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Abstract

The microstructural changes caused by Xe?¢*

swift heavy ions on polycrystalline SiC were
investigated. Chemically vapour deposited SiC samples were irradiated by 167 MeV Xe?** SHI
with fluences of 1 x 10'? and 5 x 10'# cm2 at room temperature (RT). The sample composition,
phase identification, residual stress and microstructural changes were investigated using X-ray
diffraction (XRD) and Raman spectroscopy. The virgin polycrystalline SiC sample was
composed of 3C-SiC and 6H-SiC. SHI irradiation caused lattice disorder and lattice expansion.
The lattice volume of the SiC samples was observed to increase from 82.2021 A3 before
irradiation to 82.7656 A2 after irradiating to a fluence of 5 x 10'* cm. The SiC sample before
and after irradiation had tensile and bi-axial stress which was not homogeneous. The maximum

irradiation-induced stress on the SiC microstructure did not exceed 690 MPa after irradiating

to the highest fluence.
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1. Introduction

The interest in investigating the effects of high energy irradiation, such as swift heavy ion
irradiation (SHI) on silicon carbide (SiC), has increased in the past decade. The use of SiC in
nuclear environments [1,2] and in the fabrication of sensors (aerospace application) [3—7]
which are particularly harsh environments, has sparked this growing interest. In the
applications mentioned above, SiC is continuously exposed to irradiation. This irradiation
includes ions with energies in the swift heavy ion region, i.e., < 100 MeV/amu. This makes it
vital to investigate how these environments affect SiC properties, to what extent the material
can withstand the damage when exposed to those conditions, and what kind of damage is

introduced to the material.

Over the years, researchers have investigated the effect of SHI irradiation on SiC substrates
and on SiC coated with thin metal films [8—12]. Other researchers have investigated the
combined effects of SHI irradiation and low energy ion implantation (KeV range) in SiC.
Zinkle et al. [9] investigated ion tract formation in SiC by irradiating with 245 MeV Krand 710
MeV Bi ions (swift heavy ions). They reported that SHI irradiation of SiC does not result in
track formation. They speculated that the lack of tracks in the SHI irradiated SiC might be due
to its high thermal conductivity and that electronic energy loss greater than 34 keV/nm would

be required for the track formation in SiC.

Liszkay et al. [13] investigated radiation-induced defects in n-type SiC by 246 MeV Kr ion
SHI irradiation (fluences ranged from 1x10'° cm? to 1x10'% c¢m™2) using positron
measurements. The region they analyzed did not become amorphous, but some defects
(vacancy) were created due to the SHI irradiation. The defects created indicated that Vsi-Vc
divacancy was the dominant trapping site in the implanted region. Other researchers who
investigated SiC (doped) structural disorder and point defects/defect formation induced by SHI
irradiated at energies above 150 MeV and to different fluences [14-16], reported that the
damage caused by the irradiation is in the bulk matrix of the SiC. They further stated that low
fluence irradiation results in the SiC retaining its crystalline nature with some damage and high
fluence irradiation would result in the sample becoming amorphous. Viswanathan et al. [17]
stated that SHI irradiation (150 MeV Ag'?" ion) results in SiC being partially amorphous with
the sublattice damage occurring on the silicon sites. Tunhuma et al. [14] confirmed that 167

MeV Xe?®* ions irradiation created new defects that were not present before irradiation.



The role of SHI (high energies 167 MeV) in the radiation damage created by ion implantation
at low energies (keV) was also reported in some studies [18][15][19]. It was observed that swift
heavy ion irradiation of pre-damaged SiC resulted in recrystallization, while irradiation of
amorphous SiC resulted in the epitaxial regrowth from the amorphous-crystalline region
accompanied by limited recrystallization within the initially amorphous layer. The increase in
irradiation fluences results in further recrystallisation (damage removal) in the pre-damaged
SiC. From the brief information on the work done on SHI irradiation above, it is clear that a
lot of work has indeed been dedicated to understanding the effect of SHI on the SiC at high
energies, especially ion track formation, annealing of pre-damage layers and interaction of

metal-SiC couples.

