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A  reduced  turn-off  current  draw  starter  circuit  for  a  stabilized  band-gap  voltage  source  in 
integrated  circuits. 

©  A  starter  circuit  (1)  for  a  stabilized  band-gap 
voltage  source  (2),  being  of  a  type  adapted  to  main- 
tain  a  minimum  electric  potential  value  (Vba)  on  an 
output  terminal  (3)  of  said  source  (2)  by  pulling 
voltage  from  a  supply  pole  (Vc),  comprises  a  current 
mirror  connected  between  the  supply  pole  (Vc)  and 
the  output  terminal  (3)  to  supply  that  terminal  with  a 
predetermined  current  value  (la).  The  circuit  affords 
a  greatly  reduced  current  draw  on  turning  off  the 
voltage  source. 
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This  invention  relates  to  a  starter  circuit  for  a 
stabilized  band-gap  voltage  source,  being  of  a  type 
adapted  to  maintain  a  minimum  electric  potential 
value  on  an  output  terminal  of  said  voltage  source 
by  a  voltage  pull  from  a  supply  pole. 

As  is  known,  latest  generation,  integrated  elec- 
tronic  circuits  are  also  employed  in  low-voltage 
battery  powered  apparatus. 

Accordingly,  such  circuits  are  required  to  op- 
erate  within  a  broad  range  of  supply  voltages, 
typically  between  four  and  twenty  volts,  at  a  low 
current  consumption  rate  which  is  near-constant  or 
at  least  unrelated  to  the  supply  voltage  as  far  as 
possible. 

Furthermore,  the  integrated  circuit  operating 
voltage,  as  pulled  from  a  given  supply  voltage, 
should  be  stable  throughout  a  predetermined  tem- 
perature  range,  and  a  means  of  cutting  off  the 
supply  should  be  arranged  to  operate  in  an  emer- 
gency  situation,  such  as  in  the  event  of  a  high 
current  demand  from  the  electric  load  being  driven 
by  the  integrated  circuit  or  on  the  occurrence  of  an 
excessively  high  temperature  which  may  be  harm- 
ful  for  the  circuit. 

For  clarity  of  illustration,  it  may  be  useful  to 
regard  an  integrated  circuit  as  comprised  of  a  first 
circuit  portion  arranged  to  perform  certain  selected 
functions,  and  hence  to  output  electric  values 
which  are  dependent  function-wise  on  the  input 
values,  and  a  second  circuit  portion  arranged  to 
supply  the  aforesaid  stabilized  voltage  to  the  first 
portion. 

As  an  implementation  of  the  second  circuit 
portion,  the  prior  art  has  proposed  that  a  so-called 
band-gap  voltage  source  circuit  be  used.  This 
band-gap  circuit  outputs  a  voltage  value  Vba  which 
is  unrelated  to  temperature  if  that  voltage  is  made 
the  equal  of  the  band-gap  potential  of  silicon,  which 
is  approximately  1  .2  Volts. 

While  being  in  many  ways  advantageous  and 
on  the  whole  up  to  expectations,  the  band-gap 
circuit  is  deficient  in  that,  when  turned  on,  it  may 
settle  in  either  of  two  possible  steady  states  of 
operation.  The  first  of  such  states  corresponds  to  a 
normal  operating  situation,  whereas  the  second 
state  corresponds  to  a  situation  whereby  all  of  the 
circuit  transistors  are  are  cut  off  and  the  stable 
voltage  Vba  is  held  at  a  zero  value.  To  obviate  this 
problem,  the  band-gap  is  provided  with  a  so-called 
starter  circuit,  effective  to  initially  maintain  a  mini- 
mum  potential  of  about  0.7  Volt  on  the  output 
terminal  for  the  stable  voltage  Vba.  On  turning  on, 
however,  such  an  initial  condition  is  an  unstable 
one  of  the  band-gap  circuit,  which  circuit  will  then 
drift  toward  the  first  of  the  two  steady  states,  i.e. 
the  correct  operating  state,  and  become  discon- 
nected  on  said  state  being  reached.  The  circuit  is 
also  provided  with  a  transistor  having  its  collector 

connected  to  the  output  terminal  for  the  voltage 
Vba  and  its  base  supplied  with  a  driving  current  I 
which,  under  normal  operating  conditions  —  i.e. 
with  Vba  equal  approximately  to  1.2  Volts  --is  null 

5  and  holds  that  transistor  off.  On  the  contrary,  where 
the  band-gap  circuit  is  to  be  switched  to  an  off 
state,  due  to  operation  of  the  protection  means,  the 
driving  current  I  attains  a  suitable  value  to  bring 
said  transistor  to  saturation,  thus  nearly  nullifying 

w  the  stabilized  voltage  Vba.  In  such  a  situation, 
however,  the  starter  circuit  is  again  connected  in, 
and  the  driving  current  I  should  be  enabled  to 
attain  values  which  may  be  quite  high  and  depend 
on  the  supply,  in  order  to  ensure  that  the  transistor 

75  is  saturated,  which  transistor  should  be  suitably 
dimensioned,  moreover. 

