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(54)  Vertical  MOS  semiconductor  device 

(57)  To  reduce  the  mutual  interference  between  a 
main  cell  portion  (6)  and  a  sensing  cell  portion  (7)  for 
detecting  the  current  flowing  through  the  main  cell  por- 
tion  (6)  of  a  vertical  MOS  semiconductor  device  and  to 
improve  the  accuracy  and  reliability  of  the  overcurrent 
detection,  well  regions  (17,  18)  of  (p)  type  are  formed 
between  the  main  (6)  and  sensing  (7)  cell  portions  to  cap- 
ture  the  minority  carriers.  The  breakdown  of  the  gate  ox- 
ide  film  (11)  caused  by  the  open  emitter  electrode  (M, 
15)  of  the  sensing  cell  portion  (7)  is  prevented  by  forming 
the  (p)  type  well  regions  (1  7,  1  8)  with  ring  shapes,  spac- 
ing  the  (p)  type  well  regions  (17,  18)  by  5  to  20u.m,  and 
by  adjusting  the  isolation  withstand  voltage  between  the 
main  and  sensing  cell  portions  (6,  7)  to  below  the  with- 
stand  voltage  of  the  gate  oxide  film  (1  1  ).  The  spike  noise 
voltage  is  avoided  by  reducing  the  overlapping  area  of 
the  detecting  and  gate  electrodes  so  as  to  reduce  the 
capacitance  between  the  detecting  (15)  and  gate  (12) 
electrodes. 

Figure  1 
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Description 

The  present  invention  relates  to  power  semiconduc- 
tor  devices,  and  particularly  concerns  semiconductors 
having  a  MOS  gate  such  as  are  conventionally  used  in  s 
inverters  etc. 

Insulated  gate  bipolar  transistors  (hereinafter  re- 
ferred  to  as  "IGBT")  and  power  MOS  field  effect  transis- 
tors  (hereinafter  referred  to  as  "MOSFET")  are  voltage 
driven  semiconductor  switching  elements,  and  are  used  10 
widely  in  power  electronics  by  virtue  of  their  low  on-volt- 
age  and  high  switching  speed.  When  a  fault  such  as  a 
surge  current  at  the  start  of  a  motor,  a  load  short-circuit, 
an  arm  short-circuit,  etc.  occurs,  the  switching  elements 
such  as  IGBTs  etc.  in  the  inverter  are  subjected  to  a  high  15 
voltage  and  large  current.  The  characteristics  for  evalu- 
ating  the  switching  elements  in  relation  to  such  a  heavy 
electrical  burden  include  the  breakdown  withstand  capa- 
bility  called  "short-circuit  withstand  capability". 

Although  a  protecting  circuit  for  detecting  short-cir-  20 
cuit  faults  and  for  interrupting  the  power  supply  is  con- 
ventionally  incorporated  in  inverters  and  the  like,  it  takes 
10  to  20u.sec  for  the  protecting  circuit  to  operate  after 
detecting  an  overcurrent.  Therefore,  the  IGBTs  are  re- 
quired  not  to  break  down  during  this  period.  25 

To  meet  this  requirement,  an  overcurrent  protecting 
means  has  been  adopted  recently  in  high  performance 
IGBT  modules  in  addition  to  the  above  described  pro- 
tecting  circuit.  The  overcurrent  protecting  means  detects 
the  overcurrent  quickly,  and  limits  and  suppresses  the  30 
IGBT  current  to  below  the  short-circuit  withstand  capa- 
bility  of  the  IGBTs  by  controlling  the  gates  of  the  IGBTs 
based  on  the  overcurrent  detection  signal  before  the  pro- 
tecting  circuit  interrupts  the  power  supply. 

Figure  6  is  a  circuit  diagram  showing  an  example  of  35 
an  overcurrent  protecting  circuit  for  the  IGBTs  (cf.  Japa- 
nese  Laid  Open  Patent  Application  number  H02-66975). 
In  Figure  6,  the  reference  numeral  1  designates  a  main 
element  (main  IGBT)  and  2  designates  a  subsidiary  el- 
ement  for  current  detection  (an  IGBT  different  from  the  40 
main  IGBT)  connected  in  parallel  to  the  main  element  1. 
A  current  detecting  resistor  3  Rs  is  connected  in  series 
with  the  subsidiary  element  2,  and  a  switching  element 
4  (a  MOSFET  is  shown  in  the  Figure)  is  connected  to  the 
gate  driver  circuits  of  the  elements  1  and  2.  The  switching  45 
element  4  turns  on  or  off  in  correspondence  to  the  volt- 
age  across  the  resistor  3. 

