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Carbon nitride (CN,) alloy thin films were deposited by pulsed laser deposition
(PLD) with varying nitrogen gas pressure (NP) from 0.1 to 800 mTorr at 20°C of
substrate temperature (ST) and with varying ST from 20 to 500°C at 0.8 Torr of
NP. The effects of the NP and ST on the composition, structural and electrical
properties of the nitrogen (N) incorporated camphoric carbon (CC) films have
been investigated by standard measurement techniques. We found that, the
amorphous structure of CN, films can be changed by NP and ST, and the CN,
films with high N content have relatively high electrical resistivity.

Keywords: nitrogen; carbon nitride; carbon nitride alloy; amorphous carbon nitride; amor-
phous carbon; pulsed laser deposition

INTRODUCTION

Pulsed laser deposition (PLD) technique used for film preparation has
become popular for its simplicity, versatility and capability to generate
highly energetic carbon (C) species large tetrahedral (sp®) fractions
which enhances the synthesis of high quality films with good mechanical
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and optical properties [1]. The properties of crystalline phase of C nitride
(CNy) alloy thin films was reported by Liu and Cohen [2,3]. They
have proposed f-CNy, a form of CNy alloy analogous to f-SigNy4, should
have hardness closer to diamond, a super hard material. CNy films
already have shown considerable interest in the field of protective coating
for magnetic and optical material [4]. It has been reported that, photo-
conductivity from amorphous-CNy (a-CNy) films is encouraging for its
application in optoelectronic devices in future [5]. However, undoped C is
slightly p-type and doping is essential for the application of C in elec-
tronic devices. The objective of this work is to investigate the effect of
nitrogen (N) gas into amorphous carbon (a-C) films by ablating C from a
camphoric carbon (CC) soot target in N ambient using PLD. The moti-
vation behind this attempt is synthesis of CNy films and doping of C in
order to convert undoped p-type C to n-type.

EXPERIMENTAL

We report the effects of N gas pressure (NP) range from 0.1 to 800 mTorr
at 20°C of substrate temperature (ST) and ST range from 20 to 500°C at
800mTorr of NP, on the deposition of CN, films and compared with
sample A, which was deposited at 800 mTorr of NP and 20°C of ST. To
investigate the effects of NP, the CC target was ablated by XeCl excimer
PLD, which operates at a wavelength of 308 nm for 900 laser shots. At a
repetition rate of 2Hz and 20ns pulse width was focused at a 45° angle
onto a target by a ultraviolet grade plano-convex lens. The laser fluence
was maintained range from 1.8 to 2.2 J/cm? by adjusting the laser energy
and the lens to target distance for adjusting the laser spot size. The
substrate was mounted on a metal substrate stage holder parallel to the
CC target at a distance of 45mm. In order to ensure a uniform ablation
rate, the CC target was rotate at each 50 shots. The deposition chamber
was evacuated to a base pressure approximately at 2 x 10~ Torr using a
turbomolecular pump. After that N gas ambient was allowed until the
chamber pressure is at setting NP in range from 0.1 to 800 mTorr. To
investigate the effects of ST, the CC target was ablated using the above
procedure and ST was set in range from 20 to 500°C at 800 mTorr of NP.
The reference sample of a-C film, thereafter referred to as sample A, has
also been prepared using the above procedure at 20°C of ST and
800mTorr of NP. The composition, structural, optical and electrical
properties of the films have been investigated using Auger Electron
Spectroscopy (AES), Fourier Transform Infrared Spectroscopy (FTIR),
X-ray Photoelectron Spectroscopy (XPS), UV-Visible Spectroscopy and
Four probe resistance measurement.
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RESULTS AND DISCUSSIONS

Compositional chemical analyses of the deposited films were performed by
AES. Figure 1 illustrates the AES spectra of sample A and a-CNy films,
showing that the films were mainly composed of C and N. The existence of
a small oxygen signal was a result of air exposure during sample transport.
The spectra are compared, revealing that the peak is increases with the
increases of NP (Fig. 1a) and ST (Fig. 1b). The intensity of N peak in the
low energy region corresponds to the NP and ST, indicating that N was
effectively doped into the a-C films during deposition and also implying that
N content in the films increases with the increases of NP and ST at fixed ST
and NP respectively as the peak intensity shows the increasing tendency.

FTIR transmittance spectra were measured in the wave number in range
600-2500 ci* (Fig. 2) show for a-CNy films, contributions around 1350
and 1550 cri ! were initiated from disordered (D band) and graphite like
(G band) CN bonds [6]. Another contribution, at around 1212-1265 cm ™},
was due to symmetric tetrahedral CN bond [7]. Figure 2a shows FTIR
spectra of sample A and a-CNy films with various NP at fixed ST. At
0.1mTorr single broad band centered at around 1365cm”, almost
unchanged up to 1 mTorr, but rapidly shifted later at 10 mTorr into a single
broad band centered at around 1550 cmi’. The FTIR absorption almost
unchanged with higher NP up to 30 mTorr and gradually resolved into two
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FIGURE 1 The Auger electron spectra of sample A and a-CNy films with various:
a) nitrogen gas pressures, and b) substrate temperatures.



