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Abstract

The optical and physical properties of hexagonal boron nitride single crystals grown from a
molten metal solution are reported. The hBN crystals were grown by precipitation from a
nickel-chromium flux with a boron nitride source, by slowly cooling from 1500 °C at 2-4°C/h
under a nitrogen flow at atmospheric pressure. The hBN crystals formed on the surface of the
flux with an apparent crystal size up to 1 to 2 mm in diameter. Individual grains were as large
as 100-200 um across. Typically, the flakes removed from the metal were 6 to 20 um thick.
Optical absorption measurements suggest a bandgap of 5.8 eV by neglecting the binding energy
of excitons in hBN. The highest energy photoluminescence peak was at 5.75 eV at room
temperature. The hBN crystals typically had a pit density of 5 x 10° cm™ after etching in a
molten eutectic mixture of potassium hydroxide and sodium hydroxide. The quality of these
crystals suggests they are suitable as substrates for two dimensional materials such as
graphene and gallium nitride based devices.

Introduction

Single crystal hexagonal boron nitride (hBN) is the best substrate for supporting graphene,
because of its similar crystal structure and lattice constants, ultrasmooth surfaces, low density
of surface charge states, and wide energy band gap [1,2]. When it is encapsulated in hBN,
graphene’s properties are the best, including the highest reported room temperature charge
carrier mobility (>140,000 cmz/V-s) [3] and ballistic transport distances of several microns [2,3].

hBN is also attractive as a substrate for other materials as well. Chan et al [4] reported a ten-
fold increase in the electron mobility of thin MoS; layers on hBN compared to SiO, substrates.
Similarly, Gehring et al [5] saw the surface carrier mobility of the topological insulator BiTe,Se
increase by a factor of three on hBN compared to SiO,. hBN has also been proposed as a
substrate for atomically thin layers of silicon (silicene) [6] and germanium (germanene) [7].
Since hBN does not have dangling surface bonds, the epitaxial layers it supports are weakly held
and can be mechanically removed, allowing their separation from the substrate, as has been
demonstrated for GaN based devices by Makimoto et al [8] and Kobayashi et al [9].
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