Engineers develop multimaterial fiber 'ink'
for 3-D-printed devices
12 September 2019, by David L. Chandler
structure made up of different materials arranged in
a precise configuration, and is surrounded by
polymer cladding on the outside.
In the new printer, the nozzle operates at a lower
temperature and pulls the filament through faster
conventional printers do, so that only its outer layer
gets partially molten. The interior stays cool and
solid, with its embedded electronic functions
unaffected. In this way, the surface is melted just
enough to make it adhere solidly to adjacent
filaments during the printing process, to produce a
sturdy 3-D structure.

Using the 3-D printing method developed by the MIT
researchers, a structure such as this model airplane
wing could have both light emitters and light detectors
embedded in the material, so that it could continuously
detect any micro-cracks as they begin to form. Credit:
Felice Frankel

A new method developed by MIT researchers uses
standard 3-D printers to produce functioning
devices with the electronics already embedded
inside. The devices are made of fibers containing
multiple interconnected materials, which can light
up, sense their surroundings, store energy, or
perform other actions.

The internal components in the filament include
metal wires that serve as conductors,
semiconductors that can be used to control active
functions, and polymer insulators to prevent wires
from contacting each other. As a demonstration,
the team printed a wing for a model airplane, using
filaments that contained both light-emitting and lightdetecting electronics. These components could
potentially reveal the formation of any microscopic
cracks that might develop.
While the filaments used in the model wing
contained eight different materials, Loke says that
in principle they could contain even more. Until this
work, he says, "a printer capable of depositing
metals, semiconductors, and polymers in a single
platform still did not exist, because printing each of
these materials requires different hardware and
techniques."

The new 3-D printing method is described in the
journal Nature Communications, in a paper by MIT
doctoral student Gabriel Loke, professors John
This method is up to three times faster than any
Joannopoulos and Yoel Fink, and four others at
other current approach to fabricating 3-D devices,
MIT and elsewhere.
Loke says, and as with all 3-D printers, offers much
more flexibility regarding the kinds of forms that can
The system makes use of conventional 3-D
be produced than typical manufacturing methods
printers outfitted with a special nozzle and a new
do. "Unique to 3-D printing, this approach is able to
kind of filament to replace the usual single-material
construct devices of any freeform shapes, which
polymer filament, which typically gets fully melted
are not achievable by any other methods thus far,"
before it's extruded from the printer's nozzle. The
he says.
researchers' new filament has a complex internal
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The method makes use of thermally drawn fibers
that contain a variety of different materials
embedded within them, a process that Fink and his
collaborators have been perfecting for two
decades. They have created an array of fibers that
have electronic components within them, making
the fibers able to carry out a variety of functions.
For example, for communications applications,
flashing lights can transmit data that is then picked
up by other fibers containing light sensors. This
approach has for the first time produced fibers, and
fabrics woven from them, that have these functions
built in.
Now, this new process makes this whole family of
fibers available as the raw material for producing
functional 3-D devices that can sense,
communicate, or store energy, among other
actions.
To make the fibers themselves, the different
materials are initially assembled into a larger-scale
version called a preform, which is then heated and
drawn in a furnace to produce a very narrow fiber
that contains all those materials, in their same
exact relative positions but greatly reduced in size.

variety of different combinations of materials and
functions. The device makes use of a standard type
of 3-D printer known as a fused deposition
modeling (FDM) printer, which is already found in
many labs, offices, and even homes.
One application that may be possible in the future
would be to print materials for biomedical implants
that would provide a scaffolding for the growth of
new cells to replace a damaged organ, and include
within it sensors to monitor the progress of that
growth.
The new method could also be useful for
prototyping of devices—already a major application
for 3-D printing, but in this case the prototypes
would have actual functionality, rather than being
static models.
More information: Gabriel Loke et al. Structured
multimaterial filaments for 3D printing of
optoelectronics, Nature Communications (2019).
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The method could potentially be developed further covers news about MIT research, innovation and
to produce a variety of different kinds of devices,
teaching.
especially for applications where the ability to
precisely customize each device is essential. One
Provided by Massachusetts Institute of
such area is for biomedical devices, where
Technology
matching the device to the patient's own body can
be important, says Fink, who is a professor of
materials science as well as of electrical
engineering and computer science and the CEO of
the nonprofit Advanced Functional Fabrics of
America.
For example, prosthetic limbs might someday be
printed using this method, not only matching the
precise dimensions and contours of the patient's
limb, but with all the electronics to monitor and
control the limb embedded in place.
Over the years, the group has developed a wide
array of fibers containing different materials and
functionalities. Loke says virtually all of these can
be adapted for the new 3-D-printing technique,
making it possible to print objects with a wide
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