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@)  Field  effect  transistor  with  a  sealed  diffusion  junction. 

(57)  A  field  effect  transistor  is  fabricated  with  an  ion  implanted  silicide  layer  (e.g.,  7)  and  a  conducting 
diffusion  barrier  pad  layer  (e.g.,  9)  that  acts  as  a  diffusion  mask.  The  dopants  from  the  silicide  layer  (e.g., 
7)  are  diffused  into  the  substrate  (e.g.,  1)  to  form  shallow  source/drain  regions  (e.g.,  21). 
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Technical  Field 

This  invention  relates  generally  to  the  field  of  field 
effect  transistors  and  particularly  to  the  field  of  such 
transistors  that  have  sealed  diffusion  junctions. 

Background  of  the  Invention 

As  integrated  circuits  have  become  more  com- 
plex,  the  individual  devices,  such  as  field  effect  tran- 
sistors,  forming  the  integrated  circuit  have  become 
smaller  and  more  closely  spaced  to  each  other.  Sim- 
ple  shrinkage  of  device  dimensions  was  not  alone 
sufficient  to  permit  the  increased  complexity  of  the 
circuits;  new  processing  technologies  and  innovative 
devices  were  also  required. 

An  example  will  illustrate  this  point.  The  source 
and  drain  regions  of  a  field  effect  transistor  must  be 
separately  electrically  contacted.  This  is  frequently 
done  by  depositing  a  dielectric  layer  over  the  transis- 
tor,  patterning  the  dielectric  layer  to  form  windows 
which  expose  portions  of  the  source/drain  regions, 
and  then  depositing  metal  in  the  windows.  A  typical 
metal  is  aluminum.  However,  aluminum  tends  to  dif- 
fuse  or  spike  into  the  silicon  substrate.  Such  diffu- 
sion  is  undesirable.  Diffusion  barrier  layers  are  de- 
posited  between  the  substrate  and  the  aluminum  to 
prevent  the  diffusion  and  spiking.  Deposition  of  the 
barrier  layer  material  into  the  windows  in  the  pat- 
terned  dielectric  frequently  results  in  poor  coverage 
of  the  substrate  near  the  bottoms  of  the  windows.  Of 
course,  the  dielectric  windows  must  be  accurately 
positioned  with  respect  to  the  source/drain  regions. 

An  innovative  design  which  decreases  the  align- 
ment  accuracy  required  for  the  dielectric  windows  is 
described  in  United  States  Patents  4,844,776  and 
4,922,311  issued  to  K.-H.  Lee,  C.-Y.  Lu  and  D  Yaney. 
These  patents  describe  both  a  device  and  a  method 
for  making  the  device  which  is  termed  a  folded  ex- 
tended  window  field  effect  transistor  and  is  commonly 
referred  to  by  the  acronym  FEWMOS.  In  an  exem- 
plary  embodiment,  a  layer  of  a  conducting  material, 
such  as  TiN,  is  blanket  deposited  after  transistor  ele- 
ments,  including  an  insulating  layer  on  top  of  the  gate 
electrode,  are  formed.  The  conducting  material  is  pat- 
terned  to  form  window  or  landing  pads  which  cover  at 
least  portions  of  the  source/drain  regions.  The  win- 
dow  pads  may  be  larger  than  the  source/drain  regions 
provided  that  they  do  not  contact  each  other  on  top  of 
the  gate  electrode;  they  may  also  extend  onto  the 
field  oxide  regions  adjacent  the  source/drain  regions. 
Improved  tolerance  for  misalignment  is  obtained.  The 
window  pads  act  as  etch  stop  layers  when  the  win- 
dows  in  the  dielectric  are  etched  thereby  preventing 
etching  into  the  source/drain  regions. 

Dopants  must  be  put  into  the  substrate  to  form 
the  source/drain  regions.  This  is  frequently  done  by 
ion  implantation.  There  are  many  device  characteris- 

tics  that  are  enhanced  by  forming  shallow  junctions; 
that  is,  very  shallow  source/drain  regions.  Shallow  re- 
gions  may  be  difficult  to  fabricate  with  ion  implanta- 
tion  while  at  the  same  time  maintaining  a  smooth  sur- 

5  face  to  avoid  junction  interface  roughness.  In  one  em- 
bodiment,  FEWMOS  teaches  the  use  of  a  polycide  as 
the  window  pad  layer  material.  The  source/drain  re- 
gions  are  formed  by  a  thermal  drive  out  from  ion  im- 
planted  polysilicon.  A  metal  is  deposited  and  a  sali- 

10  cide  formed.  However,  salicided  polysilicon  may  lead 
to  junction  roughness. 

