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(54)  Method  for  testing  semiconductor  integrated  circuit. 

(57)  In  a  voltage  drop  power  supply  circuit  for  a 
semiconductor  integrated  circuit  device,  a  first 
unit  (11)  generates  a  constant  internal  power 
supply  voltage  (VA,  Vb1)  from  an  external  power  vcc 
supply  voltage  (Vcc)  in  accordance  with  a  first  i 
characteristic  line  (IVb)  defining  a  relationship  consi 
between  the  external  power  supply  voltage  and  unit 
the  internal  power  supply  voltage,  and  applies 
the  constant  internal  power  supply  voltage  to 
internal  circuits  of  the  semiconductor  inte- 
grated  circuit  device.  A  second  unit  (12)  gener- 
ates  a  burn-in  voltage  (VB,  Vb2)  from  the 
external  power  supply  voltage  having  a  level 
higher  than  that  used  in  the  normal  operation  in 
accordance  with  a  second  characteristic  line 
(IVa)  defining  a  relationship  between  the  exter- 
nal  power  supply  voltage  and  the  internal  power 
supply  line,  and  applies  the  burn-in  voltage  to 
the  internal  circuits  when  a  burn-in  test  is  car- 
ried  out  for  the  semiconductor  integrated  cir- 
cuit  device.  The  second  characteristic  line 
crosses  the  first  characteristic  line  at  an  inter- 
mediate  point  (Va1)  between  lower  and  upper 
limit  voltages  (Vcc1,  Vcc2)  defined  by  the  first 
characteristic  line.  The  burn-in  voltage  is  grea- 
ter  than  the  internal  power  supply  voltage  used 
in  the  normal  operation. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  invention 

The  present  invention  generally  relates  to  a  meth- 
od  for  testing  semiconductor  integrated  circuit  devic- 
es,  and  to  a  voltage  drop  power  supply  circuit  suitable 
for  the  test.  More  particularly,  the  present  invention 
is  concerned  with  a  method  for  testing  semiconductor 
integrated  circuit  devices  in  order  to  detect  an  initial 
fault  in  the  devices  by  applying  an  acceleration  vol- 
tage  (burn-in  voltage)  higher  than  a  normal  operation 
voltage  to  internal  structural  elements  of  the  devices, 
and  is  concerned  with  a  voltage  drop  power  supply 
circuit  provided  in  the  devices  and  suitable  for  such  a 
voltage  acceleration  test.  Further,  the  present  inven- 
tion  is  concerned  with  semiconductor  integrated  cir- 
cuit  devices  having  voltage  drop  power  supply  circuits 
as  described  above. 

2.  Description  of  the  Prior  Art 

A  recent  demand  to  increase  the  integration  den- 
sity  of  semiconductor  integrated  circuit  devices  re- 
quires  diminished  size  of  MOS  (Metal  Oxide  Semicon- 
ductor)  transistors  formed  on  chips  of  the  devices. 
Such  fine  MOS  transistors  have  a  large  electric  field 
between  the  source  and  drain,  and  this  results  in  hot 
carriers.  Such  a  hot  carrier  affects  the  MOS  transis- 
tors  and  may  damage  the  MOS  transistors,  so  that 
the  reliability  of  the  MOS  transistors  is  degraded. 
With  the  above  in  mind,  an  improvement  has  been 
proposed  in  which  an  external  power  supply  voltage 
is  dropped  by  means  of  a.voltage  drop  power  supply 
circuit  mounted  on  a  semiconductor  integrated  circuit 
devices  and  by  which  a  dropped  voltage  is  applied  to 
internal  circuits  of  the  devices.  Adecrease  in  the  pow- 
er  supply  voltage  to  be  applied  to  the  internal  circuits 
increases  the  resistance  of  the  MOS  transistors  to  the 
hot  carriers. 

A  conventional  voltage  drop  power  supply  circuit 
can  be  classified  into: 

(1)  a  flat  voltage  characteristic  type  circuit  in 
which  the  output  voltage  (i.  e.  the  voltage  after 
the  voltage  drop)  does  not  change  when  the  ex- 
ternal  power  supply  voltage  changes,  or 
(2)  an  external  voltage  dependent  type  circuit  in 
which  the  dropped  voltage  depends  on  the  exter- 
nal  power  supply  voltage. 
The  voltage  drop  power  supply  circuit  of  the  flat 

voltage  characteristic  type  (1)  is  capable  of  stably 
generating  a  constant  voltage  independent  of  varia- 
tions  in  the  external  power  supply  voltage.  Hence,  the 
voltage  drop  power  supply  circuit  of  the  flat  voltage 
characteristic  type  is  frequently  employed,  as  com- 
pared  to  the  voltage  drop  power  supply  circuit  of  the 
above  type  (2). 

Avoltage  acceleration  test  (burn-in  test)  is  known 

as  one  of  methods  for  testing  semiconductor  integrat- 
ed  circuit  devices.  In  the  voltage  acceleration  test,  a 
high  voltage  (acceleration  or  burn-in  voltage)  outside 
a  normal  operation  voltage  range  for  internal  circuits 

5  of  the  semiconductor  integrated  circuit  devices  is  ap- 
plied  to  the  internal  circuits  for  a  predetermined  per- 
iod.  The  application  of  the  high  voltage  does  not  affect 
normal  transistors  of  the  semiconductor  integrated 
circuit  devices.  However,  deterioration  of  defective 

10  transistors  is  accelerated  by  the  application  of  the 
high  voltage.  Semiconductor  integrated  circuit  devic- 
es  having  defective  transistors  which  have  deteriorat- 
ed  by  the  application  of  the  high  voltage  for  the  pre- 
determined  period  are  discarded.  However,  even 

15  when  the  external  power  supply  voltage  is  increased 
in  order  to  perform  the  voltage  acceleration  test,  the 
output  voltage  after  the  voltage  drop  does  not  reach 
the  operation  voltage  necessary  for  the  voltage  ac- 
celeration  test  in  the  semiconductor  integrated  circuit 

20  devices  having  the  voltage  drop  power  supply  circuits 
of  the  flat  voltage  characteristic  type,  and  hence  the 
voltage  acceleration  test  cannot  be  substantially  per- 
formed.  Hence,  it  is  required  that  the  voltage  accel- 
eration  test  can  be  carried  out  for  the  semiconductor 

25  integrated  circuit  devices  having  the  voltage  drop 
power  supply  circuits  of  the  flat  voltage  characteristic 
type. 

Fig.  1  is  a  blockdiagramof  a  conventional  voltage 
drop  power  supply  circuit  provided  in  a  semiconductor 

30  integrated  circuit  device.  Referring  to  Fig.  1,  a  con- 
stant  internal  voltage  supply  unit  1,  a  burn-in  voltage 
(acceleration  voltage)  supply  unit  2,  and  a  regulator 
unit  3  are  formed  in  a  semiconductor  integrated  circuit 
device.  An  external  power  supply  voltage  Vcc  is  ap- 

35  plied  to  the  units  1  ,  2  and  3.  The  regulator  unit  3  out- 
puts  an  operation  voltage  (after  the  voltage  drop)  to 
internal  circuits  of  the  semiconductor  integrated  cir- 
cuit  device. 

When  the  external  power  supply  voltage  Vcc  is 
40  within  a  normal  operation  voltage  range,  the  constant 

internal  voltage  supply  unit  1  generates  a  predeter- 
mined  constant  internal  power  supply  voltage  V1  ,  and 
the  burn-in  voltage  supply  unit  2  generates  a  burn-in 
voltage  V2  lower  than  the  constant  internal  power 

45  supply  voltage  V1  .  Hence,  the  constant  voltage  V1  is 
applied  to  the  regulator  unit  3,  which  generates  a  con- 
stant  operation  voltage  V. 

When  the  external  power  supply  voltage  Vcc  ex- 
ceeds  the  normal  operation  voltage  range,  the  con- 

50  stant  voltage  V1  is  continuously  output  by  the  con- 
stant  internal  voltage  supply  unit  1,  while  the  burn-in 
voltage  V2  proportional  to  the  external  power  supply 
voltage  Vcc  is  generated  by  the  burn-in  voltage  sup- 
ply  unit  2.  Since  V2  >  V1  ,  the  burn-in  voltage  V2  is  ap- 

55  plied  to  the  regulator  unit  3.  The  regulator  unit  2  out- 
puts  the  voltage  V  dependent  on  the  input  voltage  V2. 
In  the  above  manner,  when  the  external  power  supply 
voltage  Vcc  increases  and  becomes  out  of  the  normal 
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operation  voltage  range,  the  burn-in  voltage  V2  pro- 
portional  to  the  external  power  supply  voltage  Vcc  is 
generated  by  the  burn-in  voltage  supply  unit  2,  and 
the  internal  power  supply  voltage,  which  is  generated 
by  the  regulator  unit  3  and  is  higher  than  the  normal 
operation  voltage  necessary  for  the  transistors,  is  ap- 
plied  to  the  internal  circuits.  Hence,  the  voltage  accel- 
eration  test  (burn-in  test)  can  be  performed. 

