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Abstract 

Super-resolution microscopy (SRM) breaks the diffraction limit of conventional optical microscopy, to reach 

spatial resolution <200 nm. Of the SRM, stimulated emission depletion (STED) microscopy employs a donut-

beam confined excitation to project an optically saturated virtual pinhole for super-resolution. STED 

microscopy often obeys a “square-root law” for resolution and STED laser power, which means the power 
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 increases quadratically for better resolution. This approach is practically limited by the fragileness of the 

biological subcellular structure and the fluorescent dye. Here we present several novel techniques:  

(1) Upconversion enabled ultralow power STED: Owing to the rich energy levels, we can create unique “route” 

for upconversion process, thus ultralow power STED can be realized. 

(2) With novel mitochondria inner membrane dyes, we visualized the cristae remodelling, fusion and fission 

processes with long-term STED super-resolution. 

(3) We developed fluorescence dipole orientation super-resolution microscopy and demonstrate that the 

polarization information provides a new dimension for super-resolution. 
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