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(S)  Diode  and  method  for  manufacturing  the  same. 

(57)  A  high  speed  soft  recovery  diode  having  a 
large  breakdown  voltage  is  disclosed.  Anode  P 
layers  (3)  are  selectively  formed  in  a  top  portion 
of  an  N  body  (2).  A  P  layer  (4a)  is  disposed 
in  the  top  portion  of  the  N  body  (2)  so  as  to  be 
spacewise  complementary  to  the  anode  P  layers 
(3).  In  the  N  body  (2),  P  regions  (5)  are 
selectively  formed  below  the  P  layer  (4a).  On 
the  N  body  (2),  an  anode  electrode  (6)  is 
disposed  in  contact  with  both  the  P  layer  (4a) 
and  the  anode  P  layers  (3).  A  cathode  electrode 
(7)  is  disposed  under  the  N  body  (2)  through  a 
cathode  layer  (1).  When  the  diode  is  reverse- 
biased,  a  depletion  layer  does  not  have  a  shar- 
ply  curved  configuration  due  to  the  P  regions 
(5).  Hence,  concentration  of  electric  field  is 
avoided  and  a  breakdown  voltage  would  not 
deteriorate.  During  forward-bias  state  of  the 
diode,  injection  of  excessive  holes  from  the 
anode  P  layers  (3)  into  the  N  body  (2)  is 
prevented,  thereby  reducing  a  recovery  current. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  diode. 

Description  of  the  Background  Art 

Fig.  1  is  a  cross  sectional  view  showing  a  struc- 
ture  of  a  conventional  diode  200.  In  Fig.  1  ,  an  N"  body 
2  and  an  anode  P  layer  31  are  stacked  in  this  order 
on  a  cathode  N+  layer  1  .  Acathode  electrode  7  is  dis- 
posed  under  the  cathode  N+  layer  1  and  an  anode 
electrode  6  is  disposed  on  the  anode  P  layer  31  . 

Fig.  2  shows  a  characteristic  of  a  current  which 
flows  in  the  diode  200  in  response  to  a  voltage  applied 
between  the  anode  electrode  6  and  the  cathode  elec- 
trode  7.  When  a  higher  potential  is  given  to  the  anode 
electrode  6  than  to  the  cathode  electrode  7,  the  diode 
200  is  forward-biased.  At  a  certain  threshold  voltage 
VTH  (about  0.6  V),  current  suddenly  starts  flowing. 

This  is  because  the  resistance  of  the  N"  body  2 
substantially  drops  due  to  shift  of  holes  from  the 
anode  P  layer  31  to  N"  body  2  at  the  threshold  voltage 
VTH  or  a  voltage  higher  than  that,  and  hence,  the  cur- 
rent  capacity  of  the  diode  200  increases. 

On  the  other  hand,  a  lower  potential  applied  to 
the  anode  electrode  6  than  to  the  cathode  electrode 
7  renders  the  diode  200  biased  in  the  reverse  direc- 
tion.  Hence,  current  will  not  be  initiated  until  a  certain 
low  potential  is  reached.  With  a  potential  below  that 
certain  low  potential,  current  starts  flowing.  A  voltage 
applied  to  the  diode  200  at  the  initiation  of  current  is 
a  breakdown  voltage.  In  Fig.  2,  the  breakdown  vol- 
tage  is  indicated  at  VBR. 

A  strong  electric  field  is  developed  at  an  end  por- 
tion  of  the  anode  P  layer  31  .  To  increase  the  break- 
down  voltage  VBR,  the  electric  field  has  to  be  weak- 
ened.  An  approach  often  taken  to  weaken  the  electric 
field  is  to  provide  in  the  diode  a  breakdown  voltage 
holding  structure  such  as  a  guard  ring  although  no 
such  structure  is  shown  in  Fig.  1.  If  such  structure  is 
to  be  provided,  the  device  structure  is  designed  such 
that  the  breakdown  voltage  yielded  by  the  anode  P 
layer  31  ,  N"  body  2  and  the  cathode  N+  layer  1  deter- 
mines  the  breakdown  voltage  VBR  while  considering 
one-dimensional  structure  of  the  anode  Player  31,  N" 
body  2  and  the  cathode  N+  layer  1  along  their  thick- 
nesses. 

Fig.  3  shows  a  characteristic  of  a  current  which 
flows  when  the  diode  200  is  forward-biased  first  and 
subsequently  reverse-biased  with  a  voltage  which  is 
lower  than  the  breakdown  voltage  VBR.  In  the  graph, 
a  current  I  is  measured  along  the  vertical  axis  in  such 
a  manner  that  the  current  I  during  the  forward-bias 
state  is  shown  with  positive  values.  The  horizontal 
axis  of  the  graph  denotes  time  T.  Zero  on  the  horizon- 
tal  axis  corresponds  to  a  time  when  the  forward-bias 

state  is  changed  to  the  reverse  bias  state. 
Current  keeps  flowing  in  the  diode  200  even  after 

the  biasing  condition  changes  from  the  forward  bias 
state  to  the  reverse  bias  state.  This  is  due  to  the  fol- 

5  lowing  reason.  During  the  forward-bias  state,  holes 
had  migrated  to  the  N"  body  2  from  the  anode  P  layer 
31.  With  a  reverse  bias  applied  to  the  diode  200,  ex- 
cessive  holes  in  the  N"  body  2  are  attracted  to  the 
anode  electrode  6  and  excessive  electrons  are  at- 

10  tracted  to  the  cathode  electrode  7. 
Hence,  the  current  I  decreases  for  a  short  period 

of  time  after  the  change  from  the  forward-bias  state 
to  the  reverse-bias  state.  Current  of  the  reverse  bias 
direction  then  starts  to  flow  (l<0),  and  at  last,  current 

15  gradually  terminates  with  end  of  migration  of  all  car- 
riers  such  as  the  excessive  holes  from  the  N"  body  2. 
The  maximum  value  of  the  reverse  direction  current 
at  this  stage  is  called  "recovery  current  lRR."  The  cur- 
rent  characteristic  which  is  observed  after  change 

20  from  the  forward-bias  state  to  the  reverse-bias  state, 
as  that  shown  in  Fig.  3,  is  called  "recovery  character- 
istic." 

A  diode  which  is  much  needed  in  general  is  a  high 
speed  soft  recovery  diode  which  is  characterized  by 

25  its  small  recovery  current  lRR  and  gradual  termination 
of  the  recovery  current  lRR.  This  is  because  with 
abrupt  change  in  current  in  a  diode,  an  element  con- 
nected  parallel  to  the  diode  is  subjected  to  a  serge 
voltage  of  the  reverse  direction,  consequently  de- 

30  straying  the  element. 
When  the  diode  200  constructed  as  shown  in  Fig. 

1  is  forward-biased,  holes  tend  to  excessively  flow 
from  the  anode  P  layer  31  to  the  N"  body  2,  and  there- 
fore,  the  recovery  current  lRR  grows  accordingly. 

35  Hence,  improvement  in  the  recovery  characteristic  of 
the  diode  of  such  structure  should  require  implanta- 
tion  of  a  lifetime  killer  to  the  anode  P  layer  31,  the 
N"  body  2  and  the  cathode  N+  layer  1  and  resultant 
change  in  the  lifetime  of  the  holes. 

40  However,  this  not  only  adds  to  process  complex- 
ity,  but  also  increases  the  ON-resistance  (a  resis- 
tance  of  the  forward-biased  diode).  Above  all,  injec- 
tion  of  the  excessive  holes  from  the  anode  P  layer  31 
is  left  uncorrected. 

45  Under  such  circumstances,  a  high  speed  soft  re- 
covery  diode  structure  has  been  proposed  which 
does  not  invite  migration  of  excessive  holes  without 
introducing  a  lifetime  killer.  Fig.  4  is  a  cross  sectional 
view  of  a  diode  300  which  is  disclosed  in  literature 

50  such  as  "Proceeding  of  the  3rd  ISPSD"  (pgs  1  09  and 
113)  and  Japanese  Laid-Open  Gazette  No.  52-24465. 

Unlike  the  structure  shown  in  Fig.  1  ,  anode  P  lay- 
ers  3  are  selectively  formed  in  a  top  portion  of  an  N" 
body  2.  In  the  top  portion  of  the  N"  body  2  uncovered 

55  with  P  layers  3,  a  shallow  P"  layer  4  is  provided.  In 
some  cases,  the  P"  layer  4  is  not  disposed  and  an 
anode  electrode  6  and  the  N"  body  2  form  a  Schottky 
barrier  diode. 

2 
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In  comparison  with  the  diode  200,  less  holes  flow 
from  the  anode  P  layers  3  during  the  forward-bias 
state  of  the  diode  300  since  the  anode  P  layers  3  are 
selectively  disposed.  In  other  words,  how  large  the 
anode  P  layers  3  are  formed  in  the  top  portion  of  the 
N"  body  2  controls  the  amount  of  injection  of  the  holes 
into  the  N"  body  2. 