It  is  known  that  dropped  voltage  (internal  power 
supply  voltage)  vs.  external  power  supply  voltage 
characteristics  shown  in  Figs.  2  through  4  depend  on 
the  structure  of  the  burn-in  voltage  supply  unit  2.  In 
the  voltage  characteristics  shown  in  Figs.  2  through 
4,  the  internal  power  supply  voltage  increases  in  pro- 
portion  to  the  external  power  supply  voltage  Vcc  until 
the  external  power  supply  voltage  Vcc  reaches  a  vol- 
tage  Vcc1  .  The  internal  power  supply  voltage  is  then 
maintained  at  a  constant  value  within  an  operation 
voltage  range  between  Vcc1  and  Vcc2. 

As  shown  in  Fig.  2,  the  internal  power  supply  vol- 
tage  changes  along  a  straight  line  I  connecting  the  ori- 
gin  O  and  the  internal  power  supply  voltage  corre- 
sponding  to  the  voltage  Vcc2  when  the  burn-in  test, 
in  which  the  external  power  supply  voltage  Vcc  is  in- 
creased  to  a  level  higher  than  the  voltage  Vcc2,  is 
carried  out  for  a  semiconductor  integrated  circuit  de- 
vice  having  the  burn-in  voltage  supply  unit  2  having 
the  voltage  characteristics  shown  in  Fig.  2.  As  shown 
in  Fig.  3,  the  internal  power  supply  voltage  changes 
along  a  straight  line  II  parallel  to  a  straight  line  con- 
necting  the  origin  O  and  the  internal  power  supply  vol- 
tage  corresponding  to  the  voltage  Vcc1  when  the 
burn-in  test  is  carried  out  for  a  semiconductor  inte- 
grated  circuit  device  having  the  burn-in  voltage  sup- 
ply  unit  2  having  the  voltage  characteristics  shown  in 
Fig.  2.  The  internal  power  supply  voltage  changes 
along  a  straight  line  III  (Fig.  4)  connecting  the  origin 
O  and  the  internal  power  supply  voltage  correspond- 
ing  to  the  voltage  Vcc2.  In  this  case,  the  internal  pow- 
er  supply  voltage  is  equal  to  the  external  power  sup- 
ply  voltage. 

Normally,  semiconductor  integrated  circuit  devic- 
es  include  transistors  to  which  the  external  power 
supply  voltage  is  applied,  and  transistors  to  which  an 
internal  power  supply  voltage  generated  by  a  voltage 
drop  power  supply  circuit  is  applied.  The  conventional 
voltage  acceleration  test  for  such  semiconductor  inte- 
grated  circuit  devices  is  carried  out  so  that  the  voltage 
application  condition  set  during  the  test  does  not 
match  the  voltage  application  condition  set  during  the 
normal  operation.  For  example,  the  ratio  of  the  inter- 
nal  power  supply  voltage  to  the  external  power  supply 
voltage  used  during  the  normal  operation  is  not  equal 
to  that  used  during  the  voltage  acceleration  test.  In 
this  case,  one  of  the  two  types  of  transistors  deteri- 
orates  faster  than  the  other  type  of  transistors,  and  a 
calculation  procedure  for  obtaining  the  ratios  be- 
comes  complex  and  troublesome.  As  a  result,  it  is 

very  difficult  to  complete  the  voltage  acceleration  test 
in  a  short  time. 

More  particularly,  the  conventional  voltage  ac- 
5  celeration  test  cannot  be  performed  at  a  ratio  of  the 

internal  power  supply  voltage  to  the  external  power 
supply  voltage  (Vcc1  -  Vcc2)  not  equal  to  that  set  dur- 
ing  the  normal  operation  (in  the  case  shown  in  Fig.  3). 
Even  when  the  same  ratio  can  be  set,  the  voltage  ae- 

ro  celeration  test  can  be  performed  with  respect  to  only 
a  limited  part  of  the  normal  operation  voltage  range. 
In  the  voltage  characteristic  shown  in  Fig.  2,  the  vol- 
tage  acceleration  test  can  be  performed  at  the  same 
ratio  as  the  normal  operation  in  which  the  external 

15  power  supply  voltage  Vcc  is  equal  to  Vcc2.  It  will  be 
noted  that  the  voltage  Vcc2  is  the  upper  limit  of  the 
normal  operation  voltage  range.  In  the  voltage  char- 
acteristic  shown  in  Fig.  4,  the  voltage  acceleration 
test  can  be  performed  at  t  he  same  ratio  as  t  he  normal 

20  operation  in  which  the  external  power  supply  voltage 
Vcc  is  equal  to  Vcc1  .  It  will  be  noted  that  the  voltage 
Vcc1  is  the  lower  limit  of  the  normal  operation  voltage 
range.  Hence,  the  reliability  of  the  acceleration  test  is 
not  good. 

25 
SUMMARY  OF  THE  INVENTION 

It  is  a  general  object  of  the  present  invention  to 
provide  a  method  for  testing  a  semiconductor  inte- 

30  grated  circuit  device  and  a  voltage  drop  power  supply 
circuit  suitable  for  the  method. 

A  more  specific  object  of  the  present  invention  is 
to  provide  a  method  for  testing  a  semiconductor  inte- 
grated  circuit  device  and  a  voltage  drop  power  supply 

35  circuit  in  which  the  relationship  between  the  internal 
power  supply  voltage  and  the  external  power  supply 
voltage  matches  the  relationship  between  the  inter- 
nal  power  supply  voltage  and  the  external  power  sup- 
ply  voltage  within  a  wide  voltage  range,  so  that  the 

40  semiconductor  integrated  circuit  device  can  be  cor- 
rectly  tested  in  a  short  time. 

The  above  objects  of  the  present  invention  are 
achieved  by  a  method  of  testing  a  semiconductor  in- 
tegrated  circuit  device  in  which  internal  circuits  of  the 

45  semiconductor  integrated  circuit  device  are  supplied, 
in  a  normal  operation,  with  a  constant  internal  power 
supply  voltage  generated  from  an  external  power  sup- 
ply  voltage  in  accordance  with  a  first  characteristic 
line  defining  a  relationship  between  the  external  pow- 

50  er  supply  voltage  and  the  internal  power  supply  vol- 
tage.  The  above  method  comprises  the  steps  of:  gen- 
erating  a  burn-in  voltage  from  the  external  power  sup- 
ply  voltage  having  a  level  higher  than  that  used  in  the 
normal  operation  in  accordance  with  a  second  char- 

55  acteristic  line  defining  a  relationship  between  the  ex- 
ternal  power  supply  voltage  and  the  internal  power 
supply  line,  the  second  characteristic  line  crossing 
the  first  characteristic  line  at  an  intermediate  point  be- 
tween  lower  and  upper  limit  voltages  defined  by  the 
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first  characteristic  line,  the  burn-in  voltage  being 
greater  than  the  internal  power  supply  voltage  used 
in  the  normal  operation;  and  applying  the  burn-in  vol- 
tage  to  the  internal  circuits  of  the  semiconductor  in- 
tegrated  circuit  device. 

The  above  objects  of  the  present  invention  are 
also  achieved  by  a  voltage  drop  power  supply  circuit 
for  a  semiconductor  integrated  circuit  device  compris- 
ing:  first  means  for  generating  a  constant  internal 
power  supply  voltage  from  an  external  power  supply 
voltage  in  accordance  with  a  first  characteristic  line 
defining  a  relationship  between  the  external  power 
supply  voltage  and  the  internal  power  supply  voltage 
and  for  applying  the  constant  internal  power  supply 
voltage  to  internal  circuits  of  the  semiconductor  inte- 
grated  circuit  device;  and  second  means  for  generat- 
ing  a  burn-in  voltage  from  the  external  power  supply 
voltage  having  a  level  higher  than  that  used  in  the 
normal  operation  in  accordance  with  a  second  char- 
acteristic  line  defining  a  relationship  between  the  ex- 
ternal  power  supply  voltage  and  the  internal  power 
supply  line  and  for  applying  the  burn-in  voltage  to  the 
internal  circuits  when  a  burn-in  test  is  carried  out  for 
the  semiconductor  integrated  circuit  device.  The  sec- 
ond  characteristic  line  crosses  the  first  characteristic 
line  atan  intermediate  point  between  lower  and  upper 
limit  voltages  defined  by  the  first  characteristic  line. 
The  burn-in  voltage  is  greaterthan  the  internal  power 
supply  voltage  used  in  the  normal  operation. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  semiconductor  integrated  circuit  device  having 
the  above-mentioned  voltage  drop  power  supply  cir- 
cuit. 