The  technical  problem  that  underlies  this  inven- 
tion  is  to  provide  a  starter  circuit  for  a  band-gap 
voltage  source,  to  be  incorporated  to  an  integrated 

20  circuit  and  exhibiting  such  structural  and  perfor- 
mance  characteristics  as  to  afford  a  low  current 
draw  on  turning  off  and  make  it  possible,  as  a 
result,  to  use  an  inexpensive  cut-off  means  which 
requires  but  a  low  driving  current. 

25  This  problem  is  solved  by  a  circuit  as  indicated 
being  characterized  in  that  it  comprises  a  current 
mirror  connected  between  said  pole  and  said  termi- 
nal  to  supply  said  terminal  with  a  predetermined 
current  value. 

so  In  a  preferred  embodiment,  that  current  mirror 
comprises  a  transistor  having  its  emitter  connected 
to  said  pole  via  a  resistor  and  its  collector  con- 
nected  to  said  terminal,  the  base  of  said  transistor 
being  connected  to  said  pole  via  a  diode  and  to 

35  ground  via  a  resistor. 
The  features  and  advantages  of  the  starter 

circuit  according  to  the  invention  will  be  more 
clearly  apparent  from  the  following  detailed  de- 
scription  of  an  exemplary  embodiment  thereof,  to 

40  be  taken  by  way  of  illustration  and  not  of  limitation 
in  conjunction  with  the  accompanying  drawings. 

In  the  drawings: 
Figure  1  shows,  in  diagram  form,  a  starter 

circuit  according  to  the  invention; 
45  Figure  2  is  a  block  diagram  of  an  integrated 

circuit  incorporating  the  circuit  of  Figure  1  ; 
Figure  3  shows,  in  diagram  form,  the  circuit 

of  Figure  1  under  a  different  operating  condition 
thereof;  and 

so  Figure  4  is  a  wiring  diagram  of  a  modified 
embodiment  of  the  inventive  circuit. 

With  reference  to  the  drawing  views,  generally 
and  schematically  indicated  at  1  is  a  strater  circuit 
according  to  the  invention. 

55  The  circuit  1  is  incorporated  to  an  integrated 
circuit  10  and  is  associated  with,  and  connected  to, 
a  voltage  source  circuit  2  of  the  so-called  band-gap 
type  for  outputting  a  stabilized  voltage  value  Vba  to 
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be  supplied  to  the  remaining  portion  4  of  the  in- 
tegrated  circuit  10. 

Merely  for  completeness  of  illustration,  note 
should  be  taken  of  that  the  voltage  source  circuit  2 
pulls  a  voltage  from  a  supply  pole  Vc  via  a  transis- 
tor  T1  of  the  npn  type  which  has  its  emitter  E1 
grounded  and  its  collector  C1  connected  to  that 
pole  Vc  via  a  serial  arrangement  including  a  diode 
D1  and  a  resistor  R1  . 

Also  connected  to  the  pole  Vc,  with  the  inter- 
position  of  a  resistor  R2,  is  the  emitter  E2  of  a  pnp- 
type  transistor  T2  which  has  its  base  B2  connected 
to  the  collector  C1  of  the  first-mentioned  transistor 
T1. 

The  voltage  source  has  an  output  terminal  3 
whereat  the  stabilized  voltage  value  Vba  appears. 
Connected  to  said  terminal  3  is  the  collector  C2  of 
the  second-mentioned  transistor  T2,  being  also 
connected  to  the  base  B1  of  the  transistor  T1  via  a 
resistor  R3.  In  operation,  a  current  Ib  will  flow 
through  the  collector  C2  to  the  terminal  3. 

The  base  B1  is  connected  to  ground  through  a 
diode  D2,  as  well  as  connected  to  the  base  B3  of 
an  npn-type  transistor  T3  which  has  the  emitter  E3 
grounded  via  a  resistor  R4.  The  collector  C3  of  the 
transistor  T3  is  connected  to  the  output  terminal  3 
through  a  resistor  R5,  and  to  the  base  B4  of  an 
pnp-type  transistor  T4  which  has  its  collector  C4 
connected  to  ground  and  emitter  E4  connected  to 
the  terminal  3. 

