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(57)  The  invention  provides  a  trench  sidewall 
structure  and  a  method  of  forming  and  using 
the  same  to  reduce  parasitic  sidewall  leakage 
through  a  trench  sidewall,  for  example  from 
bitline  contact  to  storage  node  or  from  storage 
node  to  substrate.  The  method  involves  placing 
a  polysilicon  layer  of  the  same  polarity  as  that  of 
the  array  well,  along  with  a  diffusion  barrier 
layer  such  an  titanium  nitride,  between  the 
storage  node  poly  and  the  oxide  collar. 
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1  EPO 

This  invention  relates  to  a  trench  sidewall  struc- 
ture.  More  specifically,  the  invention  relates  to  a  side- 
wall  structure  which  comprises  an  oxide  collar  layer, 
a  doped  polysilicon  layer,  and  a  diffusion  barrier  layer. 
The  trench  sidewall  structure  reduces  trench  sidewall 
leakage  between  the  storage  node  poly  and  the  oxide 
collar. 

For  trench  DRAM  cells,  one  serious  drawback  is 
the  parasitic  sidewall  leakage  through  the  trench 
sidewalls.  This  is  due  to  the  formation  of  a  parasitic 
sidewall  transistor  as  explained  in  a  paper  by  N.C.C. 
Lu  et  al.,  IEEE  J.  Solid-State  Circuits  SC-21:  627 
(1986).  The  parasitic  MOS  transistor  causes  a  leak- 
age  current  to  pass  through  a  sidewall  portion  of  a 
channel  formed  adjacent  to  the  trench.  Such  leakage 
can  occur  from  bitline  contact  to  the  storage  node, 
and  from  storage  node  to  the  substrate,  for  example. 
One  way  to  reduce  this  parasitic  sidewall  leakage  is 
to  increase  the  thickness  of  the  oxide  collar  normally 
placed  around  the  trench  near  the  top  of  the  trench 
(the  trench  neck).  However,  collar  thickness  is  in- 
creased  at  the  expense  of  storage  node  thickness 
within  the  trench,  the  size  of  the  trench  opening  being 
fixed.  Thus,  increasing  the  collar  thickness  (1)  reduc- 
es  the  contact  area  available  for  contact  with  the  stor- 
age  node,  (2)  increases  the  RC  time  constant  of  the 
storage  node  poly,  and  (3)  introduces  other  process 
constraints. 

Minimizing  the  leakage  of  stored  charge  to  pre- 
serve  the  stored  information  is  important  to  the  func- 
tional  operation  of  dynamic  memory  (DRAM).  For 
most  trench  DRAM  cells,  this  means  reducing  the 
parasitic  sidewall  leakage  to  the  lowest  levels,  with- 
out  affecting  other  cell  characteristics.  Increasing  the 
collar  thickness  alone  is  not  a  viable  alternative,  es- 
pecially  with  increasing  memory  cell  density  when 
memory  cells  are  scaled  down.  It  is  therefore  desir- 
able  to  find  alternative  ways  to  reduce  trench  sidewall 
leakage  which  do  not  have  these  drawbacks  associ- 
ated  with  increased  collar  thickness. 

In  furtherance  of  this  objective,  the  present  in- 
vention  is  directed  to  a  trench  sidewall  structure  which 
reduces  leakage  through  the  trench  sidewall.  The 
trench  sidewall  structure  disclosed  herein  is  a  viable 
alternative  to  reduce  the  parasitic  sidewall  leakage 
for  the  present  and  future  DRAMs. 

The  invention  provides  a  heavily  doped  polysili- 
con  layer  and  a  diffusion  barrier  layer  placed  between 
the  storage  node  poly  of  a  trench  and  the  oxide  collar 
of  the  trench.  The  heavily  doped  polysilicon  layer  has 
the  same  polarity  as  the  array  well  into  which  the 
trench  is  placed.  In  general,  the  DRAM  cell  is  placed 
in  a  well  near  the  surface  of  the  substrate.  The  polar- 
ity  of  the  array  well  doping  is  opposite  to  that  of  the 
substrate.  For  example,  consider  an  n+  substrate  with 
a  p-well.  If  the  trench  array  is  placed  in  a  p-well,  a  p+ 
polysilicon  layer  is  placed  between  the  storage  node 
poly  (generally  n+  polysilicon  with  an  n+  substrate) 
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and  the  oxide  collar  (for  example,  tetraethylorthosili- 
cate  [TEOS!  or  other  deposited  oxide).  A  diffusion 
barrier  layer  is  also  added,  which  makes  ohmic  con- 
tact  with  the  p+  polysilicon  layer  as  well  as  the  n+ 

