lon-beam synthesis of amorphous SiC films: Structural analysis
and recrystallization

C. Serre, L. Calvo-Barrio, A. Pérez-Rodriguez,? A. Romano-Rodriguez,

and J. R. Morante

E. M. E., Departament de fica Aplicada i Electraica, Universitat de Barcelona, Avda. Diagonal 645-
647, 08028 Barcelona, Spain

Y. Pacaud, R. Kogler, V. Heera, and W. Skorupa
Forschungszentrum Rossendorf e.V., Institatldmenstrahlphysik und Materialforschung, Postfach 510119,
D-01314 Dresden, Germany

(Received 27 September 1995; accepted for publication 15 January 1996

The analysis of SiC films obtained by carbon ion implantation into amorphogmsezimorphized by

Ge ion implantation has been performed by infrared and Raman scattering spectroscopies,
transmission electron microscopy, Rutherford backscattering, and x-ray photoelectron spectroscopy
(XPS). The data obtained show the formation of an amorphoys,Si layer on top of the
amorphous Si one by successive Ge and C implantations. The fitting of the XPS spectra indicates
the presence of about 70% of Si—C bonds in addition to the Si—Si and C—C ones in the implanted
region, with a composition in the range 0.835x < 0.6. This points out the existence of a partial
chemical order in the layer, in between the cases of perfect mixing and complete chemical order.
Recrystallization of the layers has been achieved by ion-beam induced epitaxial crystallization
(IBIEC), which gives rise to a nanocrystalline SiC layer. However, recrystallization is not complete,
observing still the presence of Si—Si and C-C bonds in an amorphous phase. Moreover, the
distribution of the different bonds in the IBIEC processed samples is similar to that from the
as-implanted ones. This suggests that during IBIEC homopolar bonds are not broken, and only
regions with dominant Si—C heteropolar bonds recrystallize. 1396 American Institute of
Physics[S0021-897@6)09508-§

I. INTRODUCTION crystalline SiC have been proposed to be used for the design
and development of sensors combining both amorphous and

SiC is a wide band-gap semiconductor which has beegrystalline phase¥’
receiving much interest in the last few years, due to its po-  The exploitation of all these possibilities strongly re-
tential for high temperature, power electronic, and sensoguires a better knowledge of the structural characteristics of
applications:™ The development of this potential strongly amorphous SiC and its dependence on the processing param-
requires to solve different technological problems related tqters. An important point related to the stability of this phase
its processing. One of the main drawbacks is the very highynd its recrystallization behavior is the local bonding con-
stability of SiC regions amorphized during processing. Refigyration and the degree of chemical order of the material.
crystallization of amorphized SiC requires very high tem-Thjs js determined by the different characteristics of the pos-
perature anneals, of the order of 1500°C.To avoid this sible bonds involvedbond length and energy
problem, the use of ion-beam induced epitaxial crystalliza- o 3 fourfold coordinated amorphous, AB, binary
tion (IBIEC) has been recently studiéd-eeraet al. have  system, three different limiting cases of chemical arrange-
reported the recrystallization of 6H-SiC wafers amorphizedyent can be observed) a complete phase separatidin) a
by Ge" ion implantation by the use of Siion implantation perfect mixing and(ii) a complete chemically ordered
at temperatures as low as 4802®owever, in this work material*~13 In the first case, only homonuclear A—A and
recrystallization is not complete, being the regrowth procesg_pg ponds are observed, with probabilities<%) and x,
stopped by polynucleation near the surface region. To clarifyespectively. The second case corresponds to the absence of
the mechanisms involved, further experiments are neededyemical order, in which a random distribution of bonds oc-
including the analysis of amorphous layers obtained by dif¢rs Accordingly, the probabilities of the different bonds are
ferent processes. o , iven by (1-x)? (A-A), 2x(1—x) (A-B) andx? (B—B). In

