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©  Semiconductor  device  with  a  semiconductor  body  of  which  a  surface  is  provided  with  a  barrier 
layer  of  TixW1-x,  and  method  of  manufacturing  this  device. 
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©  A  semiconductor  device  with  a  semiconductor 
body  (1)  whose  surface  (4)  is  provided  with  a  barrier 
layer  (8)  of  T\xWi-x,  with  0,1  <  x  <  0,3.  The  barrier 
layer  (8)  is  used,  for  example,  between  contact 
zones  (3)  of  silicon  or  metal  silicides  provided  in  the 
semiconductor  body  (1)  and  conductor  tracks  (9)  of 
aluminium  provided  on  the  surface  (4)  with  the  pur- 
pose  of  counteracting  chemical  reactions  between 
silicon  and  aluminium.  According  to  the  invention, 
the  barrier  layer  (8)  is  so  deposited  that  in  this  layer 
the  distance  between  the  (100)  lattice  faces  of  tung- 
sten  is  greater  than  2,25  A.  It  is  achieved  in  this  way 
that  the  barrier  layer  (8)  has  equally  good  or  even 
better  barrier  properties  as/than  a  T^W^x  layer 
which  has  been  exposed  to  air  for  a  few  days.  It  is 
found  that,  if  the  barrier  layer  (8)  is  deposited  by 
means  of  a  sputter  deposition  process,  the  distance 
between  the  (100)  lattice  faces  of  W  is  determined 

by  the  voltage  applied  to  the  sputter  target  during 
deposition. 
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The  invention  relates  to  a  semiconductor  de- 
vice  with  a  semiconductor  body  of  which  a  surface 
is  provided  with  a  barrier  layer  of  TixW -̂x,  with  0,1 
<  x  <  0,3.  The  invention  also  relates  to  a  method  of 
manufacturing  such  a  semiconductor  device. 

A  barrier  layer  of  TixW -̂x  is  used  in  the  manu- 
facture  of  semiconductor  devices,  for  example,  be- 
tween  contact  ones  of  silicon  or  metal  silicides 
provided  in  the  semiconductor  body  and  aluminium 
conductor  trace  provided  on  the  surface  with  the 
object  of  preventing  chemical  reactions  between 
silicon  and  aluminium.  These  reactions  could  occur 
during  the  subsequent  manufacture  of  the  semicon- 
ductor  device  during  which  the  semiconductor 
body  is  heated  to  a  comparatively  high  tempera- 
ture  several  more  times. 

A  barrier  layer  of  TixW -̂x  is  found  in  practice 
not  to  form  an  absolute  barrier.  Ti  and  W  from  the 
layer  form  chemical  compounds  with  aluminium. 
Although  the  compounds  with  tungsten  are  formed 
less  readily  than  those  with  titanium,  so  that  in  fact 
a  layer  without  titanium  would  be  preferable,  in 
practice  nevertheless  10  to  30  at.  %  titanium  is 
added  to  the  layer.  This  is  done  to  ensure  that  the 
layer  adheres  well  to  the  subjacent  substrate  and 
to  ensure  that  the  layer  forms  a  low-ohmic  contact 
with  the  subjacent  silicon  or  metal  silicide.  It  is  also 
done,  however,  to  ensure  that  the  layer  can  be 
deposited  by  means  of  a  practical  sputtering  depo- 
sition  process. 

In  a  sputtering  deposition  process,  a  slice  of 
semiconductor  material  is  positioned  in  a  reaction 
chamber  opposite  to  a  target  of  the  material  to  be 
deposited,  upon  which  a  plasma  is  generated  in  the 
vicinity  of  the  target.  Ions  from  the  plasma  hit  the 
target  and  detach  atoms  from  it,  part  of  which 
atoms  reach  the  slice  and  form  a  layer  there.  In  a 
later  stage  of  manufacture  of  the  semiconductor 
device,  the  slice  is  subdivided  into  a  number  of 
separate  semiconductor  bodies.  The  atoms  de- 
tached  from  the  target  do  not  only  end  up  on  the 
slice  during  the  sputtering  deposition  process,  but 
also  on  the  walls  of  the  reactor  chamber.  So  a 
layer  is  deposited  also  on  these  walls.  When  the 
process  is  repeated,  layers  being  deposited  on 
other  slices,  the  layer  on  the  walls  increases  in 
thickness.  If  pure  tungsten  is  deposited,  a  layer 
with  bad  adhesion  is  formed  on  the  walls.  Once  the 
pure  tungsten  layer  has  reached  a  thickness  of 
approximately  20  urn  on  the  walls,  tungsten  par- 
ticles  will  flake  off  from  this  layer  and  may  end  up 
on  the  surface  of  the  semiconductor  body.  Such 
Particles  are  not  desired  there.  The  reaction  cham- 
ber,  accordingly,  must  be  cleaned  before  the  layer 
on  the  walls  has  reached  this  critical  thickness.  The 
addition  of  10  to  30%  titanium  to  the  layer  achieves 
that  the  layer  on  the  reaction  chamber  walls  has  a 
much  better  adhesion  and  does  not  start  flaking  off 

in  practice  until  after  it  has  reached  a  thickess  of 
approximately  300  urn.  This  means  that  the  reac- 
tion  chamber  need  not  be  cleaned  so  often,  which 
is  of  great  practical  advantage. 

