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Simulation of the near-field focusing and the far-field imaging of

microspherical lenses: A review

Ye Ran'?, Xu Chu', Tang Fen', Shang Qingqing', Fan Yao’, Li Jiaji’, Ye Yonghong', Zuo Chao*

(1. School of Computer and Electronic Information, Nanjing Normal University, Nanjing 210023, China;

2. School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Microsphere-assisted super-resolution microscopy is an emerging technique which can be used to
overcome the diffraction limit of conventional optical microscopes and significantly enhance their resolution. This
technique is very promising for various applications because of the simplicity of its operation, its label-free and
real-time imaging nature and its ability to be performed under white-light illumination with commercially
available optical microscopes. Although there are many impressive results coming out along with the
development of this technique, most studies are about the imaging properties, imaging quality improvement and
manipulation of microspheres. A comprehensive theory on the super-resolution mechanism is still missing. Within
this context, the progress of the microsphere’s imaging theory and the numerical methods in simulating the near-
field focusing and far-field imaging phenomenon of microspheres was reported in this paper. The challenges and

the future of this technique were also discussed.
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Fig.1 (a) CHQ microlens-assisted super-resolution microscopy'”; (b) SiO, microsphere-assisted super-resolution microscopy®”; (c) Scanning

microsphere super-resolution microscopy®; (d) Self-assembled TiO, particles for super-resolution microscopy”; (e) Liquid droplet-assisted

super-resolution microscopy'; (f) Surface plasmon resonance-enhanced super-resolution microscopy
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Fig.2 (a) A photonic nanojet and (b) a photonic hook; (c) Super-resolution imaging based on photonic hooks!*”!
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Fig.3 (a) Schematic drawing of the microsphere imaging system used by

Duan et al.; (b) The corresponding imaging simulation results'*”!
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Fig.4 (a) The schematic drawing of the microsphere imaging system; (b) 2D simulation model based on microsphere imaging system; (c) The simulation

results with single point sources; (d) The simulation results with double point sources; (e) The influence of the light coherence on the resolution of

microspheres'®)
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Fig.5 The simulation of the microsphere's imaging when the

microsphere is (a)-(d) on resonance and (e)-(h) off resonance [”
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Fig.7 (a) The steps for the three-dimensional imaging simulation: (i) The near-field full-wave simulation, the near-to-far-field transformation, the far-

field imaging simulation and (ii) the simulation for the formation of virtual images; (b) The simulated microsphere’s imaging performance for the
two point sources with various gaps between them; (c) The simulation of microsphere’s imaging for metallic grating structures and (d) the
corresponding simulation results show that the metallic lines with 75 nm separation can be resolved by the microsphere; (e) Microsphere imaging
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