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Disorder accumulation and amorphization in 6H-SiC single crystals irradiated with 2.0 MeV Au2+ ions at
temperatures ranging from 150 to 550 K have been investigated systematically based on 0.94 MeVD+ chan-
neling analyses along thek0001l axis. Physical models have been applied to fit the experimental data and to
interpret the temperature dependence of the disordering processes. Results show that defect-stimulated amor-
phization in Au2+-irradiated 6H-SiC dominates the disordering processes at temperatures below 500 K, while
formation of clusters becomes predominant above 500 K. Two distinctive dynamic recovery stages are ob-
served over the temperature range from 150 to 550 K, resulting from the coupled processes of close-pair
recombination and interstitial migration and annihilation on both sublattices. These two stages overlap very
well with the previously observed thermal recovery stages. Based on the model fits, the critical temperature for
amorphization in 6H-SiC under the Au2+ ion irradiation conditions corresponds to 501±10 K.
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I. INTRODUCTION

Over the last decades, considerable efforts have been de-
voted to the study of radiation effects and defect recovery
processes in silicon carbide(SiC). The research has been
greatly inspired due to the many outstanding properties
(wide band gap, high thermal conductivity and stability, high
breakdown electric field strength, high saturated drift veloc-
ity, etc.) that make SiC a prominent candidate for high-
temperature, high-power and high-frequency microelectronic
and optoelectronic devices.1,2 In addition, SiC has been pro-
posed for structural components in fusion reactors3 and clad-
ding materials for gas-cooled fission reactors,4 where high-
temperature and high-radiation environments are involved. A
fundamental understanding of the disordering behavior in
SiC is essential to advance its utilization in these applica-
tions.

Since irradiation-induced amorphization processes are
both fundamentally and technologically important, various
physical models for amorphization in different structures and
compositions of ceramic materials have been developed and
reviewed.5 Although these models yield insights into the ki-
netics of amorphization, very few experimental data are
available to determine the parameters for most of the existing
models. A simple, useful model for disorder accumulation
has been recently proposed to account for the total disorder
that consists of the contributions from amorphization, point
defects, in-cascade clusters, and extended defect clusters.6

Experimentally, ion-channeling methods based on Ruther-
ford backscattering spectrometry(RBS/C) or a combination
of RBS/C and nuclear reaction analysis(NRA/C) have been
frequently employed in the studies to quantitatively deter-
mine the degree of disorder in SiC.5–15 While most of the
previous irradiation studies on disorder accumulation in SiC
were carried out at or below room temperature, disordering
processes in SiC at higher temperatures, which involve sig-
nificant defect recovery and efficient interstitial precipitation
processes during ion irradiation, may be more relevant to

semiconductor and nuclear applications. The data for higher
temperatures are still largely absent, and the disordering be-
havior is less understood. This paper reports the dependence
of disorder accumulation and dynamic recovery in 6H-SiC
on irradiation temperature, and an interpretation of the ex-
perimental results is given based on model analysis of the
data.

II. EXPERIMENTAL PROCEDURES

Irradiation with 2.0 MeV Au2+ ions was performed 60°
off the surface normal in different areas onk0001l-oriented
6H-SiC single crystal wafers at various temperatures ranging
from 150 to 550 K. A chromel-alumel thermocouple was
clamped onto the sample surface for temperature measure-
ments. Ion fluences up to 15 Au2+/nm2 were applied to pro-
duce damage levels from low defect concentrations to the
fully amorphous state. Ion fluxes ranged from
0.0038 to 0.0087 Au2+/nm2/s, representing only a small
variation at different irradiation temperatures, as given in
Table I. Also included in Table I is the local dose rate in
displacements per atom per second(dpa/s) at the damage
peak. The local dose rate was obtained from the ion flux
using a conversion factorf0.6273 dpa/sAu2+/nm2dg calcu-
lated from theSRIM97 simulation,16 where the displacement
energy was taken as 20 eV for C and 35 eV for Si sublattice,
which are recommended values based on molecular dynam-
ics simulations and experimental results.17 A combination of
0.94 MeVD+ 28Sisd,dd28Si RBS/C and12Csd,pd13C NRA/C
at the scattering angle of 150° was used to simultaneously
determine the disorder on both the Si and C sublattices10 at
the depth s116 nmd of the damage peak. The analyzing
beam, which was centered in each irradiated area, had an
angular dispersion of less than 0.05° and induced negligible
damage in the investigated depth region during the channel-
ing analyses. For the Au2+ irradiations below room tempera-
ture, the irradiated samples were maintained at or below the
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irradiation temperature during the interim technical proce-
dures for switching from Au2+ to D+ ions and realigning the
irradiated crystal to the incidentD+ beam and duringin situ
channeling analysis. For irradiations at or above 300 K, dis-
order measurements were performedin situ at room tempera-
ture. These procedures are considered important to minimize
the thermal recovery of disorder in the samples prior to the
channeling analysis.