On the other hand, amorphous SiC films have.mteres?he third case, a maximum concentration of heteronuclear
related to their high hardness and optical properties, anfl,nqs is observed, due to its higher stability. In this case, the
have potential applications as hard, wear resistant coatinggs|ative concentration of the different bonds depends on the
masking material in Si micromachining technology, as welly5,e ofx, as all the minority atoms are heterobonded. For
as for the formation of optical windows, filters, and colorx<0.5 (A rich materia), the probabilities of occurrence of
sensors:® More recently, the differences between the ther-y,o ponds are 4 2x (A’—A) 2% (A-B), and 0(B—B). For
mal conductivity and optical properties of amorphous and,~ g g5 (B rich material, thése are giv’en by CA—A), 2(1
—X) (A-B), and X—1 (B-B). Accordingly, the study of
dElectronic mail: perez-ro@iris1.fae.ub.es the chemical structure and coordination of the layer requires
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the analysis of samples of different composition. were measured in vacuum at room temperature using normal
Different authors have reported the structural analysis ofncidence. The absorption spectra from the carbon implanted
amorphous SiC layers obtained by different techniques, inregions of the samples were extracted by using as reference
cluding chemical vapor deposition, glow discharge, andspectra those measured in the samples which were not im-
sputtering'?>~*°These works have involved the use of differ- planted with carbon.
ent techniques such as x-ray scattering, extended x-ray ab- Raman scattering measurements were performed in
sorption fine structure, x-ray photoelectron spectroscopybackscattering configuration with a Jobin—Yvon T64000
Auger electron spectroscopy, Raman scattering, and infraregspectrometer coupled with an Olympus metallographic mi-
spectroscopy, observing a strong dependence of the chemiacalbscope. To analyze the different Si—Si, Si—C, and C-C
ordering and crystalline structure of the layers on the deporelated modes, the spectra were measured in the broad spec-
sition conditions. Moreover, some of the experimental resultsral region between 50 and 1800 ¢ Excitation was pro-
are still not clear, being the subject of controversy. vided by an A laser operating at a wavelength of 457.9
In this work, the structural analysis of amorphous SiCnm. Excitation power density on the samples was kept below
films obtained by ion-beam synthesis is reported. In contradd.75 MW/cnt. Previous measurements performed at differ-
with previous works, amorphous SiC layers have been obent excitation powers allowed us to observe the absence of
tained by high dose carbon implantation into previouslythermal effects in the spectra for the values employed in this
amorphized Si films. In relation to the other techniques ofstudy.
producing amorphous SiC, ion implantation has the advan- XPS measurements were carried out with a Perkin—
tage of allowing the formation of an amorphous, SIC, Elmer PHI 5500 spectrometer using Kg radiation. In-
layer of gradual composition in a straightforward way. Then,depth XPS data were obtained by measuring the spectra after
the in-depth analysis of the implanted samples allows theisputtering the samples to different thicknesses with ah Ar
study as a function of the chemical composition. ion beam at 4 keV. For the measuring conditions, the full
The analysis of the layers has been performed by opticalidth at half maximum(FWHM) of the Ag 3ds, line was
(infrared and raman spectroscopiesd structuralRuther- 1.5 eV. In principle, some changes of the structure and com-
ford backscatteringRBS), transmission electron microscopy position of the surface region could be expected after Ar
(TEM)) techniques. The chemical composition and structuresputtering, due to preferential sputtering. However, Pezoldt
of the implanted layers have been investigated by x-ray phoet al?! have observed these effects to depend on the sputter
toelectron spectroscopXPS). In-depth XPS measurements energy, reporting similar surface and bulk compositions in
have been performed, allowing to study the evolution of theSiC for the energy used in this wofé keV). According to
different bond configurations with the carbon content. Thethese data, no significant sputtering effects are to be expected
data obtained from the implanted layers have been correlatdd the XPS measurements.
with those from similar samples which were recrystallized  Pieces from the different samples have also been ob-

by the IBIEC process. served by cross-section TEM using a Philips CM30 Su-
perTwin microscope, operated at 300 keV. Finally, the struc-
Il. EXPERIMENTAL DETAILS tural analysis of the samples has been completed by

(1000 Si wafers were implanted with 10" Ge" Rutherford backscattering random and channeling measure-

ions/cnt at an energy of 200 keV. During implantation, the ments using 1.7 MeV He ions.

wafers were cooled to keep them close to room temperature.
This implantation produced an amorphous Si surface layer,
about 175 nm thick, as observed by RBS and TEM.

