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Alloy thin films of hydrogenated silicon—oxygen—carb@8i,C)O, 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 red666r-800 °G
involved the loss of hydrogen bonded to both silicon and carbon. At intermediate temperatures
(900-1000 °¢ 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 Si@ccompanied the disappearance of theCs-C bond at

the 1050 °C annealing temperature. Using this alloy as a model system, important information is
obtained for optimized processing of SiC—Si@nterfaces for device applications. ®999
American Vacuum Societ)S0734-210(199)16104-9

[. INTRODUCTION of the oxide. Using Auger electron spectroscofdES)
CChaudhr;jr5 reported carbon contents in wet oxides grown on

The attainment of a low defect density gate oxide on Si . ! . ;
Y 9 I3C—S|C as high as 14%, and that dry oxides contained much

substrates is critically important in optimizing the electrical i h ichi ic SO boxide ch
performance of field effect transistor devices. In particular,mon.a (Sjl. |copt ahn stoic |or‘r(1jeg|c QO(Ije Sud%f(l ec araﬁ-
the interface between the substrate and the gate oxide playéec;’ Indicating that wet and dry oxidation differ in mecha-

key role in determining transistor performance characteristic§'S™M considerably for 3C-SiC. .Th.e effe_ct of carpon in the
and reliability. oxide and the reported nonstoichiometric suboxide on the

Considering first the Si—Sidnterfaces, studies based on electrical performance of SiC metal-oxide—semiconductor
x-ray photoelectron spectroscoyPS) o% Si—Si0, inter- field effect transistor devices is unknown. Transistor charac-

faces prior to postoxidation annealing have identified an in:[e”Stt'CSh fOHO\éV'ng vanm:s d pt;)stE_)qignon dar;nTr?fIéng _ttr:eat-
terfacial compositional transition layer within 0.5 nm of the ments have been reported Dy LIpkin and Faimoun

interface which contains intermediate oxidation states of Silmprovem(_ents being noted in _mterface_trap density and elec-
ie., Si*, S?*, and S?* or suboxide (SiQ, x<2).13This fron m_ob|I|ty. The effect of this postomdqtlon anneal, how-
ver, is not well understood microscopically. Therefore, a

?undamental understanding of the bonding environment
when carbon is incorporated into the oxide and its effect on
suboxide formation is needed, especially in light(Dfthe
Jjumerous substrate polytypds) the speculation regarding
oxidation mechanism®, and (iii) room temperature channel
electron mobility values which are substantially lower than
those measured in the bulk.

This article extends studies of the thermal stability of
plasma-deposited SjQhin films'®~?'to suboxides of Si and

the substrate polytype, oxidation temperature, and ambierﬁ" (Si,'C)OX' The reseqrch identifies changes in structure and
(wet versus dry, results have shown that carbon atoms ma)})ondlng using Fourier transform infrared spectroscopy

become trapped in the growing oxide as they outdiffuse from(FTIR)’ Raman scattering, and high-resolution transmission

the interface, forming an oxycarbide interface layer. For ex_electron microscopyTEM), as a function of rapid thermal

ample, Hornetz, Michel, and Halbritter have shdfvasing gnnealir{;g_{RT?}) tempe_ra‘Furesf that;redqf impoorltaﬂce for un-
angle resolved XPS that a thin lay@rnm) with an approxi- er;tandlng ¢ tz;ngtehs n |n|ter %Cet. onflggcan dC etr)mstry O(f['
mate composition $0,C, ,(x<2)exists at the SiC—sjp CUMNg durng the thermal oxidation of SIL and subsequen

interface, and that graphite may be present on the to surfa@émea"ng of th? SiC—Spi_nt(_a-rfacgfs. In particu_lar, a si_
grap ybep P O-C type bonding group is identified to form in the films

between 900 and 1000 °C annealing temperature, and subse-
quently disappear at 1050 °C. The results of this research

transition region can contribute to interface roughness an
also give rise to electronically active defects. Improvemen
of device properties is typically achieved following a post-
oxidation anneaf. Analysis of interface bonding chemistry
and structure has shown that the improvements after anne
ing derive from reductions of suboxide bonding groups in
interfacial transition regions, effectively smoothing the
Si-SiQ, interface?13

