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Vacancy-type defect production in Al- and Si-implanted 4H-SiC has been studied as a function of
ion fluence, ion flux, and implantation temperature in the projected ion range region by positron
annihilation spectroscopy and Rutherford backscattering techniques. lon channeling measurements
show that the concentration of displaced silicon atoms increases rapidly with increasing ion fluence.
In the ion fluence interval of £8-10' cm? the positron annihilation parameters are roughly
constant at a defect level tentatively associated with the divacdgey,. Above the ion fluence of

10" cm? larger vacancy clusters are formed. For implantations as a function of iofcfiug s™1),

ion channeling and positron annihilation measurements behave similarly, i.e., indicating increasing
damage in the projected range region with increasing ion flux. However, for samples implanted at
different temperatures the positron annihilation parame3eishows a clear minimum at
approximately 100 °C, whereas the normalized backscattering yield decrease continuously with
increasing implantation temperature. This is explained by the formation of larger vacancy clusters
when the implantation temperature is increased2@5 American Institute of Physics

[DOI: 10.1063/1.1844618

I. INTRODUCTION plantation damage is too severe the electrical properties of
the crystal cannot be restoréth order to reduce the implan-

Silicon carbide has gained a wide range of interest in the _ . s . .
. . - ation damage and allow point defects to recombine, the im-
last decade, especially due to its versatility as a base for .
: : : .~ plantation can be performed at elevated temperatuias,
semiconductor devices working under extreme conditions; . ) .
alternatively the the ion flux can be varigd:

SiC has superior material properties which make it suitable Positron annihilation spectroscopjAS) has previous!
for, e.g., high-power devices and high-temperature, high; . . b 4 b v

L .~ been used to identify and characterize vacancy-type point
frequency applications. In order to produce well-defined

. . ; L . defects in semiconductot$!?PAS has been used to identify
doped regions in semiconductors, the ion-implantation teChfhe WO monovacancy soecies in electron- and proton-
nique is often used. In the case of SiC, Al implantation has Yy sP P

been studied as a possible way of produciptidoped irradiated SiCt>* A few PAS studies have been performed

regions™ An obvious disadvantage of the implantation on t.he fluence erendence °f1E-,he damage production in RT
hni i the f . £ imol L f |pn-|mplanted SiC. Brauget al™ studied (_jamage produc-

technique is the formation of implantation-induced defects in 200-keV RT Ge-implanted 6H-SIC in the fluence

such as vacancies and interstitials. If the fluences are high>" . . .
enough also vacancy clusters and more extended defects ggﬁpge of 16°-10°° cn®. The main defgct in the implanted
be formed. These defects can hamper the desired electric mples was suggested to be the Q|vacancy. In the amor
properties and therefore thermal annealing of the impIanteB.Ous layer created nearsthe :c,zurface n the samples implanted
samples is required in order to reduce the defect density an‘?f'th fluences over 310" cm* also blgggr vacancy clus_—
position dopants at proper substitutional sites. The annea}—ers were opserved. A number of af‘”ea'”fg studies on ion-
ings in SiC often have to be made at very high tempera‘fureémp,lamed SiC have been madg. G|rkaal._ reporteq on
since the activation energies for diffusion of intrinsic point <€-iMplanted and neutron-iradiated 6H-SIC. In their study
defects and dopant atoms in SiC are very rﬁ'éhrf the im- & negative” annealing stage, with increasing average life-
time, was observed at 1000 °C. This was attributed to va-

cancy clustering. Annealing properties of,-Nand Al-
PAuthor to whom correspondence should be addressed; FA3E8 9 451 implanted 3C-SiC were studied by Uedonet all’
3116; electronic mail: jonatan.slotte@hut.fi P y ’

