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EVIDENCE FOR FREE CARBON IN AMORPHOUS OMCVD SILICON-RICH SiXC,-, COATINGS 
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Cristallochimie, RBactivit6 et Protection des MatBriaux, CNRS UA-445, 
ENSCT, 118 route de Narbome, F-31077 Toulouse Cedex, France 

R6sum6 - Des f i l m s  SixCl-x r i c h e s  en s i l i c i u m  on t  6 t 6  d6pos6s par  OMCVD sous 

p ress ion  r 6 d u i t e  e n t r e  800 e t  1000°C en u t i l i s a n t  S iE t4  comme source de C e t  S i .  Un 

enr ich issement  supp l6menta i re  en S i  a  6 t 6  obtenu pa r  a d d i t i o n  de SiH4 dans l a  phase 

gazeuse. Malgrgs l ' e x c 6 s  de S i ,  l a  pr6sence de carbone l i b r e  a  6 t 6  mise en 6v idence 

pa r  l e s  d i f f 6 r e n t e s  c a r a c t 6 r i s a t i o n s  ( I R  e t  XPS). La  m i c r o s t r u c t u r e  h6t6roggne de 

ces f i l m s  amorphes d6pend de l a  tempgrature  e t  de l a  p ress ion  p a r t i e l l e  de s i l a n e .  

Abs t rac t  - S i l i c o n - r i c h  SixCl-x l a y e r s  have been depos i ted  by  OMCVD a t  low pressure  

i n  t h e  temperature  range 800-1000°C us ing  t h e  o rganometa l l i c  compound S i E t 4  f o r  bo th  

S i  and C source. A  S i  enr ichment o f  t hese  amorphous SixCl-x coa t i ngs  was ob ta ined  

by  a d d i t i o n  o f  SiH4 t o  t h e  gas-phase. The i n f l u e n c e  o f  t h i s  s i l a n e  p a r t i a l  p ressu re  

i nc rease  on t h e  growth r a t e ,  t h e  compos i t ion  and o p t i c a l  p r o p e r t i e s  o f  t h e  f i l m s  

has been i n v e s t i g a t e d .  I n  s p i t e  o f  t h e  s i l i c o n  excess, evidence f o r  f r e e  carbon was 

found b o t h  i n  t h e  v a r i a t i o n  o f  t h e  o p t i c a l  band gap and t h e  IR spect ra .  The XPS 

(X- ray  Pho toe lec t ron  Spectroscopy) a n a l y s i s  argues a l s o  f o r  a  heterogeneous 

m i c r o s t r u c t u r e  f o r  these amorphous ceramic t h i n  f i l m s .  

1  - INTRODUCTION 

S i l i c o n  ca rb ide  a l l o y  i s  o f  g r e a t  i n t e r e s t  bo th  i n  amorphous semiconductors and i n  

h igh- temperature  s t r u c t u r a l  elements. They can be prepared by va r i ous  d e p o s i t i o n  t echn i cs ,  

however t h e  Chemical Vapour Depos i t i on  i s  one o f  t h e  most conven ient  processes accord ing 

t o  t h e  l a r g e  v a r i e t y  o f  chemical  p recu rso rs  /l/. I n  o rde r  t o  prepare  S i - r i c h  SixCl-x f i l m s  

f o r  t h e  p r o t e c t i o n  o f  ceramic m a t r i x  composi tes i n  a  s imple  CVD process, we have proposed 

i n  an e a r l i e r  work t h e  use o f  S iE t4  as a  s i n g l e  o rganometa l l i c  p recu rso r  f o r  bo th  S i  and C 

source. Amorphous SixCl-x f i l m s  were obta ined between 800 and 1000°C w i t h  a  r e l a t i v e  

atomic percentage o f  s i l i c o n  X i n  t h e  range 0.3 - 0.7 /2/. To ex tend t h e  a d a p t a b i l i t y  o f  

t h i s  process toward h i g h e r  s i l i c o n  c o n c e n t r a t i o n  i n  t h e  coat ings ,  s i l a n e  was added t o  t h e  

i n i t i a l  gas-phase. Th i s  paper dea ls  w i t h  t h e  i n f l u e n c e  o f  t h i s  a d d i t i o n  on t h e  growth  r a t e ,  

t h e  compos i t ion  and t h e  o p t i c a l  p r o p e r t i e s  o f  t h e  l a y e r s .  The l a y e r s  were c h a r a c t e r i z e d  by 

o p t i c a l ,  I R  and XPS (X-Ray Pho toe lec t ron  Spectroscopy).  
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2  - EXPERIMENTAL 

