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@)  A  self-aligned  buried  strap  for  trench  type  DRAM  cells. 

(57)  A  deep  trench  type  DRAM  cell  with  shallow 
trench  isolation  has  a  buried  polysilicon  strap 
that  is  defined  without  the  use  of  a  separate 
mask  by  depositing  the  strap  material  over  at 
least  the  deep  trench  before  shallow  trench 
definition  and  using  the  shallow  trench  iso- 
lation  mask  to  overlap  partially  the  deep  trench, 
thereby  defining  the  strap  during  the  process  of 
cutting  the  shallow  trench. 
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Field  of  the  invention 

The  field  of  the  invention  is  that  of  integrated  cir- 
cuit  dynamic  random  access  memories  (DRAMs). 

Background 

In  the  field  of  DRAMs,  the  key  issue  is  the  size  of 
the  individual  cell.  One  approach  that  has  been  fol- 
lowed  in  the  art  is  the  use  of  a  deep  trench  capacitor, 
in  order  to  save  space  on  the  surface.  Once  a  capac- 
itor  layout  has  been  chosen,  there  is  an  essential  step 
of  connecting  the  capacitor  to  the  access  transistor. 
Conventionally,  this  is  done  with  a  conductive  strap 
which  may  be  on  the  surface  or  may  be  buried.  The 
size  of  the  strap  and  methods  of  forming  it  without  in- 
troducing  additional  process  steps  are  key  to  eco- 
nomical  production  of  DRAMs. 

Brief  Description  of  the  Invention 

The  invention  relates  to  a  method  for  making  a 
self-aligned  buried  strap  trench  capacitor  DRAM  cell, 
in  which  the  strap  is  formed  without  the  need  for  an 
additional  mask  by  using  the  step  of  forming  a  shallow 
trench  isolation  to  define  the  strap  as  well  as  defining 
the  isolation. 

Brief  Description  of  Drawings 

Fig.  1  illustrates  in  cross-section  a  DRAM  cell 
constructed  according  to  the  invention. 

Figs.  2-5  illustrate  in  cross-section  a  portion  of 
the  DRAM  cell  at  various  stages  in  the  inventive  meth- 
od. 

Fig.  6  illustrates  a  top  view  of  the  DRAM  cell. 

Detailed  description  of  the  invention 

Referring  now  to  Fig.  1  ,  there  is  shown  a  portion 
of  a  DRAM  cell  formed  in  substrate  10.  A  field-effect 
access  transistor  denoted  generally  by  the  numeral 
100  has  a  source  110  and  a  drain  112  controlled  by 
gate  102  as  is  conventional.  On  the  right  of  the  draw- 
ing,  trench  capacitor  50  is  formed  as  is  known  in  the 
art  by  etching  a  deep  trench  down  into  the  substrate 
1  0,  forming  an  insulator  along  the  trench  surface  (typ- 
ically  silicon  dioxide  and/or  silicon  nitride),  filling  it 
with  doped  polysilicon  52  up  to  a  first  level,  then  add- 
ing  an  insulating  collar  54  of  some  convenient  dielec- 
tric  such  as  silicon  dioxide  (oxide)  or  silicon  nitride 
(nitride). 

The  center  portion  is  then  filled  with  a  second  lay- 
er  of  conductive  polysilicon  56.  Strap  58  is  shown  at 
the  top  of  electrode  56  connecting  center  electrode 
56  to  drain  112.  An  insulator  70  in  the  form  of  oxide 
filling  a  shallow  trench  is  shown  to  the  right  of  the 
transistor.  The  shallow  trench  isolation  also  extends 

behind  and  in  front  of  the  plane  of  the  paper  in  order 
to  isolate  the  DRAM  cell. 

Referring  now  to  Fig.  2,  there  is  shown  a  prelim- 
inary  step  in  the  formation  of  trench  50  after  the  de- 

5  position  of  lower  polysilicon  52  and  the  deposition  of 
the  collar  oxide  54.  Previously,  the  N-  or  P-  wells  have 
been  formed  in  the  substrate  and  a  protective  layer  of 
nitride  1  20  has  been  deposited  that  serves  as  a  polish 
stop  and  thus  as  a  reference  surface  in  subsequent 

10  steps.  These  conventional  and  other  steps  will  be  re- 
ferred  to  as  preparing  the  substrate.  The  formation  of 
trench  50  is  also  conventional,  well  known  to  those 
skilled  in  the  art  (as  illustrated  in  US  Patent  4,688,063 
and  US  Patent  4,801,908).  In  Fig.  3,  the  next  step  of 

15  refilling  deep  trench  50  with  a  second  layer  of  polysi- 
licon  56  and  recessing  this  second  layer  of  polysilicon 
56  has  been  performed.  Polysilicon  56  has  been  etch- 
ed  back  to  a  standard  depth  well  below  the  surface  in 
order  to  allow  the  formation  of  the  strap  as  described 