5  US-PS  5,019,234  discloses  a  semiconductor 
device  of  the  kind  mentioned  in  the  opening  para- 
graph  in  which  a  barrier  layer  of  TixW -̂x  is  used 
with  barrier  properties  which  are  improved  in  that 
the  layer  is  exposed  to  the  air  for  some  time  before 

io  a  layer  of  aluminium  is  deposited  on  it.  It  is 
achieved  in  this  way  that  the  layer  reacts  less 
readily  with  the  aluminium  lying  over  it. 

The  use  of  the  gown  barrier  layer  has  the 
disadvantage  that,  if  the  exposure  to  air  of  the 

75  barrier  layer  is  to  provide  a  practical  improvement 
of  the  barrier  properties,  this  exposure  must  last  for 
some  days.  This  means  that  the  manufacturing 
process  of  the  semiconductor  device  is  in  fact 
delayed  by  that  same  number  of  days.  In  addition, 

20  exposure  to  air  has  the  disadvantage  that  deposi- 
tion  of  the  barrier  layer  and  of  the  layer  of  alumin- 
ium  to  be  deposited  thereon  cannot  be  carried  out 
in  a  modern  multiple-chamber  deposition  device.  In 
such  a  device,  a  semiconductor  slice  is  transported 

25  from  one  deposition  chamber  to  the  other  at  low 
pressure,  a  layer  being  deposited  in  each  chamber. 
Sometimes  an  additional  etching  treatment  is  car- 
ried  out  in  an  extra  chamber.  In  such  a  device,  for 
example,  the  surface  of  the  slice  may  then  first  be 

30  cleaned  by  etching,  then  a  TixW -̂x  barrier  layer 
may  be  deposited,  and  finally  a  aluminium  layer 
may  be  deposited  without  the  vacuum  in  the  de- 
vice  being  broken. 

The  invention  has  for  its  object  inter  alia  to 
35  counteract  the  said  disadvantages.  According  to 

the  invention,  the  semiconductor  device  of  the  kind 
mentioned  in  the  opening  paragraph  is  for  this 
purpose  characterized  in  that  the  distance  between 
the  (100)  lattice  faces  of  W  is  greater  than  2,25  A 

40  in  the  barrier  layer. 
It  is  found  that  such  a  barrier  layer  has  equally 

good  or  even  better  barrier  properties  as  than  a 
layer  which  has  been  exposed  to  air  for  a  few 
days. 

45  This  was  demonstrated  by  means  of  tests  in 
which  a  barrier  layer  of  TixW -̂x  and  a  layer  of 
aluminum  were  deposited  in  that  order  on  different 
silicon  slices  provided  with  a  layer  of  silicon  oxide 
in  a  multiple-chamber  deposition  device  as  de- 

50  scribed  above.  The  layers  were  deposited  under 
different  sputtering  conditions.  The  two  layers  were 
provided  on  some  slices  without  these  slices  being 
taken  from  the  deposition  device,  whereas  other 
slices  were  taken  from  the  deposition  device  be- 

55  tween  the  depositions  of  the  two  layers  and  were 
exposed  to  air  for  a  few  days.  Barrier  layers  were 
thus  investigated  during  the  tests  which  had  not 
been  exposed  to  air  before  deposition  of  the  alu- 
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minium  layer  and  which  had,  during  the  tests,  the 
silicon  slices  provided  with  the  barrier  layer  and  the 
aluminium  layer  were  heated  in  vacuum  to  a  tem- 
perature  of  450°  C  for  some  time.  The  electrical 
square  resistance  of  the  aluminium  layer  was  mea- 
sured  during  this.  Since  chemical  compounds  aris- 
ing  from  reactions  between  titanium  and  tungsten 
from  the  barrier  layer  and  aluminium  have  a  resis- 
tance  which  is  much  greater  than  that  of  alumin- 
ium,  the  measured  resistance  increases  in  propor- 
tion  as  aluminium  is  converted  into  these  com- 
pounds.  It  is  obviously  desirable  for  as  little  as 
possible  aluminium  to  be  converted.  It  was  found  in 
these  tests  that  the  sputtering  conditions  can  be  so 
chosen  that  less  aluminium  is  converted  in  the  said 
reactions  in  the  case  of  a  barrier  layer  not  exposed 
to  air  than  in  the  case  of  a  barrier  layer  which  had 
been  exposed  to  air.  The  sputtering  conditions 
must  be  so  chosen  in  this  case  that  the  distance 
between  the  (100)  lattice  faces  of  W  is  greater  than 
2,25  A  in  the  barrier  layer. 

