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Quantum physicists develop robust and ultra-
sensitive topological quantum device

January 18 2024, by Katja Lesser
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Measurement of the non-Hermitian skin effect via iteration for the OBC setup.
a, Elements of the initial, randomly generated current vector displayed in polar
coordinates for a six-site setup. b, Flow chart of the iterative procedure. ¢, Final
current configuration in the system after 40 iterations. d, Evolution of the phase
of each vector element versus the iteration number. e, Evolution of the amplitude
of each element versus the iteration number, in units of the largest injected
current (150 nA). This final current configuration shows an exponential decay as
a function of the lead index, from 6 to 1 (from dark to light blue), which is a
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direct manifestation of the non-Hermitian skin effect in experiment. Credit:
Nature Physics (2024). DOI: 10.1038/s41567-023-02337-4

A significant breakthrough has been achieved by quantum physicists
from Dresden and Wiirzburg. They've created a semiconductor device
where exceptional robustness and sensitivity are ensured by a quantum
phenomenon. This topological skin effect shields the functionality of the
device from external perturbations, allowing for measurements of
unprecedented precision.

This remarkable advance results from the clever arrangement of contacts
on the aluminum-gallium-arsenide material. It unlocks potential for high-
precision quantum modules in topological physics, bringing these
materials into the semiconductor industry's focus. These results,
published in Nature Physics, mark a major milestone.

Topological phenomenon in a semiconductor device

Semiconductor devices are tiny switching components that control
electron flow in modern electronic devices. They power ubiquitous high-
tech items like cell phones, laptops, and car sensors, as well as state-of -
the-art medical equipment. However, material impurities or temperature
changes can disrupt the flow of electrons, leading to instability.

But now, theoretical and experimental physicists from the Wiirzburg-
Dresden Cluster of Excellence ct.qmat—Complexity and Topology in
Quantum Matter have developed a semiconductor device from
aluminum-gallium-arsenide (AlGaAs). This device's electron flow,
usually susceptible to interference, is safeguarded by a topological
quantum phenomenon.
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"Thanks to the topological skin effect, all of the currents between the
different contacts on the quantum semiconductor are unaffected by
impurities or other external perturbations. This makes topological
devices increasingly appealing for the semiconductor industry. They
eliminate the need for the extremely high levels of material purity that
currently drive up the costs of electronics manufacturing,” explains
Professor Jeroen van den Brink, director of the Institute for Theoretical
Solid State Physics at the Leibniz Institute for Solid State and Materials
Research in Dresden (IFW) and a principal investigator of ct.qmat.

Topological quantum materials, known for their exceptional robustness,
are ideally suited for power-intensive applications. "Our quantum
semiconductor is both stable and yet highly accurate—a rare
combination. This positions our topological device as a thrilling new
option in sensor engineering."

Extremely robust and ultra-precise

Utilizing the topological skin effect enables new types of high-
performance electronic quantum devices that could also be incredibly
small. "Our topological quantum device measures about 0.1 millimeters
in diameter, and can be scaled down even further with ease," says van
den Brink.

The pioneering aspect of the achievement by the team of physicists from
Dresden and Wiirzburg is that they were the first to realize the
topological skin effect on a microscopic scale in a semiconductor
material. This quantum phenomenon was initially demonstrated at a
macroscopic level three years ago—but only in an artificial
metamaterial, not a natural one. This is therefore the first time that a
tiny, semiconductor-based topological quantum device that's both highly
robust and ultra-sensitive has been developed.
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"In our quantum device, the current—voltage relationship is protected by
the topological skin effect because the electrons are confined to the
edge. Even in the event of impurities in the semiconductor material, the
current flow remains stable," explains van den Brink.

"Moreover, the contacts can detect even the slightest fluctuations in
current or voltage. This makes the topological quantum device
exceptionally well suited for making high-precision sensors and
amplifiers with minuscule diameters."

Innovative experimentation leads to discovery

Success was achieved by creatively arranging materials and contacts on
an AlGaAs semiconductor device, inducing the topological effect under
ultra-cold conditions and a strong magnetic field. "We really coaxed the
topological skin effect out of the device," van den Brink explains.

The physics team employed a two-dimensional semiconductor structure.
The contacts were arranged in such a way that the electrical resistance
could be measured at the contact edges, directly revealing the topological
effect.

Since 2019, ct.gmat has been investigating topological quantum
materials in Wiirzburg and Dresden, exploring their extraordinary
behavior under extreme conditions like ultra-low temperatures, high
pressures, or strong magnetic fields.

The recent breakthrough is also the result of sustained collaboration
among scientists at the cluster's two locations. The new quantum device,
conceived at the IFW, was a joint effort involving theoretical physicists
from Universitat Wiirzburg as well as both theoretical and experimental
researchers in Dresden. After being produced in France, the device was
tested in Dresden. Jeroen van den Brink and his colleagues are now
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dedicated to further exploring this phenomenon, aiming to leverage it for
future technological innovations.

More information: Kyrylo Ochkan et al, Non-Hermitian topology in a
multi-terminal quantum Hall device, Nature Physics (2024). DOL:
10.1038/s41567-023-02337-4
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