bpresent address: Institut fiir Angewandte Physik, Universitat HamburgAdglomeration  of Vacan(?Y'type defects was observed at
Jungiusstrasse 11, D-20355 Hamburg, Germany. 20-1000 °C. For annealings at 1000—-1200 °C the forma-
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tion of extended defects was seen. These defects anneal&BLE I. Summary of samples used in the study.
out above 1200 °C. A somewhat similar annealing behavior

was observed in another study by Uedatal® regarding 'm‘;'r?;ta“o” Flux '{gﬂa;‘:::ﬁg
P-implanted(1x 10" cm™) 6H-SiC. The recrystallization (kevg)y Fluence(cm  (cm2s) (EC)
of P implantation(1x 10* cm™) that caused amorphization
in 6H-SiC was studied in Ref. 19. Braver al”® noted that Al 100 1x10% 2.2x 10 RT
the annealing at 500 and 950 °C of 200-keV Ge-implanted™ 100 1X1012 22X 107 RT
6H-SiC reduced the damaged layer thickness. An annealin 188 i§1g4 iii 18111 EI
temperature of 1500 °C was not enough to remove theAI 100 5 101 2:2>< 1ot RT
vacancy-type defects. Al 100 1X10% 2.2x 101 RT
Studies on defect formation in SiC implanted at elevated,, 100 5% 104 2 9% 104 200
temperatures can also be found in the literature. Uedong, 100 5% 104 2 2% 1011 400
et al. studied 3C-SiC implanted at RT to 1200 °C with Al 100 5x 104 2.2x 101 600
200-keV N, and Al. They found that at implantation tem- Al 100 5x 10 2.2x 101 800
peratures above 800 °C the main defects trapping positronsi 100 5x 10 1.9x 100 100
were vacancy clusters. Also a shift in the depth distributionSi 100 5x 10 2.2x 10" 100
of defects toward the surface was observed at higher implanSi 100 5<10 1.9x10%2 100
tation temperatures. Similar results for 3C-SiC were ob-S! 100 510+ 2.3x10° 100
Si 100 5x 104 4.9x 108 100

served by Itohet al?*

Wirth et al?? combined PAS with Rutherford back-
scattering spectroscopyRBS)/channeling to study ion- . . i
implantation-induced damage in 6H-SiC. This approach iSstudy the effect of the implantation temperature on the dam

also applied in the present study, since RBS/channeling2s production. This set was implanted witt 50 cm >
_applie P Y "N900-keV Al ions and the implantation temperature was var-
monitors dislocated atoms that block the path of a probin

ion and thus complements the information of vacancies ota—ed from RT to 800 °C. The Ion flux for this set of samples
P was kept at & 10" cm™2s™L. The third set of samples was

tained from the PAS investigations. lon-implantation damage . - . )
in SiC has also been extensively studied using only RBS|/mplanted with 100-keV Si ions. For this set, the ion fluence

\ - was 5x 10 cm™ and the ion flux was varied from 1.9
channeling. Early work by McHargue and Williaffisand 0 Y — . ;
, x 10'9to 4.9x 10'3 cm™2 s7L. The projected range of the im-
others have been further refined over the last decade and no . ) X
anted ions in all the samples was approximately 120 nm.

a fairly broad understanding of the damage accumulation anE ) . L
S ) ; . or the first and second set, the samples were thin epitaxial
amorphization exists. The influence of ion fluence, mass, anFI

implantation temperature has been addre$$é&’ and re- ayers (=10 um), weaklyn type, grown by chemical vapor
. . 6 : : deposition on commercial bulk 4H-SiC. For the third set, the
cently also the influence of ion fl&%® has been investigated.

