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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  hybrid  power 
switching  semiconductor  devices  which  advanta- 
geously  integrate  an  insulated-gate  transistor  (IGT), 
sometimes  referred  to  in  the  past  as  an  insulated- 
gate  rectifier  (IGR),  and  a  power  metal-oxide-semi- 
conductor  field-effect  transistor  (MOSFET).  (A 
MOSFET  may  more  generically  be  termed  an 
insulated-gate  field-effect  transistor  (IGFET),  and 
the  two  terms,  MOSFET  and  IGFET,  are  employed 
interchangeably  herein.) 

Various  types  of  three-terminal  power  switching 
semiconductor  devices  are  known.  The  various  de- 
vice  types  in  many  cases  have  different  operating 
characteristics  and  are  suitable  for  various  different 
specific  circuit  applications.  In  efforts  to  advanta- 
geously  combine  their  differing  characteristics,  cir- 
cuits  have  been  proposed  which  include  two  dis- 
crete  devices  of  different  types,  typically  connected 
in  parallel.  As  a  convenient  embodiment  of  such 
circuits,  hybrid  devices  which  integrate  two  dif- 
ference  device  structures  on  a  single  semiconduc- 
tor  chip  have  also  been  proposed. 

By  way  of  pertinent  example,  an  integrated 
MOSFET  and  bipolar  junction  transistor  (BJT) 
switching  device  is  disclosed  in  the  following  litera- 
ture  reference:  N.  Zommer,  "The  Monolithic  HV 
BIPOS",  paper  number  11.5,  IEDM  1981,  pages 
263-266.  The  device  described  by  Zommer 
achieves  in  a  single  structure  the  relatively  lower 
conduction  losses  of  the  bipolar  junction  transistor 
and  the  relatively  higher  speed  and  lower  energy 
drive  characteristics  of  a  MOSFET.  However,  the 
integrated  MOSFET  and  bipolar  junction  transistor 
device  described  by  Zommer  requires  two  differ- 
ent,  yet  synchronized,  gate  signals  for  the  two 
parts  of  the  device.  Specifically,  the  MOSFET  re- 
quires  a  voltage  drive  source  for  its  gate  and  the 
bipolar  junction  transistor  requires  a  current  drive 
source  for  its  base.  Thus,  the  device  is  actually  a 
four-terminal  switching  device  requiring  specialized 
gate  drive  signals.  Additionally,  different  processing 
steps  are  typically  employed  for  MOSFETs  and 
bipolar  junction  transistors,  so  that  fabricating  a 
bipolar  junction  transistor  and  a  MOSFET  on  the 
same  chip  is  more  difficult  than  fabricating  either 
device  alone. 

To  aid  in  understanding  the  present  invention, 
it  is  helpful  to  review  the  structures  and  char- 
acteristics  of  power  MOSFETs  and  IGTs,  both  of 
which  are  three-terminal  semiconductor  devices. 
MOSFETs  are  capable  of  relatively  high-speed 
switching,  but  exhibit  relatively  low  conductivity. 
IGTs  exhibit  relatively  high  conductivity  (in  the  or- 
der  of  five  times  greater  than  bipolar  junction  tran- 

sistors  and  twenty  times  greater  than  power  MOS- 
FETs),  fast  turn-on  and  the  ability  to  withstand  high 
time  rate  of  change  of  current  (di/dt)  during  turn-on, 
but  relatively  slow  turn-off  switching  speed  which 

5  restricts  maximum  operating  frequency  and  can 
result  in  "current  tailing",  a  condition  in  which  the 
device  is  momentarily  subjected  to  high  current 
and  high  voltage  simultaneously,  with  attendant 
high  device  power  dissipation. 

io  A  typical  N-channel  power  MOSFET  includes 
an  N  +  (or  highly-doped  N  conductivity  type) 
source  region  and  an  N-  (or  high  resistivity  N 
conductivity  type)  drift  or  drain  region  separated 
from  each  other  by  a  P  base  region  having  a 

75  channel  surface.  An  insulated-gate  electrode,  typi- 
cally  formed  of  polysilicon,  is  disposed  over  the 
channel  surface.  In  operation,  application  of  a  suffi- 
ciently  large  positive  gate  electrode  bias  (with  ref- 
erence  to  the  source  region)  results  in  formation  of 

20  an  N  conductivity  type  inversion  layer  in  the  P 
base  region  just  below  the  channel  surface.  The 
inversion  layer  thus  comprises  an  induced  channel 
allowing  conduction  of  electrical  current  between 
the  source  and  drain.  Examples  of  such  devices 

25  are  disclosed  in  U.S.-A-  4,072,975,  and  in  U.S.-A- 
4,145,703,  to  which  reference  may  be  had  for  fur- 
ther  details. 

MOSFETs  are  primarily  unipolar  conduction 
devices  wherein  primarily  majority  carrier  (e.g. 

30  electron)  current  flows  between  source  and  drain. 
Excess  charge  carriers  (electrons  and  holes)  do  not 
accumulate  in  the  N  drift  region,  permitting  rela- 
tively  rapid  device  turn-off.  Thus,  power  MOSFETs 
are  capable  of  relatively  high  switching  speeds,  in 

35  excess  of  100  MHz.  Because  current  flow  is  limited 
by  the  majority  carrier  (electron)  concentration  in 
the  N  conductivity  type  induced  channel  and  N 
conductivity  type  drift  regions,  the  power  MOSFET 
exhibits  relatively  high  on-resistance.  In  MOSFETs 

40  designed  for  operation  at  greater  than  100  volts, 
the  resistance  of  the  drift  region  becomes  large 
because  the  majority  carrier  concentration  in  the 
drift  region  must  be  small  and  the  drift  region  width 
must  be  large  in  order  to  support  the  device  bloc- 

45  king  voltages. 
An  IGT  employs  an  insulated  gate  for  control- 

ling  current  flow  between  its  main  terminals,  i.e., 
between  its  collector  and  emitter  terminals.  The 
gate  and  conduction  channel  of  an  IGT  are  struc- 

50  turally  similar  to  corresponding  elements  of  a 
MOSFET.  Various  forms  of  IGT  devices  are  dis- 
closed  in  DE-A-  31  47  075  by  B.J.  Baliga  entitled 
"GATE  ENCHANCED  RECTIFIER".  (It  may  be 
noted  that  a  "Gate  Enchanced  Rectifier",  or 

55  "GERECT",  is  alternatively  referred  to  herein  as  an 
"insulated-gate  transistor",  or  "IGT".  The  two  terms 
"GERECT"  and  "IGT"  are  intended  to  mean  the 
same  device.). 
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Previously-disclosed  IGTs  differ  from  vertical 
channel  MOSFETs  in  that,  in  an  N-channel  IGT,  a 
P+  collector  region,  not  found  in  an  N-channel 
MOSFET,  is  included,  resulting  in  a  four-layer,  i.e., 
PNPN,  device.  Moreover,  an  IGT  has  relatively  high 
di/dt  capability,  and  much  higher  conductivity  than 
a  MOSFET.  During  forward  conduction  the  P  + 
collector  region  of  an  IGT  injects  minority  carriers 
(e.g.  holes)  into  the  N  conductivity  type  base  re- 
gion  corresponding  to  the  drift  region  of  a  MOS- 
FET.  In  the  IGT,  however,  holes  introduced  into  the 
N-  base  region  from  the  IGT  collector  region  re- 
combine  with  electrons  introduced  from  the  IGT 
emitter,  increasing  device  conductivity  compared  to 
a  MOSFET. 

