
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (TT)  Publication  number  :  0  568   3 5 3   A 1  

@  EUROPEAN  PATENT  A P P L I C A T I O N  

@  Application  number:  93303335.9  @  Int.  CI.5:  H03K  17/56,  H03K  17 /693  

(22)  Date  of  filing  :  28.04.93 

@  Priority:  01.05.92  JP  112763/92 
26.08.92  JP  226793/92 

(43)  Date  of  publication  of  application  : 
03.11.93  Bulletin  93/44 

@  Designated  Contracting  States  : 
DE  FR  GB 

(ft)  Applicant  :  FUJI  ELECTRIC  CO.,  LTD. 
1-1,  Tanabeshinden  Kawasaki-ku 
Kawasaki-shi  Kanagawa  210  (JP) 

(72)  Inventor  :  Terasawa,  Noriho,  c/o  Fuji  Electric 
Co.,  Ltd. 
1-1,  Tanabeshinden,  Kawasaki-ku 
Kawasaki-shi,  Kanagawa  (JP) 

Inventor  :  Miyasaka,  Tadashi,  c/o  Fuji  Electric 
Co.,  Ltd. 
1-1,  Tanabeshinden,  Kawasaki-ku 
Kawasaki-shi,  Kanagawa  (JP) 
Inventor  :  Nishiura,  Akira,  c/o  Fuji  Electric  Co., 
Ltd. 
1-1,  Tanabeshinden,  Kawasaki-ku 
Kawasaki-shi,  Kanagawa  (JP) 
Inventor  :  Nishiura,  Masaharu,  c/o  Fuji  Electric 
Co.,  Ltd. 
1-1,  Tanabeshinden,  Kawasaki-ku 
Kawasaki-shi,  Kanagawa  (JP) 

(74)  Representative  :  Beresford,  Keith  Denis  Lewis 
et  al 
BERESFORD  &  Co.  2-5  Warwick  Court  High 
Holborn 
London  WC1R  5DJ  (GB) 

(54)  Control  device  for  double  gate  semiconductor 

(57)  A  control  device  (20)  includes  a  first  gate 
control  circuit  (21)  for  supplying  a  control  sig- 
nal  from  a  control  signal  inputted  to  an  input 
terminal  P1  to  a  gate  G1,  and  a  second  gate 
control  circuit  (22)  for  supplying  a  control  sig- 
nal  from  a  control  signal  inputted  to  the  same 
input  terminal  P1  to  a  gate  G2.  The  first  gate 
control  circuit  (21)  is  provided  with  a  delay 
circuit  (31),  and  after  a  turn-off  signal  is  sup- 
plied  to  the  gate  G2  for  the  transition  from  a 
thyristor  condition  to  a  transistor  condition,  a 
turn-off  signal  is  supplied  to  the  gate  G1,  there- 
by  positively  stopping  operation  of  the  double 
gate  semiconductor  device. 
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The  present  invention  relates  to  a  structure  of  a 
control  device  for  semiconductor  power  devices,  se- 
lectable  for  thyristor  operation  or  transistor  operation 
as  IGBT,  specifically  to  a  structure  of  a  control  device 
which  makes  semiconductor  power  device  having  two  5 
gate  electrodes  operable  by  a  single  signal. 

Fig.  1Aand  Fig.  1B  show  a  structure  of  a  connec- 
tion  circuit  of  conventional  art  MOSFET  and  IGBT. 
Such  MOSFET  and  IGBT  are  an  insulated  gate  type 
semiconductor  device,  which  has  a  gate  electrode  10 
formed  through  a  gate  oxide  film  on  a  semiconductor 
substrate  provided  with  a  drain,  a  source,  an  emitter, 
a  collector,  or  the  like,  and  controlled  by  a  gate  poten- 
tial  applied  thereto.  Fig.  2  shows  a  timing  chart  of 
such  an  insulated  gate  type  semiconductor  device.  15 
First,  when  an  input  signal  I  is  at  a  low  level,  a  potential 
Vg  of  the  gate  electrode  applied  with  the  input  signal 
I  also  increases. 

As  a  result,  the  MOSFET  or  IGBT  becomes  con- 
ductive.  Therefore,  an  operating  voltage  Vce  applied  20 
to  between  the  emitter  and  collector  or  the  like  of  the 
insulated  gate  type  semiconductor  device  decreases, 
and  a  passing  current  Ic  flowing  between  the  emitter 
and  collector  or  the  like  increases.  Off  course,  there 
are  some  types  of  insulated  gate  semiconductor  de-  25 
vices  which  make  the  reverse  operation  against  the 
level  of  the  input  signal  I. 

As  such  an  insulated  gate  type  semiconductor 
device,  a  double  gate  semiconductor  device  having 
two  gate  electrodes  as  a  device  which  has  a  low  ON  30 
voltage  to  enable  high-speed  operation  and  reduce 
power  loss  and  a  short  turn-on  time  is  disclosed  in  de- 
tail  in  Japanese  Patent  Application  No.  17575/1992 
applied  for  by  the  same  Applicant  on  February  3, 
1992.  A  brief  structure  of  the  double  gate  semicon-  35 
ductor  device  is  shown  in  Fig.  3.  The  double  gate  sem- 
iconductor  device  comprises  a  p+  type  substrate  as  a 
collector  layer  2  provided  on  its  backside  with  a  col- 
lector  electrode  1  ,  and  an  n-  type  base  layer  3  formed 
on  the  collector  layer  2  by  an  epitaxial  technique  or  40 
the  like.  Corresponding  European  and  United  State 
Patent  Applications  based  on  the  foregoing  Japanese 
Patent  Application  had  been  filed  on  February  2nd, 
1993,  and  these  European  and  United  State  Patent 
Applications  numbers  are  93300748.6  and  014,454.  A  45 
p"type  base  Iayer4  as  a  well-formed  p+  type  diffusion 
layer  is  formed  on  the  surface  of  the  n"  type  base  lay- 
er  3,  and  further  n"  type  emitter  layers  5a  and  5b  are 
formed  on  the  inside  surface  of  the  p"  type  base  layer 
4  by  two  n"  type  wells.  In  addition,  two  p+  type  emitter  50 
layers  6a  and  6b  are  formed  on  the  inside  surface  of 
each  of  the  n"  type  emitter  layers  5a  and  5b.  These 
two  p+  type  emitter  layers  6a  and  6b  and  the  n"  type 
emitter  layers  5a  and  5b  are  connected  with  an  emit- 
ter  electrode  7.  From  the  p+  type  emitter  layer  6a,  a  55 
first  gate  electrode  11  (hereinafter  referred  to  as  gate 
G1)  constituting  a  first  MOS  13  is  provided  over  the 
surfaces  of  the  n"  type  emitter  layer  5a  or  5b,  the  p" 

type  base  layer  4,  and  the  n"  type  base  layer  3 
through  the  gate  oxide  film  8.  On  the  other  hand,  from 
the  p+  type  emitter  layer  6b,  a  second  gate  electrode 
12  (hereinafter  referred  to  as  gate  G2)  constituting  a 
second  MOS  14  is  provided  over  the  surfaces  of  the 
n"  type  emitter  layer  5a  or  5b,  and  the  p"  type  base 
layer  4  through  the  gate  oxide  film  8. 

In  such  a  double  gate  semiconductor  device,  an 
npn  type  transistor  Qnpn  is  formed  of  the  n"type  emit- 
ter  layer  5a,  the  p"  type  base  layer  4,  and  the  n"  type 
base  layer  3.  Further,  a  pnp  type  transistor  Qpnp  is 
formed  of  the  p"  type  base  layer  4,  the  n"  type  base 
layer  3,  and  the  p+  type  collector  layer  2.  Therefore, 
when  the  MOS  13  comprising  the  gate  G1  is  turned 
on,  the  transistor  Qpnp  is  turned  on,  and  the  device 
becomes  conductive  in  an  IGBT  mode.  Furthermore, 
when  the  MOS  14  comprising  the  gate  G2  is  turned 
on,  the  transistor  Qnpn  becomes  an  ON  state.  As  a  re- 
sult,  a  thyristor  15  comprising  the  p+  type  collector 
layer  2,  the  n"type  base  layer  3,  the  p"type  base  lay- 
er4,  and  the  n"  type  emitter  layer  5a  becomes  an  ON 
state,  a  high  density  of  carriers  exist  in  the  device, 
and  the  device  has  a  low  resistance.  Thus,  in  the 
present  device,  a  thyristor  condition  can  be  achieved 
by  setting  the  gate  G1  and  the  gate  G2  to  a  high  po- 
tential,  thereby  achieving  a  power  device  with  a  low 
ON  voltage. 

From  the  ON  state,  a  gate  12  of  the  second  MOS 
14  comprising  the  gate  G2  is  set  to  a  negative  poten- 
tial.  As  a  result,  the  thyristor  operation  disappears 
since  the  transistor  Qnpn  is  turned  off,  and  a  transis- 
tor  state  is  achieved  in  which  solely  the  transistor 
Qpnp  comprising  the  p"type  base  layer  4,  the  n"type 
base  layer  3,  and  the  p+  type  collector  2  operates. 
This  condition  is  the  same  as  the  operating  condition 
of  IGBT,  where  the  carrier  density  in  the  device  is  de- 
creased.  As  a  result,  a  carrier  sweeping  time  can  be 
reduced  when  the  gate  G1  is  turned  off,  and  the  turn- 
off  time  can  be  reduced.  Fig.  4  shows  potentials  of  the 
gate  G1  and  the  gate  G2  for  controlling  the  double 
gate  semiconductor  device.  First,  when  the  gates  G1 
and  G2  are  set  to  high  potentials,  the  device  becomes 
an  ON  state,  and  exhibits  a  low  ON  voltage  under  the 
thyristor  condition.  When  a  negative  potential  is  ap- 
plied  to  the  gate  G2,  the  device  transfers  to  the  tran- 
sistor  condition.  Under  this  condition,  when  a  nega- 
tive  potential  is  further  applied  to  the  gate  G1,  the  de- 
vice  is  turned  off  in  a  short  turn-off  time.  The  transi- 
tion  from  the  thyristor  condition  to  the  transistor  con- 
dition  can  be  completed  in  0.5  microseconds  or  less. 
Thus,  with  the  double  gate  semiconductor  device,  it 
becomes  an  ON  state  at  a  low  voltage  as  used  in  MCT 
and  the  like,  and  also  in  high-frequency  applications 
where  the  device  becomes  an  OFF  state  in  a  short 
turn-off  time  as  in  IGBT,  a  power  device  with  a  re- 
duced  switching  loss  can  be  achieved. 