However,  compared  with  the  diode  200,  the  di- 
ode  300  easily  causes  concentration  of  electric  field 
around  a  shoulder  portion  3a  of  the  anode  P  layers  3 
and  also  around  the  P"  layer  4,  which  in  turn  decreas- 
es  the  breakdown  voltage  VBR.  To  avoid  this,  a  wide 
aperture  cannot  be  formed  between  the  anode  P  lay- 
ers  3.  That  is,  the  aperture  of  the  anode  P  layers  3 
must  be  formed  in  a  certain  limited  width  which  would 
not  invite  large  decrease  in  the  breakdown  voltage 
VBR. 

SUMMARY  OF  THE  INVENTION 

A  semiconductor  device  of  a  first  aspect  of  the  in- 
vention  comprises:  a  first  conductivity  type  first  sem- 
iconductor  layer;  second  conductivity  type  second 
semiconductor  layers  of  a  relatively  high  concentra- 
tion,  the  second  semiconductor  layers  being  selec- 
tively  formed  in  a  top  major  surface  of  the  first  semi- 
conductor  layer;  at  least  one  third  semiconductor  lay- 
er  of  the  second  conductivity  type  having  a  relatively 
high  concentration,  the  third  semiconductor  layer  be- 
ing  selectively  formed  in  the  first  semiconductor  layer 
at  a  region  between  neighboring  ones  of  the  second 
semiconductor  layers;  and  a  second  conductivity  type 
fourth  semiconductor  layer  of  relatively  low  concen- 
tration,  the  fourth  semiconductor  layer  being  formed 
in  the  top  major  surface  of  the  first  semiconductor  lay- 
er  at  a  region  between  neighboring  ones  of  the  sec- 
ond  semiconductor  layers. 

The  semiconductor  device  preferably  further 
comprises  a  first  conductivity  type  fifth  semiconduc- 
tor  layer  of  a  higher  concentration  than  the  concen- 
tration  of  the  first  semiconductor  layer,  the  fifth  sem- 
iconductor  layer  being  disposed  under  a  bottom  major 
surface  of  the  first  semiconductor  layer. 

The  semiconductor  device  preferably  still  further 
comprises  a  first  electrode  which  is  disposed  in  con- 
tact  with  both  the  second  semiconductor  layers  and 
the  fourth  semiconductor  layer. 

The  semiconductor  device  preferably  still  further 
comprises  a  second  electrode  which  is  disposed  un- 
dera  bottom  major  surface  of  the  fifth  semiconductor 
layer. 

The  semiconductor  device  preferably  comprises 
a  plurality  of  the  third  semiconductor  layers. 

The  second  and  the  third  semiconductor  layers 
may  be  connected  to  each  other. 

The  third  semiconductor  layer  preferably  has  a 
column-like  configuration. 

The  second  semiconductor  layers  preferably  sur- 

round  said  fourth  semiconductor  layer  in  said  major 
top  surface  of  said  first  semiconductor  layer. 

The  second  and  the  third  semiconductor  layers 
5  may  be  insulated  from  each  other. 

The  second  semiconductor  layers  may  surround 
the  fourth  semiconductor  layer  in  the  major  top  sur- 
face  of  the  first  semiconductor  layer. 

In  a  second  aspect,  a  semiconductor  device  com- 
10  prises:  a  first  conductivity  type  first  semiconductor 

layer;  second  conductivity  type  second  semiconduc- 
tor  layers  selectively  formed  in  a  top  major  surface  of 
the  first  semiconductor  layer;  at  least  one  third  sem- 
iconductor  layer  of  the  second  conductivity  type  se- 

15  lectively  formed  in  the  first  semiconductor  layer  at  a 
region  between  neighboring  ones  of  the  second  sem- 
iconductor  layers;  and  a  Schottky  barrier  layer 
formed  in  the  top  major  surface  of  the  first  semicon- 
ductor  layer  at  a  region  between  neighboring  ones  of 

20  the  second  semiconductor  layers. 
The  semiconductor  device  may  further  comprise 

a  first  conductivity  type  fourth  semiconductor  layer  of 
a  higher  concentration  than  the  concentration  of  the 
first  semiconductor  layer,  the  fourth  semiconductor 

25  layer  being  disposed  under  a  bottom  major  surface  of 
the  first  semiconductor  layer. 

The  semiconductor  device  may  still  further  com- 
prise  a  first  electrode  which  contacts  to  both  the  sec- 
ond  semiconductor  layers  and  the  Schottky  barrier 

30  layer  electrically. 
The  semiconductor  device  may  further  comprise 

a  metal  on  said  first  semiconductor  layer  to  form  said 
Schottky  barrier. 

The  semiconductor  device  may  still  further  com- 
35  prise  a  second  electrode  which  is  disposed  under  the 

bottom  major  surface  of  the  fourth  semiconductor 
layer. 

The  semiconductor  device  preferably  comprises 
a  plurality  of  the  third  semiconductor  layers. 

40  The  semiconductor  device  of  the  second  aspect 
may  require  that  the  second  and  the  third  semicon- 
ductor  layers  are  connected  to  each  other. 

Further,  the  third  semiconductor  layer  may  have 
a  column-like  configuration. 

45  The  second  semiconductor  layers  preferably  sur- 
round  said  fourth  semiconductor  layer  in  said  major 
top  surface  of  said  first  semiconductor  layer. 

The  second  and  the  third  semiconductor  layers 
may  be  insulated  from  each  other. 

so  In  addition,  the  second  semiconductor  layers  pre- 
ferably  surround  the  fourth  semiconductor  layer  in 
the  major  top  surface  of  the  first  semiconductor  layer. 

The  present  invention  also  relates  to  a  method  of 
manufacturing  a  semiconductor  device.  The  method 

55  comprises  the  steps  of:  (a)  preparing  a  first  conduc- 
tivity  type  first  semiconductor  layer;  (b)  selectively 
forming  second  conductivity  type  second  semicon- 
ductor  layers  of  a  relatively  high  concentration  in  a  top 
major  surface  of  the  first  semiconductor  layer;  (c)  se- 

3 
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lectively  forming  at  least  one  third  semiconductor  lay- 
er  of  second  conductivity  type  in  the  first  semicon- 
ductor  layer  at  a  region  between  neighboring  ones  of 
the  second  semiconductor  layers;  and  (d)  forming  an 
electrode  on  the  structure  which  has  been  fabricated 
so  far  through  the  steps  (a)  to  (c). 

The  step  (a)  preferably  includes  the  step  of  (a-1) 
forming  a  first  conductivity  type  fifth  semiconductor 
layer  under  a  bottom  major  surface  of  the  first  semi- 
conductor  layer  such  that  the  fifth  semiconductor  lay- 
er  has  a  higher  concentration  than  the  concentration 
of  the  first  semiconductor  layer. 

The  step  (b)  preferably  includes  the  steps  of:  (b- 
1  )  selectively  coating  the  top  surface  of  the  first  sem- 
iconductor  layer;  and  (b-2)  implanting  first  ions  of  the 
second  conductivity  type  into  the  structure  obtained 
by  the  step  (b-1)  to  thereby  form  the  second  semicon- 
ductor  layers. 

The  step  (c)  preferably  includes  the  steps  of:  (c- 
1  )  selectively  coating  the  top  surface  of  the  first  sem- 
iconductor  layer;  and  (c-2)  implanting  second  ions  of 
the  second  conductivity  type  into  the  structure  ob- 
tained  by  the  step  (c-1)  to  thereby  form  the  third  sem- 
iconductor  layer. 

The  step  (d)  may  include  the  step  of  (d-1)  forming 
a  Schottky  barrier  layer  or  a  second  conductivity  type 
fourth  semiconductor  layer  of  a  relatively  low  concen- 
tration,  in  the  top  major  surface  of  the  first  semicon- 
ductor  layer  at  a  region  between  neighboring  ones  of 
said  second  semiconductor  layers. 

The  electrode  preferably  forms  a  Schottky  barrier 
layer  in  the  top  major  surface  of  the  first  semiconduc- 
tor  layer  at  a  region  between  neighboring  ones  of  the 
second  semiconductor  layers. 

The  step  (d-1)  may  include  the  step  of  (d-2)  ther- 
mally  diffusing  atoms  of  the  electrode  into  the  first 
semiconductor  layer  to  thereby  define  a  second  con- 
ductivity  type  fourth  semiconductor  layer  in  the  top 
major  surface  of  the  first  semiconductor  layer  be- 
tween  neighboring  ones  of  the  second  semiconductor 
layers  such  that  the  fourth  semiconductor  layer  has 
a  lower  concentration  than  the  concentration  of  the 
third  semiconductor  layer. 

Alternatively,  the  step  (d)  may  include  the  step  of 
(d-3)  implanting  third  ions  of  the  second  conductivity 
type  from  above  to  thereby  define  a  second  conduc- 
tivity  type  fourth  semiconductor  layer  in  the  top  major 
surface  of  the  first  semiconductor  layer  between 
neighboring  ones  of  the  second  semiconductor  layers 
such  that  the  fourth  semiconductor  layer  has  a  lower 
concentration  than  the  concentration  of  the  third 
semiconductor  layer. 