Subsequently, part of these wafers was implanted with||, RESULTS
carbon at an energy of 25 keV and a dose of '/
cm 2. This implantation was also performed at room tem-
perature. According to the transport of ions in matERIM) Figure 1 shows the FTIR spectra measured in the differ-
simulation? this dose is above the threshold, which is de-ent samples, together with their fitting with Gaussian and
fined as the minimum dose for which stoichiometric compo-Lorentzian curves. As it is shown, the spectrum from the
sition is reached at the implanted peak. carbon as-implanted sample is characterized by a broad ab-

Recrystallization of the amorphous surface layer wassorption band, Gaussian in shape, centered at about 737
performed by Si irradiation at 700 °C, with an energy of 300cm ! and with a FWHM of 300 cm®. This corresponds to
keV and a dose of #0cm 2. Only part of the samples was the Si—C related absorption band, and indicates the presence
irradiated with Si. The part of the samples which was notof Si—-C bonds in an amorphous phase after implantafion.
irradiated has been analyzed in order to determine the effecsnnealing this sample at 700 °C, a Lorentzian contribution
of the thermal annealing at 700 °C on the amorphous laye(w, = 795 cm't, FWHM=48 cmi 1) appears in addition to
Samples obtained after each processing step have been attae Gaussian band. This indicates a certain thermal recrystal-
lyzed. In the following, the different samples are referred tolization of SiC. From the ratio between the amorphous
as the carbon as-implanted, thermally annealed, and IBIEQGaussiap and crystalling(Lorentziar) contributions, about
processed ones. 10% of amorphous SiC is estimated to recrystallize. For the

Fourier transform infraredFTIR) measurements were |IBIEC processed sample, no Gaussian signal is observed at
performed with a BOMEM DA3 spectrometer. The spectraall, and only the Lorentzian signal from crystalline SiC ap-

A. FTIR and Raman spectra
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FIG. 1. Infrared absorbance spectra from the samples as-implanted, ther- -
mally annealed, and IBIEC processed, together with their fittgshed  F|G. 3. Cross-section TEM image from the samples as-implatgednd

lines). IBIEC processedb). The inset is a diffraction pattern from the SiC and Si
areas in(b).

pears. Moreover, the different spectra present a similar area, ted lated to Si—Si vibrational mod hich f
which suggests that all the samples have the same amount €d as related 1o Si—ol vibrational modes, which are ai-
Si—C bonds. The small FWHM of the spectrum from the ected by_ the presence of C atoms n the film. Moreover,
IBIEC processed sample indicates a strong crystallization Oﬁ;han.geslln the ”.‘ed'“m frequency region are related to the
the SiC layer by the IBIEC process. contr|but|or_1 of Si—C related mode;. Ac_cordlngly, although
The Raman spectra from these samples are characteriz8§ ba;dtr(]jlrectly relatedf tg.S'C_% wSraﬂor:jal dmod(;esf IS O?r']
by the presence of bands characteristic of amorphous matgc' Ved: € Presence ot 51—t bonds 1s deduced from the
rial, in the 50600 cm® and 1300—1600 ciit spectral re- changes of thQ_Sl—Sl modes in relation to the speptrur_n from
gions. This can be seen in Fig. 2, where the spectra measur g'ooorprll%léz S'I_'(ion' Mtor?over, th_e balmtd da'tap?“gg 'B the
in these regions from the carbon as-implanted and IBIEC. I_ d Cn‘Fh spectra reglfotr;l_lsbrez(ijet Oth B ;’r'] trﬁ'
processed samples are plotted. The spectra measured fr&‘ﬂna modes. The presence of this band, together wi ose
the thermally annealed sampl{aot shown are similar to re elxted to the Si-Si bonds, agrees with the previous obser-
those from the carbon as-implanted one. These bands aygtion by FTIR of amorphous SiC in the carbon as-implanted

