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A B S T R A C T  

This  p a p e r  p r e s e n t s  a s t u d y  on  p l a sma-as s i s t ed  c h e m i c a l  v a p o r  d e p o s i t i o n  of  s i l icon d iox ide  f i lms u s i n g  t e t rae thy l -  
o r thos i l i ca te  (TEOS). I t  was  f o u n d  t h a t  w h e n  o x y g e n  is u t i l ized as a n  ox idan t ,  t h e  r e s u l t i n g  fi lm c o n t a i n e d  a p p r o x i m a t e l y  
1 a t o m  p e r c e n t  (a/o) of  n i t r o g e n  or ca rbon ,  w h e r e a s  u s i n g  N20 in the  r eac t i on  s l ight ly  i n c r e a s e d  t h e  n i t r o g e n  c o n c e n t r a t i o n  
to 2 a/o. However ,  in  t he  a b s e n c e  of  ox idan t ,  t he  c a r b o n  a n d  n i t r o g e n  c o n c e n t r a t i o n s  were  a p p r o x i m a t e l y  18 a n d  6 a/o, re- 
spec t ive ly .  T h e  s tep  cove rage  of  t he  film, r ega rd less  of  t he  ox idan t ,  was  a p p r o x i m a t e l y  34%, a s u b s t a n t i a l  i m p r o v e m e n t  
c o m p a r e d  to t he  10% o b t a i n e d  for ox ide  f i lms d e p o s i t e d  u s i n g  s i l ane -based  chemis t ry .  The  re f rac t ive  index ,  i n f r a r ed  spec-  
t r u m ,  a n d  film dens i t y  a p p e a r  cha rac t e r i s t i c  of  d e p o s i t e d  SiO2 films. T h e  e lec t r ica l  cha r ac t e r i z a t i on  of  t he  TEOS-O2 fi lms 
y ie lded  a b r e a k d o w n  electr ic  field g rea te r  t h a n  6.6 MV/cm,  a n d  a l eakage  c u r r e n t  d e n s i t y  of  8 • 10 -9 A /cm 2 at  1 MV/cm. The  
b r e a k d o w n  elect r ic  field a n d  l eakage  c u r r e n t  d e n s i t y  of  a t h e r m a l l y  g r o w n  ox ide  w i t h  c o m p a r a b l e  t h i c k n e s s  are  8 M V / c m  
a n d  2 • 10 -9 A/cm 2, respec t ive ly .  

S i l i con  d iox ide  is u s e d  in t he  f ab r i ca t ion  of  MO S IC de- 
v ices  as a gate  or an  i n t e r m e t a l  i so la t ion  dielectr ic ,  a n d  as a 
p a s s i v a t i o n  layer. S i l ane  c h e m i s t r y  is c o m m o n l y  ut i l ized 
to depos i t  i n t e r m e t a l  d ie lec t r ic  films. However ,  t h i s  
m e t h o d  p r o d u c e s  f i lms w i t h  uns a t i s f ac t o r y  s tep  coverage  
(1-2). The  use  of  o t h e r  s i l icon c o m p o u n d s ,  n o t a b l y  te t ra-  
e thy lo r thos i l i c a t e  (TEOS), has  r ecen t ly  ga ined  wide  inter-  
est.  TEOS can  be  t h e r m a l l y  d e c o m p o s e d  at  a t e m p e r a t u r e  
h i g h e r  t h a n  600~ to give a n  ox ide  fi lm w i t h  good  s tep  
coverage .  U n f o r t u n a t e l y ,  t he  t e m p e r a t u r e  r equ i r ed  is too  
h i g h  for th i s  p rocess  to be  u sed  over  a l u m i n u m .  Conse-  
quen t ly ,  c o n s i d e r a b l e  effor ts  h a v e  b e e n  m a d e  in r e c e n t  
years  to deve lop  l ow - t em pe r a t u r e ,  p l a s m a - e n h a n c e d  
c h e m i c a l  v a p o r  depos i t i on  (CVD) ut i l iz ing T E O S  chem-  
i s t ry  (3-4). In  th i s  s tudy,  the  ef fec t  of  t he  d e p o s i t i o n  pa ram-  
e te r s  on  t he  ox ide  fi lm p rope r t i e s  a n d  d e p o s i t i o n  rate,  
u s i n g  T E O S  a n d  02 as reac tan t s ,  was  first  inves t iga ted .  The  
film was  t h e n  c o m p a r e d  to f i lms d e p o s i t e d  w i t h  TEOS-N20 
a n d  s i lane  chemis t r i e s .  