This  object  of  the  present  invention  is  achieved 
by  a  semiconductor  integrated  circuit  device  compris- 
ing:  first  internal  circuits  operating  with  an  external 
power  supply  voltage;  second  internal  circuits  operat- 
ing  with  a  constant  internal  power  supply  voltage  ob- 
tained  by  dropping  the  external  power  supply  voltage; 
first  means  for  generating  the  constant  internal  power 
supply  voltage  from  the  external  power  supply  vol- 
tage  in  accordance  with  a  first  characteristic  line  de- 
fining  a  relationship  between  the  external  power  sup- 
ply  voltage  and  the  internal  power  supply  voltage  and 
for  applying  the  constant  internal  power  supply  vol- 
tage  to  the  second  internal  circuits  of  the  semicon- 
ductor  integrated  circuit  device;  and  second  means 
for  generating  a  burn-in  voltage  from  the  external 
power  supply  voltage  having  a  level  higher  than  that 
used  in  the  normal  operation  in  accordance  with  a 
second  characteristic  line  defining  a  relationship  be- 
tween  the  external  power  supply  voltage  and  the  in- 
ternal  power  supply  line  and  for  applying  the  burn-in 
voltage  to  the  second  internal  circuits  when  a  burn-in 
test  is  carried  out  for  the  semiconductor  integrated 
circuit  device.  The  second  characteristic  line  crosses 
the  first  characteristic  line  at  an  intermediate  point  be- 
tween  lower  and  upper  limit  voltages  defined  by  the 

first  characteristic  line.  The  burn-in  voltage  is  greater 
than  the  internal  power  supply  voltage  used  in  the 
normal  operation. 

5 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other  objects,  features  and  advantages  of  the 
present  invention  will  become  more  apparent  from  the 

10  following  detailed  description  when  read  in  conjunc- 
tion  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  blockdiagramof  a  conventional  voltage 
drop  power  supply  circuit; 
Figs.  2,  3  and  4  are  graphs  showing  voltage  char- 

15  acteristics  depending  on  the  structure  of  the  vol- 
tage  drop  power  supply  circuit; 
Fig.  5  is  a  block  diagram  illustrating  an  overview 
of  the  present  invention; 
Fig.  6  is  a  graph  showing  a  voltage  characteristic 

20  of  the  structure  shown  in  Fig.  5; 
Fig.  7  is  a  circuit  diagram  of  a  first  embodiment  of 
the  present  invention; 
Fig.  8A,  8B,  8C  and  8D  are  graphs  illustrating  the 
operations  of  structural  parts  of  the  first  embodi- 

25  ment  of  the  present  invention  shown  in  Fig.  7; 
Fig.  9  is  a  graph  illustrating  a  voltage  character- 
istic  of  the  circuit  shown  in  Fig.  7; 
Fig.  10  is  a  circuit  diagram  of  a  second  embodi- 
ment  of  the  present  invention; 

30  Fig.  11  is  a  graph  illustrating  a  voltage  character- 
istic  of  a  third  embodiment  of  the  present  inven- 
tion; 
Fig.  12  is  a  graph  illustrating  an  example  of  the 
voltage  characteristic  of  the  third  embodiment  of 

35  the  present  invention; 
Fig.  13  is  a  circuit  diagram  of  the  third  embodi- 
ment  of  the  present  invention; 
Fig.  14  is  a  circuit  diagram  of  a  fourth  embodi- 
ment  of  the  present  invention; 

40  Fig.  1  5  is  a  circuit  diagram  of  a  variation  of  a  cir- 
cuit  Y  shown  in  Fig.  13; 
Fig.  16  is  a  circuit  diagram  of  an  example  of  the 
structure  of  a  regulator  unit  used  in  the  embodi- 
ments  of  the  present  invention; 

45  Fig.  17  is  a  circuit  diagram  of  another  example  of 
the  structure  of  the  regulator  unit  used  in  the  em- 
bodiments  of  the  present  invention;  and 
Fig.  18  is  a  block  diagram  of  a  semiconductor  in- 
tegrated  circuit  device  to  which  a  voltage  drop 

so  power  supply  circuit  is  applied. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

55  Referring  to  Fig.  5,  a  voltage  drop  power  supply 
circuit  of  the  present  invention  includes  a  constant  in- 
ternal  voltage  supply  unit  11,  and  a  burn-in  (acceler- 
ation  voltage)  voltage  supply  unit  12.  In  actuality,  a 
constant  internal  power  supply  voltage  releasing  sig- 
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nal  generating  unit  13  is  used. 
Referring  to  Fig.  6,  the  constant  internal  voltage 

supply  unit  11  generates  a  constant  internal  power 
supply  voltage  (after  the  voltage  drop)  Vbl  from  an  ex- 
ternal  power  voltage  Vcc  by  dropping  the  voltage  Vcc. 
The  constant  internal  power  supply  voltage  is  applied 
to  an  internal  circuit  14  of  a  semiconductor  integrated 
circuit  device.  The  burn-in  voltage  supply  unit  ^ g e n -  
erates,  in  accordance  with  a  first  characteristic  line 
IVa,  a  burn-in  voltage  (acceleration  voltage)  Vb2  from 
the  external  power  supply  voltage  Vcc  having  a  level 
Va2  higher  than  a  level  Val  used  for  the  normal  oper- 
ation.  The  burn-in  voltage  Vb2  is  higher  than  the  con- 
stant  internal  power  supply  voltage  Vbl  generated  by 
the  constant  internal  voltage  supply  unit  11.  The  first 
characteristic  line  IVa,  which  is  related  to  the  test  op- 
eration,  shows  the  relationship  between  the  external 
power  supply  voltage  (input  voltage)  Vcc  and  the  in- 
ternal  power  supply  voltage  (output  voltage).  The  first 
characteristic  line  IVa  is  designed  so  that  it  crosses  a 
second  characteristic  line  IVb  showing  the  constant 
internal  power  supply  voltage  Vb1  at  an  intermediate 
point  between  the  lower  and  upper  limits  of  the  sec- 
ond  characteristic  line  IVb  (the  normal  operation  vol- 
tage  range). 

During  the  test  operation,  the  burn-in  voltage  can 
be  generated  so  that  the  ratio  (Vb1/Va1)  of  the  con- 
stant  internal  power  supply  voltage  Vbl  to  the  external 
power  supply  voltage  Va1  used  in  the  normal  opera- 
tion  is  equal  to  the  ratio  (Vb2/Va2)  of  the  burn-in  vol- 
tage  Vb2  to  the  external  power  supply  voltage  Va2. 
The  external  supply  voltage  Val  is  located  at  approx- 
imately  the  center  of  the  normal  operation  range.  The 
voltage  acceleration  test  can  be  performed  at  the 
same  ratio  as  that  for  the  normal  operation  using  the 
voltage  Val.  It  is  possible  to  arbitrarily  locate  the  cross 
point  of  the  lines  IVa  and  IVb  within  the  normal  vol- 
tage  operation  range. 

As  will  be  described  later,  it  is  also  possible  to 
match  the  relationship  between  the  external  power 
supply  voltage  and  the  internal  power  supply  voltage 
used  during  the  normal  operation  with  that  used  dur- 
ing  the  burn-in  test  by  determining  a  characteristic 
line  parallel  to  a  VCC  line  connecting  the  origin  and 
the  lower  limit  of  the  normal  operation  voltage  range 
so  that  the  above  characteristic  line  crosses  the  char- 
acteristic  line  IVb  at  an  intermediate  point  thereof. 

Until  the  external  power  supply  voltage  Vcc  be- 
comes  equal  to  the  upper  limit  of  the  normal  operation 
voltage  range,  the  constant  internal  voltage  generat- 
ed  by  the  constant  internal  voltage  supply  unit  11  is 
supplied  to  the  internal  circuit  14.  In  the  burn-in  test 
in  which  the  external  power  supply  voltage  Vcc  is 
made  to  be  higher  than  the  upper  limit,  the  constant 
internal  power  supply  voltage  releasing  signal  gener- 
ating  unit  13  outputs  a  release  signal  to  the  burn-in 
voltage  supply  unit  12.  In  response  to  the  releasing 
signal,  the  burn-in  voltage  supply  unit  12  generates 

the  burn-in  voltage  according  to  the  characteristic 
line  IVa. 

Fig.  7  is  a  circuit  diagram  of  the  voltage  drop  pow- 
5  er  supply  circuit  according  to  the  first  embodiment  of 

the  present  invention.  In  Fig.  7,  parts  that  are  the 
same  as  parts  shown  in  Fig.  5  are  given  the  same  ref- 
erence  numbers.  A  regulator  unit  21  generates  a  vol- 
tage  dependent  on  an  input  voltage  VD  (equal  to  a  vol- 

10  tage  VA  described  later),  and  distributes  it  to  internal 
circuits  of  a  semiconductor  integrated  circuit  device 
having  the  voltage  drop  power  supply  circuit. 

The  constant  internal  voltage  supply  unit  11  is 
made  up  of  a  resistor  RO,  diode-connected  N-channel 

15  MOS  transistors  Q1  -  Q4,  P-channel  MOS  transistors 
Q5,  Q6  and  Q10,  and  N-channel  MOS  transistors  Q7 
-  Q9.  The  P-channel  MOS  transistors  Q5  and  Q6  form 
a  current-mirror  circuit.  The  resistor  RO  and  the  tran- 
sistors  Q1  -  Q4  form  a  series  circuit  connected  be- 

20  tween  an  external  power  supply  voltage  Vcc  line  22 
and  ground.  The  resistor  RO,  and  the  drain  and  gate 
of  the  transistor  Q1  are  connected  to  a  terminal  23, 
and  to  the  gates  of  the  transistors  Q7  and  Q9. 

