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4 h.~l r~¢ t 

The o ~ . h l / i m l  h n.'tlc,s' o/ ' / t  S I C  prcpa / ' ed  I,~ ~'hetlllcal 
I dpOI  dclh~,S'l/lOll ( ( . ' I ' D )  Ill th'l '  o~t'g~'II ( ¢ . I l l -  : -  

A'II UIlII ) I~'(l,S Illl (',S'll,t~tll~'d Ot ~'l' lilt' Idt l lpCl 'dl i l l t '  IUllgt '  

12110 t .  13311' (.' 
i n  ,',,I[LI ,t,' i 'U l '  ~ h H I d i ' I / t , I  wa,'," i / s o d  Io  ttli'U.Wll'~' l / l i '  

s'll lca h / i ' c r  llllckm',~',~" a l  P . ,  '._ l a / I / l .  ,'Jl h i g h e r  
/H'('S.~III P.~, IH'O]71Ottlt '/ l '] ', I I I /PI /P l 'Ol i lP/ I  I' Ul ld  ~'('Uli/lllI,Q 
t ' /u(' l l 'OII ttii~'l O,~'~ 'O'p I' I I ' t ' i ' t '  ('111[~/0 I'L'd 

'F]li' ,~lllt' i l gl 'Oil Ih ira,~, " I r l r a h . I .  ' a / . ' r  a .  I l l l l / t l /  
/it lf '¢/I ~'lt'p Tht '  [~UIU~il /H' O~ ld t l l l l l l l  I ' t l l( '  ~'OIl,~,lUtll,~ ' 
( K p )  t i l l ' l ed  i r l l / i  I ] l i '  ~ l~t ' ,~ ' l l  p u r l l t / ]  prcs',~;lllt' 
tndlc'a/ln,~.t / / / l i t  n~l, tTel l  dlflii,~'tnll t ' n t l l ln / l ed  ltt~' 
,~ ~ i~hl/Inn pl'm'e,ss T'wo di//~'t cnl  u p i r t r e . t  a~'llt U//¢.l 
~'llt'rl.',l~',~ were' [i~///Id at h m  t~'ll/pcldt/ire,s' ( T"__ 
I t 'ql ( ' )  a l ld  h igh [.'e,~,~l/l¢',~' (P~).  , I a / I l l )  t'h~,~' 
t .  I t'l ' at, a I'U/IIP H'lill'h ~ ' o r r e , , , p o t l d ,  s' to tilt' ttloh'l ' l t lUl'  

, ~ ~ I 'gCl l  I~Cl'/lle~ltl¢.l throl lgh  a l l / t ,  pl..I,~' ,S'i(_) :; a / h i g h  
te/i/l~'ra/ln'c,~ ( 'T _' I t S t /  ( ' )  a l . I  h m  I.'¢',~,s/n'es 
( P~,  ,__ I t/tin ) the Irn ' tnt[  crl ,~/al l l : . l lnn o / / h c  w l . ' n  
/¢1 i'~'r IIll/.S'//)~' Iu]~ ~'ll IlllO d<'¢ 'Olllll Io I / I / t ' rprt ' l  ¢ 'o r l ' ( ' c / ] l  

l]l~' t ¢1/1ti' O/ /]1(' U[¥~di'('tl /  tlt'/li'tl/lOII ~'llt'r,l.~l' 
( 2 -  t t ' l '  tll ) 

[fit' O~l&lt iol l ,~ '~. . ' t l~  r . .  [t Sl(.', I . ' lge,~/cllt  ~hn'~'h 
, 'ht'nll~'+'h+'n [ )a . lp /mu&'r ,~ 'hhl ,~  ( ( '1 "D) Ill /l'OC~ +'re'l. 
.h ' tHt , ' i ' .S tO/ /  ( ~' " I ( ) -  ? - -  , ~ ' l ) U / I l l  ), ll'Hl'th' l i t / '  Pl l l¢/ i  

1-ellll~t'lat/lrt~¢'relch t o l l  1200 his I S ~0"(" I/llter,~/Icht 
hi w/t/ I "/t/cl,s'/tch/n/gu// dt'r Slll:/tlll/o~/d,~'ch/ch/dt~'kt'  
ht'l P . :  '_ I e r /o lg l e  . l i t  Hil/'e b o l l  R~'i.t,t~enheu,~.n~b 
B~'l ]lOllel'CH D/llCkCll W/l/'~h'll Pro[7/omelrl t ' ,  h lh ' r  
/ ( ' i 'Ol IH' l l  It' I l l l d  RUs'l t ' l  t ' /t '~ I I ' l l t i ( ' l l l l l l l~ I'O,s]~ Opts' 
PI/l~t's't ' lCl 

[hl,~ ,S.'ill:ilnno~nt : u i g l c  . a t ' h  e/nero a . h ' m g l . ' h  
/ l l l t 'ur* ' l l  I ' l l /  I~Uru/~o/I,~'~'ht',~ l l 'u( 'h,~' l l l l l l ,~ l :o 'hul / t ' l l  DI~' 
inn'ah/dl,s't '/Ic (_) ~/dallo/Ls'l al¢/Ik  o . ,~ ' tu . / e  ( K~, ) 
I Ul'lH'l'l l i l t / d t ' m  ,.~'a.er,~'lofl'llarllaldr.cl~, was  he~h'l/tc/, 
,hilt ,lie ,.~'m/er,~'h_lfldlllh.woll <h'r pl oce/ lhu,~ ' t / .n .e / l&'  
Ptlt'Ulll('It 'i '  IS'/. g~' crgt l~( ' l l  ,~'lch :W~'l t,('l,Y~']llPd~'lIP 

I ti7 

,~ 'h~'mhare ,4~ In l e r . . , t _ ; ,w .e rg ie ,  her . . ' ~h ' i ge l l  Tern.  
l~erat lne.  ( ' T "_  I ¢~1)' C )  . m l  I Iol le/ I  D r m ' k u .  
( f ' . ,  _' I a t . i )  In lge /ahr  I t ' l ' , , a l ,  ~'lll I I ' c r /  &'r & ' . l -  
#'l l lgCll  /)('lit/ Dil l  ('/Idl IllgL'll ['rill Il lOh'k tl/<lr('lil ,S'¢lll~'l' 

,~1"[1 d/rich mm. 'p/ Ic ,s  ,_~'/h:lln/io~./ en/sl~r/t'ht; t~¢'i 
]loh¢'/i Ti'/lll~Vl'U/tll't'll ( ' t  _' 1 3 5 0 ' C 1  I/ l id Illt 'di'lgVII 

Drl'tt '~'tl f P . ,  ,__ l a/ll/ ) Ill/tit ~h*' /cllwel,S'C Kr l s ta lh  
s'allcm th'r ,b'//l: /lntln ~ ) d,s'~'/llt'/ll h¢'rllck,wt'hl/gt wurth'n, 
Httl dell I]'t'rl /tn die ,S'('/it'lllt~lt¢' ,'1]~ IlVler//llg,~'/l~'l',t,'le 
( 2 -  ¢ C I ','~ll ) / . ' h t t g  ,:It i / / terprel lere/ i  

(_)It a Plmh~" la r'ntc"InlUe d'n ~ I ' & l l l t . I  ~ht SiC' I t l,r¢"par¢', 
pt l r  dc"p~,Slll 'nll ('It pJltl,~'(' ,L~tlCt'//,~'( ' ~'rllt,~ O~ ]',l~t"llt' ,~'('(' 
( ~' . I0  - " - ,~'(t a l l / I  ), d u . s  la,u,a/tnl le cl~' luIHp~"ralurc,s 
1 2 0 0 - I  '~ Sit (_' POln' P . ,  - I a l to ,  tlm/,~ at'ml.v Itte.~'.r," 
I 'blrn,~,~cm' de ht ~'nt/chc & '  ,~ill~',' p a r  d / / ] /a~ ' l tn / /  & '  
I ~11'Otl,~ .ti' I11 Nil LI PONI' d,t'.~,' pl'u.L'¢lOll.Y .'¢lt~t'TIt'tll't',Y, IlOll,Y 
~lZ Oll.~ /tltlt.~" Id I#'ohlolH~"lrlc,  I ' t l lh' l  l / ' r , l l l t " / t l ( '  ('I la 
I / l i t ' r o w . I r a '  ~i hUhl l 'Ug( '  