Summary  of  the  Invention 

15  According  to  an  exemplary  embodiment  of  this  in- 
vention,  a  field  effect  transistor  having  a  landing  pad 
is  fabricated  by  forming  the  gate  electrode  of  a  tran- 
sistor  between  field  oxide  regions,  and  depositing  a 
first  silicide  layer  and  a  conducting  landing  pad  layer 

20  which  acts  as  a  diffusion  barrier  layer  to  seal  the  junc- 
tion.  A  layer  of  dielectric  is  then  deposited  and  is  fol- 
lowed  by  photoresist  patterning  to  expose  selected 
portions  of  the  dielectric  layer  which  are  then  re- 
moved.  The  patterned  dielectric  layer  is  used  as  an 

25  etch  mask  to  pattern  the  conducting  landing  pad  and 
first  silicide  layers.  In  a  preferred  embodiment,  dielec- 
tric  spacers  are  formed  on  the  patterned  dielectric 
layer  prior  to  etching.  The  dielectric  layer  need  not  be 
removed  although  portions  are  etched  to  expose  the 

30  landing  pad  layer.  The  first  silicide  layer  has  a  dopant 
which  diffuses  into  the  substrate  upon  heating  to 
form  shallow  junction  source/drain  regions  between 
the  gate  electrode  and  the  field  oxide  regions.  Device 
fabrication  is  then  continued.  Another  dielectric  layer 

35  is  deposited  and  windows  opened  which  expose  se- 
lected  portions  of  the  landing  pad  layer.  The  landing 
pad  layer  functions  as  an  etch  stop  layer.  A  conduct- 
ing  material  is  deposited  into  the  windows  to  form 
electrical  contacts. 

40 
Brief  Description  of  the  Drawing 

FIGs.  1-4  are  sectional  views  of  a  portion  of  a  de- 
vice  at  various  stages  of  fabrication  according  to  this 

45  invention. 
For  reasons  of  clarity,  the  elements  depicted  are 

not  shown  to  scale. 

Detailed  Description 
50 

The  invention  will  be  described  by  reference  to  an 
exemplary  embodiment.  FIG.  1  is  a  sectional  view 
showing  substrate  1,  gate  electrode  3,  field  oxide  re- 
gions  5,  first  silicide  layer  7,  conducting  diffusion  bar- 

55  rier  layer  9,  second  silicide  layer  11,  dielectric  layer 
13,  and  patterned  photoresist  layer  15.  Layers  9  and 
11  may  be  referred  as  stacked  landing  pad  layers.  The 
gate  electrode  3  is  between  the  field  oxide  region  5. 

2 
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The  gate  electrode  3  has  gate  oxide  31,  conducting 
layer  33,  insulating  top  layer  35,  and  dielectric  side- 
walls  37.  The  patterned  resist  15  exposes  portions  of 
the  dielectric  layer  13  that  cover  the  portions  of  the 
stacked  landing  pad  layers  that  will  be  removed. 

