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ABSTRACT 

Heavily boron-doped silicon films are deposited in the temperature range 520~176 in the Si2H6-B~H~-He gas system. 
The effects of boron doping on the deposi t ion rate and propert ies  of silicon films are invest igated and compared  with 
those of phosphorus doping. The deposition rate increases with the addition of B2H~, and the deposition rate increment  is 
proportional to % power of the boron concentration in silicon film and to the partial pressure of Si2H6. Boron is deposited 
independently without the influence of silicon deposition. The amorphous-crystalline transition temperature is decreased 
with incorporating boron in silicon film except  for the higher boron concentration than 2 x 102o cm -3. For the higher boron 
concentration, crystallization is suppressed by incorporating boron. 

Heavi ly  doped polycrystal l ine silicon film is an impor- 
tant  mater ia l  as a gate e lec t rode  of  MOSLSI ' s .  When 
polycrystal l ine silicon film is used as a gate electrode of 
MOSLSI ' s ,  it is genera l ly  depos i ted  wi thou t  impur i ty  
and is subsequen t ly  doped by the rmal  diffusion or by 
ion implan ta t ion  of  impuri ty .  For  the rmal  diffusion,  a 
high tempera ture  is necessary to obtain a low resistance. 
For  doping  by ion implanta t ion ,  s i l icon film th ickness  
cannot  be r educed  to p reven t  impur i ty  pene t ra t ion  into 
the gate  oxide.  So, impur i ty  doping,  especial ly,  boron  
doping during film deposition, is useful for submicron P 
channel  MOSFET's  in CMOSLSI 's .  

General ly ,  s i l icon films have been  depos i t ed  by 
thermal  decomposi t ion  of Sill4. For the Sill4 gas system, 
the  effects  of impur i ty  doping  on the growth  rate and 
propert ies  of silicon films are well known. For  instance, 
the deposi t ion rates of  silicon films decrease with the ad- 
d i t ion  of  PH3, (1, 2), and increase  wi th  the addi t ion  of  
B2H6 (1, 3). Recently,  we have reported that Si2H6 is suita- 
ble as a source gas to prepare heavily phosphorus-doped 
polycrystal l ine silicon film because the deposi t ion rate is 
not  in f luenced  by the addi t ion  of PH3 and is about  100 
t imes  or more  h igher  than that  for the Sill4 gas sys tem 
(4). For  the Si2H6 gas system, however,  there is little data 
about  the effects of boron doping on the deposi t ion rate 
and propert ies  of silicon films. In this paper, the relation- 
ships  be tween  the depos i t ion  rate of  s i l icon films and 
B2H6 part ial  p ressure  or boron  concen t ra t ion  in s i l icon 
films, the hea t - t r ea tment  t empe ra tu r e  dependenc ie s  of  
crystal l izat ion,  and res is t iv i ty  of boron-doped  si l icon 
films are described and compared with those for the ad- 
di t ion of  PH3. 

Experimental Procedure 
Si l icon films were  depos i ted  under  low pressure  in a 

l amp-hea ted  horizontal  reactor  using the Si2H6-B2H6-He 
gas system. The depos i t ion  t empe ra tu r e  range was 
520~176 the depos i t ion  pressure  was about  4 x 10 -3 
atm, and the depos i t ion  th ickness  was 3000-5000A. The 
subs t ra tes  used were  p-type si l icon wafers  wi th  mirror-  
po l i shed  (100) surfaces.  An oxide  film was the rmal ly  
g rown on the subst ra tes  in an a tmosphe re  of  dry O2 gas 
before the silicon film was deposited. The samples were 
hea t - t rea ted  for 30 rain at 575~176 in a dry N2 atmo- 
sphere. 

The concen t ra t ion  of  boron  in s i l icon film was deter-  
m ined  by secondary  ion mass spec t romet ry .  The gas 
phase  compos i t ion  in the reactor  was inves t iga ted  by 
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quadrapole  mass spectrometry.  The other  exper imenta l  
procedure  has been described elsewhere (4). 

