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A screenshot of the instructions of the Atom Tractor Beam simulation game.
Credit: © Toma Susi/University of Vienna

The team of Toma Susi at the University of Vienna uses a state-of-the-
art electron microscope, the UltraSTEM, to manipulate strongly bound
materials with atomic precision. Since the instruments are fully
computerized, it is possible to show in a simulation how researchers
actually use them. This allows for compelling and largely realistic
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presentations of the most recent research in materials science. A
simulation game on display at the Vienna Technical Museum in a special
exhibition is now available online, together with the latest research
advance of silicon impurity manipulation in single-walled carbon
nanotubes.

Electron microscopes enable much greater resolution than optical
microscopes. While optical microscopes image using visible light and
thus can image objects down to a thousandth of a millimeter, electron
microscopes use electron beams and can image much smaller objects,
down to individual atoms, such as silicon impurities in the lattice of
graphene. The Nion UltraSTEM scanning transmission electron
microscope of the University of Vienna allows a 50 million X
magnification, and is fully computer-controlled. Since image contrast
depends on how much the electrons are scattered at each
location—which, in turn, is determined by the charge of the nucleus,
with silicon having more protons than carbon—researchers can see
directly where the impurities are located.

In addition to imaging, the focused electron beam of the microscope can
be used to move the atoms. Each electron of the beam has a small
chance of being scattered back by the nucleus of the targeted atom,
giving the atom a small push in the opposite direction, as revealed by
earlier research by the group. The electron beam scans across a graphene
sample line by line, revealing the locations of the carbon atoms that
make up the lattice, as well as the brighter silicon impurities. In practice,
the electron beam is directed by moving a mouse cursor on a computer
screen, which controls the microscope electronics. "So, in effect, we are
playing a computer game in order to do our research," Susi explains. "I
used to play many games when I was younger, and I notice that I am
faster than some of my younger colleagues who are more used to touch
screens."
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An electron beam focused on a carbon atom next to a silicon impurity atom
within the curved wall of a single-walled carbon nanotube can controllably make
it jump to where the beam was placed. Credit: © Toma Susi/University of
Vienna

The simulation game is part of a special exhibition that opened last
November at the Vienna Technical Museum, and also features typical
samples used for the research as well as information on the underlying
physics. Now, to reach an even larger audience, the team is launching a
website with the same content, including a browser-based version of the 
simulation game called "Atom Tractor Beam." The name is inspired by
the science fiction concept of an attractive beam of energy popularized
by Star Trek. "The name is appropriate, since the silicon impurities move
to the location where the cursor is pointed, as if attracted by the electron
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beam," Susi concludes.

Concurrently with the launch of the website, the team has reported their
latest research advance in atom manipulation in an article published by 
Advanced Functional Materials. In this work, the team demonstrates that
silicon impurities, which have thus far been studied in graphene, can also
be controllably manipulated in single-walled carbon nanotubes. Since
these are confined, one-dimensional structures, this advance may enable
new kinds of tunable electronic devices.

  More information: Kimmo Mustonen et al, Electron-Beam
Manipulation of Silicon Impurities in Single-Walled Carbon Nanotubes, 
Advanced Functional Materials (2019). DOI: 10.1002/adfm.201901327
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