When  the  overcurrent  caused  by  a  load  circuit  fault 
etc.  flows  through  the  elements  1  and  2  to  boost  the  volt- 
age  across  the  resistor  3  above  the  threshold  voltage  of  so 
the  switching  element  4,  the  switching  element  4  is 
turned  on  to  lower  the  gate  voltages  of  the  main  and  sub- 
sidiary  elements  1  and  2  and  thus  limits  the  main  current 
flowing  through  the  main  element  1.  By  setting  the  re- 
sistance  of  the  resistor  3  and  the  threshold  voltage  of  the  55 
switching  element  4  respectively  at  appropriate  values, 
the  main  current  flowing  through  the  main  element  1  to 
be  protected  is  limited  to  a  value  within  the  short-circuit 

withstand  capability. 
Figure  7  is  a  graph  showing  a  main  current  lD  and  a 

voltage  VD  across  the  main  element  1  at  a  power  supply 
voltage  of  400  V  while  the  protecting  circuit  of  Figure  6 
acts  to  limit  an  overcurrent  caused  by  a  load  short-circuit 
fault.  In  Figure  7,  the  main  element  1  is  an  IGBT  (ratings: 
600V,  100A)  externally  connected  to  the  above  de- 
scribed  protecting  circuit.  As  can  be  seen  from  Figure  7, 
the  main  current  lD  of  the  IGBT  is  limited  in  several  u.sec 
to  about  250A  corresponding  to  the  short-circuit  with- 
stand  capability  set  with  respect  to  the  rated  current  of 
100A. 

In  the  above  described  overcurrent  protecting  circuit 
including  an  IGBT  as  the  subsidiary  detecting  element  2 
and  constructed  as  an  external  circuit  to  the  IGBT  to  be 
protected  as  the  main  element  1  ,  it  is  difficult  to  secure 
proportionality  between  the  operations  of  the  elements 
1  and  2  because  of  temperature  differences  between  the 
chips  on  which  the  elements  1  and  2  are  individually 
mounted.  To  overcome  this  problem,  it  has  been  pro- 
posed  to  form  the  elements  1  and  2  in  a  common  chip. 

For  example,  US  Patent  4,783,690  addresses  the 
problem  of  the  temperature  difference  between  the  ele- 
ments  1  and  2  by  assigning  some  of  the  cells  constituting 
a  main  MOSFET  to  the  role  of  sensing  cells  for  overcur- 
rent  detection,  and  by  leading  an  electrode  for  the  over- 
current  detection  out  from  the  sensing  cells.  However, 
the  following  problems  have  been  left  unsolved  by  the 
structure  proposed  by  US  Patent  4,783,690: 

(1)  Since  a  current  leaks  through  a  parasitic  lateral 
MOSFET  caused  between  the  main  and  the  sensing 
cell  portions,  the  actual  ratio  of  the  main  current  and 
the  current  for  overcurrent  detection  deviates  from 
the  designed  value. 

(2)  Since  the  main  cells  and  the  sensing  cell  portions 
are  adjoining,  a  leakage  current  is  caused  by  minor- 
ity  carriers  between  the  main  and  sensing  cell  por- 
tions,  for  example,  in  the  application  of  the  MOSFET 
to  a  parasitic  diode,  an  IGBT,  etc.  to  which  the  minor- 
ity  carriers  commit.  This  leakage  current  further 
causes  deviation  of  the  actual  ratio  of  the  main  cur- 
rent  and  the  current  for  overcurrent  detection  from 
the  designed  value. 

To  overcome  these  problems,  a  method  has  been 
proposed  in  European  Patent  Application  number 
95301  349.7  for  reducing  the  leakage  current  by  expand- 
ing  the  spacing  between  the  main  and  the  sensing  cell 
portions. 

Figure  8  is  a  sectional  view  showing  a  part  of  an  ex- 
emplary  IGBT  device  according  to  the  above  identified 
European  Patent  Application.  In  Figure  8,  a  (p)  type  base 
region  9  is  formed  selectively  on  the  surface  of  an  (n) 
type  base  layer  8.  An  (n)  type  emitter  region  1  0  is  formed 
in  the  surface  of  the  (p)  type  base  region  9.  A  gate  elec- 
trode  12  connected  to  a  gate  terminal  G  is  fixed  via  a 
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gate  oxide  film  1  1  to  the  surface  of  that  portion  of  the  (p) 
type  base  region  9  extending  between  the  (n)  type  base 
layer  8  and  the  (n)type  emitter  region  10.  An  emitter  elec- 
trode  is  fixed  via  an  insulating  film  20  to  the  surface  of 
the  device.  The  emitter  electrode  is  divided  into  a  main 
emitter  electrode  1  4  for  a  main  cell  portion  6  and  a  sens- 
ing  emitter  electrode  1  5  for  a  sensing  cell  portion  7.  The 
main  emitter  electrode  14  is  connected  to  a  terminal  E 
and  the  sensing  emitter  electrode  15  is  connected  to  a 
terminal  M.  A  collector  electrode  16  connected  to  a  ter- 
minal  C  is  fixed  to  the  back  surface  of  a  semiconductor 
substrate  1  9.  The  main  cell  portion  6  and  the  sensing  cell 
portion  7,  describing  more  strictly  the  nearest  parts  of 
adjacent  channel  regions  13  and  13  of  the  main  and 
sensing  cell  portions  6  and  7,  are  spaced  by  a  spacing 
L  of  1  0Ourn  or  more.  This  distance  is  long  enough  to  pre- 
vent  mutual  interference  between  the  main  and  sensing 
cell  portions  6  and  7.  Further,  a  (p)  type  well  1  7,  to  which 
the  emitter  electrode  1  4  of  the  main  cell  portion  6  is  fixed, 
is  formed  between  the  main  and  sensing  cell  portions  6 
and  7  to  capture  the  minority  carriers  (holes). 

