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advantages,  but  none  have  proven  satisfactory.  In 
G.B.  Patent  No.  2,075,255  a  method  for  providing 
contacts  to  shallow  semiconductor  regions  is 
described  which  includes  forming  a  semiconduc- 

5  tor  layer  of  the  same  conductivity  type  as  that  of  a 
semiconductor  region  on  the  portion  of  the  semi- 
conductor  body  exposed  through  a  contact  win- 
dow  in  an  insulating  layer  covering  the  surface  of 
the  semiconductor  body,  and  forming  a  metal- 

10  semiconductor  alloy  layer  electrically  connected 
to  the  semiconductor  layer  described  above. 
Therefore,  even  when  the  contact  window 
exposes  a  portion  of  the  semiconductor  body  as  a 
result  of  mask  misalignment,  the  portion  exposed 

15  by  the  contact  window  is  of  the  same  conductivity 
type  as  that  of  the  semiconductor  region  because 
of  the  presence  of  the  semiconductor  layer.  Con- 
sequently,  no  shortcircuiting  of  the  PN  semicon- 
ductor  junction  by  the  interconnecting  metalsemi- 

20  conductor  alloy  layer  takes  place.  However,  while 
junction  spiking  may  not  occur  during  heat  treat- 
ing  processes  at  a  temperature  range  between 
400°C  to  500°C,  device  failure  by  current  leakage 
and  junction  spiking  does  occur  at  positively 

25  biased  contacts. 
Other  methods  for  making  an  ohmic  contact  to 

a  shallow  semiconductor  region  have  also  been 
described  in  the  art  (see  U.S.  Patents  3,906,540 
and  4,141,022)  which  include  depositing  a  first 

30  layer  of  a  refractory  metal,  such  as  platinum, 
palladium  or  nickel,  which  form  a  silicide  alloy 
with  the  silicon  surface  on  which  it  is  deposited, 
and  then  depositing  a  second  layer  of  a  refractory 
metal,  such  as  molybdenum  or  titanium,  on  the 

35  refractory  metal  silicide  layer.  This  second  layer 
serves  as  a  barrier  to  prevent  the  diffusion 
through  the  semiconductor  regions  of  the  sub- 
sequently  deposited  interconnect  metal,  such  as 
aluminium.  The  problem  with  this  solution  for  an 

40  ohmic  contact  to  a  shallow  semiconductor  region 
is  that  during  the  formation  of  the  silicide  alloy,  a 
significant  amount  of  silicon  is  consumed  from 
the  silicon  substrate  and,  as  a  result,  the  depth  of 
the  semiconductor  region  and  the  dopant  concen- 

45  tration  therein  are  altered,  thus  resulting  in 
adverse  effects  on  device.  performance. 

Accordingly,  an  object  of  the  present  invention 
is  to  provide  an  improved  method  for  fabricating 
an  electrically  stable  low  resistance  ohmic  contact 

so  to  a  shallow  semiconductor  region,  which  result 
in  improved  electrical  characteristics  and 
increased  yield  for  the  resulting  semiconductor 
devices.  It  is  particularly  desirable  to  provide  a 
method  which  will  improve  the  stability  of  a 

55  positively  biased  contact  to  a  shallow  semicon- 
ductor  region.  This  improvement  in  the  stability 
of  the  positively  biased  contact,  in  turn,  improves 
the  electrical  characteristics  and  increase  the  yield 
of  field  effect  integrated  circuit  structures. 

60  In  accordance  with  the  present  invention  there 
is  provided  an  integrated  circuit  ohmic  contact 
structure  for  a  shallow  semiconductor  region 
provided  in  the  surface  of,  and  forming  a  PN 
junction  with,  a  surrounding  silicon  semiconduc- 

65  tor  body,  characterised  by  an  insulating  layer 

Description 

The  present  invention  relates  to  an  integrated 
circuit  ohmic  contact  structure. 

In  semiconductor  devices,  such  as  insulated 
gate  field  effect  transistors,  the  source  and  drain 
electrodes  usually  comprise  a  low  melting  point 
metal  such  as  aluminium,  which  has  been 
deposited  on  the  surface  of  the  source  and  drain 
regions  making  ohmic  contact  therewith.  While 
aluminium  may  be  satisfactory  for  this  purpose  in 
devices  that  have  relatively  deep  source  and  drain 
regions,  i.e.  depths  substantially  exceeding  one 
micron,  it  has  not  proven  satisfactory  for  making 
ohmic  contact  to  source  and  drain  regions  which 
are  very  shallow,  such  as  0.5  micron  or  less  in 
depth.  Specifically,  in  fabricating  the  metal  elec- 
trode,  the  aluminium  is  first  deposited  on  the 
surface  of  the  source  and  drain  regions,  and  then 
subjected  to  a  heat  treatment  at  a  temperature 
ranging  from  400°C  to  500°C  to  ensure  an  electri- 
cal  connection.  During  this  heat  treatment, 
aluminium  diffuses  through  the  shallow  depth  of 
the  semiconductor  regions  and  thereby  increases 
the  leakage  current,  finally  causing  the  underlying 
semiconductor  junction  to  be  shortcircuited.  This 
destruction  of  the  semiconductor  junction  is 
termed  in  the  art  "junction  spiking". 

The  connection  of  a  metal  electrode  to  a  semi- 
conductor  region  formed  in  the  surface  of  a 
semiconductor  body  or  substrate  of  opposite 
conductivity  type  is  generally  performed  by  selec- 
tively  etching  away  an  insulating  layer,  which 
protects  the  surface  of  the  surrounding  semicon- 
ductor  body'  and  the  PN  junction,  to  form  a 
contact  window  exposing  the  surface  of  the 
region.  Electrode  material,  such  as  aluminium,  is 
then  deposited  on  the  surface  of  the  semiconduc- 
tor  region  through  the  contact  window.  The 
formation  of  the  contact  window  in  the  insulating 
layer  is  provided  in  accordance  with  well-known 
lithographic  techniques.  The  formation  of  the 
semiconductor  region  in  the  semiconductor  body 
is  provided  by  using  a  diffusion  mask  having  a 
window  at  a  predetermined  location,  which  is 
also  formed  in  accordance  with  conventional 
lithographic  techniques.  Ideally,  it  is  desired  that 
the  contact  and  diffusion  windows  be  precisely 
aligned  at  the  contact  locations  with  a  specified 
size.  However,  because  some  misalignment  of  the 
mask  patterns  for  forming  the  contact  window 
and  diffusion  window  is  unavoidable,  and  due  to 
over-etching,  the  contact  window  frequently 
exposes  a  portion  of  the  semiconductor  body.  As 
a  result,  in  forming  the  aluminium  layer,  shortcir- 
cuiting  of  the  underlying  semiconductor  junction 
occurs  irrespective  of  junction  spiking.  These 
problems  are  associated  with  mask  misalignment 
and  over-etching  are  inherent  to  the  lithographic 
techniques,  and  because  of  these  problems,  an 
increase  in  density  of  integrated  circuit  elements 
becomes  difficult. 