similar to those reported for amorphous, SiC, films ob- sample. . .
tained by differentptechniqU&ZLBF;nd S;llf\ﬂ/exbeen inter- For the IBIEC processed sample, there is a decrease in

preted according to a three-mode behavior, related to thg‘e intensity of the amorphous bands.'Moreover, the spec-
different Si—Si, Si—C, and C—C vibrational modes. So, thellum also shows the presence of_ the first and second order
first bands are similar to the TA and TO ones from amor-(ZTA) peaks from the crystalline Si substra 520 and 302

_l . . . .
phous Si(at about 160 and 480 cm). The measurements cm t" res??r(]:tlvely tTn!s 'Ssqge. 0 tlh,? sn:alltehr optical r‘? b-
reported for amorphous Si,C, alloys indicate that as the S?]rp lon Od N eﬂ::rys a 'n? ”_' t!n re ?tlr?nsg M an;)orlp otuhs
carbon content increases, the frequency of the acoustic-ljK@1as€, and to the recrystallization ot tne St region below the

band increases, and the TO band is distorted. This is ime'l_mplanted layexas wil b_e shown in the next sectmrHovx_/- o
ever, Raman spectra still show amorphous bands. This indi-

cates the presence of residual amorphous material in the
IBIEC processed sample, in spite of the FTIR data. More-
over, the C—-C spectrum shows a double band centered at
1380 and 1590 cmt. This is very similar to the spectra
reported for amorphous graphitic carbGrf? and has been
as-implanted recently simulated for amorphous carbon wspf coordina-

tion. All this strongly suggests C—C bonds in the amorphous
material to be insp? coordination. For the as-implanted
sample, the shape of the C-C band suggests a mixed
sp’—sp°® coordination, being the band centered at energies

Raman intensity (a.u.)

IBIEC between those simulated for both coordinations.
‘ X ‘ , N , ) , B. TEM and RBS data
400 500 1200 1400 1600 1300 , , :
100200300 400 ;aman shift (cm™) Figure 3a) corresponds to the cross-section TEM image

of the as-implanted sample. As shown in this figure, there are
FIG. 2. Raman spectra in the 100-600 and 1200—1800spectral re- two different amorphous regions on the CrySta"'_ne Si sub-
gions from the samples as-implanted and IBIEC processed. strate, the top darker one—about 90 nm thick—corre-
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sponding to the carbon implanted layer. An even darker band :
appearing in this region at a depth of about 60 nm corre- THEE b b o A
sponds to the carbon implantation peak. Moreover, a darker TR \
band can also be observed at the surface. This suggests the
presence of a higher carbon content at the surface of the

sample. Between the amorphous carbon implanted layer and

the crystalline substrate, an amorphous Si region is observed.

This is the second amorphous region in Fi¢p)3

TEM observation of the thermally annealed sam(plet
showr) corroborates the recrystallization of the lower amor- ——— IBIEC
phous Si region. However, recrystallization stops at the car- annealed
bon implanted amorphous layer. Moreover, a high density of + simulation
end-of-range defects is observed at the original amorphous/
crystalline interface.

For the IBIEC processed sampleee Fig. &)] the im-
planted layer also recrystallizes, observing SiC nanocrystal- ‘ (b)
line grains. The electron diffraction pattern from this region
[inset in Fig. 3b)] shows the presence of rings correspond-
ing to the randomly oriented SiC grains, in addition to the Si
spots. The size of the grains changes with depth, observing
larger grains in the central region corresponding to the car-
bon implantation peak, with sizes of about 10—-20 nm. Below
this layer, crystalline Si is observed. This appears heavily
damaged, due to the Si irradiation performed during IBIEC.