Results and Discussion 
Deposition rate and boron concentration in silicon 

film.--Figure 1 shows the deposi t ion tempera ture  depen- 
dences of  silicon film deposi t ion rate (R). The deposi t ion 
rate is increased  even by the sl ight  addi t ion  of  B2H6, 
while it is not influenced by the addit ion of PHi. The ap- 
paren t  ac t iva t ion  energy  of depos i t ion  rate for boron- 
doped  si l icon film is less than that  for undoped  si l icon 
film which  is about  40 kcal/mol.  It  should  be noted  that  
the  i nc remen t  of depos i t ion  rate wi th  the addi t ion  of  
B2H6 is influenced little by the deposi t ion temperature.  

Figure  2 shows the dependence  of boron concentra t ion 
(CB) on the B2H6 part ial  p ressure  in the gas in t roduced  
into the reactor (PB2.6). CB increases with increasing PB,.6 
and is inverse ly  propor t iona l  to Psi2R6. Boron  was incor- 
porated beyond 1 x 1022 cm -3 for above PB2H6 of 5 X 10 -6 
atm and below Psi~.6 of 1.2 • 10 -4 atm, while phosphorus  
was not  incorpora ted  beyond  2 x 1021 cm -3 as repor ted  
e lsewhere  (4). Fur thermore ,  it was confirmed that  boron 
is depos i t ed  on si l icon by the decompos i t i on  of B2H6 
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Fig. 1. Deposition temperature dependence of silicon film deposition 
rate. 
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even at Psi2n6 = 0 atm. The doping velocity, i.e., incorpo- 
rated flux of boron into the silicon film, which is defined 
by the p roduc t  of  CB and R (CB • R), is p ropor t iona l  to 
PB~H6 and independent  of Ps~2s• as shown in Fig. 3. There- 
fore, it is cons idered  that  boron  is depos i ted  indepen-  
dent ly  wi thou t  inf luence of si l icon depos i t ion  in the 
Si2H6-B2H~-He gas system. Fur the rmore ,  the doping  ve- 
locity of  boron was dependent  on gas flow veloci ty in the 
reactor ,  and the ac t iva t ion  energy  of  CB • R in the tem- 
pera tu re  range 550~176 was about  9 kcal/mol,  whose  
va lue  shows that  doping  ve loc i ty  is l i t t le d e p e n d e n t  
upon tempera ture  in the present  condition. Therefore,  it 
is considered that the incorporat ion of boron into silicon 
film is control led by the diffusion of molecules  including 
boron in the gas phase. 

In f luence  o f  boron on depos i t ion  rate  o f  s i l icon f i l m . -  
For  the h igher  PB2H6/Ps~2H6 than 2 • 10 -3, the  film thick- 
ness  has lost  uni formi ty ,  and the depos i t ion  rate and 
boron  concen t ra t ion  were  not  able to be t rea ted  quanti-  
tatively. Therefore,  we discuss the influence of boron on 
the  depos i t ion  rate of si l icon film under  the condi t ion  
that  the boron concentra t ion is below 1 x 102~ cm -~. 
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Under  the present  condi t ion,  the depos i t ion  rates of  
u n d o p e d  si l icon f i lms at cons tan t  PSi2H6 were  indepen-  
dent  of the gas flow velocity and total pressure in the re- 
actor.  F rom these  results,  it is cons idered  that  the 
depos i t ion  rates of these  si l icon films are contro l led  by 
the surface react ion.  It  was also conf i rmed by the 
quad rupo le  mass spec t romete r  that  Sill4 is genera ted  
during the deposi t ion of undoped silicon film from SigH6, 
and the amount  of Sill4 generated is independent  of the 
gas flow veloci ty.  These  resul ts  suggest  that  the follow- 
ing reac t ion  [1], which  is the same as the init ial  step in 
the thermal  decomposi t ion of Si2H6 in the gas phase (5), 
occurs on the surface of silicon film 

