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Ultrasound-Driven Electronically Programmable Microbubbles
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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-

References:

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 
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Abstract:

additive manufacturing approach to fabricate monolithic 

Research Summary:

design space and prohibits integration of engineered 

Figure 1: Overview of the emitter fabrication process.

producing a micro-porous internal structure as illustrated 

at half scan speed to improve adhesion to the substrate, 
and the rest of the structure was printed at full scan speed 
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identical when comparing the pre-thermal and post-

Performance Testing: The emission characteristics of 

References:

Figure 2: SEM images of a TPP-printed emitter before (left column) and 
after (right column) thermal processing. The emitter tip is shown in the 
middle row (c, d), and close-up images of the pores are presented in the 
bottom row (e, f).

voltage and current response remained consistent across 
sequential sweeps, indicating repeatable emission 

printed emitters show competitive performance metrics 

Figure 3: Emission characteristics of a TPMS porous glass electrospray 
emitter operating with EMI-BF4 propellant. (a) I–V curves recorded 
over four consecutive runs at intervals of 10 minutes in both positive and 

run.

Conclusions and Future Steps:

Combining microscale print resolution, deterministic 

performance metrics comparable to traditional state-

require optimizing print parameters, such as increasing 
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Abstract:

whose orientation and position form digital magnetic 

repeated encounters, while the embedded barcodes 

multibit barcodes provide selective recognition among 

Research Summary:

transport and control, while the patterned nanomagnets 
determine the local interaction between contacting 

two orthogonal orientations, four magnet groups can be 

Selective Assembly through Orthogonal Magnetic 
Barcodes 

measured results show that local magnetic patterns can 
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Conclusions and Future Steps:

References:

Figure 1: Wafer-scale fabrication of magnetic handshake particles and 
nanomagnetic barcodes.

Figure 2: Selective recognition and assembly using orthogonal magnetic 
barcodes.

Figure 3: Field-directed rearrangement of chains composed of two types of 
particles.
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Abstract:

an integrated wing module for future solar-powered 

Research Summary:

requires a wing that combines large angular motion, 
high repetition rate, long life, and microwatt-scale 

transmissions remain too large for a sub-millimeter 

integrating the actuator, wing panel, electrical leads, and 

state operation in ambient air, low moving mass, and 

before release, providing precise alignment of the 

color SEM image of a sub-mm wing.
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evaluated vertical force using the measured 

a broad face during the force-producing motion 

With rapid passive pitching, the predicted average 

The electrical budget is also close to self-
2 photovoltaic area with 

motion near 530 Hz.

Figure 3: (A) Schematic illustrations of stroke and pitch motions. (B) Wing 
kinematics for wing chords. The green and pink arrows represent the stroke 
directions, the black solid circles represent the leading edges and the stick 

blue indicating the clockwise direction and red indicating the counterclockwise 
direction.
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Micro-Optomechanical Acoustic Velocity Sensor
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Abstract:

sound pressure and therefore provide limited directional 

vector detection, but achieving a high signal-to-noise 
ratio in a miniaturized device remains challengingTo 
address this challenge, our sensor integrates a spider-

mosquito-inspired three-dimensional microscale 

further enhance damping and reduce thermomechanical 

Research Summary:

gap, we developed an ultrasensitive, low-noise micro-
optomechanical acoustic vector sensor for detecting 

photodetector, providing a compact and ultrasensitive 
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hearing in an orb-weaving spider that uses its web as an 

Compared with conventional microfabrication methods, 

for enhancing viscous damping while preserving 

printing parameters for future optical integration and 

Conclusions and Future Steps:

will focus on fabricating a higher-performance particle-

will then be integrated with a miniaturized pressure 
sensor to create a dual-sensing ear-canal probe capable 

vector and scalar measurements, the probe is intended 

emission measurements, enable better characterization 

support earlier and more precise detection of inner-ear 

Figure 1: Sensor fabrication and assembly. (A) SEM images of the velocity-

microphone is placed nearby as an acoustic reference.

Figure 2: Sensor performance. (A) Sound-induced velocity response, 

lattice structure fabricated using 
a two-photon lithography system 

is designed to improve the noise 
performance of the velocity sensor.


