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Abstract—Amorphous carbon nitride (a-CN) films on Si(100) were grown by plasma-enhanced chemical vapor deposi-
tion at room temperature, followed by H, plasma and thermal annealing treatments, which produced densely and uni-
formly distributed nanodot- and nanostripe-like structures. The as-grown CN films showed two weak emission peaks
at 2.1 and 2.4 eV, but the a-CN nanostructures showed a strong peak at 2.2 eV.
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INTRODUCTION

Recently, there has been considerable interest in carbon nitride
thin films, because of their unique properties such as thermal con-
ductivity, refractive index, high bonding strengths, chemical stabil-
ity, optical property, wide band-gap energy [Lim et al., 1999; Xu et
al., 2001]. The property of wide band-gap energy is utilized in optical
devices, solar cells, and electric field emitters [Muhl and Mendez,
1999; Wei, 2001; Kim et al., 2004, 2005]. The carbon nitride films
are also applied as coating materials because of high bonding strength
[Lou et al., 1996; Takadoum et al., 2003].

Various methods have been used for the deposition of carbon ni-
tride films: bias-assisted hot filament chemical vapor deposition [Wang
et al., 2000; Kundoo et al., 2003], electron cyclotron resonance chem-
ical vapor deposition [Inoue et al., 1995], pulse laser ablation, ion
beam deposition, and plasma enhanced chemical vapor deposition
[Ju et al., 2001; Mutsukura, 2001; Yu et al., 2002]. Among these
methods, plasma-enhanced chemical vapor deposition (PECVD)
has desirable properties such as good adhesion, low pinhole density
and good step coverage [Kim et al., 1998; Takadoum et al., 2003].
Most of the carbon nitride films prepared are amorphous, having
far lower N/C ratios than the stoichiometric value of C;N,. To date
no one has reported the formation of nanodots and nanostripes of
the PECVD-grown amorphous carbon nitride (a-CN) utilizing a
plasma and thermal treatment technique. The well aligned or arranged
nanostructures of a-CN could be useful for a precise control of liquid-
crystal arrangement.

In this work, we grew the carbon nitride films on Si(100) by
PECVD at room temperature, followed by surface treatments with
H, plasma and thermal annealing. Such a procedure resulted in the
formation of nanodots and nanostripes of a-CN. We discuss the re-
sults in terms of chemical composition, bonding structure, surface
morphology, and optical properties of the nanostructures.

EXPERIMENTAL
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Amorphous carbon nitride films were deposited on Si(100) at
room temperature (RT) in a PECVD (13.56 MHz) reactor using CH,
and N,. The Si(100) substrate was dipped in BOE (NH,F : HF=
6: 1) solution followed by ultrasonic cleaning in acetone and meth-
anol before the substrate was loaded. The base pressure of reactor
was kept at to 1x107* Torr, and the working pressure was 3 Torr.
Before growing the a-CN films, the substrate was treated with H,
plasma at 40 W RF power and 500 °C for 10 min. The source gases
were then introduced into the reactor through the upper electrode
and their flow rates were controlled by mass flow controllers (MFCs).
The carbon nitride films were quite dependent of temperature, growth
time, and RF power. Unless mentioned, the a-CN films were grown
at room temperature and 60 W for 60 min. To form nanostructures,
the as-deposited a-CN films having thickness of about 400 nm were
treated by H, plasma for 10 min at RT and followed by thermal an-
nealing in nitrogen atmosphere at 200 and 300 °C for 10, 20, and
30 min.

Chemical bonding structure and elemental depth profile of the
nanostructures were observed by Fourier transform infrared spec-
troscopy (FT-IR) and Auger electron spectrometry (AES), respec-
tively. The samples were also characterized by atomic force micro-
scope (AFM) with tapping mode and photoluminescence (PL) meas-
urements for structural and optical properties, respectively.

RESULTS AND DISCUSSION

Fig. 1 shows AFM images of as-grown and plasma-treated a-CN
films on Si (100). The a-CN film grown by PECVD at RT showed a
smooth surface morphology (rms=0.65 nm), but the plasma-treated
by H, discharges showed a rough surface (rms=4.376 nm) mainly
because of sputtering and/or etching effect, a typical result in the
case of H,-plasma treatment of thin films. It is interesting that a high
density of nanosized dots is formed by the plasma treatment. The
plasma-treated films were followed by annealing at 300 °C for differ-
ent times. The as-grown and the annealed samples were also subject
to AES analysis and AFM observations. Although not illustrated, the
AES depth profiles showed a uniform concentration distribution
throughout the a-CN film with composition of 90% C and 10% N.



