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Growth of hexagonal boron nitride (hBN) on silicon carbide substrates

by the physical vapor transport method
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The possibility of growing hexagonal boron nitride (hBN) of high structural perfection on hexagonal silicon

carbide (SiC) substrates using the physical vapor transport method is demonstrated. The results obtained indicate

that this method is promising for the formation of large-area high-quality hBN/SiC heterostructures in the course

of one technological process, which have a high potential for device applications.
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1. Introduction

Hexagonal Boron Nitride (hBN) — a wide-band semi-

conductor material with a whole set of unique properties

has recently aroused great interest in connection with the

possibility of creating a new generation of optoelectronic

semiconductor devices based on it with improved characte-

ristics [1–3].

The main methods of hBN growth are chemical vapor

deposition (CVD) and liquid phase epitaxy (LPE) growth.

When growing hBN by the CVD, transition metals —
Cu,Ni, Fe, Pt or their alloys are usually used as substrates.

It has been established that these metals contribute to

the growth of hexagonal hBN. BN synthesis is carried

out at atmospheric pressure in an ammonia medium with

the addition of borane, borazine or trichloroborane. This

method was used to obtain thin, several atomic layers

thick, single crystals hBN layers of large area [4], from 10

to 100 cm2, on metal substrates. The growth temperature

in the above methods usually did not exceed 1000◦C. For

further use, the hBN layers were separated using special

mechanical or chemical techniques. The growth of thicker

epitaxial layers is hindered by the fact that the metal

substrates used have low melting temperatures. Analysis

of the conditions for obtaining monocrystals of compounds

with a binding energy of (Eb) comparable to EbhBN shows

that growth temperatures of are required for the growth of

thick layers or bulk single crystals of hBN∼ 2000◦C.

At the moment, there is a high need to obtain hBN

layers with thicknesses of > 1micrometer, since the latter

allows obtaining a significant amount of material on an

industrial scale with its further use for various instrument

applications [5,6]. So, in a number of works, other growth

methods were used, for example, the method of liquid-

phase epitaxy [7–10]. The growth was carried out in

metal melts: Ni [8], Ni−Cr [9] and Fe−Cr [10] with the

addition of BN powder. It has been established that in

systems containing Ni or Fe, an increase in the thickness

of the grown layer is observed. Thus, hBN crystals up

to 200micrometer thick and several millimeters long [9]
were obtained from the Fe−Cr melt. It was noted that

with an increase in the growth temperature, the structural

perfection of crystals improves. The highest-quality mono-

crystal hBN layers were grown from melts of Ba, Mg and Li

containing B and N at elevated pressures and temperatures

(NRNT method) [11,12]. For example, in work [12] it was
reported about the cultivation of transparent and colorless

lamellar single crystals of hBN with a length of 2.5mm and

a thickness of 10mm at a growth temperature of 2100◦C

and a pressure of 30 kbar. Unfortunately, this method is

technically very complicated and requires special expensive

equipment [12]. Epitaxial layers of hBN with a thickness

of several microns, with linear dimensions up to 10mm,

were also grown on AlN [13] and AlGaN [5] substrates

by the high-temperature chemical deposition (HTCVD) at a
growth temperature of 1600◦C.

The task of developing growth methods aimed at

increasing the thickness and area of high-quality hBN

single crystals on wide-band semiconductor substrates is

undoubtedly relevant. The purpose of this work — is to

develop a technology for growing thick (thickness range

5−20microns) single crystal hBN layers of a large area by

sublimation from the gas phase (PVT) on substrates of a

wide-band semiconductor silicon carbide 6H-SiC.

2. Experimental part

Growing of hBN crystals was carried out in a resistive

heating unit by high-temperature sublimation from the gas

phase. The installation is equipped with a cylindrical

graphite heater of the meander type, which is installed

inside a water-cooled stainless steel chamber, a turbo-
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molecular pump controlled by a high-frequency rectifier,

a pyrometer of spectral ratio and a system for pumping

gas and maintaining pressure during the growth process.

The use of a heater and thermal insulation in a growing

plant made of graphite can lead to uncontrolled doping

of the growing crystal with carbon. Closed containers

made of tantalum were used to lower the carbon content

in the grown hBN crystals. A silicon carbide wafer,

polytype 6H (6H-SiC), diameter ∼ 15mm, with orien-

tation (0001) Si-face was used as a seed crystal. The

source of BN vapors was polycrystalline boron nitride

powder of high purity. The distance between the source

and the substrate was 1−2mm. The growing temperature

was within 1950−2100◦C, nitrogen pressure in the growth

chamber varied within 300−700mmHg, nitrogen purity

was 99.999%. In some experiments, lithium was injected

into the growth zone, contributing to an increase in BN

mass transfer. The growth rate of the hBN crystal varied

from 10 to 50microns/h.