L,u c'rm,~,~am'e dc hi Sl/l~'t' e,~'t pa/ 'aho/ iq / / t '  aprt;,~' t i l l  
d("ptll 'f  /ItI~"U/I'V L,(',~ ('Oll,~lLllll(',S' ~/¢' /11 ~'l/ It"llql/( '  
[~Ul'~//~O//qltU d 'o  ~ I ' dU l lO t l  ( K f, ) l 'd l ' lCI/ l  due'('/~1/~rt',~'SlOll 
p . r l . ' / h '  d 'o~ t',~:(;.e n . t l q . a n l  q l . '  h' IWOCUS,~'II,~ ' 
d 'o  ~ = 'da l .m ¢',~1 ~'mll~ 61¢: p a r  hi ~hfllt,~'it.I de I 'o ~ I'g¢;llC. 
,~/'1111,~ UI'OtI,~ l l 'Olt l '~" dt' l lX ("ll('l't~lP,~ d 'u( ' l lU( I { lOl l  d i /  
/~"r~'ll/¢'~, ¢i t~¢l,~',~' h ' l l Ip(" l 'd / l l l '~ '  ( 'T "_. 13,~0"(~)  u/  
l.'e,~,~'lO/I {'lcm"~' ( Po,  - I d l m  ), ~'lh' apl . 'oche I e J'/'al, 
t '~/h'//r q . I  ~'Oll~',~'p.lnl ~i I ' i l~] i l / / '~l l /¢nl d'O~,l'g~"He 
Il lOIl"CIl/UIl'~' d~lll,s ,~.'t(.) ; Ull lOl'ph~', () ] ld l l l l '  l t ' t / Ip("rUl l / l ' ( '  
( ('T' _' I t~() C )  u/ pru.~',~it.i / m h l u  ( f'~,, ,__ l a l t l l  ), II 
f~111I / ( ' t / I f  ~'OIIIplL' d~' l~l ~'11,~'IUIII.wIIIOI/ I~UI I1('11(' d(' /u 
i'Oll~'h(' d(' .wh¢'~' pOl/ l '  [)Oll{ o11" ii i l~'r[;q~"lt' l" h i  PuIt ' l l l '  dE' 
/'¢'llO't~l¢' d '~ l~ ' l / l 'd l /m/  t l l l pd l¢ ' l l h '  ( . ' - 3  ~' I '  , i t )  

I Inlroduclion 

L~ke m,~nl of ,qllCOli-Conl;.llnlng ceramic malermls, 
SIC hus .'l good oxidul lon resl.~lum.'e at high 
lemperalures dLic to the forlnatlon ~1" a coherent 

, I o m . , d  ol li lt ' E . r n p e u .  ( ' ( ' r .mm'  5'ncl('/ l '  ()qN~ 2219/94/$71)1),I 
(]real Brilain 
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laver ~1" sihc~m dioxide whlcll pn~tects S~(2 against 
lurther ~xadalion. Applications involving the use o1" 
Sff." as a lugh temperature struclural material, I'~t' 
instance ~n the space industry us reenlrv prolect~ve 
shields, have induced many studies tn this area ~wer 
lhe last lwo decades 

More~wer, SIC is als~ an attraclive malerlul I'or 
electnmlC devices because ol'llS large band gap 12 1 
Ibr [I-SIC') and high electrw breakd~wn field 
(5 .' I()-~-'Vcnl -~) In Ihls area, the thermally 
I'otmed SI(.)? layers on Ihe Sff,' surl'ace during 
~x~dati~m ale used as masks during Ihe doping 
prowess, as passivall~m layers flu' p-n .lUlWti,ms ~)r 
LIS gait '  dleleclrlCs I'~u metal (~xlde selnlc~mdtlcl~r 
(MOS) devices. 

()xJdall~m klrlellcs can generally be described 
USlllg the linear-parabolic tm~del o1' Deal & Grove. i 
This tm~del was deveh~ped liar SI oxldati~m lu 
explain the linear and paraNfllC dependencies ~1' the 
~xide laver growth with lime. This model implies 
thai lhe initial stage o1" ~xldatlon is reacll~mirate 
hmited and linear, hut becomes paraNfllC as the 
dlfl'tlsi~m ol'~xidants thtotlgh Ihe uxide bec~mes the 
rale-Ilunllln~ I'act,~r In the case~fl'Si the reporled 
actlvatl~m energies For the linear regime corresp~md 
t~ lhe SI-Si Nmd energy (I.geV/:ll), ~n Ihe D.itaNfllC 
re[:a, lnle aCllVall~H1 energies :~ a~e Ill agreement wllh 
the energy required I',,t m,flectllar ~xvgen permea 
[l()rl In I'tlsed silica 4 

The oxldall~m ~*1" sIlIcon carbIde, desplle lhe 
llllmerotlg studies teD~rled on I1, IS not as well 
ulnderst~u~d, probably because ~1" the use ~fl' malw 
dlflerenl li,rms ol SIC: powder," slntered **r h~t- 
p~essed, a¢'-'* s~nplecryslal I " - I ~  Dflycrystal l lne 
CVE) it SiC TM An~ther C~mlplexlly with regard l~ 
St(.' arises I't,ml the presence ~1' carh, m. 

Some atlth~)rs I I,I .~ have I'~mnd a Iinear-paraNfllC 
law, whilsl ~thers ''~° ~mlv a simple parahohc one In 
the parabolic reg]tne many uuth,~rs, in anthony with 
SI t~xidi.ltl~tl, suggesl tlla[ the rateicontrolllnt..,. 
princess is the molecular ,~xV~en dlffLision, whereas 
olhers assume that the scale growlh ]s due t~, l]ie 
dlffusnorl ~1" oxygen ~r sllnc~n u.ms, ~thers suggest 
thai  tile (~tllward dit]'usu()n ol CO ~l Sl(.) could  
inttuence the laver growth. 

(_"oslelh~ & 'T'ressler I~ and Zheng ~'t a/ I(),l ', wh~ 
studied the ~xldation o1' SIC single crystals, have 
pr,~posed that the mechaiHsms responsible I'~r SiC" 
,,xldati~)n were parallel lransp~)rt oI" ~xldanls 
t lmmgh the growln~g oxide via umflectllar and ionnc 
oxygen Molecular ~,xygen is the d~minant permeat 
Ing species at h~w lemperalures and iemnc oxygen 
becomes more imp~)r'tant at high lemperatures. 

A scalier ofpapers~m the nature~d'the silica layer 
also exists in the Irlerature data and the crystalline 
rallo was not generally taken irito accounl, although 
Ihe ~xygen difl'USl~m c~whliclents lhrotmgh arm~rph- 

ous silica and Ihr~mgh crlstobaltle ale dlfferenl al 
high temperatures. I" 

'T'l~ls paper presents results o1' a study or the 
oxidation behav..~r ~1' C V D  //-SIC layers ~n dry 
~xy~en at 12011-1.",(1(I C" under different ~xygen 
partml DessureslP<~, = 11'113, 11 22, I. 2()and Ntlatm.). 
KinetlCS ol sllic~m dioxide gr~wth was determined i,  
s i t .  I'r'~tn quanlllattve highiten~perature X ray 
diltractomelrv. The purpose ~fl" lhe sludv was h~ 
delermine which princesses define Ihe rale-Iamtl~ng 
step ,fl'oxidall~)n and t~ study the influence o1" partial 
crystalhzatl~m dtlrl|l~2 the ox lda l l on  princess 

2 Experimenl~l Proqedure 

2,1 M~leri.',ls 
T'he SI(." samples were ~blained by LPC'VD (low 
pressure ctlem,.'al vapor deD)sillon) on 1~ ceramic 
restsh~rs made o1" c~mventtonal ~'rH,~'thh' (ql) ~.'.' N :,,', 
") lr l l l ' l l )  II1 order t~ av~Hd cracking produced by 
lhe l  tltLll expansion 

T'he CVD deposltn,ms were perl'~rmed nnmde ;I 
cL~ld wall reaclot where thesubslrale waselectrtcally 
healed The reactive gases were supplied per 
pendtcular 1o the substrale surl'ace. 