However,  it  has  been  revealed,  through  research 
and  development  of  the  device  proposed  in  the  Europe- 
an  Patent  Application  number  95301  349.7,  that  the  per- 
tinent  problems  still  remain  unsolved,  in  that: 

(1  )  The  leakage  current  through  the  parasitic  lateral 
MOSFET  between  the  main  and  the  sensing  cell 
portions  still  causes  some  deviation  of  the  actual 
ratio  of  the  main  current  and  the  current  for  overcur- 
rent  detection  from  the  designed  value. 

(2)  The  adjoining  main  and  sensing  cell  portions 
cause  leakage  current  by  minority  carriers  between 
the  main  and  sensing  cell  portions,  for  example,  in 
the  application  of  the  MOSFET  to  a  parasitic  diode, 
an  IGBT,  etc.  to  which  the  minority  carriers  commits. 
This  leakage  current  further  causes  deviation  of  the 
actual  ratio  of  the  main  current  and  the  current  for 
overcurrent  detection  from  the  designed  value.  In 
addition,  the  following  problems  should  not  be 
neglected. 

(3)  When  the  main  and  sensing  cell  portions  are  sim- 
ply  spaced  wide  apart  to  prevent  the  leakage  cur- 
rent,  the  wide  spacing  renders  a  considerable  area 
of  the  chip  unusable  and  thus  increases  the  cost  of 
the  device. 

(4)  In  MOS  semiconductor  devices  having  a  main 
cell  portion  and  a  sensing  cell  portion,  the  sensing 
cell  portion  may  be  broken  down  by  the  disconnec- 
tion  of  the  current  detecting  resistor  when  a  high  volt- 
age  is  applied  between  the  source  and  drain  or 
between  the  collector  and  emitter  when  the  device 
is  in  the  off  state.  This  breakdown  will  be  explained 
with  reference  to  Figures  9(a)  and  9(b).  Figure  9(a) 
is  a  circuit  diagram  showing  an  equivalent  circuit  of 

10 

15 

20 

25 

30 

35 

40 

45 

50 

the  IGBT  having  the  main  cell  portion  6  and  the  sens- 
ing  cell  portion  7.  In  Figure  9(a),  a  high  voltage  is 
applied  between  the  collector  C  and  emitter  E  of  the 
IGBT,  and  the  emitter  terminal  M  of  the  sensing  cell 
7  is  in  the  open  state.  Figure  9(b)  is  a  sectional  view 
of  a  part  of  the  IGBT  in  which  the  main  cell  portion 
6  and  the  sensing  cell  portion  7  adjoin  one  another. 
In  Figures  9(a)  and  9(b),  the  voltage  between  the 
collector  and  the  emitter  (between  the  terminals  C 
and  E,  and  between  the  terminals  C  and  M)  of  the 
main  cell  portion  6  and  the  sensing  cell  portion  7  is 
determined  by  the  collector  potential  when  the  junc- 
tion  leakage  currents  lrE  and  lrM  flow.  Since  the  emit- 
ter  electrode  E  of  the  main  cell  portion  is  grounded 
while  the  emitter  electrode  M  of  the  sensing  cell  por- 
tion  is  open,  the  potential  of  the  emitter  electrode  E 
rises  gradually.  In  response  to  this  potential  rise,  the 
voltage  between  the  emitter  terminal  M  and  the  gate 
terminal  G  of  the  sensing  cell  portion  rises.  When 
the  voltage  between  the  terminals  M  and  G  greatly 
exceeds  the  withstand  voltage  of  the  gate  oxide  film 
11,  the  gate  oxide  film  11  is  finally  broken  down  in 
the  region  indicated  by  the  circle  B  in  Figure  9(b). 

(5)  In  MOS  semiconductor  devices  having  a  main 
cell  portion  and  a  sensing  cell  portion,  a  spike  noise 
voltage  occasionally  occurs  across  the  current 
detecting  resistor  at  the  instant  when  the  MOS  sem- 
iconductor  device  is  turned  on.  This  spike  noise  volt- 
age  will  now  be  explained  with  reference  to  Figures 
10(a)  and  10(b).  Figure  10(b)  is  a  circuit  diagram 
showing  an  equivalent  circuit  of  the  IGBT  which  is 
connected  to  a  load  and  turned  on  and  off.  In  Figure 
1  0(b),  a  resistor  Rs  for  detecting  a  current  lc  is  con- 
nected  between  the  emitter  terminals  M  and  E  of  the 
sensing  and  main  cell  portions  7  and  6.  The  current 
lc  is  measured  by  detecting  a  voltage  Vs  across  the 
resistor  Rs.  Figure  10(a)  is  a  graph  of  voltage  and 
current  against  time  showing  the  wave  form  of  the 
gate  voltage  VG,  the  current  lc,  and  the  detecting 
voltage  Vs  during  the  operation  of  the  circuit  of  Fig- 
ure  1  0(b).  Though  the  voltage  Vs  should  be  propor- 
tional  to  the  current  lc,  a  spike  noise  is  caused  on 
the  voltage  Vs  at  the  turning-on  of  the  IGBT.  The 
spike  noise  is  caused  by  the  capacitance  CGM 
between  the  gate  electrode  G  and  the  emitter  termi- 
nal  M  of  the  sensing  cell  portion  7.  In  response  to 
the  rapid  rise  of  the  gate  voltage  VG  at  the  turning-on 
of  the  IGBT,  a  displacement  current  iGM  flows 
through  the  capacitor  CGM. 