20  below. 
Referring  now  to  Fig.  4,  there  is  shown  the  third 

layer  of  polysilicon  58  having  a  nominal  thickness  of 
1  00  nanometers  above  the  top  of  the  poly  56.  This  lay- 
er  is  formed  by  the  blanket  deposition  of  polysilicon 

25  and  subsequent  etch  back  using  conventional  techni- 
ques  such  as  chemical  mechanical  polishing  (CMP) 
and  reactive  ion  etching.  For  example,  CMP  can  be 
used  to  make  the  top  surface  of  poly  58  at  the  same 
level  as  nitride  120  and  a  selective  etch  that  does  not 

30  attack  nitride  such  as  sulfur  hexaf  luoride  (SF6)  can  be 
used  to  recess  layer  58  below  that  surface. 

This  polysilicon  layer  can  be  deposited  undoped 
or  in-situ  doped  with  arsenic  or  phosphorus.  If  the  lay- 
er  is  deposited  undoped,  dopant  from  lower  polysili- 

35  con  layers  52  and  56  will  diffuse  upwards  to  dope  it 
during  conventional  heat  cycles  used  in  conventional 
transistor  fabrication.  Arsenic  is  preferred  because  it 
diffuses  at  a  slower  rate  than  phosphorous. 

Since  the  top  of  oxide  54  has  been  etched  down 
40  to  the  lower  portion  of  the  strap,  the  strap  can  make 

electrical  contact  with  the  area  of  the  substrate  below 
and  in  drain  112  at  the  vertical  surface  denoted  with 
the  numeral  113.  Drain  112  will  be  formed  directly  to 
the  left  of  the  strap  58  in  Figure  1.  It  will  be  recognized 

45  by  those  familiar  with  DRAM  fabrication  that  the  drain 
can  be  located  on  either  side  of  the  trench  depending 
on  the  location  in  the  memory  cell  array. 

Referring  now  to  Figs  5  and  6,  there  is  shown  the 
trench  and  strap  59  after  the  formation  of  the  shallow 

so  trench  isolation  70.  Fig.  6,  a  top  view,  shows  that 
trench  70  extends  to  the  front  and  back  of  the  cell, 
front  and  back  being  taken  with  reference  to  axis  1  50, 
which  is  the  plane  through  which  these  cross- 
sections  have  been  taken.  Trench  70  defines  the  ac- 

55  tive  area  that  will  contain  transistor  100,  which  is 
formed  in  a  later  step.  The  left  edge  of  trench  70,  de- 
noted  by  the  numeral  72,  is  offset  to  the  right  of  drain 
112  to  allow  a  portion  of  layer  58  to  remain  as  strap 
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59.  This  left  edge  of  trench  70  is  a  critical  alignment 
in  the  sense  that  it  has  to  be  precise,  but  it  need  only 
be  within  the  coverage  of  the  center  electrode  56.  It 
does  not  matter  much  if  it  extends  slightly  to  the  left 
or  to  the  right,  providing  valuable  process  tolerance. 

Trench  70  is  cut  down  below  the  depth  of  the 
strap  so  that  the  strap  material  is  removed  in  the  en- 
tire  area  of  the  trench.  In  Fig.  5,  a  shallow  layer  of  ox- 
ide  is  shown  above  strap  59,  outside  trench  70.  Since 
the  strap  is  recessed  below  the  surface,  it  will  be  cov- 
ered  by  the  dielectric,  such  as  oxide,  that  is  deposited 
to  fill  trench  70.  The  thickness  of  the  oxide  over  strap 
59  is  not  critical  and  need  only  be  enough  to  provide 
adequate  isolation  if  a  conductor  is  placed  over  the 
strap.  Typically,  50nm  of  oxide  is  adequate  for  3.3V 
circuits.  After  trench  70  has  been  filled,  the  surface 
is  planarized  by  chemical-mechanical  polishing  to  be 
coplanarwith  the  silicon  nitride  layer  120.  The  nitride 
layer  120  acts  as  a  planarization  stopping  layer.  After 
this  planarization  step,  layer  120  is  removed  creating 
the  structure  shown  in  Figure  5.  The  removal  of  the 
nitride  layer  120  will  result  in  the  formation  of  a  small 
step  between  the  silicon  substrate  10  and  the  oxide 
filled  trench  70.  This  step  will  be  small  (typically  less 
than  100nm)  and  will  be  decreased  during  subse- 
quent  processing.  Typical  cleaning  steps  used  in  in- 
tegrated  circuit  processing  will  include  dips  in  hydro- 
fluoric  acid  (HF)  which  will  recess  the  oxide  in  the 
trench  selectively  to  the  substrate  leaving  a  structure 
that  is  coplanar  as  shown  in  Figure  5. 