Preferably,  the  deposition  conditions  are  so 
chosen  that  the  distance  between  the  (100)  lattice 
faces  of  W  is  greater  than  2,25  A  but  smaller  than 
2,27  A  in  the  barrier  layer.  In  that  case  the  conver- 
sion  of  aluminium  with  the  use  of  a  barrier  layer  not 
exposed  to  air  during  the  said  tests  is  not  only 
smaller  than  with  the  use  of  a  barrier  layer  exposed 
to  air,  but  it  has  in  addition  a  minimum  value. 

A  semiconductor  device  with  a  semiconductor 
body  of  which  a  surface  is  provided  with  a  barrier 
layer  of  TixW -̂x,  with  0,1  <  x  <  0,3,  may  be 
manufactured  in  a  simple  manner  by  means  of  a 
method  in  which  a  slice  of  semiconductor  material 
is  arranged  in  a  reaction  chamber  parallel  to  a 
plane  TiyW^y  target,  with  0,1  <  y  <  0,3,  and  to  a 
plane  conductive  ring  surrounding  the  target,  after 
which  argon  is  conducted  into  the  reaction  cham- 
ber  and  such  a  voltage  is  applied  between  the 
target  and  the  conductive  ring  that  a  plasma  is 
generated  which  is  confined  between  the  target 
and  the  slice  and  in  a  space  close  to  the  target  by 
means  of  magnets  positioned  behind  the  target. 

The  layer  thus  deposited  on  the  surface  of  the 
semiconductor  body  in  practice  has  a  composition 
which  slightly  deviates  from  that  of  the  target.  A 
fraction  x  of  titanium  is  present  in  the  deposited 
layer,  whereas  this  is  a  fraction  y  in  the  target.  It  is 
found  in  practice  that  x  is  slightly  smaller  than  y. 

According  to  the  invention,  this  method  is  char- 
acterized  in  that  such  a  voltage  is  applied  between 
target  and  conductive  ring  during  deposition  that  a 
barrier  layer  is  formed  in  which  the  distance  be- 
tween  the  (100)  lattice  faces  of  W  is  greater  than 
2,25  A.  It  was  surprisingly  found  that  there  is  a 
relation  between  the  voltage  at  the  target  and  the 
said  lattice  distance,  so  that  it  is  possible  to  control 
the  deposition  process  in  such  a  miner  that  a  layer 

with  the  desired  lattice  distance  is  deposited.  To 
ensure  that  the  distance  between  the  (100)  lattice 
faces  of  W  is  greater  than  2,25  A,  according  to  the 
invention,  a  voltage  higher  than  400  V  is  applied 

5  between  the  target  and  the  conductive  ring  sur- 
rounding  the  target  during  deposition.  The  layer 
thus  formed  exhibits  equally  good  or  even  better 
barrier  properties  as/than  a  layer  which  has  been 
exposed  to  air  for  a  few  days. 

io  Preferably,  such  a  voltage  is  applied  between 
the  target  ad  the  conductive  ring  surrounding  the 
target  during  deposition  that  a  barrier  layer  is 
formed  in  which  the  distance  between  the  (100) 
lattice  faces  of  W  is  greater  than  2,25  A  but  smaller 

is  than  2,27  A.  In  that  case,  according  to  the  inven- 
tion,  a  voltage  is  applied  between  the  target  and 
the  conductive  ring  surrounding  the  target  during 
deposition  which  is  higher  than  400  V  and  lower 
than  550  V.  A  layer  is  then  formed  whose  barrier 

20  properties  are  not  only  better  than  those  of  a 
barrier  layer  exposed  to  air,  but  in  addition  have  a 
optimum  value. 

The  invention  will  be  explained  in  more  detail 
below  by  way  of  example  with  reference  to  a 

25  drawing  and  a  few  embodiments.  In  the  drawing, 
Figs.  1  to  3  diagrammatically  and  in  cross- 
section  show  a  few  stages  in  the  manufacture  of 
the  semiconductor  device  according  to  the  in- 
vention, 

30  Fig.  4  diagrammatically  shows  a  multiple-cham- 
ber  deposition  device  for  carrying  out  the  meth- 
od  according  to  the  invention, 
Fig.  5  diagrammatically  shows  one  of  the  reac- 
tion  chambers  of  the  device  according  to  Fig.  4, 

35  Fig.  6  shows  the  lattice  distance  between  tung- 
sten  (100)  faces  in  the  deposited  barrier  layer, 
Fig.  7  shows  the  power  dissipated  in  the  plasma 
as  a  function  of  the  voltage  at  the  target  in  the 
chamber  of  Fig.  7  for  a  few  argon  pressures  in 

