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ABSTRACT We report on a new form of III V compound semi-

conductor nanostructures growing epitaxially as vertical V-shaped
nanomembranes on Si(001) and study their light-scattering
properties. Precise position control of the InAs nanostructures in regular
arrays is demonstrated by bottom-up synthesis using molecular beam
epitaxy in nanoscale apertures on a SiO2 mask. The InAs V-shaped
nanomembranes are found to originate from the two opposite facets of
a rectangular pyramidal island nucleus and extend along two opposite
Æ111æ B directions, forming ﬂat {110} walls. Dark-ﬁeld scattering
experiments, in combination with light-scattering theory, show the
presence of distinctive shape-dependent optical resonances signiﬁcantly enhancing the local intensity of incident electromagnetic ﬁelds over tunable spectral
regions. These new nanostructures could have interesting potential in nanosensors, infrared light emitters, and nonlinear optical elements.
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n the last few decades, there has been
both in fundamental and applied science
a constant eﬀort in reducing the size of
semiconductor structures with composition, crystal structure, and morphology controlled down to the nanoscale.1 3 One of
the advantages of nanostructures over traditional thin ﬁlm technology is the third
dimension component resulting in the possibility of reaching complex architectures,
impossible by other means. A large variety
of shapes have been controllably achieved,
spanning from nanomembranes or nanowalls,4 10 nanotrees,11 nanoﬂowers,12,13 to
nanowires.14 16 Concurrently, nanowires
have also enabled three-dimensional hierarchical structures by the formation of
tripods,17 tetrapods,18 and more generally
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branched nanostructures.19 24 This adds a
signiﬁcant versatility from the point of view
of material design because these nanostructures can intrinsically integrate p n junctions and heterostructures such as quantum
dots, barriers, and quantum wells.25,26
Silicon is the most widely used semiconductor in integrated circuits, while III V
semiconductors are used in optoelectronics
and in radio frequency applications, such as
digital wireless communications. Most of
today's electronics relies on silicon, due to
optimal electronic properties and ease of
micro-to-nano fabrication. Heterogeneous
integration of silicon of III V compound
semiconductors, which have a direct band
gap and high carrier mobilities, is thus an
exciting challenge as it would lead to a
VOL. 6

’

NO. 12

’

* Address correspondence to
anna.fontcuberta-morral@epﬂ.ch.
Received for review September 30, 2012
and accepted November 24, 2012.
Published online November 25, 2012
10.1021/nn304526k
C 2012 American Chemical Society

10982–10991

’

2012

10982
www.acsnano.org