Certain  methods  for  making  contacts  to  shallow 
semiconductor  regions  have  been  proposed  in 
the  art  to  overcome  the  above-mentioned  dis- 
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or  less  and  an  impurity  concentration  of  approxi- 
mately  1019  atoms/cm3.  The  N+  region  12  is 
isolated  from  other  integrated  circuit  device 
regions  by  a  surrounding  recessed  isolation  oxide 

5  region  14.  The  recessed  oxide  region  14  may  be 
formed  by  any  technique  known  in  the  art  for 
fabricating  such  planar  integrated  circuit  struc- 
tures,  e.g.,  the  method  described  in  the  U.S. 
Patent  4,287,661. 

w  Next,  as  shown  in  Figure  2,  a  silicon  dioxide 
layer  16  with  a  thickness  of  approximately  5x1  0~7 
m  (5000  Angstroms)  is  formed  over  the  entire 
surface  of  the  silicon  substrate  10  including 
region  14  either  by  thermal  oxidation  at  about 

15  1000°C  in  a  suitable  oxygen,  hydrogen  chloride 
and  steam  atmosphere  or  by  chemical  vapour 
deposition.  A  contact  window  18  for  permitting 
interconnection  of  the  N+  region  12  to  other 
integrated  circuit  regions  is  then  formed  in  the 

20  silicon  dioxide  layer  16  by  conventional  resist, 
lithography  and  etching  techniques.  As  a  result  of 
mask  misalignment  and  overetching  of  the  silicon 
dioxide  layer  16  during  the  formation  of  the 
contact  window,  problems  inherent  in  litho- 

25  graphic  techniques,  the  contact  window  18  is  not 
aligned  with  the  N+  region  12,  and  therefore  at 
least  a  portion  20  of  the  P-type  silicon  substrate  10 
is  exposed  by  the  contact  window  18.  The  result- 
ing  structure  is  shown  in  Figure  2. 

30  Referring  to  Figure  3,  a  polycrystalline  silicon 
layer  22  is  deposited  over  the  silicon  dioxide  layer 
16  and  into  the  contact  window  18  to  interface 
with  the  region  12  and  the  portion  20  of  the  P-type 
silicon  substrate  10  exposed  within  the  contact 

35  window  by  chemical  vapour  deposition,  using 
silane  in  the  temperature  range  of  between  about 
600°  to  1000°C.  The  preferred  thickness  of  the 
polycrystalline  silicon  layer  22  is  between  about 
3x1  0~7  m  and  5x1  0~7  m  (3000  and  5000  Ang- 

40  stroms).  The  polycrystalline  silicon  layer  22  is 
then  doped  with  an  N-type  impurity  such  as 
phosphorus  by  thermal  diffusion  or  ion  implanta- 
tion,  the  preferred  doping  level  being  between 
about  1019  and  1021  atoms/cm3. 

45  By  this  step,  the  phosphorous  dopants  diffuse 
into  the  polycrystalline  silicon  layer  22  and  are 
doped  into  the  P-type  silicon  substrate  10  through 
the  contact  window  18,  resulting  in  a  formation  of 
N+  regions  24  under  the  contact  window  18. 

so  Therefore,  even  if  the  contact  window  18  is  not 
aligned  with  the  N+  region  12,  the  metal  layers  to 
be  formed  do  not  cause  a  shortcircuit  between  the 
N+  region  12  and  the  P-type  silicon  substrate  10. 

Referring  now  to  Figure  4,  a  layer  26  of  a 
55  refractory  metal  such  as  titanium/tungsten  com- 

prising  10  to  30  percent  by  weight  tungsten  and 
having  a  thickness  of  between  about  5x10~"8  m 
and  2x1  0~7  m  (500  and  2000  Angstroms)  is 
deposited  over  the  polycrystalline  silicon  layer  22. 

60  Preferably,  this  is  done  using  RF  sputtering.  The 
addition  of  a  minor  concentration  of  tungsten  to 
the  titanium  serves  to  stabilise  the  electrical 
characteristics  of  the  interface  between  layers  22 
and  26  by  effectively  retarding  the  formation  of 

65  metal  silicides  during  the  deposition  of  layer  26 

formed  on  the  surface  of  the  silicon  semiconduc- 
tor  body,  the  insulating  layer  having  a  contact 
window  exposing  the  shallow  semiconductor 
region,  a  polycrystalline  silicon  layer  formed  in 
the  contact  window  and  overlapping  the  edges 
thereof,  the  polycrystalline  silicon  layer  being 
doped  with  an  impurity  of  the  same  conductivity 
type  as  that  of  the  semiconductor  region,  a 
plurality  of  layers  of  refractory  metal  formed  on 
the  polycrystalline  silicon  layer,  and  a  layer  of 
interconnect  metal  formed  on  the  upper  surface 
of  the  refractory  metal  layers. 

Preferably,  two  layers  of  refractory  metal  are 
provided,  the  first  being  a  titanium/tungsten  alloy 
comprising  10  to  30  percent  by  weight  tungsten 
which  serves  to  provide  an  electrically  stable 
interface  with  the  doped  polycrystalline  semicon- 
ductor  layer.  The  first  refractory  metal  alloy  layer 
also  serves  to  promote  strong  adhesion  between 
the  interconnecting  aluminium  layer  and  the 
doped  polycrystalline  semiconductor  layer.  A 
second  layer  of  a  refractory  metal,  such  as  tan- 
talum,  tungsten  or  a  refractory  metal  alloy  such  as 
titanium/tungsten  comprising  at  least  70  percent 
by  weight  tungsten  is  then  formed  on  the  first 
refractory  metal  alloy  layer,  and  functions  to 
prevent  current  leakage  and  junction  spiking, 
particularly  at  positively  biased  contacts. 

Since  the  method  of  the  present  invention 
requires  neither  the  formation  of  metal  silicide 
nor  the  consumption  of  any  significant  amount  of 
silicon  from  the  silicon  substrate,  a  low  resistance 
ohmi  contact  to  a  shallow  semiconductor  region 
is  formed  with  improved  electrical  characteristics 
and  increased  manufacturing  yield  of  the  result- 
ing  semiconductor  device. 

