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Description 

This  invention  relates  to  a  method  of  manufac- 
turing  a  semiconductor  device,  in  particular  a  verti- 
cal  double  diffused  insulated  gate  field  effect  tran- 
sistor. 

Various  methods  of  manufacturing  semicon- 
ductors  are  known  which  comprise  providing  a 
conductive  layer  on  a  surface  of  a  semiconductor 
body,  the  conductive  layer  being  formed  with  at 
least  one  opening  and  growing  insulating  material 
on  the  one  surface  to  cover  the  conductive  layer.  In 
so  far  as  the  manufacture  of  insulated  gate  field 
effect  transistors  is  concerned,  a  known  method 
comprise  providing  a  conductive  gate  layer  on  an 
insulating  layer  on  one  surface  of  a  semiconductor 
body  to  form  an  insulated  gate  structure  having  a 
gate  region  within  which  is  provided  an  opening, 
introducing  impurities  into  the  semiconductor  body 
to  form  a  source  region  of  one  conductivity  type 
registering  with  the  insulated  gate  structure  and  a 
channel  area  of  the  opposite  conductivity  type  un- 
derlying  the  gate  region  and  growing  insulating 
material  on  the  said  surface  to  cover  the  insulated 
gate  structure. 

One  such  method  of  manufacturing  an  insu- 
lated  gate  field  effect  transistor  is  described  in  the 
paper  by  H.  Esaki  and  0.  Ishikawa  entitled  'A 
900MHz  100W  VD-MOSFET  with  silicide  gate  self- 
aligned  channel'  published  in  the  proceedings  of 
the  1984  IEDM  at  pages  447  to  450. 

The  IGFET  described  in  the  afore-mentioned 
paper  is  of  the  DMOST  type,  that  is  the  channel 
length  within  the  device  is  accurately  defined  by 
double  lateral  diffusion  of  different  impurities  using, 
as  described,  the  gate  layer  as  a  mask.  The  IGFET 
is  also  of  the  vertical  configuration  having  its 
source  and  drain  electrodes  on  opposite  major 
surfaces  of  the  semiconductor  body  and  has  an 
interdigitated  source-gate  structure.  As  described 
in  the  paper,  the  centre  of  each  gate  finger  of  the 
interdigitated  source-gate  structure  is  removed  so 
as  to  reduce  drain-gate  capacitance  to  enable  high 
power  gain  at  the  relatively  high  frequency  of 
900MHz  referred  to  in  the  paper. 

EP-A-67475  similarly  describes  a  vertical 
DMOST  in  which  the  centres  of  the  gate  fingers 
may  be  removed  or  formed  of  a  more  highly  resis- 
tive  material  than  the  edges  of  the  gate  fingers  so 
as  to  reduce  gate  drain  capacitance.  As  described 
in  EP-A-67475,  the  gate  fingers  are  defined  by  a 
polycrystalline  silicon  layer  of  relatively  high  re- 
sistivity  and  a  doping  element  is  diffused  laterally 
into  the  edges  of  the  layer  so  as  to  form  more 
highly  conductive  strips  along  the  edges  of  the 
gate  fingers.  The  central  more  highly  resistive  poly- 
crystalline  silicon  part  of  each  gate  finger  may  be 
left  in  place  or  may  be  removed  by  an  appropriate 

etching  technique. 
The  invention  concerns  a  method  of  manufac- 

turing  a  vertical  double  diffused  insulated  gate  field 
effect  transistor,  which  method  comprises  providing 

5  an  insulating  layer  on  one  of  two  opposed  surfaces 
of  a  semiconductor  body,  forming  an  insulated  gate 
structure  by  providing  separate  conductive  gate 
regions  on  the  insulating  layer  with  an  opening 
smaller  than  the  distance  between  adjacent  con- 

io  ductive  gate  regions,  said  openings  being  provided 
through  each  conductive  gate  region  to  the  insulat- 
ing  layer,  growing  insulating  material  to  cover  the 
conductive  gate  regions  and  the  areas  between  the 
conductive  gate  regions,  the  openings  in  the  con- 

75  ductive  gate  regions  being  sufficiently  small  and 
the  growth  of  the  insulating  material  being  contin- 
ued  for  a  sufficiently  long  period  that  insulating 
material  growing  on  edges  of  the  conductive  gate 
regions  bounding  the  openings  meets  to  close  the 

20  openings,  forming  windows  through  the  insulating 
material  on  the  areas  between  the  conductive  gate 
regions  by  etching  the  insulating  material  an- 
isotropically  towards  the  surface  of  the  semicon- 
ductor  body  so  that  insulating  material  remains  on 

25  edges  of  the  conductive  gate  regions,  bounding  at 
least  part  of  the  windows  formed  within  the  insulat- 
ing  material  by  the  anisotropic  etching  and  leaving 
the  openings  in  the  conductive  gate  regions  closed, 
introducing  impurities  of  the  one  and  the  opposite 

30  conductivity  type  via  the  windows,  using  the  con- 
ductive  gate  regions  and  the  insulating  material  as 
a  mask,  into  the  semiconductor  body,  causing  said 
impurities  to  diffuse  into  the  semiconductor  body  to 
form  source  regions  of  one  conductivity  type  within 

35  body  regions  of  the  opposite  conductivity  type, 
said  body  regions  comprising  channel  areas  under- 
lying  the  conductive  gate  regions,  so  that  the  chan- 
nel  areas  provide  a  gateable  conductive  path  for 
the  flow  of  charge  carriers  of  the  one  conductivity 

40  type  between  the  source  regions  and  a  drain  re- 
gion  of  the  one  conductivity  type. 

It  should  be  understood  that,  as  used  herein, 
the  term  growing  includes  all  methods  of  providing 
insulating  material  on  the  surface  and  thus  in- 

45  eludes,  for  example,  depositing  the  insulating  ma- 
terial  on  the  surface. 

Thus  by  using  a  method  in  accordance  with 
the  invention,  because  the  openings  are  sufficiently 
small  and  the  insulating  material  is  grown  for  a 

50  sufficiently  long  period  that  insulating  material 
growing  on  the  edges  of  the  conductive  gate  re- 
gions  meets  to  cover  or  close  the  openings,  in- 
sulating  material  remains  to  cover,  that  is  at  least 
partially  to  fill,  the  openings  within  the  conductive 

55  gate  regions  after  the  anisotropic  etching  step. 
Where  the  growth  of  the  insulating  material  is  sub- 
stantially  isotropic  then  growth  should  be  continued 
until  the  insulating  material  forms  a  layer  having  a 
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thickness  equal  to  at  least  half  the  width  of  the 
openings.  The  insulating  material  left  in  the  open- 
ings  within  the  conductive  gate  regions  provides 
some  passivation  of  the  surface. 

Furthermore,  any  steps  in  the  top  surface  will 
be  reduced  and  smoothed  out  if  not  removed  en- 
tirely  so  that  the  top  surface  extending  over  the 
openings  will  be  flatter  than  it  would  have  been  if 
the  openings  were  not  at  least  partially  filled  by 
insulating  material,  thus  reducing  the  possibility  of 
weak  points  in  metallisation  later  provided  to  over- 
lie  the  top  surface  to  contact  the  gate  conductive 
regions  and/or  the  semiconductor  surface. 

The  insulating  material  remaining  on  edges  of 
the  conductive  gate  regions  to  define  at  least  part 
of  the  window  also  serves  to  enable  registration  of 
the  source  regions  and  channel  areas  with  the 
conductive  gate  regions  while  the  insulating  ma- 
terial  remaining  in  the  opening  prevents  the  surface 
beneath  the  opening  from  being  contaminated  by 
the  impurities.  Thus,  an  IGFET  with  a  hollow  gate 
structure  can  be  formed  without  the  necessity  for  a 
final  step  of  removing  a  central  part  of  the  gate 
region.  Furthermore  as  the  opening  within  the  gate 
regions  may  be  defined  at  the  same  time  and  with 
the  same  step  as  the  gate  region  boundary,  toler- 
ance  problems  may  be  minimised  enabling  more 
precise  alignment  of  the  source  regions  and  chan- 
nel  areas  to  the  hollow  gate  structure. 

The  windows  in  the  insulating  material  will  nor- 
mally,  but  need  not  necessarily,  extend  sufficiently 
through  the  insulating  material  to  expose  the  semi- 
conductor  body  surface.  For  example,  the  impuri- 
ties  to  form  the  source  regions  and  channel  areas 
may  be  implanted  via  windows  which  do  not  ex- 
tend  right  through  the  insulating  material  but  which 
define  a  thinner  region  of  insulating  material  of 
small  enough  thickness  to  enable  the  desired  im- 
plantation  of  impurities  but  which  also  provides 
some  protection  for  the  surface. 

In  an  embodiment  of  the  present  invention 
each  source  region  may  be  formed  within  a  body 
region  of  the  opposite  conductivity  type  with  part  of 
the  body  region  providing  the  associated  channel 
area  and  the  method  may  further  comprise  shorting 
the  body  region  to  the  source  region  by  providing 
one  or  more  masking  regions  extending  across  the 
window  formed  by  the  anisotropic  etching  so  that 
the  masking  region(s)  and  the  window  define  there- 
between  one  or  more  exposed  areas  of  the  source 
region  not  covered  by  either  the  masking  region(s) 
or  the  insulating  material,  etching  away  the  said 
exposed  area(s)  of  the  source  region  to  expose  an 
underlying  area  or  areas  of  the  body  region,  re- 
moving  the  masking  region(s)  and  providing  metal- 
lisation  within  the  window  to  short  the  exposed 
area(s)  of  the  body  region  to  the  source  region. 