T'he leacl~r is ass~ciated with an X-ray diffraclo- 
meier tncludlnL; a p~sltl~m sensnlwe detecl.~r allow- 
ing delectl~li over a 12 degrees range I? 

'The C'VD layer Ihlckness was ;.ib~ml 4()l~m. which 
was large emmgh 1~ prevent any Impurity diffusum 
I'rom lhe stlbslrate t~ the SiC sttrl';ice during Ihe 
oxldall{H1 runs. 

St(." was deposlled using a rlHxlure o1' lelrameth- 
ylstlane and H, as gas source. The subslrale was 
heated by lransmlltlng an eleclrlc current. 'T'he 
delalled lm,.'edures of lhe sample preparation are 
explained elsewhere IN 

'The ~bla~ned C'VE) SI(," was crystalline with tile 
zlncblende strtlcture(lt type), or~enled over the( I 1 I1 
difl 'racl, m plane 

Bel'~re ~x~datl,m all samples were Dflished with 
dlam~md paste to 1 prn and ultras~micallv cleaned Jn 
acelone 

2 . 2 0 x i d a l i o n  experimenls 
'The oxldaLi~ms at P,~: ,_ latrn were perl'ormed 
Inside lhe X ray dlffractum chamber menlioned tn 
Sectum 2 I Three series o1" oxidat,.ms were perl'i~r 
reed varying the ,~xvger] partial pressure: l aim, 
15() 'T'~u u (air) and 2()'T'ort ((2): mnxed with He), in the 
lemperature range 12()()- 15~()' C T'he oxidizing gas 
was prew,msly dried by passing. Ihn~ugh MgCI: and 
P:O., abs~rbets. Temperaltlre was measured by 
optical pynunetrv,  taking inlo account the emissiv- 
Ity c~rreclums TM and the ahsorptl~m through a glas~ 
window The oxJdati~m times were approximately 
141)1) mitt 



H+.tph l l l l l lpl 'rdl l lr+ ' ,+, ,iddll+lll ill ( 'I ' [ )  It ,_~'I( ' Pdr l  I I h'-A 

Klne l ies  were deduced I'rt,,in In-Sllu thnckness 
versus l ime it,ieasuuerrrlents ,,1' the si l l<t in d l t lx lde 
laver grt,witlg t,~,et I.l~l(l:" h,~' m e a n  cfl'qLnarllnl:lllve X • 
lay d l l ] ' lac l tHnet lV In Mil l  X r,'|~ l ;.ll,ialVslS was 
perl~,rmed either ii,i lhe Bragg-Bre,i, i t :~m, getm]etry  
I',,r f',~. = I allT,i t,r al h,w illLllde,ilt.'e (~1 = 4 ) I',)r 
hween F' het.'aune~,l the shw, ~,'~ldall,ul rale in lhese 
~.', Hid II I t ,  ll,",, 

When a laver g.r,,w'.+,m u cuv,,tal l ine suhslrate Ihe 
dll]'la~.'llt,ll l i l le l l l le l lSl l+ '  ill I l h e  sLlbStl; . l le d e f . ' l e a s e s  

due It, abst ,rpl l tUl ;.l~.'L't,rdlll)g h) LIn expt , l lent ia l  

/ = / : , e x p ( -  K,') 11) 

vvhene / i+, t i le X nay bean] i l, itel,iSllV ahst,rhed 
I l l r , ,ugh a layer ,fl tlla~.'kness , '  / ,  in the i,i,ile,nsll,¢ t f l  
mm abs, ubed X Hay beLain and Ix' is a ~.',,eh~l~.'tent 
lllVllldll1~2l Ihe Itlas,, ;.IbS~,ll_~llt,I1 l':Ich,i ( / / I l l )and lhe 
speech< mass.  p 

II' lhe StlbSllale IS ]LlUge ellt,LIghl, the Ihlckness ,'(I) 
~.'illl be slnlpLy eXple~,sed as ' i 

SIll tt I~ ( t )  
,'(t) = - I n  - -  (2l 

21+., I ; ( t  = ()) 

whene tl is Ihe Bnal...,.g au,i~...,.le t f l  Ihe analyzed (hA'I) 
retie<In,ms, I~ ( t  = ())the Inlen'.,ulv t,I t i le SnC rePle~.'ll,,ll 
bL'ilt)re t,xldaln~,HI and / i l l )  ti le I I l lel lSl ly o1' the SIC 
l e l l ee l lO l l  at I l l , i le t S~ kll~)v~ntlg / 'r(/ = ()) a l l d  / r ( / I  
t i le thl~.'k I,Ies,., t,I tIle ~.., r t ,~ Inl/) layel t.'Hll he deler n,ii,ile,J 
;IN a ILIIIt. ' l l tH] l l l l , ie 

Nevertheless.  Ihls expiessi t ) l l  dt,es nt,I wt , rk  
~,allsl'acltu iIv Ill ease ,d  Ihin ]~l~,,.'rs (¢'. '~Hm) t',¢~.'alise 
t,I Ihe Itu, snlall dlITelellO.' helween IF Lllld I~ ( t  = ()) 
leadinL.,, h, p,,,,r a~.'~:li~ac,,. ( . ' tmsequenl ly  Lhe im:ueas 
in~ (] I I) ret ie<firm inlen,.,ut~, t,l' the I,,r,,~,'urzL-', silz~.'a (/)' 
~.'uu,,,It,t~;llule) laven ~,,an tused, leadunL., l,, the I't,lLt,~,zu~g 
rk ' ] ; l l l t , l l  " " 

sll,I / t  ( /B(I) ) 
, ' i t)  - - - -  In I - -/~-~ ( t )  

~14,, 

where/B(I)  is the dlflla~.'led IlilL'IiSlIy ,,I the silica layer 
((I I I) 1~' +.'rlst,,ballle al hllt.,hl temperat iJre) at l ime l. 
and / m is the lhlueshltdd inlens~tv ~. ' , , tresDmdlng tt, a 
Ihl~.'kl,iess v, l l lch is lar!.,er than Ihe l,Hal X ray 
abs t ,  i ) l l tm I l ln l l  

/p, t cot i ]d ntfl be calcLil: l led here be~.'aLr+e the Sl(.). 
Ihl<kness never reached Ihe tt,tal ab.s, , tp l lon Iin,i i l. 
Ihen al,i nndlre<t pltwedulue wa,+ : lpplted A t  lhe el,id t,I 
, ,x lda l l , , l l  the hnal lhll<.'k,i,iess u I was eStl,it,ialed I'r,un 
egn (2) and va l lda led w l lh  o lher  ir lelh,,ds. SLl<.'h as 
pr t ,hh,meln) ,  ,,r su'a,ilnln~? irllCrc, sct ,py al ld ;.is 
st,elated ~ l t h  ti le ct~rrespt,r ldlr lg hrlal valLle OII 
/tdl) = I~ Replac ing +'(/).'lnd led/) by k ntw~',n values +'l 
al, id/~./m can be determined,  leading It, Ihe I't,lh,wt,iIL,. 
exj_',ressl,,,i,i I,,r ,:'(I) 

