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Insulated  gate  bipolar  transistor. 

@  An  insulated  gate  bipolar  transistor  (IGBT)  per- 
^Jmits  a  large  current  to  uniformly  flow.  A  plurality"  of 
(v)  single  crystal  island  regions  (61)  are  formed  in  a 

supporting  substrate  (2)  using  dielectric  films  (1). 

fy)  Formed  in  each  of  the  island  regions  are  an  n~  first 
CO  region  (61),  a  p  second  region  (41)  within  the  first 

Q  region,  an  n*  third  +region  (32)  within  the  second 
region  (41)  and  a  p++  fourth  region  (11)  between  the 

GL  first  region  (61)  and  the  dielectric  film.  All  of  these 

are  a  first  main  electrode  (E)  kept  in  ohmic  contact 
with  the  second  (41)  and  third  (32>  regions,  a  second 
main  electrode  (C)  kept  in  ohmic  contact  with  the 
fourth  region  (11)  and  a  control  electrode  (G)  located 
on  the  second  (41)  and  third  region  (32)  through  an 
insulator  (6). 

Hi regions  are  exposed  to  the  surface  of  the  island 
region.  Formed  on  the  surface  of  the  island  region 
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SEMICONDUCTOR  DEVICE 

trons  e  flowed  out  from  n  -layer  32  and  the  holes 
e  injected  from  p*-layer  13  flow  only  in  the  lateral 
direction  in  n"-layer  61.  Thus,  the  conductivity 
modulation  of  n~-  layer  61  occurs  only  in  the 

5  neighborhood  of  its  surface  so  that  large  current 
can  not  flow.  Further,  since  the  holes  ®  flow  con- 
centratively  in  the  lateral  direction  immediately  be- 
low  n*-layer  32  so  that  a  potential  drop  occurs  due 
to  the  lateral  resistance  component  R  in  p~layer 

10  41  .  This  potential  drop  foward-biases  n  "-layer  32  to 
inject  electrons.  Thus,  a  thyristor  composed  of  n  - 
layer  32,  p'layer  41,  n"-layer  61  and  p*-layer  13 
will  be  turned  on  (so-called  "latch-up"  occurs), 
thereby  making  it  impossible  to  control  current  by 

75  means  of  a  gate. 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  semiconduc- 
tor  device  and  more  particularly  to  a  semiconductor 
device  that  is  suitable  for  integration. 

In  recent  years,  an  insulated  gate  bipolar  tran- 
sistor  (hereinafter  referred  to  as  IGBT)  has  at- 
tracted  considerable  attention  as  a  semiconductor 
device  that  is  capable  of  controlling  relatively  large 
current. 

One  example  of  the  conventional  IGBT  struc- 
tures  is  disclosed  in  JP-A-57-1  20369  in  which  one 
main  electrode  (cathode)  and  a  control  electrode 
are  formed  on  the  main  surface  of  a  substrate 
whereas  the  other  main  electrode  (anode)  is 
formed  on  the  bottom  surface  of  the  substrate. 
Such  a  structure  is  difficult  to  integrate  along  with 
several  other  devices  on  the  same  substrate  since 
the  main  electrodes  are  formed  on  both  surfaces  of 
the  substrate. 

It  is  desired  for  integration  to  form  all  three 
terminals  of  IGBT  on  the  same  surface.  Such  a 
lateral  IGBT  structure  is  proposed  in  USP 
4,364,073  and  JP-A-59-1  32667.  Fig.  9  shows  this 
structure. 

As  seen  from  Fig.  9,  an  p"layer  41  is  formed  in 
an  n~-layer  61  that  is  formed  in  an  p~-semiconduc- 
tor  substrate  71,  and  further  an  n+-layer  32  is 
formed  in  p~  layer  41  .  Formed  in  n~-layer  61  is  a 
p*-layer  13  distinatly  from  p~layer  41.  N*-layer  32 
and  p~layer  41  are  short-circuited  by  an  emitter 
electrode.  A  gate  electrode  6  is  provided  on  part  of 
the  surface  of  p"  layer  41  through  a  gate  insulating 
film  in  such  a  way  that  it  covers  parts  of  n  '-layer 
32  and  n~-layer  61.  The  provision  of  p*-layers  14 
serves  to  electrically  separate  that  device  in  issue 
from  the  other  devices  formed  in  the  same  sub- 
strate. 

In  the  operation  of  the  semiconductor  device  of 
Fig.  9,  when  a  positive  potential  is  applied  to  gate 
electrode  6,  p~layer  41  below  gate  insulating  film  3 
is  inverted  to  form  a  channel.  Then,  electrons 
(indicated  by  e  in  Fig.  9)  flowed  out  from  n  '-layer 
32  reach  p*  layer  13  through  the  channel  and  n~- 
layer  61  .  This  injects  holes  (indicated  by  e  in  Fig. 
9)  from  p+-layer  13  into  n~-layer  61.  Thus,  the 
conductivity  of  n~-layer  61  of  high  resistance  is 
modulated  so  as  to  cause  n~-layer  61  to  have  low 
resistance.  Accordingly,  the  IGBT  of  Fig.  9  has 
advantages  that  its  resistance  loss  is  little  and  also 
its  power  consumption  is  little  since  it  is  an  in- 
sulated  gate  semiconductor  device. 