The  drains  of  the  transistors  Q5  and  Q6  are  con- 
25  nected  to  the  drains  of  the  transistors  Q7  and  Q8,  re- 

spectively.  The  sources  of  the  transistors  Q7  and  Q8 
are  connected  to  the  drain  of  the  transistor  Q9.  The 
gate  of  the  transistor  Q1  0  is  connected  to  the  drains 
of  the  transistors  Q5  and  Q7,  and  the  drain  of  the  tran- 

30  sistor  Q10  is  connected  to  the  gate  of  the  transistor 
Q8. 

The  burn-in  voltage  supply  unit  12  is  made  up  of 
a  P-channel  MOS  transistor  Q11  for  switching,  P- 
channel  MOS  transistors  Q12,  Q13  and  Q14,  resis- 

35  tors  R1  and  R2,  and  N-channel  MOS  transistors  Q1  5, 
Q16  and  Q17.  The  sources  of  the  transistors  Q12  - 
Q14  are  connected  to  the  external  power  supply  vol- 
tage  line  22.  The  gate  of  the  transistor  Q1  5  is  connect- 
ed  to  the  drain  of  the  transistor  Q1  2  and  to  the  source 

40  of  the  transistor  Q1  1  ,  and  to  the  drain  of  the  transistor 
Q15  is  connected  to  the  drain  and  gate  of  the  transis- 
tor  Q13.  The  drain  of  the  transistor  Q16  is  connected 
to  the  gate  of  the  transistor  Q12  and  the  drain  of  the 
transistor  Q14,  and  the  gate  of  the  transistor  Q16  is 

45  connected  to  a  connection  node  at  which  the  resistors 
R1  and  R2  are  connected  in  series.  The  drain  of  the 
transistor  Q1  7  is  connected  to  the  sources  of  the  tran- 
sistors  Q15  and  Q16. 

The  transistor  Q1  3  and  Q14  form  a  current-mirror 
so  circuit.  The  transistor  Q17  receives  an  output  refer- 

ence  voltage  VREF  applied  to  the  gate  via  a  terminal 
24,  and  functions  as  a  constant-current  source.  The 
resistors  R1  and  R2  form  a  voltage  dividing  circuit. 

The  constant  internal  voltage  releasing  signal 
55  generating  unit  1  3  is  made  up  of  resistors  R3  and  R4, 

P-channel  MOS  transistors  Q18,  Q19  and  Q23,  and 
N-channel  MOS  transistors  Q20  -  Q22  and  Q24.  The 
resistors  R3  and  R4  form  a  voltage  dividing  circuit, 
which  divides  the  external  power  supply  voltage  Vcc. 

5 
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The  sources  of  the  transistors  Q18,  Q19  and  Q23  are 
connected  to  the  external  power  supply  voltage  line 
22.  The  sources  of  the  transistors  Q20  and  Q21  are 
connected  to  each  other.  The  drain  of  the  transistor 
Q22  is  connected  to  the  sources  of  the  transistors 
Q20  and  Q21  .  The  gate  of  the  transistor  Q24  is  con- 
nected  to  the  gates  of  the  transistors  Q20  and  Q22, 
and  to  a  terminal  25. 

The  transistors  Q18  and  QI9  connected  to  the 
drains  of  the  transistors  Q20  and  Q21  form  a  current- 
mirror  circuit.  The  gate  of  the  transistor  Q21  is  con- 
nected  to  a  connection  node  at  which  the  resistors  R3 
and  R4  are  connected  in  series.  The  gate  of  the  tran- 
sistor  Q23  is  connected  to  the  drains  of  the  transistors 
Q18  and  Q20.  The  drains  of  the  transistors  Q23  and 
Q24  are  connected  to  the  gate  of  the  transistor  Q1  1  . 

A  description  will  now  be  given,  with  reference  to 
Figs.  8A  through  8D,  of  the  operation  of  the  first  em- 
bodiment  of  the  present  invention.  When  the  external 
power  supply  voltage  Vcc  is  less  than  the  threshold 
voltages  of  the  transistors  Q1  -  Q4,  the  transistors  Q1 
-  Q4  are  OFF,  and  a  voltage  the  same  as  the  external 
power  supply  voltage  Vcc  is  output  to  the  terminal  23 
as  the  reference  voltage  VREF.  At  this  time,  the  gate 
potential  of  t  he  transistor  Q8  balances  wit  h  t  hat  of  t  he 
transistor  Q7,  and  these  gate  potentials  are  equal  to 
the  external  power  supply  voltage  Vcc. 

When  the  external  power  supply  voltage  Vcc  be- 
comes  equal  to  or  higher  than  a  level  corresponding 
to  the  threshold  voltages  of  the  transistors  Q1  -  Q4, 
the  transistors  Q1  -  Q4  are  turned  ON,  and  the  con- 
stant  reference  voltage  VREF  is  output  to  the  terminal 
23.  The  reference  voltage  VREF  is  applied  to  the  gate 
of  the  transistor  Q9,  which  outputs  a  constant  current. 
The  reference  voltage  VREF  is  also  applied  to  the  gate 
of  the  transistor  Q7.  The  drain  of  the  transistor  Q7  is 
connected  to  the  current-mirror  circuit  including  the 
transistors  Q5  and  Q6.  Hence,  a  drain  current  the 
same  as  the  drain  current  of  the  transistor  Q7  flows 
in  the  transistor  Q8,  and  the  gate  potential  of  the  tran- 
sistor  Q8  is  balanced  at  a  potential  equal  to  the  gate 
potential  VREF  of  the  transistor  Q7.  Hence,  as  shown 
by  the  solid  line  in  Fig.  8A,  the  gate  voltage  VA  of  the 
transistor  Q8  is  the  constant  internal  power  supply 
voltage  when  the  external  power  supply  voltage  is 
equal  to  or  higher  than  the  gate  potential  VREF. 

A  voltage  obtained  by  dividing  the  external  power 
supply  voltage  Vcc  by  means  of  the  resistors  R1  and 
R2  is  applied  to  the  gate  of  the  transistor  Q16.  The 
gate  of  the  transistor  Q1  7  connected  to  the  source  of 
the  transistor  Q16  receives  the  reference  voltage 
VREF  via  the  terminal  24,  and  the  transistor  Q1  7  func- 
tions  as  a  constant-current  source. 

As  the  gate  potential  of  the  transistor  Q16  in- 
creases,  the  drain  current  of  the  transistor  Q16  in- 
creases,  and  the  drain  current  of  the  transistor  Q12 
decreases.  Further,  the  gate  potential  of  the  transis- 
tor  Q15  increases.  When  the  gate  potential  of  the 

transistor  Q1  5  becomes  equal  to  the  gate  potential  of 
the  transistor  Q16,  the  transistor  Q12  is  turned  OFF. 
Then,  identical  currents  flow  in  the  transistors  Q15 

5  and  Q16  from  the  current-mirror  circuit  including  the 
transistors  Q13  and  Q14  connected  to  the  drains  of 
the  transistors  Q15  and  Q16,  respectively.  In  this 
state,  the  transistors  Q15  and  Q16  are  balanced  with 
respect  to  each  other. 

10  Hence,  as  shown  in  Fig.  8B,  the  gate  voltage  VB 
of  the  transistor  Q15  is  equal  to  the  divided  voltage 
applied  to  the  gate  of  the  transistor  Q16  and  derived 
from  the  external  power  supply  voltage  Vcc  by  means 
of  the  resistors  R1  and  R2.  Further,  the  gate  voltage 

15  VB  of  the  transistor  Q1  5  is  less  than  the  external  pow- 
er  supply  voltage  Vcc  and  changes  in  proportion  to 
change  in  the  external  power  supply  voltage  Vcc.  The 
voltage  VB  obtained  at  the  gate  of  the  transistor  Q15 
is  output  to  the  source  of  the  transistor  Q11  as  the 

20  burn-in  voltage. 
The  reference  voltage  VREF  is  applied,  via  the  ter- 

minal  25,  to  the  gates  of  the  transistors  Q20  and  Q22 
of  the  constant  internal  power  supply  voltage  releas- 
ing  signal  generating  unit  23,  and  the  transistor  Q23 

25  functions  as  a  constant-current  source.  A  voltage  ob- 
tained  by  dividing  the  external  power  supply  voltage 
Vcc  by  means  of  the  resistors  R3  and  R4  is  applied 
to  the  gate  of  the  transistor  Q21  .  The  ratio  of  the  re- 
sistances  of  the  resistors  R3  and  R4  is  set  to  a  pre- 

30  determined  value  greater  than  the  ratio  of  the  resis- 
tances  of  the  resistors  R1  and  R2.  Hence,  the  gate 
voltage  of  the  transistor  Q21  changes  along  a  char- 
acteristic  line  having  a  slope  less  than  the  solid  line 
shown  in  Fig.  8B. 

