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©  IGBT  with  bipolar  transistor. 
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©  According  to  the  present  invention,  a  MOSFET 
is  formed  of  an  n  source  (1),  a  p  well  (2),  an  n  drain 
(3)  and  a  MOS  gate  electrode  (10),  a  bipolar  transis- 
tor  is  formed  of  an  n  emitter  (4),  a  p  base  (5)  and  an 
n  collector  (6)  following  to  the  n  drain  (3),  and  these 
transistors  are  formed  by  being  merged  with  each 
other  by  the  n  drain  (3)  and  the  n  emitter  (4)  of  the 
same  conductivity  type.  Holes  are  injected  into  the 
drain  of  a  voltage-driven  type  transistor  by  a  MOS- 
FET  from  a  bipolar  transistor  having  a  very  small 
collector  saturation  resistance.  With  this,  it  is  possi- 
ble  to  give  rise  to  conductivity  modulation  in  the 
drain  of  the  MOSFET,  and  the  power  dissipation  of 
the  voltage-driven  type  semiconductor  device  be- 
comes  very  small. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  voltage- 
driven  type  semiconductor  device,  and  more  par- 
ticularly  to  a  voltage-driven  type  semiconductor 
device  suitable  to  be  used  for  a  power  converter 
and  a  power  source  of  various  power  capacities,  a 
power  amplifier,  an  oscillator,  an  analog  switch  or 
the  like  as  a  single  device  or  by  integrating  into  an 
IC. 

As  the  voltage-driven  type  semiconductor  de- 
vice  of  this  sort  according  to  a  prior  art,  a  MOS- 
FET,  an  SI  transistor,  an  IGBT,  a  MOS  thyristor  and 
so  on  are  known.  Being  driven  by  voltage,  these 
semiconductor  devices  have  such  a  feature  that  the 
power  dissipation  for  driving  is  very  small  as  com- 
pared  with  a  current-driven  type  semiconductor  de- 
vice.  Further,  a  MOSFET  and  an  SI  transistor  has 
such  an  advantage  that  an  on-current  can  be  ap- 
plied  even  in  case  of  low  on-voltage  in  the  vicinity 
of  OV,  but  it  is  required  to  relieve  an  electric  field 
intensity  by  expanding  a  depletion  layer  into  a 
drain  region  and  also  to  lower  impurity  concentra- 
tion  in  the  drain  region  in  order  to  use  them  at  a 
high  voltage. 

Thus,  in  a  high  voltage  MOSFET  and  a  high 
voltage  SI  transistor,  resistance  of  a  drain  region 
becomes  high.  As  a  result,  the  on-resistance  of  the 
whole  element  becomes  high,  and  the  power  dis- 
sipation  of  the  element  becomes  very  large. 

Further,  the  technique  described  in,  for  in- 
stance,  JP-A-4-11780  or  the  like  is  known  as  the 
prior  art  related  to  IGBT. 

The  IGBT  according  to  the  prior  art  is  a  volt- 
age-driven  type  semiconductor  device  in  which  an 
emitter  for  carrier  injection  is  connected  to  a  drain 
of  a  MOSFET.  Since  carriers  (such  as  holes)  are 
injected  into  the  drain  in  the  on-state  of  the  ele- 
ment  and  conductivity  modulation  is  produced,  the 
IGBT  has  such  an  advantage  that  the  on-resistance 
thereof  can  be  reduced  to  approximately  1/4  of  that 
of  a  MOSFET  even  when  it  is  designed  for  a  high 
voltage,  and  as  a  consequence,  it  is  possible  to 
reduce  the  power  dissipation  of  the  device  by  a 
large  margin. 

The  IGBT  which  is  a  voltage-driven  type  semi- 
conductor  device,  however,  is  latched  up  when 
carriers  (such  as  electrons)  having  a  different  polar- 
ity  are  injected  from  the  source  thereof.  Therefore, 
it  is  of  vital  importance  to  check  injection  of  the 
carriers  having  a  different  polarity,  thereby  to  pre- 
vent  voltage  control  from  becoming  inexecutable 
by  latch-up. 

Furthermore,  the  technique  described  in,  for 
example,  IEEE  Trans.  Electron  Devices,  Vol.  ED- 
33,  pp.  1609  -  1618  (1986)  written  by  V.A.K.  Tem- 
ple,  JP-A-3-87068  or  the  like  is  known  as  a  prior  art 
related  to  a  MOS  thyristor  which  is  a  voltage-driven 

type  semiconductor  device. 
A  MOS  thyristor  according  to  the  prior  art  has 

basically  a  pnpn  structure  similar  to  that  of  an 
IGBT,  in  which  carriers  (such  as  electrons)  are 

5  injected  positively  also  from  an  emitter  correspond- 
ing  to  a  source  of  the  IGBT  and  conductivity  modu- 
lation  in  a  base  region  corresponding  to  a  drain  of 
the  IGBT  is  made  deeper  so  as  to  generate  latch- 
up,  thereby  to  further  reduce  the  on-resistance  than 

io  the  IGBT.  Thus,  it  is  possible  to  reduce  the  power 
dissipation  in  this  MOS  thyristor  lower  than  the 
IGBT  described  above  by  a  large  margin. 

However,  it  has  been  required  to  include  inside 
the  MOSFET  for  short-circuiting  emitter  junction  in 

75  order  to  make  it  possible  to  control  the  off-voltage 
after  latch-up. 

Since  the  on-resistance  can  be  reduced  re- 
markably  in  the  IGBT  and  the  MOS  thyristor  ac- 
cording  to  a  prior  art  as  compared  with  a  MOSFET 

20  as  described  above,  they  are  suitable  to  be  used 
for  high  voltage  and  large  current.  In  these  ele- 
ments,  however,  it  is  impossible  to  apply  a  current 
from  the  vicinity  of  0V,  and  voltage  drop  by  the 
junction  at  about  0.6  to  0.8V  exists,  and  power 

25  dissipation  by  the  voltage  drop  portion  is  produced 
even  if  conductivity  modulation  is  made  sufficiently 
deep,  thus  limiting  reduction  in  power  dissipation  of 
the  whole  element.  Namely,  a  linear  characteristic 
has  been  unobtainable  in  volt-ampere  characteris- 

30  tics  of  these  elements. 
The  voltage-driven  type  semiconductor  device 

such  as  an  IGBT  and  a  MOS  thyristor  according  to 
a  prior  art  described  above  has  a  problem  that 
reduction  of  power  dissipation  of  the  whole  element 

35  is  limited  since  voltage  drop  by  the  junction  at 
about  0.6  to  0.8V  exists  and  power  dissipation  by 
the  voltage  drop  portion  is  produced  even  when 
conductivity  modulation  is  made  sufficiently  deep. 

40  SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  solve 
the  problem  described  above  and  have  a  voltage- 
driven  type  semiconductor  device  be  provided  with 

45  the  effect  of  reduction  of  the  on-resistance  by 
conductivity  modulation  like  an  IGBT  and  a  MOS 
thyristor,  and  to  provide  a  voltage-driven  type 
semiconductor  device  capable  of  eliminating  all  but 
the  voltage  drop  by  junction,  reducing  power  dis- 

50  sipation  to  the  minimum,  and  in  particular,  capable 
of  obtaining  remarkable  effects  of  reducing  power 
dissipation  in  use  for  high  breakdown  voltage  and 
high  current. 

According  to  the  present  invention,  the  above- 
55  mentioned  object  can  be  achieved  by  merging  a 

drain  of  a  voltage-driven  type  transistor  such  as  a 
MOSFET  and  an  SI  transistor  with  a  bipolar  transis- 
tor  having  an  emitter  composed  of  a  semiconductor 
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of  the  same  conductivity  type  as  that  of  this  drain, 
viz.,  by  providing  an  emitter  of  a  bipolar  transistor 
of  the  same  polarity  and  then  a  base  and  a  collec- 
tor  successively  with  the  drain  of  the  voltage-driven 
type  transistor. 

Further,  the  above-mentioned  object  is 
achieved  by  merging  the  drain  of  the  voltage- 
driven  type  transistor  with  the  emitter  of  the  bipolar 
transistor  in  one. 

In  a  voltage-driven  type  semiconductor  device 
according  to  the  present  invention,  carriers  (such 
as  electrons)  flow  from  the  source  of  the  voltage- 
driven  type  transistor  to  the  drain  through  a  chan- 
nel  at  time  of  on-operation.  The  carriers  (such  as 
electrons)  flow  into  the  emitter  of  the  bipolar  tran- 
sistor  as  they  are  since  the  drain  and  the  emitter  of 
the  bipolar  transistor  are  formed  of  semiconductor 
regions  of  the  same  conductivity  type. 

These  carriers  (such  as  electrons)  flowing  into 
the  emitter  are  injected  into  the  base  of  the  bipolar 
transistor,  thus  generating  transistor  operation. 
When  an  injection  efficiency  of  the  carriers  (such 
as  electrons)  into  the  base  and  a  transfer  efficiency 
of  the  carriers  in  the  base  are  kept  high,  the 
transistor  is  brought  into  a  saturation  state  easily. 
As  is  generally  known,  since  junctions  of  the  emit- 
ter  and  the  collector  of  the  transistor  are  both 
brought  into  a  forward  bias  state  in  the  saturated 
state,  the  collector  saturation  voltage  corresponding 
to  the  difference  between  both  forward  bias  is  very 
small,  thus  making  it  possible  to  make  a  collector 
saturation  resistance  very  small. 

On  the  other  hand,  when  carriers  (such  as 
electrons)  are  injected  into  the  base,  injection  of 
carriers  (such  as  holes)  having  a  reverse  polarity 
from  the  base  to  the  emitter  occurs,  and  these 
carriers  (such  as  holes)  of  the  reverse  polarity 
diffuse  into  the  drain  of  the  voltage-driven  type 
transistor  and  give  rise  to  conductivity  modulation, 
thus  reducing  the  resistance  of  the  drain  by  a  large 
margin  (approximately  1/4). 

As  described  previously,  in  a  voltage-driven 
type  semiconductor  device  of  the  present  inven- 
tion,  it  is  possible  to  set  the  resistance  between 
main  electrodes  to  a  very  small  resistance  (such  as 
10  milliohms  or  lower)  which  is  determined  princi- 
pally  by  a  channel  resistance,  a  pinch  resistance,  a 
conductivity-modulated  drain  resistance  of  a  volt- 
age-driven  type  transistor  and  a  collector  saturation 
resistance  of  a  bipolar  transistor  and  so  on.  More- 
over,  since  the  voltage  drop  by  junction  is  not 
made  to  exist,  it  is  possible  to  make  power  dissipa- 
tion  very  small.  Namely,  the  volt-ampere  character- 
istic  thereof  substantially  becomes  linear. 