The  step  (d)  may  further  include  the  step  of  (d-4) 
disposing  the  electrode  on  an  entire  surface  of  the 
structure  which  has  been  fabricated  so  far  through 
the  steps  (a)  to  (c).  The  step  (d-4)  may  be  performed 
before  the  step  (d-3). 

Alternatively,  the  step  (d)  may  further  include  the 

step  of  (d-5)  disposing  the  electrode  on  an  entire  sur- 
face  of  the  structure  which  has  been  fabricated  so  far 
through  the  steps  (a)  to  (c)  and  (d-3). 

5  The  step  (d)  may  further  include  the  steps  of:  (d- 
6)  disposing  a  metal  on  an  entire  surface  of  the  struc- 
ture  which  has  been  fabricated  so  far  through  the 
steps  (a)  to  (c)  to  form  the  Schottky  layer;  and  (d-7) 
disposing  the  electrode  on  an  entire  surface  of  the 

10  structure  which  has  been  fabricated  so  far  through 
the  steps  (a)  to  (c)  and  (d-6). 

A  method  of  manufacturing  a  semiconductor  de- 
vice  in  still  other  aspect  of  the  present  invention  com- 
prises  the  steps  of:  (a)  preparing  a  first  conductivity 

15  type  first  semiconductor  layer;  (b)  selectively  forming 
at  least  one  second  conductivity  type  second  semi- 
conductor  layer  of  a  relatively  high  concentration  in 
the  first  semiconductor  layer;  (c)  selectively  forming 
a  second  conductivity  type  third  semiconductor  layer 

20  of  a  relatively  high  concentration  such  that  the  sec- 
ond  semiconductor  layer  is  held  between  the  third 
semiconductor  layers  in  the  top  major  surface  of  the 
first  semiconductor  layer;  and  (d)  forming  an  elec- 
trode  on  the  structure  which  has  been  fabricated  so 

25  far  through  the  steps  (a)  to  (c). 
The  step  (d)  preferably  includes  the  step  of  (e) 

forming  a  Schottky  barrier  layer  or  a  second  conduc- 
tivity  type  fourth  semiconductor  layer  of  a  relatively 
low  concentration,  in  the  top  major  surface  of  the  first 

30  semiconductor  layer  at  a  region  between  neighboring 
ones  of  the  third  semiconductor  layers. 

The  electrode  preferably  forms  a  Schottky  barrier 
layer  in  the  top  major  surface  of  the  first  semiconduc- 
tor  layer  at  a  reg  ion  bet  wee  n  ne  ig  h  bori  ng  ones  of  t  he 

35  second  semiconductor  layers. 
The  step  (d-1)  may  include  the  step  of  (d-2)  ther- 

mally  diffusing  atoms  of  the  electrode  into  the  first 
semiconductor  layer  to  thereby  define  a  second  con- 
ductivity  type  fourth  semiconductor  layer  in  the  top 

40  major  surface  of  the  first  semiconductor  layer  be- 
tween  neighboring  ones  of  the  second  semiconductor 
layers  such  that  the  fourth  semiconductor  layer  has 
a  lower  concentration  than  the  concentration  of  the 
third  semiconductor  layer. 

45  Alternatively,  the  step  (d)  may  include  the  step  of 
(d-3)  implanting  third  ions  of  the  second  conductivity 
type  from  above  to  thereby  define  a  second  conduc- 
tivity  type  fourth  semiconductor  layer  in  the  top  major 
surface  of  the  first  semiconductor  layer  between 

so  neighboring  ones  of  the  second  semiconductor  layers 
such  that  the  fourth  semiconductor  layer  has  a  lower 
concentration  than  the  concentration  of  the  third 
semiconductor  layer. 

Further,  the  step  (d)  may  include  the  step  of  (d- 
55  4)  disposing  the  electrode  on  an  entire  surface  of  the 

structure  which  has  been  fabricated  so  far  through 
the  steps  (a)  to  (c),  and  the  step  (d-4)  may  be  per- 
formed  before  the  step  (d-3). 

Alternatively,  the  step  (d)  may  further  include  the 

4 
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step  of  (d-5)  disposing  the  electrode  on  an  entire  sur- 
face  of  the  structure  which  has  been  fabricated  so  far 
through  the  steps  (a)  to  (c)  and  (d-3). 

The  step  (d)  may  further  include  the  steps  of:  (d- 
6)  disposing  a  metal  on  an  entire  surface  of  the  struc- 
ture  which  has  been  fabricated  so  far  through  the 
steps  (a)  to  (c)  to  form  the  Schottky  layer;  and  (d-7) 
disposing  the  electrode  on  an  entire  surface  of  the 
structure  which  has  been  fabricated  so  far  through 
the  steps  (a)  to  (c)  and  (d-6). 

In  still  other  aspect,  a  method  of  manufacturing  a 
semiconductor  device  comprises  the  steps  of:  (a)  pre- 
paring  a  first  conductivity  type  first  semiconductor 
layer;  (b)  selectively  covering  a  surface  of  the  first 
semiconductor  layer  with  a  first  mask;  (c)  implanting 
first  ions  of  second  conductivity  type  into  the  first 
semiconductor  layer  from  above  to  thereby  selective- 
ly  form  first  seed  cores  in  the  first  semiconductor  lay- 
er  under  a  region  not  covered  with  the  first  mask;  (d) 
forming  a  first  conductivity  type  second  semiconduc- 
tor  layer  on  the  first  semiconductor  layer;  (e)  covering 
a  surface  of  the  second  semiconductor  layer  with  a 
second  mask  at  a  region  above  the  first  seed  cores 
and  thereafter  implanting  second  ions  of  the  second 
conductivity  type  into  the  second  semiconductor  lay- 
er  from  above  to  thereby  selectively  form  a  second 
conductivity  type  third  semiconductor  layer  in  the 
second  semiconductor  layer  under  a  region  not  cov- 
ered  with  the  second  mask;  (f)  thermally  treating  the 
structure  which  has  been  fabricated  so  far  through 
the  steps  (a)  to  (e)  and  thereby  growing  the  first  seed 
cores  so  that  a  second  conductivity  type  fourth  sem- 
iconductor  layer  of  a  relatively  high  concentration  is 
formed;  and  (g)  forming  a  second  conductivity  type 
fifth  semiconductor  layer  of  a  relatively  low  concen- 
tration  in  a  top  surface  of  the  second  semiconductor 
layer  at  a  region  not  covered  with  the  third  semicon- 
ductor. 

In  this  aspect,  the  step  (g)  may  include  the  step 
of  (g-1)  implanting  third  ions  of  the  second  conductiv- 
ity  type  into  the  structure  which  has  been  fabricated 
so  far  through  the  steps  (a)  to  (f)  from  above. 

The  step  (g-1)  may  include  the  step  of  (g-2)  dis- 
posing  an  electrode  on  an  entire  surface  of  the  struc- 
ture  which  has  been  fabricated  so  far  through  the 
steps  (a)  to  (f). 

The  step  (e)  preferably  includes  the  step  of  (e-1) 
forming  second  seed  cores  in  the  second  semicon- 
ductor  layer  at  a  region  under  the  second  mask,  and 
the  step  (g)  preferably  includes  the  step  of  (g-3)  ther- 
mally  growing  the  second  seed  cores  into  the  fifth 
semiconductor  layer. 

A  method  of  manufacturing  a  semiconductor  de- 
vice  according  to  still  other  aspect  comprises  the 
steps  of:  (a)  preparing  a  first  conductivity  type  first 
semiconductor  layer;  (b)  selectively  covering  a  sur- 
face  of  the  first  semiconductor  layer  with  a  first  mask; 
(c)  implanting  first  ions  of  second  conductivity  type 

into  the  first  semiconductor  layerfrom  above  to  there- 
by  selectively  form  first  seed  cores  in  the  first  semi- 
conductor  layer  under  a  region  not  covered  with  the 

5  first  mask;  (d)  forming  a  first  conductivity  type  second 
semiconductor  layer  on  the  first  semiconductor  layer; 
(e)  covering  a  surface  of  the  second  semiconductor 
layer  with  a  second  mask  at  a  region  above  the  first 
seed  cores  and  thereafter  implanting  second  ions  of 

10  the  second  conductivity  type  into  the  second  semi- 
conductor  layer  from  above  to  thereby  selectively 
form  a  second  conductivity  type  third  semiconductor 
layer  in  the  second  semiconductor  layer  under  a  re- 
gion  not  covered  with  the  second  mask;  (f)  thermally 

15  treating  the  structure  which  has  been  fabricated  so  far 
through  the  steps  (a)  to  (e)  and  thereby  growing  the 
first  seed  cores  so  that  a  second  conductivity  type 
fourth  semiconductor  layer  of  a  relatively  high  con- 
centration  is  formed;  and  (g)  forming  a  Schottky  bar- 

20  rier  layer  in  top  surfaces  of  the  second  semiconductor 
layers  at  a  region  not  covered  with  the  third  semicon- 
ductor. 