The  IGT  does  not  turn  off  in  an  ideal  manner 
when  gate  drive  is  removed,  since  excess  majority 
carriers,  e.g.  electrons,  tend  to  become  trapped  in 
the  N-base  region,  so  that  the  IGT  continues  con- 
ducting  until  the  excess  electrons  are  removed. 
Thus,  while  the  IGT  is  turning  off,  high  voltage  and 
high  current  may  occur  simultaneously,  resulting  in 
high  power  dissipation  in  the  device.  While  there 
are  measures  which  may  be  taken  to  accelerate 
device  turn-off  and  thus  reduce  turn-off  power  dis- 
sipation,  in  an  IGT,  such  as  providing  emitter-to- 
base  electrical  shorts  or  by  introducing  recom- 
bination  centers  in  the  N  base  region  to  trap  ex- 
cess  electrons,  the  present  invention  is  concerned 
with  alternative  ways  of  avoiding  high  power  dis- 
sipation  during  the  IGT  turn-off. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  primary  object  of  the  inven- 
tion  to  provide  combination  semiconductor  switch- 
ing  devices  which  have  only  three-terminals,  in- 
cluding  a  single  high  input  impedance  gate  drive 
terminal. 

It  is  another  object  of  the  invention  to  provide  a 
power  switching  semiconductor  device  having  low 
steady  state  losses  and  low  switching  losses  when 
operated  at  relatively  low  switching  frequencies, 
and  which  is  capable  of  relatively  high  speed 
switching. 

It  is  yet  another  object  of  the  invention  to 
provide  integrated  power  switching  semiconductor 
devices  including  two  different  semiconductor  de- 
vice  structures  which  may  readily  be  fabricated 
simultaneously. 

In  accordance  with  the  invention,  an  intergrated 
power  switching  semiconductor  device  as  defined 
as  in  claim  1.  In  particular,  comprises  an  IGT 
structure  and  a  MOSFET  structure  (or,  more  ge- 
nerically,  an  IGFET  structure)  integrated  within  a 
single  semiconductor  device.  The  IGT  and  MOS- 
FET  portions  of  the  overall  device  include  respec- 
tive  gate  structures,  and  the  hybrid  device  includes 

a  resistance  element  connected  between  the  IGT 
and  the  MOSFET  gates.  Only  a  single  device  gate 
terminal  is  provided,  near  either  the  IGT  or  MOS- 
FET  gate.  Electrical  connection  is  made  to  the 

5  other  gate  terminal  indirectly  through  the  resistance 
element. 

In  accordance  with  the  invention,  two  different 
types  of  power  switching  functions  are  achieved 
depending  upon  whether  the  device  gate  terminal 

io  is  connected  nearer  the  IGT  gate  or  MOSFET  gate. 
In  either  event,  only  one  gating  signal  need  be 
provided,  and  characteristics  of  the  two  devices  are 
advantageously  combined. 

Preferably,  polysilicon  gate  electrode  structures 
is  are  employed,  the  fabrication  technology  for  which 

is  well  developed  in  the  context  of  power  MOS- 
FETs.  The  insulated  polysilicon  gate  electrode 
structure  for  the  IGT  and  the  insulated  polysilicon 
gate  electrode  structure  for  the  MOSFET  are  fab- 

20  ricated  simultaneously  and  are  coplanar.  The  resis- 
tance  element  comprises  in  a  preferred  form  a 
bridge  of  polysilicon  joining  the  two  polysilicon 
insulated-gate  electrode  structures,  fabricated  at 
the  same  time  as  the  gate  electrode  structures. 

25  In  a  first  particular  embodiment,  the  device 
gate  electrode  connection  is  made  most  directly  to 
the  IGT  gate,  and  electrode  connection  to  the 
MOSFET  gate  is  made  indirectly  through  the  resis- 
tance  element.  The  resultant  device  has  relatively 

30  low  steady  state  and  switching  losses.  An  exem- 
plary  use  is  in  motor  drive  circuits,  which  typically 
operate  at  relatively  low  switching  frequencies,  i.e., 
not  exceeding  20  kHz.  In  particular,  when  a  gating 
signal  occurs,  the  IGT  begins  conducting  first,  and 

35  the  relatively  high  di/dt  and  rapid  turn-on  capabil- 
ities  of  the  IGT  are  utilized.  Thus,  the  turn-on 
switching  losses  are  relatively  low.  Due  to  the  re- 
sistance  element  in  series  with  the  MOSFET,  com- 
bined  with  the  MOSFET  gate  electrode  capaci- 

40  tance,  the  MOSFET  turns  on  after  the  IGT.  Once 
the  overall  device  is  on,  steady  state  loss  is  low 
due  to  the  superior  forward  current  conductivity  of 
the  IGT. 

When  the  gating  signal  is  removed,  the  IGT 
45  again  is  the  first  device  to  switch,  and  thus  turns  off 

first.  However,  during  the  "current  tailing"  of  the 
IGT,  the  IGFET  portion  of  the  device  remains  on, 
keeping  the  voltage  across  the  overall  device  low 
to  minimize  device  power  dissipation.  Thereafter, 

50  the  overall  device  is  not  subjected  simultaneously 
to  high  voltage  and  high  current,  and  the  IGFET 
turns  off  with  minimal  switching  losses. 

In  a  second  particular  embodiment,  the  device 
gate  terminal  is  connected  most  directly  to  the 

55  MOSFET  gate  electrode,  with  electrical  connection 
being  made  to  the  IGT  gate  electrode  only  in- 
directly  through  the  resistance  element.  This  con- 
figuration  results  in  low  power  losses  during  low 

3 
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frequency  switching,  while  maintaining  high  speed 
switching  capability.  For  example,  in  one  particular 
circuit  for  operating  a  gaseous  discharge  lamp,  the 
lamp  is  initially  started  with  a  switching  frequency 
of  120  Hz.  Thereafter,  when  the  lamp  begins 
steady-state  operation,  an  arc  mode  is  initiated  in 
which  100  kHz  switching  occurs. 

In  this  second  particular  embodiment,  at  low 
operating  frequencies  there  is  sufficient  time  to 
charge  the  gate  capacitance  of  the  IGT  during  each 
cycle  and  thus  to  gate  the  IGT  into  conduction 
during  each  cycle  even  through  the  series  gate 
resistance.  Although  the  MOSFET  conducts  first, 
the  low  conduction  loss  of  the  IGT  keeps  the 
overall  power  losses  low.  At  higher  frequencies, 
switching  is  accomplished  solely  by  the  MOSFET, 
leaving  the  IGT  with  insufficient  time  to  begin  con- 
ducting  due  to  the  RC  time  delay  introduced  by  the 
resistance  element  and  the  IGT  gate  capacitance. 
Thus,  high  speed  MOSFET  switching  proceeds 
without  interference  from  the  IGT. 

These  two  particular  embodiments  are  quite 
similar  in  overall  structure,  differing  only  in  place- 
ment  of  the  gate  contact.  In  either  embodiment,  the 
device  comprises  a  pair  of  device  main  terminals. 
The  IGT  structure  further  includes  collector  and 
emitter  terminal  regions  connected  to  the  device 
main  terminals.  The  IGT  gate  controls  conduction 
between  the  collector  and  emitter  terminal  regions. 
The  IGFET  structure  further  includes  drain  and 
source  terminal  regions  also  connected  to  the  de- 
vice  main  terminals.  The  IGFET  gate  controls  con- 
duction  between  the  drain  and  source  terminal  re- 
gions. 

For  providing  both  IGT  and  IGFET  structures 
within  the  same  semiconductor  body  and  within  the 
same  active  device  area,  the  techniques  disclosed 
in  EP-A-  0  118  007  (falling  under  article  54  (3) 
EPC)  may  be  employed.  In  one  specific  technique 
described  and  claimed  therein,  an  N  +  conductivity 
type  buried  layer  is  included  in  the  IGFET  portion 
of  the  device  only,  and  serves  to  avoid  bipolar 
action  and  thus  maintain  IGFET  characteristics. 