'gm: CGMdVG/dt 

The  current  iGM  causes  the  voltage  Vs  expressed 
55  by  equation  2  across  the  resistor  Rs. 

vs_'gmrs: :CGM.Rs.dVG/dt (2) 
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That  is,  the  voltage  is  caused  in  proportion  to  the 
capacitance  CGM  between  the  gate  electrode  G  and  the 
emitter  electrode  M  of  the  sensing  cell  portion  7  and  the 
rising  rate  of  the  gate  voltage  VG.  In  view  of  the  forego- 
ing,  the  object  of  the  present  invention  is  to  provide  a 
MOS  semiconductor  device  having  a  current  detecting 
function  which  facilitates  maintaining  the  ratio  between 
the  main  and  detecting  currents  at  a  constant  value,  pre- 
venting  the  breakdown  at  the  open  terminal  or  at  the  turn- 
ing-on  of  the  device,  and  protecting  the  device  from  the 
overcurrent  stably  in  combination  with  an  overcurrent 
protecting  circuit. 

The  object  of  the  present  invention  is  achieved  by  a 
vertical  MOS  semiconductor  device  which  comprises  a 
main  cell  portion  having  many  switching  cells;  a  sensing 
cell  portion  for  detecting  a  current  of  the  main  cell  portion, 
each  of  the  cell  portions  further  comprising  a  semicon- 
ductor  layer  of  a  first  conductivity  type,  a  base  region  of 
a  second  conductivity  type  formed  selectively  on  a  first 
surface  of  the  semiconductor  layer,  an  emitter  region  of 
the  first  conductivity  type  formed  selectively  in  the  sur- 
face  of  the  base  region,  a  gate  electrode  formed  on  the 
portion  of  the  base  region  extending  between  the  semi- 
conductor  layer  and  the  emitter  region  and  connected 
thereto  via  a  gate  oxide  film,  and  an  emitter  electrode 
contacting  in  common  with  the  surfaces  of  the  base  re- 
gion  and  the  emitter  region;  and  a  first  well  region  of  the 
second  conductivity  type  formed  between  the  main  and 
sensing  cell  portions,  the  first  well  region  being  connect- 
ed  with  the  emitter  electrode  of  the  sensing  cell  portion. 

It  is  preferable  to  shape  the  first  well  region  as  an 
annular  region  surrounding  the  sensing  cell  portions. 

It  is  preferable  to  dispose  an  annular  second  well 
region  of  the  second  conductivity  type  between  the  main 
and  sensing  cell  portions,  the  second  well  region  being 
connected  with  the  emitter  electrode  of  the  main  cell  por- 
tion. 

The  insulation  withstand  voltage  between  the  emit- 
ter  electrodes  of  the  main  and  sensing  cell  portions  is 
preferably  lower  than  the  withstand  voltage  of  the  gate 
insulating  film. 

It  is  preferable  to  space  the  neighbouring  first  and 
second  wells  apart  by  a  distance  of  from  5  to  20um 

The  area  of  the  gate  electrode  located  beneath  the 
emitter  electrode  of  the  sensing  cell  portion  is  preferably 
reduced  with  respect  to  the  emitter  electrode  of  the  sens- 
ing  cell  portion. 

Additionally,  the  area  of  the  emitter  electrode  located 
above  the  gate  electrode  is  reduced  with  respect  to  the 
gate  electrode. 

The  leakage  current  caused  between  the  main  and 
sensing  cell  portions  by  the  minority  carriers  is  greatly 
reduced  by  the  disposition  of  the  first  and  the  second  well 
regions  of  the  second  conductivity  type  between  the 
main  and  sensing  cell  portions,  since  the  first  well  region 
connected  to  the  sensing  cell  portion  captures  the  minor- 
ity  carriers  diffusing  from  the  sensing  cell  portion  to  the 
main  cell  portion  and  the  second  well  region  connected 

to  the  main  cell  portion  captures  the  minority  carriers  dif- 
fusing  from  the  main  cell  portion  to  the  sensing  cell  por- 
tion. 