Each  window  may  be  elongate  and  the  or  each 
masking  region  may  be  provided  on  the  insulating 
material  so  as  to  extend  completely  across  the 
width  but  only  partly  across  the  length  of  the  win- 

5  dow. 
Thus,  the  windows  used  for  introducing  the 

source  regions  and  channel  areas  may  also  be 
used  for  shorting  each  body  region  to  the  asso- 
ciated  source  region  because  the  insulating  ma- 

io  terial  remaining  on  edges  of  the  conductive  gate 
regions  insulates  the  conductive  gate  regions  from 
the  source  regions  to  prevent  accidental  shorting  of 
the  source  regions  to  the  gate.  Such  an  arrange- 
ment  enables  the  alignment  tolerances  to  be  re- 

15  duced  both  because  the  same  window  is  used  for 
introducing  the  impurities  and  for  shorting  each 
source  to  the  associated  body  region  and  because 
the  exposed  areas  of  the  body  regions  may  be 
automatically  aligned  to  the  contact  windows  thus 

20  avoiding  or  at  least  reducing  the  alignment  prob- 
lems  of  the  known  method  discussed  above  and 
enabling  devices  with  more  reproducible  character- 
istics  to  be  produced. 

Where  the  windows  are  elongate,  the  masking 
25  region(s)  may  be  provided  on  the  insulating  layer 

so  as  to  extend  completely  across  the  windows  in 
a  direction  transverse  to  the  length  of  the  window. 
Generally,  the  step  of  providing  the  masking 
region(s)  comprises  providing  a  respective  plurality 

30  of  substantially  mutually  parallel  spaced  apart 
masking  regions  extending  transversely  across 
each  window  so  as  to  define  a  number  of  spaced- 
apart  exposed  areas  of  the  respective  source  re- 
gion  within  the  window.  Usually,  the  respective 

35  masking  regions  extending  over  each  window  are 
equally  spaced  apart  in  the  direction  of  the  length 
of  the  window. 

The  masking  regions  may  be  defined  by  regu- 
larly  spaced  apertures  formed  in  a  masking  layer, 

40  the  width  of  each  aperture  being  larger  than  the 
width  of  the  window  or  may  be  defined  by  strips 
extending  across  the  window  or  by  any  other  suit- 
able  arrangement,  it  merely  being  necessary  to 
ensure  that  in  a  direction  transverse  to  the  windows 

45  the  dimensions  of  the  masking  regions  and  spaces 
therebetween  are  sufficient  to  ensure  that  the 
masking  regions  extend  completely  across  the  win- 
dows  where  masking  is  desired  and  do  not  extend 
across  the  contact  windows  where  no  masking  is 

50  desired  even  when  possible  misalignment  toleran- 
ces  are  taken  into  account.  It  will  be  appreciated 
that  strip-like  masking  regions  extending  trans- 
versely,  in  a  preferred  arrangement  perpendicu- 
larly,  of  the  windows  may  be  particularly  advanta- 

55  geous  as  considerable  side  ways  misalignment  be- 
tween  the  masking  regions  and  the  windows  may 
still  not  affect  the  positioning  of  the  exposed  areas. 

4 
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The  method  may  further  comprise  introducing 
further  impurities  of  the  opposite  conductivity  type 
through  the  windows  after  etching  to  expose  the 
underlying  areas  of  the  body  regions  and  prior  to 
removal  of  the  masking  regions  to  increase  the 
surface  doping  of  the  exposed  body  regions  prior 
to  providing  source  metallisation  in  the  windows. 

Each  conductive  gate  region  may  be  elongate 
and  the  associated  opening  may  extend  along  the 
length  of  the  conductive  gate  region  to  form  two 
conductive  gate  region  strips,  the  anisotropic  etch- 
ing  of  the  insulating  material  defining  a  respective 
window  on  each  elongate  side  of  the  conductive 
gate  region  and  impurities  being  introduced  into 
the  semiconductor  body  to  form  a  respective 
source  region  aligned  with  each  elongate  edge  of 
the  conductive  gate  region  and  a  respective  chan- 
nel  area  underlying  each  conductive  gate  region 
strip.  Each  conductive  gate  region  may  form  a 
single  cell  of  the  IGFET  with  the  two  adjacent 
source  regions,  underlying  channel  areas  and  an 
associated  drain  region.  The  device  may  consist  of 
many  such  cells  having  a  common  drain  region 
disposed  adjacent  a  surface  of  the  semiconductor 
body  opposite  the  said  surface.  In  such  an  arrange- 
ment,  the  device  may  have  spaced-apart  elongate 
conductive  gate  regions  interconnected  by  trans- 
versely  extending  conductive  strips  provided  by  the 
conductive  layer  forming  the  conductive  gate  re- 
gions. 

Depending  upon  the  manner  in  which  the  in- 
sulating  material  is  grown,  the  anisotropic  etching 
may  expose  the  surface  of  the  conductive  layer 
forming  the  conductive  gate  regions.  Metal  may  be 
deposited  on  surfaces  exposed  by  the  anisotropic 
etching.  For  example  a  refractory  metal  may  be 
deposited  on  any  exposed  silicon  surface  and  an- 
nealed  to  form  a  self-aligned  refractory  metal  sili- 
cide.  Where  the  source  regions  are  shorted  to  the 
underlying  body  regions  as  discussed  above,  the 
conductive  gate  regions  will  normally  be  protected 
by  an  etch  resistant  layer,  for  example  a  silicon 
nitride  layer,  during  the  etching  step  to  expose  the 
p  body  region.  The  silicon  nitride  and  any  other 
insulating  layer  may  then  be  removed  to  expose 
the  conductive  gate  regions  for  silicidation  after  the 
etching  to  expose  areas  of  the  body  regions.  The 
silicidation  may  be  provided  in  addition  to  or  in 
replacement  of  further  doping  of  the  exposed  body 
regions. 

Of  course,  the  windows  need  not  necessarily 
expose  the  surface  of  the  semiconductor  body  and 
the  anisotropic  etching  may  result  in  only  the  top 
surfaces  of  the  conductive  gate  regions  being  ex- 
posed  for  silicidation.  Alternatively,  where  the  con- 
ductive  gate  regions  are  polycrystalline  silicon  gate 
regions  formed  on  a  silicon  body  the  insulating 
material  may  be  grown  by  a  method,  for  example 

wet  oxidation,  which  results  in  thicker  insulating 
material  over  the  conductive  gate  regions  so  that 
only  the  areas  of  the  semiconductor  body  surface 
within  the  windows  are  exposed  for  silicidation. 

5  It  should  be  noted  that  EP-A-54259  describes  a 
method  of  manufacturing  an  insulated  gate  field 
effect  transistor  of  the  lateral  type  (that  is  with  the 
source  and  drain  regions  adjacent  the  same  sur- 
face  of  the  semiconductor  body)  in  which  insulating 

io  material  covering  a  surface  of  a  silicon  body  carry- 
ing  an  insulated  polycrystalline  silicon  gate  is 
etched  anisotropically  to  define  with  field  oxide  on 
the  surface  a  window  on  either  side  of  the  gate  for 
introducing  impurities  to  form  a  source  and  a  drain 

is  region  on  respective  sides  of  the  gate.  Refractory 
metal  is  deposited  on  surfaces  exposed  by  the 
anisotropic  etching  (which  may  or  may  not  include 
the  surface  of  the  gate)  in  such  a  manner  so  as  to 
form  either  a  metal  layer  or  a  refractory  metal 

20  silicide  self  aligned  to  the  gate. 
In  order  that  the  invention  may  be  more  readily 

understood,  embodiments  thereof  will  now  be  de- 
scribed,  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which: 

25  Figures  1a  to  1e  are  schematic  cross-sectional 
views  illustrating,  in  sequence,  various  steps  of 
a  method  in  accordance  with  the  invention  for 
manufacturing  an  insulated  gate  field  effect  tran- 
sistor; 

30  Figure  2  is  a  schematic  cross-sectional  view 
taken  along  the  line  ll-ll  in  Figure  3  illustrating 
part  of  an  insulated  gate  field  effect  transistor 
manufactured  by  a  method  in  accordance  with 
the  invention;  and 

35  Figure  3  is  a  schematic  top  plan  view  illustrating 
part  of  the  insulated  field  effect  transistor  shown 
in  Figure  2. 

It  should  of  course  be  appreciated  that  the 
various  figures  are  not  drawn  to  scale  and  that, 

40  moreover,  in  the  interests  of  clarity  the  dimensions 
of  parts  of  the  figures  may  have  been  enlarged  or 
reduced. 

