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Abstract. Silicon carbide (SiC) and nitrogen-doped silicon carbide (SiC(N)) films were deposited on p-type Si(100)
substrates at various deposition conditions by means of plasma enhanced chemical vapor deposition (PECVD)
technology using silane (SiH4) methane (CH4) and ammonium (NH3) gas precursors. The concentration of elements
in films was determined by RBS and ERD analytical method simultaneously. Chemical compositions were analyzed
by FT-IR and Raman spectroscopy. The current-voltage (I-V) characteristics of structures before and after Xe ion and

neutron irradiation were measured.
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1. INTRODUCTION

Silicon carbide is a versatile material utilized in a
wide variety of applications. Amorphous silicon
carbide is an excellent alternative passivation layer
material for silicon solar cells especially for work in
hard and space environment. Higher band gap (1.8
— 2.3 eV) of amorphous SiC layers (compared to a-
Si:H) lead to a lower parasitic light absorption [1].
There are efforts to replace traditional passivating
layers, such as SiO- and SiN, by a-SiC [2]. The aim is
a more efficient production process involving lower
deposition temperatures and high throughput. New
dielectric materials such as hydrogenated
amorphous silicon carbide (a-SiC:H) show great
potential as both etch stop and hard mask layers to
assist nanoelectronic patterning, and as low
dielectric constant (i.e., low-k) interlayer dielectric,
Cu diffusion barrier, and pore sealants. Electronic
transport, particularly transport related to time-
dependent dielectric breakdown and stress induced
leakage current, is of keen interest due to the
relatively low breakdown strength of these films. a-
SiC:H films with dielectric constants significantly
less than a-SiN:H are particularly interesting [3].
Using a-SiC:H as a case study material, the authors
utilized nuclear reaction analysis, Rutherford
backscattering, nuclear magnetic resonance and
transmission Fourier transform infrared
spectroscopy measurements to determine the

average coordination ((r)) for these materials. The
correlations of (r) to Young's modulus, hardness,
thermal conductivity, resistivity, refractive index,
intrinsic stress, mass density and porosity show that
an extremely wide range in material properties (in
some cases several orders of magnitude) can be
achieved through reducing (r) via a controlled
incorporation of terminal Si-Hx and C-Hx groups [4].
a-SiC:H thin films deposited by PECVD as protective
coatings for harsh environment applications were
investigated [5]. The effect of substrate temperature
on the rate of remote microwave hydrogen plasma
chemical vapor deposition of a-SiC:H thin films
using dimethylsilane and trimethylsilane was
reported [6]. Using resistivity, Raman scattering,
and infrared transmission spectroscopy, the authors
investigated the neutrons irradiation effect on the
structure and properties of a-SiC:H films prepared
by reactive sputtering method [7]. The aggregates of
carbon interstitials in SiC were investigated and it
was found that the formation of the carbon
aggregates was energetically favored and all carbon
clusters are electrically active [8].

In this paper, the PECVD technology was used
for deposition of SiC and SiC(N) films using silane,
methane and ammonium as reactants. Elements’
concentrations in the films were investigated by RBS
and ERD method. FT-IR and Raman spectroscopy
were used for chemical composition analysis. The
effect of Xe ion and neutron irradiation on the films’
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electrical properties was studied by the
measurement of the I-V characteristics.

2. EXPERIMENTS

A plasma reactor with parallel plate electrodes
was used for the PECVD technology for the films
preparation. A P-type silicon wafer with the
resistivity of 6-10 Qcm and (100) orientation was
used as a substrate for the growth of SiC layers.
Technological parameters for wafers were: the
substrate temperature was 300°C and the gas
mixture was (SiH4-7 scem, CHy4-40 scem) for wafer
HR1 and (SiH4-7 sccm., CH4-40 scem, NH3-3 scem)
for wafer HR2, respectively. For wafers the RF
power was 150 W and the pressure was 100 Pa. The
wafer HR1 was cut into seven samples marked as
HR10, HRiXeA, HRiXeB, HRi1XeC, HRINA,
HR1NB, HR1NAc and HR1NBc. The wafer HR2 was
cut into seven samples marked as HR20, HR2XeA,
HR2XeB, HR2XeC, HR2NA, HR2NB, HR2NAc and
HR2NBc. Concentration of elements in the films
were analyzed using RBS and ERD analytical
method simultaneously [9]. Chemical compositions
were analyzed by infrared spectroscopy using a FTIR
Nicolet 8700 spectrometer in the absorption mode
and the absorption spectra of the used substrate
were subtracted from the film spectra. Raman
measurements of the SiC films were performed
using a Thermo Fisher Scientific DXR Raman
microscope with a 532 nm laser. The thickness and
refractive index were determined by spectroscopic
ellipsometry. Structures of Au/SiC/Si/Al and
Au/SiC(N)/Si/Al with films HR1 and HR2 of
thickness about 1000 nm were prepared for
electrical characterization. Circular electrodes of Au
contacts with the diameter of 1.2 mm were formed
using metal masks on the side with SiC film on each
sample. The other side of the samples was fully
covered with Al ohmic contact. Irradiation of
structures (marked HR1Xe, HR2Xe +A,B,C) with Xe
ions to total fluencies A(1x10'° cm2), B(1x10" cm2)
and C(1x102 cm=2) was performed at room
temperature in the ICi100 accelerator at JINR,
Dubna and irradiation of structures (marked HR1N,
HR2N +A,B,Ac,Bc) with neutrons to total fluencies
A(3.3x1013 cm2), B(1.5x10 cm2) was performed at
room temperature in the IREN facility at JINR,
Dubna. The electrical properties of the structures
were determined by the I-V measurement at 295 K.
An electrically shielded probe station was employed
for the measurements of I-V characteristics of the
samples using a computer controlled HP 4140B pA
meter/DC voltage source.