Irradiation is known to induce strain in materials which might enhance/hinder interaction
between SiC and its surrounding material, thereby reducing the integrity of SiC. There have
been some reports which investigated the stress due to irradiation at energies below 1 MeV
[20-23] and energies below 100 MeV [24,25]. In all the reports, the swelling of SiC due to
irradiation was reported. Szlufarska et al. [25], investigated the role of defects in the swelling
and creep of irradiated SiC. This was done by irradiating 4H-SiC with 3.15 MeV C?* ions and
1 MeV Kr* (with irradiation temperatures ranging from RT, 600 °C to 800 °C). The results
indicated that the damage profile of the SiC was quasi-flat throughout the entire damage zone,
signifying defect saturation. Tensile stress and swelling due to irradiation were reported. The
report also indicated that the swelling was observed to reduce due to the defect reduction caused
by the increased irradiation temperature. Jankowiak et al. [26] investigated the SiC fiber strain
variation in real time after irradiating SiC with 92 MeV Xe ions to a fluence of 5x10'* ions
cm, They reported that irradiation results in the formation of highly disordered SiC and the
fiber submitted to a low mechanical loading level of 300 MPa during irradiation did exhibit a

gradual increase in its longitudinal strain.

Two main processes (in the nuclear reactor) cause defects/damage to the fuel-coated particle.
During the nuclear reactor operation, gases like He, H, etc., which are from light atoms, are
released as the first surge of gases within the coated fuel. The second (secondary) wave includes
gases from heavy atoms like Xe, Kr, etc. The combination of the first and second waves from
the gases will cause defects and induce stress in the protective layers (such as the SiC, which
acts as the main diffusion barrier). Thus, this paper investigates the residual stress and
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microstructural changes caused by 167 MeV Xe=" SHI irradiation to different fluences on SiC

substrates. Since the role of SHI irradiation on strain and stress induced in SiC structure at



energies above 100 MeV has not been extensively investigated. This will also add to the already

existing knowledge on SHI irradiation of SiC at high energies.

2. Experimental Procedure

In this study, chemical vapour deposited (CVD) polycrystalline SiC wafers from Valley Design
Corporation were used. The wafer was cut into 5x5 mm? pieces using a diamond scriber. The
5x5 mm? SiC pieces were then chemically cleaned (methanol, HF, deionised water) in an
ultrasonic bath to remove any contamination. The SiC samples were then irradiated with Xe¢*
of 167 MeV at room temperature at the Joint Institute for Nuclear Research (JINR), Dubna.
The ion fluences were set at 1x10'2 and 5x10'* ions/cm?. The pristine SiC and the SHI

irradiated samples were then analysed using X-ray diffraction (XRD) and Raman spectroscopy.

X-ray diffraction (XRD) was used for phase identification, microstructural changes and
residual stress analysis. A Bruker-AXS D8 Advance diffractometer equipped with a theta-theta
goniometer then wide-angle X-ray Scattering (WAXS) using a Cu Ko radiation source was
used for analysis. The samples were analysed in the two-theta range of 20° to 90° at a step size
of 0.04 degree. Measurements were done at 1 sec per step. Primary optics included Goebel
mirror for parallel beam and 0.6 mm slit. The phases before and after irradiation were identified
using the International Centre for Diffraction Data files (ICDD-PDF-2) database and Match!

software.

The average crystallite sizes from the XRD patterns were calculated using the Scherrer

equation [27]:

p= 2K (1)

" Lcos@

where £ (20) is the full width half maximum (FWHM), X is the wavelength (1.5406 A), L is the
crystallite size, 0 is the Bragg angle (in radians) and £ is the peak shape factor which is about
0.94 [28].

The concentration of defects in the structure of the samples was studied by calculating the
values of lattice strain (¢) and dislocation density (p) using equations (2) and (3), respectively

[29][30].