Studies of SiC-Si@ interfaces have also identified an
interfacial compositional transition lay&t-® Depending on
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then provide important information under pinning SiC device —r T r - 1

processing technology. oL siostech ';\ZodngTA |
—— 900°C

II. EXPERIMENT . — 1000°C

Thin films of hydrogenatedSi,C)O, approximately 200 i

nm in thickness were deposited on fused quartz and high 6 i

resistivity (15 Q cm) p-type Si wafers in an ultrahigh

vacuum(UHV) multichamber system using a remote plasma

enhanced chemical vapor depositi®®PECVD process, as Si-H Bend

described elsewhef@ The fused quartz substrates were used 4l { ]

for Raman studies to eliminate spectral interference from a
crystalline-Si substrate peak. For FTIR analysis, high resis-
tivity Si wafers were used to minimize free-carrier absorp-
tion in the substrate. The wafers were also single side pol-
ished and “orange peel” roughened on the other side to
minimize multiple reflections in the substrate and reduce
background interference fringes.

Prior to sample insertion into the load lock of the deposi-
tion system(i) a 15 s HF dip(50:1) followed by (ii) a 1 min
deionized water rinse angii) nitrogen blow dry were per- . .
formed on the Si wafers. A 10 min ultrasonic bath in a 1400 1200 1000 800 600 400
sulfuric/chromic acid glass cleaning solution followed (by
a 10 min deionized water rinse afid) a nitrogen blow dry
was done on the fused quartz. Films(8f,C)O, were depos- Fic. 1. FTIR absorption spectra of SiO(x~0.15) thin films before and
ited at 250 °C and 300 mTorr usirg excited speciege.g.,  after annealing.

O; and O atomptransported out of an upstream He/f@dio

frequency plasma, an(i) neutral species from downstream

injected SiH/CH, mixtures?® Alloy compositions for the nealing to temperatures greater than about 800 °C this fea-
films were determined by XPS and Rutherford backscatteryre completely disappears, demonstrating the initial reaction
ing (RBS). The composition of théSi,C)O, films was;x  ypon annealing to temperatures of about 600 °C involves the
~0.15 and C-10 at. %, with an uncertainty of0.02 at. %.  |oss of bonded hydrogen to silicon from the films. The de-
For baseline reference and comparison, thin films of hydrogrease in the infrared peak at 630 ¢his accompanied by a
genated SiQ, x~0.15 and Si¢, x~0.2, were also pre- similar decrease in a coupled-®—Si—H vibration at 780
pared by similar RPECVD processes. The local bonding encm124 Once hydrogen is lost, this feature is replaced by a
vironments and structure in these three different types o&j_o pond bending mode at810 cnil. The intense peak
alloy films was studied using a combination of FTIR, Ra-jn petween 1015-1080 cih is the Si—O bond stretching
man, and high-resolution TEM, as a function of RTA tem- mode?* In the as-deposited films, this Si—O stretching mode
peratures between 600 and 1100 °C. Characterization Was |ocated at~1017 cnmi?, indicative of suboxide bonding
performed before and after direct annealing to the desiredyrangement8®?* As the annealing temperature is in-

temperature at a ramp rate of 100 °C/s in 1 atm Ar for 90 Scregsed the Si—O stretching mode shifts towards higher fre-
For FTIR analysis, spectra were subtracted from a referenc&,encies, signifying that atomic rearrangement is occurring
Si wafer. An Ar” laser operating at 514.53 nm, with incident ang that suboxide bonding is being reduced. This feature
laser power on the sample of approximately 150 mW, wasecomes characteristic of stoichiometric and thermally re-
used for Raman scattering analysis. High-resolution TEMgaxed SiQ (Refs. 6,13 after annealing to approximately
imaging was performed on cross-sectional samples, preparego °C. The third distinguishing Si—-O feature is the Si—O
using standard cutting and polishing techniques, in theyond rocking mode located at440 cni. This mode be-
bright-field mode with an accelerating voltage of 250 kV. ¢omes pronounced after annealing to approximately 900 °C,
and again is characteristic of stoichiometric and thermally
[ll. EXPERIMENTAL RESULTS relaxed SiQ.
. . Figure 2 shows Raman spectra of $jOx~0.15 thin
A. SO, baseline films before and after annealing to various temperatures. The
Figure 1 shows FTIR absorption spectra before and aftespectra for the as-deposited films indicated that they were
annealing to various temperatures for gi(x~0.15) thin  amorphous and were not compositionally homogeneous. A
films. Three distinct spectral features are noted and shiftransverse acoustic phonon mode at 150 tmas observed,
upon annealing. The peak of 630 this a Si—H bending indicating that amorphous-Sa-Si) regions were present.
modée* and is a result of hydrogen incorporation15 at. %  The onset of nanocrystalline-8ic-Si) formation in the films
into the growing film from the source gas SiHUpon an-  was observed in the spectra by the emergence of an optical