By  shaping  the  first  and  the  second  well  regions  as 
5  rings,  the  efficiency  with  which  the  minority  carriers  are 

captured  is  improved. 
By  shortening  the  spacing  between  the  main  and 

sensing  cell  portions,  the  chip  area  is  reduced. 
By  setting  the  isolation  withstand  voltage  between 

10  the  main  and  sensing  cell  portions  at  a  value  lower  than 
the  insulation  breakdown  withstand  voltage  of  the  gate 
insulating  film,  insulation  breakdown  of  the  gate  oxide 
film  is  not  caused,  since  the  junction  leakage  current  lrM 
flows  from  the  source  electrode  of  the  sensing  cell  to  the 

is  emitter  electrode  of  the  main  cell  to  stop  the  potential  rise 
of  the  emitter  terminal  M  of  the  sensing  cell  as  soon  as 
the  voltage  between  the  emitter  electrode  terminal  M  and 
the  gate  electrode  terminal  G  of  the  sensing  cell  portion, 
explained  with  reference  to  Figure  9(b),  reaches  the  iso- 

20  lation  withstand  voltage  between  the  emitter  electrode 
terminals  M  and  E  of  the  sensing  and  main  cell  portions 
before  the  voltage  between  the  emitter  electrode  termi- 
nal  M  and  the  gate  electrode  terminal  G  reaches  the  in- 
sulation  breakdown  withstand  voltage  of  the  gate  oxide 

25  film.  By  setting  the  spacing  between  the  first  and  second 
well  regions,  on  which  the  isolation  withstand  voltage  be- 
tween  the  main  and  sensing  cell  portions  greatly  de- 
pends,  at  20u.m  or  less,  the  isolation  withstand  voltage 
may  be  kept  low,  preferably  at  a  value  of  about  20  V. 

30  By  reducing  the  overlapping  area  of  the  emitter  elec- 
trode  of  the  sensing  cell  portion  and  the  gate  electrode, 
or  the  emitter  electrode  and  gate  electrode  of  the  sensing 
cell  portion,  so  as  to  reduce  the  capacitance  CGM  be- 
tween  the  gate  and  emitter  terminals  of  the  sensing  cell 

35  portion,  the  displacement  current  iGM  explained  with  ref- 
erence  to  Figure  10  is  reduced  to  lower  the  spike  noise 
voltage  generated  when  the  device  turns  on. 

The  present  invention  will  be  explained  hereinafter 
with  reference  to  the  accompanying  drawings,  which  il- 

40  lustrate  the  preferred  embodiments  of  the  present  inven- 
tion.  In  the  Figures: 

Figure  1  is  a  sectional  view  showing  a  first  embodi- 
ment  of  an  IGBT  according  to  the  present  invention; 

45 
Figure  2  is  a  top  plan  view  of  the  first  embodiment 
of  the  present  invention; 

Figure  3  is  a  sectional  view  showing  a  second 
so  embodiment  of  an  IGBT  according  to  the  present 

invention; 

Figure  4  is  a  top  plan  view  of  the  second  embodi- 
ment  of  the  present  invention; 

Figure  5(a)  is  a  top  plan  view  of  a  part  of  a  third 
embodiment  of  an  IGBT  according  to  present  inven- 
tion; 

45 

4 
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Figure  5(b)  is  a  sectional  view  taken  along  the  line 
A-A'  of  Figure  5(a)  showing  an  upper  part  of  the  third 
embodiment; 

Figure  5(c)  is  a  sectional  view  taken  along  the  line 
B-B'  of  Figure  5(a)  showing  an  upper  part  of  the  third 
embodiment; 

Figure  6  is  a  circuit  diagram  showing  an  exemplary 
overcurrent  protecting  circuit  for  IGBTs; 

Figure  7  is  a  graph  showing  a  main  current  and  a 
voltage  VD  across  the  main  element  1  while  the  pro- 
tecting  circuit  of  Figure  6  is  limiting  an  overcurrent; 

Figure  8  is  a  sectional  view  showing  a  part  of  an 
exemplary  IGBT  device  according  to  the  related 
application; 

Figure  9(a)  is  a  circuit  diagram  showing  an  equiva- 
lent  circuit  of  the  IGBT  having  a  sensing  cell,  the 
source  electrode  terminal  of  which  is  open; 

Figure  9(b)  is  a  sectional  view  of  a  part  of  the  IGBT 
showing  a  breakdown  point  of  the  IGBT  of  Figure  9 
(a); 

Figure  1  0(a)  is  a  graph  for  explaining  the  spike  noise 
in  the  detected  voltage  Vs;  and 

Figure  10(b)  is  a  circuit  diagram  showing  an  equiv- 
alent  circuit  of  the  IGBT  for  explaining  the  cause  of 
the  spike  noise  in  the  detected  voltage  Vs. 

Referring  now  to  the  drawings,  Figure  1  isasection- 
al  view  showing  a  first  embodiment  of  an  IGBT  according 
to  the  present  invention.  In  Figure  1  ,  the  boundary  region 
between  the  main  cell  portion  6  and  the  sensing  cell  por- 
tion  7  for  current  detection  is  shown.  In  Figure  1,  very 
many  cells  are  integrated  in  parallel  connection  with 
each  other  as  the  switching  units  on  a  semiconductor 
substrate  5.  The  main  cell  portion  6  is  illustrated  on  the 
right  hand  side  of  the  Figure,  and  the  sensing  cell  portion 
on  the  left  hand  side.  In  Figure  1  ,  a  (p)  type  base  region 
9  is  formed  selectively  in  the  surface  of  an  (n)  type  base 
layer  8.  An  (n)  type  emitter  region  10  is  formed  in  the 
surface  of  the  (p)  type  base  region  9.  A  gate  electrode 
12  is  fixed  via  a  gate  oxide  film  11  to  the  surface  of  a 
channel  region  1  3  formed  in  the  surface  layer  in  the  por- 
tion  of  the  (p)  type  base  region  9  extending  between  the 
(n)  type  base  layer  8  and  the  (n)  type  emitter  region  10. 
An  emitter  electrode  14,  15  which  contacts  commonly 
with  the  surfaces  of  the  (n)  type  emitter  region  10  and 
the  (p)  type  base  region  9  is  fixed  to  the  surface  of  the 
device.  The  emitter  electrode  is  divided  into  a  main  emit- 
ter  electrode  1  4  for  the  main  cell  portion  6  and  a  sensing 
emitter  electrode  15  for  a  sensing  cell  portion  7.  A  col- 
lector  electrode  1  6  is  fixed  to  the  back  surface  of  the  sem- 