III. RESULTS AND DISCUSSION

A. Disorder accumulation

The accumulated disorder at the damage peaksdepth
=116 nmd for both the Si and C sublattices is shown in Fig.
1 as a function of dose for 6H-SiC irradiated at temperatures
ranging from 150 to 550 K. The disorder was extracted
from the 0.94 MeVD+ k0001l-aligned RBS/C and NRA/C
spectra using a linear dechanneling approximation.11 This
simple method is useful to obtain the disorder at the damage
peak with comparable precision to an iterative procedure that
can extract the depth profile of disorder.18–20The solid lines
in the figure are data fits using a recent model.6 In this
model, the total disorder,S, produced under ion-beam irra-
diation and measured by ion-channeling methods is given by
the expression6

S= fa + Sd + Sc, s1d

where fa and Sd are the contributions from irradiation-
induced amorphization and irradiation-induced point defects
and in-cascade clusters in the residual crystalline regions,
respectively.21 The third termsScd corresponds to the contri-
bution from extended defect clusters or precipitates formed
at high temperatures. A related model for disorder accumu-
lation based on a rate-theory expression was proposed by
Hecking and co-workers for silicon,22 but a complete analyti-
cal solution is unavailable.

The amorphous fraction,fa, is well described using a
direct-impact/defect-stimulated (DI/DS) model for
amorphization:5

fa = 1 − ssa + ssd/hss + sa expfssa + ssdDgj, s2d

wheresa is the amorphization cross section for the direct-
impact process,ss is the effective cross section for defect-
stimulated amorphization, andD is the local dose. As dis-
cussed in detail elsewhere,5 the DI/DS model [Eq. (2)]
provides an analytical solution to the amorphization rate
within the Hecking model.22

The contribution of irradiation-induced point defects is
based on a simple defect accumulation model,23,24rather than
the Hecking model,22 and is expressed by the relation6,21

Sd = Sd
*f1 − exps− BDdgs1 − fad, s3d

whereSd
* is the saturation value for the defect-induced disor-

der observed along a specified channel direction, which is
proportional to the local displacement rate, andB is propor-
tional to an effective recombination volume for the specific
defects giving rise toSd. As noted previously,6,21 Eq. (3) is
consistent with the observed behavior for the accumulation
of point defects in electron-irradiated SiC.25

As a first-order approximation, the disorder accumulation
due to extended defect clustersSc has a form similar to the
point defect production,6

TABLE I. Experimental conditions used in this study for the
Au2+ ion irradiation in 6H-SiC.

Temperature
(K)

Ion flux
sAu2+/nm2/sd

Dose rate
(dpa/s)

150 0.0066 0.004 14

170 0.0038 0.002 38

250 0.0043 0.002 70

300 0.0063 0.003 95

370 0.0049 0.003 07

410 0.0050 0.003 14

450 0.0087 0.005 46

500 0.0042 0.002 63

550 0.0087 0.005 46

FIG. 1. Relative disorder at the damage peaksdepth=116 nmd
on (a) the Si and(b) C sublattices as a function of local dose in
displacements per atom(dpa) for 6H-SiC irradiated with
2.0 MeV Au2+ ions at temperatures ranging from 150 to 550 K.
The solid lines are the model fits to the data using Eqs.(1)–(4).
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Sc = Sc
*f1 − exps− RDdgs1 − fad, s4d

whereSc
* is the saturation value of disorder due to formation

of the extended clusters andR is proportional to an effective
sink strength to form the extended clusters. A more exact
treatment of clustering requires a rate-theory approach, as
suggested in the Hecking model,22 but is beyond the scope of
the present investigation.

