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Due to its unique material properties, such as extreme hardness and radiation resistance, sili-
con carbide has been used as an important construction material for environments with ex-
treme conditions, like those present in nuclear reactors. As such, it is constantly exposed to
energetic particles (e. g., neutrons) and consequently subjected to gradual crystal lattice deg-
radation. In this article, the 6H-SiC crystal damage has been simulated by the implantation of
4 MeV C3* jons in the (0001) axial direction of a single 6H-SiC crystal to the ion fluences of
1.359-10'% cm2, 6.740-1015 cm~2, and 2.02-1016 cm~2. These implanted samples were subse-
quently analyzed by Rutherford and elastic backscattering spectrometry in the channeling
orientation (RBS/C & EBS/C) by the usage of 1 MeV protons. Obtained spectra were ana-
lyzed by channeling simulation phenomenological computer code (CSIM) to obtain quanti-
tative crystal damage depth profiles. The difference between the positions of damage profile
maxima obtained by CSIM code and one simulated with stopping and range of ions in matter
(SRIM), a Monte Carlo based computer code focused on ion implantation simulation in ran-
dom crystal direction only, is about 10 %. Therefore, due to small profile depth shifts, the us-
age of the iterative procedure for calculating crystal damage depth profiles is proposed. It was
shown that profiles obtained by iterative procedure show very good agreement with the ones
obtained with CSIM code. Additionally, with the introduction of channeling to random en-
ergy loss ratio the energy to depth profile scale conversion, the agreement with CSIM profiles
becomes excellent.
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INTRODUCTION

Rutherford and Elastic Backscattering Spec-
trometry in the channeling orientation (RBS/C &
EBS/C) are ion beam analysis characterization meth-
ods that are widely used, among other things, for the
investigation of crystal lattice damage [1, 2]. Besides a
good sensitivity, simple sample preparation and negli-
gible sample destructiveness, RBS/C & EBS/C are
methods with good depth resolution. Namely, in the
case of damaged crystal lattice backscattered chan-
neled ions carry additional information about the num-
ber of dislocated lattice atoms as well as their crystal
depth. Hence, itis possible to obtain quantitative depth
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distribution of crystal damage [3]. This is important,
especially in the field of nuclear technology, where the
interaction of energetic particles with nuclear materi-
als is frequently investigated [4-6].

Damage depth distribution cannot be obtained di-
rectly from the RBS/C & EBS/C spectra (in further text
BS/C for the channeling and BS for the random mode). To
extract that information, several approaches were devel-
oped. The first, simpler approach is based on an iterative
procedure, which separates backscattering spectra yield
which originates due to ion dechanneling process, from
the one due to crystal lattice imperfections or damage
[7-9]. For the iterative procedure, the BS spectrum of the
undamaged crystal represents a completely amorphous
structure, while the BS/C spectrum represents a perfect
crystal. By recording the BS/C spectrum of the disordered
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crystal and applying the iterative procedure, the damage
depth distribution could be obtained. The iterative proce-
dure is widely used for the investigation of damage depth
profile only in the near-surface region (<~1 um) [10].
This limitation originates from the fact that the energy loss
that channeled ions experience is lower than for the
non-channeled ones. This difference in energy loss pro-
cess iterative procedure is not taken into account. How-
ever, for the crystal depths close to the surface, the differ-
ence in energy loss for channeled and non-channeled ions
does not lead to the accumulation of significant error, to
hamper the accuracy of iterative procedure.

Damage depth profile can also be extracted from
the BS/C spectra using computer codes, most often
based on Monte Carlo (MC) simulation method [11].
The MC codes simulate an individual ion interaction
with a material, which results in very good accuracy.
Despite a good accuracy, calculations based on the
MC approach consume a lot of computational time on
each spectrum, which could last up to a few hours [10].
Also, the MC calculation sometimes requires initial
preconditions, such as dominant defect type, to obtain
accurate damage profiles. Recently, in the Laboratory
of Physics, Vinca Institute of Nuclear Sciences, CSIM
phenomenological code for depth damage profile ex-
traction from BS/C spectra was developed [12]. The
procedure is based on the BS/C spectra fitting by as-
suming the damage depth profile. The process is re-
peated until the simulated and experimental spectra
overlap. In comparison to the MC based codes, the
CSIM code is significantly faster, calculating the
quantitative crystal damage without the precondition
of knowing the types of crystal defects. The maximum
investigated depth depends only on the experimental
probing particles. It was shown that CSIM provides
very good results for the crystal damage depth profile
in the case of 4 MeV carbon ion implantation in dia-
mond [13] and 4 MeV carbon and silicone ions im-
plantation in the silicon carbide [3].