5  polysilicon  in  the  storage  node,  to  prevent  the  forma- 
tion  of  a  p-n  junction.  Preferably,  the  diffusion  barrier 
layer  comprises  titanium  nitride.  Another  equally  good 
diffusion  barrier  is  tantalum  nitride,  or  other  materials 
having  similar  diffusion  barrier  properties. 

10  The  effect  of  this  trench  sidewall  structure  is  to 
shift  the  threshold  voltage  by  1.1  V  and  thereby  re- 
duce  the  subthreshold  leakage  through  the  trench 
sidewall.  This  is  in  addition  to  the  effect  of  the  oxide 
collar  in  reducing  leakage.  Thus,  using  the  subject  in- 

15  vention,  leakage  current  may  be  reduced  without  in- 
creasing  the  thickness  of  the  oxide  collar.  Alternative- 
ly,  the  oxide  collar  thickness  may  be  reduced  while 
keeping  the  same  leakage,  if  the  trench  sidewall 
structure  of  the  subject  invention  is  utilized. 

20  The  trench  structure  is  formed  by  initially  etching 
a  trench.  This  is  done  by  anisotropically  etching  the 
silicon  substrate  to  the  required  trench  depth  using  an 
oxide  or  silicon  nitride  mask.  A  capacitor  insulator  is 
formed,  and  the  trench  is  filled  with  polysilicon,  pla- 

25  narized,  and  recessed  to  a  depth  more  than  the  well. 
In  one  example,  an  n+  substrate,  a  p-well,  and  an  n+ 
poly  fill  is  utilized.  A  thin  layer  of  TEOS  for  the  oxide 
collar  is  then  deposited  followed  by  a  thin  p+  polysi- 
licon  layer.  The  polysilicon  and  the  TEOS  are  then 

30  anisotropically  etched  to  form  spacers.  Athin  layer  of 
titanium  nitride  is  then  deposited  followed  by  n+  poly- 
silicon  deposition.  The  n+  polysilicon  is  then  plana- 
rized  and  recessed,  and  the  exposed  titanium  nitride 
is  etched  off.  Further  conventional  processing  is  then 

35  used  to  form  the  desired  cell  structure  which  incorpor- 
ates  the  trench  having  the  sidewalls  as  provided 
herein. 

The  foregoing  and  other  objects,  features  and  ad- 
vantages  of  the  invention  will  be  apparent  from  the 

40  following  more  particular  description  of  preferred  em- 
bodiments  of  the  invention  as  illustrated  in  the  accom- 
panying  drawings  in  which: 

FIG.  1  is  a  cross-section  side  elevational  view  of 
a  trench; 

45  FIG.  2  is  a  cross-section  side  elevational  view  of 
the  trench  shown  in  FIG.  1  after  deposition  of  an 
oxide  collar  and  a  doped  polysilicon  layer; 
FIG.  3  is  a  cross-section  side  elevational  view  of 
the  trench  structure  shown  in  FIG.  2  after  aniso- 

50  tropic  etching  of  the  oxide  collar  and  the  doped 
polysilicon  layer  to  form  spacers; 
FIG.  4  is  a  cross-section  side  elevational  view  of 
the  trench  structure  shown  in  FIG.  3  after  depos- 
ition  of  a  diffusion  barrier  layer; 