Experimental 
Oxide  fi lms were  d e p o s i t e d  in a R e i n b e r g - t y p e  p l a s m a  

CVD b a t c h  r eac to r  (22 wafers)  (5), u s i n g  an  a l u m i n u m  
s h o w e r  h e a d  e l ec t rode  conf igu ra t ion  modi f i ed  to h a n d l e  a 
T E O S  source ,  w h i c h  was  c o n t a i n e d  in  a s ta in less  s teel  am- 
pul .  The  T E O S  was  c o n n e c t e d  to t he  c h a m b e r  b y  a 1.27 c m  
d i a m e t e r  s ta in less  s teel  t u b e  h e a t e d  to 60~ to p r e v e n t  con-  
densa t ion .  A flow of  n i t r o g e n  was  m a i n t a i n e d  t h r o u g h  t he  
a m p u l  to e n s u r e  l iqu id  e v a p o r a t i o n  u n d e r  t h e  e x p e r i m e n -  
tal  c o n d i t i o n s  a n d  to car ry  T E O S  v a p o r  in to  t he  r eac t i on  
c h a m b e r .  

In  a typ ica l  depos i t i on  run,  t he  100 m m  Si(100) wafe rs  
we re  h e a t e d  u n d e r  v a c u u m  for 30 m i n  to s tabi l ize  t he  ther -  
ma l  profile.  N i t r o g e n  a n d  o x y g e n  were  t h e n  a l lowed  to 
flow in at  t h e i r  p roces s  rates.  D u r i n g  th i s  t ime,  T E O S  was  
h e a t e d  u p  to a p re se t  t e m p e r a t u r e ,  af ter  w h i c h  n i t r o g e n  
was  a l lowed  to f low t h r o u g h  t he  a m p u l  to i n t r o d u c e  T E O S  
in to  t h e  c h a m b e r .  This  p r e d e p o s i t i o n  cycle  t ook  approx i -  
m a t e l y  3 rain,  a f te r  w h i c h  t he  R F  p o w e r  was  t u r n e d  on  for 
a p r e d e t e r m i n e d  t ime.  
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U n l e s s  o t h e r w i s e  s ta ted ,  t he  d e p o s i t i o n  p a r a m e t e r s  were  
as follows: 

1. s u b s t r a t e  t e m p e r a t u r e  = 260~ 
2. to ta l  p r e s s u r e  = 360 m t o r r  
3. to ta l  flow ra te  = 1700 cm3/min 
4. O2:N2 (ampul):N2 = 1.4:1.0:4.8 
5. R F  p o w e r  = 225W (0.06W/cm 2) 
6. T E O S  t e m p e r a t u r e  = 44~ 