However,  the  lateral  IGBT  structure  +of  Fig.  9 
has  the  following  disadvantages.  Since  p*-layer  13 
is  provided  only  in  the  substrate  surface,  the  elec- 

SUMMARY  OF  THE  INVENTION 

20  An  object  of  the  present  invention  is  to  provide 
an  IGBT  structure  semiconductor  device  that  can 
be  integrated  and  permits  a  large  current  to  uni- 
formly  flow  therethrough. 

The  above  object  can  be  achieved  by  adopting 
25  a  structure  in  which  the  direction  of  a  main  current 

in  IGBT  is  changed  plural  times  (i.e.  the  main 
current  flows  in  the  lateral  direction  in  a  channel 
region  of  IGBT,  flows  in  the  vertical  direction  in  a 
drift  region  thereof  and  flows  towards  one  main 

30  surface  of  the  substrate  in  a  collector  region  there- 
of).  In  other  words,  the  above  object  can  be  at- 
tained  by  a  structure  that  IGBT  having  a  passage 
through  which  the  main  current  flows  in  the  vertical 
direction  (vertical  with  respect  to  the  main  surface) 

35  is  formed  within  a  single  crystal  island  surrounded 
by  an  insulating  film  in  the  substrate. 

In  order  to  attain  the  above  object,  in  accor- 
dance  with  the  present  invention,  there  is  provided 
a  semiconductor  device  comprising  a  single  crystal 

40  island  region  surrounded  by  an  electric  insulating 
means  in  a  substrate,  said  single  crystal  island 
region  including  a  fourth  semiconductor  region  of 
one  conduction  type,  a  first  semiconductor  region 
of  the  other  conduction  type  formed  in  the  fourth 

45  semiconductor  region,  a  second  semiconductor  re- 
gion  of  one  conduction  type  formed  in  the  first 
semiconductor  region  and  a  third  semiconductor 
region  of  the  other  conduction  type  formed  in  the 
second  semiconductor  region,  the  first  to  fourth 

so  semiconductor  regions  being  exposed  to  the  same 
main  surface;  one  main  electrode  on  the  main 
surface  which  is  connected  with  the  fourth  semi- 
conductor  region;  the  other  main  electrode  on  the 
main  surface  which  is  connected  with  both  the 
second  semiconductor  region  and  the  third  semi- 
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crystal  island  61  is  formed  in  a  polycrystal  semi- 
conductor  layer  2  which  is  a  supporting  substrate. 
n~-single-crystal  island  61  is  dielectrically  isolated 
from  the  other  single  crystal  islands  by  an  electric 

5  insulating  means,  e.g.  an  insulating  film  1  of  SiO2. 
A  p++-layer  11  and  n  layer  31  are  formed  be- 
tween  n~  single  crystal  island  61  and  inter-layer 
film  1  so  as  to  surround  n~  single  crystal  island  61  . 
A  collector  electrode  4  is  attached  to  the  surface  of 

10  p++  layer  11.  A  MOS  gate  consisting  n*  layers 
32,p  layers  41  and  an  insulating  film  6  is  formed  in 
n~  single  crystal  island  61.  If  a  positive  potential  is 
applied  to  a  gate  electrode  G  on  gate  insulating 
film  6,  p  layer  41  immediately  below  gate  insulating 

rs  film  6  is  inverted  in  its  conduction  type,  and  elec- 
trons  e  flowed  out  from  n  layer  31  drift  through 
n~  single  crystal  island  61  in  the  vertical  direction 
to  reach  p++  layer  11.  Further,  the  electrons  e  flow 
into  p*+  layer  11  through  n*  layer  31  so  that  holes 

20  ©  are  injected  from  p  
*  layer  11  into  n  layer  31, 

thus  producing  the.  conductivity  modulation  in  the 
device. 

The  device  of  Fig.  1  has  the  following  advan- 
tages  over  the  conventional  lateral  IGBT.  First,  the 

25  device  of  Fig.  1  has  a  current  path  through  current 
flows  in  the  vertical  (longitudinal)  direction  with 
respect  to  the  substrate  main  surface.  Secondly, 
the  conductivity  modulation  occurs  in  the  vertical 
direction  so  that  a  large  current  is  permitted  to  flow 

30  uniformly.  Thirdly,  holes  e  flow  in  the  vertical  direc- 
tion  so  that  the  hole  current  laterally  flowing 
through  p  layer  41  immediately  below  n*  layer  32 
is  reduced  whereby  the  device  is  hardly  latched 
up. 

35  Incidentally,  Fig.  1  is  a  vertical  sectional  view 
of  an  actual  device.  In  the  actual  device,  respective 
elements  (devices)  are  arranged  to  be  extended  in 
the  direction  perpendicular  to  the  sheet.  Further,  a 
great  number  of  such  extended  elements  are  ar- 

40  ranged  in  one  single  crystal  island  61  in  such  a 
manner  as  shown  in  Figs.  2  and  7A  with  respect  to 
one  single  crystal  island  61.  This  applies  to  the 
respective  embodiments  of  Figs.  3,  4,  5,  6A  and 
8A. 

