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©  Thin  film  orthoginal  microsensor  for  air  flow  and  method  for  its  fabrication. 

©  A  microbridge  air  flow  sensor  which  has  a  seal- 
ed  etched  cavity  (23)  beneath  the  silicon  nitride 

*-  diaphragm  (14,  16)  so  that  the  cavity  is  not  suscept- 
^ible  to  contamination  from  residual  films  or  other 
^■material  accumulating  within  the  cavity.  The  cavity 
|"S  thermally  isolates  the  heater  (24)  and  detectors  (31, 
00  30)  which  are  encapsulated  in  the  diaphragm  (14, 
gj16).  The  cavity  is  fabricated  by  front  side  etching  of 
^■the  silicon  wafer  (11).  Narrow  slots  (40-47;  50-57;  60- 
f   65)  are  made  through  the  silicon  nitride  diaphragm 
©(14.  16)  to  expose  a  thin  film  (400  angstrom)  rectan- 
_gle   of  aluminum  (13).  A  first  etch  removes  the  alu- 
njminum  leaving  a  400  angstrom  very  shallow  cavity 

under  the  diaphragm.  Anisotropic  etch  is  then  intro- 
duced  into  the  shallow  cavity  to  etch  the  silicon  pit 

(23). 
_c :  

Fig.  3 
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THIN  FILM  ORTHOGONAL  MICROSENSOR  FOR  AIR  FLOW  AND  METHOD  FOR  ITS  FABRICATION 

iyama.  They  are  similar  in  that  both  structures 
make  use  of  a  layer  of  a  sacrificial  material  that  is 
etched  away  in  the  fabrication  of  the  device,  both 
use  front  surface  etching,  and  both  have  an  an- 

5  isotropically  etched  pit  in  the  silicon  beneath  the 
diaphragm  containing  the  sensing  resistors. 

One  of  the  significant  differences  is  that  the 
Sugiyama  etch  pit  has  about  6  percent  of  the 
surface  area  and  about  one  to  two  percent  of  the 

w  volume  of  the  pit  of  the  subject  invention.  Further- 
more  the  Sugiyama  diaphragm  has  no  heater  and 
need  not  be  heated,  whereas  the  subject  invention 
flow  sensor  diaphragm  has  an  embedded  heater 
element  and  must  be  heated,  typically  to  160'C 

75  above  the  silicon  chip  ambient  temperature. 
Thirdly,  the  Sugiyama  pressure  sensor  is  fab- 

ricated  with  a  single  etchant  and  a  single  etch  step 
to  remove  both  the  polysilicon  sacrificial  layer  and 
the  silicon  from  the  pit  volume  to  give  a  pyramidal 

20  shaped  pit.  As  will  be  described  in  detail,  the 
subject  invention  is  fabricated  using  one  acid  etch- 
ant  to  selectively  remove  only  a  metallic  sacrificial 
layer,  followed  by  a  different  alkaline  anisotropic 
etchant  to  selectively  remove  only  the  silicon  pit 

25  material.  This  enables  the  accurate  fabrication  of  a 
large,  shallow,  flat  bottomed  pit  without  penetrating 
all  the  way  through  the  thin  0.010"  wafer  required 
for  the  flow  sensor.  Such  a  pit  is  not  obtainable  by 
the  Sugiyama  technique  in  which  the  resulting  py- 

30  ramidal  pit  would  penetrate  all  the  way  through  the 
thin  wafer  when  making  the  large  area  pit  of  the 
subject  invention.  Penetration  through  the  entire 
thickness  of  the  wafer  is  unacceptable  because  the 
chip  is  weakened,  and  because  the  epoxy  or  solder 

35  used  to  cement  the  chip  to  its  package  can  then 
well  up  into  the  pit  and  change  the  thermal  conduc- 
tance  in  an  unpredictable  way. 

