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Fig. 1. (a) Schematic of spread the microspheres; (b) Schematic of AFM probes control microspheres; (¢) The universal lens ad-
aptor for the microsphere; (d)Microsphere assisted microscopy OptoNano 200.
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Fig. 2. (a) Intensity curve value in Z-axis direction of the
photonic nanojet formed by BTG microspheres with dia-
meters of 50, 75 and 100 pm; (b) FWHM of the photonic
nanojet formed by BTG microspheres; (¢) The photonic
nanojet formed by 100 pm microspheres at the wavelength
of 470 nm.
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Fig. 3. Schematic and experimental set-up diagram of microsphere imaging system.
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Fig. 4. (a) Physical image of the super-resolution microsphere objective; (b) Fabrication of the super-resolution microsphere object-
ive lens. It mainly includes 1) sleeves, 2) coating of PDMS, 3) adhesion of microspheres, 4) integrated objective lens; (c¢) Physical
image of side-view imaging and position feedback system; (d) Adhesion of microspheres. It mainly includes 1) positioning of micro-
spheres, 2) downward of the lens, 3) adhesion of microspheres, 4) downward of the displacement table.
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Fig. 5. (a) Calibration of side-view imaging feedback system; (b) An example of microsphere lens working at a distance of 12.65 pm.
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Fig. 6. (a) The CPU lattice structure, 400 nm blocks and 200 nm intervals, observed by scanning electron microscope (SEM);
(b) the observation without microsphere lens; (c)—(h) the lattice observed at the working distance of 2.78, 4.63, 5.55, 7.72, 9.57 and
12.65 pm, respectively, with 100 pm diameter microspheres. The left side of each group of images is the microscopic image, in which
the field of view is inside the white circle, the gray value change curve at the diameter (the white line) is shown in the lower right

corner, and the upper right corner is the corresponding side-view images. All of them can effectively distinguish 200 nm lattice fea-

tures; (i) the relationship curve between the magnification factor and the working distance of the microsphere.
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Fig. 7. (a) The BD-ROM f{ringe observed by scanning elec-
tron microscope (SEM); (b) the observation without micro-
sphere lens; (c) the observation with microsphere lens. The
left side of image is the microscopic image, the BD-ROM
fringe can be observed clearly, in which the field of view is
inside the white circle, the gray value change curve at the
diameter (the white line) is shown in the lower right corner,
and the upper right corner is the corresponding side-view
images. The working distance is about 3 pm and the field of
view is about 8.04 pm?.
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Abstract

White-light super-resolution imaging, proposed in 2011, has been achieved by combining the transparent
microspheres of the micron scale with an ordinary optical microscope. At present, in most of the researches
employed is the way of spreading microspheres directly onto the surface of sample, which causes the randomness
and discontinuity of microspheres. It is impossible to achieve the complete imaging of specific regions, which
greatly limits the application scope of this technology. Such an issue can be solved by using microprobes or
micro-cantilevers to precisely transfer the location of microsphere, but for doing so, a sophisticated controlling
system is required, which is costly and not user-friendly. In this paper, a robust, controllable, easy-to-use
integrated design which can efficiently consolidate microsphere and objective together is demonstrated for
super-resolution imaging. The PDMS and customized metal sleeve are used to encapsulate the microsphere
semi-submerged on the ordinary objective lens to achieve an integrated design. In this system, the distances
among the microsphere, objective lens and the sample are controlled accurately by building a side-view imaging
and position feedback system. With the help of a universal microscopic imaging system, the super-resolution
imaging of specific controlled areas is realized. Based on theoretical analysis, the semi-submerged structure of
the 100-pum-diameter BaTiO3 microsphere has a strong focusing effect, which can form the so-called ‘photonic
nanojet’ on a micro-scale in length and on a sub-diffraction scale in waist to possess the ability to break through
the diffraction limit within the range of focal length. At the same time, experiments are carried out for
investigating imaging performances at various working distances in the air. According to the experimental
results, the system can clearly distinguish between the CPU lattice features of 200 nm and the Blu-ray disc
fringe of 100 nm, which means that the resolution of the ordinary microscopic objective lens (40x, NA 0.6) is
significantly enhanced by 4.78x. In addition, with the increase of working distance, the magnification factor
increases gradually, but the image contrast becomes worse, and the super-resolution effect fades. The integrated
design which can match with ordinary optical microscope to achieve super resolution imaging has universality of

installation and operation, and greatly conduces to super-resolution imaging of sub-diffraction limit samples.

Keywords: microsphere super-resolution imaging, integrated objective, side-view imaging feedback system
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