45  Fig.  2  is  a  vertical  sectional  view  of  a  second 
embodiment  of  the  present  invention.  In  Fig.  2,  the 
same  reference  symbols  as  in  Fig.  1  refer  to  the 
same  or  equivalent  parts  in  Fig.  1  .  The  structure  of 
this  embodiment  is  different  from  that  of  Fig.  1  in 

so  that  p*+  layer  11  and  n*  layer  31  are  short-cir- 
cuited  by  collector  electrode  4  in  their  surface.  In 
this  structure,  a  part  of  the  electrons  flowed 
through  n~  layer  61  flow  into  collector  4  via  n 
layer  31  so  that  injection  of  holes  from  p++  layer 

55  11  is  restricted  thereby  preventing  the  latch-up, 
and  excess  electrons  can  be  extracted  out  from  n 
layer  31  ,  thereby  permitting  the  device  to  be  turned 
off  at  a  high  speed. 

conductor  region;  and  an  insulated  gate  control 
electrode  provide  on  the  main  surface  of  the  sec- 
ond  semiconductor  region  and  extended  over  the 
first  semiconductor  region  and  the  third  semicon- 
ductor  region. 

The  semiconductor  device  in  accordance  with 
the  present  invention  has  the  following  advantages. 
Since  a  collector  region  can  be  formed  so  as  to 
surround  an  island-shaped  drift  region,  a  main  cur- 
rent  can  be  passed  in  an  large  amount  and  unfor- 
mly  through  the  drift  region  in  its  vertical  direction. 
Moreover,  the  carriers  injected  from  the  collector 
region  flow  in  the  drift  region  in  its  vertical  direction 
so  that  the  amount  of  carriers  flowing  in  the  lateral 
direction  below  an  emitter  layer  is  reduced,  thereby 
obviating  the  problem  of  "latch-up". 

Further,  respective  electrodes  can  be  extracted 
out  from  one  surface  of  the  substrate  so  that  the 
semiconductor  device  which  can  be  easily  inte- 
grated  can  be  provided. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  vertical  sectional  view  of  a  first 
embodiment  of  the  present  invention; 

Fig.  2  is  a  vertical  sectional  view  of  a  second 
embodiment  of  the  present  invention; 

Fig.  3  is  a  vertical  sectional  view  of  a  modi- 
fication  of  the  second  embodiment; 

Fig.  4  is  another  modification  of  the  second 
embodiment; 

Fig.  5  is  still  another  modification  of  the 
second  embodiment; 

Fig.  6A  is  a  vertical  sectional  view  of  a  third 
embodiment  of  the  present  invention; 

Fig.  6B  is  a  sectional  view  taken  on  line  a-a 
of  Fig.  6A; 

Fig.  7A  is  a  vertical  sectional  view  of  a 
modification  of  the  third  embodiment; 

Fig.  7B  is  a  sectional  view  taken  on  line  a-a 
of  Fig.  7A; 

Fig.  8A  is  a  vertical  sectional  view  of  a 
further  modification  of  the  second  embodiment  of 
the  present  invention; 

Fig.  8B  is  a  sectional  view  taken  on  line  a-a 
of  Fig.  8A;  and 

Fig.  9  is  a  vertical  sectional  view  of  the  prior 
art  of  IGBT. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Now  referring  to  the  drawings,  several  embodi- 
ments  of  the  present  invention  will  be  explained 
beiow.  Fig.  1  is  a  vertical  sectional  view  of  a  first 
embodiment  of  the  present  invention.  An  n~-single- 
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layer  51  is  formed  between  n  embedded  layer  33 
and  n*  layer  34.  The  provision  of  n  layer  34 
permits  the  contact  resistance  for  collector  elec- 
trode  4  to  be  reduced.  The  p  layer  12  formed  in 

5  the  neighborhood  of  the  surface  of  n~  single  cry- 
stal  island  61  permits  the  electrons  directly  reach- 
ing  n*  layer  34  to  be  reduced  and  the  electric  field 
to  be  reduced.  Further,  by  varying  the  impurity 
concentration  of  n  layer  51  ,  the  amount  of  electrons 

70  flowing  n+  embedded  layer  33  to  collector  elec- 
trode  4  via  n  layer  51  can  be  varied.  More  specifi- 
cally,  if  the  impurity  concentration  of  n  layer  51  is 
increased,  the  amount  of  electrons  flowing  to  col- 
lector  electrode  4  via  n  layer  51  is  increased  so 

15  that  the  injection  of  holes  from  p+  layer  11  can  be 
restricted.  By  controlling  the  injection  of  holes  from 
p*+  layer  11  in  this  manner,  the  switching  speed 
and  the  current  density  of  the  device  can  be  ad- 
vantageously  controlled. 

20  Fig.  5  is  a  vertical  sectional  view  of  a  further 
modification  of  the  second  embodiment  of  the 
present  invention.  In  Fig.  5,  the  same  reference 
symbols  as  in  Fig.  1  refer  to  the  same  or  equiv- 
alent  parts  in  Fig.  1  .  The  structure  of  this  modifica- 

25  tion  is  different  from  that  of  Fig.  2  in  that  an  n 
layer  52  in  place  of  n+  layer  31  is  formed  between 
p++  layer  11  and  n~  single  crystal  island  61  so  as 
to  surround  n~  single  crystal  island  61,  in  that  an 
n~  layer  53  in  contact  with  n*  layer  52  is  formed 

30  so  as  to  be  exposed  to  the  surface  of  n"  single 
crystal  island  61  and  a  p+  layer  41  '  is  formed 
within  the  n~  layer  53  so  as  to  be  exposed  to  the 
surface  and  be  in  contact  with  n  layer  52,  and  in 
that  a  gate  insulator  8  of  an  insulating  film  is 

35  provided  on  the  surface  of  n*  layer  52  to  be  also 
extended  onto  p+  layer  41  and  p++  layer  11  and  a 
second  gate  G2  is  provided  by  stacking  an  elec- 
trode  material  on  the  gate  insulator  8.  In  operation, 
if  a  positive  potential  is  applied  to  the  first  gate  G, 