In  the  present  invention,  an  integrated  power 
switching  semiconductor  device  comprises  a  body 
of  semiconductor  material  including  both  an  IGT 
part  and  an  IGFET  part.  The  body  has  first  and 
second  (e.g.  lower  and  upper)  opposed  principal 
surfaces  on  opposite  sides.  The  body  includes  a 
first  base  layer  of  one  conductivity  type,  for  exam- 
ple,  an  N-  base  (lightly-doped  to  N  conductivity, 
type),  common  to  both  the  IGT  part  and  the  IGFET 
part.  The  body  also  includes  a  first  main  terminal 
region,  common  to  both  the  IGT  and  IGFET  part, 
extending  to  the  device  first  principal  surface  where 
it  contacts  collector  electrode  metallization. 

At  least  a  portion  of  the  first  main  terminal 
region  is  heavily  doped  to  the  opposite  conductivity 

type  to  serve  as  a  P  +  IGT  collector  and  defines  a 
PN  junction  with  the  N-  first  base  layer  within  the 
IGT  portion.  The  first  base  layer  and  the  first  main 
terminal  region  also  include  a  structure  for  avoiding 

5  bipolar  conduction  within  the  IGFET  portion.  Prefer- 
ably,  the  entire  first  main  terminal  region  is  of  P  + 
conductivity  type,  and  for  avoiding  bipolar  conduc- 
tion  within  the  IGFET  portion  there  is  a  buried  layer 
heavily  doped  to  the  one  conductivity  type,  e.g.,  an 

io  N  +  region,  between  the  first  base  layer  and  the 
first  main  terminal  region.  This  N  +  buried  layer  is 
included  only  in  the  IGFET  portion  of  the  device. 

Also  included  in  the  semiconductor  body  is  a 
second  base  region  of  the  opposite  conductivity 

is  type,  e.g.  a  P  region,  having  at  least  two  portions 
embedded  in  the  first  base  layer.  One  portion  of 
the  P  base  region  is  included  in  the  IGT  portion  of 
the  device,  and  another  portion  of  the  P  base 
region  is  included  in  the  IGFET  portion  of  the 

20  device. 
The  body  also  includes  in  a  second  main  ter- 

minal  region  first  and  second  portions  of  the  one 
conductivity  type,  e.g.,  an  IGT  N  +  emitter  region 
and  an  IGFET  N+  source  region.  The  IGT  N  + 

25  emitter  region  is  included  in  the  device  IGT  portion 
contiguous  with  the  one  portion  of  the  second  base 
region,  and  the  IGFET  N  +  source  region  is  in- 
cluded  in  the  device  IGFET  portion  contiguous  with 
the  other  portion  of  the  second  base  region. 

30  For  supporting  device  conduction,  there  are 
IGT  and  IGFET  channel  portions.  More  specifically, 
the  IGT  channel  portion  is  included  within  the  IGT 
portion  of  the  second  base  region  and  extends  into 
the  second  base  region  from  the  surface  of  the 

35  body.  The  N  +  IGT  emitter  region  and  the  N-  first 
base  layer  are  spaced  to  define  the  extent  of  the 
IGT  channel  portion  therebetwen. 

In  similar  fashion,  the  IGFET  channel  portion  is 
included  in  the  IGFET  portion  of  the  second  base 

40  region  and  extends  into  the  second  base  region 
from  the  surface  of  the  body.  The  IGFET  N-  source 
region  and  the  N-  first  base  layer  are  spaced  to 
define  the  extent  of  the  second  channel  portion 
therebetween. 

45  IGT  and  IGFET  insulated-gate  electrodes,  such 
as  of  polysilicon,  are  respectively  disposed  over 
the  IGT  and  IGFET  channel  portions  so  that,  when 
the  gate  voltage  is  applied  to  the  gate  electrodes, 
conduction  channels  of  the  one  conductivity  type, 

50  extending  between  the  IGT  emitter  and  IGFET 
source  portions  of  the  second  main  terminal  region 
and  respective  portions  of  the  N-  first  base  layer, 
are  induced  in  the  respective  channel  portions. 

Finally,  a  resistance  element  comprising  a 
55  bridge  of  polysilicon  joining  the  two  polysilicon 

gate  electrodes  is  formed,  preferably  at  the  same 
time  as  the  gate  electrodes.  A  device  gate  terminal 
is  connected  relatively  directly  to  one  of  the  poly- 

4 
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silicon  gate  electrodes,  and  indirectly  through  the 
resistance  element  to  the  other  polysilicon  gate 
electrode. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

While  the  novel  features  of  the  invention  are 
set  forth  with  particularity  in  the  appended  claims, 
the  invention  both  as  to  organization  and  content, 
will  be  better  understood  and  appreciated  from  the 
following  detailed  description  taken  in  conjunction 
with  the  drawings,  in  which: 

FIG.  1  is  a  sectional  side  view  of  an  integrated 
power  switching  semiconductor  device  in  accor- 
dance  with  the  invention; 
FIG.  2  is  an  equivalent  electrical  schematic  cir- 
cuit  diagram  of  the  device  of  FIG.  1,  depicting 
alternative  device  gate  connection  terminals; 
FIG.  3  is  an  equivalent  electrical  schematic  cir- 
cuit  diagram  comparable  to  FIG.  2,  but  of  an 
integrated  power  switching  device  wherein  the 
device  gate  terminal  is  connected  relatively 
nearer  the  IGT  gate; 
FIG.  4  is  a  plot  as  a  function  of  time  of  ON  and 
OFF  switching  waveforms  illustrating  operation 
of  the  circuit  of  FIG.  3  when  the  integrated 
power  switching  semiconductor  device  gate  ter- 
minal  is  connected  relatively  nearer  the  IGT 
gate; 
FIG.  5  is  an  equivalent  electrical  schematic  cir- 
cuit  diagram  comparable  to  FIG.  2  but  of  an 
integrated  power  switching  device  wherein  the 
device  gate  terminal  is  connected  relatively 
nearer  the  IGFET  gate;  and 
FIG.  6  is  a  plot  as  a  function  of  time  of  ON  and 
OFF  switching  waveforms  for  both  low  and  high 
frequencies  illustrating  operation  of  the  circuit  of 
FIG.  5  when  the  integrated  power  switching 
semiconductor  device  terminal  is  connected  rel- 
atively  near  the  IGFET  gate. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  first  to  FIG.1,  an  integrated  power 
switching  semiconductor  device,  generally  desig- 
nated  10,  is  depicted  schematically.  Device  10,  for 
purposes  of  example,  is  shown  as  a  vertical-chan- 
nel  device  fabricated  by  double-diffused  metal- 
oxide-semiconductor  (DMOS)  technology.  It  will  be 
appreciated,  however,  that  other  forms  of  the  de- 
vice  may  be  fabricated,  for  example,  by  employing 
"V"-groove  MOS  (VMOS)  technology.  Further  de- 
scriptions  of  DMOS  and  VMOS  structures  may  be 
found  in  S.M.  Sze,  Physics  of  Semiconductor  De- 
vices,  second  edition,  New  York:  John  Wiley  & 
Sons,  Inc.,  (1981),  pages  489-90  and  494-95;  and 
in  the  above-identified  U.S.-A-  4,072,975  and 

4,145,703. 
Device  10  includes,  on  the  same  semiconduc- 

tor  chip,  an  IGT  portion  12,  and  a  MOSFET  portion 
14,  which  may  be  more  generically  described  as 

5  an  IGFET  portion.  The  particular  geometry  of  de- 
vice  10  of  FIG.  1  is  representative  only,  as  a  variety 
of  different  device  geometries  may  be  employed, 
such  as  various  annular  ring  geometries  and  var- 
ious  interdigitated  structures. 

