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Alloy thin films of hydrogenated silicon–oxygen–carbon~Si,C!Ox x,2, were deposited and
analyzed in terms of changes in structure and bonding as a function of rapid thermal annealing
between 600 and 1100 °C using a combination of Fourier transform infrared spectroscopy, Raman
scattering and high-resolution transmission electron microscopy. Results showed that three
structural/chemical transformations took place upon annealing. The initial reaction~600–800 °C!
involved the loss of hydrogen bonded to both silicon and carbon. At intermediate temperatures
~900–1000 °C! a Si–O–Ctype bond was observed to form, and subsequently disappear after
annealing to 1050 °C. The formation of ordered amorphous-SiC regions, nanocrystalline-Si regions,
and stoichiometric, thermally relaxed SiO2 accompanied the disappearance of the Si–O–Cbond at
the 1050 °C annealing temperature. Using this alloy as a model system, important information is
obtained for optimized processing of SiC–SiO2 interfaces for device applications. ©1999
American Vacuum Society.@S0734-2101~99!16104-9#
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I. INTRODUCTION

The attainment of a low defect density gate oxide on S
substrates is critically important in optimizing the electric
performance of field effect transistor devices. In particu
the interface between the substrate and the gate oxide pla
key role in determining transistor performance characteris
and reliability.

Considering first the Si–SiO2 interfaces, studies based o
x-ray photoelectron spectroscopy~XPS! of Si–SiO2 inter-
faces prior to postoxidation annealing have identified an
terfacial compositional transition layer within 0.5 nm of th
interface which contains intermediate oxidation states of
i.e., Si11, Si21, and Si31 or suboxide (SiOx , x,2).1–3 This
transition region can contribute to interface roughness
also give rise to electronically active defects. Improvem
of device properties is typically achieved following a po
oxidation anneal.4 Analysis of interface bonding chemistr
and structure has shown that the improvements after ann
ing derive from reductions of suboxide bonding groups
interfacial transition regions, effectively smoothing th
Si–SiO2 interface.4–13

Studies of SiC–SiO2 interfaces have also identified a
interfacial compositional transition layer.14–16 Depending on
the substrate polytype, oxidation temperature, and amb
~wet versus dry!, results have shown that carbon atoms m
become trapped in the growing oxide as they outdiffuse fr
the interface, forming an oxycarbide interface layer. For
ample, Hornetz, Michel, and Halbritter have shown14 using
angle resolved XPS that a thin layer~1 nm! with an approxi-
mate composition Si4O2C42x(x,2)exists at the SiC–SiO2
interface, and that graphite may be present on the top sur

a!Electronic mail: gerry_lucovsky@ncsu.edu
2170 J. Vac. Sci. Technol. A 17 „4…, Jul/Aug 1999 0734-2101/99/
l
r,
s a
s

-

i,

d
t

al-

nt
y

-

ce

of the oxide. Using Auger electron spectroscopy~AES!
Chaudhry15 reported carbon contents in wet oxides grown
3C–SiC as high as 14%, and that dry oxides contained m
more silicon than stoichiometric SiO2, i.e., suboxide charac
ter, indicating that wet and dry oxidation differ in mech
nism considerably for 3C–SiC. The effect of carbon in t
oxide and the reported nonstoichiometric suboxide on
electrical performance of SiC metal–oxide–semiconduc
field effect transistor devices is unknown. Transistor char
teristics following various postoxidation annealing trea
ments have been reported by Lipkin and Palmour,17 with
improvements being noted in interface trap density and e
tron mobility. The effect of this postoxidation anneal, how
ever, is not well understood microscopically. Therefore
fundamental understanding of the bonding environm
when carbon is incorporated into the oxide and its effect
suboxide formation is needed, especially in light of~i! the
numerous substrate polytypes,~ii ! the speculation regarding
oxidation mechanisms,18 and ~iii ! room temperature channe
electron mobility values which are substantially lower th
those measured in the bulk.17

This article extends studies of the thermal stability
plasma-deposited SiOx thin films19–21 to suboxides of Si and
C, ~Si,C!Ox . The research identifies changes in structure a
bonding using Fourier transform infrared spectrosco
~FTIR!, Raman scattering, and high-resolution transmiss
electron microscopy~TEM!, as a function of rapid therma
annealing~RTA! temperatures that are of importance for u
derstanding changes in interface bonding and chemistry
curring during the thermal oxidation of SiC and subsequ
annealing of the SiC–SiO2 interfaces. In particular, a Si–
O–C type bonding group is identified to form in the film
between 900 and 1000 °C annealing temperature, and su

quently disappear at 1050 °C. The results of this research

217017 „4…/2170/8/$15.00 ©1999 American Vacuum Society
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2171 Wolfe et al. : Thermochemical stability of silicon–oxygen–carbon alloy films 2171
then provide important information under pinning SiC dev
processing technology.

