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ABSTRACT 

Optical microsphere nanoscope has been widely studied due to its outstanding resolving power, low cost, and label-free 
characteristics. However, its resolution in air is restricted by the magnification and refractive index of microsphere. In this 
work, high refractive index hyper-hemi-microspheres with tunable magnification are proposed to improve the imaging 
resolution of virtual imaging. The hyper-hemi-microsphere is fabricated by focusing ion beam in a top-down manner, 
which accurately tailors the thickness of the hyper-hemi-microsphere with a smooth surface. Since this method is suitable 
for microspheres made of any material, high refractive index hyper-hemi-microspheres (n=2.34) are manufactured and 
demonstrated with better imaging resolution than common microsphere. Benefiting from the large magnification and high 
numerical aperture, sub-50nm features in a CPU chip are discerned by a hyper-hemi-microsphere with a 10× objective 
lens in ambient air. High refractive index hyper-hemi-microsphere nanoscope opens possibilities for easy, fast, and low-
cost inspection in the entire pipeline chain of ICs’ design, manufacture, and handling defects. 
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