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Lossless conduction at the edges
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Summary:  Atomically thin layers of the semimetal tungsten ditelluride conduct electricity losslessly
along narrow, one-dimensional channels at the crystal edges. The material is therefore a
second-order topological insulator. By obtaining experimental proof of this behavior, physi-
cists have expanded the pool of candidate materials for topological superconductivity.

FULL STORY

Topological insulators represent a key area of research because they could potentially
be used as superconductors in the electronics of the future. Materials of this kind be-
have like insulators on the inside, whereas their surfaces have metallic properties and
conduct electricity. A three-dimensional crystal of a topological insulator therefore con-
ducts electricity on its surface, while no current can flow inside. Moreover, due to
quantum mechanics, the conductivity on the surface is almost lossless -- the electrici-
ty is conducted over long distances without heat generation.

In addition to these materials, there is another class known as second-order topological insulators. These
three-dimensional crystals have conductive, one-dimensional channels running along only certain crystal
edges. Materials of this kind are particularly well suited to potential applications in quantum computing.

Theoretical prediction

Experts assume that the semimetal bismuth exhibits some of the properties of a second-order topological
material. Moreover, researchers have also predicted -- from theory -- that atomically thin layers of another
semimetal, tungsten ditelluride (WTe2), will behave like second-order topological insulators -- in other
words, they will conduct electricity losslessly at the edges while the rest of the layer behaves like an
insulator.

The team led by Professor Christian Schénenberger of the Department of Physics and the Swiss
Nanoscience Institute at the University of Basel has now analyzed tiny tungsten ditelluride crystals consist-
ing of between one and 20 layers. To determine the material's electrical characteristics, they attached su-
perconducting contacts to it before applying a magnetic field. As the material was sensitive to oxidation,
the researchers worked in a special low-oxygen box and coated the tungsten ditelluride with another crys-
tal, which was stable in air.

Characteristic oscillations

By analyzing the current flow within the main crystal, the scientists detected numerous slowly decaying os-
cillations. "Whereas a uniform current distribution leads to rapidly decaying oscillations, the extremely con-
ductive edge states generate strongly oscillating, slowly decaying currents such as the ones we mea-
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sured," explains Dr. Artem Kononoy, first author of the study and a Georg H. Endress fellow at the Depart-
ment of Physics. "The only possible explanation for our results is that a large fraction of the current flows
along the narrow edges."

"These observations support theoretical predictions that tungsten ditelluride is a higher-order topological
material. This opens up new possibilities for topological superconductivity, which could have applications
in areas such as quantum computing," says Christian Schénenberger, who is investigating topological su-
perconductivity in stacks of certain two-dimensional materials as part of an ERC project.
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RELATED STORIES

Ultra-Fast Optical Way to Extract Critical Information from Quantum Materials

Oct. 2, 2019 — Topological insulators are quantum materials, which, due to their exotic electronic struc-
ture, on surfaces and edges conduct electric current like metal, while acting as an insulator in bulk. ...

Limitation Exposed in Promising Quantum Computing Material
July 16, 2019 — Physicists have theorized that a new type of material, called a three-dimensional (3-D)
topological insulator (Tl), could be a candidate to create qubits for quantum computing due to its special ...

Novel Insulators With Conducting Edges
June 3, 2018 — Physicists are researching a new class of materials: Higher-order topological insulators.
The edges of these crystalline solids conduct electric current without dissipation, while the rest of the ...

40-Year Controversy in Solid-State Physics Resolved

Feb. 6, 2018 — An international team has shown that the puzzling properties of samarium hexaboride do
not stem from the material being a topological insulator, as it had been proposed to be. Theoretical and ini-
tial ...


https://www.unibas.ch/en/News-Events/News/Uni-Research/Lossless-conduction-at-the-edges.html
http://www.unibas.ch/
http://dx.doi.org/10.1021/acs.nanolett.0c00658
https://www.sciencedaily.com/releases/2019/10/191002102815.htm
https://www.sciencedaily.com/releases/2019/07/190716124840.htm
https://www.sciencedaily.com/releases/2018/06/180603193622.htm
https://www.sciencedaily.com/releases/2018/02/180206105847.htm