RBS data indicate the complete recrystallization of the

(a)

surface

------ as-implanted

Backscattering yield (a.u.)

400 450 500
Channel

Backscattering yield (a.u.)

amorphous layer at 700 °C when carbon is not implanted. annealed

For the carbon implanted and thermally annealed sample, ,

only the Si amorphous region below the carbon implanted 125 175 225
one recrystallizes. So, the yield in this region of the RBS Channel

channeling spectrum in Fig.(@ is lower than the random FIG. 4. (3 RBS . A | hed by Ge imolantati
: : . 4. (@ spectra from the samples amorphized by Ge implantation
one (as simulated by RUW)' For the carbon |mplanted (as-implanteyl C implanted and thermally annealed, and IBIEC processed.

|5}yer the RBS channeling yigld r_eaCheS the random SpeCtrl.Jthe random spectrum calculated by RUNI®4] for the C as-implanted
simulated by RUMP, showing its amorphous nature. Thissample is also showr(b) Carbon profiles from RBS from the thermally

yield is much lower than in the secori8i) amorphous re- annealed and IBIEC processed samples.
gion because of the high content of C. Accordingly, for the
thermally annealed sample epitaxial crystallization stop

o ) easurements in the implanted layers. Moreover, no signifi-
when the recrystallization front reaches the carbon implante

ant oxygen contribution has been measured, except at the

tail, in agreement with the TEM data. : ; .
' N surface due to the native surface oxide and surface contami-
As shown in Fig. 4a), the RBS spectrum of the IBIEC nation

processed sample is very similar to that from the thermally The silicon and carbon concentration profiles from the
annealed one. This is due to the polycrystalline nature of thgarbon as-implanted sample are plotted in Fig. 5, as mea-
recrystallized layer, for which the random yield is achieved.¢ |, 4 from the area of the Sp2and C 1 peaks a.lfte’r their

However, in this case the crystal quality in the Si regionyaseline correction and taking into account their different
below the polycrystalline layer is much better, especially atsensitivity factors. In agreement with TEM and RBS mea-

the _(F[:gmal Smorpr}?us/gryéstalll(;ufa mteFrefgge. h i Fi surements, a surface carbon peak appears. At the buried im-
€ carbon protiles deduced from are shownin IgpIanted region, there is a maximum content of carbon of

A(b) [where the Si background has been subtracigtearly, about 55%. This agrees with the fact that the implantation

a Carbo'f‘ §urf§ce peak is obgerved in the as-implante ose was above the threshold value for stoichiometric con-
sample, indicating an accumulation of carbon at the Surface(:entration

as suggested by TEM. Obviously this accumulation at the

. The silicon and carbon profiles after IBIEC processin
surface is not so clear for the IBIEC processed sample. P P g

are also plotted in Fig. 5. These profiles are very similar to
those from the as-implanted sample. The main change is the
decrease of the surface carbon peak. The presence in the
The distribution of the carbon implanted ions has beeras-implanted sample of this peak is similar to the results
investigated by measuring the Ap2 C 1s, Si 2p, and O obtained from high-dose carbon ion implanted crystalline
1s spectra in samples sputtered with the"Avream at differ-  Si;?® where a surface carbon peak is observed when the im-
ent depths. In all the samples, the Ar spectra measured atantation is performed at room temperature. This has been
different depths always show the same shape and positiomterpreted as due to carbon migration and gettering at the
This indicates the absence of charge effects during thessurface. At higher implantation temperatures, this mecha-

C. XPS analysis

6910 J. Appl. Phys., Vol. 79, No. 9, 1 May 1996 Serre et al.
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Sputtering time (min) FIG. 6. Relative distribution profiles of Si-Si, C—C, and Si—C bonds in the

carbon as-implanted sample vs sputter time, determined from the fitting of

. . . the XPS spectra and simulated assuming the perfect mixing and complete
FIG. 5. Silicon and carbon profiles as measured by XPS vs sputter t'm%hemically ordered cases.