Based on Eqs.(1)–(4), the fitting parameters for the Si
and C data in Figs. 1(a) and 1(b), respectively, are summa-
rized in Table II. The dotted spaces forR at and below 370 K
indicate that theSc term [Eq. (4)] was not included in the
data fitting, and those forss at 550 K mean that defect-
stimulated amorphization does not play a role sincefa=0
when sa=0 [see Eq.(2)]. ParametersB and R are only
weakly dependent on irradiation temperature, and the values
of B andR, which are the same for the Si and C sublattices,
were estimated to be 100 and 12 dpa−1, respectively, over the
entire temperature range investigateds150–550 Kd. While
ss is slightly sublattice dependent(reflecting the different
mobilities of defects on the sublattices in SiC), sa is identical
for the Si and C sublattices because of the stoichiometric
nature of the amorphous state in SiC(i.e., no local enhance-
ment in either element). Some physical constraints were ap-
plied during the fitting procedure. For instance,Sd

* decreases
with irradiation temperature, whileSc

* contributes to the total
disorder only at higher temperatures, where loop formation is
observed.

In Fig. 1, there is a similar disordering behavior on the Si
and C sublattices in 6H-SiC under the irradiation conditions.
The accumulation curve shifts to a higher dose with increas-
ing temperature due to a higher rate of simultaneous recov-
ery at higher temperatures. The dose shift is very small be-
tween 150 and 190 K and between 300 and 370 K,
indicating that two dynamic recovery stages exist over the
irradiation temperature range between 190 and 300 K, and
above 370 K. The amorphization dose increases from
0.12 dpa at 150 K to 3.76 dpa at 500 K. Complete amor-
phization does not occur at 550 K for doses up to,10 dpa,
where defect precipitation is a dominant process as will be

discussed further below. It is noted that the model fits for
both the Si and C sublattices deviate from the experimental
data at doses above 1 dpa for the irradiation at 550 K. This
could be attributed to several effects. The primary disorder-
ing process at this temperature is associated with the forma-
tion of stacking faults and dislocation loops during irradia-
tion. Interactions between the interstitial precipitates and the
lattice atoms at this temperature can cause a deformation of
the local crystal structure, which enhances the backscattering
yield. Likewise, the possible formation of vacancy clusters
or voids within the crystal structure can also modify the local
structure and result in additional lattice displacements. More-
over, a possible change in diffusion efficiency due to the
modification of the local structures and compositions of the
implanted Au could lead to an alteration of the disordering
behavior at the damage peak, since substantial diffusion of
the Si (and C) interstitials occurs during Au2+ irradiation in
6H-SiC at 550 K.14 In spite of these possible effects that
could increase the total disorder, the level of total disorder at
the damage peak is relatively low because a great majority of
point defects produced during Au2+ irradiation are simulta-
neously recovered at this temperatures550 Kd.

The fitting results for the Si sublattice at 150, 300, 500,
and 550 K are shown in Figs. 2(a)–2(d), respectively, along
with the contributions from each of the modeled processes
(amorphization, point defects and in-cascade clusters, and
precipitates). The results for the C sublattice exhibit similar
behavior and thus, are not discussed here. There are several
prominent features involved in the disordering processes
over this temperature range. At temperatures below 300 K,
amorphization processes dominate over nearly the entire
range of dose[Figs. 2(a) and 2(b)]. Point defect production
at 150 K contributes significantly to the total disorder at low
doses below 0.02 dpa. However, the concentration of point
defects that survive in the irradiated 6H-SiC decreases no-
ticeably at 300 K and effectively vanishes at 550 K. Intersti-
tial precipitation does not play an important role until the
irradiation temperature reaches about 500 K, where the Si
interstitials also become mobile. At 500 K, nucleation and
growth of clusters are the dominant disordering process at
doses below 0.3 dpa, and continue to significantly contribute

TABLE II. Model parameters from fits of Eqs.(1)–(4) to the experimental data in Fig. 1.

