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The influence of electromagnetic radiation and oxygen impurity in the growth atmos-
phere on the growth processes of nanostructured carbon nitride CN, films has been
studied. The oxygen impurity in the gas mixture and an UV irradiation has been found to
decrease the thickness and refraction index of carbon nitride films, while increasing the
optical band gap width. The intensive etching processes result in the formation of close-
packed columnar film nanostructures of carbon nitride.

ITpencraBieHB pPe3yJbTATHl HCCIELOBAHUI BJIUAHUA 9JIEKTPOMATHUTHOTO USJIYYEHUA U
mpuMecell KHCJIOpPOJa B POCTOBOIT aTMocdepe Ha IPOIECCH POCTA HAHOCTPYKTYPHBIX ILJIEHOK
murpuga yriaepoga CN,. O6mapy:eHo, YTO HprMech KICJIOPOAa B Ta3oBoii cMecu u Y@
0o0JTyueHVe YMEHBIIAOT TOJNIUHY U KO3(M(PUIMEeHT IMPeJoMJIeHNs IIJIeHOK HUTPULA YIJIEepoma
U YBeJINYWBAIOT IIUPUHY 3aIlIpPelleHHON 30HBI. IHTEHCUBHBIE TPABAIME IIPOIECCHl IPUBOLAT
K 00pa30BaHUIO IIJIOTHOYIIAKOBAHHBLIX KOJIOHAPHBIX IJIEHOUHBIX HAHOCTPYKTYP HUTPHUIA yTrJIe-
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Nanosized carbon-nitrogen materials
with the columnar nanotube structure hav-
ing unique properties and application fields
(as hydrogen storage media, electrodes for
fuel cells, electron emitters, ultrafiltration
membranes, etc. [1, 2]) are under intense
study at present. Such materials can be pre-
pared by both catalytic and non-catalytic
methods that require, however, complex and
expensive preparation, separation and puri-
fication techniques of the material. Re-
search of the material properties depending
on deposition conditions is an important
technological problem.

The carbon nitride materials are known
to be inhomogeneous structures containing
both tetrahedral structure elements consist-
ing of C and N atoms in the sp3 hybridized
state, and structure elements of triple-coor-
dinated C and N atoms in the sp? state
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within an amorphous medium [3]. The phase
composition and properties of the films so
obtained depend appreciably on the ratio of
sp3- and sp2-hybridized states. The struc-
ture elements ratio depends on the film
preparation conditions, in particular, on the
intensity of etching and rearrangement
processes on the growth surface. The role of
etching processes during the growth of
nanostructured carbon films is studied in-
sufficiently to date. The etching processes
play no doubt as important role at structure
growth as the deposition processes. Also it
is known that electromagnetic irradiation of
the film growth surface (as well as of the
gas phase near to the growth surface) influ-
ences largely the growth processes and
therefore the characteristics of the obtained
material [4, 5]. Studies of low-power UV ra-
diation influence on the structure of al-
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Fig. 1. SEM-image of surface and cross-section of nanostructured (a, c) and diamond-like (b, d) CN,

films.

ready grown amorphous carbon nitride films
[6, 7] are known. Structural modification of
the obtained films was observed after an
irradiation of the sample surface by UV ra-
diation of a high-pressure mercury lamp
during many hours. For the UV irradiated
films, a reduced intensity of absorption
band connected with hydrogen was observed
in the IR-spectra. This phenomenon is con-
nected with photoinduced decomposition of
such bonds under irradiation and removal
of the bound hydrogen from the film struc-
ture. When the UV-photo processing time
was increased, the band gap of the obtained
films widened. That effect is explained by
the reduction of the graphite-like sp? clus-
ter size under irradiation. The mechanisms
of low-power radiation influence on the film
growth directly during the deposition proc-
ess are no doubt of other nature than sim-
ply thermal phenomena (heating, graphiti-
zation, evaporation). In this case, it is rea-
sonable to draw an analogy with gas-phase
etchings processes (selective absorption of
radiation, excitation of certain bonds and
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structure components and their further re-
moval from the growth surfaces).

In this work, influence of oxygen impu-
rity in the growth atmosphere and effect of
UV range radiation on the growth proc-
esses, structure and properties of nanos-
tructured carbon nitride films was studied.
The nanostructured CN, films were grown
by a non-catalytic method using the magne-
tron sputtering of a graphite target in the
atmosphere of pure nitrogen and a nitrogen-
oxygen mixture (up to 6 at % 0O,). Quartz
glass and NaCl single crystal substrates
were used. The plasma was generated using
a planar magnetron with flat cathode and
ring anode. The magnetron discharge power
did not exceed 20 W. A modified radiating
heater of the standard magnetron attach-
ment was used to provide the simultaneous
irradiation of the substrate surface with
electromagnetic radiation during the
growth. The film growth surface was irradi-
ated with the focused radiation of a DRSH-
250 mercury lamp. A UFS-5 light filter was
used to select the preset frequency range.
The power density of UV radiation reached
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Fig. 2. Absorption spectra of CN, films under
various irradiation conditions: non-irradiated
(1) and irradiated at ¢ = 0.5 W/cm?2 (2).

up to 0.5 W/ecm2. The substrate tempera-
ture varied within 80 to 450°C range. The
substrates were preliminary purified in a
mixed solvent. The gas pressure in the
chamber was controlled by instruments of a
vacuum unit and was about 25 Pa. The film
growth time was up to 120 min. Several
series of films were grown on various sub-
strates under varying the irradiation condi-
tions of growth surfaces [8] and composi-
tion of gas atmosphere [9].