The  fi lms were  opt ica l ly  cha rac t e r i zed  by  m e a s u r i n g  the  
t h i c k n e s s  a n d  ref rac t ive  i n d e x  of  the  d e p o s i t e d  fi lms w i t h  
a Ty lan  Tyger  r e f l ec tome te r  u s i n g  a He-Ne laser  ope ra t i ng  
at  ~ = 0.6328 ~m. The  i m p u r i t y  levels  in  t he  f i lms were  de- 
t e r m i n e d  by  Auger .  A n  Auge r  e n e r g y  s p e c t r u m  was  t a k e n  
f r o m  30 to 2000 eV on  each  sample .  A u g e r  d e p t h  prof i l ing  
was  p e r f o r m e d  by  s p u t t e r i n g  w i th  a rgon  a n d  m e a s u r i n g  
t he  o x y g e n  KLL,  s i l icon LMM, c a r b o n  KLL,  a n d  n i t r o g e n  
K L L  spectra .  The  s p u t t e r  ra te  u s e d  for  the  profi le  was  
106 A/ra in  a n d  da ta  was  co l lec ted  eve ry  30s. The  e t ch  ra tes  
we re  m e a s u r e d  at  25~ u s i n g  P - e t c h  (H20:HF:HNO3 = 
92.4:4.6:3.0 in  vo lume)  (6). The  s tep  coverage  was  m e a s u r e d  
u s i n g  a S E M  C a m b r i d g e  S t e r o s c a n  250 at  20 kV. All 
s a m p l e s  were  d e l i n e a t e d  in 50:1 bu f f e r ed  HF, t h e n  A u - P d  
coated .  The  IR spec t r a  were  m e a s u r e d  f rom 4000 to 400 
c m  1 u s i n g  a Nicole t  205X Fou r i e r  t r a n s f o r m  in f r a red  
(FTIR) s p e c t r o m e t e r  r e fe r red  to an  u n p r o c e s s e d  s i l icon 
wafe r  of  t he  s a m e  lot. 

The  e lect r ica l  p rope r t i e s  of  t he  ox ide  fi lm d e p o s i t e d  on  
n - type  (100) Si was  i nves t i ga t ed  b y  m e a s u r i n g  t he  
b r e a k d o w n  vol tage ,  l eakage  cu r ren t ,  f l a tband  vol tage ,  a n d  
f ixed cha rges  u s i n g  a MOS capac i to r  s t ruc tu re .  The  wafer  
su r face  was p r e p a r e d  by  t h e  g r o w t h  a n d  e tch  b a c k  of  a 
300A layer  of  t h e r m a l  oxide,  a f te r  w h i c h  fi lms of  approx i -  
m a t e l y  500A were  d e p o s i t e d  u s i n g  TEOS-O2-based chem-  
istry.  A t h e r m a l l y  g r o w n  ox ide  film was  also g r o w n  b y  the  
d ry  ox ida t i on  of Si in  02 a t m o s p h e r e  at  1050~ a n d  was  
u s e d  for  compa r i son .  The  area  of  the  u p p e r  n - type  polysil i-  
con  e l ec t rode  was  a b o u t  0.008 cm 2. Cur ren t -vo l t age  p lo ts  
we re  o b t a i n e d  b y  inc rea s ing  t he  vo l tage  f rom 0 to 50V in  
0.1V i n c r e m e n t s  wh i l e  t he  c u r r e n t  was  m e a s u r e d  at  e ach  
in terval .  H igh  f r e q u e n c y  (1 MHz) C-V plo ts  were  also ob- 
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Fig. 1. Infrared spectrum of SiO2 deposited at 330~ using TEas-a2 

t a i n e d  in o rde r  to ca lcu la te  the  f l a tband  vo l tage  (VFB) a n d  
t h e  ox ide  f ixed c h a n g e  dens i t y  Qr/q. 

Results and Discussion 
GeneraL--The re f rac t ive  i n d e x  of  ox ide  f i lms d e p o s i t e d  

at  a t e m p e r a t u r e  r a n g e  of  260~176 w i t h  TEOS-O~ chem-  
i s t ry  was  m e a s u r e d  to be  1.47 _+ 0.04. A d e p o s i t i o n  ra te  of  
170/~dmin was  ob ta ined ,  w i t h  a fi lm u n i f o r m i t y  of  +_2%, 
b o t h  ac ross  t h e  wafe r  a n d  f rom wafe r  to wafer .  D e p o s i t i o n  
ra tes  we re  f o u n d  to b e  i n sens i t i ve  to c h a n g e  in  t he  R F  
p o w e r  (200-600W) u n d e r  t he  p r e s e n t  e x p e r i m e n t a l  condi -  
t ions .  