The Si sublattice is most readily studied by RBS/channeIings.a.mples were Cree 4H-Sietype bulk wafers with a resis-
. . tivity of 0.015Q m. (See Table ).

but also damage in the C sublattice can be analyzed using

nuclear resonance spectrosc&byt is, however, difficult to

yield information of specific defects from RBS/channeling B- Positron annihilation spectroscopy

and therefore it is very useful to combine this technique with Although the main damage occurs in the depth interval
PAS, which is able to provide an identification of vacancy-, g_120 nm, i.e., up to the projected range, we expect to
related defects. For i_nstance, in a previous study we havggg point defects up to Am due to channeling effect\We
shown that the formation of defects well beléw1 um) the  herefore used a monoenergetic positron beam suitable for
projected range region of 100-keV Al implants is due t0gy,qying thin epitaxial layers. Monoenergetic positron beams
channeled ions and that these defects are mafg| _ are usually formed of positrons emitted from a radioactive
In practice, when fabricating devices, the implantation ole+ source, e.g22Na. After moderation the positrons are ac-
dopants is usually done at a given target temperature and the\erated to the desired enery0—40 ke\j. This enables
effect of the ion flux, as an important implantation parametery,q study of vacancy-type defects to a depth of a few mi-
is neglected. In this study we use positron annihilation specgrometers. After implantation the positrons thermalize rap-
troscopy in combination with ion-beam techniques to studyg)y (thermalization time of<5 ps at R and thereafter dif-
the effect of the implantation parameters of ion fluence, 0N ge in the lattice until they annihilate with electrons. Neutral
flux, and implantation temperature on the damage productiogng negative vacancy-type defects in the lattice act as posi-
in the projected ion range region. tron traps. When a positron is trapped by such a defect its
lifetime increases and the positron-electron momentum dis-

Il. EXPERIMENTAL TECHNIQUES AND SAMPLE tribution narrows due to the reduced electron density.
PREPARATION The momentum of the annihilating positron-electron pair

can be detected as Doppler broadening of the 511-keV anni-
A. Samples

hilation line. The Doppler spectrum is influenced by the reso-
Three sets of samples were fabricated, the first set walsition of the detector. In our experiments we used a Ge de-

implanted with 100-keV Al ions, with the fluence varying tector with an energy resolution of 1.3 keV at 511 keV. The

between 1& and 16° cm ™. The second set was used to shape of the broadened annihilation line is usually described
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by the parameterS andW. The low-momentum parametg&r 2500

) T
+ N
is the fraction of counts in the central part of the line and 100 keV Al»= 4H-SiC

thus it describes mainly annihilation with low-momentum _ 2000F __ Random 1
valence electrons. Correspondingilyis the high-momentum 2 - 1x102 em?
parameter obtained as the fraction of counts in the wing re- Z 15000 . 310" om® i
gion of the annihilation line and it thus describes annihilation T A |
mainly with core electrons. Consequently, an incre@ke ) v Ix107cm Iy
creasg in the S(W) parameter indicates the presence of ~ s00k AAMATELY I Weu. s WA
vacancy-type defects. The measur@dW) parameter is a N
superposition of theS (W) parameter of the bulk and the @ o St it .
parameters of the vacancy-type defects in the sample. Hence, 1600100 keV, 510" Al'em > 4H-SiC]
the measure® (W) is given by — RT o
— 1200} —-200°C I 4
S= 7S+ > miSoi, (1) £ —e— 400°C ¥
.S 800 ™, — 600°C . |
W= 75Wg + 2 75 Wo;. 2 =) Yaup WAl
In the above equationsg is the fraction of positrons anni- 7 400/
hilating in the bulk state angy, is the fraction of positrons
annihilating in the defect state S5 (Wg) and Sy; (Wp;) are ® O

the bulk and defect S (W) parameters, respectively. If a
sample contains only one type of defect &&V plot of the 1600 o 1.9%10° e

measurement should form the segment of a line between the = — 22410 em’s™!
defect state and the bulk state. Large deviations from this € 1200 —o- 19x107 em™s |
line indicates that positrons are trapped by more than one £ 3 — 49x10" cm’s" [ 7%
type of defect, i.e., annihilate in more than two annihilation 5 800f
states. Near the surface, at low implantation energies, also &
the annihilation of the positrons at the surface has to be ac- 400
counted for. 0