Referring  now  to  the  drawings,  there  is  illus- 
trated  a  method  of  manufacturing  a  vertical  double 

45  diffused  insulated  gate  field  effect  transistor,  which 
method  comprises  providing  an  insulating  layer 
(16)  on  one  (4)  of  two  opposed  surfaces  of  a 
semiconductor  body  (1),  forming  an  insulated  gate 
structure  by  providing  separate  conductive  gate 

50  regions  (8)  on  the  insulating  layer  (16)  with  an 
opening  (10)  smaller  than  the  distance  (7)  between 
adjacent  conductive  gate  regions  (8),  said  openings 
being  provided  through  each  conductive  gate  re- 
gion  to  the  insulating  layer  (16),  growing  insulating 

55  material  (16')  to  cover  the  conductive  gate  regions 
(8)  and  the  areas  (7)  between  the  conductive  gate 
regions  (8),  the  openings  (10)  in  the  conductive 
gate  regions  (8)  being  sufficiently  small  and  the 

5 
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growth  of  the  insulating  material  (16')  being  contin- 
ued  for  a  sufficiently  long  period  that  insulating 
material  growing  on  edges  (8"a)  of  the  conductive 
gate  regions  (8)  bounding  the  openings  (10)  meets 
to  close  the  openings  (10),  forming  windows  (18) 
through  the  insulating  material  (16')  on  the  areas 
(7)  between  the  conductive  gate  regions  (8)  by 
etching  the  insulating  material  (16')  anisotropically 
towards  the  surface  (4)  of  the  semiconductor  body 
(1)  so  that  insulating  material  (17,19)  remains  on 
edges  of  the  conductive  gate  regions  (8),  bounding 
at  least  part  of  the  windows  (18)  formed  within  the 
insulating  material  by  the  anisotropic  etching  and 
leaving  the  openings  (10)  in  the  conductive  gate 
regions  (8)  closed,  introducing  impurities  of  the  one 
and  the  opposite  conductivity  type  via  the  windows 
(18),  using  the  conductive  gate  regions  (8)  and  the 
insulating  material  (17,19)  as  a  mask,  into  the  semi- 
conductor  body  (1),  causing  said  impurities  to  dif- 
fuse  into  the  semiconductor  body  (1)  to  form 
source  regions  (2)  of  one  conductivity  type  within 
body  regions  (12)  of  the  opposite  conductivity  type, 
said  body  regions  (12)  comprising  channel  areas 
(13)  underlying  the  conductive  gate  regions  (8),  so 
that  the  channel  areas  (13)  provide  a  gateable 
conductive  path  for  the  flow  of  charge  carriers  of 
the  one  conductivity  type  between  the  source  re- 
gions  and  a  drain  region  of  the  one  conductivity 
type. 

The  IGFET  shown  in  Figures  2  and  3  is  a 
vertical  DMOS  transistor  (DMOST)  having  an  inter- 
digitated  structure  suitable  for  use  at  high  fre- 
quencies,  for  example  UHF  frequencies,  typically  in 
the  range  of  1GHz  (Gigahertz).  The  DMOST  is 
considered  to  be  of  vertical  configuration  because, 
as  shown  in  Figure  2,  the  semiconductor  body  1  of 
the  DMOST  has  source  and  drain  regions  2  and  3 
disposed  at  respective  ones  of  two  opposed  major 
surfaces  4  and  5  of  the  semiconductor  body  so 
that,  in  operation  of  the  device,  current  flows  be- 
tween  the  two  opposed  major  surfaces  4  and  5. 

A  conductive  gate  layer  6  of  the  IGFET  has 
regularly  arranged  apertures  7  which,  as  shown, 
are  rectangular  and  define  parallel  spaced-apart 
rectangular  conductive  gate  regions  8  hereinafter 
referred  to  as  gate  fingers  connected  by  trans- 
versely  extending  conductive  strips  or  bus  bars  9. 
Each  gate  finger  8  is  formed  with  a  central  rectan- 
gular  opening  10  which  extends  along  the  length  of 
the  gate  finger  8  dividing  it  into  two  gate  finger 
strips  8a.  Thus,  together  with  edges  9a  of  the 
associated  transversely  extending  bus  bars  9,  outer 
edges  8'a  of  the  gate  finger  strips  8a  define  the 
apertures  7  while  inner  edges  8"a  of  the  gate 
finger  strips  define  the  openings  10. 

It  should  of  course  be  appreciated  that  al- 
though  a  rectangular  geometry  has  been  shown  for 
the  gate  layer  6,  any  other  suitable  geometry  could 

be  used,  depending  upon  the  desired  source  re- 
gion  geometry. 

In  the  arrangement  shown  in  Figures  2  and  3,  a 
number  of  source  regions  2  are  provided  adjacent 

5  the  major  surface  4  while  only  a  single  drain  region 
3,  common  to  all  the  source  regions  2,  is  provided 
adjacent  the  major  surface  5. 

As  mentioned  above  the  IGFET  shown  in  Fig- 
ures  2  and  3  is  a  DMOST,  that  is  an  IGFET  in 

io  which  the  channel  length  is  accurately  defined  by 
double  lateral  diffusion  of  different  impurities  in  the 
semiconductor  body.  Thus  by  introducing  impuri- 
ties  via  the  apertures  7  in  the  gate  layer  6  as  will 
be  described  hereinafter  the  gate  layer  is  used  as 

is  a  mask  and  each  source  region  2  is  formed  within 
a  respective  body  region  12  of  the  opposite  con- 
ductivity  type  so  that  the  boundary  of  each  source 
region  2  is  aligned  with  edges  of  the  associated 
aperture  and  part  of  the  associated  body  region 

20  underlies  each  of  the  same  two  gate  finger  strips 
8a  to  form  respective  channel  areas  13  under  each 
gate  finger  strip  8a  each  extending  between  a 
respective  source  region  2  and  the  drain  region  3. 
As  will  be  appreciated  from  Figures  1c  and  2,  in 

25  particular,  each  source  region  2  is  associated  with 
two  channel  areas  13  and  therefore  two  gate  fin- 
gers  8.  Adjacent  source  regions,  for  example 
source  regions  2'  and  2"  in  Figure  2,  form  with  the 
gate  finger  8  and  underlying  channel  areas  13 

30  disposed  between  the  two  sources  a  cell  of  the 
IGFET  so  that  apart  from  at  the  periphery  of  the 
active  area  of  the  device,  each  source  region  2  is 
common  to  two  cells.  Typically  the  IGFET  will  have 
hundreds  of  such  cells.  As  shown,  the  cells  are  of 

35  rectangular  configuration  although,  of  course,  any 
suitable  geometry  could  be  used. 

As  will  be  discussed  in  greater  detail 
hereinafter  openings  2a  are  provided  in  the  source 
regions  2  to  expose  areas  12a  of  the  body  regions 

40  13  so  that  each  source  region  is  shorted  to  the 
associated  body  region  by  the  later  applied  source 
metallisation. 

A  method  embodying  the  invention  for  manu- 
facturing  the  IGFET  shown  in  Figures  2  and  3  will 

45  now  be  described  and  further  features  of  the  IG- 
FET  will  become  apparent  from  the  following  de- 
scription. 

The  semiconductor  body  1  comprises  an  n  + 
conductivity  type  monocrystalline  silicon  substrate 

50  14  on  which  is  grown  epitaxially  a  more  highly 
resistive  n  conductivity  type  monocrystalline  silicon 
layer  15.  Typically  the  substrate  14  may  have  a 
resisitivity  of  10-3  ohm  cm  and  a  thickness  of  250 
micrometres  while  the  epitaxial  layer  15  may  have 

55  a  resistivity  of  1  ohm  cm  and  a  thickness  of  8 
micrometres. 

An  oxide  layer  16  (Figure  1a)  typically  of  0.07 
micrometres  thickness  is  grown  on  the  surface  4  of 

6 
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the  layer  15  by  conventional  thermal  techniques 
and  a  gate  layer  6  is  then  deposited  on  the  oxide 
layer  16.  In  this  particular  example,  the  gate  layer  6 
has  a  composite  layer  structure.  Thus,  a  poly- 
crystalline  silicon  layer  61  is  deposited  on  the 
oxide  layer  15  followed  by  an  insulating  layer  62, 
for  example  a  silicon  dioxide  layer  and  then  an 
etch-resistant  layer  63  of,  for  example,  silicon 
nitride.  Using  conventional  masking  and  etching 
techniques  unwanted  parts  of  the  composite  gate 
layer  6  are  removed  so  as  to  form  the  hollow  gate 
fingers  8  interconnected  by  the  bus  bars  9  (Figures 
2  and  3). 

In  order  to  provide  the  required  low  resistivity, 
the  polycrystalline  silicon  gate  layer  61  is  doped 
with,  for  example,  boron  or  phosphorus.  Although 
the  layer  61  may  be  deposited  as  a  doped  layer, 
doping  may  be  carried  out  after  deposition  and 
patterning  of  the  gate  layer  6.  For  example,  the 
doping  of  the  gate  layer  6  may  occur  during  forma- 
tion  of  the  source  and  body  regions  2  and  12  or 
may  be  by  lateral  diffusion  of,  for  example,  boron 
into  exposed  edges  of  the  patterned  gate  layer  as 
described  in  EP-A-67475.  In  the  latter  case,  the 
openings  10  in  the  gate  fingers  8  will  normally  (but 
not  necessarily)  be  formed  after  doping  of  the 
patterned  gate  layer  6  as  described  in  EP-A-67475. 