40  the  reaction  chamber, 
Fig.  8  shows  the  consumption  C  in  nm  of  the 
aluminium  layer  as  a  function  of  time  in  minutes 
during  heating  at  450  °  C,  and 
Figs.  9,  10  and  11  show  the  consumption  C  of 

45  aluminium  during  hating  at  450°  C  after  20,  30 
ad  40  or  more  minutes,  respectively,  as  a  func- 
tion  of  the  distance  between  the  tungsten  (100) 
lattice  faces  on  slices  on  which  the  barrier  layer 
had  not  been  exposed  to  air  and  had  been 

50  exposed  to  air  for  60  minutes  and  2800  minutes 
before  the  aluminium  layer  was  deposited. 

Figs.  1  to  3  diagrammatically  ad  in  cross-sec- 
tion  show  a  few  stages  in  the  manufacture  of  a 
semiconductor  device  with  a  semiconductor  body  1 

55  of  which  a  surface  4  is  provided  with  a  barrier  layer 
8  of  TixW^x,  with  0,1  <  x  <  0,3.  The  semiconduc- 
tor  body  1,  for  example,  is  an  n-type  doped  semi- 
conductor  body  1  of  silicon  in  which  field  oxide 

3 
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regions  2  and  p-type  doped  semiconductor  zones 
3  are  provided  in  usual  manner,  adjoining  the  sur- 
face  4.  Conductor  tracks  5  of  polycrystalline  silicon 
are  provided  on  the  surface  4  and  are  covered  with 
an  insulating  layer  6  of  silicon  oxide.  Windows  7 
are  provided  in  the  insulating  layer  6  for  contacting 
the  semiconductor  ones  3.  After  that,  a  approxi- 
mately  100  nm  thick  barrier  layer  of  TixW^x,  with 
0,1  <  x  <  0,3,  is  provided  on  the  surface  4,  and  on 
top  of  that  an  approximately  500  nm  thick  layer  of 
aluminium  9.  Up  to  a  few  percents  of  silicon  and 
copper  may  be  added  to  this  layer  9.  The  semicon- 
ductor  zones  may  also  be  provided  with  a  top  layer 
of  a  metal  silicide  in  usual  manner  before  the 
barrier  layer  8  is  deposited. 

After  the  layers  TixW^x  8  and  aluminium  9 
have  been  etched  into  a  pattern  in  usual  manner,  a 
package  of  insulating  layers  10,  11,  12  is  provided 
in  that  order.  A  layer  of  silicon  oxide  10  is  depos- 
ited  in  a  plasma  deposition  process  (PECVD),  a 
layer  of  spin-on  glass  (SOG)  11  is  deposited  by 
means  of  a  spin-on  method,  and  then  a  layer  of 
silicon  oxide  12  is  provided  in  a  plasma  deposition 
process  (PECVD)  again.  Contact  windows  13  are 
provided  in  the  layer  package  10,  11,  12,  so  that  a 
conductor  pattern  14  provided  on  the  package 
makes  contact  with  the  aluminium  layer  9.  The 
upper  silicon  oxide  layer  12  is  comparatively  plane 
because  the  use  of  the  layer  of  spin-on  glass  1  1  in 
the  layer  package  10,  11,  12  has  a  smoothing 
effect. 

The  barrier  layer  8  of  TixW^x  is  used  in  the 
manufacture  of  semiconductor  devices  to  ensure 
that  the  aluminium  layer  9  adheres  well  to  the 
silicon  oxide  layer  6  and  to  counteract  chemical 
reactions  between  the  silicon  of  semiconductor 
zones  3  provided  in  the  semiconductor  body  1  and 
made  of  silicon  or  metal  silicides  and  the  alumin- 
ium  of  the  conductor  tracks  9  provided  on  the 
surface.  These  reactions  could  occur  during  subse- 
quent  manufacturing  steps  of  the  semiconductor 
device  during  which  the  semiconductor  body  is 
heated  to  comparatively  high  temperatures  several 
more  times.  During  deposition  of  the  silicon  oxide 
layer  10,  the  semiconductor  body  1  is  heated  for 
approximately  10  minutes  at  300°  C,  after  the 
deposition  of  the  spin-on  glass  layer  1  1  for  approxi- 
mately  40  minutes  at  425°  C  for  densifying  the 
layer,  and  again  for  approximately  10  minutes  at 
300  °  C  during  deposition  of  the  silicon  oxide  layer 
12.  After  the  conductor  pattern  14  has  been  pro- 
vided,  during  which  the  semiconductor  body  1 
reaches  a  temperature  of  approximately  200  °  C,  a 
layer  of  silicon  oxide  and  a  layer  of  silicon  nitride 
are  also  deposited.  During  these  deposition  pro- 
cesses,  the  semiconductor  body  is  at  a  tempera- 
ture  of  300°  C  for  approximately  30  minutes.  Fi- 
nally,  a  final  heat  treatment  is  carried  out  for  ap- 

proximately  20  minutes  at  a  temperature  of  425° 
C.  Aluminium  practically  does  not  react  with  Ti  and 
W  from  the  barrier  layer  8  during  heat  treatments 
at  a  temperature  of  300  °  C  or  lower,  this  happens 