Embodiments  of  the  invention  will  now  be 
described  with  reference  to  the  accompanying 
drawings,  in  which: 

Figures  1  to  7  are  cross-sectional  views  illustrat- 
ing  a  sequence  of  process  steps  for  fabricating  a 
multilayer  ohmic  contact  structure  in  accordance 
with  the  present  invention,  and 

Figures  8  to  14  are  cross-sectional  views  illus- 
trating  a  sequence  of  process  steps  for  fabricating 
an  insulated  gate  field  effect  transistor  incorporat- 
ing  a  contact  structure  in  accordance  with  the 
present  invention. 

Referring  now  to  the  drawings.  Figures  1  to  7 
illustrate  an  improved  method  for  fabricating  a 
low  resistance  ohmic  contact  to  a  semiconductor 
region  forming  a  shallow  PN  junction  with  a 
surrounding  semiconductor  body.  Although  the 
example  described  will  be  a  multilayer  contact 
structure  to  an  N-type  region  formed  in  a  P-type 
silicon  body  or  substrate,  a  contact  structure  to  a 
P-type  region  formed  in  an  N-type  silicon  sub- 
strate  can  be  fabricated  by  reversing  the  conduc- 
tivity  types  throughout. 

As  shown  in  Figure  1,  an  N-type  impurity  such 
as  arsenic  is  introduced  into  a  P-type  substrate  10 
of  monocrystalline  silicon  by  ion  implantation 
and  a  subsequent  drive-in  process  to  form  an  N+ 
region  12,  such  as  the  source  or  drain  region  of  an 
N-channel  transistor,  with  a  depth  of  0.5  micron 
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ductive  interconnection  paths  between  devices 
and  regions  in  the  integrated  circuit. 

The  resulting  structure  is  shown  in  Figure  7, 
which  is  subjected  to  a  sintering  process  at  a 

5  temperature  of  at  least  400°C  for  at  least  30 
minutes  to  one  hour.  By  this  sintering  step,  good 
electrical  connections  between  the  interconnect- 
ing  aluminium  layer  and  the  multilayer  contact 
structure  is  ensured. 

10  Referring  now  to  Figures  8  to  14,  there  is  shown 
a  method  for  fabricating  an  integrated  circuit 
insulated  gate  FET  (field  effect  transistor) 
including  a  multilayer  contact  structure  in  accord- 
ance  with  the  present  invention.  The  embodiment 

15  herein  described  will  be  an  N-channel  transistor, 
although  a  P-channel  transistor  can  be  fabricated 
by  simply  reversing  the  P  and  N  types. 

A  P-type  substrate  10  of  monocrystalline  silicon 
is  thermally  oxidized  at  about  1000°C  in  a  suitable 

20  oxygen  and  hydrogen  chloride  atmosphere  to 
produce  a  silicon  dioxide  layer  36.  A  silicon  nitride 
layer  (not  shown)  is  then  deposited  onto  the 
silicon  dioxide  layer  36  by  chemical  vapour 
deposition,  utilising  an  ambient  of  nitrogen,  dich- 

25  lorosilane  and  ammonia  at  a  temperature  of 
about  800°C.  Conventional  lithography  processes 
are  used  to  open  the  silicon  substrate  10  through 
the  silicon  dioxide  layer  36  and  the  silicon  nitride 
layer,  (not  shown)  in  the  region  where  it  is  desired 

30  to  have  a  recessed  oxide  isolation  structure.  The 
silicon  dioxide  layer  36  and  the  silicon  nitride 
layer  may  be  removed  by  conventional  etching 
techniques  such  as  chemical  wet  etching,  reactive 
ion  etching  or  plasma  etching.  A  P-type  impurity 

35  such  as  boron  is  introduced  into  the  silicon 
substrate  10  by  diffusion  or  ion  implantation  to 
form  the  P+  region  38  in  the  area  where  the 
recessed  silicon  dioxide  isolation  is  desired.  The 
recessed  oxide  isolations  region  40  is  then 

40  formed  in  a  suitable  oxygen,  hydrogen  chloride 
and  steam  atmosphere  at  a  temperature  of  about 
950°C.  The  silicon  nitride  layer  is  removed  to 
produce  the  structure  shown  in  Figure  8.  The 
thickness  of  the  recessed  oxide  region  is  from 

45  about  6x1  0~7  m  to  7x10~7  m  (6,000  to  7,000 
Angstroms).  This  recessed  oxide  region  40  encirc- 
les  a  region  of  monocrystalline  silicon  wherein  it 
is  desired  to  form  an  integrated  circuit  device 
which  is  isolated  from  others.  The  silicon  dioxide 

so  layer  36  is  completely  removed  at  this  point  and 
the  structure  is  then  subjected  to  a  thermal 
oxidation  using  an  ambient  of  oxygen,  hydrogen 
chloride  and  steam  at  a  temperature  of  about 
800cC  to  form  the  desired  gate  silicon  dioxide 

55  layer  42  (Figure  9)  for  the  FET  gate  structure.  This 
thermal  oxidation  process  produces  high  quality 
silicon  dioxide. 

Referring  now  to  Figure  9,  a  layer  44  of  polyc- 
rystalline  silicon  is  now  deposited  over  the  entire 

60  surface  of  the  silicon  substrate  10  including  layers 
40  and  42  by  chemical  vapour  deposition,  using 
silane  in  the  temperature  range  600°C  to  1000°C. 
The  polycrystalline  silicon  layer  44  is  then  doped 
with  an  N-type  impurity  such  as  phosphorous  by 

65  thermal  diffusion  or  ion  implantation.  Alterna- 

and  subsequent  heat  treating  processes.  As  a 
result,  only  small  amounts  of  silicon  from  the 
silicon  substrate  are  consumed  during  the  forma- 
tion  of  the  contact  structure.  Layer  26  also  serves 
to  promote  strong  adhesion  between  the  inter- 
connecting  aluminium  layer  and  the  polycrys- 
talline  silicon  layer  22.  Atop  layer  26  is  deposited 
a  second  layer  28  of  another  refractory  metal  such 
as  tantalum,  tungsten  or  titanium/tungsten  com- 
prising  at  least  70  percent  by  weight  tungsten. 
Layer  28  is  also  deposited  by  RF  sputtering, 
although,  if  tantalum  is  used  it  may  be  deposited 
by  evaporation.  The  preferred  thickness  of  layer 
28  is  between  about  5x1  0~8  m  and  2x1  0~7  m  (500 
and  2000  Angstroms).  Layer  28  serves  to  protect 
the  PN  junction  against  failure  by  current  leakage 
and  junction  spiking,  particularly  at  positively 
biased  contacts.  A  layer  30  of  a  resist  material 
having  a  thickness  between  2x1  0~6  m  and 
3x1  0~6  m  (20,000  and  30,000  Angstroms)  is  then 
deposited  over  refractory  metal  layer  28.  Stan- 
dard  lithographic  and  masking  techiques  are  used 
to  provide  a  mask  structure  in  the  resist  layer  in 
an  area  lying  directly  above  and  slightly  overlap- 
ping  contact  window  18  and  layers  22,  26  and  28 
are  desired.  The  resulting  structure  is  shown  in 
Figure  4. 