35  The  current-mirror  circuit  including  the  transis- 
tors  Q18  and  Q19  connected  to  the  transistors  Q20 
and  Q21  outputs  the  same  drain  currents  in  the  tran- 
sistors  Q20  and  Q21.  When  the  gate  voltage  of  the 
transistor  Q21  is  less  than  the  reference  voltage  VREF 

40  applied  to  the  gate  of  the  transistor  Q20,  the  currents 
flowing  in  the  transistors  Q18  and  Q19  are  small.  At 
this  time,  the  transistor  Q23  is  ON,  and  the  voltage  Vc 
of  the  connection  node  at  which  the  drains  of  the  tran- 
sistors  Q23  and  Q24  are  connected  to  each  other  is 

45  approximately  equal  to  the  external  power  supply  vol- 
tage  Vcc. 

When  the  external  power  supply  voltage  Vcc 
reaches  the  level  Vcc2,  and  the  gate  voltage  of  the 
transistor  Q21  defined  by  dividing  the  external  power 

so  supply  voltage  Vcc  by  means  of  the  resistors  R3  and 
R4  becomes  equal  to  the  gate  voltage  VREF  of  the 
transistor  Q20,  a  current  half  of  the  drain  current  of 
the  transistor  Q22  flows  in  each  of  the  transistors  Q20 
and  Q21,  and  therefore  the  transistor  Q23  is  turned 

55  OFF.  Hence,  the  above  voltage  Vc  becomes  equal  to 
a  Vss  (ground  level),  which  is  the  source  potential  of 
the  transistor  Q24. 

When  the  external  power  supply  voltage  Vcc  is 
higher  than  the  level  Vcc2,  the  transistor  Q23  is 

6 
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turned  OFF  in  the  same  manner  as  mentioned  above, 
and  the  voltage  Vc  becomes  equal  to  the  ground  level 
Vss.  Hence,  the  voltage  Vc  changes  according  to  a 
characteristic  line  indicated  by  the  solid  line  shown  in 
Fig.  8C.  The  levels  Vcc1  and  Vcc2  denote  the  lower 
and  upper  limit  values  of  the  normal  operation  voltage 
range  of  the  semiconductor  integrated  circuit  device 
to  be  tested. 

The  voltage  Vc  is  applied  to  the  transistor  Q11, 
which  turns  ON  and  OFF  in  response  to  the  voltage 
Vc.  When  the  external  power  supply  voltage  Vcc  is 
equal  to  or  higher  than  the  level  Vcc2,  the  low-level 
voltage  Vc  is  applied  to  the  gate  of  the  transistor  Q11 
as  a  constant  internal  power  supply  voltage  releasing 
signal.  In  response  to  the  low-level  releasing  signal, 
the  transistor  Q11  is  turned  ON.  When  the  external 
power  supply  voltage  Vcc  is  less  than  the  level  Vcc2, 
the  voltage  Vc  is  at  a  high  level  approximately  equal 
to  Vcc,  and  the  transistor  Q11  is  turned  OFF. 

When  the  external  power  supply  voltage  Vcc  is 
less  than  the  level  Vcc2,  the  transistor  Q11  is  OFF, 
and  the  constant  internal  power  supply  voltage  VA 
generated  by  the  internal  constant  voltage  supply  unit 
11  is  output  to  the  regulator  unit  21.  When  the  exter- 
nal  power  supply  voltage  Vcc  is  equal  to  or  higher 
than  the  level  Vcc2,  the  transistor  Q11  is  ON  and  the 
burn-in  voltage  VB  output  by  the  burn-in  voltage  sup- 
ply  unit  12  is  greater  than  the  voltage  VA.  Hence,  the 
burn-in  voltage  VB  output  by  the  burn-in  voltage  sup- 
ply  unit  12  is  output  to  the  regulator  unit  21  via  the 
transistor  Q11. 

Hence,  an  input  internal  power  supply  voltage  VD 
of  the  regulator  unit  21  changes  in  response  to  the  ex- 
ternal  power  supply  voltage  Vcc  according  to  a  char- 
acteristic  indicated  by  the  solid  line  shown  in  Fig.  8D. 
It  can  be  seen  from  Fig.  8D  that  the  burn-in  voltage 
is  defined  by  a  straight  line  V  connecting  the  origin 
and  an  intermediate  point  between  the  normal  oper- 
ation  voltage  range  between  Vcc1  and  Vcc2.  Hence, 
in  the  voltage  acceleration  (burn-in)  test,  the  internal 
power  supply  voltage  VD  output  by  the  regulator  unit 
14  can  be  applied  to  the  internal  circuits  with  the 
same  ratio  VD/Vcc  as  that  for  the  normal  operation. 

Fig.  9  is  a  graph  of  an  example  of  the  internal 
power  supply  voltage  vs.  the  external  power  supply 
voltage  characteristics.  The  semiconductor  integrat- 
ed  circuit  device  normally  operates  within  a  range  be- 
tween  3.0(V)  and  6.0(V),  and  internal  circuits  thereof 
receive  a  constant  internal  power  supply  voltage  of 
3.0(V).  A  straight  line  VII  connects  the  origin  O  and  a 
point  corresponding  to  an  external  power  supply  vol- 
tage  of  5.0(V).  In  the  burn-in  test,  an  external  power 
supply  voltage  Vcc  equal  to  or  higher  than  6.0(V)  is 
applied  to  the  device,  and  the  burn-in  voltage  defined 
by  the  straight  line  VII  is  generated  and  applied  to  the 
internal  circuits. 

Fig.  1  0  is  a  circuit  diagram  of  a  voltage  drop  power 
supply  circuit  according  to  a  second  embodiment  of 

the  present  invention.  In  Fig.  10,  parts  that  are  the 
same  as  parts  shown  in  Fig.  7  are  given  the  same  ref- 
erence  numbers.  The  second  embodiment  of  the 

5  present  invention  differs  from  the  first  embodiment 
thereof  in  that  P-channel  MOS  transistors  Q25  -  Q28 
used  for  switching  are  provided  in  the  burn-in  voltage 
power  supply  unit  12. 

Referring  to  Fig.  10,  the  sources  of  the  transis- 
w  tors  Q25,  Q26,  Q27  and  Q28  are  connected  to  the  Vcc 

line  22,  and  the  gates  thereof  are  connected  to  the 
gate  of  the  transistor  Q11  and  to  the  drains  of  the  tran- 
sistors  Q23  and  Q24.  The  drains  of  the  transistors 
Q25  and  Q26  are  connected  to  the  sources  of  the 

15  transistors  Q12,  Q13  and  Q14.  The  drain  of  the  tran- 
sistor  Q28  is  connected  to  one  end  of  the  resistor  R1  . 

When  the  external  power  supply  voltage  Vcc  is 
within  the  normal  operation  voltage  range,  that  is,  the 
Vcc  is  less  than  Vcc2,  the  output  voltage  Vc  of  the 

20  constant  internal  power  supply  voltage  releasing  sig- 
nal  generating  unit  13  is  maintained  at  the  high  level, 
and  the  transistors  S25  -  Q28  are  OFF  in  the  same 
manner  as  the  transistor  Q11. 

When  the  burn-in  test  is  carried  out,  that  is,  when 
25  the  external  power  supply  voltage  Vcc  is  equal  to  or 

higher  than  Vcc2,  the  voltage  Vc  is  switched  to  the 
low  level,  and  hence  the  transistors  Q25  -  Q28  are 
turned  ON  at  the  same  time  as  the  transistor  Q11. 
Hence,  the  external  power  supply  voltage  Vcc  is  pre- 

30  vented  from  being  applied  to  the  burn-in  voltage  pow- 
er  supply  unit  12  in  the  normal  operation,  and  is  al- 
lowed  to  be  applied  thereto  in  the  burn-in  test.  During 
the  burn-in  test,  the  external  power  supply  voltage 
Vcc  is  applied  to  the  sources  of  the  transistors  Q12  - 

35  Q14  as  well  as  the  voltage  dividing  circuit  including 
the  resistors  R1  and  R2  via  the  sources  and  drains  of 
the  transistors  Q25  -  Q28,  respectively.  Then,  the 
burn-in  voltage  supply  unit  12  operates  in  the  same 
manner  as  described  previously. 

40  According  to  the  second  embodiment  of  the  pres- 
ent  invention,  the  burn-in  voltage  supply  unit  12  is  ac- 
tivated  only  when  the  burn-in  test  is  performed.  There 
is  no  problem  even  when  the  burn-in  voltage  supply 
unit  12  is  maintained  in  the  disabled  state  during  the 

45  normal  operation  of  the  semiconductor  integrated  cir- 
cuit  device.  Hence,  the  quantity  of  power  consumed 
during  the  normal  operation  can  be  reduced. 

In  the  first  and  second  embodiments  of  the  pres- 
ent  invention,  the  slope  of  the  characteristic  line  V 

so  shown  in  Fig.  8D  can  be  controlled  by  adjusting  the 
ratio  of  the  resistances  of  the  resistors  R1  and  R2, 
and  the  slope  of  the  characteristic  line  VI  shown  in 
Fig.  8D  can  be  controlled  by  adjusting  the  ratio  of  the 
resistances  of  the  resistors  R3  and  R4.  It  is  possible 

55  to  independently  adjust  the  above-mentioned  ratios 
and  independently  select  the  burn-in  voltage  and  the 
constant  internal  power  supply  voltage  releasing  sig- 
nal. 