iconductor  substrate  5.  The  main  cell  portion  6  and  the 
sensing  cell  portion  7,  describing  more  strictly  the  near- 
est  channel  regions  1  3  and  1  3  of  the  main  and  sensing 
cell  portions  6  and  7,  are  spaced  by  a  distance  L  of 

5  1  00u.m  or  more,  to  prevent  mutual  interference  between 
the  main  and  sensing  cell  portions  6  and  7  considering 
the  diffusion  length  of  the  electrons  supplied  from  the 
MOSFET  and  the  minority  carriers  injected  from  a  (p) 
type  collector  layer  1  9  to  the  (n)  type  base  layer  8.  A  (p) 

10  type  well  17  connected  to  the  main  emitter  electrode  1  4 
of  the  main  cell  portion  and  a  (p)  type  well  1  8  connected 
to  the  sensing  emitter  electrode  15  of  the  sensing  cell 
portion  are  formed  between  the  main  and  sensing  cell 
portions  6  and  7,  to  capture  the  minority  carriers  (holes 

is  in  this  example).  The  wells  17  and  18  are  spaced  by  a 
distance  Lw  of  20u.m  or  less.  The  spacing  Lw  is  deter- 
mined  as  follows:  when  the  specific  resistance  of  the  (n) 
type  base  layer  8  is  50Qcm,  the  width  of  the  depletion 
layer  expanding  under  the  applied  voltage  of  20  V  is 

20  20um  If  the  spacing  Lw  is  set  at  20u.m  or  less,  the  junc- 
tion  leakage  current  lrM  of  the  sensing  cell  portion  flows 
to  the  main  cell  side  at  the  applied  voltage  of  more  than 
20  V.  Therefore,  the  potential  of  the  sensing  emitter  elec- 
trode  1  5  is  not  boosted  any  more,  and  the  gate  oxide  film 

25  11  is  prevented  from  breakdown.  If  the  spacing  Lw  is  to 
narrow,  the  separation  effect  between  the  main  and 
sensing  cell  portions  6  and  7  is  insufficient.  Thus,  5  to 
20u.m  is  appropriate  for  the  spacing  Lw. 

Figure  2  is  a  top  plan  view  of  the  first  embodiment 
30  of  the  present  invention  in  which  the  gate  oxide  film  11  , 

the  main  and  sensing  emitter  electrodes  14,  15  and  their 
upper  structure  of  Figure  1  are  omitted.  In  Figure  2,  the 
sensing  cell  portion  7  occupies  the  lower  left  part  of  the 
Figure.  The  (p)  type  well  18  for  capturing  the  minority 

35  carriers  is  formed  in  a  ring  shape  surrounding  the  sens- 
ing  cell  portion  7.  The  main  cell  portion  6  is  located  on 
the  upper  and  right  hand  sides  of  the  Figure. 

In  the  structure  described  above,  (p)  type  well  18, 
electrically  contacted  with  the  sensing  emitter  electrode 

40  1  5  captures  minority  carriers  diffusing  out  from  the  sens- 
ing  cell  portion  7  to  the  main  cell  portion  6,  and  (p)  type 
well  1  7,  electrically  contacted  with  the  main  emitter  elec- 
trode  1  4  captures  the  minority  carriers  diffusing  from  the 
main  cell  portion  6  toward  the  sensing  cell  portion  7. 

45  Thus,  the  above  described  structure  facilitates  reducing 
greatly  the  leakage  current  between  the  main  and  sens- 
ing  cell  portions  6  and  7  caused  by  minority  carriers.  In 
association  with  this  leakage  current  reduction,  the  spac- 
ing  between  the  main  and  sensing  cell  portions  6  and  7 

so  may  be  shortened  to  reduce  the  overall  chip  area.  The 
efficiency  with  which  the  minority  carriers  are  captured 
is  improved  by  surrounding  the  sensing  cell  portion  7  with 
the  ring  shaped  (p)  type  wells  17  and  18. 

Figure  3  is  a  sectional  view  showing  the  second  em- 
55  bodimentof  an  IGBT  according  to  the  present  invention. 