II. EXPERIMENT

Thin films of hydrogenated~Si,C!Ox approximately 200
nm in thickness were deposited on fused quartz and h
resistivity ~15 V cm! p-type Si wafers in an ultrahigh
vacuum~UHV! multichamber system using a remote plas
enhanced chemical vapor deposition~RPECVD! process, as
described elsewhere.22 The fused quartz substrates were us
for Raman studies to eliminate spectral interference from
crystalline-Si substrate peak. For FTIR analysis, high re
tivity Si wafers were used to minimize free-carrier abso
tion in the substrate. The wafers were also single side
ished and ‘‘orange peel’’ roughened on the other side
minimize multiple reflections in the substrate and redu
background interference fringes.

Prior to sample insertion into the load lock of the depo
tion system,~i! a 15 s HF dip~50:1! followed by ~ii ! a 1 min
deionized water rinse and~iii ! nitrogen blow dry were per-
formed on the Si wafers. A 10 min ultrasonic bath in
sulfuric/chromic acid glass cleaning solution followed by~i!
a 10 min deionized water rinse and~ii ! a nitrogen blow dry
was done on the fused quartz. Films of~Si,C!Ox were depos-
ited at 250 °C and 300 mTorr using~i! excited species~e.g.,
O2* and O atoms! transported out of an upstream He/O2 radio
frequency plasma, and~ii ! neutral species from downstrea
injected SiH4/CH4 mixtures.23 Alloy compositions for the
films were determined by XPS and Rutherford backscat
ing ~RBS!. The composition of the~Si,C!Ox films was; x
;0.15 and C;10 at. %, with an uncertainty of60.02 at. %.
For baseline reference and comparison, thin films of hyd
genated SiOx , x;0.15 and SiCx , x;0.2, were also pre-
pared by similar RPECVD processes. The local bonding
vironments and structure in these three different types
alloy films was studied using a combination of FTIR, R
man, and high-resolution TEM, as a function of RTA tem
peratures between 600 and 1100 °C. Characterization
performed before and after direct annealing to the des
temperature at a ramp rate of 100 °C/s in 1 atm Ar for 90
For FTIR analysis, spectra were subtracted from a refere
Si wafer. An Ar1 laser operating at 514.53 nm, with incide
laser power on the sample of approximately 150 mW, w
used for Raman scattering analysis. High-resolution TE
imaging was performed on cross-sectional samples, prep
using standard cutting and polishing techniques, in
bright-field mode with an accelerating voltage of 250 kV.

III. EXPERIMENTAL RESULTS

A. SiOx baseline

Figure 1 shows FTIR absorption spectra before and a
annealing to various temperatures for SiOx (x;0.15) thin
films. Three distinct spectral features are noted and s
upon annealing. The peak of 630 cm21 is a Si–H bending
mode24 and is a result of hydrogen incorporation~;15 at. %!
into the growing film from the source gas SiH4. Upon an-
JVST A - Vacuum, Surfaces, and Films
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nealing to temperatures greater than about 800 °C this
ture completely disappears, demonstrating the initial reac
upon annealing to temperatures of about 600 °C involves
loss of bonded hydrogen to silicon from the films. The d
crease in the infrared peak at 630 cm21 is accompanied by a
similar decrease in a coupled Si–O–Si–H vibration at 780
cm21.24 Once hydrogen is lost, this feature is replaced b
Si–O bond bending mode at;810 cm21. The intense peak
in between 1015–1080 cm21 is the Si–O bond stretching
mode.24 In the as-deposited films, this Si–O stretching mo
is located at;1017 cm21, indicative of suboxide bonding
arrangements.6,19,24 As the annealing temperature is in
creased the Si–O stretching mode shifts towards higher
quencies, signifying that atomic rearrangement is occurr
and that suboxide bonding is being reduced. This feat
becomes characteristic of stoichiometric and thermally
laxed SiO2 ~Refs. 6,13! after annealing to approximatel
900 °C. The third distinguishing Si–O feature is the Si–
bond rocking mode located at;440 cm21. This mode be-
comes pronounced after annealing to approximately 900
and again is characteristic of stoichiometric and therma
relaxed SiO2.