55  FIG.  5  is  a  cross-section  side  elevational  view  of 
the  trench  structure  shown  in  FIG.  4  after  the 
trench  is  filled  with  n+  polysilicon  to  form  the  stor- 
age  node  of  the  trench;  and 
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FIG.  6  is  a  cross-section  side  elevational  view  of 
the  trench  structure  shown  in  FIG.  5  after  the  n+ 
polysilicon  is  planarized  and  recessed,  and  the 
exposed  diffusion  barrier  layer  is  etched  off. 
As  mentioned  previously,  the  broad  concept  of  5 

the  subject  invention  is  directed  to  a  trench  sidewall 
structure  which  helps  reduce  trench  sidewall  leakage. 
The  trench  sidewall  structure,  as  is  best  shown  in  FIG. 
6,  comprises  an  oxide  collar  layer  1  8,  adjacent  a  dop- 
ed  polysilicon  layer  20,  adjacent  a  diffusion  barrier  10 
layer  26.  The  doped  polysilicon  layer  20  and  the  dif- 
fusion  barrier  layer  26  separate  the  oxide  collar  layer 
18  from  the  trench  storage  node  polysilicon  28.  This 
sidewall  structure  helps  to  reduce  leakage  through 
the  well  adjacent  to  the  trench  sidewall,  for  example  15 
from  the  storage  node  polysilicon  28  to  substrate  10. 

The  invention  may  be  more  readily  understood  by 
describing  the  process  by  which  the  trench  sidewall 
structure  is  formed.  Referring  to  FIG.  1  ,  an  n+  semi- 
conductor  substrate  10  having  a  p-well  12  formed  20 
therein  is  shown.  Atrench  14  has  been  formed  in  the 
substrate  10  and  partially  in  the  p-well  12.  The  poly- 
silicon  fill  16  is  recessed  to  a  level  below  the  well  12. 
8  shows  the  end  of  the  well.  As  shown  in  FIG.  2,  an 
oxide  collar  layer  18  is  conformally  deposited  into  the  25 
trench,  over  which  a  further  layer  of  doped  polysilicon 
20  is  conformally  deposited  adjacent  to  the  oxide  col- 
lar  layer  1  8.  The  oxide  collar  layer  1  8  and  doped  poly- 
silicon  layer  20  are  then  anisotropically  etched  to  re- 
move  these  layers  from  the  bottom  surface  22  of  the  30 
trench  adjacent  the  polysilicon  16  fill  (see  FIG.  3).  By 
utilizing  anisotropic  etching,  the  oxide  collar  layer  18 
and  the  doped  polysilicon  layer  20  remain  on  the  vert- 
ical  sidewalls  24  of  the  trench. 

As  shown  in  FIG.  4,  a  diffusion  barrier  layer  26  is  35 
then  conformally  deposited,  such  that  it  is  adjacent  to 
the  bottom  surface  22  and  the  doped  polysilicon  20. 
The  trench  is  then  filled,  for  example  with  n+  polysi- 
licon,  to  form  the  storage  node  28  as  shown  in  FIG. 
5.  The  storage  node  28  is  planarized  and  recessed,  40 
after  which  the  exposed  diffusion  barrier  layer  26  is 
etched  off  (see  FIG.  6).  This  leaves  a  trench  structure 
comprising  the  storage  node  28  surrounded  by  the 
trench  sidewall  structure  of  oxide  collar  18,  doped 
polysilicon  20,  and  diffusion  barrier  layer  26.  Further  45 
processing  according  to  known  techniques  can  then 
be  utilized  to  form  various  cell  structures  utilizing  the 
trench  structure.  Such  a  structure  is  useful  whenever 
trench  sidewall  leakage  is  a  problem  and  the  reduc- 
tion  of  such  leakage  can  be  provided  by  the  subject  50 
invention. 

Various  materials  and  methods  can  be  utilized  to 
form  and  to  comprise  the  trench  sidewall  structure.  In 
the  preferred  embodiment,  the  trench  sidewall  struc- 
ture  is  utilized  in  a  p-well  array  on  an  n+  substrate,  55 
with  a  trench  having  an  n+  polysilicon  storage  node. 
A  TEOS  oxide  collar  is  provided,  adjacent  a  p+  doped 
polysilicon  layer,  adjacent  a  titanium  nitride  diffusion 