In  Figure  3,  the  boundary  region  between  the  main  cell 
portion  6  and  the  sensing  cell  portion  7  for  current  detec- 
tion  is  shown.  The  main  cell  portion  6  is  shown  on  the 

5 
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right  hand  side  of  the  Figure  and  the  sensing  cell  portion 
7  on  the  left  hand  side.  In  Figure  3,  a  (p)  type  base  region 
9  is  formed  selectively  in  the  surface  of  an  (n)  type  base 
layer  8.  An  (n)  type  emitter  region  10  is  formed  in  the 
surface  of  the  (p)  type  base  region  9.  A  gate  electrode 
12,  a  main  emitter  electrode  14,  a  sensing  emitter  elec- 
trode  1  5,  and  a  collector  electrode  1  6  are  disposed  in  the 
same  manner  as  in  the  first  embodiment  of  Figure  1. 
However,  the  (p)  type  well  17  for  capturing  the  minority 
carriers  (in  this  case,  holes)  is  connected  with  the  (p)  type 
base  region  9  of  the  main  cell  portion  6  and  the  (p)  type 
well  18  is  connected  with  the  (p)  type  base  region  9  of 
the  sensing  cell  portion  7.  The  spacing  between  the  main 
and  sensing  cell  portions  6  and  7  is  measured  between 
the  nearest  neighbouring  channel  regions  13  and  13. 
The  main  and  sensing  cell  portions  6  and  7  are  spaced 
by  a  distance  L  of  100u.m  or  more,  thus  preventing  any 
mutual  interference  of  the  main  and  sensing  cell  portions 
6  and  7  considering  the  diffusion  length  of  the  electrons 
supplied  from  the  MOSFET  and  the  minority  carriers  in- 
jected  from  the  (p)  type  collector  layer  1  9  to  the  base 
layer  8.  Between  the  main  and  sensing  cell  portions,  the 
spacing  Lw  between  the  (p)  type  well  17,  connected  to 
the  main  emitter  electrode  1  4  of  the  main  cell  portion,  for 
capturing  the  minority  carriers  (in  this  case,  holes)  and 
the  (p)  type  well  18,  connected  to  the  sensing  emitter 
electrode  15  of  the  sensing  cell  portion,  is  set  at  20u.m 
or  less. 

Figure  4  is  a  top  plan  view  of  the  second  embodi- 
ment  of  the  present  invention  in  which  the  gate  oxide  film 
11,  the  emitter  electrodes  14,  15  and  their  upper  struc- 
ture  of  Figure  3  are  omitted.  In  Figure  4,  the  sensing  cell 
portion  7  occupies  the  lower  left  part  of  the  Figure,  and 
the  main  cell  portion  6  the  other  part. 

In  the  structure  described  above  in  Figure  3,  the  (p) 
type  well  1  8,  in  electrical  contact  with  the  sensing  emitter 
electrode  1  5  of  the  sensing  cell  portion,  captures  the  mi- 
nority  carriers  diffusing  from  the  sensing  cell  portion  7 
toward  the  main  cell  portion  6,  and  (p)  type  well  17,  in 
electrical  contact  with  the  main  emitter  electrode  14  of 
the  main  cell  portion,  captures  the  minority  carriers  dif- 
fusing  from  the  main  cell  portion  6  toward  the  sensing 
cell  portion  7.  Thus,  the  structure  described  in  Figure  3 
facilitates  reducing  greatly  the  leakage  current  between 
the  main  and  sensing  cell  portions  6  and  7  caused  by  the 
minority  carriers.  In  correspondence  with  this  leakage 
current  reduction,  the  spacing  between  the  main  and 
sensing  cell  portions  6  and  7  may  be  shortened  to  reduce 
the  chip  area.  Further,  as  in  the  previous  embodiment, 
the  efficiency  with  which  the  minority  carriers  are  cap- 
tured  is  improved  by  completely  surrounding  the  sensing 
cell  portion  7  with  the  ring  shaped  (p)  type  wells  17  and 
18. 

In  the  embodiments  of  Figures  1  and  3,  the  spacing 
between  the  (p)  type  well  1  7,  connected  to  the  main  emit- 
ter  electrode  1  4  of  the  main  cell  portion,  and  the  (p)  type 
well  1  8,  connected  with  the  sensing  emitter  electrode  1  5 
of  the  sensing  cell  portion,  is  short  enough  for  the  deple- 

tion  layer  to  spread  from  the  sensing  cell  portion  7  to  the 
main  cell  portion  6  to  avoid  the  breakdown  of  the  gate 
insulation  film  10  even  when  a  voltage  is  applied  to  the 
collector  electrode  16  under  the  open  state  of  the  emitter 

5  electrode  15  of  the  sensing  cell  portion. 
Figure  5(a)  is  a  top  plan  view  of  a  part  of  the  third 

embodiment  of  an  IGBT  according  to  present  invention. 
Figure  5(b)  is  sectional  view  taken  along  the  line  A-A'  of 
Figure  5(a)  showing  an  upper  part  of  the  third  embodi- 