Of  course,  the  gate  layer  61  need  not  nec- 
essarily  be  a  polycrystalline  silicon  layer  but  could 
be  any  suitable  conductive  layer,  for  example  a 
refractory  metal  layer,  a  refractory  metal  silicide 
layer  (for  example  a  platinum  silicide  layer)  depos- 
ited  on  the  oxide  layer  16  or  a  composite  of  two  or 
more  of  the  above  mentioned  materials. 

After  the  gate  layer  6  has  been  formed,  insulat- 
ing  material  16',  for  example  silicon  dioxide  is 
deposited  on  the  surface  4  by  an  appropriate  vap- 
our  deposition  technique. 

The  insulating  material  grows  on  all  exposed 
surface,  that  is  the  surface  4,  where  exposed,  the 
surface  63'  of  the  gate  layer  and  edges  9a  and  8'a 
and  8"a  of  the  gate  layer  6. 

The  separation  of  the  two  gate  finger  strips  8a 
of  each  gate  finger  is  sufficiently  small  and  the 
period  for  which  insulating  material  is  deposited  is 
sufficiently  long  that  insulating  material  growing  on 
the  edges  8"a  of  the  gate  finger  strips  8a  laterally 
of  the  elongate  gate  fingers  8  (that  is  across  the 
surface  4)  meets  or  merges  to  cover  completely 
the  openings  10. 

It  will  of  course  be  appreciated  that  the  meet- 
ing  or  merging  of  the  insulating  material  growing  on 
the  edges  8"a  does  not  depend  merely  on  the 
separation  of  the  edges  8"a  within  a  gate  finger  8 
that  is  the  width  of  the  openings  10  but  depends  on 
the  thickness  of  insulating  material  grown  on  the 
edges  8"a.  Where  the  thickness  of  the  composite 
gate  layer  6  is  comparable  to  the  width  of  the 

openings  10  and  the  growth  of  the  insulating  ma- 
terial  is  substantially  isotropic  (that  is  the  insulating 
material  grows  to  substantially  the  same  thickness 
on  the  edges  8'a  and  8"a  of  the  gate  layer  as  on 

5  the  surface  63'  of  the  gate  layer,  then  the  insulating 
material  should  be  grown  for  sufficient  time  to  have 
a  thickness  of  at  least  half  the  width  of  the  open- 
ings  10  so  that  the  insulating  material  growing 
laterally  of  opposed  gate  edges  8"a  meets  to  close 

io  or  cover  the  openings  10.  However,  for  practical 
purposes,  the  width  of  the  openings  10  should  be 
sufficiently  small  to  ensure  that  only  a  reasonable 
thickness  of  insulating  material  growing  on  the 
edges  8"a  is  required  to  fill  the  openings  10  as  too 

is  thick  a  layer  of  insulating  material  could  place 
undue  strain  on  the  semiconductor  body  and 
would,  moreover,  as  will  be  appreciated  from  the 
following  description,  make  the  subsequent  etching 
process  rather  time  consuming. 

20  In  the  particular  example  being  described,  the 
gate  fingers  8  may  have  a  width  of  3  micrometres 
and  be  separated  by  apertures  7  of  the  same  width 
while  the  central  openings  10  within  the  gate  fin- 
gers  may  have  a  width  of  one  micrometre  so 

25  defining  two  gate  finger  strips  8a  each  one  micro- 
metre  wide.  With  such  dimensions,  then  if  the 
growth  of  the  insulating  material  were  perfectly 
isotropic  continuing  growth  until  a  thickness  of  just 
over  0.5  micrometres  would  be  sufficient  to  ensure 

30  that  the  openings  10  were  covered  by  the  meeting 
or  merging  insulating  material  growing  laterally  of 
the  gate  finger  strips  8a.  However  as  the  growth  of 
the  insulating  material  may  not  be  perfectly  an- 
isotropic  but  may  for  example  be  smaller  on  the 

35  upstanding  edges  9a,  8'a  and  8"a  of  the  conductive 
gate  layer  6  than  on  the  surface  63'  of  the  gate 
layer  6,  growth  should  be  continued  for  a  short 
period  after  a  thickness  of  5  micrometres  has  been 
reached  to  ensure  that  the  openings  10  are  com- 

40  pletely  covered  by  the  laterally  growing  insulating 
material.  Figure  1b  illustrates  schematically  the 
thickness  of  the  insulating  material  when  growth  is 
stopped. 

When  the  growth  of  the  insulating  material  is 
45  stopped,  the  insulating  material  is  etched  an- 

isotropically  toward  the  surface  4  using,  for  exam- 
ple,  a  reactive  ion  etching  technique  using,  for 
example,  a  CHF3  and  Argon  gas  mixture  to  expose 
the  surface  4  beneath  the  apertures  7  in  the  gate 

50  layer  6  and  the  surface  63'  of  the  composite  gate 
layer  6.  As  the  anisotropic  etching  attacks  the 
insulating  material  in  a  direction  normal  to  the 
surface  4,  a  given  vertical  thickness  of  insulating 
material  is  removed.  Thus  when  the  surface  4 

55  within  the  apertures  7  and  the  surface  63'  of  the 
gate  layer  6  are  exposed  by  the  anisotropic  etch- 
ing,  fillets  17  of  insulating  material  of  the  original 
laterally  grown  thickness  remain  on  the  edges  9a, 

7 



11 EP  0  272  755  B1 12 

8  a  of  the  gate  layer  6  so  defining  a  respective 
window  18  in  the  insulating  material  disposed 
above  and  within  each  aperture  7.  As  the  growth  of 
insulating  material  was  continued  so  that  insulating 
material  growing  laterally  of  the  edges  8"a  of  each 
gate  finger  8  met  to  cover  the  openings  10,  the 
anisotropic  etching  does  not  expose  the  surface  4 
within  the  openings  10  but  leaves  a  thickness  of 
insulating  material  19  extending  to  the  level  of  the 
surface  63'  so  providing  a  substantially  flat  surface 
between  and  over  the  two  gate  finger  strips  8a  of 
each  gate  finger  8.  Figure  1c  illustrates  schemati- 
cally  a  semiconductor  body  on  which  the  an- 
isotropic  etching  step  has  just  been  completed. 

Impurities  are  then  introduced  into  the  semi- 
conductor  body  via  the  windows  18  to  form  the 
body  regions  12  and  source  regions  2.  Thus,  in 
one  example,  boron  ions  are  implanted  via  the 
windows  18  using,  for  example,  a  dose  of  1013cm-2 
and  an  energy  of  150keV  followed  by  a  drive-in  at 
1050  degrees  Celsius  for  30  minutes.  A  second  ion 
implantation  step  through  the  windows  18  using 
phosphorous  ions  at  an  energy  of  50keV  and  a 
dose  of  1015cm-2  is  then  carried  out  followed  by 
an  annealing  step,  for  example  ten  minutes  at  1000 
degrees  Celsius.  Thus  p-type  body  regions  12  and 
n-type  source  regions  2  are  formed,  with  the  length 
of  the  channel  areas  being  determined  by  the 
difference  in  the  lateral  diffusion  lengths  of  the  n- 
type  and  p-type  dopants  under  the  above  con- 
ditions.  Knowing  the  diffusion  lengths  of  the  dop- 
ants  under  the  particular  conditions  used,  the  thick- 
ness  of  the  insulating  material  fillets  17  can  be 
selected  so  that  the  source  regions  2  are  aligned, 
as  shown  in  Figure  1c,  to  the  edges  8'a  of  the  gate 
fingers  8.  The  channel  areas  13  may  be  aligned 
with  the  edges  8"a  of  the  gate  fingers  8  or,  alter- 
natively  as  shown,  the  gate  finger  strips  8a  may 
extend  laterally  toward  one  another  beyond  the 
channel  areas  13  so  as  to  provide  a  field  plating 
effect.  The  source  and  body  regions  may  be 
formed  so  as  to  extend,  respectively,  to  a  depth  of 
0.5  and  1  .0  micrometres  below  the  surface  4. 

The  insulating  material  covering  the  openings 
10  prevents  dopants  being  introduced  into  the 
semiconductor  body  beneath  the  openings  10  dur- 
ing  formation  of  the  source  regions  2  so  enabling 
the  hollow  gate  structure  to  be  provided  prior  to 
formation  of  the  source  and  body  regions  2  and  12. 

Although  as  described  above,  the  source  and 
body  regions  2  and  12  are  formed  by  ion  implanta- 
tion  another  suitable  process,  for  example  a  diffu- 
sion  process,  could  be  used  where  the  windows  18 
expose  the  surface  4. 

After  formation  of  the  source  and  body  regions 
2  and  12,  a  suitable  resist  layer  20  is  then  applied 
(Figure  1d)  to  the  surface  of  the  insulating  material 
and  is  patterned  using  conventional  techniques  to 

define  apertures  21  in  the  resist  layer  so  that 
masking  regions  20a  of  the  resist  layer  20  extend 
completely  across  the  windows  18  in  the  insulating 
material. 