Downloaded by [University of Haifa Library] at 20:30 13 August 2012

92 M. Rusop et al.

Transmittance (a.u.)

wﬁﬂwﬂ'lslm I i ||;|I|

1000 2000 IOOO1 2000
Wavelength (cm )

FIGURE 2 The FTIR spectra obtained from sample A and a-CNy films with various:
a) nitrogen gas pressures, and b) substrate temperatures.

smaller bands located at 1550 and 1200 cra*. With higher NP, these two
bands become more prominent but transformed later at 600 mTorr, into a
single broad band centered at around 1200 cm™, and almost unchanged
with higher NP thereafter. Above 30 mTorr, the G band seems to be sup-
pressed gradually, together with the enhancement of the sp® C-N bonds.
This indicates no modification of the binding geometry at low NP up to
1 mTorr and a modification of the binding geometry with the transformation
of the sp® C-N bonds into sp? C-N binding state as NP increased up to
10mTorr and almost in stable condition with the addition of NP up to
30mTorr. Whereas, a modification of the binding geometry with the
transformation of the sp? C-N bonds into sp® C-N binding state as NP
increased up to 600 mTorr and almost in stable condition with the addition
of NP up to 800 mTorr. Figure 2b shows FTIR spectra of sample A and
a-CN, films with various ST at fixed NP. Band 1 at around 700 cm ™ is due
to the out-of-plane bending mode for the graphite-like domain [8]. Broad
absorption band 2 at 1000-1700 cm ™! indicates that the film structure is
predominantly amorphous with sp? C vibration modes, and is related to
Raman active D and G modes [9]. Band 3 at 1100-1400 cm ! and band 4 at
1500-1700 cm ™! and band 5 at around 2200 cm™* are due to C-N, C=C and/
or C=N stretching vibration modes, respectively [10]. In our spectra, bands
3, 4 and 5 are very weak and as ST is increased, starting from around 200°C
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the broad absorption band 2 becomes narrow and although small, the
intensity of band 3, 4 and 5 increase gradually up to 400°C and decrease
thereafter. This indicate the components of the C-N, C=N, C=Cand C=N
bonds increases with the ST up to 400°C and decrease thereafter, which is
also confirmed by the XPS analyses. The broad band between 1000 and
1700 cm and the band centered at 2200 ca* do not appear in sample A.
The absorption peak at around 2350 cm ™!, which is observed in a-CNy and
sample A film, can be attributed to the COs stretching mode arising from
oxygen contamination at the film surface [11].

The bonding state and chemical composition in the a-CN, films were
analyzed using XPS after the 0.5keV Ar' ion etching of film surface for
3min. C 1s peak position of sample A film is found to be at 284.8 eV, which
is 1.0 eV lower than that of diamond at 285.8 eV. XPS shows the C 1s peak
position is increased to 284.9 eV at 0.1 mTorr, may be due to the formation
of C-N bond which caused the sp® bond increased. At fixed ST, the C 1s and
N 1s peaks almost unchanged up to 1 mTorr. Further increase of NP, the
C 1s and N 1s peaks become narrow, indicating the enhancement degree of
crystallization in the films. Further, the C 1s peak shifts toward lower
binding energy and approaches the binding energy of graphite at 284.25 eV
at 30 mTorr. This indicates the bonding state of the films changes from low
diamond-like sp® bonding to graphite like trihedral (sp?) bonding. Above
30mTorr, the C 1s peak shifts toward higher binding energy and reached at
284.6 eV at 800 mTorr. This indicates the bonding state of the films changes
from graphite-like sp? bonding to diamond-like sp® bonding. The N/C ratio
in the film is found to increase rapidly from 0.4% at 0.1 mTorr to 2.2% at
10mTorr, after which it increases gradually up to 3.58% at 80 mTorr and
saturates thereupon up to 3.69% at 800mTorr. At fixed NP, C 1s peak
position is decreased to 284.4 eV at 20°C may be due to the formation of
C-N bond. With the increase in ST, the C 1s peak (Fig. 3a) becomes narrow
and the N 1s peak (Fig. 3b) splits into two subpeaks indicating the
enhancement degree of crystallization in the films. Further, as ST increa-
ses, the C 1s peak shifts toward lower binding energy and approaches the
binding energy of graphite at 284.25 eV [12] when ST reaches 400°C. This
shift can be explained as the bonding state of the films changes from low
diamond-like sp® bonding to graphite-like sp? bonding with the increase in
ST. On the other hand, the N 1s peak spectra showed asymmetric bands
centered at around 400 eV. With the increases of the ST to 200°C, the N 1s
spectrum splits into two bands located at around 400 and 398 eV. It implies
a change in bonding structure. The N signal of the film deposited at 400°C
can be deconvoluted (not shown) into two peaks at 398.4 and 400.5 eV. The
chemical shift of 2.1 eV between these two components reflects two dif-
ferent binding states of N, which can be attributed to N=C and N=C [13].
Thus, the observed chemical shift indicates that N atoms are bound to the
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FIGURE 3 Effect of the substrate temperature on: a) the C 1s, and b) the N 1s
core level spectra.