A
/ \ 8i-O Rock
P .

Absorption Coefficient (x1 0*cm

Wavenumber (cm-1)
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Fic. 2. Raman scattering spectra of $iQ(x~0.15) thin films before and  Fic. 4. FTIR absorption spectra of SiC (x~0.2) thin films before and
after annealing. after annealing.

phonon mode at 515 cm. In Fig. 2, this feature is just Size of the crystallites that formed after annealing to 900 °C
becoming observable after annealing at 900 °C and is clearl(as approximately 10 nm. The box in Fig. 3 outlines a typi-
pronounced after annealing to 1050 °C. cal Si crystallite.

Consistent with Raman analysis, Fig. 3 shows a digitally [N summary, the significant bonding and morphology
enhanced, high-resolution TEM image of a Sifim, x  changes that occur between as-deposited films and films an-
~0.15 after annealing to 900 °C. Randomly oriented Si cryshealed at 900 °C correspond to the formation of stoichio-
tallites, as verified through selective area diffraction, wergmetric and structurally relaxed SjGregions (from FTIR
observed to form through out the films, with their size in- @nalysi$ and nanocrystalline-Si regiordrom Raman and
creasing as the annealing temperature was increased. TREM analysis.

B. SiC, baseline

77, NN/ ; ¢ Figure 4 shows FTIR spectra before and after rapid ther-
:»;;?5’555{ A g5 mal annealing.to various temperatures for §t6m films, _
LUl #14s x~0.2. Analysis of the spectra shows that the initial reaction
L7 /’//// W i involves the loss of hydrogen bonded to silicon and carbon.
% / A e e The modes between 900 and 1000 ¢nare due to C—H

-

bond wagging motiorfs and disappear above 700 °C anneal-
ing temperature. The intensity of the Si—H bending mode at
630 cm drops sharply after annealing above 800 °C. A
Si—CH bond wagging mod®,which is present in the same
vicinity as the Si—H bending mode, and very weak Si—CH
bond bending mode present at about 1340 crhboth de-
crease upon annealing to about 800 °C. Most evident in the
spectra is the appearance of a relatively narrow Si—C bond
stretching mode located at 800 Chafter annealing to
950 °C. Further increases in annealing temperature shift this
mode towards higher frequencies, indicating increased C to
Si coordinatiorf®

Fic. 3. High-resolution TEM image of a SjQ(x~0.15) thin film after Figure 5 shows Raman spectra before and after annealing
annealing to 900 °C. to various temperatures for Sichin films, x~0.2. The as-

% 9‘;/
bt

1. 75 '.(
g
/f/! P,
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Fic. 5. Raman scattering spectra of $iC(x~0.2) thin films before and . .
after annealing. Fic. 6. FTIR absorption spectra ¢8i,C)O,, (x~0.15 and C-10 at. %

thin films before and after annealing.

deposited films were amorphous and compositionally inho- o . . .
mogeneous, as similarly shown for the Si@ims above. combination of the SiQand SiG spectra, however, with
Also, as in the case for the Sj@Ims, Raman spectra of the several important and subtle differences. For these films, the
Sic, films show that Si crystallization occurs after high tem- initial thermally driven annealing reaction also involved the

perature annealing. As shown in Fig. 5, the feature at 51%°SS of bonded hydrogen from both Si~H and C~H groups,
as explained above for Sj@ilms. A well defined Si—C bond

cm ! represents the formation of nanocrystalline-Si regions: . che . )
and occurs after annealing to approximately 950 °C. NoteStre'[Chlng mode located _at 800 ciremerges in théSi,C)O,
ectra, but after annealing to 1050 °C rather than 950 °C, as

that no other phonon modes of any other crystalline phase%v0 et ) ] )
such as SiC were observed. For example, for all of the Crysf_or the SiG films. Further increases in annealing temperature

talline SIiC polytypes, both the transverse and Iongitudinaf"gain shift this mode towards higher frequencies, indicating
optical phonoR” modes occur at between 780 and 980°ém Increased C to Si coordinatiéh Similar to the SiQ films, in

and were not detected. Also, neither crystalline nor amorth€ @s-depositetSi,C)O, films, the Si—O stretching mode is