A  problem  with  the  double  gate  semiconductor 
device  when  used  in  inverters  or  the  like  is  that  the 
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control  terminals  have  to  be  individually  driven.  That 
is,  whereas  a  prior  art  power  device  has  only  a  single 
control  terminal  connecting  the  gate  electrode,  and 
the  power  device  can  be  controlled  only  by  supplying 
a  signal  to  drive  the  control  terminal,  in  the  double 
gate  semiconductor  device,  two  signals  meeting  the 
two  control  terminals  connecting  to  the  two  gate  elec- 
trodes  have  to  be  prepared.  Furthermore,  unless  the 
two  control  signals  are  appropriately  controlled,  since 
the  device  does  not  positively  transfer  from  the  thyr- 
istor  condition  to  the  transistor  condition,  nor  can  be 
turned  off,  for  inverters  and  the  like,  this  tends  to 
cause  generation  of  an  arm  short-circuit,  leading  to  a 
major  accident. 

Furthermore,  since  the  double  gate  semiconduc- 
tor  device  cannot  be  turned  off  unless  it  is  transferred 
from  t  he  t  hyristor  condition  to  t  he  transistor  condition  , 
even  when  a  trouble  occurs  at  the  initial  state  where 
the  device  becomes  conductive,  it  is  necessary  to 
first  transfer  the  device  to  the  thyristor  condition,  and 
there  is  a  possibility  of  occurrence  of  an  unrestorable 
damage  during  the  transition.  Furthermore,  since, 
even  if  a  trouble  occurs  during  operation,  immediate 
shut-down  is  difficult,  it  is  necessary  to  find  a  trouble 
during  operation  as  early  as  possible  and  take  a 
measure  to  transfer  to  the  transistor  condition. 

In  view  of  the  above  problems,  it  is  a  primary  ob- 
ject  of  the  present  invention  to  provide  a  control  de- 
vice  applied  to  a  double  gate  semiconductor  device 
having  advantageous  characteristics  such  as  high 
speed  and  reduced  power,  which  is  possible  to  be 
handled  as  conventional  power  devices  and  protect 
the  double  gate  semiconductor  device  from  troubles 
such  as  an  abnormal  current  and  the  like. 

In  the  present  invention,  in  order  to  solve  the 
above  problems,  first,  delay  means  is  used  to  make 
the  double  gate  semiconductor  device  possible  to  be 
turned  off  by  a  single  turn-off  signal.  Specifically,  in 
accordance  with  the  present  invention,  there  is  pro- 
vided  a  control  device  for  controlling  a  double  gate 
semiconductor  device  having  a  second  gate  electrode 
capable  of  controlling  the  transition  from  a  thyristor 
operation  to  a  transistor  operation,  and  a  first  gate 
electrode  capable  of  controlling  the  transition  from 
the  transistor  operation  to  an  ON/OFF  operation,  and 
capable  of  controlling  a  passing  current  from  a  collec- 
tor  electrode  to  an  emitter  electrode;  characterized  by 
comprising  first  gate  control  means  for  delaying  a 
turn-off  signal  to  the  double  gate  semiconductor  de- 
vice  and  applying  the  turn-off  signal  to  the  first  gate 
electrode. 

As  first  gate  control  means,  it  is  effective  to  use 
timer  delay  means  for  applying  a  delayed  turn-off  sig- 
nal  to  the  first  electrode  for  a  predetermined  time.  It 
is  also  effective  to  use  operation  determination  delay 
means  comprising  an  operation  determination  circuit 
unit  for  determining  an  operating  voltage  applied  to 
the  collector  electrode  and  a  turn-off  signal  applica- 

tion  circuit  unit  forapplying  a  turn-off  signal  to  the  first 
gate  electrode  according  to  the  determination  result 
of  the  operation  determination  circuit  unit. 

5  Furthermore,  to  prevent  a  trouble  due  to  an  ab- 
normality  at  turning  on  the  double  gate  semiconduc- 
tor  device,  it  is  preferable  to  use  second  gate  control 
means  for  applying  a  delayed  turn-on  signal  to  the 
second  gate  electrode.  As  the  second  gate  control 

10  means,  it  is  effective  to  use  abnormality  detection  de- 
lay  means  comprising  a  current  determination  circuit 
unit  capable  of  determining  a  passing  current,  a  turn- 
on  signal  application  circuit  unit  for  applying  a  turn-on 
signal  to  the  second  gate  electrode  according  to  the 

15  determination  result  of  the  current  determination  cir- 
cuit  unit,  and  a  turn-off  signal  application  circuit  unit 
forapplying  a  turn-off  signal  to  the  first  gate  electrode 
according  to  the  determination  result  of  the  current 
determination  circuit  unit.  As  the  current  determina- 

20  tion  circuit  unit,  it  is  also  possible  to  use  a  voltage  de- 
termination  circuit  unit  capable  of  determining  an  op- 
erating  voltage  applied  to  the  collector  electrode  to 
determine  the  current  value. 

To  protect  the  double  gate  semiconductor  device 
25  in  operation,  it  is  effective  to  provide  passing  current 

determination  means  capable  of  determining  a  pass- 
ing  current  value  and  turn-off  signal  output  means  ca- 
pable  of  outputting  a  turn-off  signal  according  to  the 
determination  result  of  the  passing  current  determi- 

30  nation  means. 
Further,  the  device  comprises  first  gate  control 

means  and  second  gate  control  means,  and  the  sec- 
ond  gate  control  means  may  be  abnormality  detection 
delay  means  having  a  turn-off  signal  application  cir- 

35  cuit  unit  for  applying  a  turn-off  signal  to  the  first  gate 
control  means  according  to  the  determination  result 
of  the  current  determination  circuit  unit. 

When  the  first  gate  control  means  is  timer  delay 
means  for  delaying  the  turn-off  signal  for  a  predeter- 

40  mined  time  and  applying  it  to  the  first  gate,  it  is  desir- 
able  to  connect  the  timer  delay  means  in  series  with 
first  and  second  time  constant  determination  units, 
and  it  is  effective  to  input  a  turn-off  signal  from  the 
turn-off  signal  application  circuit  unit  to  the  second 

45  time  constant  determination  unit.  The  first  time  con- 
stant  determination  unit  and  the  second  time  constant 
determination  unit  can  be  first  and  second  resistor 
means  constituting  the  timer  delay  means,  orf  irst  and 
second  capacitors. 

so  It  is  also  desirable  to  provide  rectification  means 
allowing  current  to  pass  only  in  a  direction  from  the 
second  gate  electrode  to  the  first  gate  electrode  and, 
in  this  case,  it  is  effective  that  the  first  gate  electrode, 
the  second  gate  electrode,  and  the  rectification 

55  means  are  formed  of  polycrystalline  silicon  formed  on 
the  surface  of  the  double  gate  semiconductor  device. 
When  the  first  gate  electrode  is  of  an  n"  type  and  the 
second  gate  electrode  is  of  a  p"  type,  the  n"  type  por- 
tion  of  the  rectification  means  having  a  pn  junction 
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may  be  connected  to  the  first  gate  electrode,  and  the 
p"  type  portion  may  be  connected  to  the  second  gate 
electrode.  Also,  it  is  effective  to  connect  the  n"  type 
portion  of  the  rectification  means  to  the  first  gate  5 
electrode  by  aluminum  deposition  wiring,  and  the  p" 
type  portion  to  the  second  gate  electrode  by  alumi- 
num  deposition  wiring. 

In  the  control  device  of  the  above  arrangement, 
when  a  turn-off  signal  to  the  double  gate  semiconduc-  10 
tor  device  is  delayed  by  the  first  gate  control  means 
capable  delaying  a  turn-off  signal  and  applied  to  the 
first  gate  electrode,  after  the  double  gate  semicon- 
ductor  device  is  transferred  to  the  transistor  condition 
by  a  turn-off  signal  applied  to  the  second  gate  elec-  15 
trade,  the  first  gate  electrode  can  be  applied  with  a 
turn-off  signal,  and  it  is  possible  to  positively  turn  off 
the  double  gate  semiconductor  device.  Therefore,  it  is 
possible  to  control  the  double  gate  semiconductor  de- 
vice  by  a  single  turn-off  signal,  and  it  is  sufficient  that  20 
an  external  device  using  the  double  gate  semicon- 
ductor  device  may  have  a  single  control  signal  as  in 
the  prior  art.  When  timer  delay  means  is  used  as  the 
first  gate  control  means,  the  transistor  condition  can 
be  turned  off  after  a  predetermined  time  for  the  tran-  25 
sition  from  the  thyristor  condition  to  the  transistor 
condition.  It  is  also  possible  to  determine  the  transi- 
tion  from  the  thyristor  condition  to  the  transistor  con- 
dition  according  to  an  operating  voltage  applied  to  the 
collector  electrode  using  the  operation  determination  30 
circuit  unit.  Therefore,  after  the  transition  to  the  tran- 
sistor  condition  is  confirmed  using  the  turn-off  signal 
application  circuit  unit,  the  transition  from  the  transis- 
tor  condition  to  a  turn-off  condition  can  also  be  posi- 
tively  achieved  by  applying  a  turn-off  signal  to  the  first  35 
gate  electrode. 

When  the  second  gate  control  means  which  is  ca- 
pable  of  delaying  the  turn-on  signal  is  used,  first  a 
turn-on  signal  can  be  applied  to  the  first  gate  elec- 
trode  to  turn  on  the  double  gate  semiconductordevice  40 
from  the  transistor  condition.  Therefore,  when  there  is 
an  abnormality  during  an  ON  state,  a  turn-off  signal 
can  be  applied  to  the  first  gate  electrode  to  imme- 
diately  turn  off  the  double  gate  semiconductordevice. 
When  the  double  gate  semiconductordevice  normal-  45 
ly  operates  in  the  transistor  condition,  a  turn-on  signal 
can  be  applied  from  the  second  gate  control  means 
to  the  second  gate  electrode  to  transfer  the  device  to 
the  thyristor  condition.  As  such  second  gate  control 
means,  an  overcurrent  in  the  transistor  condition  is  50 
detected  by  the  current  determination  circuit  unit, 
when  it  is  an  overcurrent,  no  turn-on  signal  is  applied 
from  the  turn-on  signal  application  circuit  to  the  sec- 
ond  gate  electrode,  but  on  the  contrary,  a  turn-off  sig- 
nal  is  applied  from  the  turn-off  signal  application  cir-  55 
cuit  unit  to  the  first  gate  electrode  to  set  the  double 
gate  semiconductor  device  to  an  OFF  state,  thereby 
preventing  the  double  gate  semiconductor  device 
from  a  trouble  such  as  burning. 

Furthermore,  a  passing  current  of  the  double 
gate  semiconductordevice  is  monitored  by  the  pass- 
ing  current  determination  means,  and  a  turn-off  sig- 
nal  can  be  outputted  depending  on  the  value  of  pass- 
ing  current  to  protect  the  double  gate  semiconductor 
device  earlier  than  other  protective  circuits.  The  turn- 
off  signal  can  be  a  single  signal  when  the  first  gate 
control  means  is  used  and,  as  the  passing  current  de- 
termination  means,  it  is  possible  to  use  a  circuit  for  de- 
tecting  the  passing  current,  a  circuit  for  determining 
from  the  operating  current,  or  the  like. 

