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Abstract:
We present an on-chip bubble customization platform 
that enables active bubble writing, erasing, and 

from streaming due to volumetric oscillation of a 

Research Summary:
Ultrasound resonant microbubbles have emerged as 

microscale, microbubbles have been used to achieve 
propulsion, steering, and deformation of actuators, 

forward is to change the passive capture paradigm and 
introduce active, real-time, and in situ microbubble 

ultrasound actuation to create an active microbubble 

electrode switches the microbubble states between 

growing and be trapped on the electrode surface due 

coupled to acoustic oscillations, we observed bubbles 
x y plane, 

This microbubble reprogramming approach embodies 

controlling a series of time-staggered DC voltage pulses 

platform’s potential capabilities, we demonstrated 

bubble size, inducing bubble interactions, programming 

We show that the platform is capable of real-time bubble 
generation and modulation and provides multi-degree-
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microcapsule, controllable bubble generation and 
shooting enabled directional drug release and on-
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Figure 1: Ultrasound-driven electronically programmable microbubbles. 
(A) Schematic illustration of bubble state switching on a single 

oscillating; iv) bubble shooting. HVE and LVE denote high-voltage 
and low-voltage electrolysis, respectively. US denotes ultrasound. (B) 
Representative images corresponding to the four bubble states in (A) 

directions.

Figure 3: A multifunctional microcapsule enabled by programmable bubble shooting. (A) Optical image of a microcapsule printed by two-

through the bottom openings driven by bubbling from internal electrodes. (F) Images before bubbling and particle trajectories during 


