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Fig. 15
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Fig. 16
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1
HEXAGONAL BORON NITRIDE THIN FILM
AND METHOD FOR PRODUCING THE
SAME

TECHNICAL FIELD

The present invention relates to a hexagonal boron nitride
thin film and a method for producing the hexagonal boron
nitride thin film, and a laminated body containing the
hexagonal boron nitride thin film, and more specifically
relates to a hexagonal boron nitride thin film using a metal
film as a catalyst and a method for producing the hexagonal
boron nitride thin film.

BACKGROUND ART

Hexagonal boron nitride (h-BN) has a layered structure
consisting of a hexagonal lattice in which boron atoms and
nitrogen atoms are alternately arranged, and a bulk crystal
contains vertically stacked, a large number of the layers. The
hexagonal boron nitride has a large bandgap of 5.9 eV and
is an excellent insulator. Further, the hexagonal boron nitride
has high flatness at the atomic level.

From such a feature, it is known that a hexagonal boron
nitride thin film exhibits excellent characteristics as an
insulating substrate of a two-dimensional atomic layered
material such as graphene. For example, graphene is made
into a device by attaching electrodes on a silicon oxide
substrate, and when the carrier mobility is measured, a value
0f 2,000 to 20,000 cm*/Vs is obtained, but on the other hand
it is known that by inserting a hexagonal boron nitride thin
film having a thickness of around 10 nm between graphene
and a silicon oxide substrate, the carrier mobility can be
improved up to 15,000 to 60,000 cm*/Vs.

It is known that also in an atomic film of a layered
material of a transition metal and chalcogen such as sulfur,
which is referred to as a transition metal chalcogenide, the
characteristics are greatly improved by a hexagonal boron
nitride thin film. For example, it has been reported that by
sandwiching a two-dimensional atomic film of molybdenum
disulfide with two sheets of hexagonal boron nitride thin
films, the carrier mobility of molybdenum disulfide is
increased up to 34,000 cm?/ Vs at a low temperature of 10 K.
In addition, it has been reported that by arranging a hex-
agonal boron nitride thin film under tungsten disulfide, the
fluorescence intensity of the tungsten disulfide is increased,
and the full width at half maximum of the emission peak is
significantly decreased. On a silicon oxide substrate, surface
irregularities, optical phonon, and charge impurities on the
surface are present, and these lead to the deterioration in the
properties of a two-dimensional atomic layered material on
the silicon oxide substrate. In contrast, a hexagonal boron
nitride thin film can screen such influence, and leads to the
significant improvement in the electrical and optical prop-
erties of the two-dimensional material. For this reason, a
hexagonal boron nitride thin film is ideal as an insulating
substrate for a variety of atomic layered materials.

Almost all of the conventional hexagonal boron nitride
thin films to be used in such applications are made by
exfoliation from small bulk crystals of hexagonal boron
nitride. High temperature and high pressure are required for
the synthesis of hexagonal boron nitride single crystal, and
further, the transferred hexagonal boron nitride thin film
exfoliated from the crystal has an extremely small size of
around 1 um, and the thickness and shape are difficult to be
controlled. Therefore, the industrial application of the hex-
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agonal boron nitride as an insulating film has been consid-
ered to be extremely difficult.

Under such a circumstance, as an alternative to the
exfoliation from bulk crystals, it has been proposed to
synthesize a film of boron nitride on a surface of a substrate
by a chemical vapor deposition (CVD) method or the like.

For example, in Patent Literature 1, it has been proposed
that a single crystal structure is formed on a surface of a
substrate made of a chemically soluble metal or a metal
compound, and a single atomic film of h-BN having a single
atom thickness is formed on a surface of the single crystal
by a CVD method in which a raw material gas is brought
into contact with the surface of the single crystal.

Further, in Patent Literature 2, it has been proposed that
a surface of a substrate made of a metal or a metal compound
is polished so as to have a surface roughness (R,,,,) of 5 nm
or less, and then by using the polished surface as a template,
a h-BN thin film composed of a one-atomic layer or two-
atomic layers is formed on the surface of the substrate.

In addition, in Patent Literature 3, it has been described
that with regard to a method for forming a layer of graphene
on a semiconductor substrate, a layer of boron nitride is
contained between the substrate and the graphene layer, and
further it has been described that this layer of boron nitride
is a single layer or a continuous layer of two or more layers
of boron nitride each having a single atom thickness. In this
regard, in Patent Literature 3, it has been described that a
metal film is formed on a front surface of a semiconductor
substrate, and a layer of graphene and a layer of boron
nitride are formed between the front surface of the semi-
conductor substrate and the back surface of the metal film.
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SUMMARY OF INVENTION
Technical Problem

However, as described in Patent Literatures 1 to 3, most
of the films of hexagonal boron nitride that have been
reported so far are single layer with one atom thickness and
double layer with two-atom thickness, and have a thickness
of less than 1 nm, and thus the films are insufficient to shield
influence of a surface of a substrate such as silicon oxide.
That is, with a film of hexagonal boron nitride having a
thickness of less than 1 nm, an influence of the surface
roughness of silicon oxide, the Coulomb potential of
charged impurities, or the like cannot be sufficiently
reduced. Further, for example, in a case where a thin film
having multiple layers formed by stacking several boron
nitride layers, there is a concern that the expected perfor-
mance may not be exerted due to, for example, the contami-