Silicon carbide (SiC) is a well-known ceramic ma-
terial with unique physicochemical properties such as
high thermal conductivity, corrosion resistance, excel-
lent all-round mechanical properties, and high radiation
resistance [ 14, 15]. These properties of SiC are the reason
for continuous interest in SiC as a material for extreme
exposure environments like space [16, 17] and nuclear
reactors [18, 19]. Regarding nuclear technology, SiC is
used as a structural material in both fission and fusion re-
actors as cladding materials [20, 21]. Due to constant ex-
posure to the energetic particles (fission products, neu-
trons, and alpha particles) in reactor environments,
degradation of SiC crystal structure occurs. Induced ma-
terial wear and tear caused by crystal swelling and
amorphization, could lead to nuclear accidents. Hence,
the investigation of SiC crystal damage and its quantifi-
cation is contributing to the technological aspect of nu-
clear materials development.

The neutron damage to the crystal lattice is often
simulated by the implantation of self-ions, C or Si ions in
our case, usually, to the order of high fluences. Therefore,
ion irradiations are often used for the investigation of ma-
terials important to nuclear reactor environments [22,

23]. In previous BS/C spectra studies of the 4 MeV C and
Si ions channeling implantation in 6H-SiC single crystal
irradiated with different fluence, were investigated [3].
The BS/C spectra were probed by the 1.725 MeV and
1.860 MeV protons. Using the CSIM computer code
damage depth profiles were calculated. Obtained profiles
show very good agreements with the SEM and mi-
cro-Raman (pR) analysis results, confirming CSIM code
efficiency. In this study, additional BS/C spectra of the
same 6H-SiC sample implanted by C3* ions in channel-
ing mode were recorded using 1.000 MeV. The 1.000
MeV protons were used as probing particles to avoid
dominant resonant nuclear reactions, '2C(p, p,)'*C at
1.731 MeV and the 2Si(p, p,)**Si at 1.667 MeV, which
appear in the case of 1.725 MeV and 1.860 MeV protons.
These nuclear resonances significantly influence spectra
yield [24]. In this article, we will demonstrate that, in spe-
cial cases such as this one, iterative procedure obtained
crystal damage profiles show very good agreement with
the ones obtained by CSIM code, even at a few microme-
ters of crystal depth.

METHODS AND PROCEDURES

The channeling implantation of carbon ions in
the (0001) axial direction of the 6H-SiC single crystal
was conducted at Rudjer Boskovi€ Institute, Zagreb,
Croatia. For the ion channeling experiment, | MV HV
Tandetron tandem accelerator installation with a
collimation system of two apertures with 1 mm in di-
ameter at a distance of 25 cm was used. The crystal
alignment with the ion beam was achieved by 1 MeV
protons and the five-degree goniometer with an angle
accuracy of 0.01°. A proton beam was used for align-
ment to minimize the crystal lattice damage. The crys-
tal position for the channeling experiment was deter-
mined by mapping the ion backscattering yield for
different sets of azimuthal and polar angles nearby
(0001) crystallographic orientation. The parameter set
with the minimum backscattering yield was used for
the channeling experiment. The backscattered ions
were collected by a surface barrier detector placed at a
160° angle relative to the ion beam direction. During
the alignment and implantation procedures, the ion
beam current did not exceed 9 nA to avoid overheat-
ing the sample. The channeling implantation along the
(0001) 6H-SiC crystal direction was conducted us-
ing 4 MeV C3*" ions. The implantation area was
about 1 mm x 1 mm. Fluences applied for each exam-
ined sample were presented in tab. 1.

The BS/C analysis was performed with the same
experimental set-up as ion channeling implantation.
The BS/C spectra were probed by 1 MeV protons. Ad-
ditional BS/C backscattering yield originating from
crystal damage caused by the implanted impurity, in
our case self-ion (carbon), is negligible since the im-
planted concentration is less than 0.5 % (for highest
fluence) of crystal atomic concentration. Hence, an in-
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Table 1. Channeling experiment parameters — ion type,
energy and fluence

Sample Ion Energy [MeV] | Ion fluence [cm™]
S-1 c* 4 1.359-10"
S-2 c* 4 6.740-10"

S-3 c* 4 2.020-10'°

crease in BS/C spectra yield of implanted samples
compared to pristine samples, can fully be ascribed to
damage caused by ion displacement due to passing the
energetic particles through the crystal lattice.