Referring  now  to  Figure  5,  layers  22,  26  and  28 
are  removed  in  undesired  areas  by  suitable  etch- 
ing  techniques  using  the  remaining  resist  layer  30 
as  a  mask.  For  example,  if  tantalum  is  used  as 
refractory  metal  layer  28,  it  may  be  etched  using 
techniques  such  as  reactive  ion  etching  or  plasma 
etching  in  carbon  tetrafluoride  atmosphere.  The 
titanium/tungsten  layer  26  may  be  etched  in 
hydrogen  oxide  (H202)  at  about  15°C  to  35°C 
without  chemically  attacking  the  tantalum  or  sili- 
con.  The  bottom  N-type  polycrystalline  silicon 
layer  22  may  also  be  etched  using  techniques 
such  as  reactive  ion  etching  or  plasma  etching  in 
a  carbon  tetrafluoride-hydrogen  atmosphere. 
Thereafter,  the  remaining  resist  layer  30  is 
removed  using  conventional  techniques. 

Referring  now  to  Figure  6,  a  second  layer  32  of 
another  resist  material  which  will  dissolve  in  n- 
methyl  pyrolidone  solution  having  a  thickness  of 
between  2x10"6  m  and  3x10"6  m  (20,000  and 
30,000  Angstroms)  is  deposited  over  the  entire 
surface  of  the  silicon  substrate  10.  Conventional 
lithographic  and  masking  techniques  are  then 
used  to  provide  another  mask  structure  in  thd 
second  resist  layer  in  areas  where  a  layer  of 
interconnect  metal.  is  not  desired.  A  layer  34  of 
interconnect  metal  having  a  melting  point  lower 
than  that  of  the  refractory  metal  layers,  such  as 
aluminium  of  between  10x10~7  m  and  15x10"7  m 
(10,000  and  15,000  Angstroms)  in  thickness,  is 
then  deposited  over  the  entire  surface  of  the 
silicon  substrate  10,  preferably  by  evaporation,  as 
shown  in  Figure  6.  Thereafter,  the  portions  of  the 
deposited  layer  34  on  top  of  the  remaining  second 
resist  layer  32  are  removed  by  dissolving  the 
second  resist  layer  32  in  n-methyl  pyrodone 
solution  at  a  temperature  of  about  85°C,  leaving 
an  interconnection  pattern  which  forms  the  con- 
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removed  following  the  reactive  ion  etching  of  the 
polycrystalline  silicon  layer  44  to  form  the  gate 
electrode.  Thereafter,  a  silicon  dioxide  layer  46  of 
between  about  100  to  220  nm  (1,000  and  2,000 

5  Angstroms)  is  deposited  over  the  entire  surface  of 
the  silicon  substrate  10  by  chemical  vapour 
deposition,  utilising  an  ambient  of  dichorosilane 
and  nitrogen  oxide  at  a  temperature  of  about 
900°C. 

w  Referring  now  to  Figure  10,  the  layers  42  and  46 
are  etched  anisotropically  by  a  reactive  ion  etch- 
ing  process  down  to  the  surface  of  the  silicon 
substrate  10  in  the  desired  source  and  drain 
regions.  In  the  preferred  embodiment  illustrated 

15  in  Figure  10,  the  reactive  ion  etching  for  layers  42 
and  46  utilises  the  following  parameters:  A  car- 
bon  tetrafluoride-hydrogen  atmosphere,  an  RF 
parallel  plate  structure,  about  30  microns 
pressure,  0.27  watts/cm2  power  density,  7  cc/ 

20  minute  flow  rate  for  hydrogen,  and  13  cc/minute 
flow  rate  for  carbon  tetrafluoride.  During  this 
etching  process,  the  horizontal  silicon  dioxide 
layers  42  and  46  are  removed,  leaving  the  regions 
of  the  silicon  dioxide  layer  46  on  the  vertical 

25  sidewall  regions  of  the  polycrystalline  silicon  gate 
electrode  44  substantially  intact,  this  then  shields 
the  gate  silicon  dioxide  under  the  edges  of  the 
gate  electrode  during  subsequent  oxidation,  this 
maintaining  the  quality  of  the  gate  silicon  dioxide 

30  42  at  a  high  level  and  provides  significant 
improvement  in  controlling  the  dimensions  of  the 
gate  electrode. 

Referring  to  Figure  11,  an  N-type  impurity  such 
as  arsenic  is  introduced  into  the  silicon  substrate 

35  10  by  ion  implantation  and  a  subsequent  drive-in 
process  to  form  the  source  and  drain  N+  regions 
50.  The  structure  is  then  subjected  to  another 
thermal  oxidation  step  utilising  an  ambient  of 
oxygen,  hydrogen  chloride  and  steam  at  a 

40  temperature  of  about  1000°C  to  form  a  sub- 
stantially  high  quality  silicon  dioxide  layer  52  and 
also  serve  as  the  drive-in  process.  This  is  then 
followed  by  the  deposition  of  silicon  dioxide  layer 
54  by  chemical  vapour  deposition.  The  combined 

45  thicknesses  of  the  silicon  dioxide  layers  52  and  54 
is  of  the  order  of  500  nm  (5,000  Angstroms). 
Figure  1  1  shows  the  resulting  structure. 

The  next  step  in  the  process,  shown  in  Figure 
12,  comprises  forming  contact  windows  56  and  58 

so  in  the  silicon  dioxide  layers  52  and  54  to  define 
contact  areas  for  the  source  and  drain  N+  regions 
50  and  the  polycrystalline  silicon  gate  electrode 
44  respectively.  The  contact  windows  56  and  58 
are  formed  in  accordance  with  well-known  resist, 

55  lithography  and  etching  techniques.  As  a  result  of 
mask  misalignment  and  overetching  of  the  silicon 
dioxide  layers  52  and  54  during  the  formation  of 
the  contact  windows,  the  contact  windows  are  not 
aligned  with  the  source  and  drain  N+  regions  50. 