C atoms. The N/C ratio in the film is found to increase gradually from 3.69
to 15.056%, with an increase in the ST up to 400°C, hereafter it decrease at
higher ST. With the increase in ST, the surface migration of C and N species
will be enhanced, which will accelerate the chemical reaction between C
and N and consequently improve the N content. However, at ST of higher
than 400°C, N content in the film decreases because the stable C-N bonding
only remains since the volatile bonding decomposes and N molecules
released from the films.

The optical properties of the films are investigated by UV-Visible Spec-
troscopy measurements in the range of 200 to 2500 nm. The optical gap (Eg)
and electrical resistivity (p) of sample A is 0.95eV and 5.1 x 10° [Q-cm],
respectively. Figure 4a shows at fixed ST, the E4 of a-CNy films is almost
unchanged up to 1 mTorr compared with sample A and decreases thereafter
to 0.83 eV at 10 mTorr after it decreases rapidly to 0.7 eV at 30 mTorr. With
higher NP, it increases to 0.91 eV at 500 mTorr and almost constant there-
after to 0.93 eV at 800 mTorr. While, the p of a-CNy films is increase initially
to 5.5 x 10° [Q-cm] at 0.1 mTorr, decreases with higher NP up to 1.8 x 10°
[Q-cm] at 30 mTorr. Above 30 mTorr, it increases rapidly to 5.5 x 10° [Q-cm]
at 500 mTorr and continuously increases thereafter up to maximum value of
8.7x10°% [Q-cm] at 800 mTorr. The increase in p with N incorporation,
initially at 0.1 mTorr may be due to the reason that as N content increase
from null, the incorporated N atoms compensated the dangling bands in the
a-C structure and increase the sp® fraction. At low NP up to 1 mTorr and
upon increasing of NP above 30 mTorr, the variation of E; and electrical
properties can be related to interstitial doping of N in C films through
modifications of C-N bonding configurations by rearranging N of atoms. The
increase in p with N incorporation may also due to the lattice vibrations
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FIGURE 4 Dependance of optical gap and resistivity of sample A and a-CNy films
on: (a) nitrogen gas pressure, and (b) substrate temperature.

leading to the scattering of the charge carriers by the N atoms and more
amorphous nature of the C films. However from 1 to 30 mTorr, the variation
of E4 and electrical properties can be related due to carbonization of a-CNy
films. Perhaps the doping of N accompanied by increase of NP up to
30 mTorr, increases crystallinity and substitutional doping of N thereby
sharply decreases p. Figure 4b shows at fixed NP, the E; of a-CNy film
decreases to 0.65eV and the p is increases to 8.7 x 10° [Q-cm] at 20°C
compared with sample A. As ST increases, the E; decreases only a little,
while p increases up to 1.36 x 107 [Q-cm] at 400°C, making these a-CNy, films
interesting. The increases in p with N incorporation may be due to the
lattice vibrations leading to the scattering of the charge carriers by the N
atoms and more amorphous nature of the C films in the range between of 20
to 400°C. Variation of the optical and electrical properties can be related to
interstitial doping of N in C films through modifications of C-N bonding
configurations by rearranging N of atoms upon substrate heating. However
above 400°C, both E4 and p are drastically decreases up to 0.3eV and
8.45 x 10* [Q-cm] at 500°C, respectively. This is probably due to progress of
the carbonization of the CN films. Perhaps the doping of N accompanied by
increase of ST above 400°C increases crystallinity and substitutional doping
of N thereby sharply decreases p.

CONCLUSIONS

We have successfully deposited a-CNy films using CC soot target by PLD.
The dependence of the ST and N gas ambient on the composition, structure,
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optical and electrical properties of the films was investigated. It is found
that the amorphous structure of CN, films can be changed by ST and the
CNy films with high N content have relatively high p. The variation of Eg
and p show successful doping for the film deposited at low NP. The
reduction in Eg and p, with increase of N content in the film is due to
progress of the carbonization of C films. While, the increase in Eg and p
with further increase of N content in C films are attributed to the structural
modifications through the formation of some form of CN, alloy.
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