The  Sugiyama  pressure  sensor  requires  a  per- 
manently  evacuated  cavity  and  therefore  requires  a 

40  hermetic  seal  which  is  obtained  by  plasma  deposit- 
ing  an  impermeable  silicon  nitride  layer  at  very  low 
pressure  to  seal  a  narrow  etch  channel  that  is  only 
0.15  microns  wide.  On  the  other  hand,  the  subject 
invention  requires  a  cavity  sealed  only  to  the  extent 

45  that  dust  and  liquids  are  excluded,  and  it  is  neces- 
sary  to  have  the  pressure  within  the  pit  approxi- 
mately  atmospheric  to  avoid  rupturing  the  dia- 
phragm  and  changing  the  thermal  efficiency  of  the 
heated  diaphragm  significantly. 

so  The  narrow  0.15  micron  wide  etch  channels  of 
Sugiyama  would  not  allow  enough  access  for  the 
etchant  to  etch  out  the  large  cavity  of  the  subject 
invention  in  a  practical  length  of  time.  Therefore  the 
subject  invention  uses  an  array  of  slots  in  the 
silicon  nitride  diaphragm,  each  slot  being  typically 

The  invention  is  directed  to  the  field  of  micro- 
sensor  mass  air  flow  devices  and  a  method  of 
fabricating  the  devices. 

A  microbridge  air  flow  sensor  is  needed  that  is 
not  susceptible  to  contamination  from  residual  films 
or  other  material  accumulating  within  the  etch  pit  or 
cavity  which  thermally  isolates  the  heater  and  de- 
tectors.  It  is  also  needful  to  fabricate  the  device  by 
front  side  etching  and  to  have  the  silicon  chip 
edges  oriented  orthogonally  to  the  air  flow  direc- 
tion. 

These  objects  are  achieved  by  the  process  as 
characterized  in  claims  1  and  5.  Preferred  details 
are  described  in  the  dependent  claims. 

The  structure  of  the  sensor  at  an  intermediate 
point  of  fabrication  is  subject  of  claim  10  and  its 
dependent  claims.  It  is  a  single  crystal  silicon  sub- 
strate  chip  having  on  a  portion  of  the  surface  a  thin 
sacrificial  layer  of  aluminum  or  other  selectively 
etchabie  layer  which  delineates  the  future  location 
of  a  diaphragm  to  be  formed  at  a  later  step.  The 
sacrificial  layer  of  aluminum  and  the  rest  of  the 
silicon  chip  surface  are  coated  with  a  thin  film  of 
silicon  nitride  which  forms  the  diaphragm.  By  sac- 
rificial  is  meant  a  layer  which  is  removed  at  a  later 
stage  in  the  fabrication  process. 

In  the  prior  art  of  sealed-off  silicon  nitride 
micro-diaphragms  having  an  etched  cavity  beneath 
the  diaphragm,  there  is  a  publication  by  S.  Sug- 
iyama  et  al  of  Toyota  Central  Research  Labs  en- 
titled  "Micro-Diaphragm  Pressure  Sensor",  IEDM 
1986,  pages  184-187.  In  that  disclosure  a  micro- 
diaphragm  pressure  sensor  with  silicon  nitride  dia- 
phragm  of  80  micron  x  80  micron  was  fabricated 
by  applying  micromachining  technique.  A  main  fea- 
ture  was  said  to  be  that  a  planar  type  pressure 
sensor  was  formed  by  single-side  processing  sole- 
ly  on  the  top  surface  of  (100)  silicon  wafer.  The 
diaphragm  and  a  reference  pressure  chamber  are 
formed  by  undercut-etching  of  the  interface  be- 
tween  the  diaphragm  and  the  silicon  substrate.  A 
1500A  thick  interlayer,  such  as  polysilicon,  is 
formed  on  the  interface,  that  is,  on  the  silicon 
surface  and  under  the  diaphragm.  An  etch  hole(s) 
is/are  opened  in  the  diaphragm  to  the  polysilicon 
and  an  anisotropic  etchant  KOH  is  used  to  remove 
the  polysilicon  interlayer  and  to  anisotropically  etch 
the  silicon  substrate  under  the  diaphragm. 

Although  there  are  similarities  between  the 
Sugiyama  pressure  sensor  diaphragm  structure 
and  the  flow  sensor  structure  of  the  present  inven- 
tion,  there  are  nevertheless  major  differences  be- 
tween  them  such  that  the  present  invention  could 
not  be  fabricated  by  the  method  taught  by  Sug- 
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DESCRIPTION 2.0  microns  wide  and  5  to  50  microns  long  and 
only  about  one  micron  deep.  This  array  of  slots 
provides  adequate  access  for  the  sequentially  used 
etchants  to  remove  the  sacrificial  metallic  layer  and 
to  etch  out  the  pit  in  a  practical  length  of  time. 