T
(K)

Si sublattice C sublattice

sa

sdpa−1d
ss

sdpa−1d Sd*
B

sdpa−1d Sc*
R

sdpa−1d
sa

sdpa−1d
ss

sdpa−1d Sd*
B

sdpa−1d Sc*
R

sdpa−1d

150 2.0 51.5 0.045 100 0.0 ¯ 2.0 51.5 0.060 100 0.0 ¯

190 2.0 50 0.042 100 0.0 ¯ 2.0 48.0 0.055 100 0.0 ¯

250 2.0 30 0.032 100 0.0 ¯ 2.0 28.0 0.050 100 0.0 ¯

300 2.0 20.7 0.025 100 0.0 ¯ 2.0 20.3 0.040 100 0.0 ¯

370 2.0 20.0 0.020 100 0.0 ¯ 2.0 19.5 0.030 100 0.0 ¯

410 1.30 17.0 0.015 100 4310−10 12 1.30 15.0 0.025 100 5310−10 12

450 0.80 7.85 0.010 100 0.030 12 0.80 5.95 0.020 100 0.039 12

500 0.08 1.66 0.007 100 0.120 12 0.08 0.78 0.010 100 0.125 12

550 0.0 ¯ 7310−4 100 0.115 12 0.0 ¯ 1310−3 100 0.120 12
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to the total disorder up to doses of about 1 dpa. Amorphiza-
tion is not active below about 0.1 dpa at 500 K, but domi-
nates the disordering process above 1 dpa[Fig. 2(c)]. Com-
plete amorphization at 550 K does not occur in the Au2+

irradiated 6H-SiC, and the predominant disordering process
at this temperature is defect precipitation[Fig. 2(d)]. In gen-
eral, for temperatures at or below 500 K, greater contribu-
tions to the total disorder are found for point defectssSd

*d at
low doses, for extended clusterssSc

*d at low to medium
doses, and for amorphization(sa andss) at higher doses. As
expected, the results are consistent with those for Al+ irradi-
ated 4H-SiC over a similar temperature range.6

Figure 3 shows the temperature dependence of the amor-
phization cross sectionssad and the saturation values for
defect-induced disordersSd

*d and for precipitated clusters
sSc

*d in Au2+ irradiated 6H-SiC observed along thek0001l
axis. Because of the shadowing effects from thek0001l
atomic strings in 6H-SiC,11 the Sd

* value will be greater,
particularly for the C sublattice, when viewed along other
off-axes for the channeling measurements. From Fig. 3 and
Table II, the parameter,sa, for both the Si and C sublattices
remains constant at 2.0 dpa−1 between 150 and 370 K, above
which the sa value decreases with increasing temperature
and vanishes at,500 K. The constant value ofsa in the low
temperature range indicates that the amorphization process
due to direct impact of Au2+ ions onto 6H-SiC crystals is not
significantly affected by thermal processes during ion irra-
diation at the low temperatures. Between 370 and 500 K,
however, more thermal processes become active, which de-
crease the amount of direct-impact amorphization. With the
increase of temperature in this range, a larger amount of
amorphization from the direct-impact process is prohibited
due to the increasing rate of competitive recovery processes,
resulting in a monotonic decrease in thesa value. For
lighter-ion irradiations that produce a lower damage energy
density, the amorphization cross section,sa, is expected to
start decreasing at lower temperatures. Again from Fig. 3, the
fitting parameter,Sd

* , decreases linearly with irradiation tem-
perature, andSc

* becomes a nonzero value at 450 K and
increases to,0.12 at 500 and 550 K. The decrease in the
production rate of stable point defects with increasing tem-
perature is primarily attributed to more probable recombina-
tion events for close pairs and the annihilation of mobile
interstitials at sinks. In general, interstitial migration and ag-

FIG. 2. Model-fitting results for disorder accumulation in 6H-
SiC irradiated at(a) 150 K, (b) 300 K, (c) 500 K, and(d) 550 K
with corresponding contributions from amorphization, point defects
and in-cascade clusters, and extended defect clusters(precipitates)
as a function of dose at the damage peak.