326 S. H. Kim et al.

4.00

3.00

2.00

1.00

1.00 2.00 3.00 4.00 pm

(a) As-grown (rms = 0.650 nm)

Fig. 1. AFM images of as-grown and plasma-treated a-CN films.
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Fig. 2. AFM images showing the morphological evolution of a-CN
by annealing at 300 °C for different times.
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(b) Plasma-treated (rms =4.376 nm)

Fig. 2 shows the AFM images obtained from the annealed sam-
ples at 300 °C for 10, 20, and 30 min. They present the morpholog-
ical evolution of a-CN from thin film to nanostructures. Densely
and uniformly distributed nanodots (~25 nm diameter and ~30 nm
height) and nanostripes (~5 nm width and ~20 nm height) were form-
ed after 20 and 30 min. annealing, respectively. These results indi-
cate that the dimension and configuration of the a-CN nanostruc-
tures are to be controlled by a precise control of the thermal history
of the plasma-treated films. The formation of nanodots (i.e., 3D co-
herently strained islands) is probably attributed to the formation of
islands and clusters. A high density of small dots generated during
the H,-plasma treatment migrates and forms clusters up to a size
with the aid of thermal annealing. When more adatoms encounter
critical-sized clusters they form stable clusters, resulting in formation
of nanodot-like structures. By contrast, the nanostripes (i.., period-
ically faceted structures) could be described as equilibrium struc-
tures, which are observed upon thermal annealing or upon inter-
ruption of crystal growth [Shchukin et al., 1999]. In such a case,
intrinsic surface energy is a driving force for the periodic ordering
of the nanostructures. However, to clearly understand the formation
mechanism of the a-CN nanostructures, further study is required in
terms of thermodynamics and/or kinetics theory.

Fig. 3 shows the FT-IR spectra for the as-grown films and the
annealed samples at 300 °C for different times. The as-grown a-CN
film presents various bonding peaks: C-N at 900-1,200 cm™', C=C
stretching mode at 1,300-1,500 cm™, C=N at 1,640-1,670 cm ™", CH,
bending at 1,350-1,400 cm™', CH,, stretching band at 2,700-2,900
cm™', and N-H stretching mode at 3,200-3,500 cm™'. The anneal-
ing treatment induced a film structure change. The IR spectra of
annealed samples show three dominant peaks: the overlap of C=N
and C=C stretching modes at 1,500-1,800 cm™', C=N stretching
vibration at 2,100-2,250 cm™', CH,, stretching vibration at 2,700-
2,900 cm™, and N-H stretching band at 3,200-3,500 cm™. It is worth-
while to note that the peak intensity of the C=N bond somewhat
increased with annealing time.

The optical properties of a-CN films were examined by PL. meas-
urements because of their possible applications in optical devices.
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Fig. 3. FT-IR spectra of the as-grown (top) and annealed a-CN at
300 °C for (a) 10, (b) 20, and (c) 30 min (bottom).

Fig. 4 shows the room temperature PL spectra obtained from the
as-grown and the a-CN annealed at 300 °C, the same samples as
used in Fig. 2. The PL spectra of annealed samples show some-
what different from the as-grown a-CN film: the former exhibits a
strong emission peak at 2.2 eV, but the latter contains two emission
peaks at about 2.1 and 2.4 eV. It is also interesting to sec that the
nanostructures show a stronger peak intensity than the as-grown a-
CN film. This could be attributed to a quantum effect resulting from
a structure change caused by the annealing treatment as shown in
Fig. 2. Several research groups have observed PL property from a-
CN films and related it to that of a-C : H films where the origin of
the PL might be attributed to a recombination of confined electron-
hole pairs in sp® clusters [Mutsukura, 2001; Mutsukura and Akita,
1999; Hayashi et al., 2001; Klyui et al., 1998; Robertson, 1996; Rusli
and Robertson, 1996; Heitz et al., 1999]. However, up to now, the
PL mechanism of the a-CN nanostructures has not been well under-
stood and requires a further study.

SUMMARY AND CONCLUSION

Nanodots and nanostripes of a-CN on Si(100) were formed by
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Fig. 4. Room temperature PL spectra obtained from the as-grown
and the annealed a-CN at 300 °C for 10, 20, and 30 min.

treating the PECVD-grown films with H, plasmas and thermal an-
nealing. The dimension and configuration of the a-CN nanostruc-
tures were affected by annealing temperature and treatment time.
The IR spectra of annealed samples showed three dominant peaks:
the overlap of C=N and C=C stretching modes at 1,500-1,800 cm™,
C=N stretching vibration at 2,100-2,250 cm™', CH, stretching vibra-
tion at 2,700-2,900 cm™', and N-H stretching band at 3,200-3,500
cm™', The as-grown a-CN films exhibited two emission peaks at 2.1
and 2.4 eV, but the annealed a-CN nanostructures showed a strong
one emission peak at 2.2 eV.
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