barrier  layer.  This  structure  effectively  reduces  trench 
sidewall  leakage,  for  example  from  the  trench  storage 
node  to  the  substrate  through  the  well  adjacent  to  the 
oxide  collar.  Other  combinations  are  also  possible. 
For  example,  an  n-well  array  over  a  p+  substrate  with 
p+  storage  node  polysilicon  inside  can  be  utilized.  For 
this  structure,  an  n+  polysilicon  layer  is  placed  be- 
tween  the  oxide  collar  and  the  titanium  nitride  diffu- 
sion  barrier.  In  addition,  other  suitable  materials  for 
the  oxide  collar,  such  as  silicon  nitride  or  other  forms 
of  oxide,  may  be  used.  Other  suitable  materials  for 
the  diffusion  barrier  layer  are  tantalum  nitride,  for  ex- 
ample.  The  p+  doped  polysilicon  layer  has  the  same 
polarity  as  the  array  well.  Therefore,  if  the  trench  is 
placed  in  an  n+  well,  an  n+  doped  polysilicon  layer 
would  be  placed  between  the  storage  node  poly  and 
the  oxide  collar. 

Various  etching  and  deposition  techniques 
known  in  the  art  can  be  utilized  to  form  the  various 
layers  of  the  trench  sidewall  structure.  For  example, 
deposition  of  the  oxide  collar  and  the  doped  polysili- 
con  layers,  as  well  as  the  diffusion  barrier  layer, 
should  be  by  a  method  which  results  in  a  conformally 
deposited  layer,  such  as  chemical  vapor  deposition. 
Sputtering  techniques  or  plasma  deposition  could 
also  be  utilized  as  long  as  conformal  deposition  is  at- 
tainable.  The  anisotropic  etch  can  utilize  suitable 
etchants,  which  depend  upon  the  material  being  etch- 
ed.  In  the  case  of  the  preferred  embodiment,  an  ani- 
sotropic  etch  of  p+  doped  polysilicon  may  be  per- 
formed  by  reactive  ion  etching  using  bromine  or  chlor- 
ine  based  chemistry.  The  anisotropic  etch  of  the  ox- 
ide  layer  is  done  by  reactive  ion  etching  using  fluorine 
based  chemistry.  Reactive  ion  etching  using  chlorine 
based  chemistry  may  be  used  to  etch  titanium  nitride. 
The  etching  of  tantalum  nitride  is  similar  to  that  of  ti- 
tanium  nitride. 

The  resulting  sidewall  structure  of  the  preferred 
embodiment  is  placed  inside  a  trench  of  opening  di- 
mensions  about  0.5  microns,  and  has  a  diffusion  bar- 
rier  layer  of  athickness  of  about  10  nm,  adoped  poly- 
silicon  layer  of  a  thickness  of  about  100  nm,  and  an 
oxide  collar  layer  of  a  thickness  of  about  25  nm. 
These  layer  thicknesses  can  be  altered  depending 
upon  the  reduction  in  leakage  desired.  In  the  prefer- 
red  embodiment,  the  subthreshold  leakage  is  re- 
duced  by  a  voltage  bias  of  1.1  V  (bandgap).  It  is  also 
possible  to  reduce  the  oxide  collar  thickness,  if  desir- 
able,  while  still  maintaining  the  same  sidewall  leak- 
age  as  the  thicker  oxide  collar  provided,  if  the  side- 
wall  structure  of  the  invention  is  utilized. 

Claims 

1.  A  trench  structure  characterized  in  that  it  com- 
prises: 

a)  an  oxide  collar  layer; 
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b)  a  doped  polysilicon  layer  adjacent  said  ox- 
ide  collar  layer;  and 
c)  a  diffusion  barrier  layer  adjacent  said  dop- 
ed  polysilicon  layer. 

5 
2.  The  trench  structure  of  claim  1  wherein  the  trench 

structure  extends  from  a  well  into  a  substrate. 

3.  The  trench  structure  of  claim  1  or  2  wherein  said 
oxide  collar  layer  comprises  a  material  selected  10 
from  the  group  consisting  of  tetraethylorthosili- 
cate,  a  silicon  oxide,  and  silicon  nitride. 

4.  The  trench  structure  of  claims  1  to  3  wherein  said 
diffusion  barrier  layer  comprises  a  material  hav-  15 
ing  diffusion  barrier  properties  similar  to  titanium 
nitride. 

5.  The  trench  structure  of  claims  1  to  3  wherein  said 
diffusion  barrier  layer  comprises  a  material  se-  20 
lected  from  the  group  consisting  of  titanium  nitr- 
ide  and  tantalum  nitride. 