60  Furthermore,  a  portion  of  the  recessed  silicon 
dioxide  40  is  also  removed  during  the  etching  of 
the  silicon  dioxide  layers  52  and  54  to  form  the 
contact  windows.  Therefore,  at  least  portions  60 
of  the  P-type  silicon  substrate  10  are  exposed  by 

65  the  contact  windows,  as  shown  in  Figure  12. 

tively,  the  doping  of  the  polycrystalline  silicon 
layer  44  may  be  simultaneous  with  its  deposition. 
The  preferred  thickness  of  the  polycrystalline 
silicon  layer  is  between  about  3x1  0~7  m  and 
5x1  0~7  m  (3,000  and  5,000  Angstroms)  and  the 
preferred  doping  level  is  between  about  1019  to 
10~21  atoms/cm3. 

Next,  a  layer  of  resist  material  (not  shown)  is 
deposited  over  the  polycrystalline  silicon  layer  44. 
Standard  lithographic  and  masking  techniques 
are  utilised  to  provide  a  mask  structure  in  the 
resist  layer  in  the  area  where  a  polycrystalline 
silicon  gate  electrode  is  desired.  The  resist  layer  is 
then  used  as  a  mask  for  the  selective  etching  of 
the  polycrystalline  silicon  layer  44  so  as  to  form 
the  gate  electrode.  This  etching  is  accomplished 
by  directional  or  anisotropic  reactive  ion  etching 
in  a  carbon  tetrafluoride-hydrogen  atmosphere. 

At  this  point  it.is  conventional  in  the  prior  art  to 
remove  the  silicon  dioxide  layer  by  a  chemcial 
wet  etch  in  areas  wherein  it  is  desired  to  either  ion 
implant  or  diffuse  source  and  drain  regions. 
During  this  etching  process,  portions  of  the  sili- 
con  dioxide  layer  under  the  edges  of  the  polycrys- 
talline  silicon  gate  electrode  are  also  removed. 
The  surface  of  the  silicon  substrate  is  then  reox- 
idized  by  conventional  thermal  oxidation  tech- 
niques  to  form  a  silicon  dioxide  layer  over  the 
source  and  drain  regions.  During  this  oxidation 
process,  silicon  dioxide  of  lower  quality  than  the 
gate  silicon  dioxide  layer  is  formed  underneath 
the  edges  of  the  polycrystalline  silicon  gate  elec- 
trodes.  In  addition,  the  edges  of  the  polycrys- 
talline  silicon  gate  electrodes  are  found  to  be 
lifted  by  this  oxidation  process.  These  problems 
adversely  affect  the  electrical  characteristics  of 
field  effect  transistor  integrated  circuit  structures. 

One  possible  solution  for  these  problems  has 
been  described  in  the  above-mentioned  U.S. 
Patent  4,287,661,  Figure  4,  wherein  the  reactive 
ion  etching  of  the  polycrystalline  silicon  layer  in 
the  unmasked  areas  is  stopped  when  a  thickness 
of  polycrystalline  silicon  of  the  order  to  500 
Angstroms  remains  on  the^silicon  dioxide  layer. 
The  resist  layer  is  then  removed  and  the  structure 
is  subjected  to  a  thermal  oxidation  to  convert  the 
polycrystalline  silicon  in  the  unmasked  areas  to 
silicon  dioxide.  The  sidewall  of  the  polycrystalline 
silicon  gate  electrode  is  also  converted  to  silicon  . 
dioxide  during  this  oxidation  process.  The  silicon 
dioxide  layers  are  then  etched  anisotropically  by  a 
reactive  ion  etching  process  down  to  the  silicon 
substrate  in  regions  where  the  source  and  drains 
are  to  be  formed.  Therefore,  since  no  oxidation 
will  occur  at  the  gate/silicon  dioxide  edges  during 
subsequent  oxidation,  the  quality  of  the  gate 
silicon  dioxide  layer  is  maintained  at  a  high  level. 
However,  the  problem  with  this  method  of  fabri- 
cation  is  that  the  dimensions  of  the  polycrys- 
talline  silicon  gate  electrode  and  the  channel 
length  of  FET's  cannot  be  precisely  controlled, 
resulting  in  adverse  effects  on  the  electrical 
characteristics  of  FET  integrated  circuit  structures. 

In  accordance  with  the  present  technique,  and 
referring  back  to  Figure  9,-  the  resist  layer  is 
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tion  paths  between  various  other  devices  and 
regions  in  the  integrated  circuit. 

The  structure  is  next  subjected  to  a  sintering 
process  at  a  temperature  of  at  least  400°C  for  a 

5  period  of  30  minutes  to  one  hour  to  ensure 
good  electrical  connection  between  the  inter- 
connecting  aluminium  layer  and  the  multilayer 
contact  structure. 

w  Claims 

1.  An  integrated  circuit  ohmic  contact  struc- 
ture  for  a  shallow  semiconductor  region  (12) 
provided  in  the  surface  of,  and  forming  a  PN 

is  junction  with,  a  surrounding  silicon  semiconduc- 
tor  body  (10),  comprising  an  insulating  layer 
(16)  formed  on  the  surface  of  the  silicon  semi- 
conductor  body,  the  insulating  layer  having  a 
contact  window  (18)  exposing  the  shallow  semi- 

20  conductor  region  (12),  a  polycrystalline  silicon 
layer  (22)  formed  in  the  contact  window  (18) 
and  overlapping  the  edges  thereof,  the  polycrys- 
taHine  silicon  layer  (22)  being  doped  with  an 
impurity  of  the  same  conductivity  type  as  that  of 

25  the  semiconductor  region  (12),  the  structure 
being  characterised  by  a  plurality  of  layers  (26, 
28)  of  refractory  metal  formed  on  the  polycrys- 
talline  silicon  layer  (22),  and  a  layer  (34)  of 
interconnect  metal  formed  on  the  upper  surface 

30  of  the  refractory  metal  layers. 
2.  A  structure  as  claimed  in  Claim  1,  wherein 

the  insulating  layer  (16)  comprises  silicon 
dioxide. 

3.  A  structure  as  claimed  in  Claim  1  or  2, 
35  wherein  the  thickness  of  the  polycrystalline  sili- 

con  layer  (22)  is  from  300—500  nm  (3,000  to 
5,000  Angstroms). 

4.  A  structure  as  claimed  in  Claim  3,  wherein 
the  doping  level  of  the  impurity  in  the  polycrys- 

40  talline  silicon  layer  (22)  is  from  1019  to  1021 
atoms  per  cubic  centimetre. 

5.  A  structure  as  claimed  in  any  preceding 
Claim,  wherein  the  plurality  of  layers  of  refrac- 
tory  metal  comprises  a  first  layer  (26)  of  a 

45  titanium/tungsten  alloy  comprising  10  to  30  per- 
cent  by  weight  tungsten. 