The c l a s s i c a l  low p ressu re  c o l d  w a l l  h o r i z o n t a l  CVD apparatus used I n  t h i s  s tudy  has been 

desc r i bed  p r e v i o u s l y  /2/ .  To o b t a i n  t h e  d e s i r e d  S i E t 4  p a r t i a l  p ressure  i n  t h e  gas-phase, a  

m i x t u r e  o f  SiH4/H2 was used as c a r r i e r  gas and l e d  th rough t h e  S iE t4  bubb le r .  T h i s  bubb le r  

was thermosta ted between -5°C and + 10°C and asce r ta ined  a  S iE t4  vapour pressure  i n  t h e  

range 129-333 Pa. Any f u r t h e r  d i l u t i o n  was r e a l i z e d  a t  t h e  ent rance o f  t h e  r e a c t o r .  Fo r  

s a f e t y  reason, t h e  i n i t i a l  SiH4 c o n c e n t r a t i o n  d i l u t e d  i n  hydrogen was o n l y  1% and 5%. A  

sketch o f  t h i s  growth apparatus has been g i v e n  i n  r e f .  2. The t o t a l  f l o w  r a t e  and t h e  t o t a l  

p ressure  i n  t h e  r e a c t o r  have been kep t  cons tan t  a t  8.3 sccm and 1333 Pa (10 T o r r ) ,  

r e s p e c t i v e l y .  The i n i t i a l  gas-phase compos i t ion  was then de f i ned  by  t h e  r e l a t i v e  p a r t i a l  

p ressure  r a t i o  

The l a y e r  t h i ckness  has been measured on a  f r a c t u r e d  c ross  s e c t i o n  us ing  a  SEM equipped 

w i t h  an EDX ana lyzer .  FT-IR spec t ra  were recorded on a  Pe rk ing  Elmer 1710 spect rometer  

i n t e r f a c e d  w i t h  a  d a t a  s t a t i o n  computer. I R  s p e c t r a  were ob ta ined  a f t e r  s u b s t r a c t i o n  o f  a  

r e f e r e n c e  S i  wafer spectrum. The o p t i c a l  band gap were c a l c u l a t e d  f rom t h e  measured 

t r a n s m i t t a n c e  i n  t h e  wave- length range 200 - 3000 nm us ing  t h e  Tauc's r e l a t i o n  /3/ .  

The p h o t o e l e c t r o n  s p e c t r a  were per formed w i t h  a  spect rometer  V.G. 50 ope ra t i ng  w i t h  t h e  

monochromatic A l k  X-ray source. 

3 - RESULTS AND DISCUSSION 

3-1 growth r e s u l t s  

Amorphous SixCl-x f i l m s  were depos i t ed  on v a r i o u s  subs t ra tes  a t  a  cons tan t  temperature  o f  

950°C under reduced p ressu re  us ing  t h e  t y p i c a l  CVD c o n d i t i o n s  r e p o r t e d  i n  t a b l e  1. 

Wi thout  a d d i t i o n  o f  SiH4 o r  f o r  low va lues o f  SiH4 p a r t i a l  pressure,  t h e  morphology o f  

SixCl-x c o a t i n g s  depos i t ed  a t  950°C e x h i b i t  the  t y p i c a l  nodu la r  s t r u c t u r e  o f  amorphous CVD 

f i l m s  ( f i g .  l a )  whereas f o r  h i g h e r  va lues o f  p (S iH4)  (R - 21%) t h e  f i l m s  a r e  homogeneous 

and compact, w i t h  a  r e l a t i v e l y  smooth su r face  ( f i g .  I b ) .  They p resen t  many m ic roc racks  

Depos i t i on  temperature  950°C 

T o t a l  p ressu re  1333 Pa (10 T o r r )  

T o t a l  f l o w  r a t e  8.3 sccm 

p ( S i E t 4 )  9.7 ID-' - 2.5 T o r r  

p(SiH4) 0  - 4.9 T o r r  
8.1 - 8.9 T o r r  

Subs t ra tes  Si ,  A1203, S i02 

Tab le  1 : 

Typ i ca l  OMCVD growth c o n d i t i o n s  

used f o r  t h e  d e p o s i t i o n  o f  

Sixcl-, l a y e r s .  



whose p r o p o r t i o n  i s  n o t  u n t i l  now c l e a r l y  r e l a t e d  t o  t h e  heterogeneous s t r u c t u r e  as 

suggested i n  t h e  l i t e r a t u r e  /4/. 