Further,  in  a  voltage-driven  type  semiconductor 
device  according  to  the  present  invention,  since  it 
is  possible  to  have  only  the  voltage-driven  type 
transistor  bear  the  breakdown  voltage,  the  bipolar 

transistor  can  be  made  to  be  of  low  breakdown 
voltage,  thus  making  it  possible  to  increase  the 
impurity  concentration  of  the  collector  of  the  bipolar 
transistor  and  to  make  the  collector  saturation  re- 

5  sistance  very  small. 
Furthermore,  since  the  emitter  of  the  bipolar 

transistor  is  set  to  a  comparatively  high  concentra- 
tion  in  the  voltage-driven  type  semiconductor  de- 
vice  according  to  the  present  invention  in  order  to 

io  realize  transistor  operation,  it  is  possible  to  control 
the  carriers  (such  as  holes)  of  a  reverse  polarity 
injected  into  the  emitter  from  the  base  moderately. 
Namely,  it  is  possible  to  provide  the  emitter  of  the 
bipolar  transistor  with  a  function  for  controlling  the 

is  carriers  (such  as  holes)  of  a  reverse  polarity  similar 
to  a  buffer  layer  in  an  IGBT  moderately,  thus 
making  it  possible  to  prevent  latch-up  by  injection 
of  carriers  (such  as  electrons)  from  the  source 
which  is  generated  when  the  voltage-driven  type 

20  transistor  is  a  MOSFET. 
In  one  embodiment  of  the  present  invention,  a 

semiconductor  region  where  carriers  are  injected  is 
merged  with  the  drain  region  in  order  to  adjust  the 
conductivity  of  the  drain  region  of  the  MOSFET.  An 

25  electrode  is  provided  in  the  semiconductor  region 
for  carrier  injection,  and  bias  voltage  is  applied  to 
this  electrode  independently  of  the  MOSFET.  With 
this,  the  linearity  of  the  volt-ampere  characteristic 
of  the  device  is  guaranteed. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 

35  vice  according  to  an  embodiment  of  the  present 
invention; 
Fig.  2  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  another  embodiment  of  the 

40  present  invention; 
Fig.  3  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  still  another  embodiment  of 
the  present  invention; 

45  Fig.  4  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  another  embodiment  of  the 
present  invention; 
Fig.  5  is  a  sectional  view  for  explaining  a  struc- 

50  ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  still  another  embodiment  of 
the  present  invention; 
Fig.  6  shows  a  circuit  example  using  the  semi- 
conductor  device  of  the  embodiment  shown  in 

55  Fig.  2; 
Fig.  7  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  another  embodiment  of  the 

3 
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present  invention; 
Fig.  8  is  a  sectional  view  for  explaining  a  struc- 
ture  of  a  voltage-driven  type  semiconductor  de- 
vice  according  to  still  another  embodiment  of 
the  present  invention; 
Fig.  9  and  Fig.  10  are  sectional  views  showing 
structures  of  modification  examples  of  a  voltage- 
driven  type  semiconductor  device  according  to 
the  embodiment  shown  in  Fig.  8;  and 
Fig.  11  shows  a  sectional  view  for  explaining  two 
segments  of  the  device  according  to  the  another 
embodiment  of  the  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Embodiments  of  a  voltage-driven  type  semi- 
conductor  device  according  to  the  present  inven- 
tion  will  be  described  in  detail  hereinafter  with 
reference  to  the  drawings. 

Fig.  1  is  a  sectional  view  for  explaining  a 
structure  of  a  first  embodiment  according  to  the 
present  invention.  In  Fig.  1,  a  reference  numeral  1 
represents  an  n  source  (a  third  semiconductor  re- 
gion),  2  a  p  well  (a  second  semiconductor  region), 
3  an  n  drain  (a  first  semiconductor  region),  4  an  n 
emitter  (a  fourth  semiconductor  region),  5  a  p  base 
(a  fifth  semiconductor  region),  6  an  n  collector  (a 
sixth  semiconductor  region),  7  a  p+  layer,  8  and  9 
main  electrodes,  and  10  a  MOS  gate  electrode.  29 
represents  an  electrode  for  applying  a  bias  to  the  p 
base  5,  and  this  electrode  is  controlled  indepen- 
dently  of  the  main  electrodes  8  and  9  and  the 
electrode  10. 

The  first  embodiment  of  the  present  invention 
shown  in  Fig.  1  is  an  example  of  a  voltage-driven 
type  semiconductor  device  in  600V«100A  class, 
and  Fig.  1  shows  a  segment  structure  thereof.  The 
width  of  the  segment  is  approximately  40  urn,  and 
other  structure  parameters  are  as  follows. 

The  surface  impurity  concentrations  of  the  n 
source  1  and  the  p  well  2  are  5x1019/cm3  and 
5x1017/cm3,  and  depths  of  junction  are  1.5  urn  and 
3  urn,  respectively.  Impurity  concentrations  of  re- 
spective  layers,  the  n  drain  3,  the  n  emitter  4,  the  p 
base  5  and  the  n  collector  6  are  1.3x10H/cm3, 
1x1018/cm3,  1x1018/cm3  and  1x1017/cm3,  respec- 
tively,  and  thicknesses  are  60  urn,  10  urn,  1.5  urn 
and  450  urn,  respectively.  Further,  dopants  added 
to  respective  regions  are  such  that  phosphorus  to 
the  n  source  1  ,  the  n  drain  3  and  the  n  collector  6, 
arsenic  to  the  n  emitter  4  and  boron  to  the  p  well  2 
and  the  p  base  5. 

Further,  the  p+  layer  7  is  an  impurity  layer  of 
high  concentration  for  preventing  the  illustrated 
semiconductor  device  from  latching-up  and  making 
control  by  the  gate  impossible. 

In  the  illustrated  first  embodiment  of  the 
present  invention,  a  MOSFET  which  is  a  voltage- 
driven  type  transistor  is  formed  of  the  n  source  1  , 
the  p  well  2  and  the  n  drain  3,  and  a  bipolar 

5  transistor  is  formed  of  the  n  emitter  4,  the  p  base  5 
and  the  n  collector  6,  thus  forming  the  whole  semi- 
conductor  device.  Where,  the  n  drain  3  and  the  n 
emitter  4  are  semiconductor  layers  having  the 
same  conductivity  type. 

io  In  the  semiconductor  device  according  to  the 
first  embodiment  of  the  present  invention,  the  po- 
tential  of  the  main  electrode  9  is  set  higher  than 
the  potential  of  the  main  electrode  8,  and  the 
potential  of  the  p  base  5  is  set  higher  than  the 

is  potential  of  the  n  emitter  4  by  a  predetermined 
potential  (approximately  0.6V)  or  higher,  and  gate 
voltage  is  applied  to  the  MOS  gate  electrode  10  so 
that  the  potential  of  the  MOS  gate  electrode  10 
becomes  higher  than  the  potential  of  the  main 

20  electrode  8.  When  the  gate  voltage  exceeds  a 
threshold  voltage,  the  semiconductor  device  is 
turned  on  by  a  mechanism  described  hereunder. 

Namely,  when  the  gate  voltage  as  described 
previously  is  applied,  an  n  channel  is  formed  on 

25  the  surface  of  the  p  well  2  under  the  MOS  gate 
electrode  10,  electrons  flow  into  the  n  drain  3  from 
the  n  source  1  through  this  channel,  and  then, 
these  electrons  flow  into  the  n  emitter  4.  There- 
after,  these  electrons  are  injected  into  the  p  base  5 

30  and  diffused  in  the  p  base  5,  and  flow  into  the  main 
electrode  9  through  the  n  collector. 

Since  the  first  embodiment  of  the  present  in- 
vention  has  structure  parameters  as  described  pre- 
viously,  the  injection  efficiency  into  the  base  and 

35  the  transfer  efficiency  in  the  base  of  electrons  in 
the  bipolar  transistor  are  sufficiently  high  and  it  is 
trially  estimated  that  a  common  base  current  gain 
reaches  to  approximately  0.964.  As  a  result,  the 
bipolar  transistor  is  brought  into  a  saturation  state 

40  easily,  the  collector  saturation  voltage  becomes 
very  low,  and  the  collector  saturation  resistance 
shows  a  very  small  value  of  approximately  4  mil. 

The  breakdown  voltage  of  the  semiconductor 
device  according  to  the  first  embodiment  of  the 

45  present  invention  is  approximately  650V,  but  the 
breakdown  voltage  is  borne  by  the  MOSFET  por- 
tion  principally,  and  the  breakdown  voltage  of  the 
bipolar  transistor  portion  is  approximately  10V  at 
most.  Since  it  is  possible  to  have  the  bipolar  tran- 

50  sistor  portion  show  a  low  breakdown  voltage  as 
described  above  in  the  semiconductor  device  ac- 
cording  to  the  first  embodiment  of  the  present 
invention,  the  impurity  concentration  of  the  n  col- 
lector  6  can  be  increased  sufficiently  high.  Thus,  it 

55  is  possible  to  control  the  resistance  in  the  collector 
portion  sufficiently  low  and  to  realize  a  very  low 
collector  saturation  resistance  as  described  pre- 
viously. 

4 
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Now,  when  attention  is  paid  to  the  MOSFET 
portion,  the  holes  from  the  p  base  5  are  injected 
into  the  n  emitter  4,  these  holes  are  diffused  in  the 
n  emitter  4,  and  then,  these  holes  are  diffused  in 
the  n  drain  3.  As  a  result  that  the  n  emitter  4  is  set 
at  proper  impurity  concentration  and  thickness  as 
the  structure  parameters  described  above,  the 
holes  diffused  in  the  n  emitter  4  can  reach  the  n 
drain  3  without  vanishing  excessively  by  recom- 
bination  in  the  n  emitter  4.  Thus,  the  inside  of  the  n 
drain  3  is  filled  with  holes  enough  for  generating 
sufficient  conductivity  modulation. 

Since  the  concentration  of  these  holes  is  trially 
estimated  at  approximately  7x101G/cm3,  the  resis- 
tance  of  the  n  drain  3  is  reduced  to  a  little  less 
than  1  mil.  The  resistance  between  the  main  elec- 
trodes  of  the  semiconductor  device  according  to 
the  first  embodiment  of  the  present  invention  is 
principally  the  total  of  the  channel  resistance,  the 
pinch  resistance,  the  conductivity-modulated  drain 
resistance  of  the  MOSFET,  and  the  collector  satu- 
ration  resistance  and  the  contact  resistance  at  the 
main  electrode  portion  of  the  bipolar  transistor  or 
the  like,  but  it  still  shows  a  sufficiently  small  value 
of  approximately  11  mil. 