Figure 2 shows Raman spectra of SiOx , x;0.15 thin
films before and after annealing to various temperatures.
spectra for the as-deposited films indicated that they w
amorphous and were not compositionally homogeneous
transverse acoustic phonon mode at 150 cm21 was observed,
indicating that amorphous-Si~a-Si! regions were present
The onset of nanocrystalline-Si~nc-Si! formation in the films
was observed in the spectra by the emergence of an op

FIG. 1. FTIR absorption spectra of SiOx, (x;0.15) thin films before and
after annealing.
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2172 Wolfe et al. : Thermochemical stability of silicon–oxygen–carbon alloy films 2172
phonon mode at 515 cm21. In Fig. 2, this feature is jus
becoming observable after annealing at 900 °C and is cle
pronounced after annealing to 1050 °C.

Consistent with Raman analysis, Fig. 3 shows a digita
enhanced, high-resolution TEM image of a SiOx film, x
;0.15 after annealing to 900 °C. Randomly oriented Si cr
tallites, as verified through selective area diffraction, w
observed to form through out the films, with their size i
creasing as the annealing temperature was increased.

FIG. 2. Raman scattering spectra of SiOx , (x;0.15) thin films before and
after annealing.

FIG. 3. High-resolution TEM image of a SiOx ,(x;0.15) thin film after
annealing to 900 °C.
J. Vac. Sci. Technol. A, Vol. 17, No. 4, Jul/Aug 1999
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size of the crystallites that formed after annealing to 900
was approximately 10 nm. The box in Fig. 3 outlines a ty
cal Si crystallite.

In summary, the significant bonding and morpholo
changes that occur between as-deposited films and films
nealed at 900 °C correspond to the formation of stoich
metric and structurally relaxed SiO2 regions ~from FTIR
analysis! and nanocrystalline-Si regions~from Raman and
TEM analysis!.

B. SiCx baseline

Figure 4 shows FTIR spectra before and after rapid th
mal annealing to various temperatures for SiCx thin films,
x;0.2. Analysis of the spectra shows that the initial react
involves the loss of hydrogen bonded to silicon and carb
The modes between 900 and 1000 cm21 are due to C–H
bond wagging motions25 and disappear above 700 °C anne
ing temperature. The intensity of the Si–H bending mode
630 cm21drops sharply after annealing above 800 °C.
Si–CH bond wagging mode,25 which is present in the sam
vicinity as the Si–H bending mode, and very weak Si–C
bond bending mode25 present at about 1340 cm21 both de-
crease upon annealing to about 800 °C. Most evident in
spectra is the appearance of a relatively narrow Si–C b
stretching mode located at 800 cm21 after annealing to
950 °C. Further increases in annealing temperature shift
mode towards higher frequencies, indicating increased C
Si coordination.26

Figure 5 shows Raman spectra before and after annea
to various temperatures for SiCx thin films, x;0.2. The as-

FIG. 4. FTIR absorption spectra of SiCx , (x;0.2) thin films before and
after annealing.
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2173 Wolfe et al. : Thermochemical stability of silicon–oxygen–carbon alloy films 2173
deposited films were amorphous and compositionally in
mogeneous, as similarly shown for the SiOx films above.
Also, as in the case for the SiOx films, Raman spectra of th
SiCx films show that Si crystallization occurs after high tem
perature annealing. As shown in Fig. 5, the feature at
cm21 represents the formation of nanocrystalline-Si regio
and occurs after annealing to approximately 950 °C. N
that no other phonon modes of any other crystalline pha
such as SiC were observed. For example, for all of the c
talline SiC polytypes, both the transverse and longitudi
optical phonon27 modes occur at between 780 and 980 cm21

and were not detected. Also, neither crystalline nor am
phous carbon–carbon vibrations were detected. Hi
resolution TEM imaging~not shown! is consistent with these
results, and in particular, no crystalline phases other t
silicon were observed in the selective area diffraction p
terns.

In summary, the significant bonding and morpholo
changes that occur between as-deposited films and films
nealed at 950 °C correspond to the formation of chemic
ordered a-SiC regions ~from FTIR analysis! and
nanocrystalline-Si regions~from Raman and TEM analysis!.