, ' ( t ) -  - - I n ' l -  I - e x p  , ~ -  f 14) 
211,,, Sill fl 

Ftlr h~w P~,, ,,.~ldatitlns, St<_): lhlckneNNeS ,,1' less 
I han a b o u t  ",(X),~, have lo be de te rmtned ,  s~, Ihat a h,w 
angle  X rav nn~.'ndence c~ml-ig.Liratn~,,i,i us requnred to 
increase the X.nav path  lenglll unit, snlu~.'a and st, 
im.'reaNung X uav abs<_,rptttm T'hen ,'(l) can be 
u'ah.'L~laled I'r,,ttl lhe I't,lh,wung expressut,n using the 
int.'rease ~,1 Ille (I I I) /I cr ls l , ,ba l l te  line. +'' 

= _ sun t l ,  s t n ( 2 1 t B - t ~ , )  in I i i ,  _ 
t '(t) (Sll,i /-), "I- Sl l l (2( l [ I  -- ()l))ll,,~ 

- ~ - t t , ) - - " l  ' SIH fl, Slrl ( .l#f, Zl I 
('+) 

Il l addl l l~, lL X r:IV dlll'ra~.'tntm was used It, est imate 
Ihe ~.'r.vsla]..a,ii,it,rph,+us rat l t ,  ,'is a I ' t incl i tm o l  l ime 
and len]l_',eralLire, e i ther  I'ttm,i k m , w n  Ntandard 
mix tu res  t,r by separat ion t f l  Ihe am~,rph~,us and 
crystal  L.'~mlrlbtltltUlS It, Ihe dlt ' l 'raclttm pat tern  +,a 

(_ )x lda l l t ,n  ~, ~.ere alst, l:,erl't,rmed at IIl,~lh OXVgCH 
f.+te.ssiites ill a spe~.'mllv designed rLarna<e v,+'t,t k ing  u r, 
t,, 14111) C al,id 2()()alm It co,iiSl'.,ts essentn:lllv t,l' tw t ,  
part,, '  (~) a ,,lalnless steel W;lleU o , ,ded  vessel, hngh 
l'ue,,si.zie lesislant+ ~.'tmlain'., the heal ing elernent 
iii;l<.'le ~,1 i n , , JYhden t l l r l  ~.',,11 t i l l  t,, a I()~.'It,i d l a r n e l e l  
a l t l l l l l l , i ; I  u 'v I Inde l  T h i s  pa r t  w , , r k s  Il l  a l l  inert gas 
a ln l t , sphe le  The t e m p e r a t u r e  IS ~.'t,ntn,,lled by the 
llle;llIS ( ' l '  ;I PI I1)',, RhPI  ther lr l ,woulple set al the 
midd le  , , I  Ille reslst,,r I l l) InsIde IhlS ali. i lni l la 
<. 'yl l l |derl  al l  a l t l m l l l a  t t l b e  <.lh,sed a l  one  e l ld  k',HII~.II,IIN 
Ihe ~,;imple A dlfl 'erelll [J,a~ (i,i11erl. , ,xldlzln/,. t,r 
ledll¢lllJ~)~.'al,i be lilt r~dl lced int , ,  lhts vt, lLime at eqlJl- 
l')lle'+,',llle wlth tIle ,,Ultslde A 6 " .  RhPI  ,-Ilia. RhPI 
Iherlt i t~ct,ul) le is Sel ~.'h,se h, ti,Ie sample I't,n le lnpeia 
ILl le I11e~l~LII e l l l e n l s  

E l ' . , l ,er l lnenls  were  per lo rn ied  a[ l()()(). I J ( ) ( ) a n d  
1t6() C I',,r Iw, ,  dltt 'elenl t ,xy~erl r, ressures 2( )and 
N()a ln l  AN It IS nt, I  p t , ss lh le  It ,  LINe lhle I,iI SllU X rav  
dlflllLICtl(Hl tech,ilique III Ihese expel tmer~ls ,  the 
lhnck ness ~,vaN delern,Ill,Ied :11 It)0111 temPela tur¢  allier 
lhe ,~xldal[ , ,n I LII,I bV etc.'hIs V a step in lhe t,xnde and 
Ir+ea!_,l.II II1L.J II,., hell, hL v,,.Ithl a slYILIs pr t , t ih ,meter  al,Id 
scal|rlll,i~ l]'llL'ri,sLlt,p.Y (.)xldatl+,Ul lllr,ies were 9(), IN(), 
27( )and t N ) m i n  

3 E x p e r i m e n l a l  R e s u l l s  

J;.I G r o w l h  kinet ics 
KII le [ l l . '  L'LIIVes o b t a i n e d  bY InINl{ t l  x laV dl l- l ' ra¢l l~)t l  
ale Sh(,wn ill Fig,. I They exh ib i t  a parabo l ic  
~xidal i~m lH(,cess ,'ll'ter an tni t lal  hnear g rowth ,  and 
thet el'l u e Ih¢ da Ia ha ve been a n.'llyzed Llsllit-J, Ihe Deal 
~.~ (Jr (we tn,,del. I where ti le ~,xlde thlckneNS, .l'. ts 
expressed an a func t ion  <fl t ime t. by Ih¢ equa l ion  

A' +' X 
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Fig.  2. ( )x lde Ih lck  he,.,,, vcr,.~u,, ~,~lc:l~JllOrl Inm~' h~r Ihe ox~da l i~m 
~,1 (.IV [ )  /t SI(~' al II1¢ ,;xyl:.,cn p~.Irllal pre.~,,Llr¢ I)l I H(),.ll.m 

/ - =  I ( ) (X)  (. '  ( , )  1 2 4 ) ( ) ' C ' ( + ) ,  1 ~ 6 4 ) ' ( . " ( / k ) .  
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.~H H ) I'H H ) ~-H )() I ,'( )1 ] 

I ( IT ' l l "~ 

(h i  

F l i~ ,  I ,  ( ) ~ ( I d L '  Ih l~ , ' k r lu ! ,% v~ ' r , , l l ,  ~, ~ x l d u l l ~ n  I in lu  ph i l  h ~ r  I h r  

¢~xldLIII¢HI ¢~I'(-'V D / / S I C  .'11 dl l ]L ' ler l l  ()XyEL'n p u l l M I  pre,,,,ure,, t;J) 
P u , = 4 ) q ) ~ a l l n .  / "=  I t I ( Y C  ( /~ )  I l h l l ' ( . "  ( + ) .  I,-12(t'(-' I ,  I, 
I,.1'1~ 47 4~), I'~,.1'~ C ( 'k ' ) ,  4h) /",~, = la lmn,  / - =  12t)()"C' (I-I).  
12~() (.' 4~,). I "~ltl (.' ( ,~) ,  I ~ifl() (~ ( + ). 1-1211 C' (  , ), I,.1'7 ~, ( '  ( * i  

where k' I and k'v are the linear and parabolic rate 
c~m'~lalll,,, and t ~.s a I . i m ¢  c o n s t a n l  w h m c h  u c c o u n l . ~  

I ' u r  an mnntiallv rapid ~xid.'~llOn perl~d that is nell 
expressed by Inne:~r ~r parubollc klnetic~ 

F',~I small tllnes u simplified linear equat~,m curt be 
used 

.~1'= /~ ' t ( /  + r)  ( 7 )  

while the secund sta~.e hus heen analyzed LISlI'I.~ eqll 
(~). 