6.  The  trench  structure  of  claims  1  to  5  wherein  said 
doped  polysilicon  layer  comprises  p+  polysilicon.  25 

7.  The  trench  structure  of  claims  1  to  5  wherein  said 
doped  polysilicon  layer  comprises  n+  polysilicon. 

8.  The  trench  structure  of  claims  1  to  5  wherein  said  30 
doped  polysilicon  layer  has  a  polarity  identical  to 
a  polarity  of  an  array  well  into  which  said  trench 
is  formed. 

9.  The  trench  structure  of  claim  8  wherein  said  po-  35 
larity  comprises  p+. 

10.  The  trench  structure  of  claim  8  wherein  said  po- 
larity  comprises  n+. 

40 
11.  A  trench  structure  of  any  one  of  the  previous 

claims  characterized  in  that  it  surrounds: 
a  storage  node  of  polysilicon. 

12.  The  trench  structure  of  any  one  of  the  previous  45 
claims  wherein  the  trench  structure  comprises  a 
portion  of  a  trench  DRAM  cell  structure. 

13.  The  trench  structure  of  claim  11  wherein  said 
storage  node  of  polysilicon  comprises  n+  polysi-  50 
I  icon. 

14.  The  trench  structure  of  claim  11  wherein  said 
storage  node  of  polysilicon  comprises  p+  polysi- 
licon.  55 

a)  etching  a  trench  in  a  semiconductor  sub- 
strate,  said  trench  having  a  substantially  vert- 
ical  sidewall  and  a  substantially  horizontal 
bottom  surface; 
b)  conformally  depositing  a  layer  of  an  oxide 
collar  onto  said  vertical  sidewall  and  said  bot- 
tom  surface; 
c)  conformally  depositing  a  layer  of  doped 
polysilicon  onto  said  layer  of  oxide  collar; 
d)  anisotropically  etching  said  doped  polysili- 
con  layer  and  said  oxide  collar  layer  overlying 
said  trench  bottom  surface,  leaving  only  said 
doped  polysilicon  layer  overlying  said  oxide 
collar  layer  on  said  vertical  sidewall; 
e)  conformally  depositing  a  diffusion  barrier 
layer  onto  said  doped  polysilicon  layer  and 
said  trench  bottom  surface;  and 
f)  filling  the  resulting  trench  structure  with 
polysilicon  so  as  to  form  a  trench  storage 
node,  said  trench  storage  node  and  deposited 
layers  forming  a  trench  structure. 

16.  A  method  of  reducing  trench  sidewall  leakage, 
said  method  comprising: 

a)  forming  a  trench  having  a  trench  storage 
node  of  polysilicon  and  having  an  oxide  collar 
as  a  trench  sidewall  surrounding  said  trench 
storage  node;  and 
b)  adding  to  said  trench  sidewall  a  diffusion 
barrier  layer  adjacent  said  storage  node,  and 
a  doped  polysilicon  layer  adjacent  said  diffu- 
sion  barrier  layer; 

wherein  said  diffusion  barrier  layer  and  said  dop- 
ed  polysilicon  layer  thereby  separate  said  trench 
storage  node  of  polysilicon  from  said  oxide  collar 
and  thereby  reduce  trench  sidewall  leakage  from 
said  trench  storage  node  through  said  oxide  col- 
lar. 

17.  A  method  of  reducing  diffusion  between  a  layer 
of  polysilicon  and  an  oxide  layer,  said  method 
comprising: 

a)  forming  a  doped  polysilicon  layer  adjacent 
to  an  oxide  layer;  and 
b)  forming  a  diffusion  barrier  layer  between 
said  doped  polysilicon  layer  and  a  second 
polysilicon  layer,  said  second  polysilicon  layer 
being  of  opposite  polarity  from  said  doped 
polysilicon  layer; 

wherein  said  doped  polysilicon  layer  and  said  dif- 
fusion  barrier  layer  separate  said  second  layer  of 
polysilicon  and  said  oxide  layer  and  thereby  re- 
duce  diffusion  between  said  separated  layers. 

40 

15.  A  method  of  forming  a  trench  structure,  said 
method  comprising: 

4 
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