3. RESULTS AND DISCUSSION

The measured and simulated RBS and ERD
spectra for HR1 and HR2 samples are shown in
Fig.1. The thickness of films for RBS and ERD

analysis was about 300 nm. In Fig. 1(a), the RBS
spectra are shown with the leading edge at ~620 ch
corresponding to the Si and the leading edges
around 560 ch corresponding to the SiC/Si
interface. The feature corresponding to C and N are
observed on the profile of the bulk Si at around 320
and 370 ch, respectively. In Fig. 1(b), ERD spectra,
appeared one intensity corresponding to hydrogen
with the leading edge at approximately ~510 ch.
RBS and ERD analyses indicated that the films
contained silicon, carbon, hydrogen, nitrogen and a
small amount of oxygen. Concentrations of species
were for the HR1 sample (silicon-33 at.%, carbon-32
at.%, hydrogen-30 at.%, nitrogen-1 at.%, oxygen-4
at.%) and for HR2 sample (32,29,28,8,3),
respectively. We proposed that the small amount of
oxygen in the films came from the walls of the
reaction chamber as residual oxygen and from
precursors. The thickness and refractive index were
for the HR1 sample (310 nm,
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Figure 1. RBS a) and ERD b) spectra for HR1 and HR2
samples.

2.51) and for the HR2 sample (300 nm, 2.21). Figure
3 shows the FTIR spectra for HR1 and HR2 films.
From the FTIR spectra we could determine the
following vibration frequencies: the band at 2800 to
3000 cm™ is attributed to stretching vibration of the
CHn group in both the sp2 (2880 cm™) and sp3 (2920
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cm™) configurations. The band at 2100 cm™ appears
due to SiHm stretching vibrations [10]. The band at
780 cm™ can be assigned to Si-C stretching
vibration. The signals occur between 930 and 1200
cm™ which are superposition of several C-H, Si-O
and Si-N vibrations
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Figure 2. FT-IR spectra for HR1 and HR2 films.

[11,12]. The side shoulder peaking at around 1000
cm™ is attributed to the wagging vibration of CH.
bonded to silicon in Si-(CH2)s-Si groups.
Furthermore, a small shoulder exists around 1100
cm? indicative of the existence of Si-O bond. The
absorption band around 3350 cm™ can be attributed
to N-H bonds. Figure 3 shows Raman spectra for
HR1 and HR2 films on silicon substrate. An
essential part of these spectra originated from the
silicon substrate, especially the intensity of the
lattice vibration at 520 cm™. The Raman band
between 930 cm™ and 990 cm™ was created by the
acoustical and optical phonon modes of cubic or one
of the hexagonal polytypes of SiC. The peak
broadening is related to the damping of phonon
modes due to the short range ordering of SiC
crystallites and the effects of surroundings having Si,
as well as C-clusters [13]. The Raman band between
1300 cm™ and 1700 cm™ is observed for the all
samples and is assigned to diamond like carbon
(DLC) [14]. Tt is also observed that both spectra
present relatively weaker band at 830 cm, which is
typical for the amorphous SiC structure [11]. From
the Raman spectra results we can conclude that HR1
and HR2 films were practically fully amorphous
with very small content of SiC nanocrystalline phase.
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Figure 3. Raman spectroscopy results for HR1 and HR2
samples.

3.1. 167 MeV Xe ion irradiation

Structures with HR1 and HR2 films were
irradiated with 167 MeV Xe ions. Damage
production rate of Xe ions in SiC films calculated
using SRIM2008 code equals 4%107Y7
dpa/particlexsecond [15]. As high energy ions
penetrate into a solid, those ions can deposit kinetic
energy in two processes: electronic excitation and
ionization, and nuclear collision. Kinetic energy
transfer between penetrating ions and target atoms
takes place through collective processes of nuclear
collisions in a displacement. Figure 4 shows I-V
characteristics of structures with HR1 films before
and after irradiation with Xe ions. The measured
currents were greater (up to one order) after
irradiation and slightly rose up with Xe ion
fluencies. The same effect was shown in the case of
structures with HR2 films, figure 5. I-V results
showed no significance differences between I-V
characteristics of HR1 and HR2 structures before
and after Xe ions irradiation and I-V characteristic
shapes are similar.
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Figure 4. I-V characteristics of structures with HR1 films
before and after Xe ions irradiation.
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Figure 5. I-V characteristics of structures with HR2 films
before and after Xe ions irradiation.

