
 

Physicists discover how to change the crystal
structure of graphene
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Graphene trilayers can be stacked in two different configurations, which can
occur naturally in the same flake. They are separated by a sharp boundary.
Credit: Pablo San-Jose ICMM-CSI
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A University of Arizona-led team of physicists has discovered how to
change the crystal structure of graphene, more commonly known as
pencil lead, with an electric field, an important step toward the possible
use of graphene in microprocessors that would be smaller and faster than
current, silicon-based technology.

Graphene consists of extremely thin sheets of graphite: when writing
with a pencil, graphene sheets slough off the pencil's graphite core and
stick to the page. If placed under a high-powered electron microscope,
graphene reveals its sheet-like structure of cross-linked carbon atoms,
resembling chicken wire.

When manipulated by an electric field, parts of the material are
transformed from behaving as a metal to behaving as a semiconductor,
the UA physicists found.

Graphene is the world's thinnest material, with 300,000 sheets needed to
amount to the thickness of a human hair or a sheet of paper. Scientists
and engineers are interested in it because of its possible applications in
microelectronic devices, in hopes of propelling us from the silicon age to
the graphene age. The tricky part is to control the flow of electrons
through the material, a necessary prerequisite for putting it to work in
any type of electronic circuit.

Brian LeRoy, UA associate professor of physics, and his collaborators
have cleared a hurdle toward that goal by showing that an electric field is
capable of controlling the crystal structure of trilayer graphene – which
is made up of three layers of graphene.

Most materials require high temperatures, pressure or both to change
their crystal structure, which is the reason why graphite doesn't
spontaneously turn into diamond or vice versa.
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"It is extremely rare for a material to change its crystal structure just by
applying an electric field," LeRoy said. "Making trilayer graphene is an
exceptionally unique system that could be utilized to create novel
devices."

Trilayer graphene can be stacked in two unique ways. This is analogous
to stacking layers of billiards balls in a triangular lattice, with the balls
representing the carbon atoms.

  
 

  

Using a sharp metal scanning tunneling microscopy tip, LeRoy and his
collaborators were able to move the domain border between the two graphene
configurations around. Credit: Pablo San-Jose ICMM-CSI
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"When you stack two layers of billiards balls, their 'crystal structure' is
fixed because the top layer of balls must sit in holes formed by the
triangles of the bottom layer," explained Matthew Yankowitz, a third-
year doctoral student in LeRoy's lab. He is the first author on the
published research, which appears in the journal Nature Materials. "The
third layer of balls may be stacked in such a way that its balls are flush
above the balls in the bottom layer, or it may be offset slightly so its balls
come to lie above the holes formed by triangles in the bottom layer."

These two stacking configurations can naturally exist in the same flake
of graphene. The two domains are separated by a sharp boundary where
the carbon hexagons are strained to accommodate the transition from
one stacking pattern to the other.

"Due to the different stacking configurations on either side of the
domain wall, one side of the material behaves as a metal, while the other
side behaves as a semiconductor," LeRoy explained.

While probing the domain wall with an electric field, applied by an
extremely sharp metal scanning tunneling microscopy tip, the
researchers in LeRoy's group discovered that they could move the
position of the domain wall within the flake of graphene. And as they
moved the domain wall, the crystal structure of the trilayer graphene
changed in its wake.

"We had the idea that there would be interesting electronic effects at the
boundary, and the boundary kept moving around on us," LeRoy said. "At
first it was frustrating, but once we realized what was going on, it turned
out to be the most interesting effect."

By applying an electric field to move the boundary, it is now possible for
the first time to change the crystal structure of graphene in a controlled
fashion.
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"Now we have a knob that we can turn to change the material from
metallic into semiconducting and vice versa to control the flow of
electrons," LeRoy said. "It basically gives us an on-off switch, which had
not been realized yet in graphene."

  
 

  

Brian LeRoy (right) and graduate student and first author of the study, Matthew
Yankowitz, use a tunneling electron microscope to probe the electronic
properties of graphene. Credit: Daniel Stolte/UAnews

While more research is needed before graphene can be applied in
technological applications on an industrial scale, researchers see ways it
may be used.

"If you used a wide electrode instead of a pointed tip, you could move
the boundary between the two configurations a farther distance, which
could make it possible to create transistors from graphene," Yankowitz
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said.

Transistors are a staple of electronic circuits because they control the
flow of electrons.

Unlike silicon transistors used now, graphene-based transistors could be
extremely thin, making the device much smaller, and since electrons
move through graphene much faster than through silicon, the devices
would enable faster computing.

In addition, silicon-based transistors are being manufactured to function
as one of two types – p-type or n-type – whereas graphene could operate
as both. This would make them cheaper to produce and more versatile in
their applications.

  More information: Paper: dx.doi.org/10.1038/nmat3965
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