T'he curve.,, c¢~rrespond~ng t~ lhe hl~:.h p~essure 
experiments have been analyzed wn[h a simple 
parabolic law, bet'ause n~l enough polnls were 
ohlalned I~ dedtlce u I~near cun~lan! durlnL.~. Ihe rirsl 
mlnules (F'~. 2). 
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F i g . . t .  Ar rhenm. , ,  ph i l  o l  rLIl~'~.'l;rl~,lLirll'., h ; r  ¢~xld~lllOn ~;I C 'VD /1  
Sl(. ', l a ) h n e a r  ta le  cor i ,~ lunl ;  f'qp = ( l O l l  a i m  ( /k ) ,  () ?2 a i m  ( I - I ) ,  
l a l m (  , ) 2 ( ) a l m l , l , X ( l a l m ( ~ r l , ( b ) p a r a h o l l C  ra le  c~m.rla-nl; 

P~p, = ( H ) t ; J I m  ( /k ) ,  l ) 2 2 a l m  (L-I), I a i m  ( + ) 
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'T'.'ISle I. Llut(.'ar ;..Ind r)araholl~,. ' rate L'(m,,lanl.'., I~)r Ihe oxldallOCi ,fl ( ' V [ )  It Sl(.' ,'11 sever;JI dry  
( ),~, y~-~erl l ) r e ' ) M J  rc,~ 

f l  1'1 Ih ' l ,k ' l ,  ) . IIt I ' ( r lH' . .~, l  

I (11)(I k '  I, = 14 h I, = ,,11) 

I ~1111 kI I, = I hi )  A t, = 7 h k ' e  = ( 1 4 2  

I ?'~(I h p  = ( ) h N  - 

I l i l t  - A' r = I I A F, = ( ) , .1()  k '  r, = ( ) ( ) g 6  

- k '  L = I '~ A' I = (thl) h' t = 1)40 
I th(I An,=",2() h ' r=  .~X A t =  1 ,4 '~  h r ,= ( )N7  h ' p = q l l 9  

A' L = 2 I k L = I h~ A L = I 
I ,,1~11 h'l, = ? N A r, = I 7 A'~., = II 22 

- h' L = h 7 h' I = ~I'1 k L = I N 

1,1174 - A'p=.-I() KI ,=  }f~ A ' p = ( ) } 7  
h I = I I I h' I = Ngh k L = 2 

I h,-I I'~ - h'~., = 11 72 
- ~ I = % % 

[ 'able Z..~.'11~ alll)Ul (.'n(.'rple,~ h~r Ihe (,.~ldall(,r| ~1 (_'vr) / t S~( 'd l  
, , , ( '%el '~ l l  d r y  ~)~,~, ' l ] ( ' l l  pre,,~,ure,, 

P,, i,m,~fl &E,h'l ') 
(h,,.'m ~,',~r m. ' )  

t)()~l 2e, 
() 22 ~ h 

."q) 
N() 

I 

~E~'I  ' ) (p, , ' , t t , , / ,  ~C'~""') 

I I I 

I h i ) (  f ,.._ I 't",,I) C ) ,  

2 I l l -  I~i ' ) ()C) 
(t g',, 

'Table I ~h,~w,~ Lhe ~alues ~)1 the linear and 
parah, fllt' rate L'(m~lalll,~ I'()r Ihe dlfferenl Icmpera 
ILires and pressures 

The apparenl  a c ' l l ~ u l l ( ) l l  elwrg]es I~)r ( ) , ' , I ida l l (m III 
lh~' l i n e a l  a n d  p ; J l [ i bO l lC  re[~llll~' wL'r¢ d e l ~ r l n l l l C d  

l'nm~ lhe In (A'p. h' L) v~'r~iJ,~ I,'T' relall(m, F'i~ttr¢ 
~ho~,,~ lhl~ ph~l and lh¢ vUlLI¢~ arc Imled ~n Tahl~' 2 

( I ,  

' l  t 
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Fig. 4. (_),~VL-'en 
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I I I r l l l l l l l l l l l T I I l l l l l l l l l l l l l r  I l l l l l l l l l l r l  
,4 'J I) '2 4 

I_,>q (-_1 i) (',21hi) t l  

parllal pre,,,,I.Ile I f ' .~ , )deper idc r i cu  ,,I Ihe 
[),'Jldl"~(,ll{' rate u'(.n.~.ldnl (h'r,) 

Fl[21Jre 4 ~ t l ( ~ , s  t he  ~ e h ~ t l ~ m s h l p  b e l w e e n  I h¢  

()xvp,  en  p a r t i a l  ple~,'~Lire ( [ ' ~ , ) a n d  l h e  p a r a b o l i c  r a t e  

c~)n.,., larl l h'p u l  I he  d l f fC-rer | l  l e J n p c i a l t i r e ' , .  [ )¢ ' , ,p i l e  

t he  I ' ~ xu  ;ICL'IllaL'V LI L.'elle~al t r e n d  c a n  he d r ' l e t  m i n e d  

sh~)w]nL., l h a l  I (u  P() ,  . I ; . t im A' F, i:, p~()p~rl lonal t ~  

l h e  hu,,I p ~ w e r  ~1 Ihe~)xv~?el~ p a r l n a l  p~es ,~ t l ne ( ,  "- I), 

w l~ l l s l  ;11 P(,, I a i m  I h l n  deper+dem. 'e  i.~ h~weued  tt~ 

, " -1) '7 

32 Morphology o1" Ihe o~id'.,lion Iayer~ 
The ~,~td~ ~cal~ i,¢ncrallv c ( )nsNed ~fl ;i ma,~lune ~1' 
Ll l l l ( ) f  ph~) i l~  ~l~l~J c r v s l a l l l n ¢  , , l l l ca .  A ~  s h n w r l  i l l  F'I~; %, 

I h¢  , , i na l l  r ; i c l l a l l ~  c r v .~La l l l zed  d l s k~ .  C(HI.M~IIn[2 (_)l' 

c l I M ~ d ~ a l l l c  ;J~ C] l ;J la~. ' l~ ' r lzcd I ' r~ .n  X ILI~' d l l l ' rac 'L l (U l  

p~ l l le l r i~ , ,  a re  d l , , pe l s~ 'd  I l l  LII1 ; j I I- I() IF)t l() I IN pha~,¢ 

Fig. 5. Scann,ng eh:~.'Ir(m n'i,~ r~)L.~.raph ~)I spheruhle:.~ ~m g,(.' l . r  
l,,1~()mm ai 12'~()C' 
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Table 3. (."rv,,lal/unmrphous raIio in tile i~xlde ~cale Ior 
!,,D.'~'tnwn,~ c~,wltz~.'d al daflerenl lemperalttres und ~xyL.,,eri 

pt e~,,,,u r e,,, 

['~, (oll~l) T( ( ) " .  i'rl'~ht/hlttll 

()()tl 

1)22 

lit) h'~ 4- ll) 
l~(l '7~ _4 l(I 

,.12I) Xh _ Ill 
47'~ ~-/~, +_ I() 
",,..I ~ Iq)(I -I- I1) 
~ l ( I  In  __ I() 
th( I  2() __. Ill 

,42U t() _+ I() 
4'7~ I(X) 4- I1) 
21)1) I'~ ± I() 
2s() '~l) ± I '~ 
t lq)  h ~, _. I'~ 
tt, I) '7'~ "1- I " 

,42(i N", 4- I I)  
,47'~ ~", _ I( I  

Fig. b. Scanning eleclmn mtcr~graph ~1 ' , , laheru l l l lC h'allJre~,, In 
ll'ie ~,Ide him ~m CVEI It SI(.' ~Xldl/l'd al 15,.lq) C 

When/l ie tempeualLu'e increases, Ihe crvslulllne phase 
incleases als~, leading to a higher densntv At high 
temperatures tile radtl are Iimtled by imptrlgelnenl. 
F'ig.ure 6 shuws Ihe I'ul inall~m ~l'a c~rlllntloUS layer 
~fl' spheri.lllles at T =  15,41) C' Dellneall~m ~1' tile 
spherullllC crystals IS achtvved by tile preferential 

, D I  , , , I I I I I [ l o I  I i i . I i i  ~ . . . .  ~ ; i  i i i ii i i i i i i i i i 
20 16 

2 0  CnK(~ 

Fig. 7. X ray dmfl'r,~Cllun pallern !,h~n, vlng Ihe evolullon ol 
~.rlhl,,~b,'lhh: al Ihe cllflerenl leunperaltnre~, afler cooling, 
['o. = I ,Jill| ,All ~xldalll~n Ilrrwf~, WCF¢ appr~,nrnalvlv I,-Illl)nrun 

O, (.'rlsh~ballle; V, [I SIC 

rermwul of  tile am~rpll~mS phase result ing I'rum 
dlfl'clerlees Irl tile etclung rate ~)1' the oxide phases ill 
tile HF' etch. 

