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Systematic characterization and mechanistic insights into 
ultrasonically actuated sharp-tip capillary droplet generation

A systematic characterization of an ultrasonically actuated 
sharp-tip capillary droplet generator is presented, 
establishing the foundation for rationally designing a 
chip- and pump-free “droplet factory”. Parameter 
mapping across excitation voltage, AM waveform timing, 
tip diameter, and fl uid viscosities yields practical design 
rules and elucidates a three-stage mechanism: centrifugal 
pumping, streaming-assisted neck elongation, and 
Laplace-pressure-driven pinch-off  upon vibration cessation. 
Pulse-width programming produces deterministic 
picoliter-to-nanoliter droplet trains with multiple predefi ned 
volumes for reliable synthesis of highly monodisperse 
hydrogel microspheres. This platform off ers a versatile tool 
for materials synthesis and clinical applications.
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