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A 3D representation of the dipoles in a polar skyrmion.

Tiny steps to big energy savings

Researchers are rethinking the nature and potential of matter after
layering ultra-thin ferroelectric materials. By Chris Woolston

erroelectric materials have an electri-

cal polarity that can be reversed by the

application of an electric field. Thatin

itselfisenoughto capture the attention

of researchers. But when ferroelectric
compounds are layered with other materials,
it creates aninterface where atoms and fields
caninteract — and where strange structures
canform.

These ‘topological structures’ are stable,
particle-like formations of magnetic or elec-
trical fields. They include vortexes, merons
and swirl-like structures called skyrmions, and
they are prompting researchers torethink the
nature and potential of matter.

“By taking two different materials, you can
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createaphenomenon that didn’texist before,”
says Ramamoorthy Ramesh, a materials
scientist and engineer at the University of
California, Berkeley.

The closer researchers look at topological
features, the more they find. In 2019, Ramesh
co-authored a paper' announcing the discov-
ery of electric skyrmions that formed within
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the mix of atoms at the boundary between
layers of lead titanate and strontium titanate
atroom temperature.

Soft X-ray diffraction experiments showed
thatthe skyrmions had belts of electric dipoles
— separated positive and negative charges —
that pointed either right or the left, giving
the structures chirality or ‘handedness’, an
unexpected quality that was absent from the
original materials.

Ramesh says he has submitted a paper
showing that the chirality can be reversed
through the application of an electric field.
If confirmed, it would be the first example of
chirality being reversed by electricity alone. In
the same way that turningelectric currentson
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and off can create ones and zeroes, being able
to switchskyrmions from ‘right’ to ‘left’ could
prove useful for data storage.

The capacity toreliably manipulate ferroelec-
tric materials and topological structures with
electric fields has helped to inspire visions of a
new, muchmoreefficient future of electronics.

As Ramesh explains, electric fields require
far less energy than the magneticfieldsusedin
conventional computer microprocessors. “If
youwantto get to the next generation of elec-
tronics that runs on attojoules [10™8 joules],
which is six orders of magnitude lower than
today, we need to look at new physical phe-
nomena,” he says.

A 2019 paper? by Ramesh and colleagues,
including a team from US technology firm
Intel, described a potential new micro-
processor called amagneto-electric spin-orbit
device, based on topological features in the
ferroelectric material bismuth ferrite.

Not only would such a device be extremely
energy efficient, Ramesh says, it could poten-
tially carry out five-fold more logic operations
in the same space as a standard microproces-
sor. The unique nature of topological struc-
tures could make it possible to integrate
memory and logic functionsinto onelocation
onacomputer. Conventional computers per-
form these functions in physically separate
locations, demanding energy to keep themin

% communication.
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STRAIGHTENING OUT

China and North America have been on very different trajectories in materials-science research output in the
Nature Index since 2015. The United States, which constitutes the majority of North America’s output in the field,
had five institutions among the leading 20 rising institutions in the period 2019-20, and China had six. South
Korea’s Ulsan National Institute of Science and Technology had the highest percentage of article Share in materials
science relative to total Share in 2020 among leading institutions.
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Ramamoorthy Ramesh (centre, back) and team consider a ferroelectric material they developed.
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