The  step  (g)  preferably  includes  the  step  of  (g-1) 
disposing  an  electrode  on  the  structure  which  has 

25  been  fabricated  so  far  through  the  steps  (a)  to  (f). 
As  heretofore  described,  during  the  reverse-bias 

state,  a  depletion  layer  develops  between  the  first 
semiconductor  layer  and  the  second  and  the  fourth 
semiconductor  layers  or  between  the  first  semicon- 

30  ductor  layer,  the  second  semiconductor  layers  and 
the  Schottky  barrier  layer.  Due  to  the  existence  of  the 
third  semiconductor  layer,  the  depletion  layer  does 
not  have  a  sharply  curved  configuration.  Hence,  con- 
centration  of  electric  field  and  deterioration  in  the 

35  breakdown  voltage  are  prevented. 
On  the  other  hand,  during  the  forward-bias  state, 

since  the  second  semiconductor  layers  are  selective- 
ly  disposed  in  the  first  semiconductor  layer,  migration 
of  excessive  holes  from  the  second  semiconductor 

40  layers  into  the  first  semiconductor  layer  is  avoided, 
thereby  reducing  a  recovery  current. 

Thus,  in  the  semiconductor  device  according  to 
the  present  invention,  injection  of  excessive  carriers 
is  controlled  without  degrading  breakdown  voltage 

45  VBR.  Hence,  the  recovery  characteristics  of  the  sem- 
iconductor  device  according  to  the  present  invention 
allow  reduced  recovery  current  lRR  and  subsequent 
gradual  termination  of  current. 

Such  a  semiconductor  device  is  obtainable  by  the 
so  manufacturing  method  according  to  the  present  in- 

vention. 
Accordingly,  it  is  an  object  to  offer  a  device  struc- 

ture  in  which  implantation  of  excessive  carriers  is  con- 
trolled  without  decreasing  a  breakdown  voltage  and 

55  with  which  a  high  speed  soft  recovery  diode  is  real- 
ized. 

These  and  other  objects,  features,  aspects  and 
advantages  of  the  present  invention  will  become 
more  apparent  from  the  following  detailed  description 
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of  the  present  invention  when  taken  in  conjunction 
with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  5 

Fig.  1  is  a  cross  sectional  view  illustrating  a  con- 
ventional  technique; 
Figs.  2  and  3  are  graphs  showing  conventional 
technique;  10 
Fig.  4  is  a  cross  sectional  view  illustrating  a  con- 
ventional  technique; 
Fig.  5  is  a  cross  sectional  view  illustrating  a  pre- 
ferred  embodiment  of  the  present  invention; 
Figs.  6  to  8  are  cross  sectional  views  for  explain-  15 
ing  an  effect  of  the  present  invention; 
Fig.  9  is  a  cross  sectional  view  illustrating  another 
preferred  embodiment  of  the  present  invention; 
Fig.  10  is  a  graph  for  explaining  an  effect  of  the 
present  invention;  20 
Figs.  11  to  17  are  cross  sectional  views  showing 
a  method  of  manufacturing  a  semiconductor  de- 
vice  according  to  a  preferred  embodiment  of  the 
present  invention  in  the  respective  process 
steps;  25 
Figs.  18  to  21  are  cross  sectional  views  showing 
a  method  of  manufacturing  a  semiconductor  de- 
vice  according  to  a  preferred  embodiment  of  the 
present  invention; 
Figs.  22  to  24  are  cross  sectional  views  showing  30 
other  method  of  manufacturing  a  semiconductor 
device  according  to  the  present  invention  in  the 
respective  process  steps; 
Figs.  25  to  30  are  cross  sectional  views  showing 
still  other  method  of  manufacturing  a  semicon-  35 
ductor  device  according  to  the  present  invention 
in  the  respective  process  steps; 
Fig.  31  is  a  cross  sectional  view  showing  the  still 
other  method  of  manufacturing  a  semiconductor 
device  according  to  a  preferred  embodiment  of  40 
the  present  invention; 
Fig.  32  is  a  plan  view  showing  a  preferred  em- 
bodiment  of  the  present  invention; 
Fig.  33  is  a  plan  view  showing  another  preferred 
embodiment  of  the  present  invention;  and  45 
Fig.  34  is  a  plan  view  showing  modification  of  the 
present  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS  50 

Embodiment  1 

A  preferred  embodiment  of  the  present  invention 
will  be  described  with  reference  to  drawings.  Fig.  5  is  55 
a  cross  sectional  view  of  a  diode  1  00a.  Anode  P  layers 
3  are  selectively  formed  in  the  top  major  surface  of  an 
N"  body  2.  Of  the  N"  body  2,  a  portion  lying  under  the 
anode  P  layers  3  and  extending  in  the  direction  of  the 

thickness  of  the  N"  body  2  is  noted  as  a  first  zone  Z1. 
Ashallow  P"  layer  4a  is  surrounded  by  the  anode 

P  layers  3  in  the  top  major  surface  of  the  N"  body  2. 
In  other  words,  the  top  major  surface  of  the  N"  body 
2  is  completely  occupied  by  the  anode  P  layers  3  and 
the  P"  layer  4a.  The  N"  body  2  includes  a  second  zone 
Z2  where  it  lies  under  the  P"  layer  4a.  The  second 
zone  Z2  also  extends  in  the  direction  of  the  thickness 
of  the  N"  body  2.  Thus,  the  N"  body  2  is  divided  into 
the  first  zone  Z1  and  the  second  zone  Z2. 

An  anode  electrode  6  is  connected  to  both  the 
anode  P  layers  3  and  the  P"  layer  4a. 

A  cathode  N+  layer  1  is  disposed  under  the  N" 
body  2  and  a  cathode  electrode  7  is  formed  underthe 
cathode  N+  layer  1  ,  which  structure  remains  similar  to 
that  of  the  diode  200  of  Fig.  1  . 

In  the  diode  100a,  P  regions  5  are  disposed  in  a 
distance  away  from  the  P"  layer  4  in  the  second  zone 
Z2.  The  configuration  of  each  P  region  5  resembles 
to,  for  instance,  a  column  which  extends  perpendicu- 
lar  to  the  plane  of  Fig.  5.  In  terms  of  potential,  the  re- 
gions  5  are  in  floating  state. 

Next,  a  current  characteristic  of  the  diode  100a 
will  be  described  in  comparison  with  those  of  the  di- 
odes  200  and  300.  When  the  diode  1  00a  is  forwardly 
biased  migration  of  excessive  holes  into  the  N"  body 
2  is  better  controlled,  as  in  the  case  of  the  diode  300, 
than  in  the  diode  200  since  the  anode  P  layers  3  are 
selectively  formed. 

Figs.  6  and  7  are  cross  sectional  views  of  diodes 
300a  and  300b,  respectively.  The  diodes  300a  and 
300b  include  a  relatively  wide  aperture  and  a  relative- 
ly  narrow  aperture,  respectively,  between  the  neigh- 
boring  anode  P  layers  3  but  have  otherwise  similar 
structure  to  the  diode  300.  Figs.  6  and  7  show,  with 
the  dotted  lines,  spread  of  depletion  layers  which 
grow  when  the  diodes  300a  and  300b  are  reverse- 
biased. 

In  the  diode  300a  in  which  the  aperture  between 
the  anode  P  layers  3  is  relatively  wide  (Fig.  6),  the  de- 
pletion  layer  includes  sharply  curved  portions  C1,  C2 
and  C3.  At  the  portions  C1  ,  C2  and  C3,  electric  field 
would  concentrate  to  thereby  invite  drop  in  a  break- 
down  voltage  VBR. 

In  the  diode  300b  in  which  the  aperture  of  the 
anode  P  layers  3  is  relatively  narrow  (Fig.  7),  the  de- 
pletion  layer  has  a  smooth  contour.  Hence,  concen- 
tration  of  electric  field  would  not  easily  result,  thus 
preventing  deterioration  in  the  breakdown  voltage 
VBR.  In  this  structure,  however,  sufficient  control  of 
migration  of  excessive  holes  into  the  N"  body  2  is  not 
possible. 

In  contrast,  the  diode  100a  attains  sufficient  con- 
trol  of  flow  of  excessive  holes  into  the  N"  body  2  since 
the  aperture  between  the  anode  P  layers  3  is  relative- 
ly  wide,  and  at  the  same  time,  suppresses  field  con- 
centration. 

Fig.  8  is  a  cross  sectional  view  showing  how  a  de- 
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pletion  layer  grows  when  the  diode  100a  is  reverse- 
biased  (the  dotted  line).  The  P  regions  5  serve  as  a 
guard  ring  during  reverse-bias  state  of  the  diode 
100a.  More  precisely,  the  depletion  layer  would  ex- 
tend  down  to  the  P  regions  5,  to  finally  completely  en- 
close  the  anode  P  layers  3,  the  P"  layer  4a  and  the  P 
regions  5.  Since  the  depletion  layer  includes  no  shar- 
ply  curved  portion  in  its  configuration,  concentration 
of  electric  field  is  restrained,  and  hence,  the  break- 
down  voltage  VBR  would  not  fall. 