The  2.0  micron  wide  slots  of  the  present  inven- 
tion  access  the  pit  vertically  through  the  approxi- 
mately  one  micron  thickness  of  the  diaphragm 
nitride,  whereas  the  0.15  micron  wide  channels  of 
the  Sugiyama  device  extend  horizontally  over  sev- 
eral  microns  to  reach  the  cavity.  The  Sugiyama 
0.15  micron  channels  are  sealed  off  by  building  up 
vertically  a  layer  of  nitride  across  the  outlet  of  the 
channel.  In  this  process  the  rate  of  closure  of  the 
channel  is  constant  because  the  nitride  molecules 
always  have  direct  access  to  the  horizontal  deposi- 
tion  surfaces.  However,  with  the  Sugiyama  method 
of  plasma  deposition  of  silicon  nitride,  it  is  impos- 
sible  to  seal  off  the  the  slots  of  the  subject  inven- 
tion  that  are  2.0  microns  wide  in  a  practical  length 
of  deposition  time.  This  is  because  the  plasma 
nitride  accumulates  even  more  slowly  on  the  verti- 
cally  oriented  sides  of  the  slots  as  they  close,  the 
nitride  molecules  tending  to  come  to  rest  on  the 
outer,  more  horizontal  surfaces  before  reaching  the 
inner  closing  surfaces. 

Therefore,  in  the  subject  invention,  the  slots 
are  sealed  with  a  thin  layer  of  a  viscous  polyimide 
solution  which  is  flowed  rapidly  over  the  surface, 
then  hard-baked  to  form  a  mechanically  tough,  but 
not  absolutely  hermetic  layer  on  the  diaphragm. 
This  layer  can  be  left  intact,  or  can  be  delineated 
to  leave  polyimide  covering  only  the  local  areas  of 
the  slots. 

Thus,  because  of  the  relatively  larger  size  of 
the  subject  invention  and  the  different  cavity  shape 
that  is  required,  a  uniquely  different  structure  of  the 
diaphragm  and  a  uniquely  different  fabrication 
method  is  required. 

Referring  now  to  Figure  1  there  is  shown  gen- 
5  erally  at  10  the  top  plan  view  of  the  thin  film 

microsensor  chip  for  air  flow  sensing  constructed 
on  a  (100)  monocrystalline  silicon  chip  or  wafer 
substrate  1  1  . 

Referring  momentarily  to  Figure  2  there  are 
io  shown  several  of  the  thin  film  layers  which  are  not 

apparent  in  Figure  1.  Furthermore  Figure  2  is  the 
structure  at  an  intermediate  step  in  the  fabrication 
prior  to  elimination  of  the  sacrificial  aluminum  layer 
and  etching  of  a  pit  in  the  silicon.  The  monocrystal- 

75  line  silicon  substrate  wafer  11  has  a  (100)  planar 
surface  12  which  has  first  formed  thereon  a  thin 
sacrificial  selectively  etchable  layer  such  as  of 
sputter  deposited  aluminum  13  preferably  about 
400  angstroms  in  thickness.  In  one  successful  em- 

20  bodiment  the  layer  13  is  a  square  about  325 
microns(u)  on  a  side.  The  aluminum  defines  the 
location  of  an  area  where  a  shallow  pit  will  later  be 
etched  in  the  silicon.  The  critical  edges  of  the 
aluminum  delineation  are  oriented  orthogonally  to 

25  the  <110>  direction  to  accurately  define  the  final 
etch  pit  boundaries.  If  a  non-orthogonai  orientation 
were  used,  -the  aluminum  delineation  itself  would 
not  then  limit  the  boundaries  of  the  etch  pit.  Over 
the  surface  12  and  the  aluminum  layer  13  is  sput- 

30  ter  deposited  a  thin  film  layer  of  dielectric  1  4  such 
as  silicon  nitride  which  may  be  on  the  order  of 
2500  to  7000  angstroms  (A)  thick.  A  thin  film 
electrically  resistive  layer  such  as  platinum  15  is 
sputter  deposited  over  the  silicon  nitride  layer  14 

35  and  is  delineated  by  conventional  techniques  into 
the  desired  circuit  pattern  for  the  chip.  The  plati- 
num  film  is  preferably  on  the  order  of  800  ang- 
stroms  in  thickness.  No  sloped  edge  is  needed  to 
carry  the  resistor  line  over  the  nitride  step  because 

40  the  initial  aluminum  step  is  small  and  can  easily  be 
covered  with  nitride,  and  the  metal  resistor  line  can 
be  deposited  over  the  resulting  400A  vertical  nitride 
step  to  achieve  electrical  continuity  and  chemical 
passivation.  Following  delineation  of  the  circuit  a 

45  further  thin  film  layer  16  of  sputter  deposited  silicon 
nitride  covers  the  resistive  circuit  and  the  layer  14. 