A  description  will  now  be  given  of  a  third  embodi- 

7 
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ment  of  the  present  invention.  The  first  and  second 
embodiments  of  the  present  invention  are  intended  to 
reduce  the  time  necessary  for  the  burn-in  test  and  in- 
crease  the  reliability  of  the  burn-in  test  by  making  the 
ratio  ofthe  internal  power  supply  voltage  to  the  exter- 
nal  power  supply  voltage  used  for  the  burn-in  test  be 
equal  to  that  used  for  the  normal  operation. 

On  the  other  hand,  according  to  the  third  embodi- 
ment  ofthe  present  invention,  a  straight  line  VIII  con- 
necting  the  origin  O  and  the  point  corresponding  to 
the  lower  limit  voltage  Vcc1  slides  parallel  thereto,  so 
that  a  straight  line  IX  obtained  by  the  above  parallel 
sliding  crosses  the  constant  internal  power  supply 
voltage  line  parallel  to  the  horizontal  axis  at  an  inter- 
mediate  point  between  Vcc1  and  Vcc2.  The  differ- 
ence  delta-1  between  the  external  power  supply  vol- 
tage  Vcc  and  the  corresponding  burn-in  voltage  used 
for  the  burn-in  test  is  equal  to  the  difference  delta-1 
between  the  external  power  supply  voltage  Vcc  and 
the  corresponding  internal  power  supply  voltage 
used  for  the  normal  operation. 

Now,  the  burn-in  test  is  defined  as  follows.  It  will 
now  be  assumed  that  the  external  power  supply  vol- 
tage  Vcc  in  the  normal  operation  is  equal  to  Vcc3  and 
is  equal  to  Vcc4  in  the  burn-in  test.  An  acceleration 
coefficient  corresponding  to  internal  circuits  to  which 
the  external  power  supply  voltage  Vcc  is  to  be  applied 
is  written  as  follows: 

EXP((Vcc4  -  Vcc3)  a) 
and  an  acceleration  coefficient  corresponding  to  in- 
ternal  circuits  to  which  the  internal  power  supply  vol- 
tage  is  to  be  applied  is  written  as  follows: 

EXP((Vcc4  -  delta  -  (Vcc3  -  delta))p 
=  EXP((Vcc4  -  Vcc3)  P) 

where  delta  =  delta-1  =  delta-2.  When  a  =  p,  the 
above  two  acceleration  coefficients  are  equal  to  each 
other.  Hence,  by  making  delta-1  and  delta-2  equal  to 
each  other,  it  is  possible  to  perform  the  burn-in  test 
in  which  the  condition  is  exponentially  changed  in  ac- 
cordance  with  the  external  power  supply  voltage  Vcc 
in  the  same  condition  as  the  normal  operation. 

Fig.  12  is  a  graph  of  an  example  of  the  internal 
power  supply  voltage  vs.  external  power  supply  vol- 
tage  characteristics  according  to  the  third  embodi- 
ment  ofthe  present  invention.  The  semiconductor  in- 
tegrated  circuit  device  normally  operates  within  the 
normal  operation  voltage  range  between  3.0(V)  and 
6.0(V),  and  the  corresponding  internal  power  supply 
voltage  is  applied  to  internal  circuits.  The  burn-in  vol- 
tage  used  for  the  burn-in  test  is  defined  by  the  char- 
acteristic  line  IX  crossing  the  3.0(V)  internal  power 
supply  voltage  characteristic  line  at  the  point  corre- 
sponding  to  an  external  power  supply  voltage  of 
5.0(V).  In  the  burn-in  test,  the  external  power  supply 
voltage  is  set  equal  to  or  higher  than  6.0(V). 

Fig.  13  is  a  circuit  diagram  of  the  third  embodi- 
ment  ofthe  present  invention.  In  Fig.  13,  parts  that 
are  the  same  as  parts  shown  in  Fig.  7  are  given  the 

same  reference  numbers,  and  description  thereof  will 
be  omitted.  The  circuit  shown  in  Fig.  13  has  diodes  D1 
and  D2,  which  are  used  instead  ofthe  resistor  R1  pro- 

5  vided  in  the  burn-in  voltage  supply  unit  12,  and  the  re- 
sistor  R2.  The  diodes  D1  and  D2  connected  in  series 
function  as  a  level  shift  circuit,  which  provides  the 
gate  ofthe  transistor  Q16  with  a  dropped  voltage  low- 
er  than  the  external  power  supply  voltage  Vcc  by  the 

10  sum  of  the  forward  drop  voltages  of  the  diodes  D1 
and  D2.  Hence,  the  burn-in  voltage  supply  unit  12 
shown  in  Fig.  13  outputs  the  internal  power  supply 
voltage  lower  than  the  external  power  supply  voltage 
Vcc  by  an  amount  delta. 

15  Fig.  14  is  a  circuit  diagram  of  a  fourth  embodi- 
ment  ofthe  present  invention,  which  is  configured  so 
that  the  transistors  Q25-  Q28  used  in  the  second  em- 
bodiment  of  the  present  invention  are  applied  to  the 
circuit  according  to  the  third  embodiment  ofthe  pres- 

20  ent  invention.  When  the  constant  internal  power  sup- 
ply  voltage  releasing  signal  switched  to  the  low  level 
is  output  by  the  generating  unit  13,  the  transistors 
Q25  -  Q28  are  turned  ON  and  the  burn-in  voltage  sup- 
ply  unit  12  is  activated. 

25  Fig.  15  shows  a  circuit  which  can  be  used  to  re- 
place  a  circuit  Y  shown  in  Fig.  13.  In  the  third  embodi- 
ment  of  the  present  invention,  the  characteristic  line 
IX  shown  in  Figs.  11  and  12  can  be  adjusted  stepwise 
because  the  parallel  shifting  of  the  Vcc  line  VIII  de- 

30  pends  on  the  sum  ofthe  forward  drop  voltages  ofthe 
diodes  D1  and  D2.  The  circuit  shown  in  Fig.  15  is  ca- 
pable  of  successively  adjusting  the  characteristic  line 
IX. 

The  circuit  shown  in  Fig.  1  5  is  made  up  of  N-chan- 
35  nel  MOS  transistors  Q29.  Q31  ,  Q33  and  Q35,  P-chan- 

nel  MOS  transistors  Q30,  Q32  and  Q34,  and  resistors 
R5  -  R9.  A  connection  node  N7  at  which  the  source 
ofthe  transistor  Q34  and  the  resistor  R9  are  connect- 
ed  is  connected  to  the  gate  of  the  transistor  Q15 

40  shown  in  Figs.  13  and  14.  The  resistors  R1  and  R6are 
connected  in  series,  and  a  constant  voltage  VREF1  is 
divided  by  the  resistors  R1  and  R6.  The  constant  vol- 
tage  VREF1  is  a  voltage  obtained  by  dropping  the  ex- 
ternal  power  supply  voltage  Vcc,  and  is  equal  to,  for 

45  example,  the  reference  voltage  VREF  shown  in  Figs. 
1  3  and  14.  The  voltage  VN1  of  a  node  N1  is  obtained 
by  dividing  the  reference  voltage  VREF1  by  means  of 
the  resistors  R5  and  R6.  The  reference  voltage  VREF1 
is  applied  to  the  gate  of  the  transistor  Q30,  the  vol- 

50  tage  VN3  of  a  node  N3  connected  to  the  source  ofthe 
transistor  Q30  is  written  as  follows: 

VN3  =  VREF1  +  VthP 
where  VthP  is  a  threshold  voltage  of  the  transistor 
Q30. 

55  Thevoltage  VN1  is  applied  to  the  gate  ofthe  tran- 
sistor  Q33,  and  the  voltage  VN5  of  a  node  N5  con- 
nected  to  the  source  of  the  transistor  Q32  is  written 
as  follows: 

VN5  =  VN1  +  VthP 

8 
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where  VthP  denotes  the  threshold  voltage  ofthe  tran- 
sistor  Q32. 

The  transistors  Q29  and  Q31  form  a  current-mir- 
ror  circuit,  and  the  same  currents  flow  in  these  tran- 
sistors.  Hence,  the  voltage  VN3  of  the  node  N3  con- 
nected  to  the  source  of  the  transistor  Q29  is  equal  to 
the  voltage  VN4  of  a  node  N4  connected  to  the  source 
of  the  transistor  Q31.  The  transistors  Q33  and  Q35 
form  a  current-mirror  circuit,  and  identical  currents 
flow  in  these  transistors.  Hence,  the  voltage  VN5  of 
the  node  N5  connected  to  the  source  ofthe  transistor 
Q32  is  equal  to  the  voltage  VN7  of  a  node  N7  connect- 
ed  to  the  source  ofthe  transistor  Q34.  As  a  result,  the 
following  equation  can  be  obtained: 

V1  =  V2  =  V3 
where  V1  is  a  voltage  drop  developing  across  the  re- 
sistor  R5,  V2  is  a  voltage  drop  developing  across  the 
resistor  R7,  and  V3  is  a  voltage  drop  developing 
across  the  resistor  R9.  Hence,  by  changing  the  ratio 
ofthe  resistances  ofthe  resistors  R5  and  R6,  the  vol- 
tage  VN7  of  the  node  N7  can  be  varied.  By  succes- 
sively  changing  the  ratio  ofthe  resistances  ofthe  re- 
sistors  R5  and  R6,  the  voltage  VN7  ofthe  node  N7  is 
successively  changed.  Hence,  it  is  possible  to  suc- 
cessively  move  the  straight  line  IX  while  maintaining 
the  line  parallel  to  the  Vcc  line. 