3.2. Neutron irradiation

Structures with HR1 and HR2 films were
irradiated with neutrons. In the case of IREN
facility, the flux of neutrons can be divided for
several energetic regions. Main two neutron flux
energetic regions are 0.4-560 keV (29%) and 0.56-
1.4 MeV (29%). Cross-section (barns) at neutron
incident energy 0.5 MeV are: 28Si-6,2; 12C-3,0; H-
5,1; 14N-3,1; 1©0-3,2. Cross-section (barns) at
neutron incident energy 1.0 MeV are: 28Si-5,0; 12C-
2,0; 'H-4,1; 14N-1,6; ©0-1,2 [16]. The value of the
cross section allocated to the specific energy is for
the individual elements slightly different, resulting
in, the process of interaction of neutrons with a
single element in the films is almost the same.
Damage production rate of neutrons is about 8x10
2 dpa/particlexsecond. Figure 6 shows I-V
characteristics of structures with HR1 films before
and after irradiation with neutrons a) and I-V
characteristics of structures with HR1 films in Cd
container before and after irradiation with neutrons
b). Figure 7 shows I-V characteristics of structures
with HR2 films before and after irradiation with
neutrons a) and I-V characteristics of structures
with HR2 films in Cd container before and after
irradiation with neutrons b). Cd container stops
thermal neutrons. I-V results showed no significance
effect of the Cd container on the electrical
characteristics.
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Figure 6. I-V characteristics of structures with HR1 films
before and after irradiation with neutrons a), in Cd

container b).
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Figure 7. I-V characteristics of structures with HR2 films

before and after irradiation with neutrons a), in Cd
container b).

The measured I-V characteristics of both sets of
structures HR1 and HR2 are similar. I-V
dependencies of all investigated structures before
and after irradiation with Xe ions and neutrons have
almost linear behavior for both polarity of the bias
voltage ranging from 0.2 to 10 V. The structures
HR1 and HR2 don’t exhibit any rectification ratio.
The measured current increases approximately 3
times after irradiation with Xe ions at fluence of
1x102 ¢cm2 and measured current increases 5-6
times after irradiation with neutrons at fluence of
1.5x104 cm~2 at bias voltage of 10 V in case of
samples HR1. For investigated samples HR2 the
measured current increases about 8 times after
irradiation with Xe ions at highest fluence and
measured current increases 3-5 times after
irradiation with neutrons at fluence of 1.5x104 cm~—2
at bias voltage of 10 V. Observable influence of the
thermal neutron shielding at the irradiation of
structures, using a Cd container is relatively small.
The higher measured current after irradiation with
Xe ions and neutrons might be due to breaking of
the most slightly bonded Si-H, C-H and N-H bonds
therefore creating more dangling bonds and so
increasing number of defect centers in the films
responsible for the higher conductivity [17]. It
should be noted that difference in damage
production rate for 167 MeV Xe ions and neutrons in
SiC films is about 5x104.

4. CONCLUSION

We have investigated the structural properties of
SiC and SiC(N) films prepared by plasma enhanced
chemical vapour deposition. The RBS and ERD
results showed main concentrations of Si, C and H
in the SiC films. The concentration of hydrogen was
about 30 at.% and SiC(N) film contained 8 at.%
nitrogen. The FT-IR results of the SiC films showed
the presence of the Si-C, Si-H, C-H, Si-N, N-H and
Si-O bonds. Raman spectroscopy results showed
interesting band between 930 cm™ and 990 cm?

which was created by the acoustical and optical
phonon modes of cubic or one of the hexagonal
polytypes of SiC and band between 1300 cm™ and
1700 cm™ which was assigned to sp2 graphitic
clusters that commonly exist in diamond like carbon
films. Structures with metal contacts were irradiated
with Xe ions and neutrons. Electrical results
showed no rectifying effect in the measured I-V
characteristics before and after irradiation with Xe
ions and neutrons. I-V dependencies of all
investigated structures before and after irradiation
with Xe ions and neutrons have almost linear
behavior for both polarity of the bias voltage ranging
from 0.2 to 10 V. The measured currents of
structures after irradiation are greater than the
current before irradiation and rose up with a higher
fluence of Xe ions and neutron irradiation for both
polarities of the bias voltage. Observable influence of
the thermal neutron shielding using a Cd container
is relatively small. The higher measured current
after irradiation might be caused by breaking Si-H,
C-H and N-H bonds and so increasing the number
of defect centers in the films responsible for the
higher conductivity of films.
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