The  device  of  the  present  embodiment  per- 
forms  the  same  operation  as  a  generally  known 
IGBT  in  point  of  conductivity  modulation  of  the  n 
drain  3.  However,  the  voltage  drop  by  junction 
between  the  n  drain  3  and  the  n  emitter  4  dis- 
appears  practically.  Accordingly,  the  volt-ampere 
characteristic  between  the  main  electrodes  8  and  9 
shows  a  linear  form  substantially. 

Then,  the  semiconductor  device  according  to 
the  first  embodiment  of  the  present  invention 
shows  the  voltage  drop  of  approximately  1.1V  and 
the  power  dissipation  of  approximately  110W  at 
time  of  100A  conduction  (current  density:  100 
A/cm2),  which  are  sufficiently  small  values  as  com- 
pared  with  a  voltage-driven  type  semiconductor 
device  which  has  been  heretofore  reported. 

Besides,  in  the  semiconductor  device  accord- 
ing  to  the  first  embodiment  of  the  present  inven- 
tion,  electron  rays  are  radiated  in  order  to  shorten 
turn-off  time,  and  the  turn-off  time  is  approximately 
0.9  us.  Further,  according  to  this  semiconductor 
device,  the  current  density  generated  by  latch-up 
becomes  sufficiently  high  and  reaches  700  A/cm2 
or  higher  by  reduction  of  the  resistance  of  the  p 
well  2  under  the  n  source  1  by  the  reduction  of  the 
width  of  the  n  source  1,  and  formation  of  the  p+ 
layer  7,  and  rationalization  of  injection  of  the  holes 
from  the  p  base  5  by  the  n  emitter  4. 

The  semiconductor  device  according  to  the 
first  embodiment  of  the  present  invention  has  a 
possibility  to  latch  up  since  a  parasitic  thyristor 
portion  formed  of  the  p  well  2,  the  n  drain  3,  the  n 
emitter  4,  the  p  base  5  and  the  n  collector  6  is 

brought  into  a  forward  bias  state  at  time  of  reverse 
bias. 

In  order  to  prevent  the  above,  it  is  recom- 
mended  to  use  the  semiconductor  device  accord- 

5  ing  to  the  first  embodiment  of  the  present  invention 
so  that  the  potential  of  the  MOS  gate  electrode  10 
reaches  higher  than  the  potential  of  the  main  elec- 
trode  8  over  the  threshold  voltage  or  higher.  For 
example,  it  is  recommended  to  continuously  apply 

io  gate  voltage  of  the  same  polarity  and  the  same 
voltage  as  those  at  time  of  forward  bias  between 
the  main  electrode  8  and  the  MOS  gate  electrode 
10. 

As  a  result,  in  the  semiconductor  device  ac- 
15  cording  to  the  first  embodiment  of  the  present 

invention,  the  MOSFET  portion  formed  of  the  n 
source  1  ,  the  p  well  2  and  the  n  drain  3  is  turned 
on  and  an  anode  of  the  parasitic  thyristor  and  the  p 
well  2  and  the  n  drain  3  working  as  the  n  base  are 

20  short-circuited  by  a  very  low  resistance  at  time  of 
reverse  bias,  thus  making  it  possible  to  prevent 
latch-up  from  occurring. 

Besides,  in  the  case  of  the  first  embodiment  of 
the  present  invention,  the  electrode  100  giving  a 

25  potential  to  the  p  base  5  can  be  formed  by  using  a 
well-known  method  by  GTO  or  the  like  which  is 
disclosed  in  Proceedings  of  1988  International 
Symposium  on  Power  Semiconductor  Devices,  pp. 
189  -  194  for  instance.  Namely,  a  block  is  struc- 

30  tured  with  a  plurality  of  segments,  a  groove  is 
formed  around  the  block  by  etchdown  from  the 
silicon  surface  on  the  side  of  the  main  electrode  8, 
a  p  layer  is  formed  from  the  bottom  of  the  groove 
so  as  to  come  into  contact  with  the  p  base  5,  and 

35  an  electrode  is  formed  on  the  surface  thereof,  thus 
making  it  possible  to  form  an  electrode  which  pro- 
vides  the  p  base  5  with  a  potential. 

An  electrode  which  supplies  the  n  emitter  4 
with  a  potential  can  be  produced  by  forming  an  n 

40  layer  on  the  inside  of  the  p  layer  at  the  bottom  of 
the  groove  mentioned  above  so  as  to  come  into 
contact  with  the  n  emitter  4  and  forming  an  elec- 
trode  on  the  surface  thereof  in  a  similar  manner  to 
the  above.  It  is  a  matter  of  course  that  the  method 

45  of  forming  these  electrodes  is  not  limited  to  this 
example.  For  example,  when  a  chip  of  the  semi- 
conductor  device  is  small,  it  is  possible  to  realize 
an  exactly  the  same  function  by  forming  these 
electrodes  around  the  chip  by  a  similar  method. 

50  Next,  a  second  and  a  third  embodiments  of  the 
present  invention  will  be  described.  In  these  sec- 
ond  and  third  embodiments  of  the  present  inven- 
tion,  the  impurity  concentrations  of  the  n  emitter  4, 
the  p  base  5  and  the  n  drain  3  in  the  first  embodi- 

55  ment  of  the  present  invention  described  above  are 
changed. 

The  second  embodiment  of  the  present  inven- 
tion  shows  an  example  in  which  the  impurity  con- 

5 
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centration  of  the  p  base  5  is  altered  to  2x1  01  7  /cm3 
and  the  rest  is  kept  the  same  as  the  first  embodi- 
ment. 

As  a  result,  it  is  possible  to  further  improve  the 
injection  efficiency  into  the  base  and  the  transfer 
efficiency  in  the  base  of  electrons,  the  common 
base  current  gain  of  the  bipolar  transistor  is  trially 
estimated  to  reach  approximately  0.987,  and  it  is 
possible  to  further  reduce  the  collector  saturation 
voltage  of  the  bipolar  transistor  very  low.  On  the 
other  hand,  the  concentration  of  the  holes  dis- 
persed  in  the  n  drain  3  becomes  slightly  lower,  and 
the  resistance  of  the  n  drain  3  becomes  slightly 
higher  since  conductivity  modulation  is  slightly  re- 
duced. 

As  a  consequence,  the  resistance  between 
main  electrodes  of  the  semiconductor  device  ac- 
cording  to  the  second  embodiment  of  the  present 
invention  shows  a  sufficiently  small  value  of  ap- 
proximately  9.5  mil.  Further,  the  voltage  drop  and 
the  power  dissipation  in  the  semiconductor  device 
according  to  the  present  embodiment  at  time  of 
100A  conduction  (current  density:  100  A/cm2)  be- 
come  approximately  0.95V  and  approximately 
95W,  respectively.  Thus,  it  is  possible  to  further 
reduce  these  values  to  lower  than  the  first  embodi- 
ment  of  the  present  invention. 

The  third  embodiment  of  the  present  invention 
shows  an  example  in  which  the  impurity  concentra- 
tion  of  the  p  base  5  is  altered  to  2x1017/cm3  and 
the  impurity  concentration  of  the  n  emitter  4  and 
the  n  drain  3  are  both  altered  to  1x1015/cm3,  and 
the  rest  is  kept  the  same  as  the  first  embodiment. 

As  a  result,  the  injection  efficiency  of  electrons 
into  the  base  is  lowered,  the  common  base  current 
gain  is  trially  estimated  to  reach  approximately 
0.743,  and  the  collector  saturation  voltage  of  the 
bipolar  transistor  is  increased.  However,  since  the 
concentration  of  the  holes  diffused  in  the  n  drain  3 
is  increased  and  the  conductivity  modulation  is 
slightly  increased,  the  resistance  of  the  n  drain  3 
becomes  slightly  lower. 

As  a  consequence,  the  collector  saturation  re- 
sistance  of  the  bipolar  transistor  becomes  dominant 
and  becomes  approximately  21.5  mn  in  the  resis- 
tance  between  the  main  electrodes  of  the  semicon- 
ductor  device  according  to  the  third  embodiment  of 
the  present  invention.  Further,  the  voltage  drop  and 
the  power  dissipation  of  the  semiconductor  device 
according  to  the  present  invention  at  time  of  100A 
conduction  (current  density:  100  A/cm2)  become 
approximately  2.15V  and  approximately  21  5W,  re- 
spectively,  which  make  no  great  difference  from 
the  voltage-driven  type  semiconductor  device 
which  has  been  heretofore  reported.  On  the  other 
hand,  the  latch-up  current  is  reduced  by  a  large 
margin.  As  it  is  understood  from  this  embodiment, 
it  is  possible  to  remove  the  boundary  between  the 

emitter  4  and  the  drain  3,  that  is,  to  adopt  a 
structure  of  holding  one  n-type  semiconductor  lay- 
er  in  common  by  a  MOSFET  and  a  bipolar  transis- 
tor. 

5  The  present  inventor  et  al.  could  clarify,  by 
simulation  in  which  the  impurity  concentration  of 
the  p  base  5  and  the  impurity  concentration  of  the 
n  drain  3  are  changed,  that  it  is  preferred  to  make 
the  common  base  current  gain  to  be  approximately 

io  0.7  or  above. 
Further,  a  bipolar  transistor  is  formed  of  the  n 

emitter  4,  the  p  base  5  and  the  n  collector  6  in  the 
embodiment  of  the  present  invention  described 
above,  which,  however  operates  also  as  a  transistor 

is  when  the  emitter  of  this  transistor  is  used  as  a 
collector  and  the  collector  of  this  transistor  is  used 
as  a  emitter  conversely  to  the  above.  According  to 
the  present  invention,  it  could  be  clarified  that  it 
was  required  that  the  common  base  current  gain  of 

20  the  former  bipolar  transistor  was  larger  than  the 
common  base  current  gain  of  the  latter  bipolar 
transistor  in  which  the  emitter  and  the  collector  of 
this  transistor  were  replaced. 

The  foregoings  are  also  similarly  applied  to 
25  other  embodiments  described  hereinafter. 

Fig.  2  is  a  sectional  view  for  explaining  a 
structure  of  a  fourth  embodiment  of  the  present 
invention.  In  Fig.  2,  11  represents  an  n  layer  (a 
seventh  semiconductor  region),  24  represents  a  p 

30  layer,  and  other  reference  numerals  are  the  same 
as  Fig.  1  . 

A  voltage-driven  type  semiconductor  device 
according  to  the  fourth  embodiment  of  the  present 
invention  is  structured  to  be  the  same  as  the  first 

35  embodiment  except  that  the  n  layer  1  1  is  formed  in 
a  part  of  the  p  base  5  and  the  p  layer  24  is  formed 
at  a  part  of  the  junction  between  the  n  drain  3  and 
the  n  emitter  4. 