FIG. 3. Model parameterssa, Sd
* , andSc

* as a function of irra-
diation temperature. The solid lines are drawn for different param-
eters to guide the eye.
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gregation produce extended defect clusters, and elevated
temperatures expedite the precipitation process. It is ex-
pected that the size of the precipitates increases with increas-
ing ion fluence and irradiation temperature.

B. Dynamic recovery

Also of interest is the dynamic recovery during ion irra-
diation, since this process controls the temperature-
dependent behavior during irradiation. Of the model param-
eters used to fit the temperature dependent data,ss is the
primary parameter controlling amorphization. The values of
ss are shown in Fig. 4(a) as a function of temperature for
both the Si and C sublattices, and the results indicate two
well-defined stages of decreasingss that are due to dynamic
recovery processes. There is no significant difference in the
behavior for Si and C, which is expected since amorphiza-
tion is largely a stoichiometric process. The dynamic recov-
ery stages represented in Fig. 4(a) are similar to thermal
recovery stages previously observed during isochronal an-
nealing of 6H-SiC irradiated with 2 MeV Au2+,26 as shown
in Fig. 4(b). While the incremental temperature steps are
larger in the prior thermal annealing study, there is a clear
correlation between the dynamic and thermal recovery
stages. In contrast, 4H-SiC irradiated with Al+ ions exhibits
rather continuous dynamic recovery between 150 and

450 K;6 however, the results in the present study are consis-
tent with the thermal annealing observed in 4H-SiC over the
same temperature range.21

Simultaneous recovery of the defects produced during ion
irradiation may occur due to close-pair recombination and
long-range migration of point defects that result in recombi-
nation or annihilation of the point defects in the crystalline
state and point defect annihilation or epitaxial recrystalliza-
tion at crystalline–amorphous interface. The recovery can be
due to thermal or irradiation-enhanced processes. The recov-
ery rate,KsTd, for the irradiation enhanced or thermal an-
nealing process at temperature,T, can be expressed by5

KsTd = n exps− Ea/kTd, s5d

wheren is the effective attempt frequency,Ea is the activa-
tion energy for an irradiation-assisted or thermal recovery
process, andk is the Boltzmann constant. The effective cross
section for defect-stimulated amorphization,ss, is dependent
on KsTd, and the temperature dependence ofss is given by
the expression:5

ss = ss0 − KsTd/f = ss0 − sn/fdexps− Ea/kTd, s6d

where the quantitiesf andss0 are the dose ratesdpa/sd and
effective cross sectionsdpa−1d for defect-stimulated amor-
phization atT=0 K, respectively. Based on recent molecular
dynamics(MD) simulations,27 the value ofn for close-pair
recombination in SiC ranges from 331012 to 531014 s−1.
Since most dynamic recovery will occur within the cascades,
a value ofn=1013 s−1 is assumed for the data fitting. Under
the experimental conditions of this study(Table I), the aver-
age damage rate is about 3310−3 dpa/s. Using these values
for n andf, Eq. (6) has been fit to the results in Fig. 4(a), as
indicated by the solid curve. The values forss0 are deter-
mined to be 50 and 20 dpa−1, and the activation energies,
which are summarized in Table III, are 0.7±0.2 and
1.3±0.2 eV for the first and second dynamic recovery stages,
respectively. The errors on the activation energies are asso-
ciated with uncertainties in the absolute temperatures and in
the value forn. The activation energy of 1.3±0.2 eV for the
second stage dynamic recovery is in excellent agreement
with the value of 1.3 eV determined for dynamic annealing
in 4H-SiC by Kuznetsovet al.28 This value is higher than the
value of 0.9 eV estimated for the activation energy from the
critical temperature for amorphization in 4H-SiC,12 but that
study assumedn=109 s−1. If one assumes the same value of
n as in the present study, the results from that study yield an
activation energy of 1.25 eV in agreement with the results

TABLE III. Activation energies(eV) measured for dynamic re-
covery in 6H-SiC in this study and predicted from molecular dy-
namics simulations in 3C-SiC(Refs. 27 and 29).