Referring  back  again  to  Figure  1  there  is  shown 
near  the  periphery  of  the  chip  a  number  of  elec- 
trical  contact  pads  A,B,C,D,E,F,G&H.  These  pads 

50  make  selective  contact  to  circuit  elements  on  the 
chip.  For  example,  a  resistive  temperature  sensor 
20  extends  between  pad  A  and  pad  G;  a  resistor 
RA  extends  between  pad  F  and  pad  D;  and  a 
resistor  RB  extends  between  pad  C  and  pad  D.  The 

55  resistor  RB  is  in  the  form  of  a  conventional  ladder 
trim  network.  All  of  these  resistive  elements  includ- 
ing  20,  RA  and  RB  as  well  as  a  heater  and  detector 
(shown  as  21  )  to  be  described  later,  are  formed  in 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  plan  view  of  a  microsensor  chip 
according  to  the  invention. 

Figure  2  is  an  enlarged  edge  view  of  a 
portion  of  the  chip  prior  to  etching  the  pit  in  the 
silicon. 

Figure  3  is  a  plan  view  of  the  diaphragm  or 
web  area  over  the  etched  pit  in  the  silicon. 

Figure  4  is  a  cross  section  of  the  diaphragm 
and  etched  pit  of  Figure  3. 

Figure  4a  shows  the  slot  detail  and  is  an 
enlargement  of  a  portion  of  Figure  3. 

Figure  5  shows  the  layer  detail,  the  removal 
of  the  aluminum  allowing  the  etching  of  the  pit. 
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aluminum  film  is  completely  removed  by  a  selec- 
tive  etchant  (for  example,  100  parts  phosphoric 
acid  (concentrated),  10  parts  ascetic  acid 
(concentrated),  and  1  part  nitric  acid 

5  (concentrated))  prior  to  the  silicon  pit  etching,  thus 
undercutting  the  microbridge  with  a  thin  400  ang- 
strom  space.  This  400  angstrom  space  does  not 
provide  adequate  thermal  isolation  by  itself.  Such  , 
isolation  is  provided  by  the  3000  times  deeper  etch 

w  pit. 
The  aluminum  etchant  does  not  attack  either 

the  silicon  or  the  nitride  microbridge  structure  sig- 
nificantly.  The  silicon  etchant  does  attack  the 
nitride  somewhat,  and  it  was  not  obvious  prior  to 

75  the  invention  that  a  thin  400  angstrom  space  would 
provide  sufficient  access  for  the  etchant  to  remove 
the  silicon  rapidly  enough  to  prevent  damage  to  the 
nitride.  We  have  found  that  the  action  is  sufficiently 
fast  to  avoid  nitride  damage.  Once  the  400  ang- 

20  strom  space  is  slightly  deepened,  the  silicon  an- 
isotropic  etchant  smooths  the  surface  beneath  the 
bridge  into  a  continuous  (100)  plane  which  then 
etches  quickly  downward  at  all  points  simulta- 
neously  within  the  constraints  of  the  extending 

25  (111)  planes  on  the  sloping  sides  of  the  pit. 
The  result  is  an  accurately  dimensioned  pit 

bounded  on  all  four  sides  by  sloping  (111)  etch- 
resistant  planes,  and  on  the  bottom  by  a  (100) 
plane  at  a  depth  determined  by  the  time  interval  in 

30  the  etchant  if  the  diamond-shaped  pit  is  not  com- 
pleted.  The  exact  length  of  the  microbridge  is 
determined  by  the  original  aluminum  delineation, 
and  is  not  a  function  of  the  etching  time  to  any 
appreciable  extent.  Thus  the  thermal  isolation  is 

35  more  accurately  determined  for  the  orthogonally 
oriented  microbridge,  and  a  smaller  area  is  re- 
quired  to  form  the  pit. 

