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The SiGN, compound has attracted increasing attention becaus
it is expected to combine properties 0§Ngj C3N,, SiC. It is
suggested that promising features of silicon catlide would

be due to the chemical bonding of Si, C, N atomgemmary
compound.

The silicon carbonitride films were synthesized by
RPECVD at total pressure of x602 Torr in the
temperature region of 473-1173K using mixture ofiume,
ammonia and hexamethyldisilazane as a volatilelesisgurce
precursor. The synthesis of I films in system containing
ammonia was carried out at different4g/Prvps ratios, namely:
0.3, 0.73, 1.6 and 2.1. Helium was used as an aofivof
gaseous species in plasma enhanced processesui$teates
were (100)Si, (100)GaAs wafers and fused silicdesli Silicon
carbonitride films were heated up to 1123 K at gues of
helium of 10? Torr during two hours. Different techniques such
as IR, Raman spectroscopy, ellipsometry, XPS, SHREM,
SAED, XRD using synchrotron radiation and electrygtal
measurements were used to study the physical aaohichl
properties of Si¢N, films.

The SIiGN, films synthesized in (HMDS+He) and
(HMDS+NHz+He) systems are uniform, nonporous and their
surface micromorphology has no peculiarities. Thiensf
exhibited very high optical transmittance (~ 709Gor A=600-
700 nm), characteristic for wide band gap materidle films
had thicknesses of 268000 nm in dependence on growth
conditions. The observed refractive index valuesewle7 - 3.2
and 15 - 2.4 for gaseous mixtures (HMDS+He) and
(HMDS+NHz+He), correspondingly. The rise of the growth
temperature leads to the increase of refractivexnehlues of
the SiGN, films. The refractive index values decrease with t
Punna/Prvps ratios rise. It is probably due to an increas&Sielil
bond concentration in these films.

IR-spectra of silicon carbonitride films synthesizin
the temperature region of 473-1173 K and in twotesys
consist of the main adsorption band of 650-1200t,cm
corresponding to the superposition of the Si-C (861), the
Si-N (900-950 crit) and the C-N (~1030 ch) stretching modes.
There are no hydrogenous bands in the spectra.b@ihd of
650-1200 cnt was deconvoluted using Gaussian line shapes
into the Si-C (800 ci) and Si-N (950 ci) bands. the rise of
the temperature up to 1123 K leads to the monotimci®asing
of the integral intensity ratio {ld/ls.y ) in IR-spectra of films
grown from (HMDS+He) mixture. Opposite the riseanimonia
concentration and the growth temperature leads\d¢oease of
concentration of Si-N  bonds in films grown in
(HMDS+NHz+He) system.

Raman measurements showed that the filmargio
both systems contains the wide bands in the regicf00-980
and 1200 - 1600 cth The first band can be assigned to Si-C, Si-
N and 2 LO of the silicon substrate whereas theorsg:c
asymmetric band is very similar to that of nano@lise or
amorphous carbon with two broad bands centredoainar1360
cmt and 1540 ¢ D and G bands of disordered? smrbon. As
follows from the integral intensity ratios of the &hd the G
bands (}/1g), the rise of temperature leads to the decreatigeof
intensity and width of the D band, but the increafammonia
concentration leads to an increase of the D batethsity.

According to XPS study the concentration of therma

elements changes insignificantly with the growtmperature
rise. The Si @ photo electron peak could be resolved into three
components, centred at 99.2 (Si-Si), 101.5 (Sird) 202.8 eV (Si-
N). In the case of ammonia system, component ckatr§9.2 eV
(Si-Si), disappears whereas components belongiBg@and Si-N
bonding shift up to 101.8 and 103.1 eV, respegtivehe XPS
spectrum for C 4 of SiCNy films grown without ammonia
consists of three components, centred at 283.7)(@&1.7 (C-C)
and 285.7 eV (C-N). In system with ammonia thesapoments
also shift and have following values: 283.8, 28&ntl 287.2 eV,
respectively. The XPS spectrum belonging to thesNdnsists of
one component, centred at 397.5 eV (N-Si) in cadin grown
in (HMDS+He) system. Opposite the N fbeak consists two
components centred at 397.8 (N-Si) and 399.7 eZ) M case of
films grown with ammonia addition.

XRD patterns of SitN, film shows that the peaks’
position is close tam-SisN, phase. There are some unknown
peaks at small diffraction angles which do not espond to
peaks of known phases of the Si-C-N system, suSi@sSiN,
and C (graphite). All silicon carbonitride films rain carbon
atoms which are scarcely affected on the modificatf the
lattice parameters af-Si;N,4, due to the similar atomic radius of
carbon and silicon. The crystal size was estimhageldroadening
of the diffraction peak using known Debye - Schefoemula.
The approximate size of nanocrystals was foundet@dual to
2+7 nm depending on the growth temperatures. HREM and
SAED data were shown that SN films grown in
(HMDS+He) system present a distribution of sphérica
nanocrystals with diameter about 2 nm in amorpmoaisix. The
addition of ammonia to initial mixture leads to tfeemation of

The variation of initial gaseous mixture allows
synthesizing the gradient films based on silicatboaitride.

C-V and |-V measurements showed that,Si(ilms
obtained under different growth conditions can kedtrics of
wide spectra of application: from high-K up to I¢vmaterials.
The thermal annealing of SiN, films leads to densifying,
ordering of structure and increase of nanocrysiaks

The thermal annealing of Si, films leads to increase of
their transparency, densifying, ordering of stroetand increase
of nanocrystals’ size.
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