€ = 2

" 4tané



p=—s (3)

where D is the crystallite size and 0 is the Bragg angle. As previously stated, f carries its usual
meaning.

For stress, the investigations were performed using a Bruker D8 Discover diffractometer
equipped with a theta-2theta goniometer. The instrument was operated in a side-inclination
mode. A copper tube (energy = 8 keV) operated in point focus mode was used for the analysis.
The primary optics included a 0.8 mm collimator mounted to a graphite monochromator, with
no optics on the secondary side. To access the full stress tensor, measurements were carried
out at three azimuth angles ¢, i.e., 0, 45 and 90° with a set of 8 tilt angles in steps of 10°
measured for each azimuth angle. To access negative tilt angles, each ¢ was rotated by 180°.
To ensure high sensitivity, the SiC (222) reflections at 75.610° (20) were selected for the
investigations. Measurements were done on two lateral points across the sample surface and
the diffracted beam was collected using an area detector, Vantec500. Stress-strain
determination was carried out using the manufacturer’s proprietary Leptos v6.02 software.
Raman spectroscopy was used to analyse the microstructure of the pristine and the SHI
irradiated samples. The Raman equipment used was a WITec alpha 300 RAS+ Confocal micro-
Raman microscope equipped with three laser excitation wavelengths. The laser wavelength
was 532 nm over a 180 s spectral acquisition time and laser power at 15 mW. The laser

penetration depth on the SiC was evaluated using equation (4) [31]:
6= — 4)

where ¢ is the penetration depth and a is the absorption coefficient. The Raman and XRD data

were fitted using the Origin program.

3. Results and discussion

3.1 SRIM Simulation

The Monte Carlo simulation code SRIM-2013 (Stopping and Range of Ions in Matter) [32]
was used in full damage cascade mode to simulate the 167 MeV Xe SHIs interaction with the
SiC. The density of 3.2 g/cm? and displacement energies of 20 and 35 eV for the C and Si,
respectively were used for the simulation. Figure 1 shows the energy loss (keV/nm), relative

density (%) and the simulated damage in dpa (displacement per atom) of Xe ions as a function

5



of depth. Figure 1 (a) shows that the electronic energy loss predominates near the surface (with
a maximum value of 20.4 keV/nm) up to about 10 pm, rapidly diminishing toward the end of
the track. Nuclear energy loss is low close to the surface and has a maximum of 0.3 keV/nm at
around 10 um. This implies that the damage created in the SiC due to the 167 MeV Xe SHI
irradiation is mainly due to electronic stopping and only a small fraction of the damage is due

to nuclear stopping.
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Figure 1: (a) The SRIM predicted electron and nuclear energy loss depth profile. The relative
atomic density (%) of Xe and displacement per atom (dpa) as a function of depth obtained from
SRIM  simulations  for  irradiation to  fluences (b) 1x107  cem?  and

(c) 5x10™ cm™.

Figure 1 (b) shows the SRIM simulation results of the sample irradiated to a fluence of 1x10'?

cm? which indicated maximum damage of approximately 7.5 x10-* dpa at about 13 pm below
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the surface and the simulated projected range was about 13.2 um. This means that the sample
will retain its crystal structure with some degree of radiation damage since it is below the
critical damage dose of 0.3 dpa [33]. In Figure 1 (c), the sample irradiated to a fluence of 5x10'*
cm has more damage and at about 0.37 dpa at a depth of about 13 um below the surface
(projected range of 13.3 um), the samples might sustain a lot of damage. If the amorphization
of SiC occurs at 0.3 dpa, it means at a depth of about 12.8 to about 13 um below the surface,
the sample (5 x 10'* cm2) will be amorphized. The SRIM simulation shows that the sample
irradiated to a fluence of 5x10' cm™ will have severe damage compared to the sample

irradiated with a fluence of 1x10'2 cm™.