To reduce the density of crystallization centers in this

work, close space growth technique of the method of

physical vapor deposition (PVT), known as the Sublimation

Sandwich Method (SSM) [14], was used. Currently, SSM

is widely used for the growth of high-quality bulk crystals

and epitaxial layers of SiC [15], AlN and GaN [16]. Unlike

the CVD method, SSM allows growth on various substrates

in a wide temperature range 1800−2200◦With controlled

growth conditions, which is important for optimizing the

conditions for obtaining high-quality hBN layers with the

required parameters. When using SSM in conditions of low

supersaturation, it is easy to implement a step-flow growth

mode growth mechanism, which minimizes the occurrence

of new incoherent growth centers in the growing process,

which is extremely important for obtaining high-quality, low-

density dislocations of crystals.

Previous studies [16] have shown that epitaxial layers of

AlN grown on a SiC substrate at a temperature ∼ 2000◦C

contain Si and C impurities at the level of 1−10%. A similar

level of doping with these impurities can be expected in

hBN layers grown on substrates SiC.

The grown epitaxial layers were studied by Raman

spectroscopy and photoluminescence. The experiments

were carried out on a LabRam HREvo UV-VIS-NIR-Open

spectrometer (Horiba, Lille, France) equipped with a con-

focal microscope and a silicon CCD matrix cooled to liquid

nitrogen temperature. The λ = 532 nm (2.33 eV) Nd :YAG

laser line (Torus, Laser Quantum, Inc., Edinburgh, UK)
was used to excite the Raman and PL spectra. The

laser beam on the sample surface was focused using Olym-

pus lenses 100× (NA= 0.9) and Leica PL FLUOTAR 50×

(NA= 0.55) into a spot with a diameter of ∼ 1−2microns.

The spectra were recorded using diffraction gratings of

1800 and 600 grooves/mm. A commercially available mono-

crystal hBN manufactured by HQ Graphene was used as a

reference sample.

1 mm

Figure 1. The surface of the hBN crystal after growth on the

substrate 6H-SiC.

3. Results and discussion

During the growth process, epitaxial layers of hBN were

grown, the diameter of the samples was ∼ 15mm, the

thickness varied from 5 to 20microns. A photo of one

of the samples used in our research is shown in Fig. 1.

In order to establish the crystal modification of the grown

BN samples, the technique of Raman spectroscopy (Raman

scattering) was used. Fig. 2 shows the Raman spectra

recorded on a sample grown on a SiC substrate.

The hexagonal BN has spatial symmetry P63/mmc
(point group D6h). There are two formula units of BN

per primitive cell. Boron and nitrogen atoms occupy

positions 2c and 2d respectively. The mechanical repre-

sentation at the Ŵ-point of the Brillouin zone can be writ-

ten as follows: Ŵ = Ŵac + Ŵopt = 2(A2u + B1g + E2g + E1u),
where Ŵac = A2u + E1u and Ŵopt = A2u + 2B1g + 2E2g + E1u.

The two vibrational modes are acoustic and 6 modes are

optical. Among the optical modes: A2uand E1u — infrared-

active optical modes, two B1g — IR and Raman-

inactive (silent) modes, two E2g — Raman-active optical

modes [17]. Thus, the Raman spectrum of hBN must

contain two doubly degenerate phonon modes of symmetry

E2g . The high-frequency mode E(2)
2g is associated with

displacements of boron and nitrogen atoms in opposite

directions in each plane BN. The low-frequency mode E(1)
2g

is caused by the movement of two BN planes relative to

each other, while in each plane the boron and nitrogen

atoms shift in the same direction, which changes to the

opposite direction in the adjacent plane. Unambiguous

identification of the hexagonal modification BN is usually

carried out by detecting both Raman modes: low-frequency

E(1)
2g at a frequency of 52.5 cm−1 and high-frequency E(2)

2g

at a frequency of 1365.7 cm−1 [18]. The Raman spectra

shown in Fig. 3, recorded on a sample grown on a SiC

substrate, undoubtedly indicate that this sample is a boron

nitride of hexagonal modification. Additionally, Fig. 3, a also

Semiconductors, 2022, Vol. 56, No. 10



Growth of hexagonal boron nitride (hBN) on silicon carbide substrates by the physical... 793

–1Raman shift, cm
1340 1360 1380 1400

In
te

n
si

ty
, 
ar

b
. 
u
n
it

s

a

HQ Graphene

hBN on SiC

(2)E2g –1FWHM  = 8.0 cmHQ Graphene
–1FWHM  = 11.5 cmhBN on SiС

–1Raman shift, cm
–25–50–75 25 75

In
te

n
si

ty
, 
ar

b
. 
u
n
it

s

b

500

(1)E2g

(1)E2g

anti-Stokes
–52.4

Stokes
52.4

L
as

er
 l

in
e

hBN on SiC

Figure 2. a — Raman spectra of hBN in the region of phonon symmetry E(2)
2g . The blue color shows the spectrum registered on the

reference sample hBN (HQ Graphene); the red color indicates the spectrum of the hBN sample grown on SiC. The dots show simulations

of Raman peaks by a Lorentz contour with a full-width at half maximum (FWHM) parameter of 8.0 and 11.5 cm−1 . The dotted vertical

line indicates the position of the maximum of the Raman peaks 1365.2 cm−1, corresponding to the scattering of light on the optical

phonon of symmetry E(2)
2g . b — low-frequency Raman spectrum of the hBN sample grown on SiC, registered in both Stokes (52.4 cm−1)

and anti-Stokes (−52.4 cm−1) areas of the spectrum.