10  ment.  Figure  5(c)  is  a  sectional  view  taken  along  the  line 
B-B'  of  Figure  5(a)  showing  an  upper  part  of  the  third 
embodiment.  In  Figure  5(a),  the  sensing  cell  portion  7 
occupies  the  lower  left  part  of  the  Figure,  and  the  main 
cell  portion  6  is  located  on  the  upper  and  right  hand  sides 

is  of  the  Figure.  In  Figure  5(a),  agate  electrode  12  is  shown 
by  the  broken  line  hatching,  an  emitter  electrode  15  of 
the  sensing  cell  portion  by  the  narrowly  spaced  solid  line 
hatching,  and  an  emitter  electrode  14  of  the  main  cell 
portion  by  the  widely  spaced  solid  line  hatching.  In  the 

20  separating  region  by  which  sensing  cell  portion  7  and  the 
main  cell  portion  6  are  spaced,  the  gate  electrode  12  is 
not  formed  under  the  extension  of  the  emitter  electrode 
15  as  shown  in  Figure  5(b).  This  allows  the  overlapping 
area  of  the  electrodes  1  2  and  1  5  to  be  reduced  as  much 

25  as  possible.  Since  the  sensing  cell  portion  7  is  formed 
with  an  island  shape  so  as  to  be  surrounded  by  the  wells 
17,  18  for  capturing  the  minority  carriers,  the  gate  elec- 
trode  should  be  connected  to  some  point  in  the  sensing 
cell  portion  7.  The  gate  electrode  12  is  thus  extended, 

30  as  shown  in  Figure  5(c),  over  the  separating  region  while 
the  extension  of  the  emitter  electrode  15  of  the  sensing 
cell  portion  7  is  shortened  at  that  part  of  the  separating 
region,  as  seen  in  the  B-B'  section,  so  as  to  reduce  the 
overlapping  area  of  the  electrodes  12  and  15.  Thus,  the 

35  capacitance  CGM  between  the  gate  electrode  1  2  and  the 
emitter  electrode  15  is  reduced.  Therefore,  the  spike 
noise  voltage  which  the  displacement  current  causes 
across  the  current  detecting  resistor  at  the  turning-on  of 
the  IGBT  is  reduced. 

40  Though  the  present  invention  has  been  explained 
by  way  of  examples  of  the  IGBT,  it  is  emphasised  that 
the  present  invention  is  applicable  to  all  vertical  MOS 
semiconductor  devices  such  as  MOSFETs,  MOS  control 
thyristors  (MCT),  etc. 

45  As  explained  above,  the  present  invention  facilitates 
maintaining  the  ratio  of  the  main  and  detecting  currents 
at  a  constant  value  under  any  circumstance.  The  present 
invention  also  facilitates  avoiding  the  breakdown  of  the 
device  in  the  open  state  of  the  emitter  electrode  of  the 

so  sensing  cell  portion  or  at  the  instant  of  turning-on  the  de- 
vice. 

Claims 
55 

1  .  A  vertical  MOS  semiconductor  device  comprising  a 
main  cell  portion  having  a  number  of  switching  cells, 
a  sensing  cell  portion  for  detecting  a  current  of  the 

6 
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main  cell  portion,  each  of  the  cell  portions  further 
comprising  a  semiconductor  layer  of  a  first  conduc- 
tivity  type,  a  base  region  of  a  second  conductivity 
type  formed  selectively  on  a  first  surface  of  the  sem- 
iconductor  layer,  an  emitter  region  of  the  first  con-  s 
ductivity  type  formed  selectively  in  the  surface  of  the 
base  region,  a  gate  electrode  fixed  via  a  gate  oxide 
film  to  that  portion  of  the  base  region  extending 
between  the  semiconductor  layer  and  the  emitter 
region,  and  an  emitter  electrode  contacting  in  com-  10 
mon  with  the  surfaces  of  the  base  region  and  the 
emitter  region,  and  a  first  well  region  of  the  second 
conductivity  type  formed  between  the  main  and 
sensing  cell  portions,  the  first  well  region  being  con- 
nected  with  the  emitter  electrode  of  the  sensing  cell  15 
portion. 

2.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  1  ,  wherein  the  first  well  region  is  shaped  as  a 
ring.  20 

3.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  1  or  claim  2,  further  comprising  a  second  well 
region  of  the  second  conductivity  type  formed 
between  the  main  and  sensing  cell  portions,  the  sec-  25 
ond  well  region  being  connected  with  the  emitter 
electrode  of  the  main  cell  portion. 

4.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  3,  wherein  the  second  well  region  is  shaped  30 
as  a  ring. 

5.  A  vertical  MOS  semiconductor  device  as  claimed  in 
any  of  claims  1  to  4,  wherein  the  insulation  withstand 
voltage  between  the  emitter  electrodes  of  the  main  35 
and  sensing  cell  portions  is  lower  than  the  withstand 
voltage  of  the  gate  oxide  film. 

6.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  5  as  dependant  on  claim  3,  wherein  the  spac-  40 
ing  between  the  neighbouring  first  and  second  wells 
is  from  5  to  20um 

7.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  6,  wherein  the  area  of  the  gate  electrode  45 
located  beneath  the  emitter  electrode  of  the  sensing 
cell  portion  is  reduced. 

8.  A  vertical  MOS  semiconductor  device  as  claimed  in 
claim  6,  wherein  the  area  of  the  emitter  electrode  so 
located  above  the  gate  electrode  is  reduced. 

55 
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Figure  6 
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Figure  10 
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