100 150 200 250
C. lon-beam techniques (©) Channel

In order to StUdy the crystalline qua”ty of the i.mplanted FIG. 1. (8 RBS channeling spectra of 4H-SiC implanted with varying
samples, Rutherford backscattering spectrometry in the chafuences of 100-keV Alions. A random spectrum is also showh) RBS

neling mode was employed. Channeled spectra along thehanneling spectra of 4H-SiC implanted*AlL00 keV) ions at different
(0001 direction were measured using 2.0- and 2.4-MeV He temperatures._The ion fluence in aII_thg |mplantat|orjs \/\/&3514 cm 2. (c)

. RBS channeling spectra of 4H-SiC implanted with varying fluxes of 5
beam from a tandem accelerator. The scattering chamber was; ¢4 2 100-keV St ions
equipped with a three-axis goniometer and sample control
and data acquisition were computer controlled. The back:
scattering angle was 167° relative to the incident beam an
Si solid-state detectors were used. Typically an ion charg
less than 6QuC was accumulated during the alignment and
recording of each channeling spectrum.

implantation-induced damage has diminished substantially
gnd the crystal seems to recover almost completely during
?mplantation.

The effect of the ion flux on the amount of displaced Si
lattice atoms in the silicon-implanted samples is revealed in
Fig. 1(c). As can be seen, the RBS yield in the channeled

Il EXPERIMENTAL RESULTS direction increases with increasing flux, showing more disor-
A. Rutherford backscattering spectrometry/ der in the crystal.
channeling

Figure 1 shows th€000J)-channeled RBS spectra from B. Positron annihilation spectroscopy

some selected samples. The dependence on ion fluence can In Fig. 2 we show a set o parameter versus positron
be seen in Fig. (B) along with a random spectrum. The implantation energy plots of each of the different sample
differences between the higher fluences are clearly visibleypes. Figure @) shows theS parameter for the samples
whereas the spectra cannot be distinguished from each othienplanted with different fluences. Fig(l® shows theS pa-
when the fluence is lower than ¥cm 2. At these ion flu- rameter after implantation at different temperatures, and Fig.
ences no significant crystalline damage is detected, i.e., th&c) shows implantation with different fluxes. The results in
backscattering yield is close to that from the virgin crystal. Figs. 2a) and Zc) indicate that more vacancy-type defects
Figure Ib) shows the results for the implantations done(implantation damageare formed at increasing fluence or
at elevated temperatures. A significant reduction in the backilux. However, the result for implantation at elevated tem-
scattering yield can be seen already at 200 °C. When thperaturegFig. 2(b)] shows an increasin§ parameter in the
implantation temperature is increased above 400 °C, thprojected range region with increasing implantation tempera-
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Positron mean implantation depth |[nm]) T T T T
50 100 200 300 Lk @ ]
1 T T .
100 keV Al» 4H-SiC
114 A& 1x10%em? 110} a
o 3x10" em? - s
Lzr oouog ) 5X10::cmz- 4 oshk / i
= m] O 1x10% em’ 7
& LIOF o 1 - 2= m— —a
7 L . 2)‘—' [ ]
A o8.... ... DD 1.06-5_—"—-~'t1 i
1.03F o o0 .%‘QD -
106} O - 104 ! ! L -
A A 4, ,
A (b)
(a) 1.04 1 L 1 O 0.85 i
C ; . 85— - - - - - t —
LBE 100 kev 5x10* Al om s 4H-SIC N
g
L12f o 200% t T
- . = 0.80 N —
Liif . ® 400°C 2 \
= 1y O 600°C = ; \Q
& 1.10—%@3‘312‘-. a s00°%C 0.75 —
T ) U mm - \
b | PP 070 |- -
1.08 $¢,."Oop -
. 0g | | i
Sletat |
107} oggg- 1.0F (0 -
(b) 1 2 1 [ 1
1.09F 14 o4 2 - = /
: 100 keV 5x10 " Si cm ~ - 4H-SiC .; 0.8 f E
WV 9
\Y 0.6 E
1080, we v § Z /
[ L g /
o o VvV = 04F -
2 . ©Cp e g /
O OTET S ox109 e oY) i z o2f - / ’
& 22x10" em’s' o .
Losk ® ngmlzZ:.z:-l 0 E ) 00k —, . '7’ R vl
‘ v 4.9x10" ems™ 1012 |013 1014 1015
(') 1 :1 J6— é Ion fluence [ch]
2
() Positron implantation energy [keV] FIG. 4. Damage production as a function of ion fluence for 100-keV RT