In  the  fourth  embodiment  of  the  present  inven- 
40  tion  structured  as  described  above,  the  n  layer  11 

and  the  p  layer  24  are  formed  in  the  widths  of  4 
linn  and  10  urn,  respectively.  The  n  layer  11  is 
formed  by  selective  diffusion  of  the  p  base  5  prior 
to  epitaxial  growth  of  the  n  emitter  4  on  the  n 

45  collector  6.  Further,  the  p  layer  24  is  formed  by 
selective  diffusion  of  p-type  impurities  prior  to  epi- 
taxial  growth  of  the  n  drain  3  on  the  n  emitter  4. 
The  p  base  5  has  a  thickness  of  approximately  1  .5 
linn,  and  impurity  distribution  thereof  is  controlled 

50  so  as  to  realize  almost  the  same  transistor  perfor- 
mance  as  the  first  embodiment  of  the  present 
invention  described  previously. 

In  the  semiconductor  device  according  to  the 
fourth  embodiment  of  the  present  invention,  the 

55  potential  of  the  main  electrode  9  is  made  higher 
than  the  potential  of  the  main  electrode  8,  and  gate 
voltage  is  applied  to  the  MOS  gate  electrode  10  so 
that  the  potential  of  the  MOS  gate  electrode  10 

6 
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becomes  higher  than  the  potential  of  the  main 
electrode  8.  When  the  gate  voltage  exceeds  a 
threshold  voltage,  the  semiconductor  device  is 
turned  on  by  a  mechanism  described  hereunder. 

Namely,  when  the  gate  voltage  mentioned 
above  is  applied  to  the  MOS  gate  electrode  10,  an 
n  channel  is  formed  on  the  surface  of  the  p  well  2 
under  the  MOS  gate  electrode  10,  electrons  flow 
into  the  n  drain  3  from  the  n  source  1  through  this 
n  channel,  and  then,  these  electrons  flow  into  the  n 
emitter  4.  Thereafter,  these  electrons  pass  the  n 
layer  1  1  through  the  n  emitter  4  under  the  p  layer 
24,  and  flow  into  the  n  collector  6. 

At  this  time,  when  the  voltage  drop  in  the  n 
emitter  4  reaches  approximately  0.6V  or  higher, 
electrons  are  injected  into  the  p  base  5  from  the  n 
emitter  4  and  holes  are  injected  into  the  n  emitter  4 
from  the  p  base  5,  respectively,  thus  putting  the 
bipolar  transistor  in  operation.  Now,  since  the  resis- 
tance  of  illustrated  two  n  layers  1  1  is  approximately 
20  mil,  which  is  sufficiently  large  as  compared  with 
the  collector  saturation  resistance  of  the  bipolar 
transistor,  almost  no  influence  is  exerted  upon  the 
saturation  operation  of  the  bipolar  transistor  at  time 
of  forward  bias. 

When  it  is  desired  to  further  increase  the  resis- 
tance  of  the  n  layer  11,  it  can  be  achieved  easily 
by  a  contrivance  on  the  configuration  of  the  n  layer 
11,  for  instance,  forming  the  n  layer  1  1  into  a  hole 
shape  4  urn  in  diameter,  forming  the  n  layer  into  a 
rectangular  hole  shape  having  one  side  4  urn  long 
and  so  on. 

The  fourth  embodiment  of  the  present  inven- 
tion  is  capable  of  reducing  a  turn-off  speed  as 
compared  with  the  first  to  the  third  embodiments  of 
the  present  invention  by  providing  the  n  layer  11 
described  previously.  Namely,  the  fourth  embodi- 
ment  of  the  present  invention  shown  in  Fig.  2  is 
operated  so  that  the  holes  remaining  in  the  n  drain 
3  are  extracted  toward  the  main  electrode  9 
through  the  n  layer  1  1  at  time  of  turn-off.  Since  it  is 
possible  to  remove  the  holes  quickly  with  the 
above,  the  turn-off  time  can  be  shortened. 

The  fourth  embodiment  of  the  present  inven- 
tion  has  the  turn-off  time  of  approximately  0.4  us 
and  is  able  to  reduce  what  is  called  a  tail  current 
by  a  large  margin  as  compared  with  the  first  em- 
bodiment.  As  the  result  of  shortened  turn-off  time, 
a  switching  loss  at  time  of  turn-off  can  be  reduced 
by  a  large  margin,  and  high-speed  operation  can 
be  realized  at  a  small  loss. 

Further,  the  fourth  embodiment  of  the  present 
invention  has  such  a  feature  that  the  bias  for  the  n 
emitter  4  and  the  p  base  5  is  not  necessarily 
required.  It  is  a  matter  of  course  that  the  present 
embodiment  is  also  able  to  achieve  similar  effects 
by  giving  external  bias  higher  than  the  n  emitter  4 
by  0.6V  or  higher  to  the  p  base  5  in  a  similar 

manner  to  the  first  embodiment. 
Besides,  the  n  layer  11  mentioned  previously 

can  also  be  formed  by  diffusing  impurities  such  as 
As  in  the  p  base  5  after  epitaxial  growth  of  the  p 

5  base  5  on  the  n  collector  6,  thus  making  it  possible 
to  realize  similar  effects. 

Fig.  3  is  a  sectional  view  for  explaining  a 
structure  of  a  fifth  embodiment  of  the  present  in- 
vention.  In  Fig.  3,  25  and  26  represent  contact 

io  layers,  27  an  oxide  film,  28  and  29  electrodes,  and 
other  reference  numerals  are  the  same  as  Fig.  1. 

The  fifth  embodiment  of  the  present  invention 
shown  in  Fig.  3  shows  an  example  of  a  voltage- 
driven  type  semiconductor  device  in  the  1,600V 

is  class,  and  the  width  of  a  segment  is  approximately 
70  urn.  Further,  the  present  embodiment  differs 
from  the  first  embodiment  of  the  present  invention 
described  with  reference  to  Fig.  1  in  a  point  that  a 
contact  layer  25  with  the  n  emitter  4  and  a  contact 

20  layer  26  with  the  p  base  5  are  formed  by  diffusion 
on  the  side  of  the  main  electrode  9,  electrodes  28 
and  29  are  formed  on  each  of  them,  and  an  oxide 
film  27  is  made  to  lie  between  these  electrodes 
and  between  the  electrode  and  the  main  electrode 

25  9,  and  is  constituted  the  same  as  the  case  in  Fig.  1 
except  the  above  point. 

Further,  the  structure  parameters  of  the  present 
invention  are  almost  the  same  as  those  in  the  first 
embodiment  except  that  the  impurity  concentration 

30  of  the  n  drain  3  is  5x1013/cm3  and  the  thickness 
thereof  is  250  urn,  and  the  impurity  concentration 
of  the  n  collector  6  is  1.5x1017/cm3  and  the  thick- 
ness  thereof  is  approximately  5  urn. 

In  the  fifth  embodiment  of  the  present  inven- 
35  tion,  voltage  is  applied  between  electrodes  28  and 

29  by  a  predetermined  method  so  that  the  potential 
of  the  p  base  5  is  made  higher  than  the  potential  of 
the  n  emitter  4  by  a  predetermined  potential  at 
approximately  0.6V  or  higher,  thus  having  the  bi- 

40  polar  transistor  perform  saturated  operation.  The 
operation  mechanism  thereof  is  almost  the  same 
as  that  of  the  first  embodiment  of  the  present 
invention  described  previously.  Hence,  the  descrip- 
tion  thereof  is  omitted. 

45  In  the  fifth  embodiment  of  the  present  inven- 
tion,  the  lifetime  of  the  holes  is  shortened  by  elec- 
tron  irradiation  or  the  like  so  that  high  frequency 
operation  at  60  kHz  may  be  performed,  but  the 
voltage  drop  at  time  of  50  A/cm2  conduction  is 

50  approximately  1.25V.  Thus,  it  could  be  reduced  to 
about  2/3  of  a  case  according  to  a  prior  art,  and 
power  dissipation  could  also  be  reduced  by  a  large 
margin  as  the  result  thereof. 

Fig.  4  is  a  sectional  view  for  explaining  a 
55  structure  of  a  sixth  embodiment  of  the  present 

invention.  In  Fig.  4,  12  represents  an  oxide  film,  13 
an  n+  layer  and  30  a  poly  silicon,  and  other  refer- 
ence  numerals  are  the  same  as  the  case  of  Fig.  1. 
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The  sixth  embodiment  of  the  present  invention 
shown  in  Fig.  4  is  formed  in  a  lateral  structure  and 
integrated  into  a  dielectrically  isolated  IC.  Namely, 
the  present  embodiment  is  formed  in  a  single  cry- 
stal  silicon  island  buried  in  a  base  material  com- 
posed  of  the  poly  silicon  30  through  the  oxide  film 
12  for  isolation,  and  is  constructed  with  the  n+  layer 
13  added  in  order  to  make  the  drain  resistance  of 
the  MOSFET  portion  small.  The  operation  mecha- 
nism  thereof  is  the  same  as  the  case  of  the  first 
embodiment  of  the  present  invention  which  has 
been  described  already.  Hence,  the  description 
thereof  is  omitted.  In  the  semiconductor  device 
according  to  the  sixth  embodiment  of  the  present 
invention,  the  breakdown  voltage  is  450V,  the  on- 
voltage  at  time  of  2A  conduction  is  0.9V,  and  the 
on-voltage  can  be  made  sufficiently  low. 

Fig.  5  is  a  sectional  view  for  explaining  a 
structure  of  a  seventh  embodiment  of  the  present 
invention.  In  Fig.  5,  14  represents  a  p  gate,  15 
represents  a  gate  electrode,  and  other  reference 
numerals  are  the  same  as  the  case  in  Fig.  1.  The 
seventh  embodiment  of  the  present  invention 
shows  an  example  of  a  voltage-driven  type  semi- 
conductor  device  in  600V,  50A  class. 

In  the  seventh  embodiment  of  the  present  in- 
vention  shown  in  Fig.  5,  the  voltage-driven  type 
transistor  is  a  normally  off  type  bipolar  mode  static 
induction  transistor  which  is  kept  normally  off  when 
bias  is  not  applied.  The  width  of  the  segment  of  the 
device  is  approximately  30  urn.  Further,  in  the 
present  embodiment,  the  surface  impurity  concen- 
trations  of  the  n  source  1  and  the  p  gate  layer  14 
are  5x1019/cm3  and  1x1020/cm3,  respectively,  the 
depths  of  junction  are  1.5  urn  and  4  urn,  the 
impurity  concentration  and  the  thickness  of  the  n 
drain  3  are  4x1012/cm3  and  80  urn,  respectively, 
and  the  channel  width,  i.e.,  the  space  between  two 
p  gate  layers  14  is  approximately  10  urn.  Other 
structure  parameters  are  almost  the  same  as  those 
of  the  first  embodiment. 