In  the  timer  delay  means  of  the  first  gate  control 
means,  the  delay  time  of  turn-off  signal  generation 
during  occurrence  of  an  abnormality  is  reduced  by 
connecting  the  first  and  second  time  constant  deter- 
mination  units  in  series  and  inputting  a  turn-off  signal 
to  the  second  time  constant  determination  unit. 
Therefore,  when  an  abnormality  occurs,  it  is  possible 
to  reduce  the  time  from  the  transistor  condition  to 
turning  off  to  prevent  the  double  gate  semiconductor 
device  from  being  damaged. 

Furthermore,  when  the  rectification  means  is 
provided,  occurrence  of  an  inhibited  mode  such  that 
the  potential  of  the  second  gate  electrode  is  higher 
than  the  first  gate  electrode  can  be  prevented  in  any 
cases.  Therefore,  the  double  gate  semiconductor  de- 
vice  can  be  prevented  from  being  latched  up  uncon- 
trollably. 

The  above  and  other  objects,  effects,  features 
and  advantages  of  the  present  invention  will  become 
more  apparent  from  the  following  description  of  em- 
bodiments  thereof  taken  in  conjunction  with  the  ac- 
companying  drawings. 

Fig.  1  A  is  a  circuit  diagram  showing  an  example 
of  control  method  for  a  prior  art  insulated  gate 
type  semiconductor  device; 
Fig.  1B  is  a  circuit  diagram  showing  another  ex- 
ample  of  control  method  for  a  prior  art  insulated 
gate  type  semiconductor  device; 
Fig.  2  is  a  timing  chart  showing  the  operation  of 
the  semiconductordevice  by  the  control  methods 
shown  in  Figs.  1Aand  1B; 
Fig.  3  is  a  schematic  cross  sectional  illustration 
showing  the  structure  of  double  gate  semicon- 
ductor  device; 
Fig.  4  is  a  timing  chart  showing  the  operation  of 
the  double  gate  semiconductor  device  shown  in 
Fig.  3; 
Fig.  5  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 
1  of  the  present  invention; 
Fig.  6  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  5; 
Fig.  7  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 
2  of  the  present  invention; 
Fig.  8  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 

4 
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3  of  the  present  invention; 
Fig.  9  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  8  in  a  normal 
condition  of  the  double  gate  semiconductor  de- 
vice; 
Fig.  10  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  8  in  an  abnormal 
condition  of  the  double  gate  semiconductor  de- 
vice; 
Fig.  11  is  a  circuit  diagram  showing  a  control  de- 
vice  of  a  different  structure  according  to  the  em- 
bodiment  3  of  the  present  invention; 
Fig.  12  is  a  circuit  diagram  showing  a  control  de- 
vice  of  a  different  structure  according  to  the  em- 
bodiment  3  of  the  present  invention; 
Fig.  13  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 
4  of  the  present  invention; 
Fig.  14  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  13; 
Fig.  15  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 
5  of  the  present  invention; 
Fig.  16  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  15  in  a  normal 
condition  of  the  double  gate  semiconductor  de- 
vice; 
Fig.  17  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  15  when  an  ab- 
normality  occurs  at  turning  on  the  double  gate 
semiconductor  device; 
Fig.  18  is  a  timing  chart  showing  the  operation  of 
the  control  device  shown  in  Fig.  15  when  an  ab- 
normality  occurs  in  the  thyristor  condition  of  the 
double  gate  semiconductor  devices; 
Fig.  19  is  a  circuit  diagram  showing  the  structure 
of  a  control  device  according  to  an  embodiment 
6  of  the  present  invention; 
Fig.  20  is  a  perspective  illustration  showing  a  con- 
dition  of  a  diode  formed  on  the  surface  of  a  dou- 
ble  gate  MOS  power  device  of  the  control  device 
shown  in  Fig.  19; 
Fig.  21  is  a  perspective  illustration  showing  a  con- 
dition  of  a  diode  formed  as  in  Fig.  20  where  the 
diode  and  a  gate  electrode  is  connected  by  alu- 
minum  deposition  wiring;  and 
Fig.  22  is  a  circuit  diagram  showing  another  ex- 
ample  of  the  structure  of  the  control  device  ac- 
cording  to  the  embodiment  6  of  the  present  inven- 
tion. 

Embodiment  1 

Fig.  5  shows  the  structure  of  a  control  device  ac- 
cording  to  an  embodiment  1  of  the  present  invention. 
A  control  device  20  of  the  present  embodiment  is  a 
control  device  for  driving  a  double  gate  semiconduc- 
tor  device  1  5  having  a  first  gate  G1  and  a  second  gate 

G2,  the  structure  and  function  of  the  double  gate 
semiconductor  device  are  as  described  previously 
with  reference  to  Fig.  3  and  Fig.  4,  and  description 

5  thereof  is  omitted  here.  The  device  20  comprises  a 
first  gate  control  circuit  21  forapplying  a  control  signal 
inputted  to  an  input  terminal  P1  to  the  gate  G1,  and 
a  second  gate  control  circuit  22  for  applying  a  control 
signal  inputted  to  the  same  input  terminal  P1  to  the 

10  gate  G2.  First,  in  the  second  gate  control  circuit  22, 
four  inverters  23.1  -  23.4  are  connected  in  series,  and 
an  input  signal  is  inverted,  shaped,  and  then  applied 
to  the  gate  G2  of  the  double  gate  semiconductor  de- 
vice  15.  Therefore,  an  intermediate  potential  time 

15  where  the  gate  potential  is  unstable  is  reduced,  there- 
by  preventing  a  mis-operation. 

On  the  other  hand,  the  first  gate  control  circuit  21 
comprises  two  paths,  that  is,  an  ON  path  24  and  an 
OFF  delay  path  25.  The  ON  path  24  comprises  an  in- 

20  verter  26  used  in  combination  with  the  OFF  delay 
path  25,  an  inverter  27  connected  in  series  with  the 
inverter  26,  a  NOR  gate  28  inputted  with  a  signal  from 
the  inverter  27  and  a  signal  from  a  delay  circuit  31  of 
the  OFF  delay  path  25,  and  an  inverter  29  used  in 

25  combination  with  the  OFF  delay  path  25.  The  OFF  de- 
lay  path  25  comprises  the  inverter  26,  an  inverter  30 
connected  in  series  with  the  inverter  26,  the  delay  cir- 
cuit  31  including  a  resistor  32  and  a  capacitor  33,  the 
NOR  gate  28,  and  the  inverter  29.  Therefore,  when  a 

30  high-level  turn-on  signal  is  inputted  to  the  input  ter- 
minal  P1  ,  the  turn-on  signal,  after  delaying  by  the  in- 
verters  26,  27,  and  28,  and  the  NOR  gate  28,  is  ap- 
plied  to  the  gate  G1.  On  the  other  hand,  when  a  low- 
level  turn-off  signal  is  inputted,  in  addition  to  the 

35  above  delay,  the  turn-off  signal,  after  charging  the 
delay  circuit  31  ,  is  applied  to  the  gate  G1  .  Therefore, 
the  first  gate  control  circuit  21  is  a  control  circuit  in 
which  only  the  turn-off  signal  is  delayed  by  the  time 
of  the  timer  circuit  31  and  applied  to  the  gate  G1  .  The 

40  inverters  26  and  30  also  have  a  function  for  shaping 
the  waveform  of  the  input  signal  to  suppress  errors 
in  delay  time  of  the  timer  circuit  31  . 

Fig.  6  shows  the  operation  for  controlling  the  dou- 
ble  gate  semiconductor  device  15  using  the  control 

45  circuit  20.  First,  when  an  input  signal  I  varies  from  a 
low  level  to  a  high  level  at  a  time  t1,  the  signal  is  ap- 
plied  to  the  gate  G1  and  the  gate  G2.  Therefore,  the 
double  gate  semiconductor  device  15  becomes  a 
thyristor  condition  where  it  is  conductive  under  a  low- 

so  on  resistance,  and  an  operating  voltage  Vce  between 
an  emitter  E  and  a  collector  C  decreases  to  Vcel.  On 
the  other  hand,  a  passing  current  Vc  passing  through 
the  emitter  E  and  the  collector  C  increases.  Then, 
when  the  input  signal  I  varies  from  a  high  level  to  a  low 

55  level  at  a  time  t2,  the  gate  G2  is  applied  with  the  low- 
level  signal,  as  is,  and  the  gate  G1  is  continuously  ap- 
plied  with  a  high-level  signal  by  the  delay  circuit  31  of 
the  first  gate  control  circuit  21  .  Therefore,  the  double 
gate  semiconductordevice  1  5  transfers  from  the  thyr- 

5 
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istor  condition  to  a  transistor  condition  which  is  the 
same  condition  as  IGBT.  At  this  moment,  the  turn-on 
resistor  increases  due  to  the  transition  from  the  thyr- 
istor  condition  to  the  transistor  condition,  and  the  op- 
erating  voltage  Vce  increases  from  Vce1  to  Vce2. 

Then,  since  a  low-level  signal  is  applied  to  the 
gate  G1  at  a  time  t3  which  is  later  by  a  delay  time  T 
than  the  time  t2  due  to  the  delay  circuit  31  ,  the  double 
gate  semiconductor  device  15  is  turned  off.  There- 
fore,  the  operating  voltage  Vce  increases,  and  the 
passing  current  Ic  decreases. 

Thus,  by  providing  the  delay  circuit  31  capable  of 
delaying  the  signal  for  a  predetermined  time  accord- 
ing  to  the  present  embodiment  in  the  first  gate  control 
circuit  21,  it  is  possible  to  control  the  double  gate  sem- 
iconductor  device  15  by  the  single  input  signal  I.  Fur- 
thermore,  by  adjusting  the  delay  time  T,  it  is  possible 
to  apply  a  turn-off  signal  tothegateGI  afterthe  com- 
pletion  of  the  transition  from  the  thyristor  condition  to 
the  transistor  condition,  thereby  positively  turning  off 
the  double  gate  semiconductor  device. 

Embodiment  2 

Fig.  7  shows  the  structure  of  the  control  device 
according  to  an  embodiment  2.  The  control  device  20 
in  the  present  embodiment,  as  in  the  embodiment  1, 
is  a  control  device  for  driving  the  double  gate  semi- 
conductor  device  15  having  the  first  gate  G1  and  the 
second  gate  G2,  similar  components  are  indicated  by 
similar  symbols  and  description  thereof  is  omitted. 
The  control  device  20  of  the  present  embodiment,  as 
in  the  embodiment  1  ,  comprises  the  first  gate  control 
circuit  21  forapplying  a  control  signal  inputted  to  the 
input  terminal  P1  to  the  gate  G1  ,  and  the  second  gate 
control  circuit  22  for  applying  a  control  signal  inputted 
to  the  same  input  terminal  P1  to  the  gate  G2.  A  point 
to  be  noted  in  the  control  device  20  in  the  present  em- 
bodiment  is  that  in  the  first  gate  control  circuit  21,  a 
comparator  circuit  41  is  provided  in  place  of  the  delay 
circuit. 