Dynamic
recovery

C close
pairs

Si close
pairs

Interstitial
migration

Stage I 0.7±0.2 0.9sSiTCd 0.74 (C)

Stage II 1.3±0.2 1.3(C–Si k110l)
1.6 sCTSd

1.53 (Si)

FIG. 4. (a) Effective cross section for defect-stimulated amor-
phization sssd as a function of irradiation temperature. The solid
line is the model fit from Eq.(6); (b) isochronal recoverys20 mind
of relative disorder on the Si and C sublattices in Au2+-irradiated
6H-SiC as a function of annealing temperature. The solid line is
drawn to guide the eye.
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here and those of Kuznetsovet al.28 While none of these
studies provided rigorous determinations of activation ener-
gies, the results based on the different methodologies are
similar and suggest that the activation energy for the recov-
ery process that inhibits amorphization in SiC appears to be
on the order of 1.3 eV.

Since the near-neighbor environments in the 6H and 3C
polytypes are the same, the activation energies for close-pair
recombination in 3C-SiC determined by MD simulations27

are relevant to the present study. The MD simulations indi-
cate that the activation energies for close-pair recombination
in 3C-SiC are mostly in the range of 0.23–0.38 eV, which
are below those estimated here. However, the activation en-
ergy for recombination of the Si tetrahedral interstitialsSiTCd
surrounded by four C atoms is 0.9 eV(Table III),27 which is
in reasonable agreement with the activation energy deter-
mined for the first dynamic stage. The C–Sik110l split inter-
stitial on a Si site and the C tetrahedral interstitialsCTSd
surrounded by four Si atoms have activation energies for
close-pair recombination(Table III) of 1.3 and 1.6 eV,
respectively,27 which are also consistent with the activation
energy estimated for the second dynamic recovery stage.
Furthermore, recent MD simulations29 of intrinsic defect mi-
gration in 3C-SiC indicate that long-range interstitial migra-
tion energies are 0.74 and 1.53 eV for C and Si interstitials,
respectively, as indicated in Table III, which are consistent
with the activation energies determined in the present study.
The results in Table III suggest that both Si and C close-pair
recombination and in-cascade short-range migration of C and
Si interstitials may be responsible for the dynamic recovery
stages. This interpretation is also consistent with the coupled
recovery observed on both the C and Si sublattices during
thermal recovery, as shown in Fig. 4(b).

C. Amorphization

The dose required for full amorphization(amorphization
dose) in 6H-SiC under the Au2+ irradiation conditions is il-
lustrated in Fig. 5 as a function of irradiation temperature.
The data points in the figure are taken from the experimental
results shown in Fig. 1 and have an uncertainty of,10%.
Obviously, amorphization occurs only if the rate of amor-
phization or disordering is greater than the rate of simulta-
neous recovery during irradiation. An expression from the
kinetic DI/DS model for amorphization has been derived,5

which has the form:

D = sD0 + Af lnh1 − AKsTd

3f1 − exps− D0/Afdgjd/f1 − AKsTdg, s7d

where A=ffssa+ssdg−1. By inserting Eq.(5) into Eq. (7),
Eq. (7) becomes

D =

D0 +
1

ssa + ssd
lnH1 −

n

f 3 ssa + ssd
expS−

Ea

kT
D 3 f1 − expf− D0 3 ssa + ssdggJ

1 −
n

f 3 ssa + ssd
expS−

Ea

kT
D . s8d

The result from the data fit using Eq.(8) is shown in Fig. 5
over the two temperature ranges, corresponding to the disor-
der recovery stages[Fig. 4(a)]. In the data fitting, the effec-
tive jump frequency and dose rate were chosen asn
=1013 s−1 andf=3310−3 dpa/s, respectively. These are the
same values as those adopted for fitting the data in Fig. 4(a).
From Table II, the sum of the amorphization cross sections
for direct impact and defect-stimulated processesssa+ssd is
equal to 52 and 22 dpa−1 in the first and second dynamic
recovery processes, respectively. As a result of the model fits,
the activation energy for the two stages corresponds to
EasId=0.71 eV andEasII d=1.41 eV with D0sId=0.13 dpa