The  semiconductor  device  according  to  the 
seventh  embodiment  of  the  present  invention  is 
turned  on  by  a  mechanism  described  hereunder  by 
bringing  the  potential  of  the  main  electrode  9  into  a 
forward  bias  state  higher  than  the  main  electrode  8 
and  applying  the  gate  voltage  so  that  the  potential 
of  the  p  base  5  becomes  higher  than  that  of  the  n 
emitter  4  by  a  predetermined  potential  (approxi- 
mately  0.6V)  or  higher  and  the  potential  of  the  gate 
electrode  15  becomes  higher  than  the  potential  of 
the  main  electrode  8  by  approximately  0.4  to  0.8V. 

When  such  gate  voltage  as  described  pre- 
viously  is  applied  to  the  gate  electrode  15,  pinch- 
off  in  the  region  between  two  p  gates  14  is  re- 
leased  and  a  channel  is  formed,  electrons  flow  into 
the  n  drain  3  from  the  n  source  1  through  the 
formed  channel,  and  then,  these  electrons  flow  into 

the  n  emitter  4.  Thereafter,  these  electrons  are 
injected  into  the  p  base  5  and  diffused  in  the  p 
base  5,  and  reach  the  n  collector  6  and  flow  into 
the  main  electrode  9.  With  this,  the  illustrated  semi- 

5  conductor  device  is  turned  on. 
In  the  seventh  embodiment  of  the  present  in- 

vention  shown  in  Fig.  5,  the  injection  efficiency  of 
electrons  into  the  base  and  the  transfer  efficiency 
of  electrons  in  the  base  are  sufficiently  high,  and 

io  the  common  base  current  gain  of  the  bipolar  tran- 
sistor  is  trially  estimated  to  reach  approximately 
0.964  as  a  result  of  adopting  structure  parameters 
described  above.  As  a  consequence,  the  bipolar 
transistor  can  be  brought  into  a  saturated  state 

is  easily,  and  the  collector  saturation  voltage  be- 
comes  very  low.  In  this  example,  the  collector 
saturation  voltage  becomes  as  low  as  approximate- 
ly  4  mil. 

The  breakdown  voltage  of  the  semiconductor 
20  device  to  the  seventh  embodiment  of  the  present 

invention  is  approximately  680V,  but  the  breakdown 
voltage  is  principally  borne  by  the  static  induction 
transistor,  and  the  breakdown  voltage  of  the  bipolar 
transistor  is  approximately  10V  at  most.  As  a  con- 

25  sequence  that  the  bipolar  transistor  portion  can  be 
made  to  have  low  breakdown  voltage  in  the  semi- 
conductor  device  according  to  the  seventh  embodi- 
ment  of  the  present  invention  as  described  above, 
it  is  possible  to  increase  the  impurity  concentration 

30  of  the  n  collector  6  sufficiently  high.  Accordingly,  it 
is  possible  to  control  the  resistance  in  the  collector 
portion  sufficiently  low  and  to  realize  a  very  low 
collector  saturation  resistance  such  as  described 
previously.  This  point  is  similar  to  the  case  of  first 

35  embodiment  of  the  present  invention  described 
previously. 

Now,  when  attention  is  paid  to  the  static  induc- 
tion  transistor  portion  in  the  seventh  embodiment  of 
the  present  invention  described  above,  the  holes 

40  are  injected  into  the  n  emitter  4  from  the  p  base  5, 
these  holes  diffuse  in  the  n  emitter  4,  and  then 
these  holes  diffuse  in  the  n  drain  3.  The  n  emitter  4 
is  set  at  proper  impurity  concentration  and  thick- 
ness  as  described  previously.  As  a  consequence, 

45  the  holes  can  reach  the  n  drain  3  without  vanishing 
excessively  by  recombination  in  the  n  emitter  4, 
and  the  inside  of  the  n  drain  3  is  filled  with  the 
holes  enough  to  give  rise  to  sufficient  conductivity 
modulation. 

50  As  a  result,  in  the  seventh  embodiment  of  the 
present  invention,  the  resistance  of  the  n  drain  3  is 
reduced  to  a  little  less  than  1.5  mil,  and  the  resis- 
tance  between  the  main  electrodes  can  be  made  to 
show  a  sufficiently  small  value  of  approximately  14 

55  mil.  In  the  seventh  embodiment  of  the  present 
invention,  the  voltage  drop  is  approximately  1.0V 
even  at  time  of  50A  conduction  (current  density: 
100  A/cm2),  and  the  power  dissipation  shows  a 
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sufficiently  small  value  as  compared  with  a  voltage- 
driven  type  semiconductor  device  which  has  been 
heretofore  reported. 

Fig.  6  is  a  block  diagram  showing  a  structure 
of  an  eighth  embodiment  of  the  present  invention. 
In  Fig.  6,  16  represents  the  voltage-driven  type 
semiconductor  device  shown  in  Fig.  2  described 
previously,  17  represents  the  voltage-driven  type 
semiconductor  device  shown  in  Fig.  2  which  con- 
tains  inside  a  current  sensing  element,  18  repre- 
sents  a  free  wheel  diode,  19  represents  a  gate 
drive  circuit,  and  23  represents  an  over  current 
protection  circuit.  In  the  adopted  voltage-driven 
type  semiconductor  device  16,  the  p  base  5  is  not 
biased.  When  the  p  base  5  is  biased,  the  timing  of 
the  bias  is  synchronized  with  that  of  the  bias  of  the 
gate  electrode.  In  such  a  structure,  it  is  possible  to 
adopt  a  semiconductor  device  according  to  another 
embodiment. 

The  eighth  embodiment  of  the  present  inven- 
tion  shown  in  Fig.  6  shows  an  example  of  an 
inverter  circuit  for  three  phase  motor  drive  con- 
structed  by  using  the  voltage-driven  type  semicon- 
ductor  device  shown  in  Fig.  2  as  a  switch. 

When  a  voltage-driven  type  semiconductor  de- 
vice  of  the  present  invention  is  used  as  a  switch  for 
controlling  large  electric  power,  it  is  used  so  that  a 
plurality  of  segments  of  the  voltage-driven  type 
semiconductor  device  are  integrated  and  made  to 
operate  in  parallel  so  as  to  function  as  one  switch. 
In  the  eighth  embodiment  of  the  present  invention, 
a  current  sensing  element  contained  inside  the 
switch  by  the  voltage-driven  type  semiconductor 
device  may  be  formed  of  a  segment  similar  to  the 
segment  of  the  semiconductor  device  constituting 
the  switch,  and  the  ratio  of  the  number  of  seg- 
ments  of  the  semiconductor  device  constituting  the 
switch  to  the  current  sensing  elements  was  set  to 
1,000:1. 

Further,  the  free  wheel  diodes  18  are  con- 
nected  in  parallel  to  respective  voltage-driven  type 
semiconductor  devices  16  and  17.  In  a  first  drive 
circuit  19  for  driving  a  gate  voltage  of  the  voltage- 
driven  type  semiconductor  device,  the  principal 
part  thereof  is  composed  of  switching  elements  20, 
21  and  a  battery  22.  When  the  voltage-driven  type 
semiconductor  devices  16  and  17  are  the  type  of 
anyone  shown  in  Figs.  1-5,  a  second  drive  circuit 
(not  shown)  is  inserted  between  the  p  base  5  and  n 
emitter  4  to  inject  a  hole  into  the  devices.  When 
the  devices  16  and  17  are  the  type  of  anyone 
shown  in  Figs.  8-10,  a  third  drive  circuit  (not 
shown)  is  coupled  to  both  the  p  region  30  and 
electrode  8  to  bias  a  predetermined  voltage  there- 
between. 

This  first  drive  circuit  19  is  operated  so  that, 
when  the  voltage-driven  type  semiconductor  de- 
vices  16,  17  of  the  illustrated  inverter  circuit  are 

controlled  in  an  on-state,  the  switching  element  21 
is  turned  off  and  the  switching  element  20  is  turned 
on  so  as  to  apply  the  voltage  of  the  battery  22  to 
the  gates  of  the  voltage-driven  type  semiconductor 

5  devices  16  and  17,  and  when  the  voltage-driven 
type  semiconductor  devices  16  and  17  are  con- 
trolled  in  an  off-state,  the  switching  element  21  is 
turned  on  and  the  switching  element  20  is  turned 
off.  In  this  case,  the  second  and  third  drive  circuits 

io  are  controlled  to  containously  provide  the  predeter- 
mined  bias  voltage  in  spite  that  the  first  drive 
circuit  19  is  ON-state  or  OFF-state,  or  to  turn-on  or 
turn-off  synchronously,  with  a  predetermined  inter- 
val,  with  the  turn-on  or  turn-off  operation  of  the  first 

is  drive  circuit  19. 
Besides,  when  an  over  current  is  produced 

when  the  voltage-driven  type  semiconductor  device 
17  is  in  an  on-state,  the  over  current  is  detected  by 
the  current  sensing  element  mentioned  previously, 

20  and  the  detection  current  operates  the  over  current 
protection  circuit  23  thereby  to  prevent  the  semi- 
conductor  device  from  destruction.  Further,  when 
reverse  bias  is  applied  to  the  voltage-driven  type 
semiconductor  devices  16  and  17,  the  illustrated 

25  embodiment  is  able  to  prevent  latch-up  of  the 
parasitic  thyristor  by  the  method  described  with 
reference  to  the  embodiment  1  . 

Namely,  in  this  case,  in  the  first  drive  circuit 
19,  the  switching  element  21  is  turned  off  and  the 

30  switching  element  20  is  turned  on,  the  voltage  of 
the  battery  22  is  applied  to  the  gates  of  the  volt- 
age-driven  type  semiconductor  devices  16  and  17, 
and  an  nMOSFET  between  the  anode  and  the  base 
of  the  parasitic  thyristor  is  turned  on,  thereby  to 

35  short-circuit  between  the  anode  and  the  base. 
The  eighth  embodiment  of  the  present  inven- 

tion  shown  in  Fig.  6  is  able  to  reduce  the  power 
dissipation  by  a  large  margin  to  approximately  55% 
against  the  inverter  circuit  formed  of  switching  ele- 

40  ments  according  to  a  conventional  device  by 
means  of  the  circuit  structure  described  previously. 
The  effect  of  reduction  in  power  dissipation  be- 
comes  larger  in  a  high-speed  operation  range  of  15 
to  30  kHz. 