THE CSIM CODE

The BS and BS/C experimental spectra are ana-
lyzed using the CSIM computer code. The recently devel-
oped CSIM computer code is based on the
phenomenological approach [12]. The main function of
the CSIM code is the extraction of the quantitative damage
depth profile from the BS/C spectra. The calculation pro-
cedure is based on simulation of the experimental BS/C
spectra by adjusting the damage depth profile until a suffi-
ciently good fit of an experimental spectrum is reached. In
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order to take into account the spectrum yield originating
from the dechanneling process the pristine BS/C spec-
trum, a y> minimization procedure should be performed.
From it the channeling parameters «, the channeling to
random stopping ratio, x, the dechanneling range, and &,
the dechanneling rate are determined. For a more in-depth
description of the CSIM computer code, we refer to the
study of Gloginji€ et al. [3].

RESULTS AND DISCUSSION

The 1 MeV proton BS/C spectra of 6H-SiC sam-
ples irradiated with 4 MeV C3* ions in (0001) crystal
axial direction are presented in fig. 1. All BS/C spectra
are normalized according to the collected charge and
subsequently fitted using CSIM computer code to ob-
tain damage depth profiles. The BS spectrum of a
non-implanted sample (S-rand) is shown in fig. 1(a).
Due to the mass difference of Si and C target atoms, a
typical two step BS spectrum is observed. The surface
edge for C atoms is at 0.870 MeV (first step), while for
Siis at(0.720 MeV (second step). The S-rand BS spec-
trum is fitted both using CSIM (red line) and SIMNRA
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Figure 1. The BS/C spectra probed by 1 MeV protons of; (a) S-ch and S-rand, (b) S-1, (¢) S-2, and (d) S-3 samples
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code [25] (blue line) to compare results. The CSIM
and SIMNRA generated spectra show very good
agreement between the two codes. Both fitted spectra
are exhibiting disagreement with experimental data at
the spectrum's low energy range. The reason for this
discordance can be found in the existence of multiple
ions scattering events manifesting themselves in the
spectrum's low energy range as an additional scatter-
ing, which neither computer code takes into account.

The BS/C spectrum of the non-implanted sample
(S-ch) is also presented in fig. 1(a). Using the previously
mentioned procedure of > minimization procedure, the
channeling parameters are obtained. The channeling to
random energy loss ratio («) has the value of 0.84, while
the dechanneling rate (k) and the dechanneling range (x,)
have the values of 0.32 um™' and 3.54 um, respectively.
The CSIM fitted S-ch spectrum exhibits a very good
match with the experimental data. The BS/C spectra of
implanted samples were also fitted by CSIM code using
the aforementioned channeling parameter set (¢, &, and
x,) and the results of the best-obtained fits are presented
in fig. 1(b)-1(d). As it can be observed, fitted spectra in
the spectrum's high energy range are showing an excel-
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lent match with the experimental ones. The disagreement
occurs at a low energy range, similarly to the previous
case, due to the existence of the multiple scattering
events. The BS spectrum of the non-implanted sample
(S-rand) can be used to simulate the BS/C spectrum for
the fully amorphized crystal structure. Consequently, the
greater the crystal damage the more the BS/C spectrum
of implanted sample resembles the BS spectrum of a ran-
domly oriented crystal.

Damage depth profiles obtained from BS/C spec-
tra shown in fig. 1(b)-1(d) using the CSIM code are pre-
sented in fig. 2(a). Profiles show asymmetric shape with
a steeper edge on the side of higher depths and with the
maximum at 2.8 pum—3.1 um for the S-1 sample and
2.8 pm — 3.0 pum for S-2 and S-3 samples. For the com-
parison purpose, SRIM simulation of 4 MeV C ion
implantation induced damage in SiC is given. The
SRIM obtained damage depth distribution is presented
in fig. 2(a) together with appropriate CSIM profiles. The
maximum damage profile obtained by SRIM is at 2.69
pm and the profile's edge on the side of higher depths is
even steeper in comparison to CSIM obtained profiles.
Henceforth, the crystal damage depth profile induced by
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Figure 2. (a) Damage depth profiles obtained by fitting of BS/C spectra probed by 1.000 MeV protons of S-1, S-2, and S-3
samples by CSIM computer code; the CSIM profiles are compared with the damage profile obtained by SRIM simulation
for 4 MeV C ion implantation in SiC; CSIM profiles of BS/C spectra probed by 1 MeV protons are compared with the one
probed by 1.725 MeV and 1.860 MeV protons (their average profiles) [3] for (b) S-1, (¢c) S-2, and (d) S-3 samples