Si2H6--~ Sill4 + Sill2 [1] 

For  the addit ion of B2H6, the deposit ion rate increased 
and was d e p e n d e n t  on the gas flow ve loc i ty  and total  
pressure in the reactor. As a result  of the measurement  of 
gas phase composi t ion in the reactor by the quadrupole  
mass spectrometer ,  Si-B compounds  were not  observed 
in the gas phase and the in tens i ty  of  B2H6 was indepen-  
dent  of Psi~,6. From these results, it is expected  that  the 
depos i t ion  rate is not  inf luenced by gas phase  react ion 
and Si2H6 decomposes  on the si l icon surface. Thus,  it is 
considered that  the dependence  of deposi t ion rate on the 
gas flow velocity and total pressure in the reactor results 
f rom alteration of the surface reaction due to incorpora- 
t ion of  boron,  because  the boron doping  ve loc i ty  is de- 
penden t  on the gas flow veloc i ty  as descr ibed  in the 
previous section. 

F rom this discussion, it is assumed that the deposi t ion 
rate  of  boron-doped  si l icon fi lm (R) is exp res sed  by the 
sum of undoped  deposi t ion rate term (Re) and addit ional  
depos i t ion  rate t e rm (dR), which  is a func t ion  of CB and 
PSi2H~- Under  the present  condition, the deposi t ion rate of 
undoped  silicon film was proport ional  to PsycH6- R is writ- 
ten as follows 

R = Ro + dR [2] 

Ro = koPsi2,6 [3] 

dR = kCB~Psi2H2" [4] 

where  k0 and k are the rate constants o f u n d o p e d  deposi- 
t ion rate and addi t iona l  depos i t ion  rate, respect ive ly ,  
and m and n are index numbers .  From Eq. [2], [3], and [4] 

dR/Ro = k/ks * CBmPsi2H6 n-1 [ 5 ]  

The dependence  of dR/R on C. is shown in Fig. 4. dR/R 
is proport ional  to CB 2/3 regardless of Ps~n~. From Fig. 4, m 
and n are determined to be 2/3 and 1, respectively,  i.e. 

R = koPsi2H 6 + kCB~Psi2u6 

= (ko + kC.=)Psi2H6 [6] 
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Table I. The total amount of < !  11>, < 1 1 0 > ,  and 
<311 > textures of silicon measured by x-ray diffraction 

for the film deposited at 575~ 

CB Heat-treatment temperature (~ 
(cm -.~) As-depo 575 600 625 650 

Undoped * * * 3 23 
4.8 • 10 ~8 * * * 1 18 
1.4 • 10 ~9 * * 13 12 15 
8.0 • 10 ~9 * 16 18 16 18 
1.9 • 1020 * 14 18 17 15 
1.6 • 102~ * * * * 6 
6.7 • 102' * * * * * 

* Undetected. 

w h e r e  k0 = 3.2 x 106 A / m i n / a t m ,  k = 7.5 • 10 -8 A J m i n / a t m  
a t  575~ T h e  a c t i v a t i o n  e n e r g y  of  k0 is a b o u t  40 k c a l / m o l  
a n d  t h a t  o f  k is s m a l l  ( - 0  kca l /mol ) .  T h i s  e q u a t i o n  m e a n s  
t h a t  CB i n c r e a s e s  b u t  R d e c r e a s e s  w i t h  d e c r e a s i n g  Psi2H6, 
b e c a u s e  t h e  i n c r e m e n t  of  (k0 + kCB ~) for  r e d u c e d  Psi2,6 is 
n o  so m u c h  as t h e  a m o u n t  of  Psi2H6 r e d u c t i o n .  C o n s i d e r -  
i ng  t h a t  CB z~ is p r o p o r t i o n a l  to  t h e  s u r f a c e  d e n s i t y  of  bo-  
ron ,  i t  is  s u g g e s t e d  t h a t  r e a c t i o n  [1] is e n h a n c e d  o n  t h e  
a d s o r p t i o n  s i te  c o m p o s e d  of  d e p o s i t e d  b o r o n .  