3.2 Raman Spectroscopy Analysis

The Raman spectra of the virgin SiC and the samples irradiated with SHIs to fluences of
1x10'2 ¢cm and 5%10' cm™ are shown in Figure 2. The penetration depth for the 532 nm

Raman laser was calculated using the equation below [34]:
dy=2 5)

where d) is the penetration depth and o is the absorption coefficient of crystalline SiC (extracted
from the values given in ref [34]). The depth penetration was calculated to be about 9.7 microns
below the surface of the SiC. This means that the analyzed region in the SiC is limited to the

region, where the electronic energy loss is most dominant (as in the SRIM results).

The virgin sample shows the SiC characteristic peaks associated with transversal optical (‘TO)
mode at approximately 776 cm™!, TO mode at about 803 ¢cm! and longitudinal optical (LO)
mode at approximately 973 cm™!. The peak at 776 cm’! is associated with 6H-SiC and the TO
and LO peak at 803 cm™! and 973 cm’! are associated with the 3C-SiC structure. Hence, SiC
was composed of both the 3C-SiC and 6H-SiC polytypes. The virgin sample also consists of
the second order SiC peak at approximately 1529 ¢cm™! indicating the quality of the wafers
[35][36].

Irradiation to a fluence of 1x10'> cmresulted in the decrease in peak intensity of the SiC peaks
accompanied by broadening. Peak shift of the SiC TO and LO modes was also observed to
occur from 776 cm™ to 770 cm™! and from 973 cm™ to 970 cm!, respectively. The TO mode
peak at 803 cm! remained at the same position. A broad peak at approximately 695 cm™! was

identified; this peak could be amorphous SiC [37]. The decrease in the peak intensities, peak
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broadening and the appearance of a broad (amorphous) SiC peak indicate the presence of
damage/lattice distortion within the SiC structure. In addition to these peaks, a Si-Si peak

located at around 553 cm™! and a C-C peak at about 1443 cm™! (the so-called D peak) appeared

after SHI irradiation to a fluence of 1x10!2 cm™2.
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Figure 2: Raman spectra of CVD SiC before and after SHI irradiation to fluences of 1 x10"’cm

2 and 5x10™ em™.

Irradiating the SiC sample to the higher fluence of 5x10'* cm™ led to a further decrease in the
SiC peak intensities. The SiC “TO, TO and LO peaks shifted to lower wave numbers from 770



cm-1 to 767 cm!, 803 cm™! to 798 cm™! and 970 to 963 cm’!, respectively. This shift was also
accompanied by a significant broadening of the peaks. A pronounced increase in the Si-Si peak
intensity at 553 ¢cm™! was also observed, while a slight increase in the C-C peak intensity at
1443 cm™!' was observed. The peak located at 1529 cm! appears to have disappeared. These
significant changes to the SiC spectrum after irradiating to a fluence of 5x10'* ¢cm suggest
that there was severe damage sustained in the SiC microstructure compared to the sample

irradiated to a fluence of the 1x10'2 cm™2.
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Figure 3: The LO peak FWHM of the SiC before and after irradiation from the RAMAN data.

The samples are represented as follows (0) Virgin SiC, (1) 1 x 10" cm™ and (3) 5 x 10" cm
2

Si-Si and C-C peaks (after irradiation) can be ascribed to the small population of the displaced
Si and C atoms which recoil through the lattice and produce other atomic displacements
resulting in a cascade effect and extended radiation damage microstructure [38]. That is, the
presence of C-C peaks on Raman is caused by the buildup of interstitial carbon atoms through
the condensation of C interstitials generated on the path of irradiated Xe ions [13,39—41]. While
the existence of Si—Si bonds may be as a result of the Si atoms contained as the replacement of
the carbon atom knocked out by the Xe ion used for irradiation [39]. The Si-Si and C-C bond
had broad peaks, indicating partial amorphization on the SiC due to the SHI irradiation. The

appearance of the SiC around 695 cm™ was a sign of disordering in the SiC microstructure

9



(damaged formed within the SiC structure due to the irradiation) [41]. The presence of the Si-
Si and C-C and SiC peaks after irradiation also indicates that several nano-crystals are

embedded within the SiC structure as a result of irradiation.