F i g .  1  : 

T y p i c a l  micrographs o f  

S i - r i c h  SixCl-x f i l m s  as 

a  f u n c t i o n  o f  t h e  gas-phase 

compos i t i  on : a)  R = 8% and 

b )  R = 21% (950°C ; 

S i  s u b s t r a t e  ; X 1000).  

The i n f l u e n c e  of the s i l a n e  a d d i t i o n  on t h e  growth r a t e  i s  shown i n  t h e  f i g .  2. I t  appears 

c l e a r l y  t h a t  t h e  growth  r a t e  increases w i t h  t h e  t e t r a e t h y l s i l a n e  p a r t i a l  p ressu re  whatever 

be t h e  r e l a t i v e  SiH4 concen t ra t i on .  Furthermore, i n  s p i t e  o f  t h e  low s i l a n e  p a r t i a l  

pressure,  t h e  growth  r a t e  o f  t h e  l a y e r  increases s i g n i f i c a n t l y  f o r  each S i E t 4  p a r t i a l  

p ressu re  w i t h  t h e  r e l a t i v e  SiH4 concen t ra t i on .  T h i s  i n d i c a t e s  t h a t  t h e  SiH4 decomposi t ion 

s u p p l i e s  supplementary e lementa l  S i  f o r  t h e  growth  o f - t h e  l a y e r .  T h i s  deduct ion  must t hen  

i n v o l v e  a  s i l i c o n  enr ichment o f  t h e  l a y e r s .  The s i l i c o n  con ten t  o f  t hese  SixCl-x c o a t i n g s  

has been es t ima ted  b y  EDX a n a l y s i s  f o l l o w i n g  a  method p r e v i o u s l y  descr ibed /2/  and t h e  

r e s u l t s  shown i n  f i g .  3 a r e  on t h e  whole i n  good agreement w i t h  t h i s  assumption s i n c e  t h e  

F ig .  2 : 

Growth r a t e  o f  SixCl-x f i l m s  versus 

t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  s i l a n e  

and t h e  S i E t 4  p a r t i a l  p ressure .  
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t h e  f i l m  tends t o  i nc rease  w i t h  t h e  r e l a t i v e  SiH4 concen t ra t i on .  A l l  Sixcl-X c o a t i n g s  

ob ta ined  a re  X-ray amorphous and no ev idence f o r  g r a p h i t e  o r  S i  c r y s t a l l i t e s  has been found 

by  X-ray d i f f r a c t i o n .  

F i g .  3  : 

I n f l u e n c e  o f  t h e  r e 1  a t i v e  gas-phase 

compos i t ion  on t h e  s i l i c o n  con ten t  

o f  t h e  f i l m s  ( t h e  d o t t e d  l i n e  i s  

j u s t  a  gu ide  f o r  t h e  eyes) .  

3-2 O p t i c a l  p r o p e r t i e s  

The o p t i c a l  band gap, Eo, o f  these SixCl-x f i l m s  decreases w i t h  an i nc rease  o f  SiH4 p a r t i a l  

p ressure  ( f i g .  4 ) .  T h i s  i s  c o n s i s t e n t  w i t h  an i nc rease  o f  S i  con ten t  i n  t h e  l a y e r  /5 /  s i n c e  

i t  can be specu la ted t h a t  t h e  o p t i c a l  gap decreases w i t h  t h e  d e n s i t y  o f  bonds s t r o n g e r  t han  

S i - S i  such as Si-C and C-C ; t h i s  assumption w i l l  be t r u e  as l ong  as f o u r  f o l d  c o o r d i n a t i o n  

i s  dominant i n  t h e  amorphous network. Then t h e  o p t i c a l  gap tends t o  decrease toward t h e  S i  

value. However a  poor c o r r e l a t i o n  i s  found between Eo and X i n d i c a t i n g  t h a t  a  more complex 

2.2 

4 

S *  
0 

F i g .  4  : c. 