T h e  i n f r a r ed  s p e c t r u m  of  t he  5000A-thick ox ide  f i lm was  
m e a s u r e d  w i t h  FTIR.  F igu re  1 shows  a n  in f r a red  s p e c t r u m  
of  t h e  ox ide  fi lm w h i c h  is cha rac t e r i s t i c  of  d e p o s i t e d  SlOe 
film (7). T h e  u n a n n e a l e d  ox ide  fi lm s h o w s  a w e a k  b a n d  at  
930 c m  t a n d  a b r o a d  b a n d  f rom 3200 a n d  3600 cm-L T h e  
la t t e r  p r o b a b l y  r e su l t ed  f rom a d s o r p t i o n  of  w a t e r  v a p o r  
e i t h e r  f r o m  t h e  p l a s m a  c h a m b e r  or f rom t he  a t m o s p h e r e .  
Af te r  a n n e a l i n g  at  1050~ for  50s, t h e r e  were  no  d e t e c t a b l e  
a m o u n t s  of  impur i t i e s ,  as r evea l ed  by  t h e  d i s a p p e a r a n c e  of  
t h e s e  b a n d s  in  t he  IR  s p e c t r u m .  

T h e  e lec t r ic  field b r e a k d o w n  for 500A TEOS-O~ f i lms is 
g r ea t e r  t h a n  6.6 MV/cm,  as c o m p a r e d  to 8 M V / c m  for the r -  
m a l l y - g r o w n  ox ide  fi lm of  s imi la r  t h i cknes s .  T he  TEOS-O~ 
fi lm has  a l eakage  c u r r e n t  dens i t y  of  8 • 10 -~ A /cm ~, whi l e  
t h e  t h e r m a l l y - g r o w n  ox ide  e x h i b i t e d  a l eakage  c u r r e n t  
d e n s i t y  of  2 • 10 -~ A /cm a at  1 MV/cm.  T he  TEOS-Oa fi lms 
d e p o s i t e d  in th i s  t e m p e r a t u r e  r a n g e  h a v e  VSB nea r  - 0 . 6 V  
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Fig. 2. Surface AugerspectrumofTEOS-O2 film after removing car- 
ban residue from the surface by Ar sputtering. 
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and Qf/q near t x 10 n cm -2, w h i c h  compares favo rab l y  to 
t h e  t h e r m a l  ox ides  w i t h  a VSB of  - 0 . 3 V  a n d  a Qf/q close to 
1 • 10 TM c m  -2 (8). 

Auger analysis.--An A u g e r  s p e c t r u m  of  an  ox ide  film 
t a k e n  af te r  r e m o v i n g  t he  c a r b o n  r e s idue  f rom t h e  sur face  
b y  a r g o n  s p u t t e r i n g  is s h o w n  in Fig. 2. The  s p e c t r u m  ex- 
h ib i t s  A u g e r  f ea tu res  at  76, 503, a n d  1606 eV, w h i c h  are  
cha rac t e r i s t i c  of  SiO2, O, a n d  Si, respec t ive ly .  The  A u g e r  
d e p t h  ana lys i s  of  ox ide  fi lm s h o w n  in Fig. 3, 4, a n d  5, are 
for ox ide  f i lms d e p o s i t e d  in  oxygen ,  in  N20, a n d  in t he  ab- 
s e n c e  of  ox idan t ,  respec t ive ly .  In  t he  p r e s e n c e  of  o x y g e n  
Fig. 3 s h o w s  t h a t  t he  n i t r o g e n  or  c a r b o n  c o n c e n t r a t i o n  is 
a p p r o x i m a t e l y  1 a/o. W h e n  N20 is u s e d  as a n  ox id iz ing  
agen t ,  Fig. 4 ind ica t e s  t h a t  a p p r o x i m a t e l y  1 a/o of  c a r b o n  
a n d  2 a/o of  n i t r o g e n  are  i n c o r p o r a t e d  in to  t he  ox ide  film, 
e x c e p t  at  t h e  SiO2-Si in ter face ,  w h e r e  a n  a c c u m u l a t i o n  of  
i m p u r i t i e s  of  8-9 a/o is obse rved .  This  a c c u m u l a t i o n  sug-  
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Fig. 3. Auger depth analysis of TEas-a2 film 
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Table I. Wet etch rates of various oxide films 

