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Abstract: Optical microscope is a vital tool to explore the microscopic world for humans, which plays an
important role in the fields of biology, medicine, materials science, and precision measurement. Due to the
diffraction limit, developing super-resolution optical microscopy imaging technology with higher image quality
and spatial resolution has become a hot research frontier. Super-resolution imaging technology based on
microspheric lens has great development potential because it's obvious advantages of being easy to implement,
simple operation and label-free. However, the field of view (FOV) of a single microsphere is limited, and it is
difficult to locate the microspheres accurately. Improving the maneuverability of microspheres and expanding the
FOV of super-resolution imaging have become the key of this technology development. Based on the principle of
microsphere super-resolution imaging technology and the main factors for imaging quality, the paper focuses on
the latest research progress in expanding the FOV of microspheric lens super-resolution microscopy imaging.
According to the control methods of the microsphere, these progresses are summarized into four categories:

Mechanically contact control, non-contact control, microsphere assembly layer, and microsphere-objective
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integration. The technical characteristics of these four categories are discussed, and the image processing

technologies for field expansion are also analyzed, such as large FOV and image stitching. At the end, the paper

points out the key problems, existing difficulties and challenges for microspheric lens super-resolution imaging

technology, as well as the breakthrough for the future research work. The development direction and application

future of this technology are prospected.

Key words: super-resolution microscopic imaging;
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Fig.3 (a) SEM image of an array of gold NPDs formed by 120 nm
nanoparticles; Imaging effect and resolution analysis for different

diameters D: (b) 4.2 um, (c) 21.5 um, and (d) 53 um™”!
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Fig.5 Schematic diagram of the immersion method of microspheres. (a) No immersion liquid '); (b) Half immersion **; (¢) Full immersion !"*!
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Fig.6 Super-resolution images produced by different immersion methods of microspheres. (a)-(d) No immersion liquid “'; (e),(f) Half immersion **;

(2),(h) Full immersion **!
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Fig.9 Schematic diagram and super-resolution images of mechanical strut devices. (a),(e) Capillary glass tube method ®%; (b),(f) Cantilever beam method ©**};

(¢).(g) ST-type tungsten probe method **; (d),(h) AFM probe method %!
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Fig.11 (a) Schematic illustration of swimming microrobot optical
nanoscopy (SMON); (b) Schematic illustration of the chemically
powered propulsion; (c) Schematic diagram of coating; (d) SEM
image; (e) Tracking line showing the motion of a microrobot
scanning; (f) Image by stitching the magnified area from

individual video frames®”
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R

Fig.12 (a) The SEM image of the silicon nanostructure grating (SNG) with a period of 278 nm and a 139 nm line-width; (b) The SNG image by the

trapped PS sphere; (c) The SNG image assisted by a trapped MF sphere!*'!
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Side-view

'

1 BK7 plano-convex lens i
1

H 1

| (——

[ - >

H Spin-coating thin

[] 1 :
D263 glass ; . layer ofPDM.S - :

s
| Attaching BTG
microsphere

= NOAG63

B 13 (a) JE1E B R BB (b) Z A48 (o) JeE B RURIEF A B9 52 IR HES; (d) ORI 5 (o) BURFEFLE A Hi4E T 2R 2 ™
(F) 25 e 1o 28 A PG e L 13 B 4 W U B0, (2) POML Bk (il i 22 6T

Fig.13 (a) Optical upright microscope; (b) Z-axis translator; (c) A custom aluminum frame for clamping the glass microsphere array chip!®);

(d) Fabricated microsphere array chip; (¢) Schematic of the fabrication process of the microsphere array chip®®’; (f) Super objective was made by

integrating a conventional microscope objective lens using a adaptor *); (g) Preparation of PCM lens and installation *!
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Fig.14 Super-resolution images scanning and stitching. (a)-(c) Microsphere array”"; (d)-(f) Unibody PCM objective 1*’!
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