C. „Si,C…Ox

After establishing baseline reference results for SiOx and
SiCx films, results are now presented for films in which C4
has been added to the Si suboxide source gas mix of S4

and O2 to form ~Si,C!Ox alloys. Figure 6 shows FTIR spectr
before and after annealing of~Si,C!Ox films, x;0.15 and
C;10 at. %. As shown in Fig. 6, the spectra are essential

FIG. 5. Raman scattering spectra of SiCx , (x;0.2) thin films before and
after annealing.
JVST A - Vacuum, Surfaces, and Films
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combination of the SiOx and SiCx spectra, however, with
several important and subtle differences. For these films,
initial thermally driven annealing reaction also involved t
loss of bonded hydrogen from both Si–H and C–H grou
as explained above for SiCx films. A well defined Si–C bond
stretching mode located at 800 cm21 emerges in the~Si,C!Ox

spectra, but after annealing to 1050 °C rather than 950 °C
for the SiCx films. Further increases in annealing temperat
again shift this mode towards higher frequencies, indicat
increased C to Si coordination.26 Similar to the SiOx films, in
the as-deposited~Si,C!Ox films, the Si–O stretching mode i
initially located at 1015 cm21, indicative of suboxide bond-
ing arrangements. As the annealing temperature is incre
the Si–O stretch mode shifts towards higher frequencies,
nifying that atomic rearrangement is occurring and that s
oxide bonding is being reduced. However, at approximat
900 °C a shoulder located at;1125 cm21 is observed to
form on the high frequency side of the Si–O stretch mo
and is attributed to Si–O–C bonding groups25,28,29 on the
basis of its frequency relative to the Si–O–Si stretch mode.
In the Si–O–Cbonding group, oxygen is the bridging ato
between Si–O4 and O–Si–C3 tetrahedra. This feature is no
observed after annealing to 1050 °C, and stoichiomet
thermally relaxed SiO2 is formed. The implications of this
added feature in the spectra will be addressed in Sec. IV

Figure 7 shows Raman spectra before and after annea
of ~Si,C,Ox) films, x;0.15 and C;10 at. %. Again, the films
were amorphous and compositionally inhomogeneous, as
duced for the SiOx and SiCx films. After annealing to ap-
proximately 1050 °C, and as shown in Fig. 7, a feature at 5

FIG. 6. FTIR absorption spectra of~Si,C!Ox , (x;0.15 and C;10 at. %!
thin films before and after annealing.
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cm21 represents the formation of nanocrystalline-Si regio
As with the SiCx films, no other phonon modes of crystallin
phases were detected, indicating that crystalline region
SiC or C were not formed. Note that the peak in the
deposited spectra at 490 cm21 is due to the quartz substrat

Figure 8 shows a digitally enhanced, high-resolution TE
image of~Si,C!Ox films, x;0.15 and C;10 at. % after an-
nealing to 1050 °C. Consistent with Raman analysis, o
randomly oriented crystallites of Si were observed to fo

FIG. 7. Raman scattering spectra of~Si,C!Ox , (x;0.15 and C;10 at. %!
thin films before and after annealing.

FIG. 8. High-resolution TEM image of a~Si,C!Ox , (x;0.15 and C;10
at. %! thin film after annealing to 1050 °C.
J. Vac. Sci. Technol. A, Vol. 17, No. 4, Jul/Aug 1999
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throughout the films. The size of the crystallites was appro
mately 4 nm. The boxes in Fig. 8 outline typical Si crysta
lites. For annealing temperatures less than 1050 °C, no c
talline products were imaged.

In summary, the significant bonding and morpholo
changes that occur between as-deposited films and films
nealed at 1050 °C correspond to the formation of stoich
metric, structurally relaxed SiO2 regions and ordereda-SiC
regions~from FTIR analysis!, and nanocrystalline-Si region
~from Raman and TEM analysis!.