5  mainly  during  the  treatments  at  temperatures 
above  400°  C.  Of  practical  importance  in  view  of 
the  said  chemical  reactions  are  only  the  heat  treat- 
ments  above  400  °  C,  in  this  example  a  total  of  60 
minutes  at  a  temperature  of  425  °  C. 

io  Fig.  4  diagrammatically  shows  a  multiple- 
chamber  deposition  device  for  carrying  out  the 
method  according  to  the  invention.  This  device 
comprises  a  vacuumtight  housing  15  within  which 
four  chambers  16,  17,  18,  19  are  arranged  in  this 

is  example.  Inside  the  housing  20,  semiconductor 
slices  may  be  transported  from  one  chamber  to  the 
next  under  vacuum,  as  is  diagrammatically  indi- 
cated  with  arrows.  Through  a  first  chamber  16  -  the 
load  lock  -  the  semiconductor  slices  can  be  put 

20  into  and  taken  from  the  housing.  In  the  second 
chamber  17,  for  example,  the  slices  are  subjected 
to  a  usual  sputter  etching  treatment  for  cleaning 
the  slice  surface.  The  barrier  layer  8  is  deposited  in 
the  third  chamber  18  and  the  aluminium  layer  9  in 

25  the  fourth  chamber  19.  Finally,  the  slices  are  taken 
from  the  housing  through  the  first  chamber  16 
again.  The  slices  then  comprise  a  large  number  of 
semiconductor  devices  in  a  stage  of  manufacture 
as  shown  in  Fig.  2.  In  a  later  stage  of  manufacture 

30  of  the  semiconductor  device,  the  slices  are  sub- 
divided  into  a  number  of  separate  semiconductor 
bodies  1  . 

Fig.  5  diagrammatically  shows  one  of  the  depo- 
sition  chambers  of  the  multiple-chamber  deposition 

35  device.  A  support  21  is  arranged  in  the  reaction 
chamber  20  parallel  to  a  plane  target  22  and  to  a 
plane  earthed  conductive  ring  23  surrounding  the 
target  22.  An  earthed  screen  24  is  provided  around 
the  support.  A  slice  of  semiconductor  material  25  is 

40  placed  on  the  support  21,  after  which  argon  is 
introduced  into  the  reaction  chamber.  A  usual  DC 
voltage  source  26  is  connected  between  the  target 
22  and  the  conductive  ring  23  surrounding  the 
target  22,  so  that  a  voltage  of  between  300  and  700 

45  V  generates  a  plasma  which  is  kept  confined  be- 
tween  the  target  22  and  the  slice  25  and  in  a  space 
27  close  to  the  target  22  by  magnets  29  arranged 
behind  the  target.  The  argon  is  introduced  into  the 
reaction  chamber  through  a  gas  inlet  28. 

50  The  magnets  29  are  jointly  rotatable  about  a 
axis  30.  In  practice,  they  rotate  a  few  times  every 
second  about  the  axis  30  during  the  deposition 
process,  so  that  the  plasma  and  the  space  27  in 
which  it  is  confined  are  rotated  about  the  same  axis 

55  30.  It  is  achieved  by  this  that  atoms  are  sputtered 
homogeneously  from  the  entire  surface  of  the  tar- 
get  22  and  that  a  homogeneous  deposition  over  the 
entire  slice  25  is  obtained. 

4 
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The  slice  25  was  cooled  during  deposition  in 
that  a  gas  cushion  32  with  a  pressure  of  100  to 
2000  Pa  was  maintained  between  the  support  21 
and  the  semiconductor  slice  25.  Argon  is  con- 
ducted  between  the  support  21  and  the  slice  25 
through  a  gas  line  33.  The  support  21  is  provided 
with  an  edge  34  against  which  the  slice  25  is 
pressed  by  clamps  (not  shown).  Argon  leakage 
from  the  gas  cushion  32  into  the  reactor  chamber 
20  is  restricted  by  this.  The  support  21  is  cooled  in 
that  cooling  water  is  conducted  through  lines  36 
into  a  channel  35  provided  in  the  support  21  . 

The  chamber  20  is  further  provided  with  a  gas 
outlet  31  which  is  connected  to  a  pump  (not 
shown)  by  which  gases  can  be  removed  and  by 
which  the  reaction  chamber  20  can  be  kept  at  a 
desired  pressure. 