The  structure  depicted  will  be  readily  formed  by 
those  skilled  in  the  art  using  well  known  materials  and 
well  known  techniques.  The  substrate  1  is  typically 
silicon  and  the  conducting  layer  33  in  the  gate  elec- 
trode  3  is  typically  polysilicon.  The  gate  electrode  of 
the  field  effect  transistor,  as  well  as  the  field  oxide  re- 
gions,  will  be  readily  fabricated  by  those  skilled  in  the 
art  typically  using  conventional  deposition  and  pat- 
terning  techniques.  The  dielectric  layer  13,  the  insu- 
lating  top  layer  35,  and  the  insulating  sidewalls  37  are 
typically  silicon  oxides.  The  first  and  second  silicide 
layers  are  formed  from  conducting  silicides  such  as 
WSi2  which  is  deposited.  WSi2  is  preferred  over  TiSi2 
which  is  typically  formed  by  depositing  Ti  on  Si  and 
then  reacting  to  turn  the  silicide.  This  method  of  for- 
mation  leads  to  surface  roughness.  The  conducting 
diffusion  barrier  layer  is  a  conducting  material  such 
as  a  conducting  nitride.  TiN  is  an  exemplary  choice. 
The  landing  pad  layerfunctions  as  diffusion  barrier  to 
seal  the  junction.  Dielectric  layer  13  is  typically  a  de- 
posited  oxide.  Materials  other  than  those  mentioned 
may  be  used;  consideration  must  be  given  to  proper 
characteristics  such  as  etching  characteristics.  The 
first  silicide  layer  further  comprises  a  dopant  which 
may  be  ion  implanted.  The  resist  is  typically  a  com- 
mercially  available  resist  with  due  consideration  be- 
ing  given  to  the  sensitivity  of  the  resist  to  the  radiation 
being  used  to  pattern  the  resist.  Conventional  litho- 
graphic  patterning  technique  are  used  to  pattern  the 
resist.  The  structure  may  thus  be  formed  using  well 
known  and  conventional  processing  steps. 

The  patterned  resist  1  5  is  now  used  as  an  etch 
mask  and  the  exposed  portions  of  the  dielectric  layer 
1  3  are  removed  thereby  exposing  portions  of  the  top 
layer.  The  resist  is  now  stripped  using  conventional 
techniques.  If  a  sublithographic  spacing  between  por- 
tions  of  the  stacked  landing  pad  layers  that  extend 
over  the  gate  electrode  is  desired,  a  dielectric  layer 
may  be  deposited  and  etched  back  to  leave  the  di- 
electric  spacers  17  as  shown  in  FIG.  2.  A  convenient 
dielectric  material  to  use  is  an  oxide.  Of  course,  other 
methods  may  be  used  to  form  the  dielectric  spacers. 
The  patterned  dielectric  13  with  spacers  17  is  used 
as  an  etch  maskfor  the  etching  and  removal  of  the  ex- 
posed  portions  of  the  stacked  landing  pad  layers.  Dry 
etches  having  the  desired  selectivity  between  the  di- 
electric  and  the  silicide  and  landing  pad  layers  will  be 
readily  selected  by  those  skilled  in  the  art.  Out  diffu- 
sion  from  the  first  silicide  layer  7  forms  source/drain 
regions  21  .  The  resulting  structure  is  depicted  in  FIG. 
3. 

The  remaining  dielectric  layer  may  be  removed  if 
so  desired;  however,  another  dielectric  layer  19  is  typ- 

ically  deposited  and  there  is  therefore  no  compelling 
reason  to  remove  dielectric  layer  1  3  at  this  point  in  the 
fabrication  sequence. 

The  dielectric  layer  19  mentioned  in  the  previous 
5  paragraph  is  now  deposited  and  a  layer  of  resist 

formed.  The  resist  is  then  patterned  to  form  openings 
which  expose  selected  portions  of  the  dielectric  layer 
1  3.  The  exposed  portions  of  the  dielectric  layer  1  3  are 
over  the  portions  of  the  stacked  landing  pad  layers 

10  that  will  be  exposed  when  the  dielectric  layer  13  is 
patterned.  The  exposed  portions  of  the  dielectric  lay- 
er  are  now  removed  so  that  portions  of  the  stacked 
landing  pad  layers  are  exposed.  The  second  silicide 
layer  11  is  used  because  etching  layer  13  and  stop- 

is  ping  on  layer  9  is  often  difficult.  The  second  silicide 
layer  may  be  omitted  when  the  diffusion  barrier 
serves  as  an  etch  stop  layer.  In  this  case,  the  stacked 
window  pad  layers  have  only  two  layers.  The  resulting 
structure  is  depicted  in  FIG.  4.  Device  fabrication  is 

20  now  completed  using  conventional  processing.  For 
example,  metal  is  deposited  in  the  dielectric  windows 
exposing  portions  of  the  window  landing  pad  sand- 
wiches. 