from the carbon as-implanted and IBIEC processed samples. Etching rates
were 3.5 nm/minas-implantefiand 4.3 nm/minIBIEC processed

spectra measured in SiC and amorphous carbon layers, in
agreement with the data previously reported in the
literature?14:19:26

Figure 6 shows the distribution of the different Si—Si,
C-C, and Si—C bonds in the carbon as-implanted layer, as
determined from the fitting of the XPS spectra. As expected,
the same amount of Si—C bonds is obtained from the fitting

The analysis of the carbon as-implanted sample showsf the Si 20 and the C % peaks. According to Fig. 6, about
the formation of an amorphous SiC layer on the Si substratg0% of bonds are Si—C, being this value almost constant in
by the carbon ion implantation. So, FTIR and Raman spectréhe carbon implanted region. In these figures are also plotted
show the presence of bands characteristic of amorphous mehe bond distributions simulated assuming a perfect mixing
terial, related to the different Si—C, Si—Si, and C—C bondmodel and a complete chemically ordered structure. As
units. shown, the structure of the implanted layers does not corre-

On the other hand, the Csland Si 2 XPS spectra spond to any of these theoretical simple models, being in all
measured in the samples at different depth show changes ihe cases the bond concentration profiles in between those

their shape and energetic position, in addition to the changgsredicted by the perfect mixing and complete chemically or-
in the peak area. This indicates the existence of changes ifered cases.

the chemical environment of both Si and C atoms in the
implanted layer, determined by the presence of the different
Si—-C, C-C, and Si-Si bonds.

nism is inhibited due to the synthesis of crystalligeSiC
precipitates at the implanted peak.

IV. DISCUSSION

The quantification of the different bond contributions has 100 BN A - ,
been performed by the fitting of the XPS spectra. For this, Si 4 ¢g © o:i erimental P ]
2p spectra have been fitted with two Gaussian-like compo- '§ %0 chzmica, order
nents, indicated in Table I. The first component corresponds 2 ™ [----- perfect mixin,
to that measured in silicon reference wafers, as well as inthe & 70 | zqﬁ% 1
Si crystalline substrate far from the implanted region. The ; 60 L ° °
second component agrees with those reported for stoichio- e °
metric SIC**1°2According to these data, the first compo- & > | 0 eI - ]
nent has been assigned to Si atoms bonded to Si, and the £ 40 | e
second one to Si atoms bonded to C. In a similar way, the C § 34 | ]
1s spectra have been fitted assuming the C-Si and C-C §
contributions indicated in Table Il. These correspond to the Q 20 /7 o\

n 10}

0 L L L L 1 1 L 1 L
0.0 0.1 0.2 03 04 05 06 0.7 08 09
Carbon content x

TABLE I. Peak position and FWHMin eV) of the Gaussian components of 1.0

the XPS Si D spectra.

Bond contribution Peak FWHM
FIG. 7. Percentage of heteropolar bonds vs chemical compositadrthe
Si-Si 99.3 15 Si,_4Cy alloy in the carbon as-implanted sample, as determined from the
Si-C 100.2 15 fitting of the XPS spectra, together with those predicted in the perfect mix-

ing and complete chemically ordered cases.
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TABLE Il. Peak position and FWHMin eV) of the Gaussian components 100

of the XPS C 5 spectra. Y IBIEC sample /
Bond contribution Peak FWHM 3
S 80}
C-Si 283.0 16 2 a0l
c-C 284.2 15 =
© 60 Si-Si bonds
A €-C bonds
Z ——— Si-C bonds
-% 40
The percentage of heteropolar bonds as a function of the g 30 L
composition of the §i,C, alloy is plotted in Fig. 7, to- § 20 |
gether with those corresponding to the perfect mixing and § \ a2
complete chemically ordered cases. Figure 7, together with 1004 7 .
the previous ones, shows the existence of a partial chemical 0 = s , L : -
order in the SiC amorphous layer obtained by ion implanta- 0 5 10 15 20 25 30 35 40
tion into amorphous Si. For the composition ran@e35 Sputtering time (min)