Deposition 
temperature Etch rates 

Type of oxide ~ (A/s) 

Thermally grown 950 2 
Plasma TEOS-O2 330 4 
Plasma TEOS-N~O 330 10 
Plasma CVD SiH4-N20 380 13 
Thermal CVD SiH4-O2 410 13 

ges ts  t h a t  t h e r e  is an  i n c u b a t i o n  pe r iod  before  t h e  N20 
s ta r t s  pa r t i c ipa t ing  in t h e  d e p o s i t i o n  react ion.  

In  t he  a b s e n c e  of  o x i d a n t  (Fig. 5), t h e  fi lm con t a in s  a 
h i g h  c a r b o n  c o n c e n t r a t i o n  (18 a/o) a n d  m o d e r a t e l y  h i g h  ni- 
t r o g e n  c o n c e n t r a t i o n  (6 a/o). I t  w o u l d  a p p e a r  t h a t  o x y g e n  
is r e q u i r e d  to s c a v e n g e  away  t he  c a r b o n  as vola t i le  reac- 
t ion  p roduc t s .  The  p r e s e n c e  of  c a r b o n  a n d  n i t r o g e n  i m p u -  
r i t ies  may be accounted for by the higher refractive index 
of the oxide films, namely, 1.50 for TEOS-N20-SiO2 films, 
compared to 1.47 for TEOS-O2-SiO2 films. 

Wet etch rate.--The densification state of the oxide films 
was evaluated by wet etching using a P-etch solution. The 
wet etch rates of TEOS-OrSiO2 and TEOS-N20-SiO2 films, 
along with those of thermally grown SiO2, and plasma-as- 
sisted and LPCVD SiO2 films deposited with a Sill4 chem- 
istry, are given in Table I. With the exception of the ther- 
mally grown oxide film, the TEOS-O2-SiO2 film seems to be 
more densified than the other oxides. 

The deposition temperature has a significant effect on 
the wet etching characteristics and therefore on the densi- 

f ica t ion s ta te  of  t h e  ox ide  film. The  e t ch  ra te  of  ox ide  f i lms 
d e p o s i t e d  at  195~ was 12 A/s, c o m p a r e d  to an  e t ch  ra te  of  
4 A/s for layers  depos i t ed  at  330~ Af te r  r ece iv ing  a n  RTA 
cycle at  1050~ for 50s, the  e t ch  ra tes  of  b o t h  f i lms were  
3 A/s. S ince  the  i m p u r i t y  levels  in  b o t h  fi lms we re  s imi la r  
a n d  t h e r e  was  no  c h a n g e  in t h e  film th i cknes s ,  t he  de- 
c rease  in t h e  we t  e t ch  ra te  as a r e su l t  of  a n n e a l i n g  is l ikely 
d r i v e n  by  t h e  c h a n g e s  in t h e  local  b o n d i n g  assoc ia ted  w i t h  
dens i f i ca t ion  (9). 

Step coverage.--The i nc rease  in  t h e  p a c k i n g  dens i ty  of  
h i g h l y  i n t e g r a t e d  c i rcui ts  r equ i res  the  fill ing of  sma l l  gaps  
b e t w e e n  me ta l  l ines  w i th  CVD die lec t r ic  oxide,  w i t h o u t  
l eav ing  an y  voids.  T h e  p r e s e n c e  of  vo ids  adve r se ly  affects  
t h e  p r o d u c t i o n  yield an d  dev ice  rel iabi l i ty,  as t h i n n i n g  of  
m e t a l  fi lms occu r s  over  s h a r p  steps.  