In  the  tests  to  be  described  below,  and  in  a 
multiple-chamber  deposition  device  described 
above,  a  100  nm  thick  barrier  layer  of  T^W -̂*  and 
a  usual  500  nm  thick  aluminium  layer  comprising  1 
vol.%  silicon  were  deposited  in  that  order  on  sev- 
eral  silicon  slices  provided  with  a  layer  of  silicon 
oxide.  The  layers  were  deposited  under  different 
sputtering  conditions  by  means  of  a  sputtering  tar- 
get  of  TiyW^y  with  y  =  0,3.  The  two  layers  were 
provided  on  some  slices  without  the  slices  being 
taken  from  the  deposition  device,  whereas  other 
slices  were  taken  from  the  deposition  device  be- 
tween  the  deposition  operations  of  the  two  layers 
and  exposed  to  air  for  one  hour  or  several  days. 
Barrier  layers  were  thus  investigated  during  the 
tests  which  had  not  been  exposed  to  air  before 
deposition  of  the  aluminium  layer  and  barrier  layers 
which  had. 

Silicon  slices  provided  with  the  barrier  layer 
and  the  aluminium  layer  were  heated  in  vacuum  for 
some  time  at  a  temperature  of  450  °  C.  The  elec- 
trical  square  resistance  of  the  aluminium  layer  was 
measured  during  this.  Since  chemical  compounds 
generated  by  reactions  between  titanium  and  tung- 
sten  from  the  barrier  layer  and  aluminium  have  a 
resistance  which  is  much  greater  than  that  of  alu- 
minium,  the  measured  resistance  increases  as  alu- 
minium  is  converted  into  these  compounds.  It  was 
calculated  from  the  increase  of  this  resistance  how 
much  aluminium  was  consumed  for  the  conversion 
into  one  of  the  said  compounds.  The  aluminium 
layer  becomes  as  it  were  thinner.  This  thickness 
reduction  is  given  as  a  measure  for  the  quantity  of 
aluminium  consumed  in  the  following  test  results. 

The  distance  between  (100)  lattice  faces  of 
tungsten  was  also  measured  for  the  deposited  bar- 
rier  layers  by  means  of  X-ray  diffraction.  Fig.  6 
shows  this  lattice  distance  d  in  A  as  a  function  of 
the  voltage  V,  applied  between  the  target  22  and 
the  conductive  ring  23  surrounding  the  target.  The 
target  22  had  a  diameter  of  26  cm  in  the  tests.  The 

conductive  ring  23  had  an  internal  diameter  of  26,5 
cm  and  an  external  diameter  of  30  cm.  The  slices 
had  a  diameter  of  15  cm.  The  slices  were  cooled 
during  the  tests  so  that  their  temperatures  did  not 

5  rise  above  200  °  C. 
As  is  apparent  from  Fig.  7,  which  shows  the 

power  P  in  kW  dissipated  in  the  reaction  chamber 
20  as  a  function  of  the  voltage  V,  between  the 
target  22  and  the  conductive  ring  23  for  some 

io  pressures  (0,3,  1  and  2  Pa)  of  the  argon  in  the 
reaction  chamber  20,  this  voltage  V,  may  be  real- 
ised  in  various  ways. 

Fig.  8  shows  the  consumption  C  in  nm  of  the 
aluminium  layer  as  a  function  of  time  in  minutes 

is  during  vacuum  heating  at  450  °  C.  The  drawn  lines 
show  the  consumption  on  slices  on  which  the  alu- 
minium  layer  was  directly  deposited  on  the  barrier 
layer,  the  broken  lines  show  the  consumption  on 
slices  on  which  the  aluminium  layer  was  deposited 

20  after  the  barrier  layer  had  been  exposed  to  air  for 
60  minutes,  while  the  dash-dot  lines  show  the 
consumption  on  slices  on  which  the  aluminium 
layer  was  deposited  after  the  barrier  layer  had 
been  exposed  to  air  for  2  days.  To  keep  the  Figure 

25  simple,  these  consumptions  are  represented  for 
three  kinds  of  barrier  layers  only,  i.e.  layers  with  a 
distance  between  the  (100)  tungsten  lattice  faces  of 
2,24  A,  2,26  A  and  2,28  A. 

Figs.  9,  10  and  11  show  the  consumption  of 
30  the  aluminium  layer  as  a  function  of  the  distance 

between  the  tungsten  (100)  lattice  surfaces  d  in  A 
on  slices  on  which  the  barrier  layer  had  not  been 
exposed  to  air,  had  been  exposed  for  60  minutes 
and  had  been  exposed  for  2  days  (=  2800  min- 

35  utes)  to  air  before  the  aluminium  layer  was  depos- 
ited.  Fig.  9  shows  the  consumption  figures  after  20 
minutes  of  heating  in  vacuum  at  450°  C,  Fig.  10 
after  30  minutes  and  Fig.  11  after  40,  50  and  60 
minutes.  In  the  case  shown  in  Fig.  11,  there  was  no 

40  discernible  difference  in  consumption  after  40,  50 
and  60  minutes  heating  at  450°  C  of  aluminium 
deposited  on  the  barrier  layers  exposed  to  air. 