5  Each  window  18  is  associated  with  one  or 
more  masking  regions  20a  so  that  the  window  18 
and  associated  masking  region(s)  20a  together  de- 
fine  one  or  more  exposed  areas  2a  of  the  asso- 
ciated  source  region  2,  that  is  areas  2a  of  the 

io  source  region  2  not  covered  by  either  the  masking 
region(s)  or  the  insulating  material  within  which  the 
window  18  is  defined.  The  exposed  area(s)  2a 
within  each  window  18  are  thus  not  defined  merely 
by  the  masking  region(s)  20a  but  by  the  combina- 

15  tion  of  the  masking  region(s)  20a  and  the  windows 
18.  As  shown,  the  masking  region(s)  20a  define(s) 
one  dimension  of  the  exposed  area(s)  2a  and  the 
contact  window  18  defines  the  other  dimension  of 
the  exposed  area(s)  2a. 

20  Although  any  desired  suitable  shape  could  be 
used  for  the  apertures  21  ,  as  shown  each  aperture 
21  is  rectangular  to  fit  with  the  rectangular  pattern 
adopted  for  the  windows  18  and  gate  layer  6.  The 
dimension  or  width  of  each  aperture  21  in  a  direc- 

25  tion  transverse  (in  the  example  shown,  perpendicu- 
lar)  to  the  length  of  the  associated  window  18  is 
greater,  usually  by  at  least  two  times  the  maximum 
misalignment  error  which  could  occur,  than  the 
width  of  the  window  18  so  that,  even  when  possible 

30  misalignment  errors  are  taken  into  account,  edges 
21a  of  the  apertures  21  extending  longitudinally  of 
the  associated  window  18  do  not  overlap  the  elon- 
gate  edges  18a  of  the  window. 

Alternatively,  the  resist  layer  20  may  be  formed 
35  as  a  series  of  discrete  strips  extending  transverse- 

ly,  in  the  example  shown  perpendicularly,  of  the 
windows  18  so  as  to  reduce  even  further  the  pos- 
sibility  of  the  resist  layer  overlapping  the  longitudi- 
nal  edges  of  the  contact  window  except  in  places 

40  where  the  resist  layer  extends  completely  across 
the  contact  windows. 

Thus,  the  resist  layer  20  only  covers  the  parts 
of  the  windows  18  which  it  is  desired  to  mask  and 
where  the  resist  layer  does  cover  part  of  a  window 

45  18  the  resist  layer  extends  completely  across  the 
width  of  the  window  18.  The  resist  layer  should 
extend  transversely  beyond  the  contact  window  on 
each  side  for  a  distance  equal  to  at  least  the 
maximum  tolerance  error  which  could  be  expected. 

50  Within  each  window  18,  the  relative  sizes  of  the 
exposed  source  areas  2a  and  the  unexposed 
source  areas  2b  covered  by  the  resist  masking 
regions  20a  may  be  in  any  desired  ratio.  In  the 
arrangement  shown,  the  resist  layer  20  is  selected 

55  so  as  to  provide  alternate  exposed  and  covered 
equal  area  areas  2a  and  2b  of  the  source  region.  It 
should  of  course  be  appreciated  that  the  exposed 
and  covered  areas  2a  and  2b  may  have  any  de- 
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sired  shape.  The  number  of  exposed  and  covered 
areas  will  depend  upon  the  particular  device  and 
the  length  of  the  gate  fingers  8,  the  latter  being 
determined  by  the  desired  gate  RC  time  constant. 

Using  conventional  etching  processes  the  ex- 
posed  areas  2a  of  the  source  regions  are  then 
removed  so  as  to  expose  the  underlying  areas  12a 
of  the  p-type  body  regions  12.  The  resist  layer  20 
is  then  removed. 

After  formation  of  the  source  and  body  regions 
2  and  12  and  exposure  of  the  body  areas  12  as 
described  above,  a  refractory  metal  silicide  layer 
11  may  be  formed  on  the  exposed  areas  of  the 
surface  4  of  the  silicon  body.  The  gate  layer  61 
may  also  be  exposed  using  an  appropriate  etchant 
to  remove  the  silicon  nitride  layer  63  and  insulating 
layer  62  for  subsequent  silicidation.  In  such  an 
arrangement  it  would  also  be  necessary  to  provide 
fresh  insulating  material  over  the  silicided  gate 
layer  to  prevent  shorting  to  and  to  reduce  the 
capacitance  with  the  subsequent  source  metallisa- 
tion.  The  metal  silicide  layer  11  may  be  formed  in 
a  known  manner  by  depositing  a  refractory  metal, 
for  example  tungsten,  molybdenum,  platinum  or 
titanium,  on  the  semiconductor  body  and  then  an- 
nealing,  for  example  thermally  or  by  use  of  a  laser 
beam,  so  as  to  form  refractory  metal  silicide  only 
over  the  exposed  areas  of  the  silicon  surfaces. 
Metal  remaining  on  the  insulating  material  is  re- 
moved  by  an  appropriate  method,  for  example  an 
acid  treatment. 

Although  the  method  of  shorting  the  p  body 
regions  12  to  the  source  regions  2  described  above 
is  particularly  advantageous,  alternative  methods 
could  be  used.  Thus,  for  example,  after  implanting 
of  the  impurities  via  the  windows  18  to  form  the  p 
body  regions  12  and  the  source  regions  2,  an 
appropriate  masking  layer  (similar  to  the  layer  20) 
may  be  provided  over  the  insulating  material  so  as 
to  protect  the  areas  2b  of  the  source  regions  from 
a  subsequent  p-type  overdoping  implantation  to 
form  p+  conductivity  type  areas  12a  of  the  p  body 
regions  12  extending  to  the  surface.  Thus,  after  the 
implantation  steps,  alternate  source  and  body  re- 
gions  2b  and  12a  are  provided  at  the  surface  4.  It 
is  possible,  in  such  a  case,  for  the  refractory  metal 
silicide  to  be  formed  prior  to  the  formation  of  the 
source  and  drain  regions,  the  necessary  impurities 
being  implanted  through  the  refractory  metal  sili- 
cide.  A  technique  using  interface  mixing  with  an  ion 
beam  can  be  used  to  enhance  silicide  formation. 
As  group  III  or  IV  dopants  may  be  used  as  the  ion 
beam,  the  silicide  formation  and  doping  of  the 
underlying  silicon  to  form  the  source  and  body 
regions  can  be  carried  out  simultaneously  with  the 
silicide  formation  on  the  exposed  silicon  surfaces. 
When  such  a  method  is  used,  the  refractory  metal 
silicide  layer  may  of  course  be  formed  after,  with 

or  before  the  source  and  body  regions  2  and  12. 
In  an  alternative  arrangement,  the  source  re- 

gions  2b  may  be  implanted  through  a  mask  similar 
to  the  mask  20  to  provide  alternate  source  and 

5  drain  regions.  Such  an  arrangement  will,  of  course, 
however  result  in  a  shorter  channel  length. 

Where  no  etching  step  is  carried  out  to  short 
the  p  body  12  to  the  source  region  2,  then  the 
surface  61  '  of  the  conductive  gate  layer  61  may  be 

io  exposed  during  the  anisotropic  etching.  Indeed  in 
such  an  arrangement,  there  would  be  no  necessity 
for  the  conductive  gate  layer  6a  to  be  protected 
and  the  layers  62  and  63  could  be  omitted.  How- 
ever,  in  such  an  arrangement,  the  exposed  surface 

is  of  the  conductive  gate  layer  61  would,  of  course, 
have  to  be  covered  by  a  subsequent  growth  of 
insulating  material  through  an  appropriate  mask  to 
prevent  shorting  to  subsequent  overlying  source 
metallisation.  Where  the  upper  layer  of  the  conduc- 

20  tive  gate  layer  61  was  formed  of  polycrystalline 
silicon,  a  self-aligned  refractory  metal  silicide  can 
be  formed  on  the  exposed  surface  61'. 

Although  in  the  method  described  above  the 
insulating  material  is  formed  by  an  appropriate 

25  vapour  deposition  technique,  the  insulating  material 
may,  for  example  where  the  gate  layer  is  formed  of 
polycrystalline  silicon  be  grown  by  oxidising  the 
silicon  surface  4  and  the  gate  layer  6. 

When  the  body  regions  and  source  regions  2 
30  and  12  and  metal  silicide  (if  required)  have  been 

formed  as  described  above,  then  metallisation  can 
be  deposited  on  the  surface  4  to  form  the  source 
and  gate  metallisation.  Of  course,  where  the  gate 
layer  surface  61  '  has  been  exposed  for  the  pur- 

35  poses  of  silicidation  insulating  material  will  be  de- 
posited  over  the  exposed  silicided  gate  layer  sur- 
face  61  '  using  an  appropriate  mask  prior  to  depos- 
iting  the  metallisation  so  as  to  prevent  shorting  of 
the  gate  to  the  source.  Windows  will  of  course  be 

40  formed  in  the  insulating  material  to  enable  the 
metallisation  to  contact  the  bus  bars  9.  After  the 
metallisation  has  been  deposited  on  the  insulating 
material  to  contact  the  bus  bars  9  and  to  short  the 
p  body  regions  12  to  the  source  regions  2,  known 

45  resist  masking  and  etching  techniques  are  used  to 
define  separate  source  metallisation  23  and  bus 
bar  or  gate  metallisation  24.  Although  in  the  inter- 
ests  of  clarity  the  source  metallisation  is  omitted  in 
Figure  3,  the  edges  of  the  source  metallisation 

50  which  of  course  extends  over  the  windows  18  is 
illustrated  by  the  thick  lines  23a  in  Figure  3,  the 
edges  of  the  bus  bar  metallisation  similarly  being 
defined  by  the  thick  lines  24a.  The  source  metal- 
lisation  23  thus  shorts  the  exposed  p  body  regions 

55  to  the  exposed  source  regions  2a  within  each  win- 
dow  18. 