io  Structurally,  device  10  comprises  a  body  16  of 
semiconductor  material,  such  as  silicon,  having 
lower  and  upper  principal  surfaces  18  and  20  on 
opposite  sides  of  the  body.  Between  principal  sur- 
faces  18  and  20,  device  10  includes  separate  IGT 

is  and  MOSFET  parts  12  and  14,  respectively. 
Body  16  includes  a  first  base  layer  22  of  one 

conductivity  type,  for  example,  an  N-  base  layer, 
common  to  both  the  IGT  part  12  and  MOSFET  part 
14.  Body  16  additionally  includes  a  first  main  termi- 

20  nal  region  28  common  to  both  the  IGT  part  12  and 
MOSFET  part  14.  The  first  main  terminal  region  28 
is  heavily  doped  to  the  opposite  conductivity  type 
(P  +  ).  Region  28  extends  to  the  lower  principal 
surface  18  in  ohmic  contact  with  anode/drain  elec- 

25  trade  metallization  30,  which,  in  turn,  comprises 
one  of  two  device  main  terminals. 

Within  IGT  part  12,  the  P+  terminal  region 
layer  28  is  contiguous  with  the  N-  first  base  layer 
22  at  an  interface  32,  and  a  portion  34  of  the 

30  terminal  region  layer  28  comprises  an  IGT  collec- 
tor.  During  forward  conduction  in  the  ICT  part  12  of 
the  device,  holes  are  injected  from  the  P+  collec- 
tor  region  portion  34  into  the  N-  first  base  region 
22.  In  a  bipolar  conduction  mode,  these  holes 

35  recombine  within  the  N-  base  region  with  electrons. 
In  order  to  avoid  bipolar  conduction  in  first 

base  region  22  within  MOSFET  part  14  of  the 
device,  the  P  +  first  main  terminal  region  28  is  not 
contiguous  with  the  N-base  22  within  part  14.  Rath- 

40  er,  a  heavily-doped  buried  layer  36  of  the  one 
conductivity  type  (N  +  )  is  included  within  part  14  of 
body  16  between  N-  first  base  layer  22  and  P  + 
terminal  region  28.  During  device  operation,  N  + 
buried  layer  36  prevents  injection  of  holes  from  P  + 

45  electrode  region  28  into  N-  first  base  layer  22 
within  MOSFET  part  14,  thereby  preventing  accu- 
mulation  of  excess  charge  carriers  in  this  portion  of 
N-  base  layer  22  and  preserving  its  character  as  a 
MOSFET  N-  drift  region.  This  technique,  as  well  as 

50  an  alternative  technique,  are  described  in  greater 
detail  in  the  above-identified  EP-A-  0  118  007. 

Since  both  the  P  +  terminal  region  28  and  N  + 
buried  layer  36  are  heavily  doped,  the  junction  at 
their  interface  38  is  essentially  a  tunnel  junction 

55  across  which  conduction  readily  occurs  by  means 
of  a  tunneling  mechanism  as  is  well  known  in  the 
art.  The  connection  is,  therefore,  essentially  ohmic. 

Buried  layer  36  can  be  formed  by  employing 

5 
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conventional  techniques.  For  example,  a  typical 
fabrication  process  begins  with  P  +  terminal  region 
layer  28  as  a  substrate.  Appropriate  impurities,  i.e. 
dopant  atoms,  are  introduced  through  a  suitable 
mask  (not  shown)  to  define  the  location  of  buried 
layer  36.  Thereafter,  the  mask  is  removed  and  N- 
first  base  layer  22  is  epitaxially  grown  over  P  + 
substrate  28.  Buried  layer  36  extends  slightly  up 
into  N-  base  layer  22  due  to  diffusion  during  vapor 
phase  epitaxial  grown  and  subsequent  device  pro- 
cessing. 

Although  not  specifically  illustrated  herein,  as 
an  alternative  to  fabricating  N  +  buried  layer  36  to 
avoid  bipolar  conduction  in  the  MOSFET  portion  14 
of  the  device,  substrate  layer  28  may  be  divided 
into  a  P+  collector  region  34  in  IGT  portion  12  of 
the  device  and  an  N  +  drain  region  in  MOSFET 
portion  14,  employing  a  technique  disclosed  in 
greater  detail  in  the  above-identified  EP-A-  0  118 
007.  This  will  avoid  bipolar  conduction  in  MOSFET 
portion  14  of  the  device.  Fabrication  of  this  alter- 
native  device  structure  requires  that  diffused  re- 
gions  be  formed  at  both  the  upper  and  lower 
principal  surfaces  of  the  device. 

In  overview,  the  remaining  upper  structure  of 
device  10  comprises  an  IGT  emitter  and  polysilicon 
gate  upper  structure,  generally  designated  40,  a 
MOSFET  upper  structure  generally  designated  42, 
and  a  polysilicon  resistance  element,  generally 
designated  RG,  electrically  interconnecting  the  IGT 
and  MOSFET  gates.  In  IGT  upper  structure  40  and 
MOSFET  upper  structure  42,  cells  (or  repeated 
structure)  40'  and  42'  are  typically  repeated  many 
times  in  the  respective  portions  12  and  14  of 
device  10,  but  are  shown  in  reduced  number  for 
ease  of  description.  IGT  upper  emitter  structure  40 
is  substantially  identical  to  MOSFET  upper  struc- 
ture  42  such  that  the  two  structures  40  and  42  can 
be  fabricated  at  the  same  time  employing  precisely 
the  same  fabrication  techniques.  In  addition,  the 
resistance  element  RG  can  be  fabricated  at  the 
same  time,  inasmuch  as  resistance  element  RG  is 
similar  in  structure  to  the  polysilicon  gate  elec- 
trode. 

More  particularly,  device  10  additionally  in- 
cludes  a  second  base  region  45  of  the  opposite 
conductivity  type  (P).  In  the  geometry  depicted,  P 
base  region  45  comprises  portions  46  and  48, 
portion  46  being  part  of  the  IGT  upper  structure  40, 
and  portion  48  being  part  of  the  MOSFET  upper 
structure  42.  P  base  portions  46  and  49  are  em- 
bedded  in  N-  base  layer  22.  In  the  structure  illus- 
trated,  portions  46  and  48  of  P  base  region  45 
comprise  individual  island-like  P  base  regions  re- 
spectively  included  in  the  IGT  and  MOSFET  por- 
tions  of  the  device. 

Included  in  device  10  and  comprising  respec- 
tive  portions  of  upper  structures  40  and  42  in  the 

second  main  terminal  region  are  first  and  second 
portions  50  and  52  of  the  one  conductivity  type 
(N  +  ),  specifically,  emitter  region  50  and  a  heavily- 
doped  N+  MOSFET  source  region  52.  Also  in- 

5  eluded  within  body  16  are  first  and  second  channel 
portions  54  and  56,  which  are  regions  within  P 
base  portions  46  and  48  where  majority  carriers 
(holes)  may  selectively  be  depleted  and  N  con- 
ductivity  type  inversion  regions  formed  as  the  de- 

io  vice  10  is  gated. 
First  channel  portion  54  comprises  the  control- 

lable  conduction  channel  of  an  IGT  and  extends 
into  P  base  portion  46  from  second  (upper)  princi- 
pal  surface  20  of  body  16.  ICT  emitter  region  50 

is  and  N-  base  layer  22  are  spaced  from  each  other 
to  define  the  extent  of  first  channel  portions  54 
therebetween. 