IV. DISCUSSION

To further correlate the trends in the data, and also
elucidate the extra feature in the FTIR spectra of
~Si,C!Ox films that has been attributed to Si–O–C arrange-
ments, the full width at half maximum~FWHM!, Dn, of the
Si–O and Si–C bond stretch modes as a function of ann
ing temperature has been examined. As the FWHM of th
modes decreases, the degree of structural ordering is
creased. The FWHM of the Si–O bond stretch mode a
function of annealing temperature for the SiOx and~Si,C!Ox

films is therefore plotted in Fig. 9. The FWHM of the Si–
bond stretching mode for the SiCx and ~Si,C!Ox films as a
function of annealing temperature is plotted in Fig. 10. T
size of the data points is the standard deviation in these m
surements. As shown in Fig. 9,Dn of the Si–O bond stretch
mode for the SiOx films remains essentially constant upo
annealing to 800 °C, and then begins to decrease a
900 °C. This decrease inDn after 900 °C annealing corre

FIG. 9. FWHM, Dn, of the Si–O bond stretch mode as a function of anne
ing temperature for SiOx , (x;0.15) and~Si,C!Ox ,(x;0.15 and C;10
at. %! thin films.
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lates~i! with the formation of stoichiometric and structural
relaxed SiO2 as determined by the shift in the Si–O bon
stretching peak position~Fig. 1!, and~ii ! with the formation
of nanocrystalline-Si regions as determined through Ram
spectra and TEM~Figs. 2 and 3!. In contrast,Dn of the Si–O
bond stretch mode for the~Si,C!Ox films increases signifi-
cantly upon annealing to 900 °C, remains constant betw
900 and 1000 °C, and then drops sharply after annealin
1050 °C. This trend correlates with results presented ab
in Figs. 6, 7, and 8. As previously mentioned, a shoulder
the high frequency side of the Si–O stretch mode attribu
to Si–O–Cbonding was observed to emerge in the spectra
Fig. 6 between annealing temperatures of 900 and 1000
and thendisappearat 1050 °C. The disappearance of th
shoulder after annealing to 1050 °C coincides with~i! a
sharp decrease inDn of the Si–O stretch mode in Fig. 9,~ii !
the formation of stoichiometric and structurally relaxed Si2

regions, as determined by the shift in the Si–O bond stre
peak position in Fig. 6, and~iii ! the formation of
nanocrystalline-Si regions as determined through Ram
spectra and TEM in Figs. 7 and 8, respectively.

Figure 10 showsDn for the Si–C bond stretching mode i
the SiCx and ~Si,C!Ox films as a function of annealing tem
perature. Again, the trends correlate with previous resu
For the SiCx films, a sharp decrease inDn of the Si–C bond
stretch mode occurs after annealing to 950 °C, which co
cides with~i! the formation of chemically ordereda-SiC re-
gions in Fig. 4, and~ii ! nanocrystalline-Si regions in Fig. 5
For the~Si,C!Ox films, a sharp decrease inDn of the Si–C

FIG. 10. FWHM, Dn, of the Si–C bond stretch mode as a function of a
nealing temperature for SiCx , (x;0.2) ~SiC!Ox, (x;0.15) and C;10
at. %! thin films.
JVST A - Vacuum, Surfaces, and Films
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bond stretching mode does not occur until after annealing
1050 °C, which coincides with the elimination of Si–O–C
bonding groups. This is also consistent with the formation
~i! stoichiometric, thermally relaxed SiO2 regions and or-
dereda-SiC regions in Fig. 6, and~ii ! nanocrystalline-Si re-
gions in Figs. 7 and 8.

Additional quantitative evidence for the elimination o
Si–O–Cbonding groups in the~Si,C!Ox films upon anneal-
ing to 1050 °C is shown in Figs. 11 and 12. Figure 11 sho
only the FTIR spectra of~Si,C!Ox films, x;0.15 and C;10
at. % annealed at 1000 and 1050 °C~compare with Fig. 6!.
Figure 12 shows the corresponding first derivative spectr
Fig. 11. As shown in Fig. 11, a shoulder is evident at a
proximately 1125 cm21 after annealing to 1000 °C, and i
not present after annealing to 1050 °C. The differentia
spectrum in Fig. 12 after annealing to 1000 °C shows that
derivative decreases abruptly at 1125 cm21 due to the shoul-
der on the high frequency side of the Si–O bond stre
mode caused by Si–O–Cbonding groups. After annealing t
1050 °C, the shoulder is eliminated in Fig. 11 and the cor
sponding derivative spectrum in Fig. 12 is smooth.