Figure 7 sh~,ws tile ev~flt.ltl~m ~1' the .:~.crlstobalnle 
(1()1) Ittle with ~xldaIl(m temperature due to either 
the greater ~xlde thickness and the superior degree 
~1' crystallization 

'The cryslal alm~rph~ms ra l~, determined I'r~ml the 
sCallnlllg r'nucr~graphs is tn g.~od agreement wilfi tile 
testllls c~blalrled I'r~m X-ray dlfl'r;|Cllon analys~s 
Table t ,sh~w's t i le crystal,,"alnorph~us ratn~s for tile 
dnffenent exper imenlal  c~mdlt~ms 

F~r high pres~tll~' ~x lda l ions (2()-NI)utm) X/ ray  
dlfl'tm.'tl~m pallerns sh~)wed the presence ~1' snlall 
am~_~unfs o1' tlydlmlte'  besides crlslob;illte 

4 Discussion 

T'he X ray diffraction /ectlnNue used here allowed 
Ill-SlILI d¢ter rn lna l luns o f  ltl¢ a tnorphous  and 
cr~,.slalline c~mtributt~m h~ the X lay signal Irl 
I:u.'l, after an irl ittal transient periled, the crystal.," 
amorphol lS I/.l[l(, did not sll~W any signtf icanl 
V;Irl:lll~)n wl th l l l  the ;.ICCtllaCV ,~1" this kind 4~1' 
inea.surelll~'lll, v~.hlch is close t~ 1 5",, 

The reason why a steady crystulhne/arnorphuus 
ratl~ I.'., at lalned In the [irsl stage ~f fox idut ton L'an be 
under.qoud by c~msldering thecrystallizatl~m klnettc 
data t~l' bulk stlt~.'a materials. Vetdtach 2+ suggested 
thai lhe f~imatl ,m of crish,ballte inw,lves three 
pr~ces,~es as .'~ I'uncll~m ~1' l ime' firstly the llUCIeallon, 
which depends s l runglv on temperature; set,redly, 
lhe gnowth of  ,'t crlsloballLe like Iype of  slrLiclure 
i nwdv ing  sh~rl range imwcments  of  particles, and 
th i rd ly ,  a much slower process which c~rresp~mds to 
a slale ~1 apparent  equihbr lurn in whwh the 
imperf,,.c! nature of  the crls/obahl~' in i t ia l ly  formed 
transl'ornl,~ into a crlstobalnte wi th  a htgller degree 
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i i l '~ lrdel  R a i l l a L ' h a n d r a n  ( , I  {11 '.,4 al,s~l I O u l l d  a S l l n i l a l  

behav i ( l l  I'or samples  he: l ied Icl Ibl)t) C 

It seems reas i i l l ah le  to llllllk that  del'ect.s presenl  
OI1 the p o l y c r v s l a l l l n e  /lIi.l~I(." ~tir l 'ace, such as 

nlUill. l~,lali l lunct ion,~, Mwer  t i le enerl,  y necessa ly  t~l 
tl%'elC(lllle Ihe I l t l£1el l t lOl l  hal  t ier a l ld  t he re fo l e  
pli_ldut'c I'aMel nut ' lea l l~ul  Lllld MII e l l l l a l lCe lne l l l  i l l '  
c ry .Mai l lZa l l t l l l  

Cl iangc~, ii1 sur lace  de lvc l  c~mt 'e l l l ra l l (mS iliad,, 
e.~phiin Ihe dlHelent'c'_s be lween p l f l v c l y s l a l l l n c  ~ i ( ' ,  
wh lc t l  iiidl.lCt's t'l v s i a l l l za l l ( u l  i l l  l l ie  i i x lde  ,scal~" ' ' ' 
,.itld ~1(. ~ SlnL~le crv.nlals ~wer w l l l ch  al l lorph~)l. lS si l ica 
Call be ther in i l l l~,  17111x~ii Lip h i  "- 1,41)1) (." TM 

Ti l t '  del)elldellt'e i,I Ihe deQlee i l l 'or  v .s la l l lz ; i i l lUl  t i l l  
Ihe Mi l l ; i ce  de lec l  O l l l t ' e l l l l a l l l l n  is ev lde l l l  I ' r l i l l l  
[ a b l e  t ~al l lp le.s ~)v, ld lzed in ui i  have a ML.,nificanl 
h lwe l  Cl~,'.slall l l l l lY induced  by lhe be l le l  SLll lace 
cl t ia l i l~ [ a l e r  t i l l  t i le in f luence ~1 c i V s l a l l i n l l y  on lhe 
~ l x ida l l l l n  plol. '¢ss will he dl._Nt'l.lSNed 

T'ile M_+ht'iLililes s l l~t~n l i i  I--'1!7 q have a p p r o x l -  
l i l a le l y  the Sallit ' d l a m e l e l ,  .sul..,.QeSlliig a crl_Slclh;.lllle 
.,,.,.l~X%lJl pli_lt.'e%s illvOlvln~.., ~ l i l v  pre e.%lSllri{., nut ' le l .  

T h~ Is ine l ic  t i l l  yes ltl d l  ~ l l x l d a l i ( t n  al d l lTelenl  Pi l ,  
i l l ld  len lpera lL i res  a le sll(ixt, n Il l FI~S I a l ld  J 'The 
I i l iear  la le  ctu i ; , la l l l , ,  (A'L)art '  p h l l l e d  as a f iJnt' l l~m il l '  
ihe rec ip l (wa l  ~1 Ihe ;ib~cdclle I t u i l pe ra l l l l e  In i-'i.~ I 
[ h c  a c l i v a l l l l l l  erl~l/:.,ic's ~il' lhe II I leal rate t 'Ol lSlal l lS 
I'~li eat'h ple;>'.,Llle were de le r l r l l ned  I l l u r i  [tie qOlW ~1' 
each l ine I1 C;.lli _bt' seen Iha l  l i l t '  l e l l l p e r a l u l e  
l lepe l lde tk 'e  is qt l l lC slinl l ,. i t  rt l l  each ple~>SLile.. ~l ih 
Ihe ; i c l i v a l l o n  enerlTle', (d" Ihe l inear  ra le t '~ll l.Mants 
I~lr e l , ,  = I ) l l t ,  I I  } 2  ; l l ld  I a l l i l  ha~lll,I.., el. l i l ieS ol  ~ 6. 

I 6 ar id J .~eV ;11 ie.specl ivelv T l le ,e  a¢l l t , 'al l~l l i  
Cllerl..,ies ;ire i eh l l ed  I l l  l l le  in l l l ; l l  l ea t ' l i l l n  la le  
l l i n i l ed  leQII l le i l l  l i x i dH l l l ) l l  i l l ld  t ' l l l re.Npt l l ld l( i  Ihe 
l e V  ;.11 l e q l l l l e d  h i  hreak u SI--(,." h i red I~ .',, 