Second  channel  portions  56  are  substantially 
identical  to  first  channel  portions  54,  and  comprise 

20  the  controllable  conduction  channel  of  a  MOSFET. 
Channel  portions  56  extend  into  the  P  base  portion 
48  from  second  (upper)  principal  surface  20  of 
body  16.  N+  source  region  52  and  N-  base  layer 
22  are  spaced  to  define  the  extent  of  second 

25  channel  portion  56  therebetwen. 
Although  in  device  10  of  FIGS.  1,  second 

(upper)  principal  surface  20  of  semiconductor  body 
16  is  planar,  it  will  be  appreciated  that  variations 
are  possible,  such  as  in  a  VMOS  form  of  the 

30  device. 
IGT  insulated-gate  electrodes  70  of  upper 

structure  40  are  disposed  over  channel  54  and 
MOSFET  insulated  gate  electrodes  72  of  source 
and  gate  structure  42  are  disposed  over  channel 

35  56.  Gate  electrodes  70  and  72  are  insulated  from 
the  semiconductor  body  16  by  respective  under- 
lying  (and  encasing)  gate  oxide  layers  74  and  75 
which  may  comprise,  for  example,  silicon  dioxide 
or  silicon  nitride.  Gate  electrodes  70  and  72  prefer- 

40  ably  comprise  highly-doped  polycrystalline  silicon 
of  either  conductivity  type,  as  is  known  in  the  art, 
and  are  configured  for  inducing,  through  an  inver- 
sion  process  when  gate  voltage  is  applied  thereto, 
N  conductivity  type  conduction  channels  in  the 

45  respective  channel  portions  54  or  56  extending 
between  the  respective  N  +  terminal  region  (N  + 
emitter  50  or  N  +  source  52)  and  N-  base  layer  22. 

Polysilicon  gate  electrodes  70  and  72  may  be 
connected  through  appropriate  contact  windows  in 

50  the  insulating  layers  to  respective  gate  electrode 
terminals  or  conductive  pads  Gi  and  G2  (shown 
schematically).  Only  one  of  gate  electrode  termi- 
nals  G1  and  G2  is  energized  for  operation,  either 
gate  electrode  terminal  G1  in  the  IGT  portion  12  of 

55  the  device,  or  gate  electrode  terminal  G2  in  MOS- 
FET  portion  14  of  the  device,  due  to  the  presence 
of  resistance  element  RG. 

Preferably,  resistance  element  RG  comprises  a 

6 
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bridge  of  polysilicon  joining  the  polysilicon  gate 
electrode  structures  70  and  72.  As  will  be  appre- 
ciated  by  those  skilled  in  the  art,  a  gate  electrode 
capacitance  is  associated  with  each  of  electrodes 
70  and  72.  For  instance,  a  gate  electrode  capaci- 
tance  (not  shown)  for  gate  electrode  70  is  formed 
by  the  conductor-insulator-semiconductor  structure 
comprising  gate  electrode  70,  gate  oxide  layer  74 
and  N  +  emitter  region  50.  These  gate  electrode 
capacitances,  in  combination  with  resistance  RG, 
comprise  RC  timing  networks.  These  timing  net- 
works  play  an  important  part  in  operation  of  the 
invention,  as  described  with  reference  to  FIGS.  3-6. 

To  provide  device  10  with  a  second  terminal 
electrode,  upper  electrode  metallization  80  is  dis- 
posed  over  the  encased  polysilicon  gate  electrodes 
70  and  72  in  ohmic  contact  with  N  +  emitter  re- 
gions  50  and  N  +  source  regions  52.  Metallization 
80  preferably  comprises  a  single  layer  of  alumi- 
num,  appropriately  patterned. 

Consistent  with  conventional  requirements  for 
N  +  cathode-to-P  base  shorts  in  IGTs  and  for  N  + 
source-to-P  base  shorts  in  power  MOSFETs,  short- 
ing  extensions  82  and  84  of  the  second  base 
regions  46  and  48,  respectively,  are  provided  and 
are  in  ohmic  contact  with  the  device  emitter  and 
source  metallization  80.  A  common  guard  ring  88 
of  P+  conductivity  type  encircles  both  IGT  part  12 
and  MOSFET  part  14  at  second  principal  surface 
20  of  the  device. 

FIG.  2  is  an  equivalent  electrical  schematic 
diagram  of  the  device  10  of  FIG.  1.  In  FIG.  2,  two 
device  main  terminals,  a  collector/drain  terminal, 
designated  C/D,  and  a  emitter/source  terminal  des- 
ignated  E/S,  are  shown  connected  respectively  to 
the  device  lower  electrode  metallization  18  and 
upper  metallization  80.  For  purposes  of  illustration, 
two  gate  electrode  terminals  G1  and  G2  are  shown, 
although  in  practice  only  one  of  the  terminals  is 
actually  energized,  depending  upon  the  desired 
characteristics  of  the  overall  device.  Different  de- 
vice  characteristics  can  be  realized,  depending 
upon  whether  terminal  G1,  connected  relatively  di- 
rectly  to  IGT  gate  70,  or  terminal  G2,  connected 
relatively  directly  to  MOSFET  gate  72,  is  ener- 
gized. 

As  mentioned  above,  associated  with  each  of 
gates  70  and  72  is  a  gate  electrode  capacitance, 
represented  in  phantom  in  FIG.  2  by  capacitors  90 
and  92.  These  capacitances  cooperate  with  resis- 
tance  RG  to  form  RC  timing  networks.  When  gate 
terminal  G1,  connected  relatively  directly  to  IGT 
gate  electrode  70,  is  energized,  the  gate  signal  to 
MOSFET  gate  electrode  72  is  delayed  by  the  RC 
time  delay  action  of  resistance  RG  and  capacitance 
92.  Conversely,  when  gate  electrode  terminal  G2, 
connected  relatively  directly  to  MOSFET  gate  elec- 
trode  72,  is  employed  as  a  device  gate  terminal, 

the  gate  signal  to  IGT  gate  electrode  70  is  delayed 
with  respect  to  the  MOSFET  gate  signal.  For  pur- 
poses  of  example  only,  a  representative  value  for 
gate  capacitances  90  and  92  is  1000  pf,  and  a 

5  representative  value  for  resistance  RG  is  5000 
ohms. 

FIG.  3  is  an  equivalent  electrical  schematic 
circuit  diagram  for  the  particular  case  where  only 
gate  G1,  connected  relatively  directly  to  the  ICT 

io  gate  electrode  70,  is  employed.  Resistance  RG  is 
then  in  series  with  gate  72  of  the  MOSFET.  The 
resultant  device  exhibits  low  steady-state  and 
switching  losses,  and  is  particularly  adapted  for  use 
in  motor  drive  circuitry. 

is  FIG.  4  depicts  switching  waveforms  for  the 
circuit  of  FIG.  3.  Only  a  single,  low-voltage,  low- 
current  MOS  gate  drive  signal  is  required  for  this 
device.  In  the  upper  plot  of  gate  voltage  as  a 
function  of  time,  IGT  gate  voltage  is  seen  to 

20  change  substantially  instantaneously  with  the  gate 
drive  signal  applied  at  times  ti  and  t2,  and  rapidly 
crosses  the  switching  threshold  voltage  VTH,  while 
the  voltage  on  MOSFET  gate  electrode  72  changes 
relatively  slowly  due  to  the  RC  time  constant. 