Al-implanted samplega) NormalizedS parameter from the projected range
FIG. 2. The PAS Doppler paramet®as a function of positron implantation ~"€gion.(b) NormalizedW parameter from the projected range region. Indi-
energy in the projected range region fay different fluences(b) different cated in(a) and(b) are the characteristi® andW parameter levels for thig

implantation temperatures, ard) different fluxes. Also indicated is the @ndtp traps from Ref. 29(c) Normalized RBS/channeling yield from the
positron mean implantation depth. projected range region. Below the ion fluence of*l@n 2 the backscatter-

ing yield approaches the virgin crystal yield. The dashed lines are guides to
the eye.

ture, indicating that either the concentration of the vacancy-
type defects or the size of their open volume increases.

Lok ot In order to clarify the effect seen in Fig(l®, the Dop-

’ ' pler parameters are plotted in tk/,S) plane(Fig. 3). The
LI10Of . measuredW, S) points for all samples fall on two lines, one
Los - i line from the surface to the defect state in the projected range

@ region(1.5—-3 keV} and one from the defect state to the bulk
£ LO6 [ ] state. The sharp shift from the surface—defect line to the
1.04F O . defect—bulk line is an indication that the positron trapping in
' the projected range region is in saturati@fl positron anni-
Lozr O i hilate in vacancy-type defegti all of the sample data de-
1.00F m . picted in Fig. 3. Thus, the turning point from the surface—
S —————— defect line to the defect-bulk line is the characteriStiand

0.70 0.75 0.80 0.85 0.90 0.95 1.00 -
W/W, W parameters for the dominant vacancy-type defect at each

implantation temperature. Together with the fact that the
FIG. 3. SW plot of 100-keV Al implantations into 4H-SiC at different g (V\/) parameter is increasing with increasing annea”ng tem-
temperatures. The arrows indicate increasing positron implantation energgg t this indicates that th . fth ¢ d
and the lines are guides to the eye. Also indicated in the figures is th erawure, this indicates that tne size o € vacancy-type de-

