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Boron nitride layers were grown on sapphire substrate by metal organic vapor phase epitaxy system that was
originally designed for growth of GaN. Structures were characterized by scanning electron microscopy, atomic force
microscopy, the Raman spectroscopy, absorption and time resolved photoluminescence. Presented results confirm
successful deposition of BN layers and gives information about basic properties of the material. The Raman line
at 1370 cm−1 and absorption edges at 5.6–5.9 eV were observed which is related to hexagonal phase.
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1. Introduction
Boron nitride is a wide band gap III–V compound with

unique physical and chemical properties. It may crystal-
lize in three structures: cubic, hexagonal (graphite-like)
and wurtzite [1]. For electronic application, most promis-
ing is hexagonal boron nitride (h-BN), with structural
properties similar to graphite and graphene. There are
two main potential applications of h-BN. The first one is
related to a conventional application for semiconductor
compounds, such as light source in the deep ultravio-
let [2]. The second one is strongly associated with devel-
opment of two-dimensional materials. Stacked structures
of graphene, h-BN, MoS2 etc. lead to formation of new
materials with interesting properties [3]. In this context,
there is a need to better understand this material in terms
of its fundamental properties.

Technology of h-BN thin layer deposition encounter
some specific problems and is still on initial stage of devel-
opment. In metal organic vapor phase epitaxy (MOVPE)
method, strong gas-phase parasitic reactions cause ex-
tremely low efficiency of the growth. Lack of appropri-
ate substrates and low on-surface diffusion result in weak
long range ordering and grainy structure of the layers.

In this paper we present results of preliminary stud-
ies of BN layers obtained during technological work on
growth efficiency optimisation. Structural and optical
investigations were performed giving information about
fundamental properties of the material.

2. Experiment and samples
Boron nitride layers were grown by MOVPE method,

using reactor originally designed for growth of GaN.
The c-plane, 2” diameter sapphire was used as substrates.
BN was deposited directly on sapphire or was preceded
by standard GaN layer, to check influence on BN nu-
cleation. Deposition conditions were similar to that used
for GaN. Some variations of growth parameters were used
to increase the growth efficiency. Growth rate was mon-
itored in situ using interferometer. Maximum growth
rate of 150 nm per hour was achieved.

Structural and optical properties of the layers were in-
vestigated. The thickness, homogeneity and surface mor-
phology were examined by optical and scanning electron
microscopy (SEM). Additionally atomic force microscopy
(AFM) was used. The Raman scattering was measured
with Renishaw spectrometer. Absorption spectra was
measured by UV-Vis-NIR Cary 5000 spectrometer at
room temperature. For time resolved photoluminescence
a Hamamatsu streak camera was used.

3. Results and discussion

3.1. Structural properties

Final BN layers had thickness from 50 nm to 300 nm
with good uniformity on whole substrates surface.
Monochrome light interference on the thicker layers was
observed with naked eye. This effect was reduced by sur-
face roughness visible in optical microscopy with maxi-
mum magnifications, in a scale below 1 µm. Observation
with AFM confirms roughness of the surface and complex
structure of the layers.

Observation performed with SEM revealed grainy
structure of the BN layers. Figure 1a shows the edge of
intentionally broken sample. Sapphire substrate is cov-
ered with 300 nm thick BN layer. The grains of BN are
clearly distinguished. Roughness of the surface morphol-
ogy is a direct result of such internal structure.

Grainy structure of BN layers is a result of weak, rare
nucleation. The growth starts from separated sites with
distance of hundreds nm. Grains slowly increase, connect
each other and form continuous layer. It is process similar
to that observed in GaN growth on sapphire. BN layers
deposited directly on sapphire are relatively easy to scrap
off. Mechanically scrapped-off layer chips have diameter
tens time larger than layer thickness. Example of such
destroyed layer is shown in Fig. 1b.

In the case of BN deposited on GaN/sapphire sub-
strate, spontaneous ex-foliation of BN layer was observed
for layer with thickness exciting 300 nm (Fig. 1c). This
exfoliation probably starts during cooling down, after the
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growth process. Largest lifted-off parts of BN layer had
a diameter of 1 mm. These parts could be easily taken
from substrate and investigated separately.

Weak bonds between BN layer and substrates can be
direct result of hexagonal, graphite-like crystal structure
of BN.

Fig. 1. Selected SEM picture: (a) edge-on view of BN
layer on sapphire substrate. Grainy structure of the BN
is visible. (b) BN layer mechanically scrapped off from
sapphire substrate. Picture shows the substrate, BN
layer and scrapped BN platelet. Traces of steel tweez-
ers are visible on substrate and layer surface (c) BN
layer spontaneously ex-foliated from GaN substrate and
manually transferred to adhesive tape.

3.2. Raman spectroscopy

The crystallographic structure was confirmed by the
Raman spectroscopy. A line near 1370 cm−1, character-
istic for h-BN [4, 5] appeared (Fig. 2). Simultaneously
there was no line at 1055 cm−1 that would be expected
for c-BN [4, 5].

Fig. 2. The Raman spectra of the boron nitride on
GaN (labeled E169) and reference gallium nitride sam-
ples. Line near the 1370 cm−1 is characteristic for h-BN.

3.3. Absorption

Absorption spectra were measured at room
temperature.

As seen in Fig. 3, for thicker samples (grown at
1350 ◦C) the absorption edges started at around 5.6 eV.
Since hexagonal BN band gap was reported at 5.96 eV [6]
and cubic at 6.36 eV [5], so we can expect that our sam-
ples are of hexagonal phase. In all spectra a maximum
at 6.1 eV is observed. It could be related to the exciton
absorption in hexagonal BN.

3.4. Time resolved photoluminescence

The photoluminescence was excited with 240 nm laser
line (5.16 eV).

It was too low for excitation of band-gap lumines-
cence, however it revealed emission related to deep de-
fects at 3.77 eV [6] and 3.03 eV (not shown). The lumi-
nescence decay (Fig. 4) was two-exponential with char-
acteristic times of τ1 = 0.16(1) ns and τ2 = 0.94(5) ns.
Probably shorter time τ1 is due to diffusion of carriers
and τ2 represents decay of trapped carriers.

4. Conclusions

Hexagonal boron nitride were successively grown in
MOVPE system that was originally designed for GaN.
Growth rate of 150 nm per hour was achieved. Layers
had grainy structure characteristic for materials grown
in too low temperature. Samples were characterized by
SEM, AFM, the Raman spectroscopy, absorption and
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Fig. 3. The absorption spectra of BN samples. For
E170 there is an additional absorption from 150 nm GaN
at about 3.4 eV.

Fig. 4. Time resolved photoluminescence of the BN
sample at room temperature.

time-resolved photoluminescence. The results confirmed
that the obtained material was boron nitride in hexago-
nal phase of good optical quality. Choosing appropriate
growth conditions (temperature, flow rate, initial struc-
ture under BN etc.) is crucial for achieving high quality
crystals with good structural and optical properties.
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