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Abstract: Due to the existence of optical diffraction limit, the traditional optical microscope can not distinguish the tiny
features smaller than the diffraction limit. And, its application scope is limited. Many researchers have conducted a lot of
studies on how to break the diffraction limit and improve the efficiency of optical microscope. Among them, the optical glass
microsphere can assist the traditional optical microscope to distinguish the tiny features smaller than the optical diffraction
limit. In this work, high refractive index (n~2.2) BaTiO, glass microspheres (BTG, diameter=28 wm) immersed inside
liquids with different refractive indices are used to achieve nano-imaging. It provides a route to improve the property of opti-
cal microscope. A blue disk sample with a feature size down to 100 nm can be clearly observed under an incident light with
wavelength of 405 nm. The nano-imaging quality and contrast can be optimized by tuning the microsphere-medium refractive
index contrast. When the BTG microsphere is immersed inside the liquid with the refractive index of 1. 46, the contrast of
virtual image is the best. This nano-imaging of high refractive index microsphere can be widely applied in nano-photonics,
biomedicine and fluid fields.
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Fig. 1 Virtual image formation schematic by a BTG microsphere immersed inside a liquid (a), the specific experimental

process of BTG microsphere fixation at SiO, substrate(b)
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Fig.2 SEM image of BD (a); Virtual images of BD obtained by BTG microsphere immersed inside liquids with different refractive index: (b)

air (n;=1), (c) water (n;=1.33), (d, g) fused silica matching liquid (n, =1.46), (e, h) fused silica matching liquid (n, =

1.52), (f, i) series M (n,=1.75)
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Fig. 3 Variations of BFL (a) and magnification (b) of BTG microspheres immersed in different liquids ( water n, ~

1. 33, fused silica matching liquid with n; ~1. 46 and n, ~1. 52, series M n, ~1.75)
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Fig. 4 Conceptual sketch of the finite-difference time-domain (FDTD) simulation model of nano-imaging via BTG microsphere (a) ; light

field of BD sample surface feature inside liquid with the refractive index of (b) 1.46, (¢) 1.52 and (d) 1.75, respectively
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Extended data fig. 1

Schematic of a BTG microsphere illuminated by light (a) ; field images of the light convergence by BTG microsphere inside
liquids with different refractive index: (b) air (n;=1), (c¢) water (n;=1.33), (d) fused silica matching liquid (n, =

1.46), (e) fused silica matching liquid (n,=1.52), (f) series M (n,=1.75)
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Extended data fig. 2 The image of BD by a BTG microsphere immersed
in water (a), virtual image obtained by a BTG mi-

crosphere in water contacted with sample(b)
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