T h e  S E M  cross  sec t ions  of Fig. 6 s h o w  t h e  fi l l ing of  
spaces  w i t h  a spec t  ra t ios  of  0.35 (a, top) a n d  0.60 (b, bot-  
tom),  w i th  1.7 ~ m - t h i c k  TEOS-OrSiO2  film. A de l inea t ion  
e t c h  in bu f f e red  H F  of  t h e  c l eaved  samples ,  w h i c h  is nec- 
e s sa ry  to e n h a n c e  in te r face  c o n t r a s t  for s c a n n i n g  e l ec t ron  
m i c r o g r a p h y  (SEM), shows  no  vo ids  in  spaces  w i th  a s p e c t  
ra t ios  less t h a n  or equa l  to 0.6. T h e  e q u i v a l e n t  TEOS-N20-  
S i Q  a n d  silane-SiO2 fi lms are  s h o w n  in Fig. 7 a n d  8, re- 
spec t ive ly ,  w h e r e  vo ids  nea r  t h e  lower  co rne r s  of  the  s teps  
h a v e  c lear ly  b e e n  decora ted ,  t h e r e b y  r evea l ing  w e a k e r  re- 
g ions  in t h e  oxide.  T h e  s tep  coverage  of  t h e  T E O S - b a s e d  
ox ide  films, de f ined  as the  ra t io  of  t h e  film t h i c k n e s s  at  t he  
edge  to t h a t  ove r  the  flat surface,  is r o u g h l y  34%, c o m p a r e d  
to  10% for  s i l ane -based  ox ide  film. T h e  n o n - c o n f o r m a l  cov-  
e rage  of  s i l ane -based  c h e m i s t r y  f i lms ind ica t e s  t h a t  t he  

Fig. 6. SEM cross-sectional micrographs of TEOS~02-Si02 films after 
delineation etch in diluted HF. Aspect ratios are (a) 0.35, top, and (b) 
0.60. Wafer was coated with photoresist. (Deposition conditions: 
Foz = 330 cm3/min, RF = 225W, TTEOS = 5 5 ~  FNzcb,,b~l~ = 370 cm3/ 
min, FN2 = 820 cm3/min, P = 450 mtorr, Tsub = 260~ 

Fig. 7. SEM cross-sectional micrographs of TEOS-N20-SiO2 films 
after delineation etch in diluted HF. Aspect~ratios are (a) 0.35, top, 
and (b) 0.60. Wafer was coated with photoresist. (Deposition condi- 
tions: TTms = 55~ FN2(bubbler) = 370 cm3/min, FN2 = 800 cm3/min, 
FN20 = 1070 cm3/min, P = 450 mtorr, T,,b = 260~ RF = 225W.) 
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Fig. 8. SEM micrographs of SiH4-O~ SiO2 films after delineation etch 
in diluted HF. Aspect ratios are (a) 0.35, top, and (b) 0.60. Wafer was 
coated with photaresist. (Deposition conditions: FH2 = 1060 cm3/min, 
Fsi.4 = 500 cm3/min, FN2o = 1560 cmS/min, P = 354 mtorr, 
T~,~, = 300~ RF = 250W. )  

molecu la r  m e a n  free path  for surface migra t ion  is proba- 
b ly  less than  1 ~m (10). 

A l though  the  step coverages  of  the  ox ide  film p roduced  
by TEOS-O2 or TEOS-N20 are similar, there  is more  thin- 
n ing  of  the  film at the  cen ter  of the  gap wi th  the  N20 than  
wi th  the  02. The  ox ide  th ickness  at the  center  of  the  gap is 
ap p rox ima te ly  85% for TEOS-O2 as compared  to 70% for 
that  of  TEOS-N20.  In  addit ion,  the  e n h a n c e m e n t  of  the  wet  
e tch  rate of  the  c leaved sample  near  the  bo t tom step cor- 
ners,  m e n t i o n e d  above  for TEOS-N=O film, suggests  that  
the  surface migra t ion  of  the adsorbed  surface species is 
s o m e w h a t  i m p r o v e d  by replac ing  N20 wi th  02. 

