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Movable microplatform floats on a sea of
droplets (w/ video)

December 16 2016, by David L. Chandler
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New MIT research could offer a way of making tiny movable parts with no solid
connections between the pieces, potentially eliminating a major source of wear
and failure in microelectromechanical machines. The new system uses a layer of
liquid droplets to support a tiny, movable platform. Credit: Daniel
Preston/Device Research Lab
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Microelectromechanical systems, or MEMS, are tiny machines
fabricated using equipment and processes developed for the production
of electronic chips and devices. They've found a wide variety of
applications in today's consumer electronics, but their moving parts can
wear out over time as a result of friction.

A new approach developed by researchers at MIT could offer a new way
of making movable parts with no solid connections between the pieces,
potentially eliminating a major source of wear and failure.

The new system uses a layer of liquid droplets to support a tiny, movable
platform, which essentially floats on top of the droplets. The droplets
can be water or some other fluid, and the precise movements of the
platform can be controlled electrically, through a system that can alter
the dimensions of the droplets to raise, lower, and tilt the platform.

The new findings are reported in a paper in Applied Physics Letters, co-
authored by Daniel Preston, an MIT graduate student; Evelyn Wang, the
Gail E. Kendall Associate Professor of Mechanical Engineering; and five
others.

Preston explains that the new system could be used to make devices such
as stages for microscope specimens. The focus of the microscope could
be controlled by raising or lowering the stage, which would involve
changing the shapes of supporting liquid droplets.

The system works by altering the way the droplets interact with the
surface below them, governed by a characteristic known as the contact
angle. This angle is a measure of how steep the edge of the droplet is at
the point where it meets the surface. On hydrophilic, or water-attracting,
surfaces, droplets spread out nearly flat, producing a very small contact
angle, while hydrophobic, or water-repelling, surfaces cause droplets to
be nearly spherical, barely touching the surface, with very large contact
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angles. On certain kinds of dielectric surfaces, these qualities can be
"tuned" across that whole range by simply varying a voltage applied to
the surface.

As the surface gets more hydrophobic and the droplets get rounder, their
tops rise farther from the surface, thus raising the platform—in these
tests, a thin sheet of copper—that floats on them. By selectively
changing different droplets by different amounts, the platform can also
be selectively tilted. This could be used, for example, to change the angle
of a mirrored surface in order to aim a laser beam, Preston says. "There
are a lot of experiments that use lasers, that could really benefit from a
way to make these small-scale movements."
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The new system could be used to make devices such as stages for microscope
specimens. The focus of the microscope could be controlled by raising or
lowering the stage, which would involve changing the shapes of supporting liquid
droplets. Credit: Daniel Preston/Device Research Lab

In order to maintain the positioning of the droplets rather than letting
them slide around, the team treated the underside of the floating
platform. They made the overall surface hydrophobic, but with small
circles of hydrophilic material. That way, all the droplets are securely
"pinned" to those water-attracting surfaces, keeping the platform
securely in position.

In the group's initial test device, the vertical positioning can be
controlled to within a precision of 10 microns, or millionths of a meter,
over a range of motion of 130 microns.

MEMS devices, Preston says, "often fail when there's a solid-solid
contact that wears out, or just gets stuck. At these very small scales,
things break down easily."

While the basic technology behind the alteration of droplet shapes on a
surface is not a new idea, Preston says, "nobody has used it to move a
stage, without any solid-solid contact. The real innovation here is being
able to move a stage up and down, and change its angle, without any
solid material connections."

In principle, it would be possible to use a large array of electrodes that
could be adjusted to move a platform across a surface in precise ways, in
addition to up and down. For example, it could be used for "lab on a
chip" applications, where a biological sample could be mounted on the
platform and then moved around from one test site to another on the
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microchip.

He says the system is relatively simple to implement and that it would be
possible to develop it for specific real-world application fairly rapidly.
"It depends how motivated people are," he says. "But I don't see any
huge barriers to large-scale use. I think it could be done within a year."

The research team included MIT graduate students Ariel Anders and
Yangying Zhu, Research Affiliate Banafsheh Barabadi, alumna Evelyn
Tio '14, and undergraduate student DingRan Dai. The work was
supported by the Office of Naval Research and the National Science
Foundation.
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