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Surprises from a boron-rich semiconductor under pressure

Artem R. Oganov

Boron-rich semiconductors are an
emerging class of materials known for
their exceptional mechanical hardness
and thermal stability, making them
promising for applications in extreme
environments [1-3]. Their optoelec-
tronic properties under ambient condi-
tions have been studied, but their per-
formance under high pressure typically
degrades due to bandgap narrowing
and eventual closure—the well-known
Wilson transition. In a new paper,
however, the Xiang-Feng Zhou’s group
and collaborators [4] have discovered
that a specific boron-rich semiconduc-
tor exhibits remarkable and counter-
intuitive pressure-driven enhancement
of its optoelectronic performance.

In conventional semiconductors,
applied pressure increases orbital
hybridization, which narrows the
electronic bandgap, often leading to
increased dark current and reduced
device efficiency [5]. This fundamental
limitation hinders the development
of robust optoelectronic devices for
high-pressure environments, such as
deep-Earth sensing or aerospace. A
highly desirable but rare phenomenon
is the so-called anti-Wilson effect, in
which pressure causes the bandgap to
widen, thereby suppressing the dark
current and potentially improving the
photoresponse.

Zhou and co-workers hypothesized
that the unique electronic structure of
certain boron-rich frameworks could
host such an anomalous effect. To
test this, they synthesized high-quality
single crystals of the semiconductor
AlCu;_sBys (Fig. 1a). While its high
hardness (~30.4 GPa) and thermal
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Figure 1. (a) Crystal structure of AlCu;_sB,5 viewed along the [100] direction. (b) Pressure-
dependent /gar, lign @nd I, curves. (c) Transient photoresponse curves at 0.3 GPa and 26.5
GPa. (d and e) Orbital-resolved band structures at 0 and 30 GPa, respectively. (f) Energy sepa-
ration values as a function of interatomic distance between Al and B, based on the two-atomic

system.

stability (>1400°C) provided the
necessary mechanical robustness, its
electronic response to pressure was un-
known. Zhou and colleagues measured
the optoelectronic properties of devices
based on this material under pressures
of <26.5 GPa by using a diamond
anvil cell. The current-versus-pressure
curves presented in Fig. 1b show
that the photocurrent increased by
>20-fold, while the dark current was
suppressed by nearly four orders of
magnitude. This synergy resulted in
an unprecedented improvement in the
on/off ratio of >10°-fold. Simultane-
ously, the response time accelerated
by three orders of magnitude (Fig. 1c).
The combination of structural stability

with this giant anti-Wilson effect leads
to performance metrics, such as a de-
tectivity (D*) of ~8.59 x 10" Jones
at 26.5 GPa, which are orders of mag-
nitude higher than the initial values.
These properties are visualized in the
stark contrast between the slow, weak
response at low pressure and the fast,
strong response at high pressure.

The remarkable fundamental results
obtained by Zhou and co-workers on
the origins of the anti-Wilson effect
in AlCu;_gB;s are explained through
first-principles calculations. They iden-
tified that the pressure-induced widen-
ing of the bandgap arises from an
upward shift in the conduction band
minimum, dominated by Al-3s states,
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