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Summary 
We introduced a new class of optoplasmonic 
materials that combine high-quality optical 
microcavity resonators and plasmonic 
nanoantennas into hybrid structures in which 
both components synergistically interact. These 
new materials are designed to overcome the 
limitations of conventional metal-based 
plasmonic nanocircuitry in terms of line-shapes 
by creating photonic-plasmonic hybrid 
resonances that have significantly longer 
lifetimes but still retain nanoscale light 
localization. For the realization of these new 
materials, a guided self-assembly strategy was 
used to enable a precise and controllable 
vertical and horizontal positioning of plasmonic 
elements relative to embedded microspheres. 
The latter has been a great challenge for existing 
fabrication methods. A relative photon transfer 
efficiency up to 44% was achieved on these on-
chip integrated optoplasmonic structures by 
efficiently coupling localized surface plasmon 
(LSP) modes of metal NPs and whispering 
gallery modes (WGMs) of dielectric 
microspheres. Currently, we are evaluating 
further capabilities of the optoplasmonic 
structures for long-range energy transfer and 
active line-shaping through Fano resonant 
photonic-plasmonic mode coupling. 
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Figure 1. Resonant amplifying superlens. (a) A schematic of the 
optoplasmonic superlens composed of a polystyrene microsphere 
and two gold NP dimers (R=2.8μm, nd=1.59, r=75nm, w=25nm, 
h=80nm), which is excited by an electric dipole positioned at the 
center of the gap of one of the dimers (blue arrow). (b) Radiative rate 
enhancement of the dipole (over the free-space value) as a function of 
wavelength. (c) Electric field intensity enhancement in the gap of the 
second dimer (over the value generated by a free-space dipole at the 
same position). (d, e) Electric field intensity distribution in the y-z (d) 
and x-z (e) planes (log scale) at one of the resonant peaks in (b, c) 
(λ=905.4nm). (f, g) Electric field intensity distribution at the same 
wavelength in the y-z (f) and x-z (g) planes (log scale) in the absence 
of the microsphere. 
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Figure 2. On-chip integrated 
optoplasmonic molecules 
(scale bars = 1 μm) fabricated 
by a template-guided self-
assembly, which ensures that 
the whispering gallery mode 
evanescent field and 
plasmonic mode interact 
synergistically at equatorial 
plane of the microspheres.  
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Figure 3. Efficient on-chip photon transfer. 
Fluorescence intensity of Cy3 functionalized NP dimer 
antennas in the presence (a) and absence (b) of a 
microsphere. (c, d) SEM images of each structure. The 
fluorescence dyes preferentially emitted into the 
microsphere, which efficiently trapped and recirculated 
the photons. 