First,  in  the  second  gate  control  circuit  22,  as  in 
the  embodiment  1  ,  four  inverters  23.1  -  23.4  are  con- 
nected  in  series,  and  an  input  signal  is  inverted,  shap- 
ed,  and  then  applied  to  the  gate  G2  of  the  double  gate 
semiconductordevice  15.  Similarly,  the  first  gate  con- 
trol  circuit  21  comprises  the  ON  path  24  and  the  OFF 
delay  path  25.  The  ON  path  24  comprises  inverters 
26  and  27,  the  NOR  gate  28  inputted  with  a  signal 
from  the  inverter  27  and  a  signal  from  the  comparator 
circuit  41  of  the  OFF  delay  path  25,  and  an  inverter 
29  commonly  used  with  the  turn-off  delay  circuit  25. 

On  the  other  hand,  the  OFF  delay  path  25  of  the 
present  device  is  provided  with  the  comparator  circuit 
41  applied  with  the  operating  voltage  Vce  appearing 
as  a  collector  voltage  of  the  double  gate  semiconduc- 
tor  device  15,  and  its  output  is  inputted  to  the  NOR 
gate  28.  The  comparator  circuit  41  comprises  a  com- 

parator  42  applied  with  the  operating  voltage  Vce  to 
an  inverted  input,  and  a  reference  power  supply  43  for 
generating  a  reference  voltage  applied  to  a  non-in- 

5  verted  input  of  the  comparator  42.  Therefore,  refer- 
ring  to  the  timing  chart  shown  in  Fig.  6,  a  turn-off  sig- 
nal  is  applied  to  the  gate  G2  at  the  time  t2,  when  the 
double  gate  semiconductordevice  15  transfers  to  the 
transistor  condition,  and  the  operating  voltage  Vce  in- 

10  creases  to  Vce2.  Since  a  reference  voltage  V0  input- 
ted  to  the  comparator  42  is  set  to  a  value  lower  than 
Vce2,  when  the  operating  voltage  Vce  exceeds  the 
reference  voltage  V0,  the  output  of  the  comparator  42 
is  inverted.  As  a  result,  signals  from  the  ON  path  24 

15  and  the  OFF  path  25  coincide  in  the  NOR  gate  28, 
and  a  turn-off  signal  is  supplied  from  the  first  gate 
control  circuit  21  to  the  gate  G1  .  This  stops  operation 
of  the  double  gate  semiconductordevice  15. 

As  described  above,  in  the  control  device  of  the 
20  present  embodiment,  after  the  transition  from  the 

thyristor  condition  to  the  transistor  condition  is  con- 
firmed  using  the  comparator  circuit  41,  a  turn-off  sig- 
nal  is  applied  to  the  gate  G1  .  Therefore,  as  in  the  em- 
bodiment  1,  the  double  gate  semiconductor  device  15 

25  can  be  controlled  by  a  single  input  signal,  and  the 
double  gate  semiconductordevice  1  5  can  be  positive- 
ly  turned  off. 

Embodiment  3 
30 

Fig.  8  shows  the  structure  of  the  control  device 
according  to  an  embodiment  3.  The  control  device  20 
of  the  present  embodiment,  as  in  the  embodiment  1, 
is  a  control  device  for  driving  the  double  gate  semi- 

35  conductor  device  1  5  having  the  first  gate  G1  and  the 
second  gate  G2,  similar  components  are  indicated  by 
similar  symbols  and  description  thereof  is  omitted. 
The  control  device  20  of  the  present  embodiment  is 
provided  with  the  first  gate  control  circuit  21  of  the 

40  same  structure  as  in  the  embodiment  1  or  embodi- 
ment  2.  And,  the  control  device  20  of  the  present  em- 
bodiment  is  provided  with  the  second  gate  control  cir- 
cuit  22  which  is  capable  of  delaying  a  turn-on  signal 
to  the  gate  G2. 

45  That  is,  the  second  gate  control  circuit  22  of  this 
device  comprises  a  delay  circuit  51  fordelaying  the  in- 
put  signal  I  inputted  from  the  input  terminal  P1,  a  de- 
termination  circuit  52  capable  of  detecting  and  deter- 
mining  the  passing  current  Ic  of  the  double  gate  sem- 

50  iconductor  device  15,  and  a  turn-off  signal  transmis- 
sion  circuit  53  capable  of  converting  a  turn-on  signal 
applied  to  the  gate  G1  to  a  turn-off  signal  according 
to  the  determination  result  of  the  determination  circuit 
52.  Furthermore,  the  determination  result  of  the  de- 

55  termination  circuit  52  is  reflected  to  the  delay  circuit 
51  so  that  a  turn-on  signal  from  the  delay  circuit  51 
is  applied  to  the  gate  G2  according  to  the  determina- 
tion  result  of  the  determination  circuit  52. 

First,  the  delay  circuit  51  for  delaying  the  input 

6 
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signal  I  from  the  timing  applied  to  the  gate  G1  com- 
prises  two  inverters  23.1  and  23.2  connected  in  ser- 
ies,  a  delay  circuit  45  for  delaying  signals  from  the  in- 
verters  23.1  and  23.2  for  a  predetermined  time,  and 
an  AND  gate  46  inputted  with  a  signal  from  the  delay 
circuit  45  and  a  signal  from  the  determination  circuit 
52.  Therefore,  the  turn-on  signal  inputted  to  the  input 
terminal  P1  is  first  applied  to  the  gate  G1  by  the  first 
gate  control  circuit  21  ,  and  delayed  and  applied  to  the 
gate  G2.  Therefore,  by  the  control  device  20  of  the 
present  embodiment,  first  the  double  gate  semicon- 
ductor  device  15  is  started  from  the  transistor  condi- 
tion. 

The  determination  circuit  52  for  inputting  the  de- 
termination  result  to  the  delay  circuit  51  comprises  a 
detection  resistor  56  through  which  the  passing  cur- 
rent  Ic  of  the  double  gate  semiconductor  device  15 
passes,  a  comparator  54  supplied  to  its  inverted  input 
with  a  voltage  drop  in  the  detection  resistor  56,  and  a 
reference  power  supply  55  for  generating  a  reference 
voltage  V1  supplied  to  a  non-inverted  input  of  the 
comparator  54.  Therefore,  when  a  turn-on  signal  is 
supplied  to  the  gate  G1  and  the  double  gate  semicon- 
ductor  device  15  is  in  the  transistor  condition,  the  cur- 
rent  Ic  flows  through  the  detection  resistor  56,  and  a 
voltage  drop  proportional  to  the  current  Ic  is  com- 
pared  with  the  reference  voltage  V1  by  the  compar- 
ator  54.  Therefore,  when  a  high  passing  current  Ic  ex- 
ceeding  a  predetermined  value  flows  under  the  tran- 
sistor  condition,  a  signal  from  the  comparator  54  is  in- 
verted,  and  it  can  be  determined  whether  or  not  the 
double  gate  semiconductordevice  15  is  started  under 
an  overcurrent  condition.  When  it  is  an  overcurrent 
condition,  the  turn-on  signal  delayed  by  the  delay  cir- 
cuit  45  can  be  canceled  by  inputting  the  output  from 
the  comparator  54  of  the  determination  circuit  52  to 
the  AND  gate  46  of  the  delay  circuit  51  . 

The  output  of  the  determination  circuit  52  is  con- 
nected  to  the  output  of  the  first  gate  control  circuit  21 
through  the  turn-off  signal  transmission  circuit  53. 
The  turn-off  signal  transmission  circuit  53  comprises 
a  diode  57  of  which  a  current  flow  from  the  output  side 
of  the  first  gate  control  circuit  21  to  the  determination 
circuit  52  side  is  the  forward  direction.  When  an  over- 
current  is  detected  by  the  determination  circuit  52  and 
the  output  of  the  comparator  54  is  inverted,  the  turn- 
on  signal  applied  from  the  first  gate  control  circuit  21 
to  the  gate  G1  is  inverted,  and  the  turn-off  signal  is 
supplied  to  the  gate  G1. 

Therefore,  when  an  overcurrent  condition  is  de- 
tected  by  the  determination  circuit  52,  the  turn-on  sig- 
nal  to  the  gate  G2  is  canceled  by  the  delay  circuit  51  , 
whereas,  a  turn-off  signal  is  supplied  to  the  gate  G1  . 
Therefore,  the  double  gate  semiconductor  device  15 
is  turned  off. 

The  operation  of  the  control  device  20  of  the  pres- 
ent  embodiment  will  be  described  with  reference  to 
the  timing  charts  shown  in  Fig.  9  and  Fig.  10.  Fig.  9 

shows  a  normal  start  operation.  First,  when  an  input 
signal  goes  from  a  low  level  to  a  high  level  at  a  time 
til,  a  high-level  signal  is  supplied,  as  is,  to  the  gate  G1 

5  by  the  first  gate  control  circuit  21  .  On  the  other  hand, 
a  low-level  signal  is  continued  to  be  supplied  to  the 
gate  G2  by  the  delay  circuit  51  of  the  second  gate 
control  circuit  22.  Therefore,  the  double  gate  semi- 
conductor  device  15  is  not  in  the  thyristor  condition, 

10  but  is  conductive  in  the  transistor  condition.  As  a  re- 
sult,  the  conductive  current  Ic  flows  through  the  de- 
tection  resistor  56,  and  a  voltage  drop  in  the  detection 
resistor  56  is  determined  by  the  comparator  54.  When 
the  conductive  current  Ic  is  smaller  than  the  normal 

15  Ic  level,  the  output  of  the  comparator  54  is  not  invert- 
ed,  and  at  the  time  t2  after  a  predetermined  time,  a 
high-level  turn-on  signal  is  supplied  from  the  delay 
circuit  51  to  the  gate  G2.  The  double  gate  semicon- 
ductor  device  15  transfers  to  the  thyristor  condition 

20  with  a  low-on  resistance. 
On  the  other  hand,  as  shown  in  Fig.  10,  when  the 

device  starts  at  a  time  15  under  the  transistor  condi- 
tion,  and  when  the  conductive  current  Ic  exceeds  the 
normal  Ic  level,  the  output  of  the  comparator  54  is  in- 

25  verted.  Therefore,  the  turn-on  signal  is  canceled  in 
the  second  gate  control  circuit  22.  Further,  a  turn-off 
signal  is  supplied  by  the  turn-off  signal  transmission 
circuit  53  to  the  gate  G1  at  a  time  t16,  and  the  double 
gate  semiconductor  device  15  is  turned  off.  Thus, 

30  with  the  control  device  of  the  present  embodiment, 
the  double  gate  semiconductordevice  1  5  is  started  in 
the  transistor  condition  by  the  gate  G1.  Therefore, 
when  an  abnormality  is  detected  by  the  determina- 
tion  circuit  52,  the  double  gate  semiconductor  device 