In  other  words  the  front  surface  fabrication  is 
accomplished  by  using  the  thin  film  sacrificial  layer 

40  of  aluminum,  typically  400  angstroms  thick,  to  de- 
fine  the  top  surface  of  the  thermal  isolation  pit  in 
the  silicon.  After  all  other  depositions  are  finished, 
the  previously  described  aluminum  is  removed  by 
an  acid  etchant  (it  does  not  affect  silicon)  which  is 

45  applied  through  the  narrow  slots  in  the  silicon 
nitride  web,  such  slots  being  located  near  the  edge 
of  the  web  and  away  from  the  hot  part  of  the  web. 
Locating  the  slots  near  the  diaphragm  edge  per- 
mits  heating  the  heater  to  a  high  temperature  with- 

50  out  concern  for  damaging  the  polyimide  at  the  cool 
slot  locations.  After  the  aluminum  has  been  re- 
moved,  an  anisotropic  KOH  alkaline  etchant  is  ap- 
plied  through  the  slots  to  anisotropically  etch  the 
pit  in  the  silicon  substrate  to  the  desired  depth. 

55  This  depth  may  be  about  100  microns.  After  this 
step,  the  2  to  4  microns  wide  slots  are  closed  by 
applying  a  polyimide  solution  of  proper  viscosity  to 
flow  over  the  wafer  surface,  filling  and  covering  the 

the  platinum  layer  1  5,  previously  identified.  The 
heater  and  detector  21  are  formed  in  a  thin  web  or 
diaphragm  area  22  over  a  shallow  etched  pit  23  in 
the  silicon  which  is  shown  in  more  detail  in  Figures 
3,  4  and  5.  The  pit  is  typically  100-130  microns 
deep. 

In  Figure  3  there  is  shown  a  more  detailed  top 
plan  view  of  the  nitride  web  area  22  which  in  one 
preferred  embodiment  is  about  325  microns  on  a 
side.  Figure  3  shows  a  heater  24  with  its  leads  25 
and  26,  an  upstream  detector  area  30  with  its  leads 
31  and  32,  a  downstream  detector  area  33  with  its 
leads  34  and  35  and  the  slots  in  the  nitride  web  22 
giving  access  for  the  sequentially  used  etchants  to 
selectively  attack  in  order  the  aluminum  and  the 
silicon  respectively.  The  slots  40  to  47  and  50  to 
57  at  the  left  and  right  sides  of  the  web  area  are 
positioned  somewhat  inboard  from  the  aluminum 
boundary  and  pit  edge  (see  Figure  5).  Likewise 
slots  60,61,  62,63,64&65  are  also  spaced  from  the 
aluminum  boundary  and  pit  edge.  These  slots  are 
all  preferably  2  to  4  microns  wide  as  shown  at  the 
slot  detail  of  Figures  4,  4a  and  5. 

Figure  4  is  a  cross-section  of  the  silicon  nitride 
web  area  22  shown  in  Figure  3.  The  heater  24  and 
detectors  30  and  33  and  thin  encapsulating  silicon 
nitride  film  70  on  the  web  area  are  deposited  by 
conventional  thin  film  techniques  as  described  in 
earlier  patents  assigned  to  the  same  assignee, 
such  as  US-A  4,478,076;  4,478,077;  4,501,144; 
4,581,928;  and  4,651,564.  The  invention  in  this 
case  concerns  the  type  of  web  structure  used  and 
its  method  of  fabrication. 

A  heated  element  air  flow  sensor  must  retain  a 
constant  thermal  conductance  structure  over  its  life 
to  maintain  its  initial  calibration.  The  accumulation 
of  contaminating  films  or  dirt  underneath  the  web 
structure  during  life  can  change  the  conductance  to 
the  silicon  and  cause  error  in  the  calibration.  An 
object  of  the  invention  is  to  seal  off  the  pit  space 
beneath  the  heater  and  detectors  (i.e.,  the  web)  to 
prevent  such  contamination.  It  is  very  desirable  and 
much  less  costly  to  accomplish  this  by  doing  front 
rather  than  back  surface  etching,  which  introduces 
alignment  problems,  more  complex  processing  and 
packaging,  and  a  weaker  chip  structure.  It  is  espe- 
cially  important  to  have  a  strong  chip  because  the 
ideal  chip  is  very  thin  to  provide  minimum  per- 
turbation  of  the  air  flow  over  it.  Consequently,  be- 
cause  the  etch  pit  is  smaller  when  etched  from  the 
front  side,  the  chip  can  be  made  thinner  by  front 
side  etching,  and  still  have  adequate  strength. 