45  Besides,  in  the  eighth  embodiment  of  the 
present  invention  described  above,  it  is  possible  to 
eliminate  the  free  wheel  diode  18  by  using  a  semi- 
conductor  device  obtained  by  improving  the  semi- 
conductor  device  according  to  the  fourth  embodi- 

50  ment  of  the  present  invention  as  the  voltage-driven 
type  semiconductor  devices  16  and  17.  Namely,  in 
the  fourth  embodiment  of  the  present  invention 
shown  in  Fig.  2,  it  is  possible  to  have  a  diode 
composed  of  the  p+  layer  7,  the  p  well  2,  the  n 

55  drain  3,  the  n  emitter  4,  the  n  layer  11  and  the  n 
collector  6  function  as  a  free  wheel  diode  by  set- 
ting  the  area  ratio  of  the  n  layer  1  1  to  the  p  base  5 
to  40  to  65%. 
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Fig.  7  shows  one  segment  of  the  voltage-driven 
type  semiconductor  device  which  is  a  ninth  em- 
bodiment  of  the  present  invention.  Except  a  point 
that  a  p  layer  30  is  formed,  the  rest  is  almost  the 
same  as  the  first  embodiment.  In  the  case  of  the 
present  embodiment,  the  p  layer  30  has  a  depth 
almost  the  same  as  that  of  the  n  layer  4,  which  is 
approximately  12  urn.  The  p  layer  30  is  formed  by 
diffusing  boron  selectively  after  growing  an  n  emit- 
ter  epitaxially  on  the  n  collector.  As  against  that  the 
impurity  concentration  of  the  p  base  is  1x1018/cm3, 
the  impurity  concentration  of  the  p  layer  30  is 
3x1019/cm3.  The  thickness  of  the  p  base  is  approxi- 
mately  1.5  urn,  and  impurity  distribution  is  con- 
trolled  so  as  to  realize  the  transistor  performance 
almost  the  same  as  that  of  the  first  embodiment. 

In  the  semiconductor  device  according  to  the 
present  embodiment,  the  gate  voltage  is  applied  so 
that  the  potential  of  the  main  electrode  9  becomes 
higher  than  the  potential  of  the  main  electrode  8 
and  the  potential  of  the  MOS  gate  electrode  10 
becomes  higher  than  the  potential  of  the  main 
electrode  8,  and  the  semiconductor  device  is 
turned  on  by  a  mechanism  described  hereunder 
when  the  gate  voltage  exceeds  the  threshold  volt- 
age.  Namely,  an  n  channel  is  formed  on  the  sur- 
face  of  the  p  well  2  under  the  MOS  gate  10,  and 
electrons  flow  into  the  n  drain  3  from  the  n  source 
1  through  the  channel.  When  forward  bias  is  ap- 
plied  to  the  n  emitter  and  the  p  base,  and  bias  is 
applied  so  that  the  potential  of  the  p  base  becomes 
higher  than  the  potential  of  the  main  electrode  8  by 
a  predetermined  value  in  this  state,  an  npn  transis- 
tor  is  operated  and  the  holes  are  injected  into  the  n 
drain  from  the  p  layer  30  at  the  same  time.  It  is  a 
matter  of  course  that  forward  bias  is  applied  to  the 
n  emitter  and  the  p  base  so  that  the  npn  transistor 
is  brought  into  a  saturated  state. 

Since  the  holes  are  injected  into  the  n  drain 
from  the  p  base  through  the  n  emitter  by  a  mecha- 
nism  similar  to  that  of  the  first  embodiment  with  the 
foregoing,  the  n  drain  is  conductivity-modulated 
and  shows  a  low  resistance.  In  the  case  of  the 
present  invention,  however,  the  n  drain  is  con- 
ductivity-modulated  further  deeply  by  means  of  the 
holes  injected  from  the  p  layer  30,  thus  making  it 
possible  to  have  the  n  drain  show  still  lower  resis- 
tance  as  compared  with  the  first  embodiment.  Pre- 
sumably,  the  resistance  between  the  main  elec- 
trodes  when  the  present  embodiment  is  in  opera- 
tion  becomes  smaller  to  approximately  7  mil. 

Fig.  8  shows  one  segment  of  the  voltage-driven 
type  semiconductor  device  of  a  tenth  embodiment 
according  to  the  present  invention.  The  present 
embodiment  has  almost  the  same  structure  as  the 
ninth  embodiment  except  the  p  base  5  and  the  n 
collector  6  are  removed. 

In  the  semiconductor  device  according  to  the 
present  invention,  the  gate  voltage  is  applied  so 
that  the  potential  of  the  main  electrode  9  becomes 
higher  than  the  potential  of  the  main  electrode  8 

5  and  the  potential  of  the  MOS  gate  electrode  10 
becomes  higher  than  the  potential  of  the  main 
electrode  8,  and  the  semiconductor  device  is 
turned  on  by  a  mechanism  described  hereunder 
when  the  gate  voltage  exceeds  a  threshold  voltage. 

io  Namely,  an  n  channel  is  formed  on  the  surface  of 
the  p  well  2  under  the  MOS  gate  electrode  10,  and 
electrons  flow  into  the  n  drain  3  from  the  n  source 
1  through  the  channel.  When  bias  is  applied  so  that 
the  potential  of  an  electrode  32  of  the  p  layer  30 

is  becomes  higher  than  the  potential  of  the  main 
electrode  8  by  a  predetermined  value  in  this  state, 
the  holes  are  injected  into  the  n  drain  from  the  p 
layer  30,  and  the  n  drain  3  is  conductivity-modu- 
lated  and  can  be  made  low  in  resistance.  Presum- 

20  ably,  the  resistance  between  the  main  electrodes 
when  the  present  embodiment  is  in  operation  can 
be  made  as  low  as  approximately  16  mil. 

Although  the  resistance  between  the  main  elec- 
trodes  become  slightly  higher  as  compared  with 

25  other  embodiments,  the  present  embodiment  has  a 
simple  structure  and  has  such  an  advantage  that  a 
base  current  for  driving  a  bipolar  transistor  is  not 
necessary.  As  a  matter  of  course,  the  volt-ampere 
characteristic  between  the  main  electrodes  8  and  9 

30  is  linear  practically. 
Figs.  9  and  10  show  modification  examples  of 

the  embodiment  shown  in  Fig.  8.  Same  reference 
numbers  are  assigned  to  regions  and  electrodes 
same  as  those  shown  in  Fig.  8,  and  the  description 

35  thereof  is  omitted. 
In  the  device  shown  in  Fig.  9,  p+  region  30B  for 

hole  injection  is  formed.  The  region  30B  is  ar- 
ranged  on  an  electron  current  path  in  the  device 
such  that  the  conductivity  modulation  is  carried  out 

40  effectively.  The  region  30B  is  formed  integrally 
inside  the  device  and  connected  to  another  p+ 
region  30A.  A  predetermined  potential  is  applied  to 
the  region  30A  to  inject  holes  into  the  device  when 
the  device  is  operated. 

45  The  p+  region  for  hole  injection  can  be  formed 
right  under  the  p  region  2  on  the  main  surface  of 
the  device  to  eliminate  disadvantages  resulting 
from  blocking  the  electron  current  path  by  such  the 
p+  region  30B  shown  in  the  figure.  In  this  case,  the 

50  p+  region  right  under  the  p  region  2  has  a  lower 
activity  in  hole  injection  than  that  of  the  p+  region 
shown  in  the  figure.  It  is  therefore  prefer  to  select 
the  position  of  the  p+  region  inside  the  device 
according  to  the  usage  purpose  of  the  device. 

55  A  concentration  of  dopant  in  a  region  np1  3A 
between  the  p+  hole  injecting  region  30B  and  the 
main  surface  of  the  device  is  controlled  by  consid- 
ering  which  requirement  is  more  significant  for  the 
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device,  voltage  drop  or  breakdown  voltage.  Name- 
ly,  the  concentration  of  the  dopant  should  be  high- 
er  for  the  purpose  of  suppressing  the  voltage  drop, 
to  the  contrary,  the  concentration  of  the  dopant 
should  be  lower  for  the  purpose  of  increasing  the 
breakdown  voltage.  Of  course,  it  is  preferred  in 
some  cases  to  make  the  region  3A  be  doped  with 
the  same  concentration  of  the  nD  drain  region  3. 

In  the  semiconductor  device  shown  in  Fig.  10, 
the  p  layer  30  is  formed  on  the  same  plane  as  the 
gate  electrode  10  and  the  main  electrode  8.  Be- 
sides,  the  present  embodiment  is  structured  so  that 
the  electrode  32  on  the  p  layer  30  is  biased  in- 
dependently  of  the  main  electrodes  8  and  9  and 
the  gate  electrode  10. 

As  a  consequence  that  the  electrode  32  can  be 
biased  independently  in  the  embodiments  shown  in 
Figs.  8,  9  and  10,  the  holes  can  be  injected  in- 
dependently  of  the  electron  current  flowing  in  from 
the  MOSFET.  Namely,  it  is  possible  to  reduce  the 
on-voltage  and  the  power  dissipation  by  regulating 
the  hole  current  in  accordance  with  the  use.  For 
example,  a  large  current  is  required  in  starting  a 
motor,  but  it  is  possible  to  reduce  the  on-current 
and  apply  a  large  current  by  increasing  the  voltage 
of  the  electrode  32  at  time  of  starting  only  while 
maintaining  the  voltage  of  the  electrode  10  as  it  is 
constant.  Further,  by  removing  the  voltage  of  the 
electrode  32  a  little  earlier  than  the  voltage  of  the 
electrode  10  at  time  of  turn-off,  high-speed  turn-off 
unobtainable  in  an  IGBT  and  a  MOS  thyristor  be- 
comes  possible,  thus  making  it  possible  to  reduce 
the  turn-off  loss  by  a  large  margin.  Such  features 
can  also  be  realized  similarly  in  the  embodiments 
shown  in  Fig.  1  to  Fig.  7,  which  can  be  achieved 
by  controlling  the  voltage  applied  to  a  semiconduc- 
tor  layer  5  in  place  of  the  electrode  32  indepen- 
dently  of  the  electrode  10  or  15. 

The  present  invention  is  not  necessarily  limited 
to  the  embodiments  described  above,  but  various 
modifications  can  be  made  therein  and  it  is  ap- 
plicable  to  various  equipments. 

For  example,  in  the  first  embodiment  of  the 
present  invention,  it  is  possible  to  realize  a  large 
electric  power  semiconductor  device  in 
4,000V«100A  class  by  altering  structure  param- 
eters  as  described  hereunder.  Namely,  as  the 
structure  parameters,  the  segment  width  is  set  to 
130  urn,  surface  impurity  concentrations  of  the  n 
source  1  and  the  p  well  2  to  5x1  020  /cm3  and 
1x1018/cm3,  respectively,  junction  depths  thereof  to 
15  urn  and  50  urn,  impurity  concentrations  of  re- 
spective  layers  of  the  n  drain  3,  the  n  emitter  4,  the 
p  base  5  and  the  n  collector  6  to  1x1013/cm3, 
1x1018/cm3,  1x1018/cm3  and  1x1017/cm3,  respec- 
tively,  and  the  thicknesses  to  600  urn,  20  urn,  2 
linn  and  200  urn,  respectively. 