shows the Raman spectrum registered on the reference hBN

comparison sample. It can be seen that the frequency of

scattered light is 1365.2 cm−1 observed in the spectra of

both samples corresponds to the Raman peak of symmetry

E(2)
2g hBN. The width of this Raman peak at half-height

(FWHM), reflecting the lifetime of the optical phonon,

is used to assess the structural perfection of a mono-

crystal hBN. According to the literature data, the FWHM

parameter varies in the range from 7.3 cm−1 [19] for

hBN samples grown by HPHT at the National Institute of

Materials Science of Japan (NIMS), up to 14.8−25.0 cm−1

for samples grown by the CVD [20]. The parameter

FWHM= 11.5 cm−1 registered on hBN grown on SiC is

close to the parameter FWHM= 8.0 cm−1 for a com-

mercially available structurally perfect sample of hBN

(HQ Graphene).

After it was shown that the PVT method makes it possi-

ble to grow structurally perfect hBN on 6H-SiC substrates,

its optical properties were investigated by the PL method in

order to identify uncontrolled impurities doping the sample

during high-temperature growth. Fig. 3 shows the PL

spectra recorded at a temperature of 100K, both on an

hBN sample grown on a SiC substrate and on a comparison

sample. It can be seen that the comparison sample does

not contain obvious signs of impurity photoluminescence,

whereas the sample grown on SiC shows a wide band of

PL in the visible region of the spectrum (600−780 nm).
This band consists of a zero-phonon line (ZPL) with a

radiation maximum of EZPL = 1.97 eV and at least two of

its phonon replicas with a characteristic phonon energy

of Eph = 160meV, which corresponds to the maximum

density phonon states associated with the plane dispersion

of longitudinal (LO) and transverse (TO) optical phonons

at K and M points of the Brillouin zone hBN [21]. A similar

PL spectrum was previously observed in bulk hBN as

from single defects [22], and from their ensembles [23].
At the same time, in the study [23], a correlation was

shown between the appearance of this PL band and the
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Figure 3. The PL spectrum of the hBN sample grown

on a SiC substrate (red spectrum) and the PL spectrum of

the hBN HQ Graphene sample (blue spectrum). The vertical

arrow indicates the Raman line E2g observed in the spectra

of both samples. A wide band corresponding to the PL of

defects associated with a carbon impurity is indicated by gray

shading. Dotted lines indicate the maximum of the ZPL and its

phonon replicas. The spectra were recorded at a temperature

of T = 100K, excitation by the Nd : YAG laser line λ = 532 nm

(2.33 eV), and shifted vertically for clarity.
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presence of impurity carbon atoms in the hBN lattice.

Thus, the presence of this PL band indicates that during

high-temperature PVT growth, hBN crystals turn out to be

carbon-doped, which can be explained by diffusion from

the SiC substrate and from the walls of the growth chamber

containing graphite.

It should be noted that the properties of defects asso-

ciated with carbon impurity in hBN are currently being

actively investigated due to several reasons [22–26]. Firstly,
it was shown that the PL caused by them is active at room

temperature, which makes it possible to create solid-state

sources of single photons in this van der Waals material that

do not require cryogenic temperatures [22,25]. Secondly, it
was found that the PL of defects associated with carbon

impurity in hBN is spin-dependent [24], which makes it

possible to read the electronic spin state of these defects

by optically detectable magnetic resonance (ODMR). The
latter opens up the possibility of using carbon impurities in

hBN to create quantum sensors of magnetic fields, pressure,

temperature and other parameters, as well as quantum bits.

Thus, the results obtained by us show the applicability

of using the PVT method not only for the growth of

hBN, but also demonstrate the possibility of obtaining such

crystals with ensembles of defects associated with carbon

impurity. The concept of using ensembles of defects

with spin-dependent PL at room temperature to create

quantum sensors of magnetic fields and temperature has

been successfully tested on a negatively charged nitrogen-

vacancy defect in diamond and vacancy-type defects in

silicon carbide [27–30].

4. Conclusion

The possibility of growth using the method of high-

temperature sublimation from the gas phase of hexagonal

boron nitride (hBN) of high structural perfection on sub-

strates of hexagonal silicon carbide (SiC) is demonstrated.

In this study, the linear size of the grown samples was

limited only by the size of the substrate (15mm), however,
the growth method we use allows us to grow monocrystals

of SiC up to 4 inches in diameter. The results obtained

indicate the prospects of using this method for the formation

of high-quality large-area hBN/SiC heterostructures during

one technological process, which have a high potential for

device applications.

By the PL method, it was found that in the process of

high-temperature growth, hBN monocrystals turn out to be

doped with a carbon impurity in an uncontrolled manner.

Defects associated with the carbon impurity in hBN are

currently being actively investigated from the point of view

of creating single photon sources based on them. Recently,

it has also been shown that the luminescence of such

defects in hBN is spin-dependent, which potentially opens

up prospects for their use for quantum technologies.
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