We will now discuss how these results onbulk films ana-
lyzed in this study correlate with changes in interface bo
ing and chemistry observed to occur during the thermal o
dation of SiC and subsequent annealing of SiC–S2

interfaces. Before doing this we will first consider the SiOx

films. Our results showed that at approximately 900 °C s
oxide bonding was eliminated and the films separated
stoichiometric, thermally relaxed SiO2 regions and
nanocrystalline-Si regions. These results are in accorda

FIG. 11. FTIR absorption spectra of~Si,C!Ox ,(x;0.15and C;10 at. %!
thin films after annealing to 1000 and 1050 °C.
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2176 Wolfe et al. : Thermochemical stability of silicon–oxygen–carbon alloy films 2176
with studies performed directly on Si–SiO2 interfaces. For
example, suboxide bonding at Si–SiO2 interfaces before and
after annealing at 900 °C has been studied by XPS,7,30,31

AES,13 TEM,5 difference x-ray diffraction,10 and more re-
cently XPS using monochromatic synchrotron radiatio4

These studies have confirmed the reduction of excess su
ide bonding by annealing in an inert ambient at 900 °C.
addition, the experiments described in Ref. 5 establish
growing an oxide at 900 °C is not equivalent to growth
900 °C followed by annealing at the same temperature.
apparent saturation of annealing effects in Si–SiO2 interfaces
after 900 °C annealing suggests that the phase separatio
action observed in the deposited SiOx thin films at 900 °C,
i.e., SiOx→SiO21nc-Si, also occurs at the crystal interfac
However, there are two important differences in the effe
that take place at the Si–SiO2 interface. First, the separatio
is incomplete at the monolayer level, meaning the annea
Si–SiO2 interfaces have a residual suboxide bonding on
order of a few monolayers. Second, there is no evidence
the formation ofnc-Si. The separation reaction results
increased crystallization at the Si–SiO2 interface, so that in
place of the formation of nanocrystallites of Si, Si deriv
form SiOx regions is incorporated into the Si substrate.

Now turning to SiC–SiO2 interfaces, observations base
on the occurrence of Si–oxycarbide groups at the interf
by XPS,14 and significant improvements in device perfo
mance by an oxidation/annealing sequence17 in which the
oxidation is performed at a temperature in excess of 1025
and the postoxidation anneal at 900 °C are interpreted
follows. Based on the alloy studies presented above wh

FIG. 12. First derivative FTIR absorption spectra of~Si,C!Ox , (x;0.15 and
C;10 at. %! thin films after annealing to 1000 and 1050 °C.
J. Vac. Sci. Technol. A, Vol. 17, No. 4, Jul/Aug 1999
x-
n
at
t
e

re-

s

d
e
or

e

C,
as
h

show that oxycarbide bonding is eliminated at approximat
1050 °C, the requirement for a high temperature oxidation
to remove Si–O–C bonding groups that form at the bound
ary between Si surface atoms and the growing oxide la
Since device fabrication is usually done on Si faces of 6H
4H wafers, the annealing step at 900 °C then presuma
performs the same function as at Si–SiO2 interfaces, reduc-
ing suboxide bonding in interfacial transitions regions a
smoothing the interface.

Finally, the results presented above on the thermoche
cal stability of silicon oxycarbide thin films deposited v
chemical vapor deposition are in accordance with results
the literature on the characterization of silicon oxycarb
glasses prepared from sol–gel precursors.32,33

V. CONCLUSIONS

The thermal stability of silicon–oxygen–carbon alloy th
films ~Si,C!Ox has been studied by a combination of FT
spectroscopy, Raman scattering, and high-resolution TE
Reference films of SiOx and SiCx were also prepared an
analyzed. Results showed that for the SiOx films, a
structural/chemical transformation takes place at 900 °C
which the films separated into stoichiometric, thermally
laxed SiO2 and nanocrystalline-Si regions. For the SiCx

films, a structural/chemical transformation takes place
950 °C in which the films separated into chemically order
a-SiC and nanocrystalline-Si regions. In the~Si,C!Ox system,
similar structural/chemical transformations take place
1050 °C, with the film separating into ordereda-SiC regions
and stoichiometric, thermally relaxed SiO2, and
nanocrystalline-Si regions. However a very important diffe
ence was noted for the~Si,C!Ox films. At temperatures of
900–1000 °C a Si–O–C bonding group was observed t
form which in turn has been assumed to inhibit the ph
separation process until the Si–O–C bonding group was
eliminated at 1050 °C. Important implications of this stu
towards SiC–SiO2 interface processing are that oxidatio
must be performed above 1050 °C to ensure no oxycarb
bonding at the interface and that a 900 °C postoxidation
neal is necessary to reduce suboxide bonding and smoot
interface.
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