35  15  can  be  immediately  turned  off  by  supplying  a  turn- 
off  signal  to  the  gate  G1.  In  the  prior  art  control  de- 
vice,  the  double  gate  semiconductor  device  15  is 
started  in  the  thyristor  condition,  and  even  if  an  ab- 
normality  occurs,  it  is  necessary  to  stop  operation  of 

40  the  device  after  transition  to  the  transistor  condition, 
and  the  device  may  be  unrestorably  damaged  during 
the  transition.  However,  with  the  present  control  de- 
vice,  when  an  abnormality  is  detected,  the  device  can 
be  immediately  stopped,  thereby  minimizing  possible 

45  damages. 
In  the  control  device  20  shown  in  Fig.  8,  the  pass- 

ing  current  Ic  is  determined  using  the  detection  resis- 
tor  56  connected  to  the  emitter  E  side  of  the  double 
gate  semiconductor  device  1  5.  However,  alternative- 

50  ly,  it  is  of  course  possible  to  use  a  sense  MOS  16  pro- 
vided  with  a  sense  terminal  E1  as  shown  in  Fig.  11  to 
detect  an  overcurrent  from  a  sense  current  Is  flowing 
through  the  sense  terminal  E1.  This  is  because  the 
sensor  current  Is  has  a  relation  to  the  passing  current 

55  Ic  as  Is  =  lc/(sense  ratio),  and  it  is  possible  to  deter- 
mine  the  passing  current  Ic.  Furthermore,  since  it  is 
possible  to  suppress  a  detection  current  flowing 
through  the  detection  resistor  56  to  a  low  value,  a 
power  generated  for  the  detection  can  be  sup- 
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pressed. 
Furthermore,  as  shown  in  Fig.  12,  since  the  op- 

erating  voltage  Vce  increases  when  an  abnormal  Ic 
flows,  an  overcurrent  condition  can  also  be  deter-  5 
mined  by  supplying  the  operating  voltage  Vce  to  the 
inverted  input  of  the  comparator  54.  Especially,  in 
cases  such  as  a  low  short-circuit,  an  arm  short- 
circuit,  and  the  like,  Vce  is  almost  the  power  supply 
rectification  voltage,  and  it  is  sufficient  to  detect  an  10 
overcurrent.  Also  with  the  present  embodiment,  a 
power  required  for  the  detection  an  be  suppressed. 

Embodiment  4 
15 

Fig.  13  shows  the  structure  of  the  control  device 
according  to  an  embodiment  4.  The  control  device  20 
of  the  present  embodiment,  as  in  the  above  embodi- 
ments,  is  a  control  device  for  driving  the  double  gate 
semiconductordevice  15  having  the  first  gate  G1  and  20 
the  second  gate  G2,  similar  components  are  indicat- 
ed  by  similar  symbols  and  description  thereof  is  omit- 
ted.  The  control  device  20  of  the  present  embodiment 
is  provided  with  the  first  gate  control  circuit  21  having 
the  delay  circuit  31  capable  of  delaying  only  a  turn-off  25 
signal  as  in  the  embodiment  1,  and  the  second  gate 
control  circuit  22  having  no  delay  circuit.  Since  the  cir- 
cuit  arrangement  of  these  components  is  the  same  as 
described  in  the  embodiment  1  ,  description  thereof  is 
omitted.  A  point  to  be  noted  in  the  present  control  de-  30 
vice  20  is  that  an  abnormality  detection  circuit  60  is 
provided  in  addition  to  the  first  gate  control  circuit  21 
and  the  second  gate  control  circuit  22.  The  abnormal- 
ity  detection  circuit  60  comprises  a  determination  cir- 
cuit  61  capable  of  determining  the  passing  current  Ic  35 
of  the  double  gate  semiconductor  device  15,  and  a 
turn-off  signal  output  circuit  62  capable  of  supplying 
a  turn-off  signal  to  the  first  gate  control  circuit  21  and 
the  second  gate  control  circuit  22  according  to  the  de- 
termination  result  of  the  determination  circuit  61.  40 
Therefore,  when  an  overcurrent  flows  during  the  op- 
eration  of  the  double  gate  semiconductordevice  15, 
the  overcurrent  is  determined  by  the  determination 
circuit  61  ,  when  it  is  determined  to  be  a  current  value 
exceeding  a  specified  value,  a  turn-off  signal  can  be  45 
supplied  from  the  turn-off  signal  output  circuit  62  to 
the  first  and  second  gate  control  circuits  21  and  22  to 
turn  off  the  double  gate  semiconductordevice  15. 

In  such  a  determination  circuit  61  of  the  abnor- 
mality  detection  circuit  60,  as  nearly  the  same  as  de-  50 
scribed  in  the  embodiment  2,  the  passing  current  Ic 
is  detected  as  a  voltage  drop  by  a  detection  resistor 
64  connected  to  the  emitter  side  of  the  double  gate 
semiconductor  device  15.  The  voltage  drop  value  is 
supplied  to  the  inverted  input  of  the  comparator  63,  55 
and  a  reference  voltage  V2  from  a  reference  power 
supply  65  is  supplied  to  the  non-inverted  input  of  the 
comparator  63.  Furthermore,  the  turn-off  signal  out- 
put  circuit  62  comprises  a  diode  66  of  which  a  current 

flow  from  the  input  terminal  P1  to  the  determination 
circuit  61  is  the  forward  direction.  Therefore,  when 
the  passing  current  Ic  is  over  a  reference  value,  and 
the  voltage  drop  in  the  detection  resistor  64  exceeds 
the  reference  voltage  V2,  the  output  of  the  compara- 
tor  63  is  inverted,  and  a  low-level  turn-off  signal  is 
supplied  to  the  first  and  second  gate  control  circuits 
21  and  22  through  the  diode  62.  Therefore,  the  dou- 
ble  gate  semiconductor  device  15  transfers  from  the 
thyristor  condition  to  the  transistor  condition,  and  fur- 
ther  to  be  turned  off. 

The  operation  of  the  present  device  will  be  descri- 
bed  with  reference  to  the  timing  chart  shown  in  Fig. 
14.  First,  the  input  signal  I  goes  to  a  high  level  at  a 
time  t21,  turn-on  signals  are  individually  supplied 
from  the  first  and  second  gate  control  circuits  21  and 
22  to  the  gate  G1  and  G2,  and  the  double  gate  sem- 
iconductor  device  15  is  started  in  the  thyristor  condi- 
tion.  After  that,  when  a  load  short-circuit,  an  arm 
short-circuit,  or  the  like  occurs  at  a  time  t22,  and  the 
passing  current  Ic  exceeds  a  normal  level,  an  over- 
current  condition  is  determined  by  the  determination 
circuit  61.  As  a  result,  a  turn-off  signal  is  outputted 
from  the  turn-off  signal  output  circuit  62  at  a  time  t23, 
and  inputted  to  the  first  gate  control  circuit  21  and  the 
second  gate  control  circuit  22.  Therefore,  the  turn-off 
signal  is  applied,  as  is,  from  the  second  gate  control 
circuit  22  to  the  gate  G2,  and  the  double  gate  semi- 
conductor  device  15  transfers  from  the  thyristor  con- 
dition  to  the  transistor  condition  at  the  time  t23.  And, 
the  turn-off  signal  is  supplied  from  the  first  gate  con- 
trol  circuit  21  to  the  gate  G1  at  a  time  t24  after  a  pre- 
determined  delay  time,  and  the  double  gate  semicon- 
ductor  device  15  is  turned  off. 

As  described  above,  the  control  device  20  of  the 
present  embodiment  is  provided  with  the  abnormality 
detection  circuit  60,  and  is  thus  possible  to  detect  an 
abnormality  such  as  an  overcurrent  even  in  the  nor- 
mal  operation  under  the  thyristor  condition.  When  an 
abnormality  is  detected,  a  turn-off  signal  is  automat- 
ically  outputted,  and  the  double  gate  semiconductor 
device  15  can  be  stopped  from  the  thyristor  condition 
via  the  transistor  condition.  In  the  prior  art  control  de- 
vice,  when  such  a  double  gate  semiconductor  device 
15  is  controlled,  when  an  abnormality  is  detected  by 
an  external  device,  it  is  necessary  to  supply  first  a  sig- 
nal  to  turn  off  the  gate  G2,  and  then  a  signal  to  turn 
off  the  gate  G1.  Therefore,  there  has  been  a  problem 
in  that  the  double  gate  semiconductordevice  15  may 
be  damaged  during  the  time  from  the  detection  of  the 
abnormality  to  the  outputting  the  two  signals.  How- 
ever,  with  the  present  device,  an  abnormal  condition 
can  be  immediately  detected  by  always  determining 
the  passing  current,  and  a  turn-off  signal  can  be  out- 
putted  within  the  control  device.  And,  the  double  gate 
semiconductordevice  15  can  be  positively  turned  off 
by  the  first  gate  control  circuit  21  using  the  delay  cir- 
cuit,  thereby  preventing  the  occurrence  of  possible 
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damages. 
The  control  device  of  the  present  embodiment 

uses  the  same  circuit  as  in  the  embodiment  1  as  the 
first  gate  control  circuit,  alternatively,  however,  it  is  5 
also  possible  to  use  a  control  circuit  which  is  con- 
firmed  the  transition  to  the  transistor  condition  of  the 
semiconductor  device  as  in  the  embodiment  2,  and 
then  output  a  turn-off  signal  to  the  gate  G1  .  Further- 
more,  as  a  determination  circuit  for  detecting  an  over-  10 
current,  the  present  embodiment  uses  a  detection  re- 
sistor  disposed  at  the  downstream  of  the  emitter  E, 
however,  as  described  in  the  embodiment  3,  it  is  of 
course  possible  to  detect  the  sense  current  in  a  dou- 
ble  gate  semiconductor  device  provided  with  the  15 
sense  terminal  E1. 

Furthermore,  as  described  in  the  embodiment  3, 
an  abnormal  condition  can  be  determined  from  the 
operating  voltage  Vce. 