Property of  silicon film deposited from Si2H6.--To in-  
v e s t i g a t e  t h e  f i lm s t r u c t u r e ,  x - r a y  d i f f r a c t i o n  w a s  u s e d .  
O n l y  (111), (220), a n d  (311) p e a k s  of  s i l i c o n  w e r e  ob-  
s e r v e d .  To e v a l u a t e  t h e  r e l a t i v e  a m o u n t  o f  < 1 1 1 > ,  
< 1 1 0 > ,  a n d  < 3 1 1 >  t e x t u r e s ,  x - r ay  d i f f r a c t e d  i n t e n s i t i e s  
o f  (111), (220), a n d  (311) p e a k s  w e r e  m e a s u r e d  a n d  di- 
v i d e d  b y  t h e  c o r r e c t i o n  f ac to r s ,  1.00, 0.37, a n d  0.18, re-  
s p e c t i v e l y .  T h e  x - r a y  d i f f r a c t e d  d a t a  s h o w e d  t h a t  t h e  
s i l i c o n  f i lms  a f t e r  h e a t - t r e a t m e n t  p r e f e r r e d  w e a k l y  
< 1 1 1 >  o r i e n t a t i o n .  T h e  t o t a l  a m o u n t  o f  < 1 1 1 > ,  < 1 1 0 > ,  
a n d  < 3 1 1 >  t e x t u r e s  of  s i l i con  f i lms a f t e r  h e a t - t r e a t m e n t  
are l is ted in Table  I for the  fi lms depos i t ed  at  575~ (Ix-r~y). 
A s - d e p o s i t e d  s i l i con  f i lms a re  a m o r p h o u s - l i k e  r e g a r d l e s s  
of  b o r o n  c o n c e n t r a t i o n .  F r o m  T a b l e  I, i t  is f o u n d  t h a t  t h e  
u n d o p e d  s i l i con  f i lm is c ry s t a l l i z ed  w i t h  t h e  hea t -  
t r e a t m e n t  for  30 m i n  a t  a b o u t  650~ T h e  a m o r p h o u s -  
c r y s t a l l i n e  t r a n s i t i o n  t e m p e r a t u r e  is t h e  s a m e  as for  t h e  
CVD  s i l i con  f i lm d e p o s i t e d  f r o m  Sil l4  r e p o r t e d  b y  
N a g a s i m a  et al. (6). E x c e p t  for  t h e  s i l i con  f i lm w i t h  h i g h  
b o r o n  c o n c e n t r a t i o n  a b o v e  1.6 • 102' c m  -3, t he  a m o r p h o u s -  
c r y s t a l l i n e  t r a n s i t i o n  t e m p e r a t u r e  is d e c r e a s e d  b y  
i n c o r p o r a t i n g  b o r o n  in  si l icon.  I t  h a s  b e e n  r e p o r t e d  b y  Mei 
et al. t h a t  t h e  g ra in  g r o w t h  of  po lycrys ta l l i t e  s i l icon f i lm is 
n o t  e n h a n c e d  b y  i n c o r p o r a t i n g  b o r o n  (7). A n d  i t  is we l l  
k n o w n  t h a t  c rys ta l l i za t ion  in  a m o r p h o u s  ma te r i a l s  occu r s  
t h r o u g h  t h e  n u c l e a t i o n  of  c rys ta l l i t es  a n d  t h e i r  s u b s e q u e n t  
g r a i n  g r o w t h  of  c r y s t a l l i t e s  f o r m e d  d u r i n g  t h e  n u c l e a t i o n  
(8). F r o m  t h e  CB d e p e n d e n c i e s  of/x-ray s h o w n  in  Tab le  I, i t  
is c o n s i d e r e d  t h a t  n u c l e a t i o n  is e n h a n c e d  by  i n c o r p o r a t i n g  
b o r o n  e x c e p t  for  a b o v e  1.6 • 1021 c m  8. 