In  this  invention  the  edge  of  the  pit  and  hence 
the  length  of  the  bridge  are  determined  by  the 
(111)  plane  stopping  action.  This  is  made  possible 
by  the  orthogonal  orientation  of  the  rectangularly 
delineated  aluminum  film  beneath  the  orthogonally 
oriented  microbridge  structure  as  in  Figure  3.  The 
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1.  Deposit  and  delineate  the  400  angstrom 
layer  of  sacrificial  aluminum  on  the  (100)  silicon 
surface. 

2.  Deposit  about  5000  angstroms  of  silicon 
5  nitride. 

3.  Deposit  and  delineate  bonding  pads,  the 
heater  resistor,  detector  resistors,  and  circuit  resis- 
tors. 

4.  Deposit  about  5000  angstroms  of  nitride, 
10  5.  Cut  pad  areas  and  slots  in  the  web 

through  the  nitride. 
6.  Build  pad  areas  to  desired  gold  metal 

thickness  for  bonding. 
7,  Etch  out  the  aluminum. 

75  8.  Etch  out  the  thermal  isolation  pit. 
9.  Apply  and  delineate  polyimide  film  to 

close  off  the  slots. 

slots  with  a  thin,  micron-thick  layer  27  of  chemi- 
cally  inert  polyimide  which  does  not  appreciably 
enter  the  cavity.  The  slots  40  to  47,  50  to  57  and 
60  to  65  are  closed  by  plugs  28  formed  by  the 
polyimide  layer  27.  Subsequently,  the  polyimide  is 
removed  from  all  areas  except  the  neighborhood  of 
the  slots  by  a  photo-delineation  process.  One  ex- 
ample  of  a  suitable  polyimide  is  Probimide(TM) 
285,  a  200  series  pre-imidized  polyimide  manufac- 
tured  by  Ciba-Geigy.  This  material  is  designed  for 
use  as  an  interlayer  dielectric.  It  can  be  spun-on 
with  a  high  degree  of  planarization,  and  hard  baked 
(350-450°  C),  to  yield  a  thin  (1-2  micron  thick)  film. 

Delineation  of  this  polyimide  film  can  be  effec- 
ted  using  an  SiO2  mask  and  reactive  ion  etching 
(RIE).  Mask  features  can  be  replicated  to  close 
tolerances.  Straight  side  walls  results  with  little,  if 
any,  undercutting.  Polyimide  web  features  as  fine 
as  1-2  microns  can  be  delineated  using  standard 
photolithographic  technology.  Subsequently,  the 
heater  power  can  be  raised  to  burn  off  any  top 
surface  contamination  if  desired.  The  polyimide  will 
remain  relatively  cool  since  it  is  only  at  the  slots  at 
the  edges  of  the  web  and  close  to  the  silicon 
substrate. 

The  edges  of  the  sacrificial  aluminum  layer  are 
oriented  orthogonally  to  the  110  directions  in  the 
(1  00)  silicon  surface  to  prevent  unwanted  undercut- 
ting  of  the  silicon  nitride  outside  the  boundary  of 
the  web.  Thus  the  aluminum  area  precisely  defines 
the  pit  area  with  edges  of  both  the  pit  and  the  chip 
being  perpendicular  to  the  air  flow  direction.  The 
heater  lines  are  likewise  perpendicular  to  the  air 
flow.  The  perpendicularity  conditions  minimize  ef- 
fects  of  small  variations  in  chip  orientation  that  may 
occur  with  prior  art  45  degree  oriented  structures  at 
high  velocities  of  flow,  and  also  simplify  positioning 
the  chip  during  the  packaging  process. 

The  preferred  embodiment  of  the  figures  may 
be  modified  slightly  by  adding  a  thin  film  of  metal, 
such  as  NiFe,  to  the  surface  of  the  final  layer  16  of 
silicon  nitride.  Silicon  nitride  is  a  strong  material 
but  it  is  somewhat  brittle  and  the  addition  of  a 
ductile  metal  film  enhances  the  strength  of  the 
combination.  This  combination  has  tradeoffs  and  is 
not  the  preferred  embodiment  since  the  metal  in- 
creases  the  thermal  conductance  of  the  structure 
resulting  in  a  reduced  response  under  air  flow 
conditions. 