The  drain  of  the  transistor  is  formed  by  the  n- 
type  substrate  3  and  an  electrode  25  is  provided 

9 
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on  the  free  surface  4  of  the  substrate  3  to  form  the 
drain  contact.  The  electrode  may  be,  for  example, 
gold-antimony  which  is  deposited  in  a  known  man- 
ner. 

As  will  be  appreciated  from  the  above,  the 
method  described  enables  a  particularly  compact 
structure  to  be  provided.  In  particular,  a  hollow  gate 
structure  can  be  provided  so  as  to  reduce  gate 
drain  capacitance  in  a  manner  which  enables  the 
source  and  drain  regions  to  be  self-aligned  to  the 
hollow  gate  structure.  As  the  hollow  gate  structure 
is  provided  before  and  not  after  the  introduction  of 
the  impurities  to  form  the  body  and  source  regions, 
the  possibility  of  misaligning  the  central  aperture  in 
the  gate  fingers  with  respect  to  the  source  and 
body  regions  is  removed  or  at  least  minimised  so 
enabling  alignment  tolerances  to  be  minimised. 

Further,  by  using  anisotropic  etching  to  define 
the  windows  for  introducing  the  impurities  to  define 
the  source  and  body  regions,  the  source  and  body 
regions  may  be  self-aligned  to  the  gate  structure. 
Also  as  the  same  window  can  be  used  for  any 
silicidation  step  and  for  the  contact  windows  for  the 
source  metallisation  alignment  tolerances  can  be 
further  minimised. 

It  should  of  course  be  appreciated  that  the 
method  described  above  may  be  suitable  for  man- 
ufacturing  semiconductor  devices  other  than  verti- 
cal  IGFETS.  In  particular  the  method  by  which  the 
insulating  material  is  grown  and  then  anisotropically 
etched  to  leave  insulating  material  filling  gaps  be- 
tween  the  conductive  gate  finger  strips  8a  of  a  gate 
finger  could  be  applied  to  other  conductive  gate 
layers  provided  on  semiconductor  bodies  or  sub- 
strates. 

The  invention  may,  of  course,  be  applicable  to 
semiconductor  devices  made  from  materials  other 
than  silicon.  Also,  although  the  invention  finds  par- 
ticular  application  in  relation  to  IGFETs  with  inter- 
digitated  structures  it  may  be  applicable  in  relation 
to  other  cellular  structures.  As  will  be  appreciated, 
the  conductivity  types  of  the  various  regions  of  the 
IGFETs  described  above  could  be  reversed. 

From  reading  the  present  disclosure,  other 
modifications  will  be  apparent  to  persons  skilled  in 
the  semiconductor  art  for  example  persons  skilled 
in  the  design,  manufacture  and/or  use  of  semicon- 
ductor  devices. 

It  has  been  stated  above  that  the  drawings 
illustrate  examples  of  embodiments  of  the  invention 
and,  in  order  to  avoid  any  misunderstanding,  it  is 
hereby  further  stated  that,  in  the  following  claims, 
where  technical  features  mentioned  in  any  claim 
are  followed  by  reference  signs  relating  to  features 
in  the  drawings  and  placed  between  parentheses, 
these  reference  signs  have  been  included  in  accor- 
dance  with  Rule  29(7)  EPC  for  the  sole  purpose  of 
facilitating  comprehension  of  the  claim,  by  refer- 

ence  to  an  example. 

Claims 

5  1.  A  method  of  manufacturing  a  vertical  double 
diffused  insulated  gate  field  effect  transistor, 
which  method  comprises  providing  an  insulat- 
ing  layer  (16)  on  one  (4)  of  two  opposed  sur- 
faces  of  a  semiconductor  body  (1),  forming  an 

io  insulated  gate  structure  by  providing  separate 
conductive  gate  regions  (8)  on  the  insulating 
layer  (16)  with  an  opening  (10)  smaller  than  the 
distance  (7)  between  adjacent  conductive  gate 
regions  (8),  said  openings  being  provided 

is  through  each  conductive  gate  region  to  the 
insulating  layer  (16),  growing  insulating  ma- 
terial  (16')  to  cover  the  conductive  gate  regions 
(8)  and  the  areas  (7)  between  the  conductive 
gate  regions  (8),  the  openings  (10)  in  the  con- 

20  ductive  gate  regions  (8)  being  sufficiently  small 
and  the  growth  of  the  insulating  material  (16') 
being  continued  for  a  sufficiently  long  period 
that  insulating  material  growing  on  edges  (8"a) 
of  the  conductive  gate  regions  (8)  bounding 

25  the  openings  (10)  meets  to  close  the  openings 
(10),  forming  windows  (18)  through  the  insulat- 
ing  material  (16')  on  the  areas  (7)  between  the 
conductive  gate  regions  (8)  by  etching  the 
insulating  material  (16')  anisotropically  towards 

30  the  surface  (4)  of  the  semiconductor  body  (1) 
so  that  insulating  material  (17,19)  remains  on 
edges  of  the  conductive  gate  regions  (8), 
bounding  at  least  part  of  the  windows  (18) 
formed  within  the  insulating  material  by  the 

35  anisotropic  etching  and  leaving  the  openings 
(10)  in  the  conductive  gate  regions  (8)  closed, 
introducing  impurities  of  the  one  and  the  op- 
posite  conductivity  type  via  the  windows  (18), 
using  the  conductive  gate  regions  (8)  and  the 

40  insulating  material  (17,19),  as  a  mask,  into  the 
semiconductor  body  (1),  causing  said  impuri- 
ties  to  diffuse  into  the  semiconductor  body  (1) 
to  form  source  regions  (2)  of  one  conductivity 
type  within  body  regions  (12)  of  the  opposite 

45  conductivity  type,  said  body  regions  (12)  com- 
prising  channel  areas  (13)  underlying  the  con- 
ductive  gate  regions  (8),  so  that  the  channel 
areas  (13)  provide  a  gateable  conductive  path 
for  the  flow  of  charge  carriers  of  the  one  con- 

50  ductivity  type  between  the  source  regions  and 
a  drain  region  of  the  one  conductivity  type. 

2.  A  method  according  to  Claim  1,  wherein  each 
source  region  (2)  is  formed  within  a  body  re- 

55  gion  (12)  of  the  opposite  conductivity  type, 
part  of  the  body  region  (12)  providing  the 
channel  area  (13)  and  the  method  further  com- 
prises  shorting  each  body  region  (12)  to  the 

10 



17 EP  0  272  755  B1 18 

associated  source  region  (2)  by  providing  one 
or  more  masking  regions  (20a)  extending 
across  the  window  (18)  formed  by  the  an- 
isotropic  etching  so  that  the  masking  region(s) 
(20a)  and  the  window  (18)  define  therebetween 
one  or  more  exposed  areas  (2a)  of  the  source 
region  (2)  not  covered  by  either  the  masking 
region(s)  (20a)  or  the  insulating  material  (17), 
etching  away  the  said  exposed  area(s)  (2a)  of 
the  source  region  (2)  to  expose  an  underlying 
area  or  areas  (12a)  of  the  body  region,  remov- 
ing  the  masking  region(s)  (20a)  and  providing 
metallisation  (23)  within  the  window  (18)  to 
short  the  exposed  area(s)  (12a)  of  the  body 
region  (12)  to  the  source  region  (2). 

3.  A  method  according  to  Claim  2,  wherein  each 
window  (18)is  elongate  and  the  or  each  mask- 
ing  region  (20a)  is  provided  on  the  insulating 
material  (16')  so  as  to  extend  completely 
across  the  width  but  only  partly  across  the 
length  of  the  associated  window  (18). 

4.  A  method  according  to  any  one  of  the  preced- 
ing  Claims,  comprising  providing  the  conduc- 
tive  gate  regions  (8)  such  that  each  conductive 
gate  region  (8)  is  elongate  and  the  opening 
(10)  extends  along  the  length  of  the  conductive 
gate  region  to  form  two  conductive  gate  region 
strips  (8a). 

5.  A  method  according  to  Claim  1,2  or  3,  com- 
prising  providing  the  conductive  gate  regions 
(8)  such  that  each  conductive  gate  region  (8)  is 
elongate  and  the  opening  (10)  extends  along 
the  length  of  the  conductive  gate  region  (8)  to 
form  two  conductive  gate  region  strips  (8a),  the 
anisotropic  etching  of  the  insulating  material 
(16')  defining  a  respective  window  (17)  on  each 
elongate  side  (8'a)  of  each  conductive  gate 
region  (8)  and  the  impurities  being  introduced 
into  the  semiconductor  body  to  form  a  respec- 
tive  source  region  (2)  aligned  with  each  elon- 
gate  edge  (8'a)  of  each  conductive  gate  region 
(8)  and  a  respective  channel  area  (13)  under- 
lying  each  conductive  gate  region  strip  (8a). 