V a r i a t i o n  o f  t h e  o p t i c a l  gap w i t h  t h e  1 . 8 -  

r e 1  a t i v e  c o n c e n t r a t i o n  o f  s i l  ane a 
c3 

(p (S iE t4 )  = 0.97 T o r r  (m) and 1.5 J 
1.6  

T o r r  (+). 4 0 
1 . 4 -  

a 
0 

1 .2  

l 

I I I 

- - 
4 

m 

+ 
m - 
m 

a - - 
a 

I I I 
0 . d .2 .3 . 4  

p [SiH41 /p tSiH4+SiEt41 



phenomenon occurs.  We suppose t h a t  t h i s  can be due t o  a  heterogeneous s t r u c t u r e  c o n t a i n i n g  

t h r e e f o l d  c o o r d i n a t i o n  carbon, i . e .  g r a p h i t i c  zones. T h i s  assumption e x p l a i n s  g e n e r a l l y  t h e  

decrease o f  Eo i n  ca rbon - r i ch  SixCl-x f i l m s  /5,6/ and such a  carbon segregat ion  has even 

been a l ready  found i n  S i - r i c h  glow d i scha rge  f i l m s  /7 / .  For S i - r i c h  SixCl-x CV0 f i l m s  

depos i t ed  above 900°C us ing  S i E t 4  as s i n g l e  precursor ,  some evidence f o r  f r e e  carbon were 

found /2 / .  For  ins tance,  t h e  i nc rease  o f  t h e  background abso rp t i on  o f  t h e i r  IR spec t ra  w i t h  

t h e  d e p o s i t i o n  temperature  has been asc r i bed  t o  an i nc rease  o f  f r e e  carbon amount accord ing 

t o  l i t e r a t u r e  r e s u l t s  /8 / .  

The IR s p e c t r a  o f  SixCl-x f i l m s  ob ta ined  a f t e r  a d d i t i o n  o f  e x t r a  SiH4 a re  r e p o r t e d  i n  f i g .  

5. They e x h i b i t  t h e  broad abso rp t i on  band a t  800 cm-' expected f o r  Si-C bond s t r e t c h i n g  

mode /g/.-Moreover, t h e  background abso rp t i on  i n  t h e  h i g h  wavenumber range decreases 

c l e a r l y  by i n c r e a s i n g  t h e  SiH4 p a r t i a l  p ressure  t h a t  w i l l  be i n  good agreement w i t h  a  

r e d u c t i o n  o f  t h e  amount o f  f r e e  carbon. Another f e a t u r e  o f  these IR s p e c t r a  i s  t h e  C-H 
3  s t r e t c h i n g  mode ( sp  bonding) near 2900 cm-' observed o n l y  w i t h  some samples hav ing a  f i l m  

t h i c k n e s s  h i g h e r  t han  5  m and a  carbon con ten t  near o r  h ighe r  than 30 a t .  %, accord ing t o  

an e a r l y  work /10/. Furthermore, s i l i c o n  h y d r i d e  s t r e t c h i n g  modes a r e  found f o r  a l l  t h e  

samples between 2135 - 2160 cm-' and t h e i r  f requency seems t o  i nc rease  w i t h  t h e  carbon 

amount ( f i g .  6 ) .  The more probab le  l o c a l  sur round ing o f  t h e  Si-H bond v i b r a t i o n s  a re  

H2Si(C2) and/or H3S i (S i )  expected a t  2149 cm-' /ll/ and 2145 cm-'/12/, r e s p e c t i v e l y .  I n  

amorphous o r  m i c r o c r y s t a l l i n e  S i  o r  SixCl-x f i l m s  these  modes may be cons idered as su r face  

o r  i n t e r f a c e  modes and t h e y  are  found i n  heterogeneous s t r u c t u r e s  w i th ,  f o r  exemple, 

m ic rovo ids  /13/. 

F ig .  5  : 

T y p i c a l  IR abso rp t i on  s p e c t r a  o f  

SixCl-x f i l m s  depos i ted  a t  950°C 

w i t h  p(SiH4) = 0  ( a )  ; 8.9 I O - ~  

T o r r  ( b )  ; 4.1 10 - I  T o r r  ( c ) .  

