue: R ¼ 2.8 μm,
nd ¼ 1.59, h ¼ 1 nm; red: R ¼ 0.65 μm, nd ¼ 2.4, h ¼ 1 nm). The resonant peaks correspond to the excitation of the WGmodes in the microspheres. (C) Electric
field intensity enhancement at the detector position (over the value generated by a free-space dipole at the same position).

Fig. S2. (A–D) Field intensity distributions in the x-z (A and C) and y-z (B and D) planes of the TE28;1 whispering-gallery mode in a larger polystyrene micro-
sphere (A, B, R ¼ 2.8 μm, nd ¼ 1.59, λres ¼ 846.12 nm, Q ¼ 1.05 · 105) and of the TE8;1 WG mode in a smaller TiO2 microsphere (C, D, R ¼ 650 nm, nd ¼ 2.4,
λres ¼ 853.62 nm, Q ¼ 3204).
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Fig. S3. (A) A schematic of two Au nanodimer antennas showing a position of the dipole emitter and the field intensity monitor. (B) Radiative rate enhance-
ment (over the free-space value) of the dipole positioned in the gap of the donor antenna as a function of wavelength and antenna geometry (red: r ¼ 65 nm,
w ¼ 25 nm, L ¼ 652 nm; blue: r ¼ 75 nm,w ¼ 25 nm, L ¼ 2.802 μm). (C) Electric field intensity enhancement in the gap of the acceptor antenna (over the value
generated by a free-space dipole at the same position).

Fig. S4. (A) A schematic of an Au nanodimer antenna coupled to a microcavity via an airgap of width h1 (R ¼ 650 nm, nd ¼ 2.4, r ¼ 55 nm, w ¼ 20 nm)
(B) Radiative rate enhancement of a dipole positioned in the center of the antenna gap as a function of the wavelength around one of the WG mode peaks
and the antenna-microcavity separation h1. The labels indicate the values of h1, and the dashed line shows the antenna-mediated dipole radiative rate en-
hancement in the absence of the microcavity. (C) External quantum efficiency q of the antenna-microcavity structure. The dashed line shows the corresponding
value of the nanodimer antenna. (D) A schematic of the optoplasmonic superlens with the acceptor antenna separated from the microcavity via the airgap of
width h2. (E) Electric field intensity enhancement in the gap of the acceptor antenna as a function of wavelength and h2 (h1 ¼ 60 nm, the labels indicate the
values of h2).
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Fig. S5. (A) Plasmonic nanoantenna(s) can be transferred to a surface of a dielectric microsphere (11). (B) On-chip microdisk or microring resonators decorated
with nanosphere dimers can be fabricated by a combination of lithography and nanomanipulation (12). (C) Planar networks of dielectric (semiconductor)
microdisks laterally coupled to plasmonic nanoantennas and photonic nanowire waveguides are also amenable to fabrication by two-step conventional
and soft lithographic techniques (13, 14).
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