20 
Embodiment  5 

Fig.  15  shows  the  structure  of  the  control  device 
according  to  an  embodiment  5  of  the  present  inven- 
tion.  The  control  device  20  of  the  present  embodi-  25 
ment,  as  in  the  above  embodiment  3,  is  a  control  de- 
vice  for  driving  a  double  gate  semiconductor  device 
16  with  a  sense  MOS  provided  with  the  first  gate  G1, 
the  second  gate  G2,  and  the  sense  terminal  E1  ,  near- 
ly  the  same  as  the  control  device  shown  in  Fig.  11.  30 
The  control  device  20  of  the  present  embodiment  is 
provided  with  the  first  gate  control  circuit  21  of  the 
same  structure  as  the  embodiment  1  described  with 
reference  to  Fig.  5.  Furthermore,  it  has  the  second 
gate  control  circuit  22  capable  of  delaying  a  turn-on  35 
signal  to  the  gate  G2  as  in  the  embodiment  3.  Also 
similarly,  the  second  gate  control  circuit  22  comprises 
the  delay  circuit  51  for  delaying  the  input  signal  I  in- 
putted  from  the  input  terminal  P1,  the  determination 
circuit  52  capable  of  detecting  and  determining  the  40 
passing  current  Ic  of  the  double  gate  semiconductor 
device  16,  and  the  turn-off  signal  transmission  circuit 
53  for  converting  the  turn-on  signal  applied  to  the 
gate  G1  to  the  turn-off  signal  according  to  the  deter- 
mination  result  of  the  determination  circuit  52.  There-  45 
fore,  similar  components  are  indicated  by  similar  sym- 
bols,  and  description  thereof  is  omitted.  A  point  to  be 
noted  in  the  present  embodiment  is  that  a  turn-off  sig- 
nal  from  the  turn-off  signal  transmission  circuit  53  is 
not  applied  directly  to  the  gate  G1,  but  turns  off  an  in-  so 
put  signal  from  the  first  gate  control  circuit  21  .  There- 
fore,  the  operation  of  the  double  gate  semiconductor 
device  16  with  sense  MOS  can  be  assured  even  if  a 
condition  to  transmit  a  turn-off  signal  is  established 
momentarily  due  to  a  mis-operation  or  the  like  in  the  55 
determination  circuit  52.  In  the  present  embodiment, 
the  AND  gate  46  comprises  two  inverters  46b  and 
46c,  and  the  NOR  gate  46a,  but  the  operation  is  the 
same  as  the  above  embodiments. 

The  operation  of  the  control  device  20  of  the  pres- 
ent  embodiment  will  be  described  with  reference  to 
the  timing  charts  shown  in  Fig.  14  to  Fig.  18.  The  con- 
trol  device  is  provided  with  the  delay  circuit  31  in  the 
first  gate  control  circuit  21  to  turn  off  the  double  gate 
semiconductor  device  1  6  after  the  transition  from  the 
thyristor  condition  to  the  transistor  condition.  A  delay 
time  (off-delay  time)  Td1  of  the  delay  circuit  31  de- 
pends  upon  the  product  of  a  resistor  32  and  a  capac- 
itor  33  forming  the  delay  circuit  31  ,  that  is,  upon  a  time 
constant  R1-C1.  On  the  other  hand,  the  second  gate 
control  circuit  22  is  provided  with  the  delay  circuit  45 
so  that  the  device  can  transfer  to  the  thyristor  oper- 
ation  after  the  operation  is  confirmed  in  the  transistor 
operation  at  turning  on.  A  delay  time  (on-delay  time) 
Td2  of  the  delay  circuit  45  depends  upon  the  product 
of  a  resistor  47  and  a  capacitor  48  forming  the  delay 
circuit  45,  that  is,  upon  a  time  constant  R2-C2.  Since, 
not  only  the  turn-off  signal  but  also  the  turn-on  signal 
is  applied  to  the  double  gate  semiconductordevice  16 
past  the  second  gate  control  circuit  22,  the  on-delay 
time  Td2  is  also  the  off-delay  time  of  the  second  gate 
control  circuit  22.  Therefore,  to  turn  off  the  double 
gate  semiconductor  device  1  6  after  positive  transition 
from  the  thyristor  operation  to  the  transistor  operation 
using  the  first  gate  control  circuit  21,  it  is  necessary 
to  satisfy  R1  C1  >  R2-C2.  For  this  purpose,  the  delay 
circuits  31  and  45  of  the  control  device  20  are  de- 
signed  so  that  the  values  of  the  resistors  32  and  47 
and  the  capacitors  33  and  48  satisfy  this  relation. 

Fig.  16  shows  signals  applied  to  the  gate  G1  and 
the  gate  G2  in  the  normal  ON/OFF  operation.  When 
a  turn-on  signal  is  inputted  at  a  time  t30,  after  an  op- 
eration  delay  time  of  the  ON  path  24  of  the  first  gate 
control  circuit  21  ,  the  signal  at  the  gate  G1  goes  to  a 
high  level,  and  the  double  gate  semiconductordevice 
16  goes  to  the  transistor  condition.  And,  at  a  time  t31 
after  a  turn-on  delay  time  Ta  of  the  second  gate  con- 
trol  circuit  22,  the  device  transfers  to  the  thyristor  op- 
eration.  On  the  other  hand,  when  a  turn-off  signal  is 
inputted  at  a  time  t32,  the  device  transfers  to  the  tran- 
sistor  operation  at  a  time  t33  after  a  turn-off  delay 
time  Tb  of  the  second  gate  control  circuit  22,  and  the 
double  gate  semiconductordevice  16  is  turned  off  at 
a  time  t34  after  a  turn-off  delay  time  Tc  of  the  first  gate 
control  circuit  21  from  the  time  t32.  The  above- 
described  turn-on  or  turn-off  delay  time  Td2  is  the 
times  Ta  and  Tb,  and  the  turn-off  delay  time  Td1  is  the 
time  Tc.  Therefore,  since  the  time  Tc  is  longerthan  the 
time  Tb  if  the  relation  R1  C1  >  R2-C2  is  satisfied,  after 
necessary  transition  to  the  transistor  operation,  the 
gate  G1  is  turned  off,  and  the  double  gate  semicon- 
ductor  device  16  can  be  turned  off. 

Fig.  1  7  shows  the  operation  when  an  abnormality 
is  detected  during  the  transistor  operation  at  turning 
on.  When  a  turn-on  signal  is  inputted  at  the  time  t30, 
afteran  operation  delay  time  as  in  Fig.  16,  a  high-level 
signal  is  applied  to  the  gate  G1,  and  the  double  gate 
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semiconductor  device  is  turned  on  in  the  transistor 
condition.  When  an  abnormality  is  detected  at  a  time 
t35  before  the  turn-on  signal  is  applied  to  the  gate  G2, 
the  device  is  turned  off  at  a  time  t36  after  the  turn-off 
delay  time  Tc.  Fig.  18  shows  a  case  where  an  abnor- 
mality  is  detected  during  the  thyristor  operation  of  the 
double  gate  semiconductor  device  16.  The  turn-on 
signal  is  inputted  at  the  time  t30,  the  gate  G1  and  the 
gate  G2  go  to  a  high  level,  when  an  abnormality  is  de- 
tected  at  a  time  t37  after  the  transition  to  the  thyristor 
condition,  the  gate  G2  goes  to  a  low  level  after  an  op- 
eration  delay  of  the  determination  circuit  52  including 
an  abnormality  detection  comparator  and  the  like, 
and  the  device  goes  to  the  transistor  condition.  And, 
also  the  gate  G1  goes  to  a  low  level  at  a  time  t38  after 
the  turn-off  delay  time  Tc  from  the  time  t37,  and  the 
double  gate  semiconductordevice  16  is  turned  off. 

As  described  above,  since  the  control  device  of 
the  present  embodiment  goes  off  necessarily  after 
the  transition  to  the  transistor  condition  even  in  an  ab- 
normal  operation,  it  is  possible  to  positively  turn  off 
the  double  gate  semiconductordevice.  Furthermore, 
since  the  turning  off  is  achieved  under  the  condition 
where  the  gate  G1  is  at  a  high  level  and  the  gate  G2 
is  at  a  low  level,  there  is  no  danger  of  the  generation 
of  latching  up. 

Embodiment  6 

Fig.  19  shows  the  structure  of  the  control  device 
according  to  an  embodiment  6  of  the  present  inven- 
tion.  The  control  device  20  of  the  present  embodi- 
ment,  as  in  the  embodiment  5,  is  a  control  device  for 
driving  the  double  gate  semiconductordevice  16  with 
a  sense  MOS  provided  with  the  first  gate  G1,  the  sec- 
ond  gate  G2,  and  the  sense  terminal  E1,  and  is  pro- 
vided  with  the  first  gate  control  circuit  21  and  the  sec- 
ond  gate  control  circuit  22.  Therefore,  similar  compo- 
nents  are  indicated  by  similar  symbols,  and  descrip- 
tion  thereof  is  omitted.  A  point  to  be  noted  in  the  pres- 
ent  embodiment  is  that  in  the  first  gate  control  circuit 
21,  a  delay  circuit  31a  is  used  as  a  circuit  for  setting 
the  turn-off  delay  time,  and  the  delay  circuit  31a  com- 
prises  two  resistors  32a  and  32b  connected  in  series, 
and  the  capacitor  33.  Also,  the  second  gate  control 
circuit  22  is  provided  with  a  turn-off  signal  transmis- 
sion  circuit  53a  as  a  turn-off  signal  transmission  cir- 
cuit  for  abnormal  condition  use  for  supplying  a  turn- 
off  signal  to  the  delay  circuit  31a,  in  addition  to  the 
turn-off  signal  transmission  circuit  53  for  supplying  a 
turn-off  signal  to  the  input  of  the  first  gate  control  cir- 
cuit  21.  The  turn-off  signal  transmission  circuit  53a  for 
abnormality  use,  as  the  turn-off  signal  transmission 
circuit  53,  comprises  a  diode  57a,  and  the  anode  side 
of  the  diode  57a  is  connected  to  the  upstream  of  the 
resistor  32b  forming  the  delay  circuit  31a,  that  is,  the 
connection  point  of  the  resistors  32a  and  32b. 

Furthermore,  a  rectification  circuit  67  for  con- 

necting  the  gate  G1  and  the  gate  G2  of  the  double 
gate  semiconductor  device  16  is  used,  and  the  recti- 
fication  circuit  67  also  comprises  a  diode  68  with  the 

5  anode  side  being  the  gate  G2  side. 
The  control  device  20  of  the  present  embodiment 

is  a  control  device  intended  to  reduce  the  turn-off  de- 
lay  time  Tc  of  the  control  device  shown  in  the  embodi- 
ment  5.  Specifically,  in  the  control  device  of  the  em- 

10  bodiment  5  described  with  reference  to  Fig.  15,  the 
turn-off  delay  time  Tc  for  applying  a  low-level  signal 
to  the  gate  G1  is  set  to  a  sufficiently  large  value  com- 
pared  to  the  time  Tb  or  Td2  for  applying  a  low-level 
signal  to  the  gate  G1  ,  whereby  the  transition  from  the 

15  thyristor  condition  to  the  transistor  condition  is  posi- 
tively  achieved,  and  then  the  double  gate  semicon- 
ductor  device  is  turned  off.  Therefore,  it  is  a  device 
that  can  assure  the  positive  ON/OFF  driving.  On  the 
other  hand,  even  when  an  abnormality  is  detected, 

20  thedevicecan  beturnedoffonlyaftertheturn-offde- 
lay  time  Tc,  which  may  be  long  for  the  double  gate 
semiconductor  device  to  be  driven. 

