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Electrically Programmable Microvalve for On-Demand Drug Delivery

CNF Project Number: 241616
Principal Investigator(s): Itai Cohen

Abstract:

membrane system that enables actively programmable 
and reversible control of molecular transport for advanced 
drug delivery applications. This platform combines two 

bilayer microactuators for mechanically regulating bulk 

hydrogen absorption without gas evolution, providing 
robust and fatigue- resistant control over valve states. 
Integrated with a hexagonal array of slit nanochannels, 
the system supports dynamic, spatially patterned 
gating of molecular transport. Unlike conventional 
controlled-release systems that rely on passive diffusion 

dosing. Preliminary experiments demonstrate highly 
uniform actuator response, long-term durability over 

valve activation. This technology provides a versatile 
foundation for implantable drug delivery systems with 
closed-loop feedback capability, and may be extended 

Summary of Research:
Precise, responsive drug delivery remains a central 
challenge in biomedical engineering, especially for 
chronic diseases requiring variable dosing over time [1, 
2]. Conventional systems—such as polymer matrices, 
osmotic pumps, or diffusion-based capsules—typically 

adaptability to dynamic physiological conditions. 
charges [3]. To overcome these constraints, we 
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spatiotemporal control of molecular transport.
We have developed an electrically programmable 

membrane to enable real-time, spatially controlled 

electrochemical actuators with dense arrays of nanoslits 
for charge-selective transport, enabling dual-mode 

and mechanical mechanisms.
Figure 1a illustrates the device architecture, where 

hydrogen absorption, forming PdHx, which induces out-
of-plane bending relative to Ti due to lattice expansion. 
This mechanical deformation allows each valve to 
reversibly switch between open and closed states 
(Figure 1d). The actuation process is stable, bubble-

minimal fatigue. The fabricated actuator array, arranged 

central nanochannel inlet. Actuation behavior is highly 

To demonstrate spatial programmability, we designed 
multi-region addressable patterns using independently 
biased electrode zones (Figure 2). Simulated 
activation masks (colored blue and red) match closely 
with experimental actuation results across multiple 

gating enables localized drug dosing, zonal delivery 
control, and dynamic therapeutic scheduling within a 
single device.
The hybrid system addresses limitations of current 
controlled-release platforms, which often rely on static 
polymer matrices, osmotic gradients, or diffusion-based 
mechanisms that lack real-time control [2,4]. In contrast, 
our platform enables both charge-selective gating 
through electrostatic interaction within the nanochannels 

allows for transport of a wide range of molecules, 
including neutrals and cations, not previously accessible 
via electrostatic gating alone.

Conclusions and Future Work:
Future efforts will focus on packaging and 
biocompatibility, in vivo validation, and integration 
with real-time feedback systems for autonomous 

architecture could serve as the foundation for adaptive 
therapeutic implants, multi-analyte chemical release 
platforms, or sensor-responsive systems in closed-loop 
medical devices.
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Programmable Magnetoelastic Energy Landscapes for Autonomous 
Microscopic Machines

CNF Project Number: 296421
Principal Investigator(s): Itai Cohen, Paul L. McEuen

Abstract:
The function of many microscopic machines is 
determined not only by their structure, but by 
conformational, dynamic changes in the shape of a 
device or molecule. Developing design paradigms for 
these microscopic machines requires the development 
of novel experimental platforms with controlled 
energy landscapes, and the ability to drive transitions 
between energy minima. Here, we introduce such a 
platform based on panels covered with programmable 

hinges. We show that the combination of magnetic and 
elastic parameters gives rise to tunable energy minima, 
which can be accessed by applying an external magnetic 

freedom of the device leads to the creation of multiple 

paradigm for three-state work cycles. We combine 
these principles to produce conformation-dependent 
locomotion via a magnetic walker with bistable energy 
landscape.

Research Summary:
The function of many biological and synthetic 
micromachines is realized by targeted conformational 
changes (1). Such functions include catalysis, sensing, 
force and torque generation creating concentration 

However, the rational design of microscopic machines 
that undergo conformational change and transduce 
energy into mechanical work remains an outstanding 

designing the entire energy landscape of systems 
driven by electrostatic and chemical interactions, and 
furthermore to perform mechanical work by controllably 
actuating transitions between local energy minima (2). 

Here, we present a new experimental platform for 
programmable energy landscapes based on microscale 

elastic and magnetic interactions allow for the design 
and construction of energy landscapes with many 
potential minima, whose depth is controlled by device 
parameters. At the same time, transitions between these 
constructed energy minima can be actuated by applying 

Combining magnetic and elastic design degrees-of-
freedom allows for the construction of a two-state 
bistable shutter. Such a bistable shutter toggles between 
two states, here an “open" and a “closed" state, which can 
differentially control light transmission at the location 
of the free panel. In order to actuate transitions between 

to apply a torque to the free panel. Once the panels are 
close enough, magnetic interactions between the panels 
stabilize the “closed state”. To re-access the “open” 

stable state of the system switches to being aligned with 

one elastic degree-of- freedom device thus provides 
a minimal example of a bistable energy landscape 
with controlled minima depth, with a single actuated 
transition between the two stable states.
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microscopic machines perform some work on the 

construct such a nonreciprocal cycle by twisting the 

energy landscape (Figure 3). Each cycle of the machine 

is enabled by the difference in cross-sectional drag 

where the energy stored in the system by bending the 
hinge in-plane is released out-of-plane and transferred 

three-state device is realized by navigating between 
minima in an energy landscape. Such navigation 
requires a relatively complex control sequence in order 
to guide the free panel through the correct sequence of 
motions. In contrast, molecular motors convert a scalar 
energy input (ATP) to translate along a symmetry-
broken direction. Similarly, we utilize a unidirectional 

symmetry of the locomotion direction by bistability in 
the energy landscape of the magnetic device. In this 
case, devices operate within an energy landscape with 
multiple basins, where the initial condition of a device 
determines the basin about which it operates. The

source to drive work cycles within each basin, which 
translate to motion in opposite directions (Figure 4).
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Bioinspired Acoustic Particle Velocity Sensor 

CNF Project Number: 322424

Abstract:
Inspired by the velocity-sensitive ears of small animals 
[1, 2], vector acoustic sensing using viscous-driven 
mechanical structures is emerging as a promising 
alternative to traditional pressure-based sound detection. 
We have performed silicon nitride deposition using 
CNF, which serves as the structural layer for forming 
slender microbeams used in bioinspired acoustic 
particle velocity sensing. This vector sensing approach 
overcomes fundamental limitations of scalar pressure-
based acoustic sensors, offering intrinsic advantages 
in directional sound detection, source localization, and 
noise rejection.

Research Summary:
We used CNF facilities for silicon nitride deposition 
on double-side- polished wafers. The deposited silicon 
nitride served as the structural layer for fabricating 
slender microbeams designed for bioinspired acoustic 
particle velocity sensing.

Conclusions and Future Steps: 
We successfully fabricated slender silicon nitride 
microbeams (Figure 1) based on the deposition 
work performed at CNF, which are currently being 
characterized for their performance in acoustic 
particle velocity sensing. As a next step, we plan to 
use the Nanoscribe 3D printer at CNF to fabricate 3D 
microstructures on the silicon nitride beams. These 
structures aim to enhance acoustic performance by 
mimicking the 3D geometry of mosquito antennae, 
which are capable of detecting extremely weak sounds.
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