Tile at ' l lVa l l ( l i l  eller!~v ltl ' the pal;.i _b(illc retxi ir l t  ' has 
I l l  be i t ' la led I l l  LI dl~l ' l lSl(tnal priwe%s ,.N(lllie leC'el l l  

cs, pe l l l i l t ' l l l a l  d,'i la a h o l l l  lhe parabcdl t '  ra le t ' lu l  
,,I;.llllS tl l  ~1(.' l l ~ l d a l l l l n  l l l i  dlH'erenl Iypes ltl' Ihe 
i r l a le l l a l  are MJ l i i l na r i /ed  l i i  Table ,4 ..%urprl_Mill..,Iv. 
Ihe i~  l i l t '  i l t l  SlQi i ihcar l l  di l~erel l t 'es helweer l  Ihe 
po lvc l  x, s la l l l ne  .Salrlples' .Mlut 'hi~) lnel l  ic C V  D / I  SI(_', 
!.>lnleled x ~l(.' ell h i l l  ple.ssed SI(.'. wh i ch  mean.s lha l  
I l ie pieseilc'e ~il ~lddLIl~eS. such as I " ,  B i l l  lhe 
S l n i e r e d ' s  ,.%1(.' derek [ l~ l  Sl .~ i l lh t 'a l l l lv  alleci lhe 
Q i l l ~ l h  i l l '  ihe ~lxide lavel  The  n la l l ) r  d l l l e rence  
belWeel l  M l l l e led  ~ SIC a l id  I ' V D / I . S i C  is Iha l  17,at 
b i i bb les  rtu i l l  i l l  ihe sl l l t 'a st';.i]es Oil Sln lered ~ SI(.' al 
lliLIc'll h~wer le l l lpera l l . l res  lIWIli~- ~ h) lh¢ I ( l l  mar l ( In  i l l '  
b (u (u l  h v d i ( t , ~ l d e . :  ,.glnL.,le cry.slals II)()<)1 $1 I'acei 
~ h t h l l  I(_lxtet l_+arubtfllC ia le  t ' l_inslali iS 

Mllre spet ' lht '  t'~HTIITlellls are I l l l t  po,nslble because 
lhere a le  Innull"-k' leil l  da la  abi~i.il i n I P o l l a n l  paru-  
illelel._n l ike t i le c r v s l a l l l n l l V  iJe~tee ~il l l le  i i x l de  scale. 
Ihc presence ol I rn i lu r l l l eS ~)r the .sLirl'al.'e Male. 

The  depe l ldence  i l l '  the o x l d a t l t t n  rale I l i l  t i le 

T'lible ,.I. ('(~lriparl,~lln helwecn parah~dlC rale i.',ln,,I;ilil,, lib 
lamed hit dllll.'reril lype,., o1' ~ll.' 

I I I  

I I . I , ' ~ . U  h'[, . I l l - I I  If ' I l l '  I d 
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~vL- 'en pul  lu, l  p re .~ure  ( f 'o  ,) sh l )w l l  i l l  l-.ig 4 impI ie~ 
lh~il lhc ILII¢ c o n l r o I I i n p  pr,wes,~ ¢iI' lhe o x l d a l l o n  i~ 
due I~) llle dlll'uSlOll ()I' ~xV~ell Ill lhe ()xlde film. II 
~ tx vl_.'.en dl lTl lses in in~f lecular  i'ol tn. lhe palah4111c ra le 
t '~lr lMal l l  (ilk'},) X ar ies dlreCl]V 'a, I lh the ~l.%vgen pa r l l a l  
l l leSSi l ie (it ' l l .). ''i w l le reas I1' If dltttlse!,, Ill I l l l l l l . '  I'~llm, 
h'r, ~ Ill ~a lv  as the square  r~vl l  ~ll' Ih¢ i~x~,.'l.,en p a l l i a l  

I~rc's!,lJle ( f','~ " )  
.h~r!,en,,cn t ' / a /  TM rep( i r led  l l le (Pll_l, ') dependence  

in Ihe ~ l x t d a t , m  rate ~fl' St(." l'l~w,.der al 1'~'7"4 K h_i 
IN21-)K and  i i i d l t ' a led  tha i  Ihe r a l e c ~ u l l r o l l l n g  
pl llcess x~ as lhe dlnUSll, lll Ill' lIX~,eli l~lilS C'~i~telltl & 
'Tre,,slet I+ rep l l r l ed  that  the ltx~datl~Ul i I ' lechal l lSm 
W~lLlld chanL..,t' ah (we  Ib '71K F'tu h~wer tetnr lera 
I l l l  es I Ile~,. si l l  iwed I l ia t t i le i ix ,da Il l  Ill IS t'~ IIl l ri,,lled by 
Itl ldCCl.llar ~lv, Vl}en dltTusi~ul Ihl(lII l :+l l Ihe SI()+ h im 
dnd predlt.' lc'd the dltt'LiSlOn i.!,l' I. IXVgL-'ll I( l l lb aS the 
rate clui l r l f l l l r lL. ,  lal.'l~lt ar id t i le iPII),  "~) dependence  
ab(we le(7t K Zhell[., <'l i l l  I ' '  c lm f i r i ned  t i le eXl.',,tetll.'e 
i d l + a l a l l e l  I r a l l s p l u t  x, ia n lo le t ' u la r  and l iHl l t '  o,%V~ell 
diJrll l+) Ihe (h'41datl(m ell' ~1(.' +ln+:.,le t ' iv~lal,s 'Thev 
~d+Selved a declease II1 the (lxV.~en pres,Mlre de 
i ' lell{lellCe {it' f, ~< ie'~),)~ll' l i l t '  pa lab( f l lC ra le  c (ms lan l  
I t (u l i  H = ( ) b a l  12()() C l ( i .  = II.~; al I'~<)() C 

I l l  l i l ts w~uk,  A'p was p t i~p ( i r l l ( u la l  tel P<l, LII Iii%~, 
le l l lper i . l t l l ies  ( T'._ I ~lht) C) and h l£h l')re~MlleS and 
I~l iPI~, ) Iilr hIL.,her lemperalutes and hlwel pres- 
,,iii~'.~ Thls chan.~c in tI'le pres.,,tlre dependence, 
dt'spIIe lhe unt'erlainly inlrlldtlced hv the use ~II onI~,, 
l l l l e¢  p~lltl|N II1 ~l l l l l . '  cases, ,~LI~2~ICM,~ (tie pleSelll.'e o1' 
Iw(~ dlf l 'etenL m e c h a n i s m s  

Tab le  2 , , l l~ws the apparen t  i.lCllVall~m ellerl.J.V 
ralLIeS cc l r r¢ ,~plmdlng I(i t i le parab(f l lC le~2.1me A t  
le i | l pe ra l t l l eS  h ~ e r  thar l  app r ( i ~ l l r l a te l v  I t~(i' C lhe 
at ' l lVat l l .m e l le lgV value.s (I,I b, I.~eV,,"al) ;.ire h)wel  
l han  lt l~ va lues o l 'qa l i led at high lempera lure,s .  
'f'_, I 35() C (2, 2 2, t. I eV.."at). This dlfl'c=renl..'e I.',; irl~lre 
ev iden l  Il l tt le sample.,., ~l'~ld,zed al I a i m  O ,  where  
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the temperature range was large ell(~ugh Io appreci- 
ate Ihe acttvatiun energy changes 

This change strongly suggests the presence o1" two 
oxidation mecllanmlns, btil the acltvalton energy 
valises a~e to~> scattered t(~ deduce which one is 
lakltlg place 'T'u s~flve this p~obleln, tile cryslalhnity 
(~I' Ihe SiO, him and tile presence oI" shurt circuits 
(cracks) in taken inl,~ accounl ~n s,~me cases 

Irl an earlier paper ~" it was sll~wn that ~xygen 
laltice dilTus~on through alnorptl~mS sdtca was [aster 
than through [J crmtobalite, with aclivali~>n energies 
~1'4 5 eV.,'at and around t.5 eV/al, respecl~vely. Thus, 
~1 ~m~c uxygen ditl'ust~m ~s the ratec~mlrulling 
p r o c e s s ,  till" parabolic rate L'OllSlalll must be 
pt~D~rtional t(~ its dtl-l'usivttv value ttlrouL~h the 
~x~de laver, Kp,~ (D~)ISff.),,)). It has been shown 
already IIiat durin~ CVD It SIC oxidatiun silica 
~ruws rm~re ur less crystalhzed, mainly dependtrlg ~m 
leinperalure. As the cryslallin~ly percentage varies 
with lenlperature, Ihe appatenl  /x'~ value (~bta~ned 
exper~mer~lally is ill Fact Ihe average ~fl' tw~ 
c~mlribuli~ms wilh differenl weights il'or the am~rph- 
ous ~r lhe crystal) as a I'LinCIHH1 ~fl' lemperatLire h'~, 
can be expressed as 

Kp = ~Kplarn) + (I - ~)Kr,(cr) (8) 

where ~ in tile am~>rphous I'racll(m 
II Kr, l'~flh~ws all Arrhemus telalt~mshlp 

AE)  
k'~, = ~k'~,'(am)exp - ~T~. 