. . _1 . . . .
phous carbon—carbon vibrations were detected. Highl_mtlally located at 1015 cm, indicative of suboxide bond-

resolution TEM imagingnot shown is consistent with these "9 &rrangements. As the annealing temperature is increased
results, and in particular, no crystalline phases other thaf'€ Si—O stretch mode shifts towards higher frequencies, sig-

silicon were observed in the selective area diffraction patNifying that atomic rearrangement is occurring and that sub-
terns. oxide bonding is being reduced. However, at approximately

o 71 .
In summary, the significant bonding and morphology900 C a shoulder located at1125 cm " is observed to

changes that occur between as-deposited films and films af'm on the high frequency side of the Sl—Ozg,Egetch mode,
nealed at 950 °C correspond to the formation of chemically@nd i attributed to iSO-C bonding group®***on the
ordered a-SiC regions (from FTIR analysis and basis of_|ts frequen(_:y relative to the—S)_—Slstrchh_mode.
nanocrystalline-Si regionérom Raman and TEM analysis " the Si-O—Cbonding group, oxygen is the bridging atom
between Si—@Qand O-Si—G tetrahedra. This feature is not
C. (Si.C)O observed after annealing to 1050 °C, and stoichiometric,
T x thermally relaxed Si@is formed. The implications of this
After establishing baseline reference results for,S3@d  added feature in the spectra will be addressed in Sec. IV.
SiC, films, results are now presented for films in which CH  Figure 7 shows Raman spectra before and after annealing
has been added to the Si suboxide source gas mix of SiHbf (Si,C,Q) films, x~0.15 and C-10 at. %. Again, the films
and G to form (Si,C)O, alloys. Figure 6 shows FTIR spectra were amorphous and compositionally inhomogeneous, as de-
before and after annealing ¢8i,C)O, films, x~0.15 and duced for the SiQ and SiG films. After annealing to ap-
C~10 at. %. As shown in Fig. 6, the spectra are essentially @roximately 1050 °C, and as shown in Fig. 7, a feature at 513
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Fic. 9. FWHM, Ay, of the Si—O bond stretch mode as a function of anneal-
ing temperature for SiQ (x~0.15) and(Si,C)O,,(x~0.15 and C-10

at. %9 thin films.

Fic. 7. Raman scattering spectra (i,C)O,,
thin films before and after annealing.

(x~0.15 and C-10 at. %

cm ! represents the formation of nanocrystalline-Si regions,
As with the SiG films, no other phonon modes of crystalline
phases were detected, indicating that crystalline regions
SiC or C were not formed. Note that the peak in the as-
deposited spectra at 490 chis due to the quartz substrate.
Figure 8 shows a digitally enhanced, high-resolution TEM
image of(Si,00y films, x~0.15 and C-10 at. % after an-
nealing to 1050 °C. Consistent with Raman analysis, onlyn
randomly oriented crystallites of Si were observed to form

throughout the films. The size of the crystallites was approxi-

ately 4 nm. The boxes in Fig. 8 outline typical Si crystal-
ites. For annealing temperatures less than 1050 °C, no crys-
talline products were imaged.

