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Discovery of a mechanism for making

superconductors more resistant to magnetic
fields
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(a) 100 {—magnetic (b) 20 +— -
field == . i
_ N parallel
<] E‘!‘E & 18 . magnetic field
2 | S
S o
3 a1 5T T 191 conventional
o =4 theoretical value
] =
()] T 5 1
Z )
2.5 3.0 3:0
Temperature (K) Temperature (K)

(a) Change in sheet resistance (electrical resistivity per unit area of material
surface)--an indicator of a superconducting transition--as a function of
temperature and magnetic field. (b) Change in critical magnetic field measured
with multiple samples as a function of temperature. Critical magnetic fields
parallel to samples' surfaces exceeded the generally accepted theoretical value
(5.5-5.8 T). They are expected to reach 16-20 T at the absolute zero temperature.
Critical magnetic fields vertical to the samples' surfaces are also shown for
comparison (scaled by a factor of 10 for clarity). Credit: NIMS

Superconductivity is known to be easily destroyed by strong magnetic
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fields. NIMS, Osaka University and Hokkaido University have jointly
discovered that a superconductor with atomic-scale thickness can retain
its superconductivity even when a strong magnetic field is applied to it.
The team has also identified a new mechanism behind this phenomenon.
These results may facilitate the development of superconducting
materials resistant to magnetic fields and topological superconductors
composed of superconducting and magnetic materials.

Superconductivity has been used in various technologies, such as
magnetic resonance imaging (MRI) and highly sensitive magnetic
sensors. Topological superconductors, a special type of superconductor,
have been attracting great attention in recent years. They are able to
retain quantum information for a long time and can be used in
combination with magnetic materials to form qubits that may enable
quantum computers to perform very complex calculations. However,
superconductivity is easily destroyed by strong magnetic fields or
magnetic materials in close proximity. It is therefore desirable to
develop a topological superconducting material resistant to magnetic
fields.

The research team recently fabricated crystalline films of indium, a
common superconducting material, with atomic-scale thickness. The
team then discovered a new mechanism that prevents the
superconductivity of these films from being destroyed by a strong
magnetic field. When a magnetic field is applied to a superconducting
material, the magnetic field interacts with electron spins. It causes the
electronic energy of the material to change and destroys its
superconductivity. However, when a superconducting material is thinned
to a two-dimensional atomic layer, the spin and the momentum of the
electrons in the layer are coupled, causing the electron spins to
frequently rotate. This offsets the effect of the changes in electronic
energy induced by the magnetic field and thus preserves
superconductivity. This mechanism can enhance the critical magnetic
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field—the maximum magnetic field strength above which
superconductivity disappears—up to 16-20 Tesla, which is
approximately triple the generally accepted theoretical value. It is
expected to have a wide range of applications as it was observed for an
ordinary superconducting material and does not require either special
crystalline structures or strong electronic correlations.

Based on these results, we plan to develop superconducting thin films
capable of resisting even stronger magnetic fields. We also intend to
create a hybrid device composed of superconducting and magnetic
materials that is needed for the development of topological
superconductors: a vital component in next-generation quantum
computers.

More information: Shunsuke Yoshizawa et al, Atomic-layer Rashba-
type superconductor protected by dynamic spin-momentum locking,
Nature Communications (2021). DOI: 10.1038/s41467-021-21642-1
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