This  allows  the  aperture  between  the  anode  P 
layers  3  to  be  widened  with  an  aim  to  sufficiently  con- 
trol  migration  of  excessive  holes  into  the  N"  body  2, 
while  preventing  the  conditions  for  the  breakdown 
voltage  VBR  from  reversely  affected. 

Such  an  effect  is  attainable  in  a  slightly  modified 
diode  100b  (Figs.  5  and  8)  in  which  a  Schottky  barrier 
layer  4b  replaces  the  P"  layer  4a. 

Embodiment  2 

Fig.  9  is  a  partially  cutaway  cross  sectional  view 
of  a  diode  100c  according  to  other  preferred  embodi- 
ment  of  the  present  invention.  Likewise  the  diode 
100a,  the  diode  100c  requires  that  the  P  regions  5  are 
disposed  in  space  from  the  P"  layer  4a  in  the  N"  body 
2.  The  column-like  shaped  P  regions  5,  however,  are 
connected  to  the  anode  P  layers  3. 

Where  the  P  regions  5  are  thus  connected  to  the 
anode  P  layers  3,  holes  would  flow  into  the  N"  body 
2  also  from  the  P  regions  5  during  forward-bias  state, 
causing  that  migration  of  the  holes  are  less  effectively 
controlled  than  it  is  in  the  diodes  100a  and  100b. 
However,  compared  with  the  diode  200  in  which  the 
anode  P  layers  3  are  formed  entirely  over  the  N"  body 
2,  injection  of  the  holes  is  better  restrained. 

When  the  diode  100c  is  reversely  biased,  the  re- 
sultant  breakdown  voltage  VBR  is  largerthan  those  at- 
tained  in  the  diodes  100a  and  100b  since  the  P  re- 
gions  5  are  connected  to  the  anode  electrode  6 
through  the  anode  P  layers  3. 

This  effect  is  achievable  in  a  modified  diode 
1  0Od,  too,  (Fig.  9)  which  comprises  a  Schottky  barrier 
layer  4b  instead  of  the  P"  layer  4a. 

Fig.  10  shows  the  current  characteristics  of  the 
conventional  diode  and  the  diodes  according  to  the 
present  invention  each  during  forward-bias  state.  The 
curves  12,  13,  14  and  15  represent  the  diodes  200, 
300,  100a  and  100c,  respectively.  The  illustrated  cur- 
rent  characteristics  are  measured  on  the  premise  that 
the  aperture  between  the  anode  P  layers  3  is  wid- 
ened  to  such  an  extent  that  deterioration  in  the  break- 
down  voltage  would  not  occur. 

In  the  diode  200,  since  the  anode  P  layer  31  en- 
tirely  covers  the  top  surface  of  the  N"  body  2,  current 
starts  flowing  at  a  threshold  voltage  VTH  or  a  voltage 
greater  than  that  (Curve  12). 

In  the  diode  300,  current  is  first  initiated  between 

the  P"  layer  4  and  the  N"  body  2.  Hence,  the  diode 
300  has  such  a  current  characteristic  that  current 
starts  at  a  voltage  lower  than  the  voltage  which  is  re- 

5  quired  to  initiate  current  in  the  diode  200.  With  in- 
crease  in  the  applied  voltage,  current  tends  to  satur- 
ate  until  another  current  flow  is  created  between  the 
anode  P  layers  3  and  the  N"  body  2.  With  further  in- 
crease  in  the  applied  voltage,  joined  by  the  current 

10  which  flows  between  the  anode  P  layers  3  and  the  N" 
body  2,  greater  current  starts  flowing.  Hence,  the 
curve  indicating  the  current  characteristic  of  the  di- 
ode  300  runs  stepwisely  (Curve  13).  In  a  region 
where  the  applied  voltage  is  large,  current  is  smaller 

15  than  that  flowing  in  the  diode  200  due  to  difference 
in  the  amount  of  the  migrated  holes  from  the  anode 
P  layers  3. 

This  is  also  true  in  the  diodes  100a  and  100b. 
Since  the  anode  P  layers  3  are  selectively  formed  in 

20  the  N"  body  2,  current  which  flows  in  a  region  where 
the  applied  voltage  is  large  is  smaller  than  current 
which  flows  in  the  diode  200  (Curves  14  and  15). 

In  a  region  where  the  applied  voltage  is  small, 
current  is  initiated  at  a  smaller  voltage  than  the  vol- 

25  tage  which  is  required  to  initiate  current  in  the  diode 
200.  However,  at  a  current  rising  point,  the  current 
characteristic  of  the  diode  100c  (Curve  15)  has  a  larg- 
er  value  than  the  current  characteristic  of  the  diode 
100a  (Curve  14).  This  is  believed  to  be  caused  by  a 

30  fact  that  the  P  regions  5  inject  holes  as  the  anode  P 
layers  3  do. 

Manufacturing  Method 

35  Described  in  the  following  is  a  method  of  manu- 
facturing  the  diode  100a  and  the  other  diodes  which 
have  been  explained  as  the  first  and  the  second  pre- 
ferred  embodiments. 

40  A.  First  Manufacturing  Method 

First,  the  N"  body  2  is  prepared  which  would 
serve  as  a  semiconductor  substrate.  The  N"  body  2 
is  partitioned  into  the  first  zone  Z1  ,  where  the  anode 

45  P  layers  3  are  to  be  formed  on  the  top  major  surface, 
and  the  second  zone  Z2,  where  the  P"  layer  4a  or  the 
Schottky  barrier  layer  4b  is  to  be  formed  on  the  top 
major  surface,  both  penetrating  the  N"  body  2  in  the 
direction  of  thickness  of  the  N"  body  2  (Fig.  11).  The 

so  cathode  N+  layer  1  isformedundertheN"body2(Fig. 
12). 

The  surface  of  the  second  zone  Z2  is  then  coated 
with  a  resist  8a  through  which  P  type  impurity  ions  are 
implanted  down  into  the  N"  body  2,  whereby  the 

55  anode  P  layers  3  are  disposed  on  the  surface  of  the 
first  zone  Z1  (Fig.  13). 

Next,  the  resist  8a  is  removed  and  a  resist  8b  is 
formed  which  not  only  locally  covers  the  second  zone 
Z2  but  also  overlies  the  first  zone  Z1  .  P  type  impurity 
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ions  are  implanted  through  the  resist  8b  into  the  N" 
body  2  from  above  at  a  relatively  high  energy  (Fig.  1  4). 

The  resist  8b  is  removed  and  the  structure  is  an- 
nealed,  thereby  forming  the  P  regions  5  selectively  in 
the  second  zone  Z2  (Fig.  15). 

The  cathode  electrode  7  is  formed  under  the 
cathode  NT  layer  1  and  the  anode  electrode  6  is  dis- 
posed  on  the  N"  body  2  and  the  anode  P  layers  3  (Fig. 
16).  By  forming  the  anode  electrode  6  from  such  ma- 
terial  which  would  create  Schottky  barrier  in  the  N" 
body  2,  the  Schottky  barrier  layer  4b  as  that  shown 
in  Fig.  17  is  obtained  merely  by  provision  of  the  anode 
electrode  6.  Silicon  is  a  good  candidate  for  the  mate- 
rial  of  the  N"  body  2  and  aluminum  is  a  good  candidate 
for  the  material  of  the  anode  electrode  6. 

Through  further  annealing,  aluminum  diffuses, 
as  P  type  impurities  in  the  silicon  material  of  the  N" 
body  2,  thereby  defining  the  P"layer4a  (Fig.  17).  The 
P"  layer  4a  may  be  otherwise  formed  above  the  P  re- 
gions  5  by  additional  implantation  of  P  type  impurities 
from  above  followed  by  providing  the  anode  electrode 
6  as  shown  in  Fig.  18.  Although  this  ion  implantation 
also  injects  impurities  into  the  anode  P  layers  3,  since 
the  anode  P  layers  3  have  a  high  concentration  and 
has  the  same  conductivity  as  that  of  the  injected  im- 
purities,  the  implantation  to  such  a  dose  needed  for 
formation  of  the  P"  layer  4a  is  far  less  enough  to  mod- 
ify  the  characteristics  of  the  anode  P  layers  3.  Alter- 
natively,  the  P"  layer  4a  may  be  formed  by  implanta- 
tion  of  P  type  impurities  through  the  anode  electrode 
6  as  shown  in  Fig.  19.  The  diode  100a  and  the  like  are 
completed  in  this  manner. 