In  this  case,  if  the  cause  of  the  abnormality  is  an 
overcurrent  generated  due  to  an  arm  short-circuit 

25  during  bridging  operation,  the  double  gate  semicon- 
ductor  device  16  evolves  heat  during  the  turn-off  de- 
lay  time  Tc  and  increases  in  temperature,  which  may 
exceed  the  heat  resistance  limit  leading  to  a  break- 
down. 

30  Thus,  in  the  control  device  20  of  the  present  em- 
bodiment,  to  allow  a  reduction  in  the  turn-off  delay 
time  in  an  abnormal  condition,  the  delay  circuit  31a 
capable  of  varying  the  time  constant  which  determi- 
nes  the  delay  time  is  used.  In  the  delay  circuit  31a  of 

35  the  present  device,  the  time  constant  in  a  normal  con- 
dition,  that  is,  the  time  constant  when  a  turn-off  signal 
is  inputted  from  the  input  terminal  P1  is  (R11  + 
R12)  C1.  Therefore,  the  delay  time  Tc  is  determined 
by  (R11  +  R12)  C1. 

40  On  the  other  hand,  in  an  abnormal  condition 
where  an  overcurrent  flows,  the  abnormality  is  de- 
tected  in  the  determination  circuit  52,  and  the  output 
of  the  comparator  54  goes  to  a  low  potential.  And,  a 
low-potential  turn-off  signal  is  supplied  by  the  turn-off 

45  signal  transmission  circuits  53  and  53a  to  the  input  of 
the  first  gate  control  circuit  21  and  the  upstream  of 
the  resistor  32b  of  the  delay  circuit  31a.  Therefore,  in 
the  delay  circuit  31a,  the  capacitor  33  is  discharged 
only  through  the  resistor  32b.  Therefore,  aftera  delay 

so  time  Tc'  determined  by  the  time  constant  R12  C1,  a 
turn-off  signal  is  supplied  to  the  NOR  gate  28.  Thus, 
in  the  present  control  device,  the  delay  time  in  an  ab- 
normal  condition  can  bereducedtoR12/(R11  +R12), 
and  temperature  increase  in  the  abnormal  condition 

55  is  suppressed  to  prevent  the  double  gate  semicon- 
ductordevice  16  from  breakdown.  In  the  normal  con- 
dition,  a  delay  time  Tc  is  applied  which  has  a  sufficient 
allowance  for  the  transition  from  the  thyristor  opera- 
tion  to  the  transistor  operation. 

10 
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Furthermore,  in  the  control  device  20  of  the  pres- 
ent  embodiment,  the  rectification  circuit  67  to  connect 
the  gate  G1  and  the  gate  G2  is  provided.  As  described 
in  Fig.  16  to  Fig.  18,  it  is  necessary  that  the  gate  G1 
goes  to  a  high  potential  prior  to  the  gate  G2,  and  the 
gate  G2  goes  to  a  low  potential  prior  to  the  gate  G1  . 
On  the  contrary,  if  the  gate  G2  goes  to  a  higher  po- 
tential  than  the  gate  G1  ,  the  double  gate  semiconduc- 
tor  device  16  will  be  in  a  latch-up  condition  to  become 
uncontrollable.  Therefore,  the  mode  where  the  gate 
G2  is  at  a  high  potential  and  the  gate  G1  is  at  a  low 
potential  is  an  inhibited  mode.  However,  it  is  consid- 
ered  that  the  gate  G2  may  go  to  a  high  potential  by 
chance  due  to  generation  of  a  spark  voltage  or  the 
like.  Furthermore,  until  the  double  gate  semiconduc- 
tor  device  16  is  combined  with  the  control  device,  or 
if  any  one  of  the  gate  G1  and  the  gate  G2  is  in  an  open 
condition  even  after  being  combined,  such  an  inhibit- 
ed  mode  may  be  ach  ieved  due  to  static  charges  or  t  he 
like.  Therefore,  it  is  desirable  that  the  inhibited  mode 
will  never  be  generated,  and  the  control  device  of  the 
present  embodiment  uses  the  rectification  circuit  60 
to  prevent  generation  of  the  inhibited  mode. 

The  rectification  circuit  67  used  in  the  control  de- 
vice  20  of  the  present  embodiment  comprises  a  diode 
68.  Even  when  a  condition  occurs  where  the  potential 
of  the  gate  G2  is  higherthan  the  potential  of  the  gate 
G1  due  to  an  external  disturbance,  clamping  is  estab- 
lished  by  a  forward  voltage  of  the  diode  68,  and  gen- 
eration  of  the  above  inhibited  mode  is  prevented. 
Since  the  latch-up  condition  is  not  generated  unless 
the  potential  of  the  gate  G2  is  to  the  extent,  for  exam- 
ple  at  least  3V,  that  the  gate  can  sufficiently  operate 
as  a  gate,  it  is  sufficient  to  use  the  diode  68  having  a 
forward  voltage  falling  in  this  range.  As  the  rectifica- 
tion  circuit  67,  it  is  possible  to  use  an  element  of  a  to- 
tem  pole  type,  or  an  open  collector  type  by  a  pull-up 
resistor.  Although  being  not  shown,  when  the  gate  G1 
or  the  gate  G2  is  connected  through  a  gate  resistor 
to  prevent  oscillation,  the  rectification  circuit  67  may 
be  disposed  at  the  upstream  of  the  gate  resistor  or, 
of  course,  at  the  downstream. 

Fig.  20  shows  an  example  in  which  the  diode  68 
is  formed  at  the  double  gate  semiconductor  device 
side.  The  double  gate  semiconductordevice  shown  in 
Fig.  20  is  a  double  gate  MOS  power  device  70,  and 
polysilicon-based  gate  electrodes  G1  and  G2  are 
formed  on  a  surface  71  of  the  device.  All  components 
are  shown  except  the  emitter  electrode.  The  gate 
electrode  G1  is  adjusted  to  an  n+  type  by  introducing 
a  dopant  such  as  phosphorus,  and  the  gate  electrode 
G2  is  adjusted  to  a  p+  type  by  introducing  a  dopant 
such  as  boron.  A  polysilicon  layer  72  is  formed  on  an 
area  between  the  gate  electrodes  G1  and  G2  except 
for  an  area  of  the  emitter  electrode  (not  shown),  and 
a  pn  junction  73  is  formed  by  introducing  a  dopant. 
Therefore,  the  diode  68  can  be  formed  by  the  polysi- 
licon  layer  72,  and  it  is  possible  to  provide  the  rectifi- 

cation  circuit  67.  The  individual  gate  electrodes  and 
the  emitter  electrode  (not  shown)  are  insulated  by  sil- 
icon  oxide  films.  It  is  of  course  possible  to  form  a  pn 

5  junction  by  directly  connecting  the  high-concentration 
polysilicon  layers  forming  the  gate  electrodes  G1  and 
G2,  but  since  the  diode  formed  tends  to  have  a  low 
dielectric  resistance  and  to  be  difficult  to  maintain  re- 
liability,  in  the  present  control  device,  a  pn  junction  is 

10  separately  formed  using  the  polysilicon  layer  72. 
Fig.  21  shows  an  example  in  which  a  diode  is 

formed  on  the  surface  71  of  the  double  gate  MOS 
power  device  70  as  in  Fig.  20.  In  the  double  gate  MOS 
power  device  70  shown  in  Fig.  21,  both  the  gate  elec- 

15  trades  G1  and  G2  are  formed  of  the  n+  type,  and  it  is 
superior  to  the  double  gate  MOS  power  device  shown 
in  Fig.  20  in  view  of  a  reduction  of  the  polysilicon  re- 
sistance.  However,  it  cannot  be  connected  directly  to 
the  diode  61  formed  between  the  gate  electrodes  G1 

20  and  G2  also  using  the  polysilicon  layer  72.  Then,  in 
the  double  gate  MOS  power  device,  a  window  is 
formed  in  an  insulating  layer  (not  shown)  on  the  poly- 
silicon  layer,  and  the  n+  type  gate  electrode  G2  and  a 
p"type  portion  of  the  diode  68  are  connected  with  an 

25  aluminum  deposition  wiring  74. 
As  shown  above,  the  control  device  20  of  the 

present  embodiment  reduces  the  turn-off  delay  time 
in  an  abnormal  condition  to  prevent  the  double  gate 
semiconductor  device  from  being  damaged,  genera- 

30  tion  of  an  inhibited  mode  is  suppressed  in  all  cases  by 
introducing  the  rectification  circuit,  thereby  achieving 
the  safe  and  positive  driving  of  the  double  gate  sem- 
iconductor  device. 

The  present  embodiment  is  described  for  an  ex- 
35  ample  where  a  resistor  for  determining  the  time  con- 

stant  of  the  delay  circuit  31a  is  divided.  Alternatively, 
however,  as  shown  in  Fig.  22,  it  is  also  possible  to  div- 
ide  the  capacitance  and  vary  the  time  constant  by  us- 
ing  two  capacitors  33a  and  33b  connected  in  series. 

40  The  embodiments  5  and  6  are  described  for  the 
double  gate  semiconductor  device  having  a  sense 
MOS,  however,  it  is  of  course  possible  to  determine 
a  main  current  flowing  between  the  collector  -  emitter 
of  the  double  gate  semiconductor  device. 

45  As  described  above,  in  the  control  device  for  the 
double  gate  semiconductor  device  according  to  the 
present  invention,  first  a  turn-off  signal  to  the  double 
gate  semiconductor  device  is  delayed  by  the  first  gate 
control  means  capable  of  delaying  a  turn-off  signal 

so  and  applied  to  the  first  gate  electrode,  thereby  stop- 
ping  and  controlling  the  double  gate  semiconductor 
device  by  a  single  control  signal.  Furthermore,  using 
the  second  gate  control  means  capable  of  delaying  a 
turn-on  signal,  it  is  possible  to  immediately  turn  off 

55  the  double  gate  semiconductor  device  even  when  an 
abnormality  occurs  at  turning  on,  thereby  preventing 
generation  of  unrestorable  damages.  Furthermore, 
when  the  passing  current  of  the  double  gate  semicon- 
ductor  device  is  monitored  by  the  passing  current  de- 

11 
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termination  means  and  a  turn-off  signal  is  outputted 
according  to  the  value  of  the  passing  current,  the 
double  gate  semiconductor  device  can  be  protected 
earlier  than  other  protective  circuits. 

Thus,  the  control  device  according  to  the  present 
invention  makes  it  possible  to  incorporate  the  advan- 
tageous  double  gate  semiconductor  device  that  can 
be  turned  on  with  a  low  turn-on  resistance  as  with 
MCT  and  turned  off  in  a  short  time  as  with  IGBT  in 
power  converter  apparatus  and  the  like  as  prior  art 
IGBT.  And,  it  is  a  control  device  that  can  prevent  the 
double  gate  semiconductor  device  from  being  dam- 
aged.  Therefore,  with  the  present  control  device,  it  is 
possible  to  widely  apply  double  gate  semiconductor 
devices  which  are  power  devices  with  reduced 
switching  loss  also  in  high-frequency  applications. 