25  In  FIG.  4,  at  time  to  the  device  is  assumed  to 
be  initially  ON  with  a  gate  signal  applied.  There- 
after,  at  time  ti  the  gate  voltage  is  brought  to  zero 
(the  potential  of  the  cathode/source  terminal  E/S). 
The  IGT  structure  12  (FIG.  1)  immediately  ceases 

30  conducting  (relative  to  the  low  frequency  em- 
ployed),  while  MOSFET  14  (FIG.  1)  continues  to 
conduct,  at  least  partially,  until  time  t2,  when  its 
gate  bias  falls  below  threshold  voltage  VTH.  During 
the  time  interval  (t2  -  ti),  IGT  "current  tailing" 

35  during  turn-off  is  advantageously  allowed  to  occur, 
during  which  the  MOSFET  shunts  current  and  the 
IGT  incurs  very  low  switching  losses.  During  the 
time  interval  (t2  -  ti  ),  voltage  across  overall  device 
10  remains  low  because  the  MOSFET  is  still  ON. 

40  Thereafter,  when  the  MOSFET  turns  OFF  at  time 
t2,  relatively  low  switching  losses  are  involved. 

During  turn-on  of  this  device,  at  time  t3,  the 
IGT  quickly  turns  on,  followed  by  the  MOSFET. 
Since  the  IGT  can  inherently  handle  high  di/dt  and 

45  fast  turn-on,  the  turn-on  switching  losses  are  also 
low.  Moreover,  steady  state  conduction  losses  are 
quite  low  since  the  IGT  conducts  at  high  current 
densities  with  low  forward  voltage  drop,  being  ca- 
pable  of  supporting  in  the  order  of  five  times  the 

50  current  density  of  a  bipolar  junction  transistor  and 
twenty  times  that  of  the  MOSFET. 

FIG.  5  shows  an  equivalent  electrical  schematic 
circuit  diagram  for  the  case  where  the  gate  terminal 
G2  relatively  nearer  the  MOSFET  is  employed. 

55  This  results  in  a  switching  device  exhibiting  rela- 
tively  low  power  losses  during  low  frequency 
switching,  and  yet  being  capable  of  high  speed 
switching  at  high  frequencies.  This  is  important  in 

7 
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certain  circuits  where  a  power  switching  device 
must  work  efficiently  at  both  low  frequencies  (such 
as  120  Hz)  and  at  high  frequencies  (such  as  100 
kHz  and  where  two  separate  devices  have  tradition- 
ally  been  employed  in  the  past.  5 

FIG.  6  depicts  switching  waveforms  for  the 
structure  in  FIG.  5  at  low  and  high  frequencies.  In 
this  structure,  the  gate  voltage  is  applied  directly  to 
the  MOSFET  gate  72  and  through  the  gate  resis- 
tance  RG  to  the  IGT  gate  70.  At  low  frequencies,  10 
there  is  sufficient  time  for  the  IGT  gate  voltage  to 
increase  in  value  to  above  its  threshold  voltage 
VTH.  Both  the  MOSFET  and  IGT  are,  therefore, 
active  in  this  mode  of  operation.  Thus,  at  low 
frequencies,  the  IGT  provides  low  steady  state  is 
power  loss  during  the  time  interval  (t2-ti).  However, 
because  the  IGT  is  active,  it  turns  off  slowly  with 
the  current  tailing  indicated  at  time  t3.  This  does 
not  allow  high  frequency  switching  of  IGTs  in  the 
circuit  shown  in  FIG.  5,  the  RC  time  constant  for  20 
charging  the  IGT  gate  capacitance  is  large  so  as  to 
prevent  the  IGT  gate  voltage  from  rising  above  its 
threshold  voltage  VTH.  This  is  indicated  in  FIG.  6 
during  time  interval  (fe-U).  Accordingly,  during  high 
frequency  operation,  the  IGT  is  non-conducting  25 
while  the  MOSFET  performs  the  required  high  fre- 
quency  power  switching  in  response  to  the  gate 
signals. 

The  foregoing  describes  a  combination  three- 
terminal  semiconductor  power  switching  device  in-  30 
eluding  a  single  gate  drive  terminal.  The  device 
exhibits  low  steady  state  losses  and  low  switching 
losses  when  operated  at  relatively  low  switching 
frequencies  and  yet  is  capable  of  relatively  high 
speed  switching.  The  device  comprises  two  dif-  35 
ferent  semiconductor  device  structures  which  may 
readily  be  fabricated  simultaneously. 

Claims 
40 

1.  An  integrated  power  switching  semiconductor 
device  (10)  comprising: 

a  body  (16)  of  semiconductor  material  in- 
cluding  an  insulated-gate  transistor  part  (12) 
and  an  insulated-gate  field-effect  transistor  part  45 
(14),  said  body  having  first  and  second  op- 
posed  principal  surfaces  (18,  20)  on  opposite 
sides  thereof; 

a  first  base  layer  (22)  of  one  conductivity 
type  common  to  both  said  insulated-gate  tran-  so 
sistor  part  and  said  insulated-gate  field-effect 
transistor  part; 

a  first  main  terminal  region  (28)  adjacent 
said  first  base  layer  and  extending  to  said  first 
principal  surface  (18),  said  first  main  terminal  55 
region  including  at  least  a  zone  (34)  heavily- 
doped  to  a  conductivity  type  opposite  to  the 
conductivity  type  of  said  one  conductivity  and 

defining  a  PN  junction  (32)  with  said  first  base 
layer  (22)  within  said  insulated  gate  transistor 
part  (12),  and  said  first  base  layer  and  said 
first  main  terminal  region  including  a  buried 
layer  (36)  heavily  doped  to  the  first  conductiv- 
ity  for  avoiding  bipolar  conduction  within  said 
insulated-gate  field-effect  transistor  part  (14); 

a  second  base  region  (45)  of  the  opposite 
conductivity  type  and  having  two  separated 
portions  (46,  48)  embedded  in  said  first  base 
layer  (22),  one  of  said  portions  (46)  of  said 
second  base  region  being  included  in  said 
insulated-gate  transistor  part  (12)  and  the  other 
of  said  portions  (48)  of  said  second  base  re- 
gion  being  included  in  said  insulated-gate  field- 
effect  transistor  part  (14); 

a  first  region  (50)  of  the  one  conductivity 
type  being  included  in  said  insulated-gate  tran- 
sistor  part  (12)  embedded  in  said  one  portion 
(46)  of  said  second  base  region  (45); 

a  second  region  (52)  of  the  one  conductiv- 
ity  type  included  in  said  insulated-gate  field- 
effect  transistor  part  (14)  embedded  in  said 
other  portion  (48)  of  said  second  base  region 
(45); 

a  terminal  electrode  overlying  at  least  part- 
ly  said  second  base  region  (45)  and  said  first 
and  second  region  (50)  and  being  in  contact 
therewith; 

a  first  channel  region  (54)  included  in  said 
insulated-gate  transistor  portion  (46)  within  said 
second  base  region  (45)  of  the  opposite  con- 
ductivity  type,  and  a  second  channel  region 
(56)  included  in  said  insulated-gate  field-effect 
transistor  portion  (48)  within  said  second  base 
region  (45)  of  the  opposite  conductivity  type, 
said  first  and  second  regions  (50,  52)  of  the 
one  conductivity  type  being  spaced  from  the 
respective  portions  of  said  first  base  layer  to 
define  the  extent  of  the  respective  channel 
regions  therebetween; 

first  and  second  gate  electrodes  (70,  72) 
respectively  disposed  over  said  first  and  sec- 
ond  channel  regions  (54,  56)  and  insulatingly 
spaced  therefrom,  said  gate  electrodes  config- 
ured  for  inducing,  when  gate  voltage  is  applied 
thereto,  respective  conduction  paths  of  the  one 
conductivity  type  in  the  respective  channel  re- 
gions  beneath  the  respective  energized  gate 
electrodes; 

a  resistance  element  (RG)  connected  be- 
tween  said  first  and  second  gate  electrodes 
(70,  72);  and 

a  device  gate  conductor  (G1  ;  G2)  con- 
nected  directly  to  one  of  said  gate  electrodes 
and  to  the  other  of  said  gate  electrodes  by 
said  resistance  element  (RG). 
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2.  A  power  switching  semiconductor  device  in 
accordance  with  Claim  1,  wherein  said  device 
gate  conductor  (Gi)  is  connected  to  said  first 
gate  electrode  (70)  to  provide  the  device  (10) 
with  relatively  low  steady  state  and  switching  5 
losses. 