6.  A  method  according  to  any  one  of  Claims  1  to 
5,  wherein  the  anisotropic  etching  exposes  a 
top  surface  of  the  conductive  gate  regions  (8). 

7.  A  method  according  to  any  one  of  the  preced- 
ing  claims,  further  comprising  depositing  metal 
(11)  on  surfaces  exposed  by  the  anisotropic 
etching  to  reduce  the  resistivity  thereof. 

8.  A  method  according  to  any  one  of  the  preced- 
ing  claims,  wherein  at  least  one  of  the  surface 

(4)  of  the  semiconductor  body  (1)  and  the 
surfaces  of  the  gate  conductive  regions  (8)  is 
formed  of  silicon  and  the  method  further  com- 
prising  forming  a  refractory  metal  silicide  (11) 

5  on  surfaces  exposed  by  the  anisotropic  etch- 
ing. 

Patentanspruche 

io  1.  Verfahren  zum  Herstellen  eines  vertikalen  dop- 
peldiffundierten  Isolierschicht-Feldeffekttransi- 
stors  dargestellt,  und  dieses  Verfahren  umfaBt 
das  Anordnen  einer  Isolierschicht  (16)  auf  einer 
(4)  von  zwei  einander  gegenuberliegenden 

is  Oberflachen  eines  Halbleiterkorpers  (1),  das 
Bilden  einer  Isolierschichtstruktur  durch  das 
Anordnen  getrennter  leitenden  Gate-Gebiete 
(8)  auf  der  Isolierschicht  (16)  mit  einer  Offnung 
(10)  kleiner  als  der  Abstand  (7)  zwischen  be- 

20  nachbarten  leitenden  Gate-Gebieten  (8),  wobei 
die  Offnungen  durch  jedes  leitende  Gate-Ge- 
biet  nach  der  Isolierschicht  (16)  angebracht 
sind,  das  Zuchten  von  Isoliermaterial  (16')  zum 
Bedecken  der  leitenden  Gate-Gebiete  (8)  und 

25  der  Bereiche  (7)  zwischen  den  leitenden  Gate- 
Gebieten  (8),  wobei  die  Offnungen  (10)  in  den 
leitenden  Gate-Gebieten  (8)  klein  genug  sind 
und  das  Zuchten  des  Isoliermaterials  (16')  aus- 
reichend  lange  Zeit  fortgesetzt  wird,  dal3  auf 

30  Randern  (8"a)  der  leitenden  Gate-Gebiete  (8) 
zum  Begrenzen  der  Offnungen  (10)  gezuchte- 
tes  Isoliermaterial  zusammentrifft,  urn  die  Off- 
nungen  (10)  zu  schlieBen,  das  Bilden  von  Fen- 
stern  (18)  durch  das  Isoliermaterial  (16')  auf 

35  den  Bereichen  (7)  zwischen  den  leitenden 
Gate-Gebieten  (8)  durch  anisotropisches  Atzen 
des  Isoliermaterials  (16')  nach  der  Oberflache 
(4)  des  Halbleiterkorpers  (1),  so  dal3  auf  Ran- 
dern  der  leitenden  Gate-Gebiete  (8)  Isolierma- 

40  terial  (17,  19)  zuruckbleibt,  das  wenigstens  ei- 
nen  Teil  der  im  Isoliermaterial  durch  das  aniso- 
tropische  Atzen  gebildeten  Fenster  (8)  be- 
grenzt  und  die  Offnungen  (10)  in  den  leitenden 
Gate-Gebieten  (8)  geschlossen  Ial3t,  das  Ein- 

45  fuhren  von  Verunreinigungen  vom  einen  und 
vom  entgegengesetzten  Leitfahigkeitstyp  uber 
die  Fenster  (18),  unter  Verwendung  der  leiten- 
den  Gate-Gebiete  (8)  und  des  Isoliermaterials 
(17,  19)  als  Maske  im  Halbleiterkorper  (1),  und 

50  das  Hineindiffundieren  der  Verunreinigungen  in 
den  Halbleiterkorper  (1)  zum  Bilden  von  Sour- 
cegebieten  (2)  vom  einen  Leitfahigkeitstyp  in 
den  Korpergebieten  (12)  vom  entgegengesetz- 
ten  Leitfahigkeitstyp,  wobei  die  Korpergebiete 

55  (12)  Kanalbereiche  (13)  unter  den  leitenden 
Gate-Gebieten  (8)  enthalten,  so  dal3  die  Kanal- 
bereiche  (13)  einen  aufsteuerbaren  Leitweg  fur 
den  LadungstragerfluB  vom  einen  Leitfahig- 

11 
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keitstyp  zwischen  den  Sourcegebieten  und  ei- 
nem  Draingebiet  vom  einen  Leitfahigkeitstyp 
auslost. 

Verfahren  nach  Anspruch  1  ,  worin  jedes  Sour-  5 
cegebiet  (2)  in  einem  Korpergebiet  (12)  entge- 
gengesetzter  Leitfahigkeit  gebildet  wird,  wobei 
ein  Teil  des  Korpergebiets  (12)  den  Kanalbe- 
reich  (13)  bildet,  und  das  Verfahren  weiter  das 
Verkurzen  des  Korpergebiets  (12)  nach  dem  10 
Sourcegebiet  (2)  durch  das  Anbringen  eines 
oder  mehrerer  Maskiergebiete  (20a),  die  sich 
uber  das  durch  das  anisotropische  Atzen  ge- 
bildete  Fenster  (18)  erstrecken,  so  dal3  das 
Maskiergebiet  oder  die  Maskiergebiete  (20a)  is 
und  das  Fenster  (18)  dazwischen  einen  oder 
mehrere  belichtete  Bereiche  (2a)  des  Source- 
gebiets  (2)  definieren,  die  nicht  durch  ein  Mas- 
kiergebiet  oder  Maskiergebiete  (20a)  oder 
durch  das  Isoliermaterial  (17)  bedeckt  werden,  20 
das  Abatzen  des  belichteten  Bereichs  (2a) 
(oder  der  berichteten  Bereiche)  des  Sourcege- 
biets  (2)  zum  Belichten  eines  unterliegenden 
Bereichs  oder  unterliegender  Bereiche  (12a) 
des  Korpergebiets,  das  Entfernen  des  Maskier-  25 
gebiets  oder  der  Maskiergebiete  (20a)  und  das 
Anbringen  von  Metallisierung  (23)  im  Fenster 
(18)  zum  KurzschlieBen  des  belichteten  Be- 
reichs  oder  der  belichteten  Bereiche  (12a)  des 
Korpergebiets  (12)  nach  dem  Sourcegebiet  30 
(2). 

Verfahren  nach  Anspruch  2,  worin  jedes  Fen- 
ster  (18)  eine  langliche  Form  hat  und  das  oder 
jedes  Maskiergebiet  (20a)  auf  dem  Isoliermate-  35 
rial  (16')  angebracht  wird,  urn  sich  vollstandig 
uber  die  Breite,  aber  nur  teilweise  uber  die 
Lange  des  zugeordneten  Fensters  (18)  zu  er- 
strecken. 

40 
Verfahren  nach  einem  oder  mehreren  der  vor- 
angehenden  Anspruche,  das  das  Anbringen 
der  leitenden  Gate-Gebiete  (8)  derart  umfaBt, 
dal3  jedes  leitende  Gate-Gebiet  (8)  langlich  ist 
und  die  Offnung  (10)  sich  entlang  der  Lange  45 
des  leitenden  Gate-Gebiets  zur  Bildung  von 
zwei  leitenden  Gate-Gebietstreifen  (8a)  er- 
streckt. 

Verfahren  nach  Anspruch  1  ,  2  oder  3,  das  das  so 
Anbringen  der  leitenden  Gate-Gebiete  (8)  der- 
art  umfaBt,  dal3  jedes  leitende  Gate-Gebiet  (8) 
langlich  ist  und  die  Offnung  (10)  sich  entlang 
der  Lange  des  leitenden  Gate-Gebiets  (8)  zur 
Bildung  von  zwei  leitenden  Gate-Gebietstreifen  55 
(8a)  erstreckt,  wobei  das  anisotropische  Atzen 
des  Isoliermaterials  (16')  ein  jeweiliges  Fenster 
(17)  auf  jeder  langen  Seite  (8'a)  des  leitenden 

Gate-Gebiets  (8)  definiert  und  die  Verunreini- 
gungen  in  den  Halbleiterkorper  zur  Bildung 
eines  jeweiligen  Sourcegebiets  (2)  in  Ausrich- 
tung  mit  jedem  langen  Rand  (8'a)  jedes  leiten- 
den  Gate-Gebiets  (8)  eingefuhrt  werden  und 
ein  jeweiliger  Kanalbereich  (13)  unter  jedem 
leitenden  Gate-Gebietstreifen  (8a)  liegt. 