40  electrons  flow  out  from  n*  layer  32  thereby  to  turn 
the  device  on.  On  the  other  hand,  if  the  potential 
applied  to  the  first  gate  G  is  removed,  the  injection 
of  electrons  from  n*  layer  32  stops.  Then,  if  the 
second  gate  G2  is  placed  in  a  lower  potentiaj  state 

45  than  the  collector  electrode,  the  polarity  of  n  layer 
52  below  gate  insulator  8  is  inverted.  Thus,  p 
layer  42  is  short-circuited  with  p+*  layer  11  so  that 
electrons  can  be  extracted  out  from  n~  single  cry- 
stal  island  62  through  n~  layer  53,  a  short-  cir- 

50  cuiting  electrode  7,  p*  layer,  n*  layer  52,  p++  layer 
11  and  the  collector  electrode,  which  permits  the 
device  to  be  turned  off  at  a  high  speed.  In  this  way, 
in  turning  on  the  IGBT  device,  the  electrons  are 
extracted  out  by  placing  the  second  gate  G2  in  the 

55  conduction  state  so  that  the  device  can  be  turned 
off  at  a  high  speed. 

Fig.  6A  is  a  vertical  sectional  view  of  a  third 
embodiment  of  the  present  invention.  Fig.  6B  is  a 

Fig.  8A  is  a  vertical  sectional  view  of  a  modi- 
fication  of  the  second  embodiment  of  the  present 
invention.  Fig.  8B  is  a  sectional  view  taken  on  line 
a-a'  of  Fig.  8A.  In  Figs.  8A  and  8B,  the  same 
reference  symbols  as  in  Fig.  1  refer  to  the  same  or 
equivalent  parts  in  Fig.  1.  The  structure  of  this 
modification  is  different  from  that  of  the  embodi- 
ment  of  Fig.  2  in  that  n*  layer  31  is  partially 
removed  so  that  p+  layer  11  and  n~  single  crystal 
island  61  are  partially  connected  with  each  other.  In 
Fig.  2,  p*+  layer  11  is  completely  covered  with  n* 
layer  31  so  that  the  injection  efficiency  of  holes 
from  p++  layer  11  may  be  so  low  as  to  make  the 
conductivity  modulation  insufficient.  On  the  other 
hand,  in  the  modification  of  Figs.  8A  and  8B,  n 
layer  31  is  partially  removed  so  that  p  layer  11 
and  n~  single  crystal  island  61  are  partially  con- 
nected  with  each  other.  And  the  parts  of  p  layer 
11  kept  in  contact  with  single  crystal  island  61, 
which  has  a  low  impurity  concentration,  provide  a 
high  hole  injection  efficiency.  Thus,  the  modifica- 
tion  of  Figs.  8A  and  8B  permit  a  larger  current  to 
flow  then  in  the  case  where  n*  layer  31  is  formed 
on  the  entire  p**  layer  11. 

Fig.  3  is  a  vertical  sectional  view  of  another 
modification  of  the  second  embodiment  of  the 
present  invention.  In  Fig.  3,  the  same  reference 
symbols  as  in  Fig.  1  refer  to  the  same  or  equiv- 
alent  parts  in  Fig.  1  .  The  structure  of  this  modifica- 
tion  is  different  from  that  of  the  embodiment  of  Fig. 
2  in  that  p++  layer  11  and  n~  single  crystal  island 
61  are  short-circuited  by  collector  electrode  4  in 
their  surface  and  also  an  n  buried  layer  33  is 
short-circuited  with  p++  layer  11  by  collector  elec- 
trode  61  through  n~  single  crystal  island  in  the 
substrate  surface.  In  the  embodiment  of  Fig.  2,  the 
short-circuiting  effect  is  so  great  that  the  injection 
efficiency  of  holes  is  reduced  and  thus  the  con- 
ductivity  modulation  may  be  insufficient.  In  this 
modification,  n*  embedded  layer  33  is  short-cir- 
cuited  with  p++  layer  11  by  collector  electrode  4 
through  single  crystal  island  61  which  has  high 
resistance  so  that  the  amount  of  the  electrons 
flowing  from  n+  embedded  layer  33  to  collector 
electrode  4  is  reduced.  Thus,  the  injection  of  holes 
from  p++  layer  11  is  increased,  thereby  permitting 
a  larger  current  to  flow  than  in  the  structure  of  Fig. 
2.  The  same  effect  can  also  be  obtained  by  for- 
ming  a  Schottky  junction  between  collector  elec- 
trode  4  and  n~  layer  61  . 

Fig.  4  is  a  vertical  sectional  view  of  still  another 
modification  of  the  second  embodiment  of  the 
present  invention.  In  Fig.  4,  the  same  reference 
symbols  as  in  Fig.  1  refer  to  the  same  or  equiv- 
alent  parts  in  Fig.  1  .  The  structure  of  this  modifica- 
tion  is  different  from  that  of  Fig.  3  in  that  an  n* 
layer  34  and  a  p*  layer  12  are  formed  in  the 
surface  of  n~  single  crystal  island  61  and  an  n~ 
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(3)  The  p  layer  which  serves  as  a  shield 
base  region  (channel):  1  x  1O1S  -  5  x  1O1S 

(4)  The  n*  layer  which  serves  as  a  cathode 
region  (emitter  region):  larger  than  1  x  1019 

5 
Although  in  the  above  explanation  of  the  re- 

spective  embodiments,  the  so-called  dielectric  iso- 
lation  substrate  using  a  polycrystal  silicon  as  a 
supporting  substrate  has  been  used,  any  other 

70  structure  may  be  uses  as  long  as  isolation  between 
the  single  crystal  islands  is  maintained.  Further,  a 
plurality  of  single  crystal  islands  may  be  formed  on 
the  supporting  substrate,  and  the  device  of  the 
present  invention  and  the  other  function  devices 

75  may  be  formed  in  each  single  crystal  island  so  that 
an  IC  (integrated  circuit)  for  a  large  current  is 
constituted. 