In summary, the significant bonding and morphology
changes that occur between as-deposited films and films an-
ealed at 1050 °C correspond to the formation of stoichio-
metric, structurally relaxed Silregions and ordered-SiC
reglons(from FTIR analysig and nanocrystalline-Si regions
(from Raman and TEM analysis

I A\\

\ ~\\ \\\' ‘\\\\\ IV. DISCUSSION

To further correlate the trends in the data, and also to
elucidate the extra feature in the FTIR spectra of the

\

Fic. 8. High-resolution TEM image of &Si,C)O,,

g\\ \ “ ¢ 1\,;\\ (S1,00; films that has been attributed to-®—C arrange-

5 \»n :\3“ ments, the full width at half maximurfFWHM), Av, of the

‘L\,u Si—0 and Si—C bond stretch modes as a function of anneal-

_ ;\"{ t .} \\\4, ing temperature has been examined. As the FWHM of these

S fs,‘iﬁ &\ \,"\ modes decreases, the degree of structural ordering is in-

{}“ S ) creased. The FWHM of the Si—O bond stretch mode as a

‘:Aa.‘{—;u\\"; . 3 function of annealing temperature for the Si@nhd(Si,C0)O,

"\‘:\“i{ ‘\‘F films is therefore plotted in Fig. 9. The FWHM of the Si—-C
‘}{* 3 \ bond stretching mode for the Si@nd (Si,00O, films as a

A\ \
\}\‘;&\\ RN
\\\ \“ L) N r\'\\\ci»

at. %9 thin film after annealing to 1050 °C.
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(x~0.15 and C-10

function of annealing temperature is plotted in Fig. 10. The
size of the data points is the standard deviation in these mea-
surements. As shown in Fig. 3, of the Si—O bond stretch
mode for the SiQ) films remains essentially constant upon
annealing to 800 °C, and then begins to decrease after
900 °C. This decrease iav after 900 °C annealing corre-
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Fic. 10. FWHM, A, of the Si—C bond stretch mode as a function of an- ) )
nealing temperature for SiG (x~0.2) (SiC)O,, (x~0.15) and G-10 Fic. 11. FTIR absorption spectra @¢8i,C)O,,(x~0.15and C-10 at. %
at. % thin films. thin films after annealing to 1000 and 1050 °C.

bond stretching mode does not occur until after annealing to

lates(i) with the formation of stoichiometric and structurally 1050 °C, which coincides with the elimination of-©-C
relaxed SiQ as determined by the shift in the Si—O bond bonding groups. This is also consistent with the formation of
stretching peak positiofFig. 1), and(ii) with the formation (i) stoichiometric, thermally relaxed SjQegions and or-
of nanocrystalline-Si regions as determined through Ramadereda-SiC regions in Fig. 6, andi) nanocrystalline-Si re-
spectra and TEMFigs. 2 and 3 In contrastAv of the Si—-O  gions in Figs. 7 and 8.
bond stretch mode for th€si,C)O, films increases signifi- Additional quantitative evidence for the elimination of
cantly upon annealing to 900 °C, remains constant betwee8i—O—-Cbonding groups in th¢Si,C)O, films upon anneal-
900 and 1000 °C, and then drops sharply after annealing timg to 1050 °C is shown in Figs. 11 and 12. Figure 11 shows
1050 °C. This trend correlates with results presented abovenly the FTIR spectra ofSi,C)O, films, x~0.15 and C-10
in Figs. 6, 7, and 8. As previously mentioned, a shoulder orat. % annealed at 1000 and 1050 f&@mpare with Fig. b
the high frequency side of the Si—O stretch mode attributedrigure 12 shows the corresponding first derivative spectra in
to Si—-O-Chonding was observed to emerge in the spectra oFig. 11. As shown in Fig. 11, a shoulder is evident at ap-
Fig. 6 between annealing temperatures of 900 and 1000 °@yroximately 1125 cm! after annealing to 1000 °C, and is
and thendisappearat 1050 °C. The disappearance of thisnot present after annealing to 1050 °C. The differentiated
shoulder after annealing to 1050 °C coincides with a  spectrum in Fig. 12 after annealing to 1000 °C shows that the
sharp decrease ifiv of the Si—O stretch mode in Fig. §j)  derivative decreases abruptly at 1125 ¢rdue to the shoul-
the formation of stoichiometric and structurally relaxed SiO der on the high frequency side of the Si—-O bond stretch
regions, as determined by the shift in the Si—O bond stretcmode caused byiSO—Cbonding groups. After annealing to
peak position in Fig. 6, and(ii) the formation of 1050 °C, the shoulder is eliminated in Fig. 11 and the corre-
nanocrystalline-Si regions as determined through Ramasponding derivative spectrum in Fig. 12 is smooth.
spectra and TEM in Figs. 7 and 8, respectively. We will now discuss how these results bulk films ana-