surface annihilation state and the bulk stéited, 1.0. fect is increasing with increasing implantation temperature.
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IV. DISCUSSION 110 J T T T J
A. Damage production as a function of ion fluence 1105} O Siimplanted P s _
Figure 4 shows the normalized PAS Doppler parameters 1100 /!/ y
and the RBS/channeling yield as a function of ion fluence for oo 1095 E s .
the 100-keV Al-implanted samples. The points shown in the % 1,090 ¢ 7 i
figure have been extracted as averages from the original data Lossk P 78 ]
for the projected range region. As expected the backscatter- wosol V. ® i
ing yield relative to the virgin crystal increases with increas- ' o
ing ion fluence[Fig. 4(c)], indicating more displaced Si at- Loz : L L L
oms. Below 16° cm? the backscattering signal approaches 0801 % i
that of the virgin crystal and thus no damage is observed. o078k / { i
From the PAS results in Figs(& and 4b) the following ! A N
can be concluded: From 1to 10 cm ™2 the S (W) param- 076 _i ~ -
eter increase&@ecreasesslowly, thereafter it stays approxi- 2 ~
mately constant in the fluence interval of'3910" cm2. z 0 \}\ ’
Above 10“ cm ™ the S (W) parameter increasédecreases 072k N
rapidly. The behavior of the PAS parameters thus differs \f
from the RBS/channeling results. In Figgayand 4b) we 0.70F T
have indicated th& andW parameter levels of thg andt, : : ! ! :
positron traps determined in Ref. 29. These traps were ten- 08 ¢ ]
tatively identified® as a Si monovacancys; (t;) and a sili- 2 \
con carbon divacancy:Vs; (t,) by comparing to previous j 0.6 5 7
experimentdl"?° and theoretical result§:** ) \
The interpretation of Figs.(4) and 4b) is the following: B 04f \ .
Below the ion fluence of 8 cm2 positrons are trapped and S \
annihilated at mono- and divacancies. When the ion fluence E 02} N -
reaches 1% cmi™?, annihilation at divacancies dominate and z ° ~e_
the concentration of divacancies is high enough for satura- 0.0 ks . L ,‘ - 2
tion trapping, i.e., all positrons annihilate at divacancies. 0 200 400 600 800
When the ion fluence is further increased, larger vacancy Implantation temperature ['C]

clusters can be formed, and aboveé“@m? the trapping of
positrons to these |arge|’ open volume defects starts to domfG. 5._ Damage production as a function of imPIant?tion tempergture. All
nate and thes (W) parameter begins to increasmcreas)e th_e solid symbols have been implanted W|tl>_1 504 cm 1OQ-keV Al ions

. .. . o ) with the same flux. The open symbol point has been implanted with 5
rapidly. This interpretation is in agreement with the RBS/x 1014 cni2 100-keV Si ions with approximately the same flux as the Al
channeling results in Fig. (d), which measure the total implantations. Figureg) and(b) show the normalize® andW parameters

amount of displaced Si atoms and not specific defects. from the projected range region, respectively. Figimeshows the normal-
ized RBS channeling yield from the projected range region. The dashed

) ) ) ) lines are guides to the eye.
B. Damage production as a function of implantation

temperature

The influence of the implantation temperature on theS (W) parameter is decreasirigncreasing. When the im-