<x<0.6, there is a saturation of the percentage of heteropo-
lar bonds at 70%, in between the values expected for thE!G. 8. Relative distribution profiles o_f Si-Si, C—(;, and Si—-C bo_n_ds in the
complete chemically ordered cag@00% of heteropolar ;?;I;C;g;zf;ssed sample vs sputter time, determined from the fitting of the
bonds forx=0.5) and for the perfect mixing ca$60% of '
heteropolar bonds fax=0.5). This result agrees with that
of Chehaidaet al.,'® who reported the existence of a partial
chemical order from the Raman scattering analysis of amorinduction effects and shifts in the Fermi levels affecting the
phous Si rich SiC films deposited by glow discharge. In thisposition of the C % line.
work, all the carbon atoms were bonded to Si, forming with  In our case all the spectra have been fitted to determine
the Si—Si bonds a tetrahedrally connected network. The lacthe different possible contributions. In principle, five pos-
of a complete chemical order was deduced from the presencdble contributions were considered in the fitting of the spec-
of the Si—Si and C-C vibrational bands—in addition to thetra. However, this fitting always led only to two significant
Si—C related ones—at stoichiometric composition. The excontributions. The characteristics of these contributions are
istence of an intermediate situation in between the completthose indicated in Tables | and Il. For the $i &pectra, these
chemical order and the complete mixing cases in amorphousontributions correspond to SiwSand Si—G. For the C
stoichiometric SiC has also been theoretically predicted byl s spectra, and taking into account the data previously
Finocci et al2” However, the experimental data presented inreported®41%25the contribution at 283.0 eV can be identi-
the present work suggest a higher degree of chemical orddied with C—Sj. However, the second contributigat 284.2
in the amorphous SiC alloy, obtaining a percentage of heteV) appears at an energy somehow lower than that assumed
eropolar bonds of about 70%, which is higher than that simuby Takeshitaet al. for the C—G one!? This disagreement
lated by Finocciet al. (of about 55—60% could be related to the high uncertainty related to this con-
On the other hand, Takeshigh all? have interpreted the tribution, which is very small in almost all the spectra. More-
XPS data from glow discharged amorphous SiC layers irover, we have to remark that, in contrast with the previous
terms of the complete chemical order with the homogeneoudata from Takeshitat al,'? the results obtained from the Si
dispersion mode(COHD). In this model, the spectra arise 2p and C Is spectra show the same behavior, obtaining the
from five possible contributions corresponding to the differ-same percentage of heteropolar bonds in both cases. The
ent tetrahedral bonding configurations (Si=SiC, and presence of only two significant contributions in the XPS
C-G,_,Si, with n=0-4) averaged according to the differ- spectra suggests the existence in our case of a tendency to-
ent bond probabilities predicted for the different models in-wards partial chemical ordering with phase separation.
dicated in Sec. 1! A problem related to this fitting is the By thermal annealing at 700 °C, no significant changes
small energy difference between the contributions from conare observed in the C implanted layer. The main change in
secutive tetrahedras, of the order of the energy resolution ithe thermally annealed sample is the recrystallization of the
the experimental measuremefabout 0.2—0.3 e\ To solve  Si region below the carbon implanted layer. This contrasts
this problem, Takeshit@t al. adopted a weighted average with the strong recrystallization of SiC by the IBIEC pro-
method to fit the peak energies of the experimental spectreess. However, recrystallization is not complete, observing in
assuming a complete chemically ordered system. In thithe Raman spectra amorphous bands related to Si—-Si and
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the model predicts the absence of Si—C heteropolar bondamount of Si—C bonds from the carbon as-implanted and
To explain these data, the authors claimed the presence BIEC processed samples agrees with the fact that the FTIR
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