Figure 10 showa v for the Si—C bond stretching mode in lyzed in this study correlate with changes in interface bond-
the SiG and(Si,0)O, films as a function of annealing tem- ing and chemistry observed to occur during the thermal oxi-
perature. Again, the trends correlate with previous resultsdation of SiC and subsequent annealing of SiC-SiO
For the SiG films, a sharp decrease &w of the Si—C bond interfaces. Before doing this we will first consider the SiO
stretch mode occurs after annealing to 950 °C, which coinfilms. Our results showed that at approximately 900 °C sub-
cides with(i) the formation of chemically ordereatSiC re-  oxide bonding was eliminated and the films separated into
gions in Fig. 4, andii) nanocrystalline-Si regions in Fig. 5. stoichiometric, thermally relaxed SjO regions and
For the (Si,0)O, films, a sharp decrease kw of the Si—C  nanocrystalline-Si regions. These results are in accordance

JVST A - Vacuum, Surfaces, and Films
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40 ——

— T T T show that oxycarbide bonding is eliminated at approximately
—— (Si,C)0, - 1000 °C RTA

1050 °C, the requirement for a high temperature oxidation is
[ (8i,C)0, - 1050 °C | to remove $-0O-C bonding groups that form at the bound-

A ary between Si surface atoms and the growing oxide layer.
Since device fabrication is usually done on Si faces of 6H or
4H wafers, the annealing step at 900 °C then presumably
performs the same function as at Si—gifterfaces, reduc-
ing suboxide bonding in interfacial transitions regions and
smoothing the interface.

Finally, the results presented above on the thermochemi-
cal stability of silicon oxycarbide thin films deposited via
chemical vapor deposition are in accordance with results in
the literature on the characterization of silicon oxycarbide
glasses prepared from sol—gel precursors.

d(Abs)/d(cm-1) (a.u.)

V. CONCLUSIONS

The thermal stability of silicon—oxygen—carbon alloy thin
films (Si,C)O, has been studied by a combination of FTIR
spectroscopy, Raman scattering, and high-resolution TEM.
. Reference films of SiQand SiG were also prepared and

N | N | N 1 N | N " H

'4‘13300 250 1200 1150 1100 1050 1000 analyzed. Resylts showed that for the Si@ims, a .
structural/chemical transformation takes place at 900 °C in

Wavenumber (cm-1) which the films separated into stoichiometric, thermally re-

Fic. 12. First derivative FTIR absorption spectra8f,0)0,, (x~0.15and laxed SiQ and nanocrystalline-Si regions. For the SiC
C~10 at. % thin films after annealing to 1000 and 1050 °C. films, a structural/chemical transformation takes place at
950 °C in which the films separated into chemically ordered

a-SiC and nanocrystalline-Si regions. In #&,C)O, system,

with studies performed directly on Si—Sinterfaces. For similar structural/chemical transformations take place at
example, suboxide bonding at Si-Sifterfaces before and 1050 °C, with the film separating into ordera€5iC regions
after annealing at 900 °C has been studied by XBSL and stoichiometric, thermally relaxed SIO and
AES1® TEM?S difference x-ray diffractiot® and more re- nanocrystalline-Si regions. However a very important differ-
cently XPS using monochromatic synchrotron radiafion. €Nc€ was ?oted for thesi, )0, films. At temperatures of
These studies have confirmed the reduction of excess subo00—1000 °C a 50-C bonding group was observed to
ide bonding by annealing in an inert ambient at 900 °C. ipform whlch in turn has .been' assumed tq inhibit the phase
addition, the experiments described in Ref. 5 establish thatSParation process until thei-®-C bonding group was
growing an oxide at 900 °C is not equivalent to growth atehmmated_at 1QSQ C. Important |mpI|cat|0ns of thls_ stL_de
900 °C followed by annealing at the same temperature. ThiPWwards SIC-Si@ interface processing are that oxidation
apparent saturation of annealing effects in Si—Sierfaces MuSt be performed above 1050 °C to ensure no oxycarbide
after 900 °C annealing suggests that the phase separation ,téqnd}ng at the interface and that a 900 C.postomdatlon an-
action observed in the deposited Sithin films at 900 °C, neal is necessary to reduce suboxide bonding and smooth the
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