3.  A  power  switching  semiconductor  device  in 
accordance  with  Claim  1,  wherein  said  device 
gate  conductor  (G2)  is  connected  to  said  sec-  10 
ond  gate  electrode  (72)  to  provide  the  device 
(10)  with  a  relatively  low  power  loss  during  low 
frequency  switching  operation  and  the  capabil- 
ity  of  relatively  high  speed  switching. 

75 
4.  A  power  switching  semiconductor  device  in 

accordance  with  Claim  1,  wherein  said  gate 
electrodes  (70,  72)  comprise  polysilicon,  and 
wherein  said  resistance  element  (RG)  com- 
prises  a  bridge  of  polysilicon  joining  said  poly-  20 
silicon  gate  electrodes. 

5.  A  power  switching  semiconductor  device  in 
accordance  with  Claim  4,  wherein  said  poly- 
silicon  gate  electrodes  (70,  72)  and  said  bridge  25 
(RG)  are  coplanar. 

Revendicatlons 

1.  Dispositif  semi-conducteur  integre  (10)  de  30 
commutation  de  puissance,  comprenant: 

un  corps  (16)  en  materiau  semi-conducteur 
comportant  une  partie  formant  transistor  (12)  a 
grille  isolee  et  une  partie  formant  transistor  a 
effet  de  champ  (14)  a  grille  isolee,  ledit  corps  35 
ayant  une  premiere  et  une  deuxieme  surfaces 
principales  (18,  20)  opposees,  sur  des  cotes 
opposes, 

une  premiere  couche  de  base  (22)  d'un 
premier  type  de  conductivity,  commun  a  la  fois  40 
a  ladite  partie  formant  transistor  a  grille  isolee 
et  a  ladite  partie  formant  transistor  a  effet  de 
champ  a  grille  isolee, 

une  premiere  region  formant  borne  princi- 
pals  (28)  adjacente  a  ladite  premiere  couche  45 
de  base  et  s'etendant  jusqu'a  ladite  premiere 
surface  principale  (18),  ladite  premiere  region 
formant  borne  principale  comprenant  au  moins 
une  zone  (34)  fortement  dopee  selon  un  type 
de  conductivite  oppose  audit  premier  type  de  50 
conductivity  et  definissant  une  jonction  PN  (32) 
avec  ladite  premiere  couche  de  base  (22)  dans 
ladite  partie  formant  transistor  (12)  a  grille  iso- 
lee,  et  ladite  premiere  couche  de  base  et  ladite 
premiere  region  formant  borne  principale  com-  55 
prenant  une  couche  enterree  (36),  fortement 
dopee  selon  le  premier  type  de  conductivite, 
pour  eviter  une  conduction  bipolaire  dans  ladi- 

te  partie  formant  transistor  a  effet  de  champ 
(14)  a  grille  isolee, 

une  deuxieme  region  de  base  (45)  du  type 
de  conductivite  oppose  et  ayant  deux  portions 
separees  (46,  48)  noyees  dans  ladite  premiere 
couche  de  base  (22),  I'une  desdites  portions 
(46)  de  ladite  deuxieme  region  de  base  etant 
comprise  dans  ladite  partie  formant  transistor 
(12)  a  grille  isolee,  et  I'autre  desdites  portions 
(48)  de  ladite  deuxieme  region  de  base  etant 
comprise  dans  ladite  partie  formant  transistor  a 
effet  de  champ  (14)  a  grille  isolee, 

une  premiere  region  (50)  du  premier  type 
de  conductivite  etant  comprise  dans  ladite  par- 
tie  formant  transistor  (12)  a  grille  isolee,  noyee 
dans  ladite  portion  (46)  de  ladite  deuxieme 
region  de  base  (45), 

une  deuxieme  region  (52)  du  premier  type 
de  conductivite  etant  comprise  dans  ladite  par- 
tie  formant  transistor  a  effet  de  champ  (14)  a 
grille  isolee,  noyee  dans  ladite  autre  portion 
(48)  de  ladite  deuxieme  region  de  base  (45), 

une  electrode  formant  borne  recouvrant  au 
moins  partiellement  ladite  deuxieme  region  de 
base  (45)  et  lesdites  premiere  et  deuxieme 
regions  (50)  et  etant  en  contact  avec  celles-ci, 

une  premiere  region  formant  canal  (54) 
comprise  dans  ladite  partie  formant  transistor 
(46)  a  grille  isolee  dans  ladite  deuxieme  region 
de  base  (45)  du  type  de  conductivite  oppose, 
et  une  deuxieme  region  formant  canal  (56) 
comprise  dans  ladite  partie  formant  transistor  a 
effet  de  champ  (48)  a  grille  isolee  dans  ladite 
deuxieme  region  de  base  (45)  du  type  de 
conductivite  oppose,  lesdites  premiere  et 
deuxieme  regions  (50,  52)  du  premier  type  de 
conductivite  etant  espacees  desdites  portions 
respectives  de  ladite  premiere  couche  de  base 
pour  definir  entre  ces  portions  I'etendue  des 
regions  respectives  formant  canaux, 

une  premiere  et  une  deuxieme  electrodes 
formant  grilles  (70,  72)  disposees  respective- 
ment  au-dessus  desdites  premiere  et  deuxie- 
me  regions  formant  canaux  (54,  56)  et  espa- 
cees  de  celles-ci  de  fagon  a  etre  isolees,  les- 
dites  electrodes  formant  grilles  etant  configu- 
rers  pour  induire,  lors  de  I'application  d'une 
tension  de  grille  a  celles-ci,  des  chemins  de 
conduction  respectifs  du  premier  type  de 
conductivite  dans  les  regions  formant  canaux 
respectives,  sous  les  electrodes  formant  grilles 
respectives  mises  sous  tension, 

un  element  a  resistance  (RG)  connecte  en- 
tre  lesdites  premiere  et  deuxieme  electrodes 
formant  grilles  (70,  72),  et 

un  conducteur  (G1  ,  G2)  de  grille  de  dispo- 
sitif,  directement  connecte  a  I'une  desdites 
electrodes  formant  grilles  et  a  I'autre  desdites 

9 



17 EP  0  144  909  B1 18 

electrodes  formant  grilles  par  ledit  element  a 
resistance. 

2.  Dispositif  semi-conducteur  de  commutation  de 
puissance  selon  la  revendication  1  ,  dans  lequel  5 
ledit  conducteur  Gi  de  grille  de  dispositif  est 
connecte  a  ladite  premiere  electrode  formant 
grille  (70)  pour  que  le  dispositif  (10)  presente  a 
I'etat  stable  et  pendant  la  commutation  des 
pertes  relativement  faibles.  10 

3.  Dispositif  semi-conducteur  de  commutation  de 
puissance  selon  la  revendication  1  ,  dans  lequel 
ledit  conducteur  (G2)  de  grille  de  dispositif  est 
connecte  a  ladite  deuxieme  electrode  formant  is 
grille  (72)  pour  que  le  dispositif  (10)  presente 
une  perte  de  puissance  relativement  faible 
pendant  I'operation  de  commutation  a  basse 
frequence,  et  une  capacite  de  commutation 
relativement  rapide.  20 

4.  Dispositif  semi-conducteur  de  commutation  de 
puissance  selon  la  revendication  1  ,  dans  lequel 
lesdites  electrodes  formant  grilles  (70,  72)  sont 
constitutes  de  silicium  polycristallin,  et  dans  25 
lequel  ledit  element  a  resistance  (RG)  com- 
prend  un  pont  en  silicium  polycristallin  reliant 
lesdites  electrodes  formant  grilles  en  silicium 
polycristallin. 

