Optical properties of h-BN: from bulk to monolayer
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Hexagonal boron nitride (h-BN) is a 2D material, iso-structural to graphite, with a wide band gap (~6eV).
In 2004, h-BN demonstrated its ability to efficiently emit light in the deep ultra-violet (DUV) after the synthesis of
high quality h-BN crystals in Japan [1]. The demonstration of lasing at 215 nm make of h-BN one of the most
promising materials for DUV optoelectronics. However, its fundamental opto-electronic properties have not been fully
understood.

In 2016, two photon-spectroscopy demonstrated that its fundamental exciton is of indirect nature and the resulting
recombination process is assisted by phonons along M—K [2]. Nevertheless, there is a direct exciton at the K point
with an energy slightly above the fundamental one. The interplay between the indirect and direct excitons in bulk h-
BN was not fully understood because reflectivity and absorption experiments have been very limited in hBN. During
this talk, 1 will present reflectivity measurements performed on bulk h-BN crystals at cryogenic temperatures and for
an energy range between 5.5 eV and 7 eV. These results show the contribution of the indirect and direct excitons to
the absorption process of bulk h-BN and reveal the effect of electronic flat bands to its optical response [3].

In h-BN, like in other 2D materials, when reducing the dimensionality from a 3D system (bulk) to a 2D system
(monolayer), the nature of the gap changes. The calculations show a change from an indirect gap (bulk) to a direct gap
(monolayer). This indirect-direct gap transition has never been observed in h-BN, and consequently the opto-electronic
properties of the monolayer have never been studied experimentally. During this presentation, | will show the first
experimental evidence of a direct gap transition in monolayer h-BN by presenting photoluminescence and reflectivity
measurements performed on BN monolayer (mBN) grown by Molecular Beam Epitaxy (MBE) at high temperature
on graphite substrates. Our results demonstrate for the first time the presence of an optical transition at 6.1 eV
associated to the direct gap in mBN [4].
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