Spectroscopic examination of CN, films
(grown on quartz glass) in UV and visible
spectral range was made using a Shimadzu
UV-2450 spectrophotometer (A = 200-
900 nm). The studied electron spectra allow
to estimate various important parameters of
the amorphous material, in particular, the
optical band gap width, and thus provide
the information on changes in electron
structure of the samples. The reflectance of
the samples was measured, too. Ile
¢anmer to calculate the material extine-
tion factor, the refractive index, the real
and imaginary part of permittivity using
the known formulas [10]. The film thick-
ness was determined by multi-beam inter-
ference using a MII-4 micro-interferometer
and varied within limits of 0.2 to 1.5 um
depending the growth duration, the compo-
sition of atmosphere and irradiation condi-
tions. The structure of the obtained films
was examined by X-ray analysis (the photo
method using an URS-55 unit) and electron
microscopy of the surface (JEOL JSM-
6330F field emission scanning electron mi-
croscope). The scanning electron microscopy
allows to estimate the surface morphology
of the obtained nanostructural films and its
change under external influences on the
growth processes.
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The absorption spectra of films are typi-
cal spectra of usual diamond-like amor-
phous carbon films: a gradual smooth
growth of absorption factor with increasing
photon energy. Depending on the growth
condition (the substrate temperature, inten-
sity of etching processes, spectral composi-
tion of the radiation used), three fundamen-
tally different types of films were obtained:
diamond-like, graphite-like and nanostruc-
tural. The graphite-like films are charac-
terized by [9] the highest absorption factor
in the whole spectral range and a wide pla-
teau in short-wavelength region. As to the
diamond-like ones, a smoothly growing ab-
sorption with increasing photon energy and
an absorption bands in the UV region corre-
sponding to o- and m-bands are typical. The
nanostructured films have a characteristic
structure consisting of vertically aligned
nanofibers (Fig. 1la, 1c).

The X-ray diffuse dispersion analysis
specifies mainly amorphous structure the
carbon nitride films. The scanning electron
microscopy shows a strongly pronounced co-
lumnar structure of the material obtained
under the intensive etching, consisting from
close-packed nanofibers of about 60 to
80 nm average diameter (Fig. la, 1c¢). The
fiber length corresponds to the film thick-
ness, and nanofibers grow normal or at a
small angle to the substrate. The fibers are
combined in blocks by several tens of units.
Thus, the obtained material can be attrib-
uted to a nanostructured class. The CN,
films obtained without dominating etching
processes show classical diamond-like prop-
erties with good adhesion, a high refractive
index and dense structure according to SEM
images (Fig. 1b). The cross-section image
shows columnar structure of material (Fig. 1d),
typical of polycrystalline diamond films
[11]. Those structures have been obtained
without any special preparation of sub-
strates. In our opinion, of key importance is
the magnetron sputtering of graphite used
here and the substrate surface covering
with graphite particles forming the growth
centers during the initial deposition stage.

The nanostructured columnar films for-
mation was observed under active etching
processes on the growth surfaces. In this
case, there are continuous competitive proc-
esses of deposition and etching and this fact
allows to control the material growth to a
considerable extent. The thickness measure-
ments of the obtained samples show a sharp
decrease of the carbon nitride film growth
rate at increasing O, concentration in the
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Fig. 3. Change of optical band gap width of
CN, films at the substrate irradiation: non-ir-
radiated (1) and irradiated at ¢ = 0.5 W/cm?2 (2).

growth atmosphere up to 6-7 at. %. We
observed an essential absence of the mate-
rial growth at oxygen concentrations ex-
ceeding 7 % [9]. The films grown up at 2—
3 % oxygen concentration demonstrate a
characteristic structure (Fig. 1la, le¢). The
same structure is observed at the growth
surface irradiation with an UV spectral
component of the radiation source (UFS-5
filter). The films show an enhanced trans-
parency both in visible and in near IR spec-
tral ranges (Fig. 2). A reduced growth rate
of such samples (by a factor of 8 to 5 times
as compared non-irradiated ones) is noted,
too. This fact testifies to an intensification
of reconstruction and etching processes on
the growth surfaces of films under the UV
radiation.