The fitted Raman spectra showed an increase in the FWHM of the ‘LO’ peak present after the
samples were irradiated (see Figure 3). The FWHM of the sample irradiation at a fluence of
5x10' cm was greater than the one irradiated with a fluence of 1x10'> cm™. The change in
the FWHM indicated that they were defects introduced in the SiC material, which resulted in
the damaged created on the SiC microstructure. The results show that the sample irradiated at
5%10'" ¢cm™ had more damage (higher lattice disorder — amorphous SiC) than the samples
irradiated to a fluence of 1x10'> cm™. This is evident from the large peak broadening (increase
in FWHM) and decreases in the intensity of the SiC characteristic peaks. The shift is also a
sign of swelling characteristics of the irradiated SiC, which was also reported by other
researchers [42,43]. The peak shift to lower wavenumbers suggests that the Si-C bond

undergoes residual stress (tensile stress) [42,43].

3.3 X-ray Diffraction analysis

XRD analysis was carried out using a wide-angle range to study the structural changes in SiC
before and after SHI irradiation. The XRD depth penetration of SiC is between 8 um and 22
um [44]. This indicates that the damage created by SHI goes beyond the SRIM predicted region
of 13.2 um. Figure 4 shows XRD pattern of SiC before and after irradiation. The SiC peaks
were identified to be at 20 positions of 35.739° and 75.610°. The SiC peak at 75.610° was 3C-
SiC attributed to (222) plane. The peak at position 35.739° with reflections (111) and (222)
represented 3C-SiC and 6H-SiC, respectively.

Since the SiC peak for 3C- and 6H-SiC at 35.739° overlay, Rietveld Refinement was done to
quantify the phases. Table 1 gives the Rietveld refinement quantification of the phases present
in the SiC. The data indicate that the CVD-SiC was composed of 6H-SiC and 3C-SiC. The 3C-
SiC was the dominant phase. The virgin sample contained 80 wt% of 3C-SiC and 20 wt% of
6H-SiC. Irradiation of the SiC sample reduced the 3C-SiC composition to 68.9 wt% and
increased the 6H-SiC composition to 31.1 wt% at the highest fluence. This indicates that

irradiation does affect the phase composition in the SiC.
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From Figure 4, irradiation of the SiC sample to a fluence of 1x10'2 cm resulted in a slight
peak shift in both the SiC peaks to a lower 20 positions. The (111) reflection peaks shifted to
35.701° after 1x10'?cm™. Irradiating the SiC substrate to a fluence of 5x10'* cm? led to further
peak shift of the SiC peaks. The (111) reflection peak position was now at 35.655°. The change
in the peak position is possibly due to the lattice disorder (lattice expansion) in the crystal

structure and the stress introduced by the SHI irradiation [45]. The change in FWHM of the



peaks (peak broadening) was observed. We noted that the peak broadening increased with the
irradiation ion fluence. The peak broadening was more evident after irradiation at the highest
fluence. This peak broadening is usually a result of nanoparticle effect (nanocrystalline) or

amorphization and macrostrain [46].

To investigate the crystal structural changes, the change in the average crystallite size was
calculated and is presented in Table 2. The average crystallite size of the virgin SiC sample
was found to be 32.5 nm. The average crystallite sizes of SiC after irradiating to fluences of 1x
102 cm™ and 5x10' cm™ were 31.6 nm and 21.6 nm, respectively. This shows that the peak
broadening observed on the SiC XRD pattern was due to the change (decrease) in the crystal
size; that is, it was possibly a result of nanoparticle formation caused by the damage introduced

by SHI irradiation.

Table 1: shows phase quantification from Rietveld Refinement of CVD SiC.