Deposition.--The effect  of  the  depos i t ion  paramete rs  of  
si lane and T E O S  process  on uniformity,  depos i t ion  rate, 
and refract ive  index  was inves t iga ted  us ing fract ional  fac- 
torial  statist ical  des ign (11). The  parameters ,  or factors, for 
the  s i lane-based chemis t ry  analysis inc luded  pressure,  
SiH4/N20 ratio, total  flow rate, t empera tu re  and RF  power.  
Fo r  the  T E O S  process,  the parameters  were  pressure,  
T E O S  tempera ture ,  carr ier  gas f low rate, RF  power,  and 02 
flow rate. The  depos i t ion  parameters  were  var ied  by -+ 10% 
and the  resul ts  obta ined  were  analyzed statistically. 

Fo r  depos i t ion  with  silane chemist ry ,  only  the  RF  power  
had a signif icant  effect. This  is not  surprising,  as si lane pre- 
d o minan t l y  leads to the  format ion  of  act ive  radicals such  
as NO, O, and  Sill3 in the  p lasma discharge  (12-15). There-  
fore, increas ing  the  R F  power  increases  the  concen t ra t ion  
of  these  react ive  species,  which  in tu rn  increases  the  depo- 
si t ion rate. The  subst ra te  t empera tu re  was found to have  
lit t le effect  on the  depos i t ion  rate in the  range  of  260  ~ 

330~ Adams  et al. (16) also repor ted  a small  d e p e n d e n c y  
of  the  depos i t ion  rate on the  t empera tu re  for such  a range. 
Changing  the  depos i t ion  parameters  had  little effect  on the  
un i fo rmi ty  of  the oxide  film. However ,  the  refract ive index  
was found to be propor t ional  to the  SiH4/N20 ratio, indicat-  
ing that  si l icon-rich films were  p roduced  at the  h igh  end of  
the  range s tudied  (17). 

Contrary  to the  s i lane-based chemist ry ,  increas ing  the  
R F  power  f rom 200 to 600W had no effect  on the  depos i t ion  
rate for the  TEOS-O2 process.  However ,  in the  absence  of  
the  p lasma discharge,  no depos i t ion  occur red  in the  tem-  
pera ture  range used in this work. Therefore ,  it seems that  
an RF  power  as low as 200W (0.06 W/cm 2) is p roduc ing  ion 
b o m b a r d m e n t  energies  and fluxes sufficient  to d e c o m p o s e  
T E O S  molecu les  in the  gas phase,  and therefore  is not  the  
ra te- l imit ing factor. The  substra te  tempera ture ,  the T E O S  
tempera tu re ,  and the  flow rate of  the  carr ier  gas had signif- 
icant  effects  on the  depos i t ion  rate of  ox ide  films us ing  
TEOS,  bu t  had a lesser  effect  on the  un i formi ty  of  the  
oxide  film. None  of  the  process  var iables  had a significant  
effect  on the  film refract ive index.  

F r o m  the  statistical analysis, the  T E O S  process  is more  
sens i t ive  to the  changes  in the  depos i t ion  parameters  than  
the  si]ane-based process,  par t icular ly the  T E O S  tempera-  
ture  and the  carrier  gas flow rate. Therefore ,  for the  T E O S  
to be  used  in a manufac tu r ing  process,  where  process  sta- 
bi l i ty is important ,  care m u s t  be t aken  to ensure  that  the  
l iquid  source  t empera tu re  and the  flow rate of  the  carr ier  
gas remain  constant .  In  addit ion,  the  feed l ine mus t  be 
short  and hea ted  to p reven t  condensat ion.  