6.  A  structure  as  claimed  in  Claim  5,  wherein 
the  plurality  of  layers  of  refractory  metal  further 
includes  a  second  layer  (28)  of  tantalum, 

50  tungsten  or  a  titanium/tungsten  alloy  compris- 
ing  at  least  70  percent  by  weight  tungsten. 

7.  A  structure  as  claimed  in  Claim  6,  wherein 
the  thickness  of  each  of  the  first  and  second 
refractory  metal  layers  is  from  500  to  2000  Ang- 

55  stroms. 
8.  A  method  of  fabricating  an  integrated  cir- 

cuit  field  effect  transistor  wherein  a  layer  of 
polycrystalvune  silicon  is  formed  over  a  silicon 
body  (10)  covered  by  a  first  layer  of  silicon 

60  dioxide  (42),  the  polycrystalline  silicon  layer 
being  selectively  etched  to  form  a  gate  electrode 
(44),  characterised  by: 

chemically  vapour  depositing  a  second  layer 
(46)  of  silicon  dioxide  over  the  gate  electrode 

65  (44), 

Referring  now  to  Figure  13,  a  polycrystalline 
silicon  layer  62  is  deposited  over  the  entire  sur- 
face  of  the  silicon  substrate  10  and  into  contact 
windows  56  and  58  to  interface  with  the 
exposed  portions  60  of  the  P-type  silicon  sub- 
strate  10  by  chemical  vapour  deposition.  The 
preferred  thickness  of  the  polycrystalline  sNicon 
layer  62  is  from  about  3x10"7  and  5x10"7  m 
(3,000  to  5,000  Angstroms).  The  polycrystalline 
silicon  layer  62  is  then  doped  with  an  N-type 
impurity  such  as  phosphorous  by  thermal  diffu- 
sion  or  ion  implantation.  During  this  latter  step, 
the  phosphorous  dopants  diffuse  into  the  polyc- 
rystalline  silicon  layer  62  and  are  doped  into  the 
P-type  silicon  substrate  10  through  the  contact 
windows  56,  resulting  in  the  formation  of  N+ 
regions  64  under  the  contact  windows  56.  Con- 
sequently,  shortcircuiting  of  the  PN  junction  by 
the  subsequent  metal  layers  to  be  deposited 
does  not  take  place.  A  layer  66  of  a  refractory 
metal  alloy  such  as  titanium/tungsten  compris- 
ing  10  to  30  percent  by  weight  tungsten  and 
having  a  thickness  of  between  about  5x10"8  m 
and  2x10~7  m  (500  and  2,000  Angstroms)  is 
then  deposited  over  the  polycrystalline  silicon 
layer  62,  preferably  by  RF  sputtering.  A  top  layer 
66  is  deposited  a  second  layer  68  of  another 
refractory  metal  or  metal  alloy  such  as  tantalum, 
tungsten  or  titanium/tungsten  comprising  at 
least  70  percent  tungsten,  preferably  by  RF  sput- 
tering.  However,  tantalum,  if  used,  may  be 
deposited  by  evaporation.  The  preferred  thick- 
ness  of  layer  68  is  between  about  5x1  0~8  m  and 
2x1  0~7  m  (500  and  2,000  Angstroms).  A  layer  of 
a  resist  material  (not  shown)  is  then  deposited 
over  layer  68  and  standard  lithographic  and 
masking  techniques  are  utilised  to  provide  a 
mask  structure  in  the  resist  layer  in  areas  lying 
directly  above  and  slightly  overlapping  contact 
windows  56  and  58  where  layers  62,  66  and  68 
are  desired.  Layers  62,  66  and  68  are  removed 
using  the  resist  layer  as  the  mask,  in  undesired 
areas  by  suitable  etching  techniques.  The  resist 
layer  (not  shown)  is  then  removed  using  con- 
ventional  techniques. 

Referring  now  to  Figure  14,  the  next  step  of 
processing  includes  depositing  a  second  layer  of 
another  resist  material  (not  shown)  which  may 
be  dissolved  in  n-methyl  pyroiidone  solution 
over  the  entire  surface  of  the  silicon  substrate 
10  including  layers  54  and  68.  Standard  litho- 
graphic  and  masking  techniques  are  then  util- 
ised  to  provide  another  mask  structure  in  the 
second  resist  layer  in  areas  where  a  layer  of 
interconnect  metal  is  not  desired.  A  layer  70  of 
interconnect  metal  such  as  aluminium  is  then 
deposited  over  the  surface  of  the  silicon  sub- 
strate  including  layer  68  as  well  as  the  remain- 
ing  resist  layer  (not  shown)  by  evaporation. 
Thereafter,  the  portions  of  the  deposited  layer 
70  on  top  of  the  remaining  resist  layer  are 
removed  by  dissolving  the  second  resist  layer  in 
an  n-methyl  pyroiidone  solution  at  a  tempera- 
ture  of  about  85°C  leaving  an  interconnection 
pattern  which  forms  the  conductive  interconnec- 
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Anzahl  von  Schichten  us  Refraktormetall  eine 
zweite  Schicht  (28)  aus  Tantal,  Wolfram  oder  aus 
einer  Titan-Wolfram-Legierung  mit  zumindest  70 
Gewichtsprozent  Wolfram  aufweist. 

5  7.  Struktur  nach  Anspruch  6,  bei  welcher  die 
Dicke  sowohl  der  ersten  als  auch  der  zweiten 
Refraktormetallschichte  (500  bis  2000  Angstrom 
betragt. 

8.  Verfahren  zur  Herstellung  eines  Feldeffekt- 
10  transistors  als  integrierte  Schaltung,  bei  welchem 

eine  Schichte  aus  polykristallinem  Silizium  auf 
einem  von  einer  ersten  Schichte  aus  Siliziumdio- 
xid  (42)  bedeckten  Siliziumkorper  (10)  ausgebildet 
und  die  polykristalline  Siliziumschichte  zur  Bil- 

m  dung  einer  Gateelektrode  (44)  selektiv  geatzt  wird, 
dadurch  gekennzeichnet,  dalS 

durch  chemische  Dampfabscheidung  eine 
zweite  Schichte  (46)  aus  Siliziumdioxid  uber  der 
Gateelektrode  (44)  gebildet  wird, 

20  die  erste  und  zweite  Siliziumdioxidschichte  (42, 
46)  durch  reaktives  lonenatzen  behandeltwerden, 
urn  dort,  wo  Source-  und  Drainbereiche 
gewiinscht  sind,  die  Siliziumdioxidschichten  zu 
entfernen  und  um  hingegen  an  den  vertikalen 