SiC phase Virgin SiC (wt%) | 1 x 102 em™? (wt%) 5 x 10" em™? (wt%)

3C 80 73.1 68.9

6H 20 26.9 31.1

The lattice parameter and the cubic unit cell volume before and after SHI irradiation were also
calculated. The calculated lattice and volume parameters are shown in Table 2. The results in
table 3 indicate that the lattice parameter, a, for the SiC increased from (4.3506 + 0.00024) A
virgin sample to (4.3580 + 0.000015) A after irradiating the sample to a fluence of
5x10'" cm™. The increase in the lattice parameter after irradiation is an indication of lattice
disorder due to the presence of interstitial defects in the sample. To determine the lattice
expansion due to irradiation for SiC, the lattice volume was calculated and is depicted in Table
3. The lattice volume was observed to have changed from (82.3479 + 0.0145) A3 (virgin) to
(82.7663 + 0.0009) A at 5x10'* cm™. The increased lattice volume confirmed the lattice

swelling (lattice expansion) caused by SHI irradiation.
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Table 2: shows the lattice parameter, lattice volume and average crystal size before and after irradiation

(for 3C-SiC).

Sample Lattice parameter, a (A) Volume, V (A%) Crystal size (nm)
Virgin 4.3506 £ 0.00024 82.3479 + 0.0145 32.5
1 x 10" cm™ 4.3552 £0.00031 82.6118 £ 0.0155 31.6
5% 10" cm? 4.3580 + 0.000015 82.7663 +0.0009 | 21.6

The SiC layers are exposed to some level of lattice strain due to the irradiation and the change
in the lattice volume also indicate that the is some level of strain within the SiC lattice structure.
Table 3 represents the variation of lattice strain and dislocation density with the change in
irradiation fluence. Dislocation density, by definition, is the total length of dislocation lines per

unit volume of the crystal [47].

Dislocations are also categorized as the defects in a crystal and they are regions in the crystals
where atoms are not orderly aligned. The calculated dislocation values showed an increase in
the dislocation’s density with the increase in the irradiation fluence. That is, the dislocation
density was observed to increase from 0.947 x 102! m for the virgin SiC to 2.14 x 102! m?
after irradiating at a fluence of 5 x 10'* cm™. The increase in the dislocation density indicates
that there was an increase in the level of defects in the SiC layer. The lattice strain calculations
indicate that irradiation increases the lattice strain within SiC from 8.95 x 10 for the virgin
SiC to 13.70 x 10 after irradiating at a fluence of 5 x 10'* cm2. The data shows that the sample

sustained a level of deformation due to the SHI irradiation.
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Table 3: The strain caused by irradiation on SiC compared to the Virgin SiC calculated from XRD

pattern.

Sample Lattice Strain x 10 Dislocation density x 102! (m?)
Virgin 8.9+2.01 0.95

1 x10"™ cm™ 9.9+ 1.11 1

5% 10" cm? 13.7+5.12 2.1

The strain data does support/indicate that there was indeed lattice swelling (volume expansion)

due to the defects present in the SiC microstructure.

The residual stress caused by the SHIs irradiation on the SiC substrate was also investigated
and it was measured using XRD D8 discover equipment. Table 4 depicts the normal stress
components 611 and o22. The results show that the observed residual stress was tensile and bi-
axial for all the samples but did not exceed 690 MPa. The stress on SiC was not homogeneous.
The stress along the x-direction (c11) was more compared to the stress along the 622 y-direction.
An increase in tensile stress of the irradiated samples was observed when compared to the

virgin SiC sample.

Table 4: Residual stress and radiation-induced stress on SiC compared with as-deposited samples.

Irradiation Stress components (MPa) Radiation-induced stress
Fluence (MPa)
G11 G22 O11 022
Virgin 438 +2.1 433+ 2.1 - -
1 x10" cm™ 498 £12.2 470 +9.7 60 37
1 x10" cm™ 673 £ 10.1 668 + 4.0 240 235

The Raman results indicated a shift in the SiC peak after irradiation and we speculated that it
was due to tensile stress (based on previous work done by other researchers[23][48][49]). The
XRD data supported the speculation, that is, the stress analysis indicates that the SiC had tensile
stress. The results also supported the explanation that the increase in the tensile stress after

irradiating is due to the lattice enlargement (increase in the volume parameter). The XRD depth
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penetration of SiC is between 8 um and 22 um for the SiC [44]. This indicates that the damage
created by SHI goes beyond the SRIM predicted region of 13.2 pm.