It  is  also  to  be  noted  that  instead  of  forming  the 
P"  layer  4a  by  implantation  of  P  type  impurities,  metal 
which  would  form  a  Schottky  barrier  to  silicon,  the 
material  of  which  the  N"  body  2  is  made,  such  as  a 
TiW  film  61  may  be  formed  on  the  entire  top  surface 
of  the  N"  body  2  in  order  to  obtain  the  Schottky  barrier 
layer  4b  before  formation  of  the  anode  electrode  6. 
Fig.  20  is  a  cross  sectional  view  showing  a  step  of 
forming  the  TiW  film  61  following  the  step  shown  in 
Fig.  15.  During  formation  oftheTiWfilm  61  on  the  en- 
tire  top  surface  of  the  N"  body  2,  the  anode  P  layers 
3  would  be  also  covered  at  top  surfaces  with  the  TiW 
film  61.  However,  since  the  anode  P  layers  3  have  a 
high  impurity  concentration,  the  TiW  film  61  and  the 
anode  P  layers  3  would  form  an  ohmic  contact. 
Hence,  there  will  be  no  the  Schottky  barrier  layer  4b 
formed  on  the  anode  P  layers  3.  After  formation  of  the 
Schottky  barrier  layer  4b,  the  anode  and  the  cathode 
electrodes  6  and  7  are  formed  on  the  top  surface  of 
the  N"  type  body  2  and  under  the  cathode  NT  layer  1  , 
respectively,  completing  the  diode  101  (Fig.  21). 

The  P  regions  5  may  be  formed  before  provision 
of  the  anode  P  layers  3,  in  which  case,  as  shown  in 
Fig.  22,  the  resist  8b  is  formed  which  selectively  cov- 
ers  the  surface  of  the  second  zone  Z2  and  entirely 
covers  the  surface  of  the  first  zone  Z1,  and  Ptype  im- 

purity  ions  are  implanted  through  the  resist  8b  down 
into  the  N"  body  2. 

The  resist  8b  is  then  removed  followed  by  anneal- 
5  ing,  whereby  the  P  regions  5  are  formed  selectively 

in  the  second  zone  Z2  (Fig.  23). 
The  surface  of  the  second  zone  Z2  is  further 

coated  with  the  resist  8a  through  which  P  type  impur- 
ity  ions  are  implanted  into  the  N"  body  2  from  above. 

10  As  a  result,  the  anode  P  layers  3  are  formed  in  the 
surface  of  the  first  zone  Z1  (Fig.  24).  Following  this, 
through  steps  similar  to  those  shown  in  Figs.  16  and 
17  or  those  shown  in  Figs.  18  to  21,  the  diode  100  or 
the  like  is  completed. 

15 
B.  Second  Manufacturing  Method 

The  semiconductor  device  of  the  present  inven- 
tion  is  also  obtainable  through  the  process  steps 

20  which  are  illustrated  in  Figs.  25  to  30. 
First,  an  N"  semiconductor  substrate  20  is  pre- 

pared.  The  N"  semiconductor  substrate  20  is  then  div- 
ided  into  the  first  zone  Z1  ,  where  the  anode  P  layers 
3  are  to  be  formed  on  the  top  major  surface,  and  the 

25  second  zone  Z2,  where  the  P"  layer  4a  or  the  Schott- 
ky  barrier  layer  4b  is  to  be  formed  on  the  top  major 
surface,  both  penetrating  the  N"  semiconductor  sub- 
strate  20  in  the  direction  of  the  thickness  of  the  N" 
body  2  (Fig.  25).  The  cathode  NT  layer  1  is  formed  un- 

30  der  the  N"  semiconductor  substrate  20  (Fig.  26). 
A  resist  9b  is  formed  which  selectively  covers  the 

surface  of  the  second  zone  Z2  and  overlies  the  entire 
surface  of  the  first  zone  Z1  .  P  type  impurity  ions  are 
then  implanted  into  the  semiconductor  substrate  20 

35  from  above  so  that  seed  cores  S1  containing  the  P 
type  impurity  ions  which  are  to  diffuse  are  selectively 
formed  inside  the  second  zone  Z2  (Fig.  27). 

Following  this,  the  resist  9b  is  removed  and  an  N" 
semiconductor  layer  21  is  epitaxially  grown  on  the  en- 

40  tire  surface  of  the  semiconductor  substrate  20.  The 
semiconductor  substrate  20  and  the  semiconductor 
layer  21  form  the  N"  body  2.  As  the  epitaxial  growth 
of  the  semiconductor  layer  21  proceeds,  the  seed 
cores  S1  spread  to  thereby  form  P  regions  51  (Fig. 

45  28). 
The  surface  of  the  N"  body  2  (i.e.,  the  surface  of 

the  semiconductor  layer  21)  is  coated  in  the  second 
zone  Z2  with  a  resist  9a  through  which  P  type  impur- 
ity  ions  are  struck  down  into  the  N"  body  2.  As  a  result, 

so  the  anode  P  layers  3  are  formed  on  the  surface  of  the 
N"  body  2  in  the  first  zone  Z1  (Fig.  29). 

The  resist  9a  is  thereafter  removed  and  the 
structure  is  annealed,  allowing  further  spread  of  the 
P  regions  51  which  will  consequently  become  the  P 

55  regions  5  (Fig.  30). 
As  in  the  first  manufacturing  method,  the  Schott- 

ky  barrier  layer  4b  may  be  formed  by  forming  the 
anode  electrode  6  (Fig.  17),  or  the  anode  P"  layer  4a 
may  be  formed  by  further  annealing  (Fig.  17),  or  the 

8 
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structure  may  be  doped  before  forming  the  anode 
electrode  6  (Fig.  18).  Alternatively,  impurities  may  be 
implanted  after  forming  the  anode  electrode  6  (Fig. 
1  9).  Afurther  alternative  is  to  form  the  Schottky  bar- 
rier  layer  4b  before  formation  of  the  anode  electrode 
6  (Fig.  20). 

Then,  the  anode  electrode  6  and  the  cathode 
electrode  7  are  disposed  on  the  N"  body  2  and  under 
the  cathode  layer  1  ,  respectively,  thus  completing  the 
diode  100a  and  the  other  diodes. 

Still  other  modification  is  possible  that  by  inject- 
ing  the  P  type  impurities  down  into  the  N"  body  2  un- 
der  appropriately  adjusted  ion  implant  conditions,  an 
anode  P  layer  is  formed  on  the  portion  of  the  N"  body 
2  not  covered  with  the  resist  9a  (above  the  first  zone 
Z1)  and  P-impurity-ion-contained  seed  cores  S2  are 
formed  in  the  surface  of  the  N"  body  2  (above  the 
second  zone  Z2)  through  the  resist  9a  (Fig.  31).  In 
this  case,  the  structure  is  annealed  after  removal  of 
the  resist  9a  so  that  the  P  regions  51  grow  into  the  P 
regions  5  and  the  seed  cores  S2  spread  into  the  P" 
layer  4a. 

Embodiment  3 

The  positional  relation  between  the  P  regions  5 
and  the  anode  P  layers  3  may  not  be  as  heretofore  de- 
scribed. 

Figs.  32  and  33  are  plan  views  corresponding  to 
the  diodes  100a  and  100b,  respectively.  Except  for  a 
minor  difference  concerning  connection  between  the 
P  regions  5  and  the  anode  P  layers  3,  the  two  plane 
structures  are  similar  in  that  the  P  regions  5  each  ex- 
tend  in  a  column-like  shape.  The  plane  configuration 
of  the  P  regions  5,  however,  may  be  as  shown  in  Fig. 
34  wherein  the  anode  P  layers  3  each  have  an  island- 
like  shape  and  is  surrounded  by  the  P  regions  5.  This 
is  allowed  because  the  first  and  the  second  zones  Z1 
and  Z2  only  have  to  be  complementary  to  each  other. 

While  the  invention  has  been  described  in  detail, 
the  foregoing  description  is  in  all  aspects  illustrative 
and  not  restrictive.  It  is  understood  that  numerous 
other  modifications  and  variations  can  be  devised 
without  departing  from  the  scope  of  the  invention. 

Claims 

1  .  A  semiconductor  device  comprising: 
a  first  conductivity  type  first  semiconduc- 

tor  layer; 
second  conductivity  type  second  semi- 

conductor  layers  of  a  relatively  high  concentra- 
tion,  said  second  semiconductor  layers  being  se- 
lectively  formed  in  a  top  majorsurface  of  said  first 
semiconductor  layer; 

at  least  one  third  semiconductor  layer  of 
said  second  conductivity  type  having  a  relatively 

high  concentration,  said  third  semiconductor  lay- 
er  being  selectively  formed  in  said  first  semicon- 
ductor  layer  at  a  region  between  neighboring 

5  ones  of  said  second  semiconductor  layers;  and 
a  second  conductivity  type  fourth  semi- 

conductor  layer  of  relatively  low  concentration, 
said  fourth  semiconductor  layer  being  formed  in 
said  top  major  surface  of  said  first  semiconductor 

10  layer  at  a  region  between  neighboring  ones  of 
said  second  semiconductor  layers. 

2.  The  semiconductor  device  of  claim  1,  further 
comprising  a  first  conductivity  type  fifth  semicon- 

15  ductor  layer  of  a  higher  concentration  than  the 
concentration  of  said  first  semiconductor  layer, 
said  fifth  semiconductor  layer  being  disposed  un- 
der  a  bottom  major  surface  of  said  first  semicon- 
ductor  layer. 

20 
3.  The  semiconductor  device  of  claim  2,  further 

comprising  a  first  electrode  which  is  disposed  in 
contact  with  both  said  second  semiconductor  lay- 
ers  and  said  fourth  semiconductor  layer. 