25  Seitenwanden  der  Gateelektrode  (44)  einen 
Abschnitt  aus  Siliziumdioxid  (46)  zu  belassen. 

benachbart  zu  der  Gateelektrode  (44)  Source- 
und  Drainbereiche  (50)  geschaffen  werden, 

eine  dritte  Schichte  (52,  54)  aus  Siliziumdioxid 
30  uber  den  Source-  und  Drainbereichen  (50)  und 

der  Gateelektrode  (44)  ausgebildet  wird,  wobei 
die  dritte  Schichte  die  Source-  und  Drainbereiche 
(50)  freigebende  Kontaktfenster  (56)  besitzt, 

fur  die  Gateelektrode  (44)  und  die  Source-  und 
35  Drainbereiche  (50)  eine  zugehdrige  Kontaktstruc- 

tur  vorgesehen  wird,  wobei  die  Kontaktstruktur 
auf  den  Source-  und  Drainbereichen  eine  polykri- 
stalline  Siliziumschichte,  die  mit  Fremdatomen 
des  gleichen  Leitungstyps  dotiert  ist,  wie  die 

40  Source-  und  Drainbereiche,  eine  Anzahl  von 
Schichten  aus  Refraktormetall  auf  der  polykristal- 
linen  Siliziumschichte  sowie  eine  Schichte  aus 
AnschlulSmetall  auf  den  Refraktormetallschichten 
aufweist. 

45.  9.  Verfahren  nach  Anspruch  8,  bei  welchem  die 
Dicke  der  durch  chemische  Dampfabscheidung 
hergestellten  zweiten  Schichte  (46)  aus  Silizium- 
dioxid  100—200  nm  (1000  bis  2000  Angstrom) 
betragt. 

50 
Revendications 

1.  Structure  de  contact  ohmique  de  circuit 
integre  pour  une  region  semi-conductrice  peu 

55  profonde  (12)  prevue  dans  la  surface  d'un  corps 
semi-conducteur  en  silicium  environnant  (10)  et 
formant  une  jonction  PN  avec  ce  corps,  compre- 
nant  une  couche  isolante  (16)  formee  sur  la 
surface  du  corps  semi-conducteur  en  silicium,  la 

60  couche  isolante  comportant  une  fenetre  de 
contact  (18)  qui  decouvre  la  region  semi-conduc- 
trice  peu  profonde  (12),  une  couche  de  silicium 
polycristallin  (22)  formee  dans  la  fenetre  de 
contact  (18)  et  chevauchant  les  bords  de  celle-ci, 

65  la  couche  de  silicium  polycristallin  (22)  etant 

reactive  ion  etching  the  first  and  second  silicon 
dioxide  layers  (42,  46)  to  remove  the  silicon 
dioxide  layers  where  source  and  drain  regions  are 
desired  while  leaving  a  portion  of  silicon  dioxide 
(46)  on  the  vertical  sidewalls  of  the  gate  electrode 
(44), 

providing  source  and  drain  regions  (50)  adja- 
cent  to  the  gate  electrode  (44), 

forming  a  third  layer  (52,  54)  of  silicon  dioxide 
over  the  source  and  drain  regions  (50)  and  the 
electrode  (44),  the  third  layer  having  contact 
windows  (56)  exposing  the  source  and  drain 
regions  (50),  and 

providing  a  respective  contact  structure  to  the 
gate  electrode  (44)  and  the  source  and  drain 
regions  (50),  the  contact  structure  comprising  a 
polycrystalline  silicon  layer  on  the  source  and 
drain  regions,  the  polycrystalline  layer  being 
doped  with  an  impurity  of  the  same  conductivity 
type  as  that  of  the  source  and  drain  regions,  a 
plurality  of  layers  of  refractory  metal  on  the 
polycrystalline  silicon  layer,  and  a  layer  of  inter- 
connect  metal  on  the  refractory  metal  layers. 

9.  A  method  as  claimed  in  claim  8,  wherein  the 
thickness  of  the  chemically  vapour  deposited 
second  layer  (46)  of  silicon  dioxide  is  from 
100—200  nm  (1,000  to  2,000  Angstroms). 

Patentanspriiche 

1.  Ohmsche  Kontaktstruktur  in  integrierten 
Schaltungen  fiir  einen  flachen  Halbleiterbereich 
(12),  der  in  der  Oberflache  eines  umliegenden 
Silizium-Halbleiterkorpers  (10)  vorgesehen  ist 
und  mit  diesen  einen  p  —  n-Qbergang  bildet,  mit 
einer  auf  der  Oberflache  des  Silizium-Halbleiter- 
korpers  ausgebildeten  Isolierschichte  (16),  die  ein 
den  flachen  Halbleiterbereich  (12)  freigebendes 
Kontaktfenster  (18)  besitzt,  mit  einer  in  dem  Kon- 
taktfenster  (18)  ausgebildeten  und  dessen  Rander 
uberlappenden  polykristallinen  Siliziumschichte 
(22),  wobei  die  polykristalline  Siliziumschichte 
(22)  mit  Fremdatomen  des  gleichen  Leitungstyps 
dotiert  ist,  wie  der  Halbleiterbereich,  dadurch 
gekennzeichnet,  daS  auf  der  polykristallinen  Sili- 
ziumschichte  (22)  eine  Anzahl  von  Schichten  (26, 
28)  aus  Refraktormetall  ausgebildet  ist  und  eine 
Schichte  (34)  aus  Anschlufimetall  auf  der  oberen 
Oberflache  der  Refraktormetallschichten  ausge- 
bildet  ist. 

2.  Struktur  nach  Anspruch  1,  bei  welcher  Isolier- 
schichte  (16)  Siliziumdioxid  enthalt. 

3.  Struktur  nach  Anspruch  1  oder  2,  bei  welcher 
die  Dicke  der  polykristallinen  Siliziumschichte  (22) 
300  bis  500  nm  (3000  bis  5000  Angstrom)  betragt. 

4.  Struktur  nach  Anspruch  3,  bei  welcher  der 
Dotierungspegel  von  Fremdatomen  in  der  poly- 
kristallinen  Siliziumschichte  (22)  1019  bis  1021 
Atome  pro  Kubikzentimeter  betragt. 

5.  Struktur  nach  irgendeinem  vorgehenden 
Anspruch,  bei  welcher  die  Anzahl  von  Schichten 
aus  Refraktormetall  eine  erste  Schichte  (26)  aus 
einer  Titan-Wolfram-Legierung  mit  10  bis  30 
Gewichtsprozenten  Wolfram  aufweist. 