Several  aspects  of  the  transistor  merit  discus- 
25  sion.  The  formation  of  the  shallow  junctions  avoids 

junction  interface  roughness.  The  TiN  layer  seals  the 
junction  against  diffusion  and  eliminates  step  cover- 
age  problems  that  might  otherwise  occur  in  deposi- 
tion  of  the  barrier  layer  material.  Calculations  indicat- 

30  ed  that  overlap  between  the  stacked  pad  layer  land- 
ing  and  the  gate  electrode  does  not  contribute  a  sig- 
nificant  capacitance.  Additionally,  using  WSi2  as  the 
first  layer  saves  one  mask  because  it  has  been  found 
that  phosphorus  inhibits  boron  diffusion  which  are  n- 

35  type  and  p-type  dopants,  respectively. 
Variations  in  the  embodiment  described  will  be 

readily  thought  of  by  those  skilled  in  the  art.  If  the  li- 
thographically  defined  spacing  between  portions  of 
the  landing  pad  layer  is  sufficient,  spacer  formation 

40  may  be  omitted. 

Claims 

45  1  .  A  method  of  making  a  field  effect  transistor  on  a 
substrate  (e.g.,  1)  comprising  the  steps  of: 

forming  a  gate  electrode  (e.g.,  3)  of  said 
field  effect  transistor  between  field  oxide  regions 
(e.g.,  5),  said  gate  electrode  (e.g.,  3)  having  an  in- 

50  sulating  top  layer  (e.g.,  35); 
depositing  a  first  silicide  layer  (e.g.,  7)  and 

a  conducting  diffusion  barrier  layer  (e.g.,  9),  said 
first  silicide  layer  (e.g.,  7)  and  said  barrier  layer 
(e.g.,  9)  forming  stacked  landing  pad  layers  (e.g., 

55  9,  11),  said  layers  being  over  said  substrate  (e.g., 
1)  and  covering  said  gate  electrode  (e.g.,  3); 

depositing  a  first  dielectric  layer  (e.g.,  13); 
forming  a  layer  of  resist  (e.g.,  1  5); 

3 
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patterning  said  resist  (e.g.,  15)  to  expose 
selected  portions  of  said  dielectric  layer  (e.g., 
13);  and 

removing  said  exposed  portions  of  said  di- 
electric  layer  (e.g.,  13)  to  expose  portions  of  said  5 
stacked  landing  pad  layers  (e.g.,  9,  11),  said  re- 
moving  forming  a  patterned  dielectric  layer. 

2.  A  method  as  recited  in  claim  1  further  comprising 
the  step  of:  forming  dielectric  spacers  (e.g.,  17)  10 
on  said  patterned  dielectric  layer  (e.g.,  13). 

3.  A  method  as  recited  in  claim  1  comprising  the  fur- 
ther  steps  of  depositing  a  second  dielectric  layer 
(e.g.,  19)  over  said  patterned  landing  pad  (e.g.,  15 
9,  11)  and  first  silicide  layers  (e.g.,  7),  and 

patterning  said  second  dielectric  layer 
(e.g.,  19)  to  expose  portions  of  said  patterned 
landing  pad  layer  (e.g.,  9,  11). 

20 
4.  A  method  as  recited  in  claim  1  comprising  the  fur- 

ther  step  of  doping  said  first  silicide  layer  (e.g.,  7) 
with  a  dopant. 

5.  A  method  as  recited  in  claim  4  comprising  the  fur-  25 
ther  step  of  heating  to  cause  at  least  some  of  said 
a  dopant  to  move  from  said  first  silicide  layer 
(e.g.,  7)  to  said  substrate  (e.g.,  1)  to  form 
source/drain  regions  (e.g.,  21)  of  said  transistor. 

30 
6.  A  method  as  recited  in  claim  5  in  which  said  a  do- 

pant  are  n-type  and  p-type  dopants. 

7.  A  method  as  recited  in  claim  6  in  which  said  n-ty- 
pe  and  p-type  dopants  are  boron  and  phos-  35 
phorus. 

8.  A  method  as  recited  in  claim  1  in  which  said  land- 
ing  pad  layers  (e.g.,  9,  11)  consists  essentially  of 
a  conducting  nitride.  40 

9.  A  method  as  recited  in  claim  8  in  which  said  con- 
ducting  nitride  is  titanium  nitride. 

10.  A  method  as  recited  in  claim  2  comprising  the  fur-  45 
ther  step  of  using  said  patterned  dielectric  layer 
(e.g.,  13)  as  an  etch  mask  for  etching  said 
stacked  landing  pad  (e.g.,  9,  11)  layers. 

50 
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