As  understood  from  the  above  explanation,  in 
accordance  with  the  present  invention,  IGBT  can 

20  be  formed  within  a  semiconductor  island  surround- 
ed  by  an  insulating  film  and  dielectrically  isolated 
from  the  other  islands  so  that  current  can  flow  in 
the  vertical  direction.  This  permits  a  current  to 
uniformly  flow  in  the  vertical  direction  and  hence  a 

25  large  current  to  flow.  Further,  the  amount  of  holes 
traversing  the  short-circuiting  resistance  of  the  n 
layer  can  be  reduced  so  that  the  latch-up  can  be 
prevented.  Moreover,  short-circuit  the  p  layer  and  n 
layer  formed  in  the  collector  layer  by  the  collector 

30  electrode  permits  the  device  to  be  operated  at  a 
high  speed. 

The  present  invention  is  summarized  as  fol- 
lows.  A  dielectric  isolation  substrate  is  used  as  a 
supporting  substrate.  An  island-shaped  second 

35  semiconductor  region  of  a  second  conduction  type 
is  formed  so  as  to  be  surrounded  by  an  insulator 
and  a  first  semiconductor  layer  of  a  first  conduction 
type.  An  FET  having  an  insulated  gate  is  formed  in 
the  second  semiconductor  region.  A  collector  elec- 

40  trode  is  attached  to  the  first  semiconductor  layer. 
In  accordance  with  the  present  invention,  a 

semiconductor  device  which  is  suitable  for  integra- 
tion  and  can  performing  a  switching  operation  of  a 
large  electric  power  can  be  provided. 

45 

Claims 

1  .  A  semiconductor  device  comprising: 
so  a  supporting  substrate  (2); 

a  plurality  of  single  crystal  island  regions  (61) 
which  are  formed  is  said  supporting  substrate  (2) 
by  electric  isolation  means  (1  ); 
a  first  region  (61)  of  one  conduction  type  formed  in 

55  each  of  said  island  regions,  said  first  region  being 
extended  in  the  island  region  from  its  surface; 
a  second  region  (41)  of  the  other  conduction  type 
formed  in  said  first  region  (61)  and  having  a  higher 

sectional  view  taken  on  line  a-a  of  Fig.  6A.  In  Figs. 
6A  and  SB,  the  same  reference  symbols  as  in  Fig. 
1  refer  to  the  same  or  equivalent  parts  in  Fig.  1  .  In 
this  embodiment,  an  n**  short-circuiting  layer  21 
and  p+*  layer  11  are  formed  from  inter-layer  in- 
sulating  film  1  toward  n~  single  crystal  island  61. 
n**  short-circuiting  layer  21  and  p**  layer  11  are 
short-circuited  by  collector  electrode  4  in  their  sur- 
face.  Further,  p**  layer  11  is  partially  removed  so 
that  n**  short-circuiting  layer  21  and  n~  single 
crystal  island  61  are  partially  kept  in  contact  with 
each  other.  Thus,  by  -varying  the  area  where  n 
short-circuiting  layer  21  and  n~  single  crystal  island 
61  are  kept  in  contact  with  each  other,  the  amount 
of  electrons  flowing  from  n~  single  crystal  island  61 
to  collector  electrode  4  via  n++  short-circuiting  lay- 
er  21  is  varied  so  that  the  amount  of  holes  injected 
from  p**  layer  11  can  be  controlled.  Further,  the 
n**  short-circuiting  layer  21  formed  immediately 
below  the  gate  electrode  G,  which  serves  to  extract 
electrons,  permits  a  current  to  uniformly  flow  in  the 
vertical  direction  and  hence  a  large  current  to  flow. 
This  also  prevents  the  device  from  being  latched 
up. 

Fig.  7A  is  a  vertical  sectional  view  of  a  modi- 
fication  of  the  third  embodiment  of  the  present 
invention.  Fig.  7B  is  a  sectional  view  taken  on  line 
a-a'  of  Fig.  7A.  In  Figs.  7A  and  7B,  the  same 
reference  symbols  as  in  Fig.  1  refer  to  the  same  or 
equivalent  parts  in  Fig.  1.  In  this  embodiment,  an 
n*  layer  34  is  formed  between  p  layer  11  and  n~ 
single  crystal  island  61.  The  p  layer  11  is  par- 
tially  removed  so  that  n~  single  crystal  island  61  is 
short-circuited  with  p*+  layer  11  through  n*  layer 
34  and  n**  short-circuiting  layer  21.  The  provision 
of  n*  layer  34  serves  to  shorten  the  lifetime  of 
minority  carriers  thereby  enhancing  the  switching 
speed,  and  also  prevent  the  depletion  layer  from 
punch-through  effect  in  p+*  layer  11  to  reduce  the 
breakdown  voltage. 