The  effect  of  oxygen  part ial  pressure,  T E O S  part ial  pres- 
sure, and t empera tu re  on the  depos i t ion  rate  were  also in- 
vest igated.  The  d e p e n d e n c e  of  the  depos i t ion  rate on oxy- 
gen part ial  pressure  was s tudied  by vary ing  the  oxygen  
flow rates (0-300 cm3/min). F igure  9 shows that  the  deposi-  
t ion rate increases  wi th  oxygen  flows up to 75 cm3/min, 
after wh ich  it saturates.  F i lm depos i t ion  in this range is 
ra te- l imi ted by the  a m o u n t  of  act ivated oxygen  avai lable 
to comple t e  the  ox ida t ion  of  the  act ive species.  This v iew 
is suppor t ed  by the  reduc t ion  of  ca rbon  concen t ra t ion  in 
the  film f rom 18 a/o in the absence  of oxygen  to approxi-  
mate ly  1 a/o in the  p resence  of  oxygen  (330 cm3/min). A 
s imilar  behav ior  was obta ined  w h e n  N20 was used  ins tead 
of  02. 

The  d e p e n d e n c y  of  the depos i t ion  rate on the  T E O S  
vapo r  pressure  was character ized by chang ing  e i ther  the  
a m p u l  t empe ra tu r e  or the  n i t rogen  flow rate t h rough  the  
ampul .  At  a cons tan t  l iquid  tempera ture ,  the  increase in 
the  n i t rogen  flow rate th rough  the  bubb le r  increased  the  
depos i t ion  rate. Fur thermore ,  the  depos i t ion  rate in- 
c reased  wi th  the increase  in the  l iquid  t empera tu re  whi le  
keep ing  the  n i t rogen  flow rate constant .  No a t t empt  was 
m a d e  to measu re  the  T E O S  vapor  pressure  absolutely.  We 
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Fig. 9. Deposition rate of TEas-a2 films as a function of oxygen flow 
rate. 
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Fig. I0.  Arrhenius plot of the deposition rate as a function of the sub- 
strate temperature. 

chemistry. From Auger analysis, it was found that the use 
of oxygen as an oxidant minimizes the carbon and nitro- 
gen impurities in the oxide film. The deposition process 
was found to be sensitive to the liquid TEOS temperature 
and the carrier flow rate. The deposition reaction order is 
approximately zero and 0.4 for 02 and TEOS vapor pres- 
sure, respectively. An apparent activation energy of - 3  
kcal/mol was obtained, which suggests that the deposition 
is in an adsorption-controlled reaction regime. The electric 
field breakdown for the TEOS-O2 oxide films was greater 
than 6.6 MV/cm, and a leakage current density of 8 • 10 _9 
h / c m  2 w a s  observed. 
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assume that, at a fixed carrier flow rate and a constant 
pressure, the vapor pressure at a given temperature is pro- 
portional to the equilibrium vapor pressure. The loga- 
rithmic plot of the deposition rate vs. the partial pressure 
of TEOS gave a straight line whose slope is approximately 
0.4. A zero-order, with respect to oxygen vapor pressure, 
was obtained. Thus, the rate expression for the deposition 
reaction may be written as 

rate = g PTEOS 0"4 X P~ 

in agreement with the literature (18). 
An Arrhenius plot for the deposition rates in the tem- 

perature range of 200~176 is shown in Fig. 10. The appar- 
ent activation energy of the deposition reaction is - 3  kcal/ 
tool. For thermally-driven reactions, raising the substrate 
temperature usually increases the deposition rate. How- 
ever, the decrease in deposition rate observed here with in- 
creasing substrate temperature indicates that the oxide 
formation may be controlled by the adsorption of the reac- 
tive surface species. Increasing the substrate temperature 
enhances the desorption of the surface species, which in 
turn reduces the probability of the deposition reaction oc- 
curring. Another explanation of the negative activation 
energy is that the heat of adsorption of the reactive species 
is more negative than the (positive) activation energy of 
the deposition reaction. In any case, this interesting phe- 
nomenon needs to be further investigated to shed some 
light on the mechanism and to determine the active spe- 
cies involved in the deposition reaction. 

C o n c l u s i o n  
Deposition of SiO2 from TEOS and Oz or N20 in an RF 

plasma has been studied. The refractive index obtained for 
the films deposited with oxygen was 1.47, compared to 1.52 
for TEOS-N20 and TEOS only. Oxide films obtained by 
utilizing TEOS chemistry had 34% step coverage, as com- 
pared to 10% for films obtained through a silane-based 
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