+( I  - ~)K~,'(cr)exp - ~ -  

where AE and /]E' are tile activati~m erletgies 
curr'esp~md~llg I() dltt'usi~H1 through arm~rph(~us 
Sff.): and /_/.crmlobal~le, respectively 

II'~t is considered Illal AE'lcr) ; AE(aln) + I eV/at 
and thai [Y~)~(cr)-. 5()()Dl~,lam) w~lll a variation ~[' 
D(am)/[)(cr) from I()al 12()()'C lu 2 '~ at I ~i()()C, ~' 
lherl laking, into acc(,tinl Ihese dala, the expert 
menial Kp valLle can be expressed iii I'tlnctlon ~1' the 
am~rptlous ~r crystalhne K~. as 

k'~,= K~,'(am)exp( AE(am))/,.r 

[ t1 ,~ + ~()()ll - ,,)exp , kT  /J  

Kp = K;,'(cr)exp ( AE'(cr) ) 
, k'F 

[ , ( AE ' (e r ) -  AE(am) ' t l  
11 - ~ ) +  ~exp\ ~/: /J L 

(1()) 

(t() 

u~ _ 3(1"  
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- 3 4  

+ 
a ,  4- 

,},. 
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F'i~. ~, Illl]lJ~'ll~.'lt ~1 par l ta l  cry,~l,']ll izalton ~wer Ih¢ apparenl  
ac l tva l io t l  enerL-,,~, ~bluir icd l 'rom lhe Kp value,',,, % e~.perimenlal, 

~ ,  ctW,,l~Jl, +,  amorphi~u,,, 

F'l~,elre X shows the pl~l ubtailled using eqns (I()) and 

(I I) l'or Po, = ().()latin 
S~, il' the apparent aeLivalton energy values oi" 2 

and 2.2eV/at L~btatrled al Pu, = ()'(.)3 and I aim are 
c(~rrected I'r~m the ctystalltr|ttV variation, values 
cluse tu teV/al  are obtained I'~r Kr(anl), and ch)se 
1(~ ,.leV,,'al For Kr(crL whlctl agree belier with the 
acltvalton energy values Found by tracer dilTusiorl 
experlr'nenls, 3 4 and 4 5, respectively ~a-, The higher 
activation energy value (3 I eV/'at)I'oulld for samples 
uxidtzed tn a~r m in agreelnenl with the lower 
cryslalhll i ly percentage (~1' this samples. 

Now let the appanelll actlvatmn energy values 
~btalned at low ternperalures be considered Values 
ch~.,,,e tL~ I eV/at agree well with the acttvalioil energy 
l'~r the perrneati~m ~)1" imflecular (~xygen Ihrough 
silica glass (I 2eV/'at). 4 'The value o1' 18eV./at 
c~rresponding to samples ~xidtzed :If 80 alto should 
be explained by the exmtence (fl'pores and cracks in 
the crystalhzed samples. 'These short circmls induce 
a faster L~xldatton tale wl'Hch cause an increase tn Ihe 
apparenl aclivali~m energy value. As no data is 
available aboul lhe molecular ~xygen permeation 
l l lrough II.cri.',,t~balite and as the six-l'old rings 
re.~ponsible l'or lhls type ~)I" diffusion are present in 
bath am(~rph(~us snlica and /bcrtsloballle, TM nt ts 
cunsndered thai rnulecul,'lu duffuslon is n~t nnfluenced 
by crystallization 

Thus, the h)w temperature acl~vatton energies I'~r 
the paraNflic regilne are ~.'l~se l(+ I eV/at, ]rldicallng 
thai the rate.controll ing pr(~cess ~s Ihe molecular 
(~xygen permealton Ihrough the sihca layer AI high 
temperatures, Ihe apparent acl~valton energies 
correspund to processes with higher aci~valum 
energies ( -. 3-,.1 eV/at), suggesling the existence o1" a 
prucess limited by ionic oxygen d~ffusion. 
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5 Conclusions 

(_)xld;.lll,m u fCVD [I SiC I'olh~wed parab(dl¢ kinetics 
after :in initial linear gr~wlh, 

The puraNfl~c rate ePl]'dalll, h'p. tncrea.,,.ed slrPnlg- 
Iv will] ~ncreaslng partial pressure. ~ndlcatlng that 
t i le  rate control l ing, pr(wess I'~r ~x ldu l l~n  is the 
dlt]"U',;Hill I l l '  l'~XVgell t l l l ( l u g h  lhe  Sl( . ) ,  t i lm  'T'wtl 

va lues  ~1 lhe  ~)xv[;,en p a r t i a l  pre.,,sure e x p ( m e n l ,  i i ,  

were  I '~It l l ld. a l  ']- - I t'~t) C, n "- I and  a l  ']-' _' I tt~()"( ', 

n -- (I 7, ',;Ll~,e~;llnl2 lilt '  p rese l l t ' e  (~l IW(I i r l echa l l lMnk 

I'~r o x y g e n  dlffU,,Jll, l l l  

The a ¢ l l v a l l o n  ellei~.2,y vall le',; i l l  a r~m l l d  I eV,at at 

Io~, l e l l ] l ~e ra lu res  t i re ~.ih~illl Ihe ~,alrie a'., that t~l' 
i i x v ~ e l l  p e r m e ; . l l l l m  t l~r~t l~.h l used  .,,ll iea. 4 'The 

a~.' l lVall~)l l ellcr/~,~ value',, at  h igh  l c m p e r a l u r e s  a le  

,~omewha l  h lg.hei ,  i r l d i e a l l n g  an l l np ,  l r l : l n l  t '~mtr l  

t')tlll~HI tll' I~mlt' ~x~'12ell l(I Ihe  .Mllca grl~wlh. In I]11~; 

case ,  Ihe  at]aly,,t, ,  ~fl' Ihe a p p a r e n l  a c t t v a l t ~ m  enerl.:,v 

v a l u e  i.~ c ~ n I p l e x ,  d u e  I(~ Ihe  p a r t t a l  ¢ rvs l a l l l~u l t~m ~fl' 

Ihe (~xtdc l ave l ,  b e c a u s e  l a l l l ee  ~lxv/.2,en d l lTus ton  tn 

a m ~ u p h o u , ,  Sl(_), I.,, I 'a~ler l h a n  in / / -¢r l s t ,~hul t te  ~" 

W t l h  Ihc  a td  (~1 Ihe cry, , tal . , .am(~rph~u,~ ra[l~l 

d e l e l m l l l a l l t m  i l l  lhe  ',,lllt'LI l a ve l ,  II has heen s h ~ w n  

I } la l  Ihe ar~Palen l  Ut'II~,LIll~IIl eIlel/2y va lue  can be 

I I l l e r p r e l e d  as Ihe  n l l x l u r e  ~1 lw(~ ¢ ~ m l r l b u l l ~ m s  ~,~/1I]1 

UCIIV; . i I IOII  elICI12.1C',, t'h)sc I1'~ l h a l  ~1' I)X.Vgel l  dll]'u',,ItH1 
Ihl~uj..',h armuPhou',, S l ( ) ,  (~.,.-leV ;.i l l a l l d  /i' t 'r l ,,, l~ 

ha ] l I e  (,4 s e v  ;11) 

A de la t l ed  k tne l t¢  arlalY',,t,',, ~fl' Ihe Pte,',,erlt'e ~d' 

m u l e c u l a r  and  I~lr~t~.' ~lxv'gen dtl-l 'u,siun, aln(~ I nC lud ing  

I l le  ell 't ' t ' l  ~ll' r u l l l t a ]  er~,",,lalllz;.llt,~m, t',, I~l~ell I l l  a 
II) L'I Hll I_~;.I II H, II1 l~a P~'l 
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