In  practice,  semiconductor  slices  are  subjected 
to  heat  treatments  which  cause  less  aluminium 

45  consumption  during  further  process  steps,  after  the 
deposition  of  the  T^W -̂*  barrier  layer  8  and  the 
aluminium  layer  9,  than  the  heat  treatment  carried 
out  during  the  tests.  During  the  manufacture  of  the 
semiconductor  device  described  above  (Figs.  1  to 

50  3),  for  example,  the  slice  was  heated  for  a  total  of 
60  minutes  at  a  temperature  of  425°  C.  A  heat 
treatment  of  60  minutes  at  425  °  causes  an  alumin- 
ium  consumption  which  is  much  less  -  in  practice 
approximately  one  third  -  than  the  aluminium  con- 

55  sumption  caused  by  a  heat  treatment  of  60  minutes 
at  a  temperature  of  450°  C.  Conductor  patterns  8 
and  14  were  formed  in  two  layers  in  the  semicon- 
ductor  device  described  above.  No  heat  treatments 

5 
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are  used  in  practice  in  such  a  modem  "double- 
metal  process"  which  cause  a  greater  aluminium 
consumption  than  a  heat  treatment  of  60  minutes  at 
450°  C. 

It  is  evident  from  Figs.  9,  10  and  11  that  a 
barrier  layer  of  TixW -̂x  with  x  =  0,3  in  which  the 
distance  between  the  (100)  tungsten  lattice  faces  is 
greater  than  2,25  A  causes  less  aluminium  con- 
sumption,  and  accordingly  has  equally  good  or 
even  better  barrier  properties  as/than  a  TixW -̂x 
barrier  layer  which  has  been  exposed  to  air  for  a 
few  days.  If  the  distance  between  the  (100)  lattice 
faces  of  W  is  greater  than  2,25  A  but  smaller  than 
2,27  A  in  the  barrier  layer,  the  aluminium  consump- 
tion  in  a  barrier  layer  not  exposed  to  air  is  not  only 
smaller  than  that  in  a  barrier  layer  exposed  to  air, 
but  in  addition  has  a  minimum  value. 

Fig.  6  shows  that  the  barrier  layer  according  to 
the  invention  may  be  readily  deposited  by  means 
of  the  deposition  device  described  above  (Figs.  4 
and  5).  To  manufacture  the  semiconductor  device 
with  the  semiconductor  body  1  whose  surface  4  is 
provided  with  a  barrier  layer  8  of  TixW -̂x,  with  0,1 
<  x  <  0,3,  this  barrier  layer  is  deposited  in  the 
chamber  18  in  that  the  slice  25  is  placed  on  the 
support  21  in  the  reaction  chamber  20  opposite  a 
TiyW^y  target,  with  0,1  <  y  <  0,3.  Then  argon  is 
conducted  into  the  reaction  chamber  and  a  plasma 
is  generated  in  the  space  27.  The  voltage  between 
the  target  22  and  the  conductive  ring  23  surround- 
ing  the  target  is  kept  at  such  a  value  during  deposi- 
tion  that  a  barrier  layer  is  formed  in  which  the 
distance  between  the  (100)  lattice  faces  of  W  is 
greater  than  2,25  A. 

Surprisingly,  there  is  a  relation  between  the 
voltage  between  the  target  22  and  the  ring  23  on 
the  one  had  and  the  distance  between  the  said 
lattice  faces  on  the  other  hand,  so  that  it  is  possible 
to  control  the  deposition  process  in  such  a  manner 
that  a  layer  with  the  desired  lattice  distance  is 
deposited.  To  ensure  that  the  distance  between  the 
(100)  lattice  faces  of  W  is  greater  than  2,25  A, 
according  to  the  invention,  a  voltage  above  400  V 
is  applied  between  the  target  22  and  the  conduc- 
tive  ring  23  surrounding  the  target  during  the  depo- 
sition.  The  layer  formed  in  this  manner  exhibits  the 
said  equally  good  or  even  better  barrier  properties 
compared  with  a  layer  which  has  been  exposed  to 
air  for  a  few  days. 

Preferably,  such  a  voltage  is  applied  between 
the  target  22  and  the  conductive  ring  23  surround- 
ing  the  target  during  deposition  that  a  barrier  layer 
is  formed  in  which  the  distance  between  the  (100) 
lattice  faces  of  W  is  greater  than  2,25  A  but  smaller 
than  2,27  A.  In  that  case,  according  to  the  inven- 
tion,  a  voltage  between  the  target  22  and  the 
conductive  ring  23  surrounding  the  target  above 
400  V  ad  below  550  V  is  applied  during  the  deposi- 

tion.  A  layer  is  then  formed  whose  barrier  prop- 
erties  are  not  only  better  than  those  of  a  barrier 
layer  exposed  to  air,  but  which  in  addition  have  an 
optimum  value. 