F o r  t h e  h i g h e r  c o n c e n t r a t i o n  o f  b o r o n  t h a n  1.6 • 102' 
c m  8, d i f f r a c t e d  i n t e n s i t y  is m u c h  l o w e r  t h a n  t h a t  for  t h e  
u n d o p e d  s i l i con  film. E v e n  a f t e r  h e a t - t r e a t m e n t  a t  h i g h e r  
t e m p e r a t u r e  (900~ x - r a y  d i f f r a c t e d  p e a k s  of  s i l i c o n  
w e r e  v e r y  s m a l l  a n d  b road .  T h i s  i n d i c a t e s  t h a t  c rys ta l l i -  
z a t i o n  is s u p p r e s s e d  b y  i n c o r p o r a t i n g  b o r o n  in  h i g h  bo-  
r o n  c o n c e n t r a t i o n  f i lm. I n  o r d e r  to  i n v e s t i g a t e  t h e  
s t r u c t u r e  o f  h i g h  b o r o n - d o p e d  s i l i con  f i lm in  m o r e  deta i l ,  
e l e c t r o n  d i f f r a c t i o n  w a s  u s e d .  E l e c t r o n  d i f f r a c t i o n  pa t -  
t e r n  o f  h i g h  b o r o n - d o p e d  s i l i c o n  f i lm (CB = 1.6 • 1021 
c m  8) a n n e a l e d  at  900~ is s h o w n  in  Fig. 5. T h e  e l e c t r o n  
d i f f r a c t i o n  r i n g s  a re  d i f f u s e d .  L o o k i n g  a t  t h e  p a t t e r n  in  
m o r e  de ta i l ,  t h r e e  r i n g s  a re  f o u n d .  T h e  l a t t i ce  c o n s t a n t s  
o b t a i n e d  f r o m  t h e  r i n g s  w e r e  4.1, 2.5, a n d  1.4A w h o s e  
v a l u e s  a r e  n o t  in  a g r e e m e n t  w i t h  s i l i c o n  l a t t i c e  con -  
s t a n t s .  T h e r e f o r e ,  i t  is  e x p e c t e d  t h a t  t h e s e  e l e c t r o n  dif-  
f r a c t i o n  r i n g s  a re  c o m p o s e d  of  b o r o n  or  S i -B c o m p o u n d  
w h i c h  is SiB4 or  SiB6 as r e p o r t e d  b y  A r a i  et al. (9). 
M a k i n o  et al. a lso  o b s e r v e d  t h a t  t h e  g r a i n  g r o w t h  is sup-  
p r e s s e d  for  h i g h  b o r o n - d o p e d  p o l y c r y s t a l l i n e  s i l i con  (CB 
= 3.3 x 102' c m  -~) (10). T h e y  a t t r i b u t e d  t h i s  s u p p r e s s i o n  
o f  g r a i n  g r o w t h  to  t h e  b o r o n  p r e c i p i t a t i o n s  a t  t h e  g r a i n  

Fig. 5. Electron diffraction pattern of high boron-doped silicon film 
after heat-treatment at 900~ 

b o u n d a r y .  I n  o u r  e x p e r i m e n t  t h e  f o r m a t i o n  of  Si -B com-  
p o u n d ,  w h i c h  is e x p e c t e d  to b e  SiB4 or  SiB6, or  t h e  pre-  
c i p i t a t i o n s  of  b o r o n  m a y  b e  r e s p o n s i b l e  for  t h e  s u p p r e s -  
s i o n  o f  c r y s t a l l i z a t i o n  of  h i g h  b o r o n  c o n c e n t r a t i o n  
s i l i con  film. 

