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Influence of Background Medium on Aberration and

Imaging Characteristics of Microsphere

Wang Jianguo',Cheng Chong',Fan Siyu',Cao Yurong®

(1.Engineering Technology Training Center,Nanjing University of Industry Technology , Nanjing 210023, China)
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Abstract: Microsphere-assisted microscopy has great potential for applications in bio-imaging, physical chemistry,due to
its non-invasive and label-free nature. However, it should be noted that microsphere lenses produce significant aberrations
due to their shape characteristics. Investigation of the factors affecting the aberration of microsphere lenses and reduction
of their aberration are of positive significance for the improvement of microsphere-assisted super-resolution imaging
technology. Herein,we systematically investigate the effects of the refractive index of the background medium and its
immersion degree on the aberration and imaging characteristics of microsphere lenses. We found that as the relative
refractive index between the microsphere lens and the background medium increases, the distortion caused by the
microsphere increases. And the immersion degree of the background medium significantly affects the aberration of the
microsphere lens. When the microsphere is semi-immersed in the background medium, it has the least aberration and
works best for imaging, allowing it to clearly identify a particle array with a spacing of 250 nm.

Key words: optical microscope ,microsphere lens, super-resolution imaging, aberration
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Fig.2 (a-c)Images of the DVD observed by SiO,,PS and BTG microspheres fully immersed in PDMS. (d)Images of the DVD
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observed through BTG microspheres fully immersed in SU-8 resist. The diameter of these microspheres is 10 pm. (e—g) Simulated

image distortion rates of SiO, ,PS and BTG microspheres fully immersed in PDMS. (h) Simulated image distortion rate of a BTG

microsphere fully immersed in SU-8 resist.
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Fig.3 (a)Images of the DVD observed by a PS microsphere fully immersed in SU-8 resist. ( b—d ) Images of DVD observed by 20,30 and
50 pm diameter PS microsphere. (e—g) Images of DVD observed by a 10-pm-diameter PS microsphere at various optical focal image

positions.
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Fig.4 (a)Schematic of microscale lens with three structures. Top right corner is the SEM image of these microlenses.

(b)—=(j) Images of the BD observed by microlens A ,B,and C at various optical focal image positions.
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Fig.5 Image of the nanoparticle array observed by(a)microlens B and(b)PS microsphere
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