After  trench  70  has  been  filled,  a  gate  is  defined 
and  transistor  1  00  is  finished  in  conventional  manner. 
It  is  an  important  advantage  of  the  present  invention 
that  strap  59  is  self-aligned  and  uses  no  additional 
masking  steps.  The  use  of  a  shallow  trench  having  an 
offset  over  the  deep  trench  removes  all  of  layer  58  ex- 
cept  where  it  is  needed.  Poly  58  is  deposited  across 
the  wafer  and  removed  by  CMP.  Selective  epitaxial 
growth  could  also  be  used  instead  of  polysilicon  de- 
position  with  some  simplification  of  the  CMP  step,  but 
at  an  overall  cost  increase  due  to  tooling  costs. 

For  the  proposed  dram  cell  to  work  properly  the 
diffusion  of  dopant  out  of  the  buried  strap  59  must  be 
limited.  Dopant  could  diffuse  past  drain  region  112 
and  underneath  gate  102  and  short  to  source  region 
110  or  come  sufficiently  close  to  source  region  110 
that  it  is  not  possible  to  turn  device  100  off.  Addition- 
ally,  there  may  be  leakage  between  adjacent  cells  un- 
der  trench  70  if  the  strap  dopant  diffuses  laterally  un- 
der  the  trenches.  The  use  of  arsenic  reduces  any  ef- 
fects  from  the  foregoing.  In  the  case  of  a  DRAM  array 
having  0.25nm  minimum  features,  it  has  been  found 
that  controlling  the  outdiffusion  to  be  less  than  0.1 
from  the  side  of  the  trench  reduces  these  two  effects 
to  insignificance. 

Claims 

1  .  A  method  of  making  a  DRAM  cell  having  a  trench 
capacitor  in  a  substrate  and  an  access  transistor 

5  connected  thereto  comprising  the  steps  of: 
preparing  said  substrate; 
forming  a  trench  capacitor  having  a  trench  center 
electrode  and  a  collar  insulator  in  said  substrate 
adjoining  an  active  region  of  said  substrate; 

10  recessing  said  trench  center  electrode  to  a  buried 
strap  depth; 
removing  said  collar  insulator  to  said  buried  strap 
depth; 
depositing  a  layer  of  strap  material  above  said 

15  trench  center  electrode,  whereby  said  strap  ma- 
terial  contacts  a  portion  of  said  substrate  below 
said  active  area; 
etching  a  shallow  trench  having  a  shallow  trench 
depth  greater  than  said  buried  strap  depth  in  a 

20  trench  isolation  area  about  said  active  area  and 
partially  overlapping  said  trench  capacitor  along 
a  first  axis  through  said  active  area,  whereby  that 
portion  of  said  layer  of  strap  material  in  said 
trench  isolation  area  is  removed  and  a  strap,  ex- 

25  tending  from  an  edge  of  said  active  area  over  a 
portion  of  said  trench  center  electrode  and 
formed  from  said  strap  material,  remains; 
forming  a  transistor  in  said  active  area  with  an 
electrode  extending  to  make  electrical  contact 

30  with  said  strap,  whereby  said  trench  capacitor, 
strap  and  transistor  combine  to  form  said  DRAM 
cell. 

2.  A  method  according  to  claim  1  ,  in  which  said  step 
35  of  depositing  said  strap  material  includes  a  step 

of  removing  said  strap  material  outside  said 
trench  capacitor  and  then  recessing  said  strap 
material  below  a  reference  surface  above  said 
active  region. 

40 
3.  A  method  according  to  claim  1,  in  which  said 

strap  material  has  a  strap  top  surface  below  an 
active  area  top  surface;  said  shallow  trench  is  fil- 
led  with  a  dielectric  that  also  covers  said  strap; 

45  and 
said  dielectric  is  planarized  to  be  coplanar  with 
said  active  area  top  surface. 

4.  A  method  according  to  claim  3,  in  which  said 
so  strap  material  has  a  strap  top  surface  below  an 

active  area  top  surface; 
said  shallow  trench  is  filled  with  a  dielectric  that 
also  covers  said  strap;  and 
said  dielectric  is  planarized  to  be  coplanar  with 

55  said  active  area  top  surface. 

5.  A  method  according  to  claim  1  or  3  or  4,  in  which 
said  strap  material  is  conductive  and  in  which 
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said  step  of  forming  said  transistor  includes  im- 
planting  said  active  area  after  a  transistor  gate  is 
in  place,  whereby  a  conductive  path  is  formed 
from  said  transistor  electrode  through  said  strap 
to  said  trench  center  electrode.  5 
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