M. P. Gloginji¢, et al.: Comparative Study of the MeV Ton Channeling ...

132 Nuclear Technology & Radiation Protection: Year 2022, Vol. 37, No. 2, pp. 128-137

channeling implantation of 4 MeV C ions in 6H-SiC is
shifted toward higher depths (0.3 pum) and is wider by
about 0.8 um in comparison to the damage profile in-
duced by implantation in random.

The averaged CSIM 6H-SiC damage depth pro-
files probed by 1.725 MeV and 1.860 MeV protons are
also shown in fig. 2(b)-2(d). These damage profiles
were cross-checked by both uR and SEM analysis, in-
dependently, showing very good agreement. The dif-
ference between averaged profiles probed by 1.725
MeV and 1.86 MeV protons and those probed by 1
MeV protons is reflected in the change of the damage
intensity distribution. This difference increases with
the increase of implanted fluence. However, the depth
of maximum damage and damaged depth zone posi-
tions stay the same. The reason for this discrepancy
between them can be found in the existence of strong
resonant peaks inthe 1.725 MeV and 1.860 MeV BS/C
spectra  originating  from  '2C(p,p,)'?’C  and
2Si(p,py)*8Si nuclear reactions at 1.731 MeV and
1.667 MeV, respectively. The appearance of these
prominent resonant peaks in the 1.725 MeV and 1.860
MeV proton BS/C spectra, has a role of a unique en-
ergy marker during the CSIM fitting procedure. The
existence of the prominent minima and maxima in the
BS spectrum limits the number of possible sets of
channeling parameter values (a, &, x,) for which the
minimization procedure can converge to the unique
solution. Therefore, CSIM profiles obtained from
1.725 MeV and 1.860 MeV proton BS/C spectra have
higher accuracy. On the other hand, the existence of
the prominent resonance peak is not suitable for the it-
erative procedure, because it needs a relative plateau
in the random BS spectrum, which is used as a base for
differentiation, to minimize the relative error. So, for
the sake of comparison with the iterative procedure,
we will use CSIM profiles obtained by 1 MeV BS/C
spectra.

It was shown that the difference between the
maximum of the damage profile for random and chan-
neling implantation direction was about 0.3 um, that
is, about 10 %. The reason for this relatively small dif-
ference between channeling and a random case could
be found in the size of the (0001) 6H-SiC axial chan-
nel. The channel size is taken to be a geometric figure
formed by the atoms of the wall of the crystal channel
(channel nodes). According to the literature data for
6H-SiC(0001) and Si(110) axial channel dimensions
[26], the Si(110) channel is about 7.5 times larger than
the 6H-SiC(0001) one. Additionally, Kopsalis ef al.
[27] have shown that in the case of 5 MeV O?' chan-
neling implantation in Si(110), the difference between
random and channeling implantation damage depth
profile maximum is about 1 um or about 20 % of the
position of its maximum. Therefore, by comparison,
it is a justified appearance of a smaller difference of
10 % in the case of the 6H-SiC(0001) channel in com-
parison to random orientation.

The main drawback of the iterative procedure for
the determination of crystal damage depth profiles out-