The l a y e r  t h i c k n e s s  i s  about 6 um 
' 2 0 p - q  C- H "I-" 

1 1 1 1 1 1 1 1 1 1  1 I I I 
4000 3000 2000 1600 1200 800 

WAVENUMBER (cm-') 

3-3 XPS c h a r a c t e r i z a t i o n  

I n  add i t on  o f  t h e  C and S i  peaks, t h e  0 I s  core  - e l e c t r o n  l e v e l  appears on t h e  s p e c t r a  o f  

t h e  ou te r  su r face  o f  t h e  f i l m s  ( -  532 eV). However, a f t e r  ~ r '  s p u t t e r i n g  i t s  i n t e n s i t y  

decreases c l e a r l y  whereas those  o f  S i  and C increase, t h a t  i s  c o n s i s t e n t  w i t h  a  p a r t i a l  

oxydat ion  near  t h e  sur face.  The i n s u l a t i n g  f e a t u r e  o f  t h e  samples i n v o l v i n g  a  s l i g h t  energy 

s h i f t  (charge e f f e c t ) ,  a l l  t h e  b i n d i n g  ene rg ies  were r e f e r r e d  t o  t h e  0  I s  t r a n s i t i o n  f r o m  

t h e  oxygen con tam ina t i on  a t  531.4 eV. 



JOURNAL DE PHYSIQUE 

F ig .  6  : V a r i a t i o n  o f  t h e  Si-H 

s t r e t c h i n g  f requency v 

w i t h  t h e  carbon amount 

i n  t h e  SiXC1-, l aye rs .  

279 281 283 285 287 289 
BINDING ENERGY (eV1 

2130 
.l .2 .3 

CARBON AMOUNT (1-X) 

97 98 99 100 10i 102 103 
BINDING ENERGY leV) 

F ig .  7  : V a r i a t i o n  o f  XPS C I s  energy F ig .  8 : V a r i a t i o n  o f  XPS S i  2p energy 

r e g i o n  w i t h  SiH4 p a r t i a l  p ressu re  : r e g i o n  w i t h  SiH4 p a r t i a l  p ressure  : 

a) p ( S i  H4) = 4.1 10 - I  T o r r  ( X  = 0.76); a )  p(SiH4) = 4.1 10" T o r r  ( X  = 0.76) ; 

b )  p(S iH4)  = 8.9 10-' T o r r  ( X  = 0.68); b )  p(SiH4) = 8.9 I O - ~  T o r r  ( X  = 0.68) ; 

C )  p(SiH4) = 0  ( X  = 0.73); C )  p(S iH4)  = 0  ( X  = 0.73); 

d )  g r a p h i t e  g i v e n  f o r  re ference.  d )  S i  wafer  g i ven  f o r  re fe rence .  



Table  2  : XPS d a t a  o f  SixCl-x f i l m s  depos i t ed  by  OMCVD. G raph i t e  and s i l i c o n  a re  g i ven  f o r  

re fe rence .  The b i n d i n g  ene rg ies  a r e  r e f e r r e d  t o  t h e  0  I s  t r a n s i t i o n  a t  531.4 eV and t h e  

u n c e r t a i n t y  i s  es t imated t o  + 0.2 eV. 

p-p p- P 

The C I s  b i n d i n g  energy i s  found a t  282.5 eV and t h a t  o f  a  p y r o l y t i c  g r a p h i t e  s tandard  a t  

284.6 eV ( t a b l e  2) .  T h i s  low energy s h i f t  i s  due t o  t h e  lower e l e c t r o n e g a t i v i t y  o f  S i  and 

con f i rms  t h a t  t h e  C atoms a re  m a i n l y  bonded t o  S i ,  accord ing t o  t h e  h i g h  i n t e n s i t y  o f  t h e  

Si-C s t r e t c h i n g  band i n  IR  spect ra .  However, t h e  shou lde r  near 284 eV i s  assigned t o  carbon 

bonded t o  carbon atoms /14/ ( f i g .  7 ) .  A f t e r  deconvo lu t i on  o f  t h i s  C  I s  l e v e l ,  us ing  an 

automat ic  procedure o f  a  peak f i t t i n g  programme, we can o b t a i n  t h e  i n t e n s i t y ,  ICSi and ICC, 

o f  t h e  peaks due t o  C-S i  and C-C bonds, a t  about 282.5 and 284.5 eV, r e s p e c t i v e l y ,  and a  

f r e e  carbon amount may be c a l c u l a t e d  w i t h  t h e  r a t i o  

T(OC) I p(SiH4) ( T o r r )  I KC ( % l  I ( l - X )  I S i2p  (eV) I Cl, (eV1 

800 1 0  1 13.3 1 0.61 1 99.8 1 282.5 

The r e s u l t  i n  t a b l e  2  shows t h a t ,  w i t h o u t  SiH4 a d d i t i o n ,  t h e  f r e e  carbon r a t i o  i n  t h e  f i l m  