In  a  semiconductor  device  having  such  struc- 
ture  parameters,  the  voltage  drop  of  the  semicon- 
ductor  device  is  approximately  1.35V  at  time  of 
100A  conduction  (current  density:  100  A/cm2),  and 

5  a  high-speed  operation  is  possible  as  compared 
with  a  current-driven  type  semiconductor  device 
which  has  been  heretofore  reported,  thus  making  it 
possible  to  obtain  a  much  smaller  value  of  power 
dissipation  at  time  of  high-speed  operation. 

io  Further,  in  the  seventh  embodiment  of  the 
present  invention  described  with  reference  to  Fig. 
5,  the  voltage-driven  type  transistor  portion  may  be 
replaced  with  a  normally-on  type  unipolar  mode 
static  induction  transistor  which  is  turned  on  at 

is  normal  time  when  no  bias  is  applied.  In  this  case, 
the  voltage-driven  type  semiconductor  device  per- 
forms  normally-on  operation,  and  can  achieve  suffi- 
ciently  small  power  dissipation  as  compared  with  a 
voltage-driven  type  semiconductor  device  which 

20  has  been  heretofore  reported.  Further,  in  this  ex- 
ample,  the  semiconductor  device  can  be  turned  off 
easily  by  applying  reverse  bias  in  the  order  of 
several  volts  to  the  gate.  Furthermore,  a  junction 
FET  may  be  adopted  for  the  voltage-driven  type 

25  transistor  portion,  and  a  Darlington  transistor  may 
also  be  adopted  for  the  bipolar  transistor  portion. 

Further,  bias  voltage  is  applied  for  driving  a 
bipolar  transistor  in  the  embodiments  of  the 
present  invention  described  previously,  but  an  op- 

30  tical  drive  method  or  the  like  for  generating  carriers 
in  the  base  by  a  light  of  a  light  emitting  diode  is 
applicable  likewise  in  the  present  invention. 

Moreover,  the  present  invention  is  neither  limit- 
ed  to  the  examples  described  in  the  above-de- 

35  scribed  embodiments  with  respect  to  a  method  of 
manufacturing  a  semiconductor  device  of  the 
present  invention. 

For  example,  it  is  also  effective  in  the  present 
invention  to  use  a  well-known  Si  wafer  direct  bond- 

40  ing  method  in  the  manufacture  of  the  semiconduc- 
tor  devices  shown  in  Figs.  1  ,  2  and  5.  Namely,  it  is 
also  possible  to  form  a  bipolar  transistor  on  one 
wafer  and  bond  it  directly  with  another  wafer  there- 
after,  thereby  to  form  a  voltage-driven  type  transis- 

45  tor  such  as  a  MOSFET  and  a  static  induction 
transistor  after  lapping  and  polishing  to  a  predeter- 
mined  thickness.  In  this  case,  it  is  possible  to 
restrain  collapsing  of  the  abrupt  impurity  distribu- 
tion  of  the  n  emitter  4  and  the  p  base  5,  and  to 

50  form  the  bipolar  transistor  having  a  lower  collector 
saturation  resistance  as  compared  with  a  method  of 
forming  three  layers  epitaxially.  At  the  same  time, 
rationalization  of  the  holes  injected  into  the  n  emit- 
ter  4  from  the  base  becomes  easier,  and  high 

55  performance  of  a  voltage-driven  type  semiconduc- 
tor  device  can  be  aimed  at. 

Fig.  11  shows  two  segments  of  the  voltage 
driven  type  semiconductor  devices  in  600V«100A 

11 
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class  according  to  the  another  embodiment  of  the 
present  invention.  Each  segment  is  about  150  urn 
width.  The  remainder  structure  parameters  are  as 
follows.  Surface  impurity  concentration  of  respec- 
tive  layers,  an  n  source  1  ,  a  p  well  2  and  an  n  drain 
3  are  5  x  1018/cm3,  5  x  1017/cm3  and  1.3  x 
10H/cm3.  Depths  or  depths  of  junction  thereof  are 
1.5  urn,  3  urn  and  60  urn.  Impurity  concentration 
of  an  n+  drain  contact  4  is  5  x  1019/cm3  and 
thickness  thereof  is  1.5  urn.  A  p+  layer  30  is  a 
base  semiconductor  region  for  injecting  carriers 
into  the  drain  3  and  impurity  concentration  and 
thickness  thereof  are  5  x  1018/cm3  and  450  urn, 
respectively.  Heavily  doped  n+  layer  35  prevents 
the  device  from  latching-up  such  that  the  control  of 
the  device  with  the  gate  should  be  kept. 

In  the  semiconductor  device  shown  in  Fig.  11, 
the  potential  on  a  main  electrode  9  is  set  higher 
than  that  of  another  main  electrode  8  and  a  gate 
voltage  is  applied  to  a  MOS  gate  electrode  10  so 
that  the  potential  on  the  MOS  gate  electrode  10  is 
higher  than  that  of  the  main  electrode  8.  The  de- 
vice  turns  on  when  the  gate  voltage  exceeds  a 
predetermined  threshold  voltage.  In  such  a  con- 
dition,  i.e.  the  gate  voltage  exceeds  the  threshold 
voltage,  when  a  further  voltage  is  applied  to  an 
electrode  32  to  set  the  potential  on  the  p+  layer  30 
higher  than  that  of  the  n  drain  3  by  a  predeter- 
mined  voltage  (approximately  0.7V),  carriers  are 
injected  into  the  n  drain  3  from  the  p+  layer  30  to 
cause  the  conductivity  modulation  so  that  the  on- 
resistance  between  the  main  electrodes  decreases. 

When  the  segment  shown  in  the  figure  has 
straight-line  shape,  several  hundreds  of  segments 
can  be  integrated  in  a  device.  In  that  case,  the 
main  electrodes  8  and  8',  the  other  main  electrodes 
9  and  9',  and  MOS  gate  electrodes  10  and  10'  are 
electrically  connected  to  each  other,  respectively. 
The  breakdown  voltage  of  the  device  is  approxi- 
mately  630V.  When  a  voltage  is  applied  between 
the  main  electrodes  8  and  9  by  IV,  a  gate  voltage 
is  applied  to  the  MOS  gate  electrode  10  by  15V, 
and  a  voltage  is  applied  between  the  main  elec- 
trode  8  and  p+  layer  30  by  1  .5V,  the  on-resistance 
is  sufficiently  low  as  it  is  approximately  12  mil. 
Voltage  drop  is  approximately  1.1V  and  the  power 
dissipation  is  approximately  120W  in  the  device  at 
the  time  of  100A  conduction  (current  density: 
100A/cm2).  These  are  apparently  lower  than  those 
of  conventional  voltage  driven  type  semiconductor 
device. 

The  device  is  subjected  to  electron  beam  irra- 
diation  to  shorten  turn-off  time  thereof,  and  the 
turn-off  time  is  approximately  0.8  us.  Further,  ac- 
cording  to  the  device,  a  threshold  current  density 
on  which  latch-up  phenomenon  is  appeared  be- 
tween  the  main  electrode  8  and  gate  electrode  32 
becomes  sufficiently  high  and  reaches  900A/cm2  or 

higher  because  of  reduction  of  resistance  in  the  p 
well  2  under  the  n  source  1  by  means  of  reduction 
in  width  of  the  n  source  1  and  by  means  of 
formation  for  the  p+  layer  30  and  further  because  of 

5  control  for  injection  of  holes  from  the  p+  layer  30 
into  the  portion  of  the  n  drain  3  right  under  the  p 
well  2  by  the  n+  layer  35.  Furthermore,  an  n  layer 
(not  shown),  which  is  lightly  doped  than  the  n+layer 
35  and  is  heavily  doped  than  the  n  drain  3,  can  be 

io  formed  as  a  improvement  of  the  device  between 
the  n+  layers  35  and  35  shown  in  the  figure  and  on 
the  boundary  between  the  p+  layer  30  and  the  n 
drain  3  such  that  the  threshold  current  density 
becomes  higher  and  raches  1100A/cm2  or  the  high. 

is  In  addition  to  the  above-mentioned  advantages 
that  the  device  can  reduce  power  dissipation,  the 
device  can  also  increase  tolerance  for  destruction 
thereof  when  it  is  short-circuited.  On  operation 
mode  where  the  on-resistance  is  kept  lower  by 

20  means  of  the  conductivity  modulation  by  the  injec- 
tion  of  carriers  into  the  drain  region  3,  if  an  ac- 
cident,  e.g.  a  load  (not  shown)  is  short-circuited, 
takes  place,  the  injection  of  carriers  into  the  drain 
region  is  prevented  because  a  voltage  which  has 

25  an  approximately  equal  potential  to  a  power  voltage 
is  applied  to  the  drain  region  3  such  that  the 
potential  thereof  extremely  higher  than  that  of  p+ 
semiconductor  layer  30.  Accordingly,  the  conduc- 
tivity  modulation  is  stopped  such  that  the  on-resis- 

30  tance  increases.  It  results  in  suppressing  a  current 
through  the  semiconductor  device,  and  therefore, 
the  tolerance  of  device  increases. 

Furthermore,  the  device  shown  in  the  figure 
can  be  manufactured  with  a  well-known  process  for 

35  power-MOS  device.  The  process  for  the  device 
does  not  require  any  special  steps.  The  device 
thereby  can  be  manufactured  easily. 

As  described  above,  according  to  the  present 
invention,  it  is  possible  to  inject  the  holes  into  the 

40  drain  of  the  voltage-driven  type  semiconductor  de- 
vice  by  a  bipolar  transistor  having  a  very  small 
collector  saturation  resistance  so  as  to  give  rise  to 
conductivity  modulation  in  the  drain.  As  a  result, 
the  power  dissipation  of  the  voltage-driven  type 

45  semiconductor  device  can  be  made  very  small, 
and  further,  when  it  is  assumed  that  the  power 
dissipation  is  the  same  as  before,  the  turn-off  time 
of  the  voltage-driven  type  semiconductor  device  is 
shortened  thereby  enabling  high-speed  operation. 

50  According  to  the  present  invention,  a  remark- 
able  effect  of  reduction  in  power  dissipation  and  an 
effect  of  shortening  turn-off  time  are  obtainable  in 
the  use  for  high  breakdown  voltage  and  large  cur- 
rent  in  particular. 

55  The  present  invention  has  been  described  in 
detail,  it  should  be  understood  that  various 
changes,  substitutions  and  alterations  can  be  made 
hereto  without  departing  from  the  spirit  and  scope 
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of  the  present  invention  as  defined  by  the  appen- 
ded  claims. 