The XRD and Raman data indicated that the CVD-SiC was composed of 3C-SiC and 6H-SiC.
XRD, Rietveld Refinement further indicated that the 3C-SiC (80 wt%) composition was more
than the 6H-SiC (20 wt%). XRD and Raman technique analyses are within the damage region
as predicted by SRIM simulation and beyond (XRD analysis). The collective results of the
damage sustained by the SiC seem to correlate with the SRIM simulation. The Raman results
indicated that the SiC sustained a large amount of damage with partial amorphization of the
SiC after irradiation. The maximum nuclear energy loss was 0.3 keV/nm, in the nuclear energy
region, we expect the SiC to amorphous. The Raman data indicate partial amorphization of
SiC, which means the region analyzed also falls part of the Nuclear energy loss region, thus
the amorphization was observed on the Raman analysis. In both analyses’ technique, the
sample irradiated with a fluence of 1x10'? cm™ had less damage than the sample irradiated to
a fluence of 5 x 10'* cm™. Other researchers have also reported that irradiating SiC and
energies greater than 100 MeV cause significant damage to the SiC [14—17,50], which agrees
with our results. The XRD (Rietveld Refinement) also indicated that the 3C-SiCquantity
decreases after irradiation and the 6H-SiC quantity increases. The Raman peak intensities of
6H-SiC (around 776 cm™) and 3C-SiC (around 802 cm!) were also observed to change after
irradiation. That is, the 3C-SiC intensity decreased while the 6H-SiC intensity increased, which

was an indication that irradiation does influence the changes in the phases present.

4. Conclusion

The effect of Xe?*" swift heavy ion irradiation on SiC to two different fluences (1x10'? cm™
and 5x10' cm™) at room temperatures was investigated. The microstructural changes in the
surface and bulk of the SiC samples were studied using XRD and Raman spectroscopy.
Moreover, the residual stress was deduced from the XRD data. The Raman analysis of the
virgin SiC sample showed that the CVD prepared SiC was composed of two polytypes of SiC,
that 1s, 6H-SiC and 3C-SiC.

The samples irradiated to fluences of 1x10'? cm™ and 5%10'* cm™ had damage from the surface
to the bulk, with more damaged sustained by the sample irradiated at a fluence of 5x10'* cm™.
Raman data indicated that SiC became partially amorphized after irradiation. The lattice

parameter of the sample changed from 4.3480 A (virgin SiC) to 4.3579 A (5 x 10'* cm®) for

15



the 3C-SiC polytype indicating lattice distortion (lattice damage) due to the interstitial defects.
A change in the volume parameter induced by the irradiation was also reported. The increase
in the lattice volume from 82.2021A3 (virgin) to 82.7656 A3 (5 x 10'* cm™2), indicated that the
was lattice swelling. The SiC sample before and after irradiation had tensile and bi-axial stress
which was not homogeneous. The residual stresses on the SiC microstructure did not exceed
690 MPa after irradiating with the highest fluence. The increase in the tensile stress due to

irradiation was observed.

The appearance of the Si-Si and C-C peak was explained to be due to the small population of
the displaced Si and C atoms which recoil through the lattice and produce other atomic
displacements resulting in a cascade effect and extended radiation damage microstructure. That
is, the presence of C-C peaks on Raman is caused by the buildup of interstitials carbon through
the condensation of C interstitials generated on the path of irradiated Xe ions. While the
existence of Si—Si bonds is possibly as a result of the Si atoms contained as the replacement of

the carbon atom knocked out by the Xe ion used for irradiation.
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