25 
4.  The  semiconductor  device  of  claim  3,  further 

comprising  a  second  electrode  which  is  disposed 
under  a  bottom  major  surface  of  said  fifth  semi- 
conductor  layer. 

30 
5.  The  semiconductor  device  of  claim  4,  wherein  a 

plurality  of  said  third  semiconductor  layers  are 
provided. 

35  6.  The  semiconductor  device  of  claim  1,  wherein 
said  second  and  said  third  semiconductor  layers 
are  connected  to  each  other. 

7.  The  semiconductor  device  of  claim  6,  wherein 
40  said  third  semiconductor  layer  has  a  column-like 

configuration. 

8.  The  semiconductor  device  of  claim  6,  wherein 
said  second  semiconductor  layers  surround  said 

45  fourth  semiconductor  layer  in  said  major  top  sur- 
face  of  said  first  semiconductor  layer. 

9.  The  semiconductor  device  of  claim  1,  wherein 
said  second  and  said  third  semiconductor  layers 

so  are  insulated  from  each  other. 

10.  The  semiconductor  device  of  claim  9,  wherein 
said  third  semiconductor  layer  has  a  column-like 
configuration. 

55 
11.  The  semiconductor  device  of  claim  9,  wherein 

said  second  semiconductor  layers  surround  said 
fourth  semiconductor  layer  in  said  major  top  sur- 
face  of  said  first  semiconductor  layer. 

9 
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12.  A  semiconductor  device  comprising: 
a  first  conductivity  type  first  semiconduc- 

tor  layer; 
second  conductivity  type  second  semi- 

conductor  layers  selectively  formed  in  a  top  major 
surface  of  said  first  semiconductor  layer; 

at  least  one  third  semiconductor  layer  of 
said  second  conductivity  type  selectively  formed 
in  said  first  semiconductor  layer  at  a  region  be- 
tween  neighboring  ones  of  said  second  semicon- 
ductor  layers;  and 

a  Schottky  barrier  layer  formed  in  said  top 
major  surface  of  said  first  semiconductor  layer  at 
a  region  between  neighboring  ones  of  said  sec- 
ond  semiconductor  layers. 

13.  The  semiconductor  device  of  claim  12,  further 
comprising  a  first  conductivity  type  fourth  semi- 
conductor  layer  of  a  higher  concentration  than 
the  concentration  of  said  first  semiconductor  lay- 
er,  said  fourth  semiconductor  layer  being  dis- 
posed  under  a  bottom  major  surface  of  said  first 
semiconductor  layer. 

14.  The  semiconductor  device  of  claim  13,  further 
comprising  a  first  electrode  which  contacts  to 
both  said  second  semiconductor  layers  and  said 
Schottky  barrier  layer  electrically. 

15.  The  semiconductor  device  of  claim  14,  further 
comprising  a  metal  on  said  first  semiconductor 
layer  to  form  said  Schottky  barrier. 

16.  The  semiconductor  device  of  claim  14,  further 
comprising  a  second  electrode  which  is  disposed 
under  said  bottom  major  surface  of  said  fourth 
semiconductor  layer. 

17.  The  semiconductor  device  of  claim  16,  wherein  a 
plurality  of  said  third  semiconductor  layers  are 
provided. 

18.  The  semiconductor  device  of  claim  12,  wherein 
said  second  and  said  third  semiconductor  layers 
are  connected  to  each  other. 

19.  The  semiconductor  device  of  claim  18,  said  third 
semiconductor  layer  has  a  column-like  configur- 
ation. 

20.  The  semiconductor  device  of  claim  18,  wherein 
said  second  semiconductor  layers  surround  said 
fourth  semiconductor  layer  in  said  major  top  sur- 
face  of  said.first  semiconductor  layer. 

21.  The  semiconductor  device  of  claim  12,  wherein 
said  second  and  said  third  semiconductor  layers 
are  insulated  from  each  other. 

22.  The  semiconductor  device  of  claim  21,  said  third 
semiconductor  layer  has  a  column-like  configur- 
ation. 

5 
23.  The  semiconductor  device  of  claim  21  ,  wherein 

said  second  semiconductor  layers  surround  said 
fourth  semiconductor  layer  in  said  major  top  sur- 
face  of  said  first  semiconductor  layer. 

10 
24.  A  method  of  manufacturing  a  semiconductor  de- 

vice,  comprising  the  steps  of: 
(a)  preparing  a  first  conductivity  type  first 
semiconductor  layer; 

15  (b)  selectively  forming  second  conductivity 
type  second  semiconductor  layers  of  a  rela- 
tively  high  concentration  in  a  top  major  sur- 
face  of  said  first  semiconductor  layer; 
(c)  selectively  forming  at  least  one  third  sem- 

20  iconductor  layer  of  second  conductivity  type 
in  said  first  semiconductor  layer  at  a  region 
between  neighboring  ones  of  said  second 
semiconductor  layers;  and 
(d)  forming  an  electrode  on  the  structure 

25  which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c). 

25.  The  method  of  claim  24,  wherein  said  step  (a)  in- 
cludes  the  step  of  (a-1)  forming  a  first  conductiv- 

30  ity  type  fifth  semiconductor  layer  under  a  bottom 
major  surface  of  said  first  semiconductor  layer 
such  that  said  fifth  semiconductor  layer  has  a 
higher  concentration  than  the  concentration  of 
said  first  semiconductor  layer. 

35 
26.  The  method  of  claim  25,  wherein  said  step  (b)  in- 

cludes  the  steps  of: 
(b-1)  selectively  coating  said  top  major  sur- 
face  of  said  first  semiconductor  layer;  and 

40  (b-2)  implanting  first  ions  of  said  second  con- 
ductivity  type  into  the  structure  obtained  by 
said  step  (b-1)  to  thereby  form  said  second 
semiconductor  layers. 

45  27.  The  method  of  claim  26,  wherein  said  step  (c)  in- 
cludes  the  steps  of: 

(c-1)  selectively  coating  said  top  major  sur- 
face  of  said  first  semiconductor  layer;  and 
(c-2)  implanting  second  ions  of  said  second 

so  conductivity  type  into  the  structure  obtained 
by  said  step  (c-1)  to  thereby  form  said  third 
semiconductor  layer. 

28.  The  method  of  claim  24,  wherein  said  step  (d)  in- 
55  eludes  the  step  of  (d-1)  forming  a  Schottky  bar- 

rier  layer  or  a  second  conductivity  type  fourth 
semiconductor  layer  of  a  relatively  low  concentra- 
tion,  in  said  top  major  surface  of  said  first  semi- 
conductor  layer  where  said  first  semiconductor 

10 
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layer  at  a  region  between  neighboring  ones  of 
said  second  semiconductor  layers. 

29.  The  method  of  claim  28,  wherein  said  electrode 
forms  a  Schottky  barrier  layer  in  said  top  major 
surface  of  said  first  semiconductor  layer  at  a  re- 
gion  between  neighboring  ones  of  said  second 
semiconductor  layers. 

30.  The  method  of  claim  28,  wherein  said  step  (d-1) 
includes  the  step  of  (d-2)  thermally  diffusing 
atoms  of  said  electrode  into  said  first  semicon- 
ductor  layer  to  thereby  define  a  second  conduc- 
tivity  type  fourth  semiconductor  layer  in  said  top 
major  surface  of  said  first  semiconductor  layer 
between  neighboring  ones  of  said  second  semi- 
conductor  layers  such  that  said  fourth  semicon- 
ductor  layer  has  a  lower  concentration  than  the 
concentration  of  said  third  semiconductor  layer. 

31.  The  method  of  claim  28,  wherein  said  step  (d)  in- 
cludes  the  step  of  (d-3)  implanting  third  ions  of 
said  second  conductivity  type  from  above  to 
thereby  define  a  second  conductivity  type  fourth 
semiconductor  layer  in  said  top  major  surface  of 
said  first  semiconductor  layer  between  neighbor- 
ing  ones  of  said  second  semiconductor  layers 
such  that  said  fourth  semiconductor  layer  has  a 
lower  concentration  than  the  concentration  of 
said  third  semiconductor  layer. 

32.  The  method  of  claim  31  ,  wherein  said  step  (d)  fur- 
ther  includes  the  step  of  (d-4)  disposing  said 
electrode  on  an  entire  surface  of  the  structure 
which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c),  and 

wherein  said  step  (d-4)  is  performed  be- 
fore  said  step  (d-3). 

33.  The  method  of  claim  31  ,  wherein  said  step  (d)  fur- 
ther  includes  the  step  of  (d-5)  disposing  said 
electrode  on  an  entire  surface  of  the  structure 
which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c)  and  (d-3). 

34.  The  method  of  claim  28,  wherein  said  step  (d)  fur- 
ther  includes  the  steps  of: 

(d-6)  disposing  a  metal  on  an  entire  surface  of 
the  structure  which  has  been  fabricated  so  far 
through  said  steps  (a)  to  (c)  to  form  said 
Schottky  layer;  and 
(d-7)  disposing  said  electrode  on  an  entire 
surface  of  the  structure  which  has  been  fab- 
ricated  so  far  through  said  steps  (a)  to  (c)  and 
(d-6). 