30 
5.  Dispositif  semi-conducteur  de  commutation  de 

puissance  selon  la  revendication  4,  dans  lequel 
lesdites  electrodes  formant  grilles  (70,  72)  en 
silicium  polycristallin  et  ledit  pont  (RG)  sont 
coplanaires.  35 

Patentanspruche 

1.  Integriertes  Leistungsschalter-Halbleiterbauele- 
ment  (10)  umfassend:  40 

einen  Korper  (16)  aus  Halbleitermaterial 
mit  einem  Transistorteil  (12)  mit  isoliertem 
Gate  und  einem  Feldeffekt-Transistorteil  (14) 
mit  isoliertem  Gate,  wobei  der  Korper  eine 
erste  und  zweite  gegenuberliegende  Haupt-  45 
oberflache  (18,  20)  auf  den  gegenuberliegen- 
den  Seiten  aufweist; 

eine  erste  Basisschicht  (22)  eines  Leitfa- 
higkeitstyps,  die  sowohl  dem  Transistorteil  mit 
isoliertem  Gate  als  auch  dem  Feldeffekt-Tran-  so 
sistorteil  mit  isoliertem  Gate  gemeinsam  ist; 

eine  erste  Haupt-Anschlu/Szone  (28)  be- 
nachbart  der  genannten  ersten  Basisschicht, 
die  sich  bis  zur  ersten  Hauptoberflache  (18) 
erstreckt,  wobei  diese  erste  Haupt-Anschlu/Szo-  55 
ne  mindestens  eine  Zone  (34)  einschlie/St,  die 
stark  bis  zu  einem  Leitfahigkeitstyp  dotiert  ist, 
der  dem  ersten  Leitfahigkeitstyp  entgegenge- 

setzt  ist  und  einen  PN-Ubergang  (32)  mit  der 
ersten  Basisschicht  (22)  innerhalb  des  Transi- 
storteils  (12)  mit  isoliertem  Gate  bildet  und  die 
erste  Basisschicht  und  die  erste  Haupt-An- 
schlu/Szone  eine  vergrabene  Schicht  (36)  ein- 
schlie/St,  die  zum  ersten  Leitfahigkeitstyp  stark 
dotiert  ist,  urn  eine  bipolare  Leitung  innerhalb 
des  Feldeffekt-Transistorteiles  (14)  mit  isolier- 
tem  Gate  zu  verhindern; 

eine  zweite  Basiszone  (45)  des  entgegen- 
gesetzten  Leitfahigkeitstyps  und  mit  zwei  ge- 
trennten  Abschnitten  (46,  48),  die  in  der  ersten 
Basisschicht  (22)  eingebettet  sind,  wobei  einer 
dieser  Abschnitte  (46)  der  zweiten  Basiszone 
in  dem  Transistorteil  (12)  mit  isoliertem  Gate 
und  der  andere  dieser  Abschnitte  (48)  der 
zweiten  Basiszone  in  dem  Feldeffekt-Transi- 
storteil  (14)  mit  isoliertem  Gate  eingeschlossen 
ist; 

eine  erste  Zone  (50)  des  einen  Leitfahig- 
keitstyps,  die  in  dem  Transistorteil  (12)  mit 
isoliertem  Gate  eingeschlossen  ist,  eingebettet 
in  dem  einen  Abschnitt  (46)  der  zweiten  Basis- 
zone  (45); 

eine  zweite  Zone  (52)  des  einen  Leitfahig- 
keitstyps,  die  in  dem  Feldeffekt-Transistorteil 
(14)  mit  isoliertem  Gate  eingeschlossen  ist, 
eingebettet  in  dem  anderen  Abschnitt  (48)  der 
zweiten  Basiszone  (45); 

eine  Anschlu/Szone,  die  zumindest  teilwei- 
se  uber  der  zweiten  Basiszone  (45)  und  der 
ersten  und  zweiten  Zone  (50)  liegt  und  in  Kon- 
takt  damit  steht; 

eine  erste  Kanalzone  (54),  die  in  dem 
Transistorteil  (46)  mit  isoliertem  Gate  innerhalb 
der  zweiten  Basiszone  (45)  des  entgegenge- 
setzten  Leitfahigkeitstyps  eingeschlossen  ist 
und  eine  zweite  Kanalzone  (56),  die  in  dem 
Feldeffekt-Transistorteil  (48)  mit  isoliertem 
Gate  innerhalb  der  zweiten  Basiszone  (45)  des 
entgegengesetzten  Leitfahigkeitstyps  einge- 
schlossen  ist,  wobei  die  erste  und  zweite  Zone 
(50,  52)  des  einen  Leitfahigkeitstyps  einen  Ab- 
stand  von  den  jeweiligen  Abschnitten  der  er- 
sten  Basisschicht  haben,  urn  das  Ausma/S  der 
jeweiligen  Kanalzonen  dazwischen  zu  definie- 
ren; 

erste  und  zweite  Gateelektroden  (70,  72), 
die  jeweils  uber  der  ersten  beziehungsweise 
zweiten  Kanalzone  (54,  56)  isolierend  im  Ab- 
stand  davon  angeordnet  sind,  wobei  diese  Ga- 
teelektroden  so  konfiguriert  sind,  da/S  sie  bei 
Anlegen  einer  Gatespannung  jeweilige  leitende 
Pfade  des  einen  Leitfahigkeitstyps  in  den  je- 
weiligen  Kanalzonen  unter  den  jeweiligen  mit 
Energie  versehenen  Gateelektroden  induzieren; 

ein  Widerstandelement  (RG),  das  zwischen 
der  ersten  und  zweiten  Gateelektrode  (70,  72) 
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verbunden  ist  und 
einen  Element-Gateleiter  (Gi  ;  G2),  der  di- 

rekt  mit  einer  der  Gateelektroden  und  mit  der 
anderen  durch  das  Widerstandselement  (RG) 
verbunden  ist.  5 

2.  Leistungsschalter-Halbleiterbauelement  gema/S 
Anspruch  1,  bei  dem  der  Element-Gateleiter 
(G1  )  mit  der  ersten  Gateelektrode  (70)  verbun- 
den  ist,  urn  das  Bauelement  (10)  mit  relativ  10 
geringen  Verlusten  im  stationaren  Zustand  und 
beim  Schalten  zu  versehen. 

3.  Leistungsschalter-Halbleiterbauelement  gema/S 
Anspruch  1,  bei  dem  der  Element-Gateleiter  is 
(G2)  mit  der  zweiten  Gateelektrode  (72)  ver- 
bunden  ist,  urn  das  Bauelement  (10)  wahrend 
des  Schaltens  mit  geringer  Frequenz  mit  ei- 
nem  relativ  geringen  Leistungsverlust  und  mit 
einer  relativ  hohen  Schaltgeschwindigkeit  zu  20 
versehen. 

4.  Leistungsschalter-Halbleiterbauelement  nach 
Anspruch  1,  worin  die  Gateelektroden  (70,  72) 
Polysilizium  umfassen  und  worin  das  Wider-  25 
standselement  (RG)  eine  Brucke  aus  Polysilizi- 
um  umfa/St,  die  die  Polysilizium-Gateelektroden 
verbindet. 

5.  Leistungsschalter-Halbleiterbauelement  nach  30 
Anspruch  4,  worin  die  Polysilizium-Gateelektro- 
den  (70,  72)  und  die  genannte  Brucke  (RG) 
koplanar  ausgebildet  sind. 
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