Claims 

1.  A  voltage-driven  type  semiconductor  device 
comprising: 

a  first  device  portion  having  a  linear  volt- 
ampere  characteristic,  said  first  device  portion 
being  provided  with  a  first  electrode  (10)  ap- 
plied  with  drive  voltage  on  a  first  surface  there- 
of,  and  having  a  pair  of  main  electrodes  (8,  9) 
in  a  portion  where  linearity  of  said  volt-ampere 
characteristic  is  maintained; 

a  second  semiconductor  region  (5,  30) 
merged  at  a  position  at  a  distance  from  said 
first  surface  with  a  first  semiconductor  region 
(3)  of  said  first  device  portion  and  for  injecting 
carriers  into  said  first  semiconductor  region  (3) 
so  as  to  modulate  conductivity  thereof;  and 

a  second  electrode  (29,  32)  coupled  to 
said  second  semiconductor  region. 

2.  A  device  according  to  Claim  1,  wherein  said 
second  semiconductor  region  (5,  30)  is  formed 
on  a  plane  opposite  to  said  first  surface  in  said 
first  device  portion. 

3.  A  device  according  to  Claim  1,  said  second 
electrode  coupled  to  said  second  semiconduc- 
tor  region  being  biased  independently  of  said 
first  electrode. 

4.  A  device  according  to  Claim  1,  further  com- 
prising  a  second  electrode  (29,  32)  connected 
to  said  second  semiconductor  region  (5,  32) 
and  applied  with  voltage  independent  of  said 
first  device  portion. 

5.  A  device  according  to  Claim  2,  wherein  said 
first  device  portion  is  composed  of  a  voltage- 
driven  type  transistor,  said  first  semiconductor 
region  (3)  is  a  drain  region  of  said  voltage- 
driven  type  transistor,  said  second  semicon- 
ductor  region  (5)  is  a  base  of  a  bipolar  transis- 
tor,  and  said  first  and  second  semiconductor 
regions  have  the  opposite  conductivity  type, 
and  merged  with  each  other  through  an  emitter 
region  (4)  of  said  bipolar  transistor. 

6.  A  device  according  to  Claim  5  further  compris- 
ing  a  third  semiconductor  region  (30)  for  inject- 
ing  carriers  for  controlling  the  conductivity  of 
said  drain  region  (3),  the  third  semiconductor 
region  (30)  being  formed  at  a  portion  of  merg- 
ing  with  the  drain  region  (3)  of  said  voltage- 
driven  type  transistor  in  said  bipolar  transistor 
and  having  the  same  conductivity  type  of  said 

base  (4). 

7.  A  device  according  to  Claim  5,  wherein  a  third 
semiconductor  region  (11)  for  connecting  a 

5  collector  region  (6)  and  said  emitter  region  (4) 
to  each  other  is  provided  in  the  base  region  of 
said  bipolar  transistor,  and  said  third  semicon- 
ductor  region  (11)  has  the  same  conductivity 
type  as  that  of  said  emitter  (4). 

10 
8.  A  device  according  to  Claim  5,  wherein  the 

impurity  concentration  of  said  emitter  region 
(4)  of  said  bipolar  transistor  is  higher  than  the 
impurity  concentration  of  the  collector  (6) 

is  thereof. 

9.  A  device  according  to  Claim  5,  wherein  the 
impurity  concentration  of  the  emitter  region  (4) 
of  said  bipolar  transistor  ia  substantially  equal 

20  to  the  impurity  concentration  of  the  drain  re- 
gion  (3)  of  said  voltage-driven  type  transistor. 

10.  A  device  according  to  Claim  5,  wherein  a  com- 
mon  base  current  gain  of  said  bipolar  transistor 

25  is  0.7  or  higher. 

11.  A  device  according  to  Claim  5,  wherein  said 
voltage-driven  type  transistor  is  a  unipolar 
mode  static  induction  transistor. 

30 
12.  A  device  according  to  Claim  5,  wherein  said 

voltage-driven  type  transistor  is  a  bipolar  mode 
static  induction  transistor. 

35  13.  A  device  according  to  Claim  5,  wherein  said 
bipolar  transistor  is  a  Darlington  transistor. 

14.  A  power  inverter  circuit  including  a  voltage- 
driven  type  semiconductor  device  set  forth  in 

40  Claim  1. 

15.  A  power  inverter  circuit  according  to  Claim  14, 
further  comprising  a  drive  circuit  (19)  for  apply- 
ing  a  first  bias  voltage  to  said  first  electrode  so 

45  that  a  channel  is  formed  under  said  first  elec- 
trode  when  said  voltage-driven  type  semicon- 
ductor  device  is  in  a  reverse  bias  state. 

16.  A  voltage-driven  type  semiconductor  device 
50  comprising: 

a  first  device  portion  having  a  linear  volt- 
ampere  characteristic,  said  first  device  portion 
being  provided  with  a  first  electrode  (10)  ap- 
plied  with  a  drive  voltage  on  a  first  surface 

55  thereof,  and  having  a  pair  of  main  electrodes 
(8,  9)  in  a  portion  where  linearity  of  said  volt- 
ampere  characteristic  is  maintained; 

a  second  semiconductor  region  (30) 

13 
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merged  with  said  first  semiconductor  region  (3) 
of  said  first  device  portion  and  for  injecting 
carriers  into  said  first  semiconductor  region  (3) 
so  as  to  modulate  the  conductivity  thereof;  and 

a  second  electrode  (32)  coupled  to  said 
second  semiconductor  region  (30)  and  applied 
with  a  voltage  independent  of  said  first  device 
portion  (Fig.  10). 

19.  A  voltage-driven  type  semiconductor  device 
according  to  Claim  18,  wherein  a  junction 
formed  of  said  first  semiconductor  region  (3) 
and  said  second  semiconductor  region  (2)  is  in 

5  a  reverse  bias  state  when  the  voltage-driven 
type  semiconductor  device  is  in  a  forward  bias 
state. 

20.  A  voltage-driven  type  semiconductor  device 
io  according  to  Claim  18,  wherein  a  common 

base  current  gain  of  a  bipolar  transistor  formed 
with  said  fourth  semiconductor  region  (4)  as  an 
emitter,  with  said  fifth  semiconductor  region  (5) 
as  a  base,  and  with  said  sixth  semiconductor 

is  region  (6)  as  a  collector  is  larger  than  a  com- 
mon  base  current  gain  of  a  bipolar  transistor 
formed  with  said  fourth  semiconductor  region 
(4)  as  a  collector,  with  said  fifth  semiconductor 
region  (5)  as  a  base,  and  with  said  sixth  semi- 

20  conductor  region  (6)  as  an  emitter. 

21.  A  voltage-driven  type  semiconductor  device 
according  to  Claim  18,  wherein  said  second 
semiconductor  region  and  said  fifth  semicon- 

25  ductor  region  are  buried  so  as  to  be  exposed 
on  the  main  surface  of  said  first  semiconductor 
region,  said  third  semiconductor  region  is 
buried  in  said  second  semiconductor  region 
and  said  sixth  semiconductor  region  is  buried 

30  in  said  fifth  semiconductor  region. 

22.  A  voltage-driven  type  semiconductor  device 
comprising: 

a  first  semiconductor  region  (3)  of  a  first 
35  conductivity  type; 

a  second  semiconductor  region  (2)  of  a 
second  conductivity  type  merged  with  one 
main  surface  of  said  first  semiconductor  region 
(3); 

to  a  third  semiconductor  region  (1)  of  the  first 
conductivity  type  merged  with  said  second 
semiconductor  region  (2); 

a  fourth  semiconductor  region  (4)  of  the 
second  conductivity  type  merged  with  another 

45  main  surface  of  said  first  semiconductor  region 
(3); 

a  fifth  semiconductor  region  (5)  of  the  first 
conductivity  type  merged  with  said  fourth 
semiconductor  region  (4); 

so  a  gate  electrode  (10)  arranged  on  a  portion 
put  between  said  first  semiconductor  region  (3) 
and  said  third  semiconductor  region  (1) 
through  a  gate  insulator  in  said  second  semi- 
conductor  region; 

55  a  first  main  electrode  (8)  coming  into  con- 
tact  with  said  second  semiconductor  region  (2) 
and  said  third  semiconductor  region  (1);  and 

a  second  main  electrode  (29)  coming  into 

A  voltage-driven  type  semiconductor  device  10 
comprising  a  voltage-driven  type  transistor  and 
a  bipolar  transistor,  wherein  a  second  semicon- 
ductor  region  (4)  of  a  first  conductivity  type 
functioning  as  an  emitter  of  said  bipolar  tran- 
sistor  is  merged  with  a  first  semiconductor  is 
region  (3)  of  said  first  conductivity  type  func- 
tioning  as  a  drain  of  said  voltage-driven  type 
transistor,  and  a  third  semiconductor  region  (5) 
of  a  second  conductivity  type  functioning  as  a 
base  of  the  bipolar  transistor  and  a  fourth  20 
semiconductor  region  (6)  of  a  first  conductivity 
type  functioning  as  a  collector  of  the  bipolar 
transistor  are  merged  further  successively  with 
the  second  semiconductor  region  (4). 

25 
A  voltage-driven  type  semiconductor  device 
comprising: 

a  first  semiconductor  region  (3)  of  a  first 
conductivity  type; 

a  second  semiconductor  region  (2)  of  a  30 
second  conductivity  type  merged  with  one 
main  surface  of  said  first  semiconductor  region 
(3); 

a  third  semiconductor  region  (1)  of  the  first 
conductivity  type  merged  with  said  second  35 
semiconductor  region  (2); 

a  fourth  semiconductor  region  (4)  of  the 
first  conductivity  type  merged  with  another 
main  surface  of  said  first  semiconductor  region 
(3);  40 

a  fifth  semiconductor  region  (5)  of  the  sec- 
ond  conductivity  type  merged  with  said  fourth 
semiconductor  region  (4); 

a  sixth  semiconductor  region  (6)  of  the  first 
conductivity  type  merged  with  said  fifth  semi-  45 
conductor  region  (5); 

a  gate  electrode  (10)  arranged  on  a  portion 
put  between  said  first  semiconductor  region  (3) 
and  said  third  semiconductor  region  (1) 
through  a  gate  insulator  in  said  second  semi-  50 
conductor  region  (2); 

a  first  main  electrode  (8)  coming  into  con- 
tact  with  said  second  semiconductor  region  (2) 
and  said  third  semiconductor  region  (1);  and 

a  second  main  electrode  (9)  coming  into  55 
contact  with  said  sixth  semiconductor  region 
(6). 
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contact  with  said  fifth  semiconductor  region 
(5). 
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