35.  A  method  of  manufacturing  a  semiconductor  de- 
vice,  comprising  the  steps  of: 

(a)  preparing  a  first  conductivity  type  first 
semiconductor  layer; 
(b)  selectively  forming  at  least  one  second 

5  conductivity  type  second  semiconductor  layer 
of  a  relatively  high  concentration  in  said  first 
semiconductor  layer; 
(c)  selectively  forming  a  second  conductivity 
type  third  semiconductor  layer  of  a  relatively 

10  high  concentration  such  that  said  second 
semiconductor  layer  is  held  between  said 
third  semiconductor  layers  in  said  top  major 
surface  of  said  first  semiconductor  layer;  and 
(d)  forming  an  electrode  on  the  structure 

15  which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c). 

36.  The  method  of  claim  35,  wherein  said  step  (d)  in- 
cludes  the  step  of  (d-1)  forming  a  Schottky  bar- 

20  rier  layer  or  a  second  conductivity  type  fourth 
semiconductor  layer  of  a  relatively  low  concentra- 
tion,  in  said  top  major  surface  of  said  first  semi- 
conductor  layer  at  a  region  between  neighboring 
ones  of  said  third  semiconductor  layers. 

25 
37.  The  method  of  claim  36,  wherein  said  electrode 

forms  a  Schottky  barrier  layer  in  said  top  major 
surface  of  said  first  semiconductor  layer  at  a  re- 
gion  between  neighboring  ones  of  said  second 

30  semiconductor  layers. 

38.  The  method  of  claim  36,  wherein  said  step  (d-1) 
includes  the  step  of  (d-2)  thermally  diffusing 
atoms  of  said  electrode  into  said  first  semicon- 

35  ductor  layer  to  thereby  define  a  second  conduc- 
tivity  type  fourth  semiconductor  layer  in  said  top 
major  surface  of  said  first  semiconductor  layer 
between  neighboring  ones  of  said  second  semi- 
conductor  layers  such  that  said  fourth  semicon- 

40  ductor  layer  has  a  lower  concentration  than  the 
concentration  of  said  third  semiconductor  layer. 

39.  The  method  of  claim  36,  wherein  said  step  (d)  in- 
cludes  the  step  of  (d-3)  implanting  third  ions  of 

45  said  second  conductivity  type  from  above  to 
thereby  define  a  second  conductivity  type  fourth 
semiconductor  layer  in  said  top  major  surface  of 
said  first  semiconductor  layer  between  neighbor- 
ing  ones  of  said  second  semiconductor  layers 

so  such  that  said  fourth  semiconductor  layer  has  a 
lower  concentration  than  the  concentration  of 
said  third  semiconductor  layer. 

40.  The  method  of  claim  39,  wherein  said  step  (d)  fur- 
55  ther  includes  the  step  of  (d-4)  disposing  said 

electrode  on  an  entire  surface  of  the  structure 
which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c),  and 

wherein  said  step  (d-4)  is  performed  be- 

11 
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fore  said  step  (d-3). 

41.  The  method  of  claim  39,  wherein  said  step  (d)  fur- 
ther  includes  the  step  of  (d-5)  disposing  said  5 
electrode  on  an  entire  surface  of  the  structure 
which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (c)  and  (d-3). 

42.  The  method  of  claim  36,  wherein  said  step  (d)  fur-  10 
ther  includes  the  steps  of: 

(d-6)  disposing  a  metal  on  an  entire  surface  of 
the  structure  which  has  been  fabricated  so  far 
through  said  steps  (a)  to  (c)  to  form  said 
Schottky  layer;  and  15 
(6-7)  disposing  said  electrode  on  an  entire 
surface  of  the  structure  which  has  been  fab- 
ricated  so  far  through  said  steps  (a)  to  (c)  and 
(d-6). 

20 
43.  A  method  of  manufacturing  a  semiconductor  de- 

vice,  comprising  the  steps  of: 
(a)  preparing  a  first  conductivity  type  first 
semiconductor  layer; 
(b)  selectively  covering  a  surface  of  said  first  25 
semiconductor  layer  with  a  first  mask; 
(c)  implanting  first  ions  of  second  conductivity 
type  into  said  first  semiconductor  layer  from 
above  to  thereby  selectively  form  first  seed 
cores  in  said  first  semiconductor  layer  under  30 
a  region  not  covered  with  said  first  mask; 
(d)  forming  a  first  conductivity  type  second 
semiconductor  layer  on  said  first  semiconduc- 
tor  layer; 
(e)  covering  a  surface  of  said  second  semi-  35 
conductor  layer  with  a  second  mask  at  a  re- 
gion  above  said  first  seed  cores  and  there- 
after  implanting  second  ions  of  said  second 
conductivity  type  into  said  second  semicon- 
ductor  layer  from  above  to  thereby  selectively  40 
form  a  second  conductivity  type  third  semi- 
conductor  layer  in  said  second  semiconductor 
layer  under  a  region  not  covered  with  said 
second  mask; 
(f)  thermally  treating  the  structure  which  has  45 
been  fabricated  so  far  through  said  steps  (a) 
to  (e)  and  thereby  growing  said  first  seed 
cores  so  that  a  second  conductivity  type 
fourth  semiconductor  layer  of  a  relatively  high 
concentration  is  formed;  and  so 
(g)  forming  a  second  conductivity  type  fifth 
semiconductor  layer  of  a  relatively  low  con- 
centration  in  a  top  surface  of  said  second 
semiconductor  layer  at  a  region  not  covered 
with  said  third  semiconductor.  55 

44.  The  method  of  claim  43,  wherein  said  step  (g)  in- 
cludes  the  step  of  (g-1)  implanting  third  ions  of 
said  second  conductivity  type  into  the  structure 

which  has  been  fabricated  so  far  through  said 
steps  (a)  to  (f)  from  above. 

45.  The  method  of  claim  44,  wherein  said  step  (g-1) 
includes  the  step  of  (g-2)  disposing  an  electrode 
on  an  entire  surface  of  the  structure  which  has 
been  fabricated  so  far  through  said  steps  (a)  to 
(f)- 

46.  The  method  of  claim  43,  wherein 
said  step  (e)  includes  the  step  of  (e-1) 

forming  second  seed  cores  in  said  second  semi- 
conductor  layer  at  a  region  under  said  second 
mask,  and 

said  step  (g)  includes  the  step  of  (g-3) 
thermally  growing  said  second  seed  cores  into 
said  fifth  semiconductor  layer. 

47.  A  method  of  manufacturing  a  semiconductor  de- 
vice,  comprising  the  steps  of: 

(a)  preparing  a  first  conductivity  type  first 
semiconductor  layer; 
(b)  selectively  covering  a  surface  of  said  first 
semiconductor  layer  with  a  first  mask; 
(c)  implanting  first  ions  of  second  conductivity 
type  into  said  first  semiconductor  layer  from 
above  to  thereby  selectively  form  first  seed 
cores  in  said  first  semiconductor  layer  under 
a  region  not  covered  with  said  first  mask; 
(d)  forming  a  first  conductivity  type  second 
semiconductor  layer  on  said  first  semiconduc- 
tor  layer; 
(e)  covering  a  surface  of  said  second  semi- 
conductor  layer  with  a  second  mask  at  a  re- 
gion  above  said  first  seed  cores  and  there- 
after  implanting  second  ions  of  said  second 
conductivity  type  into  said  second  semicon- 
ductor  layer  from  above  to  thereby  selectively 
form  a  second  conductivity  type  third  semi- 
conductor  layer  in  said  second  semiconductor 
layer  under  a  region  not  covered  with  said 
second  mask; 
(f)  thermally  treating  the  structure  which  has 
been  fabricated  so  far  through  said  steps  (a) 
to  (e)  and  thereby  growing  said  first  seed 
cores  so  that  a  second  conductivity  type 
fourth  semiconductor  layer  of  a  relatively  high 
concentration  is  formed;  and 
(g)  forming  a  Schottky  barrier  layer  in  top  sur- 
faces  of  said  second  semiconductor  layers  at 
a  region  not  covered  with  said  third  semicon- 
ductor. 

48.  The  method  of  claim  47,  wherein  said  step  (g)  in- 
cludes  the  step  of  (g-1)  disposing  an  electrode  on 
the  structure  which  has  been  fabricated  so  far 
through  said  steps  (a)  to  (f). 

12 
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49.  A  semiconductor  device  substantially  as  herein- 
before  described  with  reference  to  any  one  of  the 
embodiments  illustrated  in  Figures  5  to  34  of  the 
accompanying  drawings.  5 

50.  A  method  of  manufacturing  a  semiconductor  de- 
vice  according  to  any  one  of  claims  24,  35,  43  and 
47  substantially  as  hereinbefore  described  with 
reference  to  Figures  11  to  31  of  the  accompany-  10 
ing  drawings. 
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