5  Fig.  7  shows  that  the  voltage  between  the 
target  22  and  the  ring  23  surrounding  the  target 
may  be  realised  in  various  ways.  Preferably,  the 
deposition  process  is  so  carried  out  that  the  barrier 
layer  of  approximately  100  nm  thickness  is  depos- 

io  ited  in  approximately  10  to  30  seconds.  It  is  found 
in  practice  that  such  a  process  is  realised  if  argon 
is  fed  into  the  reaction  chamber  under  a  pressure 
of  0,6  to  1,2  Pa  during  the  deposition,  while  a 
electric  power  of  3500  to  4500  W  is  supplied  to  the 

is  plasma. 
The  tests  described  above  were  carried  out  by 

means  of  a  deposition  process  in  which  TixW -̂x 
barrier  layers  were  deposited  in  a  deposition  de- 
vice  with  a  TiyW^y  target,  y  being  0,3.  It  is  noted 

20  that  similar  results  were  obtained  with  targets  of  a 
different  composition,  where  0,1  <  y  <  0,3.  The 
TixW^x  layers  deposited  always  had  a  composition 
with  0,1  <  x  <  0,3.  The  composition  of  the  barrier 
layer  depends  not  only  on  the  composition  of  the 

25  target  used  but  also  on  the  deposition  conditions. 
Thus  it  was  found  that  a  layer  deposited  by  means 
of  a  target  with  y  =  0,3  and  having  distances 
between  the  (100)  tungsten  lattice  faces  of  2,24  A, 
2,26  A,  and  2,28  A,  the  fractions  x  were  0,28,  0,23 

30  and  0,21  ,  respectively. 

Claims 

1.  A  semiconductor  device  with  a  semiconductor 
35  body  of  which  a  surface  is  provided  with  a 

barrier  layer  of  TixW -̂x,  with  0,1  <  x  <  0,3, 
characterized  in  that  the  distance  between  the 
(100)  lattice  faces  of  W  is  greater  than  2,25  A 
in  the  barrier  layer. 

40 
2.  A  semiconductor  device  as  claimed  in  Claim  1  , 

characterized  in  that  the  distance  between  the 
(100)  lattice  faces  of  W  is  greater  than  2,25  A 
but  smaller  than  2,27  A  in  the  barrier  layer. 

45 
3.  A  method  of  manufacturing  a  semiconductor 

device  with  a  semiconductor  body  of  which  a 
surface  is  provided  with  a  barrier  layer  of 
TixW^x,  with  0,1  <  x  <  0,3,  whereby  a  slice  of 

50  semiconductor  material  is  arranged  in  a  reac- 
tion  chamber  parallel  to  a  plane  TiyW^y  target, 
with  0,1  <  y  <  0,3,  ad  to  a  plane  conductive 
ring  surrounding  the  target,  after  which  argon 
is  conducted  into  the  reaction  chamber  and 

55  such  a  voltage  is  applied  between  the  target 
and  the  conductive  ring  that  a  plasma  is  gen- 
erated  which  is  confined  between  the  target 
and  the  slice  and  in  a  space  close  to  the  target 

6 
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by  means  of  magnets  positioned  behind  the 
target,  characterized  in  that  such  a  voltage  is 
applied  between  target  and  conductive  ring 
during  deposition  that  a  barrier  layer  is  formed 
in  which  the  distance  between  the  (100)  lattice  5 
faces  of  W  is  greater  than  2,25  A. 

A  method  as  claimed  in  Claim  3,  characterized 
in  that  such  a  voltage  is  applied  between  the 
target  and  the  conductive  ring  surrounding  the  10 
target  during  deposition  that  a  barrier  layer  is 
formed  in  which  the  distance  between  the 
(100)  lattice  faces  of  W  is  greater  than  2,25  A 
but  smaller  than  2,27  A. 

A  method  as  claimed  in  Claim  3,  characterised 
in  that  a  voltage  higher  than  400  V  is  applied 
between  the  target  and  the  conductive  ring 
surrounding  the  target  during  deposition. 

75 

20 
A  method  as  claimed  in  Claim  4,  characterized 
in  that  a  voltage  is  applied  between  the  target 
and  the  conductive  ring  surrounding  the  target 
during  deposition  which  is  higher  than  400  V 
and  lower  than  550  V.  25 

A  method  as  claimed  in  Claim  5  or  6,  char- 
acterized  in  that  argon  is  fed  into  the  reaction 
chamber  under  a  pressure  of  0,6  to  1,2  Pa 
during  the  deposition,  while  an  electric  power  30 
of  3500  to  4500  W  is  supplied  to  the  plasma. 

35 
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