It  goes  without  saying  that  in  the  several  em- 
bodiment  as  explained  above,  replacing  the  con- 
duction  type  of  each  layer  (from  the  n  type  to  the  p 
type  and  vice  versa)  gives  the  same  effect. 

In  the  above  explanation,  the  n~  layer  n  layer, 
n*  layer  and  n  layer  denote  n~  type  layers  which 
have  a  higher  impurity  concentration  in  this  order. 
Likewise,  the  p~  layer,  p  layer,  p+  layer  and  p+  + 

layer  denote  p~type  layers  which  has  a  higher 
impurity  concentration  in  this  order. 

The  typical  doping  concentration  (the  number 
of  dopant  atoms  per  a  unit  volume  1  cm3)  of  each 
of  the  layers  are  roughly  as  follows. 

(1)  The  p+*  layer  which  serves  as  a  collector 
layer:  1  x  1018  -  1  x  1020 

(2)  The  active  base  region  (the  n~  single 
crystal  island  which  serves  as  a  drift  region):  1  x 
1013  -5x  1O1S 
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5.  A  semiconductor  device  comprising: 
a  supporting  substrate  (2); 
a  plurality  of  single  crystal  island  regions  (61) 
which  are  formed  in  said  supporting  substrate  (2) 

5  by  electric  isolation  means  (1  ); 
a  first  region  (61  )  of  one  conduction  type  formed  in 
each  of  said  island  regions,  said  first  region  (61) 
being  extended  in  the  island  region  from  its  sur- 
face; 

10  a  second  region  (41)  of  the  other  conduction  type 
formed  in  said  first  region  (61)  and  having  a  higher 
impurity  concentration  than  said  first  region  (61), 
said  second  region  (41)  being  extended  in  the 
island  region  from  its  surface  forming  a  first  pn 

75  junction  with  said  first  region  (61  ); 
a  third  region  (32)  of  one  conduction  type  formed 
in  said  second  region  (41)  and  having  a  higher 
impurity  concentration  than  said  second  region 
(41),  said  third  region  (32)  being  extended  in  the 

20  island  region  from  its  surface  and  forming  a  second 
pn  junction  with  said  second  region  (41  ); 
a  fourth  region  (11)  of  the  other  conduction  type 
located  between  said  first  region  (61)  and  said 
isolation  means  (1)  and  having  a  higher  impurity 

25  concentration  than  said  first  region  (61),  said  fourth 
region  (11)  having  an  exposed  surface  exposed  to 
the  surface  of  said  island  region; 
a  first  main  electrode  (E)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  said 

30  second  and  third  regions  (41  ,  32); 
a  second  main  electrode  (C)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  the 
exposed  surface  of  said  fourth  region  (1  1  )  and  said 
first  region  (61);  and 

35  a  control  electrode  (G)  located  on  said  island  sur- 
face  through  an  insulating  film  (6)  and  extended 
over  said  first,  second  and  third  regions  (61,  41, 
32). 

6.  A  semiconductor  device  according  to  Claim 
40  5,  wherein  said  electric  isolation  means  (1)  is  a 

dielectric  film. 
7.  A  semiconductor  device  according  to  Claim 

5,  further  comprising  a  fifth  region  (33)  of  one 
conduction  type  formed  between  said  first  region 

45  (61)  and  said  fourth  region  (11)  so  as  to  be  located 
at  only  the  bottom  of  said  island  region  and  having 
an  impurity  concentration  higher  than  said  first  re- 
gion  (61)  and  lower  than  said  fourth  region  (11). 

8.  A  semiconductor  device  comprising: 
so  a  supporting  substrate  (2); 

a  plurality  of  single  crystal  island  regions  (61) 
which  are  formed  in  said  supporting  substrate  (2) 
by  electric  isolation  means  (1); 
a  first  region  (61)  of  one  conduction  type  formed  in 

55  each  of  said  island  regions,  said  first  region  (61) 
being  extended  in  the  island  region  from  its  sur- 
face; 
a  second  region  (41)  of  the  other  conduction  type 

impurity  concentration  than  said  first  region  (61), 
said  second  region  (41)  being  extended  int  he 
island  region  from  its  surface  and  forming  a  first  pn 
junction  with  said  first  region  (61); 
a-  third  region  (32)  of  one  conduction  type  formed 
in  said  second  region  (41)  and  having  a  higher 
impurity  concentration  than  said  second  region 
(41),  said  third  region  (32)  being  extended  in  the 
island  region  from  its  surface  and  forming  a  second 
pn  junction  with  said  second  region  (41); 
a  fourth  region  (11)  of  the  other  conduction  type 
located  between  said  first  region  (61)  and  said 
isolation  means  (1)  and  having  a  higher  impurity 
concentration  than  said  first  region  (61),  said  fourth 
region  (1  1  )  having  an  exposed  surface  exposed  to 
the  surface  of  said  island  region; 
a  first  main  electrode  (E)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  said 
second  and  third  regions  (41  ,  32); 
a  second  main  electrode  (C)  located  '-on  said  island 
region  surface  and  kept  in  ohmic  contact  with  the 
exposed  surface  of  said  fourth  region  (1  1  );  and 
a  control  electrode  (G)  located  on  said  island  sur- 
face  through  an  insulating  film  (6)  and  extended 
over  said  first,  second  and  third  regions  (61,  41, 
32). 