A f t e r  h e a t - t r e a t m e n t  a b o v e  700~ t h e  r e s i s t i v i t y  of  f i lm 
w as  l i t t l e  d e p e n d e n t  o n  h e a t - t r e a t m e n t  t e m p e r a t u r e .  So, 
t h e  d e p e n d e n c e  of  f i lm r e s i s t i v i t y  a f t e r  h e a t - t r e a t m e n t  at  
1000~ o n  i m p u r i t y  c o n c e n t r a t i o n  w as  i n v e s t i g a t e d .  T h e  
r e s u l t s  a re  s h o w n  in  Fig. 6 t o g e t h e r  w i t h  t h e  p h o s p h o r u s  
d o p e d  p o l y c r y s t a l l i n e  s i l i c o n  d a t a  r e p o r t e d  e l s e w h e r e  
(4). F o r  t h e  b o r o n - d o p e d  s i l i c o n  f i lm,  t h e  r e s i s t i v i t y  is 
m i n i m u m  at  CB = 2 • 1020 c m  -3. I t s  m i n i m u m  v a l u e  is 
a b o u t  2 • 10 -3 l~-cm. T h e  i n c r e a s e  of  t h e  r e s i s t i v i t y  in  t h e  
b o r o n  c o n c e n t r a t i o n  r a n g e  a b o v e  CB = 2 • 1020 c m  -3 m a y  
r e s u l t  f r o m  t h e  f o r m a t i o n  of  Si -B c o m p o u n d  or  p r e c i p i t a -  
t i o n  of  b o r o n  as  d i s c u s s e d  a b o v e .  F o r  t h e  p h o s p h o r u s -  
d o p e d  s i l i con  film, t h e  m i n i m u m  r e s i s t i v i t y  is a b o u t  5 x 
10 -4 f~-cm a t  a b o u t  p h o s p h o r u s  c o n c e n t r a t i o n  (Cp) o f  1 • 
1021 c m  -3. T h e  d e p e n d e n c e  of  r e s i s t i v i t y  on  t h e  i m p u r i t y  
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Fig. 6. Impurity concentration dependence of resistivity after heat- 
treatment at i000~ 
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concentra t ion is the same as that for the silicon film de- 
posited in the Sill4 gas system (11). 

Conclusion 
The deposi t ion rate of silicon film in the Si2H6-B2H~-He 

gas sys tem increases  by the addi t ion  of B2H6, which  is 
d i f ferent  from the Si2H6-PH3-He gas sys tem where  the 
deposi t ion rate is not influenced by the addit ion of PH3. 
The  depos i t ion  rate in the Si2H6-B2H6-He sys tem is ex- 
pressed by the sum of undoped  deposi t ion rate term and 
addit ional  deposi t ion rate term which is proport ional  to 
2/3 power  of the boron  concen t ra t ion  in s i l icon films. In 
the system, boron is depos i ted  i ndependen t ly  wi thou t  
inf luence of si l icon deposi t ion.  The amorphous-crys ta l -  
l ine transi t ion tempera ture  is decreased with increasing 
boron concentrat ion in silicon film except  for the higher  
boron concentrat ion than 1.6 • 102~ cm -3. For  the higher 
concen t ra t ion  of boron  than 1.6 • 1021 cm -3, crystall iza- 
t i o n i s  suppressed  by the Si-B c o m p o u n d  format ion  or 
the precipi tat ion of boron. The min imum value of  resis- 
t ivi ty after heat- t reatment  at 1000~ is 2 • 10 -3 ~-cm for 
the  boron-doped  si l icon film, which  is 4 t imes  h igher  
than that  for phosphorus-doped silicon film. 
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ABSTRACT 

An electrochemically controlled etching of silicon and an integrated circuit technology are used to fabricate 10 ~m thick 
cantilever beams containing integrated devices. Such structures are fabricated by two different methods, each of which is 
analyzed and the advantages and problems inherent in them stated. The influence of several parameters on the etch rate of 
silicon and on the quality of the beam surface is examined. Finally, an example of the application of such silicon micro- 
structures to sensors is presented: a vacuum sensor, a novel type of thermal vacuum gauge, based on an integrated silicon 
thermopile. 