By  forming  the  timer  delay  means  of  the  first  gate 
control  means  using  the  first  and  second  time  con- 
stant  determination  units,  it  is  possible  to  vary  the 
turn-off  delay  time  in  abnormal  and  normal  operation 
conditions.  Therefore,  in  the  abnormal  operation  con- 
dition,  the  turn-off  delay  time  can  be  reduced  to  pre- 
vent  the  double  gate  semiconductor  device  from  ex- 
ceeding  the  heat  resistance  limit  and  leading  to  break- 
down,  thereby  achieving  a  reliable  control  device. 

Furthermore,  by  providing  the  rectification 
means,  the  generation  of  an  inhibited  mode  where  the 
potential  of  the  second  gate  electrode  is  higher  than 
the  first  gate  electrode  can  be  prevented  in  all  cases, 
thereby  preventing  an  uncontrollable  malfunction  and 
improving  the  reliability.  In  particular,  using  the  poly- 
silicon-based  diode,  rectification  means  can  be  pro- 
vided  in  the  double  gate  semiconductordevice  itself. 
This  prevents  the  generation  of  dangers  such  as 
latch-up  due  to  unforeseeable  causes  such  as  static 
charges  even  when  the  double  gate  semiconductor 
device  is  handled  alone,  and  the  control  device  can 
be  formed  compact. 

The  present  invention  has  been  described  in  de- 
tail  with  respect  to  preferred  embodiments,  and  it  will 
now  be  apparent  from  the  foregoing  to  those  skilled 
in  the  art  that  changes  and  modifications  may  be 
made  without  departing  from  the  invention  in  its 
broader  aspects,  and  it  is  the  intention,  therefore,  in 
the  appended  claims  to  cover  all  such  changes  and 
modifications  as  fall  within  the  true  spirit  of  the  inven- 
tion. 

Claims 

1  .  Acontrol  device  for  controlling  a  double  gate  sem- 
iconductordevice  having  a  second  gate  electrode 
capable  of  controlling  the  transition  from  a  thyris- 
tor  operation  to  a  transistor  operation,  and  a  first 
gate  electrode  capable  of  controlling  the  transi- 
tion  from  the  transistor  operation  to  an  ON/OFF 
operation,  and  capable  of  controlling  a  passing 

current  from  a  collector  electrode  to  an  emitter 
electrode,  characterized  by  comprising; 

first  gate  control  means  for  delaying  a 
5  turn-off  signal  to  said  double  gate  semiconductor 

device  and  applying  the  turn-off  signal  to  said 
first  gate  electrode. 

2.  The  control  device  for  controlling  a  double  gate 
10  semiconductordevice  as  claimed  in  claim  1  ,  char- 

acterized  in  that; 
said  first  gate  control  means  is  timer  delay 

means  for  delaying  a  turn-off  signal  for  a  prede- 
termined  time  and  applying  the  turn-off  signal  to 

15  said  first  gate  electrode. 

3.  The  control  device  for  controlling  a  double  gate 
semiconductordevice  as  claimed  in  claim  1  ,  char- 
acterized  in  that: 

20  said  first  gate  control  means  is  operation 
determination  delay  means,  comprising; 

an  operation  determination  circuit  part  for 
determining  an  operating  voltage  applied  to  said 
collector  electrode,  and 

25  a  turn-off  signal  application  circuit  part  for 
applying  the  turn-off  signal  to  said  first  gate  elec- 
trode  according  to  a  determination  result  of  said 
operation  determination  circuit  part. 

30  4.  Acontroldeviceforcontrollingadoublegatesem- 
iconductor  device  having  a  second  gate  electrode 
capable  of  controlling  the  transition  from  a  thyris- 
tor  operation  to  a  transistor  operation,  and  a  first 
gate  electrode  capable  of  controlling  the  transi- 

35  tion  from  the  transistor  operation  to  an  ON/OFF 
operation,  and  capable  of  controlling  a  passing 
current  from  a  collector  electrode  to  an  emitter 
electrode,  characterized  by  comprising; 

second  gate  control  means  for  delaying  a 
40  turn-on  signal  to  said  double  gate  semiconductor 

device  and  applying  the  turn-on  signal  to  said 
second  gate  electrode. 

5.  The  control  device  for  controlling  a  double  gate 
45  semiconductordevice  as  claimed  in  claim  4,  char- 

acterized  in  that; 
said  second  gate  control  means  is  abnor- 

mality  detection  delay  means,  comprising; 
a  current  determination  circuit  part  capa- 

50  ble  of  determining  the  value  of  the  passing  cur- 
rent, 

a  turn-on  signal  application  circuit  part  for 
applying  the  turn-on  signal  to  said  second  gate 
electrode  according  to  a  determination  result  of 

55  said  current  determination  circuit  part,  and 
a  turn-off  signal  application  circuit  part  for 

applying  a  turn-off  signal  to  said  first  gate  elec- 
trode  according  to  a  determination  result  of  said 
current  determination  circuit  part. 

12 
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6.  The  control  device  for  controlling  a  double  gate 
semiconductordevice  as  claimed  in  claim  5,  char- 
acterized  in  that; 

said  current  determination  circuit  part  is  a 
voltage  determination  circuit  part  capable  of  de- 
termining  an  operating  voltage  applied  to  said 
collector  electrode. 

7.  Acontrol  device  for  controlling  a  double  gate  sem- 
iconductordevice  having  a  second  gate  electrode 
capable  of  controlling  the  transition  from  a  thyris- 
tor  operation  to  a  transistor  operation,  and  a  first 
gate  electrode  capable  of  controlling  the  transi- 
tion  from  the  transistor  operation  to  an  ON/OFF 
operation,  and  capable  of  controlling  a  passing 
current  from  a  collector  electrode  to  an  emitter 
electrode,  characterized  by  comprising; 

passing  current  determination  means  ca- 
pable  of  determining  the  passing  current,  and 

turn-off  signal  output  means  capable  of 
outputting  a  turn-off  signal  according  to  a  deter- 
mination  result  of  said  passing  current  determi- 
nation  means. 

8.  Acontrol  device  for  controlling  a  double  gate  sem- 
iconductordevice  having  a  second  gate  electrode 
capable  of  controlling  the  transition  from  a  thyris- 
tor  operation  to  a  transistor  operation,  and  a  first 
gate  electrode  capable  of  controlling  the  transi- 
tion  from  the  transistor  operation  to  an  ON/OFF 
operation,  and  capable  of  controlling  a  passing 
current  from  a  collector  electrode  to  an  emitter 
electrode,  characterized  by  comprising: 

first  gate  control  means  for  delaying  a 
turn-off  signal  to  said  double  gate  semiconductor 
device  and  applying  the  turn-off  signal  to  said 
first  gate  electrode,  and 

second  gate  control  means  for  delaying  a 
turn-on  signal  to  said  double  gate  semiconductor 
device  and  applying  the  signal  to  said  second 
gate  electrode; 

wherein,  said  second  gate  control  means 
is  abnormality  detection  delay  means  compris- 
ing, 

a  current  determination  circuit  part  capa- 
ble  of  determining  the  value  of  the  passing  cur- 
rent, 

a  turn-on  signal  application  circuit  part  for 
applying  the  turn-on  signal  to  said  second  gate 
electrode  according  to  a  determination  result  of 
said  current  determination  circuit  part,  and 

a  turn-off  signal  application  circuit  part  for 
applying  a  turn-off  signal  to  said  first  gate  control 
means  according  to  a  determination  result  of  said 
current  determination  circuit  part. 

9.  The  control  device  for  controlling  a  double  gate 
semiconductordevice  as  claimed  in  claim  8,  char- 

acterized  in  that; 
said  current  determination  circuit  part  is  a 

voltage  determination  circuit  part  capable  of  de- 
5  termining  an  operating  voltage  applied  to  said 

collector  electrode. 

10.  The  control  device  for  controlling  a  double  gate 
semiconductor  device  as  claimed  in  claim  8  or 

10  claim  9,  characterized  in  that; 
said  first  gate  control  means  is  timer  delay 

means  for  delaying  a  turn-off  signal  for  a  prede- 
termined  time  and  applying  the  signal  to  said  first 
gate,  said  timer  delay  means  comprises  first  and 

15  second  time  constant  determination  parts  con- 
nected  in  series,  and 

a  turn-off  signal  from  said  turn-off  signal 
application  circuit  part  is  applied  to  said  second 
time  constant  determination  part. 

20 
11.  The  control  device  for  controlling  a  double  gate 

semiconductor  device  as  claimed  in  claim  10, 
characterized  in  that; 

said  first  time  constant  determination  part 
25  is  first  resistor  means  constituting  said  timer  de- 

lay  means,  and 
said  second  time  constant  determination 

part  is  second  resistor  means  constituting  said 
timer  delay  means. 

30 
12.  The  control  device  for  controlling  a  double  gate 

semiconductor  device  as  claimed  in  claim  10, 
characterized  in  that; 

said  first  time  constant  determination  part 
35  is  a  first  capacitor  constituting  said  timer  delay 

means,  and 
said  second  time  constant  determination 

part  is  a  second  capacitor  constituting  said  timer 
delay  means. 

40 
13.  The  control  device  for  controlling  a  double  gate 

semiconductor  device  as  claimed  in  any  one  of 
claims  8  to  12,  characterized  in  that  further  com- 
prises; 

45  rectification  means  capable  of  passing  a 
current  only  in  a  direction  from  said  second  gate 
electrode  to  said  first  gate  electrode. 

14.  The  control  device  for  controlling  a  double  gate 
so  semiconductor  device  as  claimed  in  claim  13, 

characterized  in  that; 
said  first  gate  electrode,  said  second  elec- 

trode,  and  said  rectification  means  comprise 
polycrystalline  silicon  formed  on  the  surface  of 

55  said  double  gate  semiconductor  device. 

15.  The  control  device  for  controlling  a  double  gate 
semiconductor  device  as  claimed  in  claim  14, 
characterized  in  that; 

13 
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said  first  gate  electrode  is  of  an  n"  type, 
said  second  gate  electrode  is  of  a  p"  type, 
said  rectification  means  has  a  pn  junction, 

the  n"  type  portion  of  said  rectification  means  is  5 
connected  to  said  first  gate  electrode,  and  the 
p"  type  portion  of  said  rectification  means  is  con- 
nected  to  said  second  gate  electrode. 

16.  The  control  device  for  controlling  a  double  gate  10 
semiconductor  device  as  claimed  in  claim  14, 
characterized  in  that; 

said  rectification  means  has  a  pn  junction, 
the  n"  type  portion  of  said  rectification  means  is 
connected  to  said  first  gate  electrode  with  an  alu-  15 
minum  deposition  wiring,  and  the  p"  type  portion 
of  said  rectification  means  is  connected  to  said 
second  gate  electrode  with  an  aluminum  depos- 
ition  wiring. 
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