The absorption edge of studied CN, films
is well described by Tauc equation [12], like
other amorphous semiconductors. There-
fore, the optical band gap width E, was
determined by extrapolating the energy de-
pendence of (0E)1/2 (Fig. 8). The non-irradi-
ated films are characterized by the optical
band gap of about 0.9 to 1.0 eV, that is a
usual value for such diamond-like films. It
has been shown that the growth surface ir-
radiation with UV light results in the opti-
cal band gap width increase up to 1.2—
1.3 eV. When the oxygen concentration in
the growth atmosphere is increased up to
5 %, the optical band gap width tends to
increase, too [9]. This fact evidences
changes in the sample phase composition,
namely, intensified etching of the graphite-
like spZ-carbon clusters at growing oxygen
concentration in the chamber atmosphere.

According to the Robertson structure
model for diamond-like films [3], o- and o"-
states in electron structure of amorphous
carbon form valence and conduction bands
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Fig. 4. Dispersion of refraction index n of
CN, films at various concentration of oxygen
C and substrate temperatures T';: C = 0.5 %),
T,=80°C (1); C=10.5 %, T, = 350°C (2);
C=5 %, T,=350°C (3).

while n- and n"-states of sp2-combined
graphite-like elements (laying inside the
6-6°-gap) form the band gap edge and con-
trol the optical band gap width. Thus, the
optical band gap width correlates directly
with the amount of the graphite-like carbon
phase in the film and decreases with its
growth. The optical band gap width increase
in CN, films irradiated with ultraviolet or
grown at high O, concentrations in the
growth atmosphere evidence the quantita-
tive reduction of the sp2-state structural
elements fraction in such samples.

The same is confirmed by the refractive
index n value and dispersion in the photon
energy range 1.0-4.0 eV. In Fig. 4, shown
is the dependence n on photon energy for
CN, films obtained at oxygen concentrations
in the growth atmosphere 0.5 % and 5 %,
and substrate temperatures 80 and 350°C.
The refractive index was determined by cal-
culation from absorption and reflection
spectra data. It is necessary to note that
increased oxygen concentration results in
evident reduction (by 10-15 %) of refrac-
tive index, whereas the substrate tempera-
ture practically does not influence the n
value and dispersion. The behavior of n dis-
persion does not change and is of a normal
type, unlike most diamond-like carbon films
obtained by magnetron sputtering of graph-
ite target where the dispersion n has an
anomalous character [13-15]. The anoma-
lous dispersion in the most of amorphous
carbon films may be an additional argument
in favor of sp2-bound structural elements
(typical of graphite) predomination in such
films. At the same time, the normal disper-
sion n determined in this work convinces
that CN, films consist predominantly of sp3-
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bound structural elements typical of dia-
mond, where the n dispersion has a normal
form [13]. The increased etching of graph-
ite-like components in the CN, films at high
O, concentrations is confirmed by the de-
creasing absolute n value when oxygen con-
centration is increased (Fig. 4). That is ob-
viously caused by density decrease of such
films as a result of etching.

Thus, it is revealed in the work that the
oxygen impurity in the gas mixture and UV
irradiation cause a decrease of thickness
and refraction index of carbon nitride
films. The films become more transparent
simultaneously (photo-blooming effect). The
material absorption edge is displaced to-
wards the short-wavelength spectral region
and the optical band gap width E; in-
creases. The revealed change of the film
optical properties is due obviocusly to the set
of photochemical and photostructural trans-
formations occuring in the films under in-
tensive etching processes. It is shown also
that the intensive etching processes result
in formation of close-packed columnar film
nanostructures of carbon nitride.
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Diamond

BniauB iHTEHCHUBHMX NPOILECIB TPaBJEeHHA HAa CTPYKTYPY
Ta BJIACTHBOCTI ILIIBOK HITPHMIY BYTJIEIIO

P.B.lllanaes, B.H.Baprwxin, A.M.IIpyonuxoe, A.l1.Jlinnuxk,
I.B./Kuxapes, H.H.Benoycoé, J{.B.Pacnopna, O.M.Ynanos

ITomano pesyibTaTé [gOCJHiJKEeHb BILJINBY €JEKTPOMATrHITHOrO BHUIIPOMiHIOBaHHS i 10-
MiIIOK KMCHIO y POCTOBili aTrmocdepi Ha mpoliecu pPOCTy HAHOCTPYKTYPHUX ILIIBOK HiTpHUIY
Byriemio CN,. Bussieno, mo gominrka KuCHIO y rasosiif cymimi i yasrpadionerose ompowmi-
HIOBAHHS B3MEHINYIOTh TOBINMUHY 1 KoediljieHT 3ajoMJEeHHs ILIIBOK HITPpUAY BYyIJIeIio,
30inpmIyIoTh IMIUPUHY 3a0opoHeHol 30HM. IloKasaHO, IO iHTEHCHUBHI MOPOIECH TPABJIEHHS
IIPUBOJSATHL N0 YTBOPEHHS IIiJbHOYIAKOBAHNX KOJOHAPHUX IJIIBKOBUX HAHOCTPYKTYP HiTpH-

Iy BYTJeIo.
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