2.  A  semiconductor  device  according  to  Claim 
1,  wherein  said  electric  isolation  means  (1)  is  a 
dielectric  film. 

3.  A  semiconductor  device  according  to  Claim 
1,  further  comprising  a  fifth  region  (31,  52)  of  one 
conduction  type  formed  between  said  first  region 
(61)  and  said  fourth  region  (11)  and  having  an 
impurity  concentration  higher  than  said  first  region 
(61)  and  lower  than  said  fourth  region  (11). 

4.  A  semiconductor  device  according  to  Claim 
3  ,  further  comprising 
a  sixth  region  (53)  of  one  conduction  type  being  in 
contact  with  said  fifth  region  (52)  and  exposed  to 
said  island  region  surface,  said  sixth  region  (53) 
having  a  higher  impurity  concentration  than  said 
first  region  (61); 
a  seventh  region  (41  ')  of  the  other  conduction  type 
formed  in  said  sixth  region  (53)  so  as  to  be  in 
contact  with  said  fifth  region  (52)  and  to  be  ex- 
posed  to  said  island  region  surface,  said  seventh 
region  (41  ')  having  a  higher  impurity  concentration 
than  said  sixth  region  (53); 
a  second  control  electrode  (G2)  located  on  said 
island  region  surface  through  an  insulator  (8)  and 
extended  over  said  fourth  region  (11),  said  fifth 
region  (52)  and  said  seventh  region  (41  );  and 
a  short  circuiting  electrode  (7)  located  on  said 
island  region  surface  and  kept  in  ohmic  contact 
with  said  sixth  region  (53)  and  said  seventh  region 
(41').  ■ 
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formed  in  said  first  region  (61  )  and  having  a  higher 
impurity  concentration  than  said  first  region  (61), 
said  second  region  (41)  being  extended  in  the 
island  region  from  its  surface  and  forming  a  first  pn 
junction  with  said  first  region  (61); 
a  third  region  (32)  of  one  conduction  type  formed 
in  said  second  region  (41)  and  having  a  higher 
impurity  concentration  than  said  second  region 
(41),  said  third  region  (32)  being  extended  in  the 
island  region  from  its  surface  and  forming  a  second 
pn  junction  with  said  second  region  (41); 
a  fourth  region  (11)  of  the  other  conduction  type 
located  between  said  first  region  (61)  and  said 
isolation  means  (1)  and  having  a  higher  impurity 
concentration  than  said  first  region  (61),  said  fourth 
region  (11)  having  an  exposed  surface  exposed  to 
the  surface  of  said  island  region; 
a  fifth  region  (31)  of  one  conduction  type  formed 
between  said  first  region  (61)  and  said  fourth  re- 
gion  (11)  and  having  an  impurity  concentration 
higher  than  said  first  region  (61)  and  lower  than 
said  fourth  region  (11),  said  fifth  region  (31)  having 
an  exposed  surface  on  the  surface  of  said  island 
region; 
a  first  main  electrode  (E)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  said 
second  and  third  region  (41  ,  32); 
a  second  main  electrode  (C)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  the 
exposed  surfaces  of  said  fourth  region  (11)  and 
said  fifth  region  (31);  and 
a  control  electrode  (G)  located  on  said  island  sur- 
face  through  an  insulating  film  (6)  and  extended 
over  said  first,  second  and  third  regions  (61,  41, 
32). 

9.  A  semiconductor  device  according  to  Claim 
8,  wherein  said  electric  isolation  means  (1)  is  a 
dielectric  film. 

10.  A  semiconductor  device  according  to  Claim 
8,  wherein  said  fifth  region  (31)  is  selectively  re- 
moved  at  plural  portions  of  the  bottom  of  said 
island  region  where  said  first  region  (61)  and  said 
fourth  region  (11)  are  adj  acent  to  each  other. 

1  1.  A  semiconductor  device  comprising: 
a  supporting  substrate  (2); 
a  plurality  of  single  crystal  island  regions  which  are 
formed  in  said  supporting  substrate  by  electric 
isolation  means  (1); 
a  first  region  (61)  of  one  conduction  type  formed  in 
each  of  said  island  regions,  said  first  region  (61) 
being  extended  in  the  island  region  from  its  sur- 
face; 
a  second  region  (41)  of  the  other  conduction  type 
formed  in  said  first  region  and  having  a  higher 
impurity  concentration  than  said  first  region  (61), 
said  second  region  (41)  being  extended  in  the 
island  region  from  its  surface  and  forming  a  first  pn 
junction  with  said  first  region  (61); 

a  third  region  (32)  of  one  conduction  type  formed 
in  said  second  region  (41)  and  having  a  higher 
impurity  concentration  than  said  second  region 
(41),  said  third  region  (32)  being  extended  in  the 

5  island  region  from  its  surface  and  forming  a  second 
pn  junction  with  said  second  region  (41  ); 
a  fourth  region  (21  )  of  one  conduction  type  located 
between  said  first  region  (61)  and  said  isolation 
means  (1)  and  having  a  higher  impurity  concentra- 

10  tion  than  said  first  region  (32),  said  fourth  region 
(21)  having  an  exposed  surface  exposed  to  the 
surface  of  said  island  region; 
a  fifth  region  (11)  of  the  other  conduction  type 
located  between  said  first  region  (61)  and  said 

75  fourth  region  (21)  and  having  a  higher  impurity 
concentration  than  said  first  region  (61),  said  fifth 
region  (1  1  )  having  an  exposed  surface  exposed  to 
said  island  region  surface  and  being  selectively 
removed  at  plural  portions  of  the  bottom  of  said 

20  island  region  where  said  first  region  (61)  and  said 
fourth  region  (21  )  are  adjacent  to  each  other; 
a  first  main  electrode  (E)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  said 
second  and  third  regions  (41  ,  32); 

25  a  second  main  electrode  (C)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  the 
exposed  surfaces  of  said  fourth  region  (21)  and 
said  fifth  region  (1  1  );  and 
a  control  electrode  (G)  located  on  said  island  re- 

30  .  gion  surface  through  an  insulating  film  (6)  and 
extended  over  said  first,  second  and  third  regions 
(61  ,  41  ,  32). 