amount of damage is summarized in Fig. 5. The PAS Dopplantanon temper'ature is increased above 100 °CStpa ,
pler parameters shown in Figs(as and §b) are extracted ramgter starts to increase, whereas the RBS minimum yield
from the projected range region. All samples were implantefOntinues to decrease. ,
with an ion fluence of X 10'* cm? and with the same ion The decreasingS (increasing W) parameter below
flux. The points marked with an open circle representlQ0 °C, combined with the decreasing RBS minimum yield,
samples that were implanted with Si. All the other points ardS @n indication that the concentration of the open volume
from the Al-implanted samples. Since the atomic masses dfefects in the samples is decreasing. Since the BAW)
Si and Al are very close, there should not be any significanParameter is clearly aboudelow) the value for the diva-
differences in the damage production between these twgancy already at 100 °C which can also be clearly seen from
kinds of ions. The implantation temperature was varied bethe W(S) plot in Fig. 3, we conclude that the increagte-
tween RT and 800 °C. creasg in the S (W) parameter above 100 °C is due to the
From the RBS results in Fig(§) it can be noted that the formation of larger open volume defects, i.e., vacancy clus-
fraction of displaced atoms decreases rapidly with increasingering. At 800 °C theS parameter value at the projected
implantation temperature. Already at an implantation tem+ange(=~1.11) indicates that the vacancy clusters trapping
perature of 400 °C the crystal seems to recover almost conpositrons consist of more than five monovacantfes.
pletely during implantation. However, the PAS measurement The vacancy clustering at such low temperatures indi-
indicates that the microscopic processes are more compléates that the vacancies are mobile during the implantation
cated. In the temperature interval from RT to 100 °C theprocess. This seems possibly to be in contradiction with cal-
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1.086F@ ' ' ] roughly 1% in this flux interval. The& parameter value is
Losak i/ slightly above the, level, indicating that no significant con-
P f centration of larger open volume defects is formed during the
1.082 - s ) implantation.
& 1080 /{/ . The RBS/channeling and PAS results can be understood
2 ok - _ by noting that the PAS andW parameters are very close to
Lote L P } | the divacancy level,. It is therefore difficult to estimate the
’ - concentration of the vacancy-type defects in the samples
1074 {’ 7 since the positron trapping is in saturation. A small change in
0.820 ) 1 L L . the S (W) parameter can reflect a large change in the concen-
tration of vacancy defects. In general, it can be concluded
0.810 -{ ] that since the changes in the Doppler parameters are small,
o the average open volume in the implanted samples is ap-
= 0.800 | { - 8 proximately constant and close to that of a divacancy.
~
® 0190r }\ - l V. CONCLUSIONS
~
0.780 | %{\- In this study we have reported on damage production in
ion-implanted 4H-SIiC investigated with ion-beam methods
0.770 ' ' ' . and positron annihilation spectroscopy. The amount of dam-
09 g age in the ion projected range region was studied as a func-
= 08f P tion of ion fluence, ion flux, and implantation temperature.
'f; 07l s i As expected the number of displaced silicon atoms is found
8 o6k P 7 J by RBS channeling measurements to increase rapidly with
T osl s e | increasing ion fluence. The PAS measurements show that
= ’ s both mono- and divacancies exist at fluences below 1
£ 04r P “ T X 10¥ cm 2 In the fluence interval of X 10 cm2-1
Z 03 1 X 10% cm? all positrons annihilate at divacancies.
02t% S RBS channeling measurements show that the fraction of
10" 10" 10 displaced silicon atoms decreases rapidly when the implan-

tation temperature is increased to 200 °C, and above 400 °C
the RBS minimum yield approaches that of the virgin crystal.
FIG. 6. Damage production as a function of ion flux foxd04cm2  The PAS results show that two different microscopic pro-
100-keV Si ion implantations. The implantations were done at a temperaturgesses take place depending on the implantation temperature.

of 100 °C. Figureqa) and(b) show the normalized PAS Doppler param- o
etersS andW and Fig.(c) shows the corresponding RBS channeling yield Below 100 C the PAS. Do_ppler parameters behave as the
from the projected range region. The dashed lines are guides to the eye. RBS minimum yield, indicating vacancy recovery. However,

above 100 °C the vacancy-type defects in the implanted

. . : T . samples start to agglomerate into large vacancy clusters.
culated migration barriers for vacancies in SiC and with ex- P 199 : ge y .
For samples implanted at different ion fluxes but with

perimental diffusion studies, which usually require muchthe same fluence, the RBS channeling yield shows a dra-

higher annealing temperatur&s°® However, it must be . :
. . e ._matic change from an ordered crystal into an almost amor-
noted that the theoretical calculations and diffusion studies . o
hous state when the ion flux is increased from

are done as.sumlng.thermal equilibrium, whereas. in the ca 019 101 cn2sL. The associated changes in the PAS
of implantation at high temperatures the crystal is far from .
CT o : " L Doppler parameters are observed but they show that divacan-
being in thermal equilibrium and in addition, ionization- __ . .
enhanced defect miaration mav also appear cies remain as the dominant defects at all fluxes. The clus-
9 y ppear. tering of vacancies seems to result from the increased ion-
implantation fluence and temperature, but to much smaller

C. Damage production as a function of ion flux extent from the increased flux.

Ton flux [cm'zs'l]

In Fig. 6 we show thé& andW parameters from the PAS
measurementgprojected range regigrand the normalized
RBS vyield for samples implanted with>510* cm™ 100- This work has been supported partly by the Nordic
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