Fig.  16  is  a  circuit  diagram  ofthe  regulator  unit  21. 
The  regulator  unit  21  includes  an  N-channel  MOS 
transistor  Q36.  The  external  power  supply  voltage 
Vcc  is  applied  to  the  drain  ofthe  transistor  Q36,  and 
the  input  voltage  VD  is  applied  to  the  gate  thereof.  An 
internal  power  supply  voltage  VII  lower  than  the  input 
voltage  VD  by  the  threshold  voltage  ofthe  transistor 
Q36  is  output  via  the  source  ofthe  transistor  Q36.  The 
transistor  Q36  drives  a  large  number  of  elements, 
such  as  transistors,  and  therefore  has  a  large  driving 
ability.  For  example,  the  width  of  an  area  for  forming 
the  transistor  W36  is  1  x  105nm,  and  the  length  there- 
of  is  2  urn. 

Fig.  17  is  a  circuit  diagram  illustrating  an  alterna- 
tive  structure  of  the  regulator  unit  21.  The  regulator 
unit  21  shown  in  Fig.  17  is  made  up  of  P-channel  MOS 
transistors  Q37,  Q38  and  Q39,  and  N-channel  MOS 
transistor  Q40  and  Q41  .  The  transistors  Q38  and  Q39 
forms  a  current-mirror  circuit.  The  input  voltage  VD  is 
applied  to  the  gate  ofthe  transistor  Q41  ,  and  the  out- 
put  voltage  VII  is  output  via  the  drain  ofthe  transistor 
Q37.  When  the  output  voltage  VII  varies  toward  the 
ground  potential  Vss,  the  ON  resistance  ofthe  tran- 
sistor  Q40  increases,  and  the  currents  flowing  in  the 
transistors  Q38  and  Q39  decrease.  Hence,  the  drain 
voltage  of  the  transistor  Q39  increases,  and  the  ON 
resistance  of  the  transistor  S37  increases.  Further, 
the  drain  voltage  ofthe  transistor  Q37  increases,  so 
that  the  output  voltage  VII  is  maintained  at  a  constant 
voltage.  In  the  circuit  configuration  shown  in  Fig.  17, 
the  output  voltage  VII  is  equal  to  the  input  voltage  VD. 

The  transistor  Q37  drives  a  large  number  of  ele- 

ments,  and  has  a  large  driving  ability.  For  example, 
the  width  of  an  area  for  forming  the  transistor  Q37  is 
1x1  04nm,  and  the  length  thereof  is  2p.m.  The  circuit 

5  configuration  using  the  P-channel  MOS  transistor  37 
operates  efficiently,  as  compared  with  the  circuit  con- 
figuration  using  the  N-channel  MOS  transistor  Q36. 

Fig.  18  is  a  block  diagram  of  a  dynamic  random 
access  memory  (DRAM)  device  equipped  with  the 

10  voltage  drop  power  supply  circuit  according  to  the 
present  invention.  The  DRAM  device  shown  in  Fig.  18 
includes  an  address  buffer/predecoder41,  a  row  de- 
coder  42,  a  column  decoder  43,  a  sense  amplifier/I/O 
gate  44,  a  memory  cell  array  45,  a  data  input  buffer 

15  46  and  a  data  output  buffer  47.  Further,  the  DRAM 
device  includes  a  refresh  address  counter  48,  a  sub- 
strate  bias  generator  49,  a  clock  generator  50,  a  mode 
controller  51  ,  a  clock  generator  52,  a  write  clock  gen- 
erator  53  and  a  gate  circuit  54.  Furthermore,  the 

20  DRAM  device  includes  a  substrate  bias/self-refresh 
circuit  55,  and  voltage  drop  power  supply  circuits  56 
and  57.  The  substrate  bias/self-refresh  circuit  55  in- 
cludes  an  oscillator  (OSC)  55a,  a  substrate  bias  gen- 
erator  55b,  a  timing  circuit  55c,  a  frequency  divider 

25  55d  and  a  gate  circuit  55e. 
An  external  address  signal  consisting  of  address 

bits  AO  -  A9  is  applied  to  the  address  buffer/predecod- 
er41.  A  predecoded  address  signal  is  latched  in  the 
row  decoder  42  in  response  to  a  falling  edge  of  a  row 

30  address  strobe  signal  /RAS,  and  is  latched  in  the  col- 
umn  decoder  43  in  response  to  a  falling  edge  of  a  col- 
umn  address  strobe  signal  /CAS.  The  row  decoder  42 
selects  one  ofthe  word  lines,  the  column  decoder  43 
selects  one  of  the  bit  (or  data)  lines.  During  a  data 

35  write  operation,  data  including  D01  -  D04  is  written 
into  the  memory  cell  array  45  via  the  data  input  buffer 
46  and  the  sense  amplifier/I/O  gate  44.  During  a  data 
read  operation,  data  is  read  from  the  memory  cell  ar- 
ray  45  via  the  sense  amplifier/I/O  gate  44  and  the 

40  data  output  buffer  47.  An  output  enable  signal  /OE  se- 
lectively  outputs  the  read  data.  The  clock  generators 
50  and  52,  the  mode  controller  51,  the  write  clock 
generator  53  and  the  gate  circuit  54  control  the  data 
read  and  write  operations.  The  refresh  address  coun- 

45  ter  48  and  the  substrate  bias/self-refresh  circuit  55 
controls  a  refresh  operation.  The  substrate  bias  gen- 
erator  55c  always  operates,  and  the  substrate  bias 
generator  49  operates  only  when  the  substrate  bias 
greatly  decreases.  The  voltage  drop  power  supply  cir- 

50  cuit  57  generates  a  temperature-compensated  drop- 
ped  voltage  from  the  external  power  supply  voltage 
Vcc,  and  outputs  it  to  the  substrate  bias/self-refresh 
circuit  55. 

The  voltage  drop  power  supply  circuit  56  has  the 
55  configuration  of  the  present  invention,  that  is,  the 

constant  internal  voltage  supply  unit  11,  the  burn-in 
voltage  supply  unit  12,  and  the  constant  internal  pow- 
er  supply  voltage  releasing  signal  generating  unit  13. 
In  actuality,  the  voltage  drop  power  supply  circuit  56 

9 
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includes  the  regulator  unit  21.  The  output  voltage  of 
the  voltage  dropped  power  supply  circuit  56  is  output 
to  the  structural  elements  other  than  the  data  output 
buffer  47.  The  voltage  drop  power  supply  circuits  56 
and  57,  and  the  data  output  buffer  47  receive  the  ex- 
ternal  power  supply  voltage  Vcc. 

In  the  aforementioned  embodiments,  the  con- 
stant  reference  voltage  VREF  is  generated  by  the  ser- 
ies  circuit  ofthe  transistors  Q1  -  Q4.  However,  other 
constant-voltage  circuits  can  be  used  to  generate  the 
constant  reference  voltage  VREF.  The  present  inven- 
tion  includes  not  only  the  DRAM  devices  but  also 
SRAM  devices  and  EPROM  devices. 

The  present  invention  is  not  limited  to  the  specif- 
ically  disclosed  embodiments,  and  variations  and 
modifications  may  be  made  without  departing  from 
the  scope  ofthe  present  invention. 

Claims 

1.  A  method  of  testing  a  semiconductor  integrated 
circuit  device  in  which  internal  circuits  ofthe  sem- 
iconductor  integrated  circuit  device  are  supplied, 
in  a  normal  operation,  with  a  constant  internal 
power  supply  voltage  (VA,  Vb1)  generated  from 
an  external  power  supply  voltage  (Vcc)  in  accor- 
dance  with  a  first  characteristic  line  (IVb)  defining 
a  relationship  between  the  external  power  supply 
voltage  and  the  internal  power  supply  voltage, 
characterized  in  that  said  method  comprises  the 
steps  of: 

generating  a  burn-in  voltage  (VB,  Vb2) 
from  the  external  power  supply  voltage  having  a 
level  higher  than  that  used  in  the  normal  opera- 
tion  in  accordance  with  a  second  characteristic 
line  (IVa)  defining  a  relationship  between  the  ex- 
ternal  power  supply  voltage  and  the  internal  pow- 
er  supply  line,  the  second  characteristic  line 
crossing  the  first  characteristic  line  at  an  inter- 
mediate  point  (Va1)  between  lower  and  upperlim- 
it  voltages  (Vcc1  ,  Vcc2)  defined  by  the  first  char- 
acteristic  line,  the  burn-in  voltage  being  greater 
than  the  internal  power  supply  voltage  used  in 
the  normal  operation;  and 

applying  the  burn-in  voltage  to  the  internal 
circuits  of  the  semiconductor  integrated  circuit 
device. 