6.  Struktur  nach  Anspruch  5,  bei  welcher  die 
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couche  de  dioxyde  de  silicium  (42),  la  couche  de 
silicium  polycristallin  etant  attaquee  selective- 
ment  pour  former  une  electrode  de  grille  (44), 
caracterise  par  les  operations  de: 

depot  chimique  en  phase  vapeur  d'une 
deuxieme  couche  (46)  de  dioxyde  de  silicium  sur 
I'electrode  de  grille  (44), 

attaque  par  ions  reactifs  des  premiere  et 
deuxieme  couches  de  dioxyde  de  silicium  (42,  46) 
pour  eliminer  les  couches  de  dioxyde  de  silicum 
aux  endroits  ou  on  desire  former  les  regions  de 
source  et  de  drain,  tout  en  laissant  une  portion  de 
dioxyde  de  silicium  (46)  sur  les  parois  laterales 
verticales  de  I'electrode  de  grille  (44), 

formation  de  regions  (50)  de  source  et  de  drain 
adjacentes  a  I'electrode  de  grille  (44), 

formation  d'une  troisieme  couche  (52,  54)  de 
dioxyde  de  silicium  sur  les  regions  de  source  et 
de  drain  (50)  et  I'electrode  de  grille  (44),  la 
troisieme  couche  comportant  des  fenetres  de 
contact  (56)  qui  decouvrent  les  regions  de  source 
et  de  drain  (50),  et 

application  d'une  structure  de  contact  respec- 
tive  a  I'electrode  de  grille  (44)  et  aux  regions  de 
source  et  de  drain  (50),  la  structure  de  contact 
comprenant  une  couche  de  silicium  poiycristallin 
sur  les  regions  de  source  et  de  drain,  la  couche 
polycristalline  etant  dopee  avec  une  impurete  du 
meme  type  de  conductivity  que  celui  des  regions 
de  source  et  de  drain,  une  pluralite  de  couches  de 
metal  refractaire  sur  la  couche  de  silicium  poly- 
cristallin,  et  une  couche  de  metal  d'intercon- 
nexion  sur  les  couches  de  metal  refractaire. 

9.  Procede  suivant  la  revendication  8,  dans 
lequel  I'epaisseur  de  la  deuxieme  couche  de 
depot  chimique  en  phase  vapeur  (46)  de  dioxyde 
de  silicium  est  de  100  a  200  nm. 

dopee  avec  une  impurete  du  meme  type  de 
conductivity  qui  celui  de  la  region  semi-conduc- 
trice  (12),  la  structure  etant  caracterisee  par  une 
pluralite  de  couches  (26,  28)  de  metal  refractaire, 
formees  sur  la  couche  de  silicium  polycristallin 
(22),  et  une  couche  (34)  de  metal  d'interconnexion 
formee  sur  la  surface  superieure  des  couches  de 
metal  refractaire. 

2.  Structure  suivant  la  revendication  1,  dans 
laquelle  la  couche  isolante  (16)  est  du  dioxyde  de 
silicium. 

3.  Structure  suivant  la  revendication  1  ou  2, 
dans  laquelle  I'epaisseur  de  la  couche  de  silicium 
polycristallin  (22)  et  des  300  a  500  nm. 

4.  Structure  suivant  la  revendication  3,  dans 
laquelle  le  niveau  de  dopage  de  I'impurete  dans  la 
couche  de  silicium  polycristallin  (22)  est  de  1019  a 
1021  atomes/cm3. 

5.  Structure  suivant  I'une  quelconque  des 
revendications  precedentes,  dans  laquelle  la  plu- 
ralite  de  couches  de  metal  refractaire  comprend 
une  premiere  couche  (26)  d'un  alliage  de  titane- 
tungstene  contenant  10  a  30%  en  poids  de  tun- 
gstene. 

6.  Structure  suivant  la  revendication  5,  dans 
laquelle  la  pluralite  de  couches  de  metal  refrac- 
taire  comprend  en  outre  une  deuxieme  couche 
(28)  de  tantale,  de  tungstene  ou  d'un  alliage  de 
titane/tungstene  contenant  au  moins  70%  en 
poids  de  tungstene. 

7.  Structure  suivant  la  revendication  6,  dans 
laquelle  I'epaisseur  de  chacune  des  premiere  et 
deuxieme  couches  de  metal  refractaire  est  de  50  a 
200  nm. 

8.  Procede  d,e  fabrication  d'un  transistor  a  effet 
de  champ  de'  circuit  integre,  dans  lequel  une 
couche  de  silicium  polycristallin  est  formee  sur  un 
corps  de  silicium  (10)  recouvert  d'une  premiere 

10 

is 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 



EP  0 1 0 4   079  B1 

F I G .   \  
J4 44 

^ l  !  

€ < S S S : \ \  ■ \ ^ ^  i  j  
V  12 

V 40 

F I 6 . 2  
J6 \  48 

20 / /  

7 ^  
"<4 

V. 40 

F I G .   3  , u  

\  \   \  \  \ ^ ^ \  

1 2 /  
24' 

F I G . 4  

;  
28 



EP  0 1 0 4   079  B1 

F I G .   5  

^-22  / 
'8  28- 

U 4 4 £  

,  \   \  •J4 

M2  ^24 

V  40 

F I G .   6  

F I G . 7  

28 
(8 34 

V^\  \  \  x  \  y \  
X  X  X  X  X  X  X  ^ 

^12  

-\  / A  <G 

: - - ' v 7 / / / 7  
N  X  N 

<4- 



EP  0 1 0 4   079  B1 

F I G .   8  
r36 

•40 
40 

V 38 P+ •P  + 

\  (0 

F I G . 9  

* * T \ V \  
\  - 

42/  ^ = £  
•40 

+  /  

I  
40 

F I G .   4 0  

40  ^ N >  

44 
46 

^ N \  
\   s  X  \  X),  r v w r ^ r N  

t r +  

f i g . h  
44 

54 ,54 
/  '  /  *  /t~> 

X   n X   \ \   \ \ ' \ \ V < V   V  v ^ V \ \ \  
\ X x - ^ i   r   j  i ~ r  

r~  vT7  5 0 ^  y  50 -50 

"~7̂  

10 



EP  0 1 0 4   079  B1 

F I G . U  
u  

54^ 54 60 
50 56 /  / / 7  / 7 / / / /  

> N ?  TIT  V  ,_ ■40 
V  \  

7  50 50 
P  f 

•<0 

F I G J 3  
66n  68 62 

68 66 56i 54- 62- 

F I G . I 4  

52 
68 -66 

54 54 
}  


	bibliography
	description
	claims
	drawings

