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Hexagonal BCN Films Prepared by RF Plasma-enhanced CVD
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Hexagonal boron carbonitride (h-BCN) films have been syn-
thesized on silicon (100) substrate by radio frequency plasma
enhance chemical vapor deposition from tris(dimethylamino)-
borane (TDMAB) as a precursor. XPS and FT-IR revealed that
the film with a composition of B4sC;3N3¢ had sp2 B—C-N atomic
hybridization. NEXAFS suggested that the local structure of
BCN showed different atomic orientations to the substrate.

Recently, the boron carbonitride (BCN) films have attracted
much attention due to their potential applications to electronic,
optoelectronic, and luminescent devices. The cubic boron car-
bonitride (c-BCN) is expected to be a hard material superior to
diamond and the hexagonal compound (h-BCN) is attractive in
the applications to electronic devices, due to its semi-conducting
properties with variable energy band-gap. It might also be appli-
cable to the rechargeable Li battery.! Much effort has been de-
voted to synthesis of the ternary boron carbonitride films with
different compositions.>*> However, the preparation of a single
phase of the cubic or hexagonal BCN compounds is still a great
challenge.

In this work, we report hexagonal BCN films synthesized on
Si from TDMAB by inductively coupled radiofrequency plasma
enhanced chemical vapor deposition (RF-PECVD).

The deposition was performed at the RF power of 400—
900 W, at the working pressure of about 0.3 Torr, and at the
H, flow of 50 sccm. The chemical binding state and composition
of the deposited films were investigated by FT-IR, XPS, and
NEXAFS. The XPS and NEXAFS measurements were per-
formed at the Beam Line 27A and Beam Line 11A of the Photon
Factory in the High Energy Acceleration Research Organization
(KEK-PF), using the linearly polarized synchrotron radiation.
The Bls, Cls, and Nls binding energies were calibrated by
Audf; , binding energy (84.0eV). The XPS was measured after
Ar" ion etching for 1 min.

FT-IR transmission spectrum of the typical sample showed
two peaks (Figure 1); a strong and broad peak at 1380 cm™! and
a relatively weak peak at 800 cm™'. These peaks are usually as-
signed to the hexagonal BN (h-BN).* The C-N, C=N, and C=N
bonds mostly appear approximately at 1300, 1600, and 2170
cm™! respectively.® The strong peak from 1300-1600 cm ™' sug-
gests the formation of the C-N and/or C=N bonds whilst the
C=N bonds are not confirmed. The peak also indicates incorpo-
ration of C into the h-BN to form the B-C—N hybrid compounds®
and/or the complex composition from the h-BN to graphite.
Concentration of carbon, estimated from XPS, was found to be
18 atom % as shown (Figure 2a). Therefore, FT-IR suggests
the formation of the hexagonal BCN (h-BCN) although the
phase could not be confirmed by XRD.

The wide full-width at half maximum of the Bls peak
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Figure 1. FT-IR transmission spectrum of the typical sample
synthesized at RF power of 800 W, at 750 °C, and at TDMAB
flow of 1 sccm.

(>2.0eV) (Figure 2a) compared with that of the pure h-BN
(ca 1.0eV) suggests that B atoms have various chemical envi-
ronments.” The B1s spectra could be well fitted by deconvolut-
ing into two Gaussian peaks. The dominating peak centered at
190.8 eV could be assigned to the B-N bonds in h-BN. The re-
ported value of Bls binding energy for h-BN is distributed in
the range of 189-191 eV.” The observed binding energy is locat-
ed in the reported range, suggesting that B atoms in the BCN
films are mainly bonded to nitrogen as sp’> B-N bonds. The
B1s binding energies for BCs 4 and B4C have been found to be
189.4 and 188.4eV, respectively.® Therefore, the component
peak centered at 189.6eV could be ascribed to the sp> B-C-N
hybrid bondings. The B-C-N bondings around B atoms could
be ascribed as BN3, BN,C, BNC,, and BC; which were sche-
matically shown (Figure 3). The impurity oxygen was found to
be less than 3 atom %.

The Cl1s spectra could be fitted into two peaks (Figure 2b).
The dominating peak centered at 283.4 eV suggests the forma-
tion of the C-B bond.® The component peak centered at
285.1eV is due to C atom bonded to more electronegative N
atom.® These results confirm that C atoms are mostly bonded
to B to form the C—B bonds although there are C atoms bonded
to N to form the C-N bonds in the films.

Deconvolution of N1s revealed the presence of two possible
states (Figure 2c). The component peak centered at 397.6eV
could be assigned to the N-B bond.® The N-B bonds are
predominant in accordance with the fact suggested by the Bls
spectra. The peak at the higher energy is originated from the
N-C bond because the N-C bond has been reported to be
around 398.4—400 V.’ The XPS results confirmed the formation
of different B-C—N hybrid bonds.

Almost similar 7* resonance peak to that of the h-BN have
been predominantly observed at the normal incidence (6 = 0°)
(Figure 4).

The dominating peak B,, slightly broader than that of the
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Figure 2. Bls, Cls, and N1s XPS spectra of the sample shown
in Figure 1.

| | | |
B B B B
N N Y T

Figure 3. Possible sp?> bondings around B atoms in the BCN
films.

h-BN, is assigned to the B-C—N bonds, suggesting the formation
of BCN with a similar configuration to BN3 in h-BN. The com-
paratively sharp NEXAFS spectrum of the sample implies the
formation of the good homogeneity in configuration as the h-BN.

As the grazing incidence was increased (8 = 75°), the peak
B, decreased and some other peaks such as B, B3, and B4 ap-
peared clearer. It indicates the formation of various atomic con-
figurations around B atoms besides BN3. The peak B; could be
ascribed to the B atoms in the B4C-like configuration.!? Peak B;
is assigned to the B atom bonded to nitrogen atoms such BN,C,
BNC,; as shown (Figure 3). Peak By is reported to be the B-O
bond.!! The notable decrease in 7* resonance peak and increase
in the 0™ resonance peak (broad feature denoted by Bs) with the
grazing incidence suggests that different sp> bonded BCN layers
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Figure 4. B K-edge NEXAFS spectra at various incidence an-
gle (6) of X-ray for BCN film shown in Figure 1. NEXAFS spec-
tra for the h-BN and B4C power are also shown for comparison.

may be perpendicular to the substrate.'?

In conclusion, the formation of the hexagonal BCN using
tris(dimethylamino)borane by RF-PECVD was confirmed by
FT-IR. The XPS measurement revealed various B-N, B-C,
and C-N bonds to form BCN atomic hybrids. It was also found
from NEXAFS measurement that the h-BCN layer consisted of
different configurations around the B, C, and N atoms which had
the single phase of graphite-like BCN configuration although the
hexagonal structure appeared in a short range order.
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