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The band structures of parabolic and Dirac type SGS materials with spin-orbital
coupling, which leads to the quantum anomalous Hall effect. Credit: FLEET

A University of Wollongong team has published an extensive review of
spin-gapless semiconductors (SGSs) .
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Spin gapless semiconductors (SGSs) are a new class of zero gap
materials which have fully spin polarised electrons and holes.

The study tightens the search for materials that would allow for ultra-
fast, ultra-low energy 'spintronic' electronics with no wasted dissipation
of energy from electrical conduction.

Their defining property of SGS materials is their "bandgap," the gap
between the material's valence and conduction bands, which defines
their electronic properties.

In general, one spin channel (i.e., one of the spin directions, up or down)
is semiconducting with a finite band gap, while the other spin channel
has a closed (zero) band gap.

In a spin-gapless semiconductor (SGS), conduction and valence band
edges touch in one spin channel, and no threshold energy is required to
move electrons from occupied (valence) states to empty (conduction)
states.

This gives these materials unique properties: Their band structures are
extremely sensitive to external influences (eg, pressure or magnetic
field).

Most of the SGS materials are all ferromagnetic materials with high
Curie temperatures.

The band structures of the SGSs can have two types of
energy–momentum dispersions: Dirac (linear) dispersion or parabolic
dispersion.

The new review investigates both Dirac and the three sub-types of
parabolic SGSs in different material systems.
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For Dirac type SGS, their electron mobility is two to four orders of
magnitude higher than in classical semiconductors. Very little energy is
needed to excite electrons in an SGS, and charge concentrations are very
easily tunable. For example, this can be done by introducing a new
element (doping) or by application of a magnetic or electric field
(gating).

The Dirac type spin gapless semiconductors exhibit fully spin polarized
Dirac cones and offer a platform for spintronics and low-energy
consumption electronics via dissipationless edge states driven by the
quantum anomalous Hall effect.

"Potential applications of SGSs in next-generation spintronic devices are
outlined, along with low- electronics, and optoelectronics with high
speed and low energy consumption." says Professor Xiaolin Wang, who
is the Director of Institute for Superconducting and Electronic Materials,
UoW and the theme leader of FLEET.

Since spin-gapless semiconductors (SGSs) were first proposed by s
Professor Xiaolin Wang in 2008, efforts worldwide to find suitable
candidate materials have particularly focussed on Dirac type SGSs.

In the past decade, a large number of Dirac or parabolic type SGSs have
been predicted by density functional theory, and some parabolic SGSs
have been experimentally demonstrated in both monolayer and bulk
materials.

The review

The review paper, "Spin-Gapless Semiconductors," was published in the
journal Small in June 2020.

The authors acknowledge funding support from the Australian Research
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Council through the Centre of Excellence program, and thank Tania
Silver for her contribution.

Bandgap physics: An explainer

In solid-state band theory, materials in nature can be classified as metals,
insulators or semiconductors based on their electronic band structures.

A valence band contains a material's highest energy electrons. Just
'above' this (ie, more energetic) is the conduction band, which is the
lowest band of vacant electronic states.

In a metal, conduction electrons located in the conduction band, so that
electrons (ie, an electric current) can flow easily in a metal. In an
insulator, the two bands are separated by a large gap so that electrons
cannot flow. In semiconductors, such as the silicon that forms the basis
of traditional integrated circuits and transistors, the bands are separated
by a smaller gap, so that the application of a small threshold energy can
boost electrons into the conduction band. This is essentially how silicon
transistors "switch."

  More information: Zengji Yue et al. Spin‐Gapless Semiconductors, 
Small (2020). DOI: 10.1002/smll.201905155
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