side of the surface region (usually less than 1 pm in
depth) is the difference between energy losses for chan-
neled and non-channeled ions. However, in the case of
6H-SiC (0001) implantation, because of the small dif-
ference between random and channeling ion ranges, it
was proposed that an iterative procedure can be applied
for depths greater than 1 um. The iterative procedure
that was used in this paper is described in the study of
Zhang et al. [28]. In principle, the iterative procedure is
based on the separation of dechanneling contribution to
the experimental spectrum yield from the one caused by
crystal damage. For each iterative procedure calcula-
tion set, the BS/C spectrum of the implanted sample,
BS, and BS/C spectra of a non-implanted sample of the
same crystal are needed, fig. 3(a), for S-3 sample. Be-
fore the calculation of dechanneled contribution to the
spectrum yield (R) can be done, yields of BS/C spectra
of implanted and non-implanted samples need to be
normalized to the yield of BS spectrum of the non-im-
planted, pristine, spectrum (N and V] respectively). Us-
ing the iterative procedure, the value of R is then ob-
tained by [28]
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Figure 3. (a) BS/C spectra of S-ch, S-rand, and S-3
samples. Smoothed curves (red line) for these samples
are also shown, (b) Normalized yield of S-ch (V) and
S-3 samples (N) by S-rand yield and resulting
backscattered dechanneling component (R)
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normalization procedure

R(@i)=V(i)+

+[1—V(l')]'[1—eXP{_o'pp' n {W}B v
i+1 -

where o, is the parameter associated with the
dechanneling cross-section along a particular crystal
channel and i channel number/energy. Its value can be
estimated in a spectrum region when the R curve over-
laps with the N curve, right after the crystal damage
spectrum region fig. 3(b). The spectrum yield compo-
nent originating from the ion backscattering on crystal
damage/impurities can be obtained by subtracting the
values R from N for the same energy. The first step of
SiC BS spectrum yield originates only from the Si at-
oms, however, the second sfep originates from both Si
and C atoms. Therefore, a corresponding correction to
the damage yield must be done [28]. The damage yield
from the first step in the BS/C spectrum was normal-
ized taking into account the second step height. How-
ever, the second, C, step causes prominent oscillations
in the iterative procedure, which is differential in its

nature. To reduce these oscillations of two consequen-
tial iteration steps, experimental spectra were
smoothed before the iterative procedure using an adja-
cent-averaging method with 20 points per step.

The results of the iterative procedure are pre-
sented in fig. 4(a)-4(c). Damage yield in the region of
the first step is practically negligible. A majority of the
damage yield is placed in the region of the second
spectra step. Due to different atomic masses of Si and
C, the damage yield for C and Si atoms (crystal
sublattice) is shifted in spectra. In the case of S-1 and
S-2 samples figs. 4(a) and 4(b) the contribution be-
longing to C and Si sublattices is distinctively sepa-
rated. The maximum damage yield for the C sublattice
of the S-1 sample is at 0.27 MeV, while for the S-2
sample is at 0.32 MeV. For Si sublattice, the maximum
damage distribution is at 0.44 MeV for the S-1 sample
and at 0.47 MeV for the S-2 sample. However, in the
case of the S-3 sample fig. 4(c), it is not that straight-
forward, since the highest implanted fluence contrib-
uted to the most pronounced crystal damage resulting
in the overlap between damage distributions of both
sublattices. To extract contribution for each atom for
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all samples, a fitting procedure with two bands ap-
proximated with an asymmetrical function has been
performed

X—x.+k/2 -

I=I,+B|l+e

- 2

X=x,+k/2

J1=d14e

where [ represent yield, /; baseline value, B amplitude, x
energy/depth values, x. peak center, and k,.; values of
specific profile widths. The usage of asymmetric func-
tion for extraction of damage yield is justified by the
asymmetrical shape of the damage profile, which is
usual for ion implantation-induced crystal damage, see
fig. 2(a), SRIM data simulation. The discontinuations in
the 0.67 MeV-0.74 MeV energy region of N-R damage
distributions relate to the abrupt increase of spectra
yield from C atom backscattered. To avoid the introduc-
tion of uncertainties in further crystal damage analysis,
the yield from this region was omitted.

Contributions from C and Si crystal sublattice to
the damage have different heights because of the dif-
ferent values of their cross sections. To normalize the
contribution for each sublattice, elemental BS spectra
obtained by SIMNRA spectrum from fig. 1(a) was
used. Partial spectra yield contributions for C and Si
sublattices are presented in fig. 5. Normalization of the
C and Si sublattice yield was done by using the charac-
teristic value of C and Si contribution from fig. 5. The
yield from the Si spectrum step was normalized to C
spectrum step yield to make yield separation originat-
ing from different elements. The summarized results
after yield normalization are presented in fig. 4(d). It
was expected that after damage yield normalization, C
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Figure 5. Degree of the spectra yield contribution for C
and Si sublattice obtained from elemental BS spectra by
SIMNRA simulation of the spectrum from fig. 1(a)