Sil icon micromachin ing  is of great importance for the 
d e v e l o p m e n t  of inexpens ive ,  batch-fabr ica ted ,  high- 
pe r fo rmance  sensors that  can easily be in te r faced  with  
mic roprocesso r s  (1). Si l icon micros t ruc tures ,  such as 
m e m b r a n e s  and cant i lever  beams,  are par t icular ly  im- 
portant  for thermal  sensors (vacuum sensor (2), infrared 
sensor of the thermal  type (3, 4), etc.), since they reduce 
the thermal  capacity of the device and provide thermal ly  
i sola ted  regions,  thus  improv ing  the device  perform- 
ance. 

In this paper,  we repor t  on the fabr ica t ion  of  10 ~m 
thick silicon canti lever beams containing integrated de- 
vices (see Fig. 1). While canti lever  beams made of SiO2 or 
SiO2/Si3N4, as well  as beams  made  of heavi ly  doped p+ 
silicon (used most ly as support ing structures), have been 
real ized for several  appl ica t ions  (1), can t i lever  beams  
made  of  low, un i fo rmly  doped epi layer  s i l icon and con- 
ta in ing  in tegra ted  devices  have - - to  the best  of  our 
k n o w l e d g e - - n o t  yet  been  reported.  These  novel  struc- 
tures  were  real ized using in tegra ted  circui t  fabr ica t ion  
technology  and an e lec t rochemical ly  control led e tching 
(ECE) of silicon. This ECE technique  (5), in which a vol- 
tage bias on the n-type epi layer  is employed  to p reven t  
the epilayer from being etched, can be performed as the 
last  step in the fabr ica t ion process,  a l lowing devices  to 
be fabr ica ted  wi th in  the m e m b r a n e  by means  of stan- 
dard silicon planar technology.  Other advantages offered 

by this combina t ion  of si l icon planar  t echno logy  and 
ECE are: ba tch-fabr ica t ion  (with a high yield and thus  
low cost) and the possibili ty of having on-chip interface 
electronics.  

Two methods  of preparing silicon canti lever  beams are 
descr ibed.  In one method ,  e lect r ica l ly  isolated regions  
( "channe l s" )  were  created on three  sides of the mem- 
brane by the deep p-type (DP) isolation diffusion. In this 
way, the etch stops at the epi layer / subs t ra te  junc t ion ,  
but  continues through the isolated regions. In the other, 
a combina t ion  of  ECE and plasma e tch ing  of s i l icon is 
used: first, membranes  are fabricated by ECE, and then a 
photoresis t  layer is deposi ted and pat terned on the front 
side of the wafer. The "channels"  are now etched with a 
plasma etch process; viz., reactive ion etching. A severe 
bend ing  of beams fabr icated in a first run can be ob- 
served,  due to stresses in t roduced  at the s i l icon/s i l icon 
d iox ide  interface.  In order  to e l imina te  such bending,  
wh ich  compromises  the good pe r fo rmance  of cer ta in  
sensors, the effect of the oxide thickness and of the alu- 
m i n u m  in te rconnec t ion  pa t te rn  on the flatness of the 
beam is investigated. 

An example  of the appl ica t ion  of such si l icon micro- 
s t ruc tures  to sensors  is p rov ided  by a v a c u u m  sensor  
based on an in tegra ted  si l icon the rmopi l e  deve loped  in 
our laboratory (2). For a 10 ~m thick canti lever beam, the 
thermal  resistance is increased by a factor of 30 with re- 
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