20 
Claims 

1.  A  process  for  fabricating  a  thin  film  micro- 
sensor  for  air  flow,  characterized  by  the  steps  of: 

25  a)  providing  a  single  crystal  (100)  silicon 
wafer  (11)  having  a  planar  surface  (12),  and  having 
a  <110>  direction; 

b)  depositing  and  delineating  a  rectangular 
area  of  a  thin  film  layer  (13)  of  sacrificial  selectively 

30  etchable  material  on  the  silicon  surface  (12); 
c)  depositing  a  thin  film  (14)  of  silicon  nitride 

on  the  selectively  etchable  material  (13)  and  the 
rest  of  the  silicon  surface  (12),  the  film  being 
thicker  than  the  thickness  of  the  sacrificial  material; 

35  c)  depositing  and  delineating  a  thin  film  (15) 
of  electrically  resistive  material  on  the  silicon 
nitride  (14)  to  form  desired  circuit  elements  such 
as  detector  resistors  (20,  21),  circuit  resistors  (RA, 
RB)  and  a  heater  resistor  (24),  said  heater  resistor 

40  (24)  and  detector  resistors  (21)  being  located  over 
said  sacrificial  material  area  (13); 

e)  depositing  a  thin  film  (16)  of  silicon  nitride 
over  the  resistive  material  and  the  previous  silicon 
nitride  (14); 

45  f)  cutting  narrow  slots  (40  to  47;  50  to  57;  60 
to  65)  through  the  silicon  nitride  (14,  16)  to  the 
sacrificial  material  layer  (13),  the  slots  being  near 
the  sacrificial  material  layer  edges; 

g)  introducing  selective  etch  through  the 
so  slots  to  etch  out  the  sacrificial  material  layer  (13) 

leaving  a  thin  cavity  in  its  place; 
h)  introducing  an  anisotropic  etch  through 

the  slots  and  cavity  to  anisotropically  etch  a  ther- 
mal  isolation  pit  (23)  in  the  silicon  wafer  (11);  and 

55  i)  applying  and  delineating  polyimide  film 
(27)  over  slots  to  close  off  the  slots. 

Summary  of  Fabrication  Steps 

A  summary  of  the  main  fabrication  steps  de- 
scribed  above  is  as  follows: 
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9.  The  process  according  to  one  of  the  preced- 
ing  claims,  characterized  in  that  the  critical  edge 
of  the  selectively  etchable  material  (13)  delineation 
is  oriented  orthogonally  to  the  <110>  direction. 

5  10.  An  intermediate  structure  formed  in  the 
fabrication  process  of  a  thin  film  microsensor  for 
airflow,  characterized  by: 

a)  a  single  crystal  (100)  silicon  wafer  (11) 
having  a  planar  surface  (12)  and  having  a  <110> 

10  direction; 
b)  a  sacrificial  thin  film  layer  (13)  of  alu- 

minum  on  said  planar  surface  (12),  said  aluminum 
having  a  thickness  of  about  400  angstroms,  said 
aluminum  being  delineated  so  that  the  critical 

75  edges  of  the  aluminum  delineation  are  oriented 
orthogonally  to  the  <110>  direction; 

c)  a  thin  film  layer  (14)  of  silicon  nitride  on 
the  aluminum  (13)  and  the  remainder  of  the  silicon 
surface  (12); 

20  d)  a  thin  film  resistive  heater  element  (24)  on 
said  silicon  nitride  layer  (14)  and  centered  over 
said  aluminum  layer  (13); 

e)  first  (30)  and  second  (33)  thin  film  resis- 
tive  flow  detector  elements  on  said  silicon  nitride 

25  layer  (1  4),  one  on  each  side  of  said  heater  element 
(24),  said  detector  elements  being  located  over 
said  aluminum  layer  (13); 

f)  another  thin  film  layer  (16)  of  silicon  nitride 
over  said  heater  (24)  and  detector  (30,  33)  ele- 

30  ments  and  the  earlier  mentioned  silicon  nitride  lay- 
er  (14); 

g)  a  plurality  of  narrow  slots  (40-47;  50-57; 
60-65)  formed  through  said  silicon  nitride  (14,  16) 
to  said  aluminum  (13),  said  slots  being  positioned 

35  to  be  near  but  spaced  from  the  critical  edges  of  the 
aluminum  and  also  positioned  away  from  said  heat- 
er  element  (24). 