2.  The  method  as  claimed  in  claim  1  ,  characterized 
in  that  a  ratio  ofthe  internal  power  supply  voltage 
to  the  external  power  supply  voltage  defined  by 
t  he  first  characteristic  I  ine  is  equal  to  a  ratio  of  t  he 
burn-in  voltage  to  the  external  power  supply  vol- 
tage  defined  by  the  second  characteristic  line. 

3.  The  method  as  claimed  in  claim  1  ,  characterized 
in  that  the  second  characteristic  line  includes  a 

part  of  a  first  straight  line  obtained  by  shifting,  in 
parallel,  a  second  straight  line  connecting  an  ori- 
gin  at  which  the  internal  and  external  power  sup- 

5  ply  lines  are  zero  to  the  lower  limit  voltage  of  the 
first  characteristic  line. 

4.  The  method  as  claimed  in  claim  1  ,  characterized 
in  that  the  ratio  of  the  burn-in  voltage  to  the  ex- 

10  ternal  power  supply  voltage  defined  by  the  sec- 
ond  characteristic  line  is  constant. 

5.  Avoltagedrop  powersupply  circuitfora  semicon- 
ductor  integrated  circuit  device,  characterized  by 

15  comprising: 
first  means  (11)  for  generating  a  constant 

internal  power  supply  voltage  (VA,  Vbl)  from  an 
external  power  supply  voltage  (Vcc)  in  accor- 
dance  with  a  first  characteristic  line  (IVb)  defining 

20  a  relationship  between  the  external  powersupply 
voltage  and  the  internal  power  supply  voltage 
and  for  applying  the  constant  internal  powersup- 
ply  voltage  to  internal  circuits  ofthe  semiconduc- 
tor  integrated  circuit  device;  and 

25  second  means  (12)  for  generating  a  burn- 
in  voltage  (VB,  Vb2)  from  the  external  power  sup- 
ply  voltage  having  a  level  higher  than  that  used 
in  the  normal  operation  in  accordance  with  a  sec- 
ond  characteristic  line  (IVa)  defining  a  relation- 

30  ship  between  the  external  power  supply  voltage 
and  the  internal  power  supply  line  and  for  apply- 
ing  the  burn-in  voltage  to  the  internal  circuits 
when  a  burn-in  test  is  carried  outforthe  semicon- 
ductor  integrated  circuit  device, 

35  the  second  characteristic  line  crossing  the 
first  characteristic  line  (Val)  at  an  intermediate 
point  between  lower  and  upper  limit  voltages  de- 
fined  by  the  first  characteristic  line, 

the  burn-in  voltage  being  greater  than  the 
40  internal  power  supply  voltage  used  in  the  normal 

operation. 

6.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  5,  characterized  by  further  comprising 

45  third  means  (13)  for  activating  said  second 
means  when  the  external  power  supply  voltage 
reaches  the  upper  limit  voltage  of  the  first  char- 
acteristic  line. 

so  7.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  5,  characterized  in  that  said  first  means 
comprises  means  (Q1-Q19,  RO)  for  generating 
the  internal  power  supply  voltage  proportional  to 
the  external  powersupply  voltage  when  the  sem- 

55  iconductor  integrated  circuit  device  performs  the 
normal  operation. 

8.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  5,  characterized  in  that  said  second 

10 
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means  comprises: 
third  means  (R1  ,  R2)  for  dividing  the  exter- 

nal  powersupply  voltage  and  for  generating  a  div- 
ided  voltage;  5 

fourth  means  (Q12-Q17),  coupled  to  the 
third  means,  for  generating  the  burn-in  voltage 
based  on  the  divided  voltage;  and 

fifth  means  (Q11),  coupled  to  the  fourth 
means,  for  applying  the  burn-in  voltage  to  the  in-  10 
ternal  circuits  only  when  the  burn-in  test  is  car- 
ried  out  for  the  semiconductor  integrated  circuit 
device. 

9.  The  voltage  drop  power  supply  circuit  as  claimed  15 
in  claim  8,  characterized  in  that  said  third  means 
comprises  a  plurality  of  resistors  (R1,  R2)  con- 
nected  in  series  between  a  first  power  supply 
system  set  at  the  external  power  supply  voltage 
(Vcc)  and  a  second  power  supply  system  set  at  a  20 
reference  potential  (Vss). 

10.  The  voltage  drop  powersupply  circuit  as  claimed 
in  claim  8,  characterized  in  that: 

said  third  means  comprises  a  level  shift  25 
element  (D1,  D2)  and  a  resistor  (R2)  connected 
in  series  between  a  first  power  supply  system  set 
at  the  external  power  supply  voltage  (Vcc)  and  a 
second  power  supply  system  set  at  a  reference 
potential  (Vss);  and  30 

said  divided  voltage  is  output  via  a  connec- 
tion  node  at  which  the  level  shift  element  and  the 
resistor  are  connected  in  series. 

11.  The  voltage  drop  power  supply  circuit  as  claimed  35 
in  claim  8,  characterized  by  further  comprising 
sixth  means  (Q11),  coupled  to  said  fifth  means, 
for  generating  a  control  signal  (Vc)  to  said  fifth 
means  when  the  external  power  supply  voltage 
reaches  the  upper  limit  voltage  of  the  first  char-  40 
acteristic  line,  said  control  signal  activating  said 
fifth  means  so  that  the  burn-in  voltage  is  applied 
to  the  internal  circuits. 

12.  The  voltage  drop  power  supply  circuit  as  claimed  45 
in  claim  1  1  ,  characterized  in  that  said  fifth  means 
comprises  a  transistor  (Q11  )  having  first  and  sec- 
ond  terminals  and  a  control  terminal, 

the  first  terminal  receiving  the  burn-in  vol- 
tage,  50 

the  second  terminal  being  connected  to 
the  internal  circuits  of  the  semiconductor  inte- 
grated  circuit  device,  and 

the  control  terminal  receiving  said  control 
signal.  55 

13.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  8,  characterized  by  further  comprising 
sixth  means  (Q25-Q28),  coupled  to  said  fourth 

means,  for  activating  said  fourth  means  only 
when  the  burn-in  test  is  carried  out  for  the  sem- 
iconductor  integrated  circuit  device. 

14.  A  semiconductor  integrated  circuit  device  com- 
prising: 

first  internal  circuits  (42,  44,  47,  56,  57)  op- 
erating  with  an  external  power  supply  voltage; 
and 

second  internal  circuits  (45)  operating  with 
a  constant  internal  power  supply  voltage  ob- 
tained  by  dropping  the  external  powersupply  vol- 
tage, 

characterized  by  further  comprising: 
first  means  (11)  for  generating  the  con- 

stant  internal  power  supply  voltage  from  the  ex- 
ternal  power  supply  voltage  in  accordance  with  a 
first  characteristic  line  defining  a  relationship  be- 
tween  the  external  powersupply  voltage  and  the 
internal  power  supply  voltage  and  for  applying 
the  constant  internal  powersupply  voltage  to  the 
second  internal  circuits  ofthe  semiconductor  in- 
tegrated  circuit  device;  and 

second  means  (12)  for  generating  a  burn- 
in  voltage  from  the  external  power  supply  voltage 
having  a  level  higherthan  that  used  in  the  normal 
operation  in  accordance  with  a  second  character- 
istic  line  defining  a  relationship  between  the  ex- 
ternal  powersupply  voltage  and  the  internal  pow- 
ersupply  line  and  for  applying  the  burn-in  voltage 
to  the  second  internal  circuits  when  a  burn-in  test 
is  carried  out  for  the  semiconductor  integrated 
circuit  device, 

the  second  characteristic  line  crossing  the 
first  characteristic  line  at  an  intermediate  point 
between  lower  and  upper  limit  voltages  defined 
by  the  first  characteristic  line, 

the  burn-in  voltage  being  greater  than  the 
internal  powersupply  voltage  used  in  the  normal 
operation. 

1  5.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  14,  characterized  by  further  comprising 
third  means  (13)  for  activating  said  second 
means  when  the  external  power  supply  voltage 
reaches  the  upper  limit  voltage  of  the  first  char- 
acteristic  line. 

1  6.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  14,  characterized  in  that  said  first  means 
comprises  means  (Q1-Q10,  RO)  for  generating 
the  internal  power  supply  voltage  proportional  to 
the  external  powersupply  voltage  when  the  sem- 
iconductor  integrated  circuit  device  performs  the 
normal  operation. 

1  7.  The  voltage  drop  power  supply  circuit  as  claimed 
in  claim  14,  characterized  in  that  said  second 

11 
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means  comprises: 
third  means  (R1  ,  R2)  for  dividing  the  exter- 

nal  powersupply  voltage  and  for  generating  a  div- 
ided  voltage;  5 

fourth  means  (Q12-Q17),  coupled  to  the 
third  means,  for  generating  the  burn-in  voltage 
based  on  the  divided  voltage;  and 

fifth  means  (Q11),  coupled  to  the  fourth 
means,  for  applying  the  burn-in  voltage  to  the  10 
second  internal  circuits  only  when  the  burn-in 
test  is  carried  out  for  the  semiconductor  integrat- 
ed  circuit  device. 
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