increases w i t h  t h e  d e p o s i t i o n  temperature  a l though t h e  t o t a l  amount o f  carbon decreases. On 

t h e  con t ra ry ,  f o r  S i - r i c h  SixCl-x f i l m s  depos i ted  a t  950°C, t h e  f r e e  carbon r a t i o  decreases 

f rom about 31 t o  14% when p(SiH4) increases.  Thus, as f o r  IR  r e s u l t s ,  an oppos i t e  

i n f l u e n c e  o f  t h e  d e p o s i t i o n  temperature  and t h e  s i l a n e  p a r t i a l  p ressu re  on t h e  f r e e  carbon 

amount i s  found. 

I 

I n  homogeneous SixCl-x f i l m s ,  t h e  S i  2p b i n d i n g  energy decreases mono ton i ca l l y  as X 

increases w h i l e  t h e  S i  2p l i n e  - w i d t h  remains cons tan t  /15/. I n  f i g .  8, s p e c t r a  a) ,  b ) ,  

and d )  a re  i n  good agreement w i t h  t h i s  c o r r e l a t i o n  s i n c e  t h e  S i  2p l e v e l  decreases when X 

I 
850 1 0 1 23.4 1 0.51 1 99.6 1 282.6 

900 1 0  1 29.1 1 0.29 1 100.0 1 282.8 

1 I l l 
950 1 0  1 31.7 1 0.27 1 100.2 1 282.7 

I l I 
950 1 8.9 I O - ~  1 20.0 1 0.32 1 100.1 1 282.8 

950 1 4.1 10-I  1 14.7 ( 0.24 ( 99.7 1 282.5 

C  I g r a p h i t e  and I - I 1  I - 1 284.6 

I s i l i c o n  

S i  I r e fe rences  - I 0  1 98.8 1 - 
I 
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inc reases f rom 0.68 t o  1. However, i f  t h e  f r e e  carbon r a t i o ,  kc, i s  h igher ,  t h a t  i s  t h e  

case when p(SiH4) = 0 ( f i g .  8c) ,  t h e  chemical  s h i f t  o f  S i  2p l e v e l  i s  v e r y  low and i s  n o t  

i n  agreement w i t h  t h e  p rev ious  c o r r e l a t i o n .  Moreover, t h e  S i  2p b i n d i n g  energy increases 

s l i g h t l y  w i t h  t h e  f r e e  carbon amount ( t a b l e  2) ,  i .e.  w i t h  t h e  he te rogene i t y  o f  t h e  

m a t e r i a l .  The n o n - s i g n i f i c a n t  chemical  s h i f t  o f  C I s  and t h e  behav io r  o f  S i  2p l e v e l  a r e  

p robab l y  t h e  r e s u l t  o f  an heterogeneous s t r u c t u r e .  

I V  - CONCLUSION 

S i - r i c h  SixCl-x l a y e r s  were grown b y  LPCVD u s i n g  S i E t 4  as s i n g l e  source o f  S i  and C. I n  

s p i t e  o f  t h e  S i  excess, ev idence f o r  f r e e  carbon was found f rom o p t i c a l ,  IR and XPS l a y e r  

c h a r a c t e r i z a t i o n s .  A s l i g h t  e x t r a  a d d i t i o n  o f  SiH4 i n  t h i s  process tends t o  i nc rease  t h e  

growth  r a t e ,  t h e  s i l i c o n  con ten t  and decreases t h e  f r e e  carbon con ten t  i n  t h e  f i l m s  l e a d i n g  

t o  a l e s s  heterogeneous s t r u c t u r e .  The carbon seg rega t i on  i s  impor tan t  a t  h i g h  temperature  

o r  low s i l a n e  p a r t i a l  pressure.  A m u l t i z o n e  m i c r o s t r u c t u r a l  model may be proposed, t h a t  

would be c o n s t i t u t e d  by  f r e e  carbon c l u s t e r s  embedded i n  a S i - r i c h  SixCl-x r e g i o n  w i t h  a 

boundary zone c o n t a i n i n g  t h e  h y d r i d e  modes H2Si (C2) and H3Si ( S i )  . 
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