and Si sublattices would have had similar damage
depth distributions. Instead, damage profile intensities
manifested in C and Si sublattices exhibit a difference
of 12-17 % depending on the sample. These differ-
ences can be ascribed to the multiple scattering pro-
cesses which manifest themself at low spectrum ener-
gies where consequently C sublattice spectra yield is
more dominant. Therefore, Si sublattice damage pro-
files will be used for comparison with CSIM obtained
ones. With the increase of implanted fluence, one can
observe the increase of crystal damage and its spread-
ing towards higher spectrum energies. This is indica-
tive of the so-called dynamic effect during the chan-
neling ion implantation. Namely, with the increase of
the implanted fluence, the crystal channels deteriorate
causing more pronounced energy loss that subse-
quently channeled ions experience, leading to shorter
achieved ranges and crystal damage shift towards the
crystal surface. These results show good agreement
with previous studies [3, 29].

Previously, the separated damage profiles vs. en-
ergy of backscattered protons for each target atom were
presented. However, to obtain a crystal damage depth
profile, crystal damage vs. crystal depth, the energy to
crystal depth conversion has been done. This energy to
crystal depth conversion is based on stopping values for
protons in the SiC taken from SRIM. The conversion
could be done by having the same energy loss rate for
channeled and non-channeled ions, as is the default as-
sumption for the iterative procedure and its main draw-
back for higher crystal depths, or with the correction
factor in the way of channeling to random energy loss
ratio (o), which takes into account the different energy
loss rates for channeled and non-channeled ions. In the
case of energy loss correction, the fact that at the same
crystal depth there would be different energy at which
protons would be undergoing the scattering event than
in the case without, leads to different values of scatter-
ing cross-sections. Therefore, alongside the shift in the
crystal depths of damage profiles obtained with and
without energy loss correction, there would be a shift in
their height as well.

Damage profiles obtained by an iterative proce-
dure, using Si sublattice profile, after energy-depth
conversion are presented in fig. 6(a)-6(c) together
with corresponding CSIM profiles of 1 MeV proton
BS/C spectra. For each investigated sample, profiles
are shown without (o = 1) and with (o < 1) channeling
correction factor. In the case of profiles with included
corrections, the value of « is taken to be 0.84 as was
obtained by the y?> minimization procedure using
CSIM. Differences between profiles with and without
energy loss correction concerning the position of pro-
file maxima are about 0.2 um, i. e., about 7 %, while
the change to the profile heights due to correction is
minimal, less than 1 %. The CSIM damage profiles
compared with the profiles obtained via iterative pro-
cedure with energy loss correction (¢ =0.84) show ex-
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Figure 6. Comparison of damage yield depth profiles obtained by the iterative procedure for a=1 and o = 0.84 and CSIM
damage depth profiles for samples; (a) S-1, (b) S-2, (¢) S-3, and (d) comparative result for all damage yield depth profiles

obtained by an iterative procedure

cellent agreements, both for the maxima position and
the total crystal damage, the difference in the degree of
crystal damage is less than 5 %. This is a confirmation
of the successful usage of the iterative procedure in
this specific case of BS/C spectra analysis. The over-
view of all damage profiles obtained by an iterative
procedure for & = 0.84 is shown in fig. 6(d). It can be
observed that the trend of increase of the crystal dam-
age with fluence follows the one obtained by the CSIM
code as shown in fig. 2(a).

CONCLUSIONS

The BS/C spectra recorded with 1 MeV protons
of 6H-SiC crystal implanted in (0001) axial direction
by 4 MeV C3* ions are analyzed by CSIM computer
code and by an iterative procedure. Depth profiles ob-
tained by CSIM code show very good agreement with
previously extracted damage profiles from BS/C spec-
traprobed by 1.725 MeV and 1.860 MeV protons. Due
to the small difference between damage profiles in-
duced by implantation in channeling and random crys-
tal direction, the iterative procedure for analysis of