6.  Verfahren  nach  einem  oder  mehreren  der  An- 
spruche  1  bis  5,  worin  das  anisotropische  At- 
zen  eine  obere  Flache  der  leitenden  Gate- 
Gebiete  (8)  exponiert. 

7.  Verfahren  nach  einem  oder  mehreren  der  vor- 
angehenden  Anspruche,  das  weiter  das  Abla- 
gern  von  Metall  (11)  auf  durch  das  anisotropi- 
sche  Atzen  exponierten  Flachen  zum  Reduzie- 
ren  ihres  spezifischen  Widerstands  umfaBt. 

8.  Verfahren  nach  einem  oder  mehreren  der  vor- 
angehenden  Anspruche,  worin  wenigstens  eine 
der  Oberflachen  (4)  des  Halbleiterkorpers  (1) 
und  die  Oberflachen  der  leitenden  Gate-Gebie- 
te  (8)  aus  Silizium  gebildet  ist,  und  das  Verfah- 
ren  auBerdem  das  Bilden  eines  feuerfesten 
Metallsilicids  (11)  auf  durch  das  anisotropische 
Atzen  exponierten  Flachen  umfaBt. 

Revendicatlons 

1.  Procede  pour  la  fabrication  d'un  transistor  a 
effet  de  champ  a  porte  isolee  doublement  dif- 
fuse  vertical,  lequel  procede  comprend  I'appli- 
cation  d'une  couche  isolante  (16)  sur  une  sur- 
face  (4)  de  deux  surfaces  opposees  d'un  corps 
semiconducteur  (1),  la  formation  d'une  structu- 
re  de  porte  isolee  par  disposition  de  regions 
de  porte  conductrices  separees  (8)  sur  la  cou- 
che  isolante  (16)  presentant  une  ouverture  (10) 
plus  petite  que  la  distance  (7)  comprise  entre 
les  regions  de  porte  conductrices  adjacentes 
(8),  lesdites  ouvertures  etant  disposees  a  tra- 
vers  chaque  region  de  porte  conductrice  sur  la 
couche  isolante  (16),  la  formation  par  croissan- 
ce  de  materiau  isolant  (16')  pour  recouvrir  les 
regions  de  porte  conductrices  (8)  et  les  zones 
(7)  comprises  entre  les  regions  de  porte 
conductrices  (8),  les  ouvertures  (10)  dans  les 
regions  de  porte  conductrices  (8)  etant  suffi- 
samment  petites  et  la  croissance  du  materiau 
isolant  (16')  etant  continuee  pendant  une  perio- 
de  suffisamment  longue  pour  que  le  materiau 
isolant  se  formant  par  croissance  sur  les  bords 
(8"a)  des  regions  de  porte  conductrices  (8) 
delimitant  les  ouvertures  (10)  s'accumule  pour 
fermer  les  ouvertures  (10),  la  formation  de 
fenetres  (18)  a  travers  le  materiau  isolant  (16') 
sur  les  zones  (7)  comprises  entre  les  regions 
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de  porte  conductrices  (8)  par  decapage  aniso- 
trope  du  materiau  isolant  (16')  vers  la  surface 
(4)  du  corps  semiconducteur  (1)  de  fagon  que 
le  materiau  isolant  (17,  19)  subsiste  aux  bords 
des  regions  de  porte  conductrices  (8)  delimi-  5 
tant  au  moins  une  partie  des  fenetres  (18) 
formees  dans  le  materiau  isolant  par  le  deca- 
page  anisotrope  et  laissant  les  ouvertures  (10) 
dans  les  regions  de  porte  conductrices  (8) 
fermees,  introduction  d'impuretes  d'un  type  de  10 
conductivity  et  du  type  de  conductivity  oppose 
par  I'intermediaire  des  fenetres  (18),  utilisation 
des  regions  de  porte  conductrices  (8)  et  du 
materiau  isolant  (17,  19)  comme  masque  dans 
le  corps  semiconducteur  (1),  provoquant  la  dif-  is 
fusion  desdites  impuretes  dans  le  corps  semi- 
conducteur  (1)  pour  former  des  regions  de 
source  (2)  d'un  type  de  conductivity  dans  les 
regions  de  support  (12)  du  type  de  conductivi- 
ty  oppose,  lesdites  regions  de  support  (12)  20 
comprenant  des  zones  de  canal  (13)  situees 
au-dessous  des  regions  de  porte  conductrices 
(8)  de  fagon  que  les  regions  de  canal  (13) 
fournissent  un  trajet  conducteur  pouvant  etre 
ferme  pour  le  flux  de  porteurs  de  charge  d'un  25 
type  de  conductivity  entre  les  regions  de  sour- 
ce  et  une  region  de  drain  d'un  type  de 
conductivity. 

2.  Procede  selon  la  revendication  1,  selon  lequel  30 
chaque  region  de  source  (2)  est  formee  dans 
une  region  de  support  (12)  du  type  de  conduc- 
tivity  oppose,  une  partie  de  la  region  de  sup- 
port  (12)  fournissant  la  zone  de  canal  (13)  et  le 
procede  comprend  en  outre  le  raccourcisse-  35 
ment  de  chaque  region  de  corps  (12)  a  la 
region  de  source  associee  (2)  par  disposition 
d'une  ou  de  plusieurs  regions  de  masquage 
(20a)  s'etendant  sur  la  fenetre  (18)  formee  par 
decapage  anisotrope  de  fagon  que  la  (les)  40 
region(s)  de  masquage  (20a)  et  la  fenetre  (18) 
definissent  entre  elles  une  ou  plusieurs  zones 
exposees  (2a)  de  la  region  de  source  (2)  non 
recouverte(s)  par  soit  la  (les)  region(s)  de  mas- 
quage  (20a)  soit  le  materiau  isolant  (17),  enle-  45 
vement  par  decapage  de  ladite  (desdites) 
zone(s)  exposee(s)  (2a)  de  la  region  de  source 
(2)  pour  exposer  une  zone  ou  des  zone(s) 
sous-jacente(s)  de  la  region  de  corps,  enleve- 
ment  de  la  (des)  region(s)  de  masquage  (20a)  so 
et  I'application  d'une  metallisation  (23)  dans  la 
fenetre  (18)  pour  raccourcir  la  (les)  zone(s) 
exposee(s)  (12a)  de  la  region  de  corps  (12)  a 
la  region  de  source  (2). 

55 
3.  Procede  selon  la  revendication  2,  selon  lequel 

chaque  fenetre  (18)  est  allongee  et  la  ou  cha- 
que  region  de  masquage  (20a)  est  disposee 

sur  le  materiau  isolant  (16')  de  fagon  a  s'eten- 
dre  completement  sur  la  largeur  mais  seule- 
ment  partiellement  sur  la  longueur  de  la  fene- 
tre  associee  (18). 

4.  Procede  selon  I'une  des  revendications  prece- 
dentes,  comprenant  I'application  des  regions 
de  porte  conductrices  (8)  de  fagon  que  chaque 
region  de  porte  conductrice  (8)  soit  allongee  et 
que  I'ouverture  (10)  s'etende  sur  la  longueur 
dans  la  region  de  porte  conductrice  pour  for- 
mer  deux  bandes  de  region  de  porte  conduc- 
trices  (8a). 

5.  Procede  selon  la  revendication  1  ,  2  ou  3,  com- 
prenant  I'application  des  regions  de  porte 
conductrices  (8)  de  fagon  que  chaque  region 
de  porte  conductrice  (8)  soit  allongee  et  que 
I'ouverture  (10)  s'etende  dans  la  longueur  de  la 
region  de  porte  conductrice  (8)  pour  former 
deux  bandes  de  region  de  porte  conductrices 
(8a),  le  decapage  anisotrope  du  materiau  iso- 
lant  16'  definissant  une  fenetre  respective  (17) 
sur  chaque  face  allongee  (8'a)  de  chaque  re- 
gion  de  porte  conductrice  (8)  et  les  impuretes 
etant  introduites  dans  le  corps  semiconducteur 
pour  former  une  source  de  region  respective 
(2)  qui  est  en  ligne  avec  chaque  bord  allonge 
(8'a)  de  chaque  region  de  porte  conductrice  (8) 
et  une  zone  de  canal  respective  (13)  situee  au- 
dessous  de  chaque  bande  de  region  de  porte 
conductrice  (8a). 

6.  Procede  selon  I'une  des  revendications  1  a  5, 
selon  lequel  le  decapage  anisotrope  met  a 
decouvert  une  surface  superieure  des  regions 
de  porte  conductrices  (8). 

7.  Procede  selon  I'une  des  revendications  prece- 
dentes,  comprenant  en  outre  le  depot  de  metal 
(11)  sur  les  surfaces  mises  a  decouvert  par  le 
decapage  anisotrope  pour  reduire  leur  resistivi- 
ty. 

8.  Procede  selon  I'une  des  revendications  prece- 
dentes,  selon  lequel  au  moins  I'une  de  la  sur- 
face  (4)  du  corps  semiconducteur  (1)  et  des 
surfaces  des  regions  de  porte  conductrices  (8) 
est  formee  en  silicium  et  la  methode  com- 
prend  en  outre  la  formation  d'un  siliciure  me- 
tallique  refractaire  (11)  sur  les  surfaces  mises 
a  decouvert  par  le  decapage  anisotrope. 
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