12.  A  semiconductor  device  according  to  Claim 
11,  wherein  said  electric  isolation  means  (1)  is  a 

35  dielectric  film. 
13.  A  semiconductor  device  comprising 

a  supporting  substrate  (2); 
a  plurality  of  single  crystal  island  regions  which  are 
formed  in  said  supporting  substrate  (2)  by  electric 

40  isolation  means  (1); 
a  first  region  (61)  of  one  conduction  type  formed  in 
each  of  said  island  regions,  said  first  region(61) 
being  extended  in  the  island  region  from  its  sur- 
face; 

45  a  second  region  (41)  of  the  other  conduction  type 
formed  in  said  first  region  (61)  and  having  a  higher 
impurity  concentration  than  said  first  region  (61), 
said  second  region  (41)  being  extended  in  the 
island  region  from  its  surface  and  forming  a  first  pn 

50  junction  with  said  first  region  (61  ); 
a  third  region  (32)  of  one  conduction  type  formed 
in  said  second  region  (41)  and  having  a  higher 
impurity  concentration  than  said  second  region 
(41),  said  third  region  (32)  being  extended  in  the 

55  island  region  from  its  surface  and  forming  a  second 
pn  junction  with  said  second  region  (41); 
fourth  (34),  fifth  (1  1  )  and  sixth  (21  )  regions  located 
successively  from  the  first  region  side  between 
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said  first  region  (61)  and  said  electric  isolation 
means  (1),  said  fourth  region  (34)  of  one  conduc- 
tion  type  having  a  higher  impurity  concentration 
than  said  first  region  (61)  and  an  exposed  surface 
exposed  to  the  island  region  surface,  said  sixth  5 
region  (21)  of  one  conduction  type  having  a  higher 
impurity  concentration  than  said  fourth  region  (34) 
and  an  exposed  surface  exposed  to  the  island 
region  surface,  said  fifth  region  (11)  of  the  other 
conduction  type  having  a  higher  impurity  concen-  w 
tration  than  said  fourth  region  (34)  and  an  exposed 
surface  exposed  to  the  island  region  surface  and 
being  selectively  removed  at  plural  portions  of  the 
bottom  of  said  island  region  were  said  fourth  region 
(34)  and  said  sixth  region  (21)  are  adjacent  to  each  is 
other; 
a  first  main  electrode  (E)  located  on  said  island 
region  surface  and  kept  in  ohmic  contact  with  said 
second  and  third  regions  (41,  32); 
a  second  main  electrode  (C)  located  on  said  island  20 
region  surface  and  kept  in  ohmic  contact  with  the 
exposed  surfaces  of  said  fifth  region  (1  1  )  and  said 
sixth  region  (21);  and 
a  control  electrode  (G)  located  on  said  island  re- 
gion  surface  through  an  insulating  film  (6)  and  25 
extended  over  said  first,  second  and  third  regions 
(61,41,32). 

14.  A  semiconductor  device  according  to  Claim 
13.  Wherein  said  electric  isolation  means  is  a  di- 
electric  film.  30 

35 

40 

45 

50 

55 



EP  0  338  312  A2 *>  ■*  3  1 
■)  ■>  HI 
>5  51 

"HV  / '  

o o  

rO 

CM 
rO 

L l J O  

CD 

/  
/  
/  
/  

©  (+)•*■ 
- ^ - 4  e > o -  

(+)-*■ 7*-  (  I 

Q.  
I—  i rO 

C D -  

o  



EP  0  338  312  A2 
*»  t  i  *  y  t  i 
>  i  •>  -)  i  ; 1»  111  >3  11 

( D O  



EP  0  338  312  A2 5  "5  T*  A  -5 5  *>  ■*  ") 

O O  

L J O  

e > o  

r o  

6  



EP  0  338  312  A2 
;  ->  t  *•  ■s  *»  *>  i 

JT> 

o o -  

CD 

LU  O  
CD 

/  
/  
/  
/  
/  

O   °~  [ 2  
r o  

M -  e l d .  

CM 

C D  

IT) 



EP  0  338  312  A2 

\   f  

o o  



EP  0  338  312  A2 

O O  

L l JO  
<  

C D  

6  
CD  O  

^<M 



EP  0  338  312  A2 

\   \  
\  .  \  
\  CD-n  CD  \  
\   4 —   /   \  
\   i  i  \  
\   c   c  s  
\   1  1  1  1  

^  
\  

\   ^  

\  \  

Nt   ^ X - ,   
,  

^   *  
^  

x  1  +  '  . 
\  C  Q.  C  \  

\  
\  
\  

\  
^  c5n  5   ^  

\   \  
\   ^  

O Q  

C D  

6  

"CO 

<M 



EP  0  338  312  A2 IŜ I  1  ■»  0  1 
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