and D0sII d=0.41 dpa, respectively. The resulting values of
activation energy agree well with those for the corresponding
dynamic recovery stages(Table III). Note that the data fits in
both Figs. 4(a) and 5 are not perfect, particularly for stage II.
This is due to irradiation-assisted recovery processes that
provide an additional low-level of recovery over the tem-
perature range of each stage, as described elsewhere,5 as well
as to a range of dynamic recovery processes with different
activation energies and jump frequencies. The latter interpre-
tation is supported by the MD simulation results(Table
III )27,29 that suggest comparable activation energies for Si
(C) close-pair recombination and C(Si) interstitial migration

FIG. 5. Temperature dependence of dose for full amorphization
in 6H-SiC under the Au2+ ion irradiation. The solid lines are the
model fits to the data using Eq.(8).
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and annihilation at stage I(II ). In addition, experimental er-
ror s,10%d for the amorphization dose in Fig. 5 may also
contribute to the deviation of the model fit from the data
points.

As the irradiation temperature approaches to 500 K, the
rate of simultaneous recovery increases exponentially[Fig.
4(a)]. This leads to a slower rate of disorder accumulation
and a higher dose is required to achieve the same level of
disorder. At the critical temperature,Tc, for amorphization,
complete amorphization does not occur due to the perfect
balance of disorder production and recovery. In this case, the
amorphization dose,D, approaches infinity atTc. According
to Eq. (8):

1 −
n

f 3 ssa + ssd
expS− Ea

kT
D = 0 atT = Tc.

Thus,

Tc = Ea/sk lnhn/fssa + ssdfgjd, s9d

whereEa corresponds to the activation energy for the second
recovery processsEa=1.41 eVd. Numerical evaluation re-
sults in a value ofTc=501 K for 6H-SiC under the Au2+

irradiation conditions. This value, which has an uncertainty
of ±10 K, should be viewed as an estimate only. This is
because only a single thermal recovery process was used in
fitting. More accurate determination ofTc requires more data
points and a more rigorous model that includes irradiation-
assisted processes. However, from Figs. 1 and 5, it appears
that the critical temperature for amorphization under the ir-
radiation conditions of this study is close to 500 K. While
this critical temperature for SiC under 2 MeV Au2+ irradia-
tion is higher than values for electronss295 Kd30 or lighter
ions, such as Ne+ s421 Kd,9 Al+ s450 Kd,6 and Xe+ s485 Kd,9
it is consistent with the systematic increase in critical tem-
perature with damage energy density(ion mass) observed
previously for 6H-SiC.8,9 For larger masses, a higher damage

energy density is produced, leading to the formation of more
complex defects that affect the dynamic annealing behavior.
A more detailed discussion about the effects of ion mass on
the critical temperature for amorphization has been provided
previously.5,9

IV. CONCLUSIONS

It has been shown that the disordering behavior on the Si
and C sublattices in Au2+ irradiated 6H-SiC is similar at
temperatures ranging from 150 to 550 K. Model fits indi-
cate that amorphization in 6H-SiC under Au2+ ion irradiation
at temperatures below 500 K is a dominant process. Genera-
tion of point defects and in-cascade clusters that survive at
low temperaturess150 Kd contribute significantly to the total
disorder below 0.02 dpa. At 500 K, precipitation processes
become dominant in 6H-SiC below 0.3 dpa, while amor-
phization governs the disordering process above 1 dpa.
Nucleation and growth of clusters is nearly the only active
process at 550 K and above. Two dynamic recovery stages
are observed with activation energies of 0.7±0.2 eV and
1.3±0.2 eV, respectively. In addition, model fits for the
amorphization dose yield similar activation energies(0.71
and 1.41 eV) for the two corresponding stages. The critical
temperature for amorphization is estimated to be 501±10 K
for 6H-SiC under the Au2+ irradiation conditions.
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