BS/C spectra has been proposed for greater crystal
depths than those for which this analytical method was
commonly used. Crystal damage depth profiles ob-
tained by it show good agreement with CSIM results.
These are further improved with the introduction of
the energy loss correction factor in energy to crystal
depth conversion (@, channeling to random energy
loss ratio obtained by x> minimization procedure). In
this case, the agreement between the iterative proce-
dure and CSIM profiles is excellent, both regarding
the profile maximum position and profile height. We
have shown successful usage of the iterative proce-
dure in determining the crystal damage profiles for
greater depths than 1 um in the case when channeling
and random implantation ranges do not differ too
much (in this case, the difference was about 10 %).
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Mapko I1. [JIOTUBU'h, Mapko B. EPUR, XKemwko B. MPABUK,
bpanucias BPBAH, llitepan YEPBA, Jaky6 JIYJ/IEU, Bennyna ®PUTOBA,
Kapeax KATOBCKMU, Onapej IITACTHU, Jupxu BYPUJAH, Cphan M. IIETPOBU'H

YIIOPEJOHA CTYINJA OHITEREIBA 6H-SiC ITPOY3POKOBAHA
NMINIAHTALIMJOM MeV-CKUX JOHA ITPU OPJEHTALIMIU
KAHA/IMCABA KOPUITREILEM UTEPATUBHOTI ITOCTYIIKA U
OEHOMEHOJOHMKOI CSIM MPOITPAMCKOI' KOJA

360r cBOjHUX jeIUHCTBEHUX KaPAaKTEPHUCTUKA, KA0 IITO Cy EKCTPEeMHa TBpAoha 1 OTHOPHOCT HA
3pavewe, cununujyMm kapouy (SiC) KopucTu ce Kao BaxkaH KOHCTPYKI[MOHHM MaTepHjajl y OKpY>KeHhnuma
U3JI0OXKEHUM €KCTPEMHUM YCIOBHMMA, MOMYT OHMX y HyKJeapHMM peakTopuma. Kao Takas, craiHO je
M3JIOKEH EHEepPreTCKUM dYecTHiama (Ha IpuMep HEeyTpPOHMMAa) W HOCIEANYHO MOABPTHYT IMOCTEINEHO]
ferpafjalyju KpUCTAlHE pelleTke. Y OBOM unaHKy, omTehewe kpucrana 6H-SiC cumynmupano je
umnnanTamujom 4 MeV C3* jona y (0001) akcujanmsom nmpasiy MmoHokpucrana 6H-SiC, ayencuma op
1.359:10% cm2, 6.740-10%° cm, u 2.02-10'° cm™. MnnanTupanu y30puy Cy HAKHAJHO aHATU3MPAHH
nomohy PatepdopaoBe u enacTuyHe CHEKTPOCKONHMje MOBPATHOI pacejarba INpU OpHUjeHTaALUju
kanamucamwa (RBS/C & EBS/C) xopumhemem mpotona enepruje 1 MeV. [obujeHn cnekTpu cy
aHaIM3UpaHu (PeHOMEHOIOMIKNIM nporpamckum kogoM CSIM (Channeling SIMulation) kako 61 ce go6unu
KBAaHTUTAaTUBHM AYyOMHCKM npocunn omrehewma Kpucrana. Pasnuka umsmeby nosunmja mMakcumyma
npocuina omrehema nobujernx momohy CSIM kopa u oHe cumynupane momohy SRIM-a (Stopping and
Range of Ions in Matter), mporpamckor kopa 6a3upanor Ha Monte Kapio meTou koju je pokycupaH Ha
cUMyJlalyjy UMINIaHTalMje jOHa caMO Y HaCyMUYHOM IIpaBly Kpucrana, usHocu oko 10 %. Crora, 300r
MaJx nomMepaja fyouHe npodua, IpeAIoKeHO je KOpUIThe ke UTEPATUBHE NPOLEAYPE 3a U3pauyHaBake
nyouHckux npoduna owmrehewa kpucrana. [Tokaszano ce ga ce mpodunau AOOUjeHU UTEPATHUBHUM
HOCTYIIKOM BeoMa [00po cnaxy ca npodunuma gooujenum CSIM kopgom. ITopen Tora, ca yBobemem
OJlHOCA €Hepryjckux rybuTaka 3a KaHajlucame WU CcjydyajHU IIpaBall UMIUIaHTaUyje NpU KOHBEP3UjU
eHepreTcKe cKaje npoduna y ckany gyomna, cnarame ca CSIM npodunnma mocraje ofInaHo.

Kmyune peuu: Cuauyujym kapbuo, pauyHapcka cumyaayuja, uiiepaiiustu ilociiyiiax, RBS/C u EBS/C
ciexiupomeiipuja