11.  The  structure  according  to  claim  10,  char- 
40  acterized  in  that  the  delineated  aluminum  (13)  is 

in  the  shape  of  a  square  about  325  microns  on  a 
side. 

12.  The  structure  according  to  claim  10,  char- 
acterized  in  that  each  of  the  silicon  nitride  layers 

45  (14,  16)  is  in  the  range  of  2000-7000  angstroms  in 
thickness. 

13.  The  structure  according  to  claim  12,  char- 
acterized  in  that  each  of  the  silicon  nitride  layers 
(14,  16)  is  about  5000  angstroms  in  thickness. 

so  14.  The  structure  according  to  one  of  the 
claims  10  to  13,  characterized  in  that  said  narrow 
slots  (40-47;  50-57;  60-65)  are  in  the  range  of  2-4 
microns  wide. 

15.  The  structure  according  to  one  of  the 
55  claims  10  to  14,  characterized  in  that  said  alu- 

minum  (13)  is  on  the  order  of  400  angstroms  in 
thickness. 

2.  The  process  according  to  claim  1,  char- 
acterized  in  that  the  thin  film  layer  of  sacrificial 
selectively  etchable  material  (13)  is  a  selectively 
etchable  metal. 

3.  The  process  according  to  claim  2,  char- 
acterized  In  that  the  thin  film  of  selectively  etcha- 
ble  metal  (13)  is  aluminum. 

4.  The  process  according  to  one  of  the  preced- 
ing  claims,  characterized  in.  that  the  thin  film  (15) 
of  resistive  material  is  a  resistive  metal,  preferably 
is  platinum. 

5.  A  process  for  fabricating  a  thin  film  micro- 
sensor  for  airflow,  characterized  by  the  steps  of: 

a)  providing  a  single  crystal  (100)  silicon 
wafer  (11)  having  a  planar  surface  (12),  and  having 
a  <110>  direction; 

b)  sputter  depositing  and  delineating  a  400 
angstrom  thick  layer  (13)  of  sacrificial  aluminum  on 
the  silicon  surface,  the  critical  edge  of  the  alu- 
minum  delineation  being  oriented  orthogonally  to 
the  <11O>  direction; 

c)  sputter  depositing  about  5000  angstroms 
of  silicon  nitride  (14)  on  the  aluminum  (13)  and  the 
rest  of  the  silicon  surface  (1  2); 

d)  depositing  and  delineating  about  800  ang- 
stroms  of  platinum  (15)  on  the  silicon  nitride  (14)  to 
form  desired  circuit  elements  such  as  detector 
resistors  (20,  21),  circuit  resistors  (RA,  Rb)  and  a 
heater  resistor  (24),  said  heater  resistor  (24)  and 
detector  resistors  (21)  being  located  over  said  alu- 
minum  (13); 

e)  sputter  depositing  about  5000  angstroms 
of  silicon  nitride  (16)  over  the  platinum  and  the 
previous  silicon  nitride  (14); 

f)  cutting  narrow  slots  (40  to  47;  50  to  57;  60 
to  65)  through  the  silicon  nitride  (14,  16)  to  the 
aluminum  layer  (13),  the  slots  being  near  but 
spaced  from  the  aluminum  edges; 

g)  introducing  acid  etch  through  the  slots  to 
etch  out  the  sacrificial  aluminum  leaving  a  400 
angstrom  high  cavity; 

h)  introducing  KOH  anisotropic  etch  through 
the  slots  and  cavity  to  anisotropically  etch  a  ther- 
mal  isolation  pit  (23)  in  the  silicon  wafer  (1  1  );  and 

i)  applying  and  delineating  polyimide  film 
(27)  over  slots  to  close  off  the  slots. 

6.  The  process  according  to  one  of  the  preced- 
ing  claims,  characterized  in  that  the  delineated 
rectangular  area  of  a  thin  film  layer  of  sacrificial 
selectively  etchable  material  (13)  is  about  325 
microns  on  a  side. 

7.  The  process  according  to  one  of  the  preced- 
ing  claims,  characterized  in  that  the  narrow  slots 
(40-47;  50-57;  60-65)  are  about  2-4  microns  wide. 

8.  The  process  according  to  one  of  the  preced- 
ing  claims,  characterized  in  that  the  polyimide 
selected  to  close  the  slots  is  Probimide  285. 
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