Provided  between  the  voltage  source  2  and  the 
portion  4  of  the  integrated  circuit  10  to  be  powered 
is  an  electronic  protection  switch  consisting  of  an 
npn-type  transistor  T5  which  has  the  emitter  E5 
grounded  and  the  collector  C5  connected  to  the 
output  terminal  3.  A  resistor  R6,  moreover,  inter- 
connects  the  base  B5  of  said  transistor  with 
ground.  The  base  B5  is  further  connected  to  an 
output  from  the  portion  4  of  the  circuit  10  which  is 
adapted  to  supply  that  base  B5  with  a  driving 
current  I  to  drive  the  switch  5  to  make. 

The  starter  circuit  1,  associated  with  the  volt- 
age  source  2,  advantageously  includes  a  transistor 
T6  of  the  pnp  type  which  has  the  emitter  E6 
connected  to  the  supply  pole  Vc  through  a  resistor 
R8.  The  collector  C6  of  that  transistor  T6  is  con- 
nected  to  the  terminal  3,  while  the  base  B6  of  that 
transistor  is  both  connected  to  ground,  via  a  resis- 
tor  R7,  and  to  the  pole  Vc  via  a  diode  D  which 
biased  forwardly  toward  that  pole.  In  operation,  a 
current  Ic  flows  through  the  diode  D. 

The  diode  D  and  transistor  T6  form  essentially 
a  current  mirror  circuit  having  the  output  connected 
to  the  terminal  3  for  supplying  the  latter  with  a 
current  la  output  by  the  collector  C6. 

With  specific  reference  to  the  example  shown 
in  Figure  4,  the  structure  of  a  modified  embodiment 
of  the  circuit  1  is  shown  therein  which  is  a  du- 

plicate  of  the  one  previously  described.  In  this 
variation,  a  transistor  T7  of  the  npn  type  has  the 
emitter  E7  connected  to  ground  via  a  resistor  R9 
and  the  collector  C7  connected  to  the  collector  C1 

5  of  the  transistor  T1  of  the  circuit  2. 
The  base  B7  of  the  transistor  T7  is  both  con- 

nected  to  the  supply  pole  Vc,  via  a  resistor  R10, 
and  to  ground  via  a  diode  D3. 

The  function  of  the  voltage  source  circuit  2  is, 
w  as  mentioned,  that  of  producing  a  stabilized  voltage 

Vba,  at  about  1  .2  Volts,  on  the  terminal  3  by  pulling 
power  from  the  supply  pole  Vc,  which  is  likely  to 
undergo  variations  in  absolute  value  even  of  sub- 
stantial  magnitude. 

75  On  the  integrated  circuit  10  being  turned  on, 
the  inventive  circuit  1  will  supply  a  current  la  to  the 
terminal  3  which  adds  to  the  current  Ib  from  the 
voltage  source  2  through  the  collector  C2  of  the 
transistor  T2. 

20  The  current  la  from  the  circuit  1  can  be  made 
much  smaller  than  the  current  Ib  from  the  circuit  2, 
as  well  as  little  affected  by  variations  in  the  supply 
value  Vc,  by  suitably  increasing  the  value  of  the 
resistor  R8. 

25  More  specifically,  it  may  be  shown  that  a  vari- 
ation  in  the  current  la  resulting  from  a  variation  in 
the  current  Ic  with  the  supply  obeys  the  relation 
Ala/la  =  Vt/(R8*la  +  Vt)*AIc/lc 
where  Vt  =  26  mV. 

30  The  value  of  this  invention  is  best  appreciated 
when  the  switch  5  comprising  the  transistor  T5  is 
closed.  In  this  situation,  the  voltage  Vba  on  the 
terminal  3  will  be  substantially  null,  and  Figure  3 
shows  diagramatically  the  equivalent  circuit  relative 

35  to  such  a  situation. 
The  collector  current  which  flows  through  the 

transistor  T5  is  the  current  output  by  the  circuit  1, 
which  current  can  be  made  as  low  as  a  few 
microamperes  for  any  variation  in  the  supply?  Ac- 

40  cordingly,  the  transistor  T5  can  be  held  in  a  satu- 
rated  state  for  a  very  low  draw  of  driving  current  I 
from  the  portion  4  of  the  integrated  circuit  1  0. 

To  summarize,  the  starter  circuit  of  this  inven- 
tion  has  a  major  advantage  in  that  it  affords  a  low 

45  current  draw  on  turning  off  the  stabilized  voltage 
source  circuit. 

An  additional  advantage  comes  from  that  said 
circuit  is  less  demanding  in  terms  of  the  off  transis- 
tor,  and  has  a  simple  construction  with  a  limited 

so  number  of  components. 

Claims 

55  1.  A  starter  circuit  (1)  for  a  stabilized  band-gap 
voltage  source  (2),  being  of  a  type  adapted  to 
maintain  a  minimum  electric  potential  value  on  an 
output  terminal  (3)  of  said  voltage  source  by  a 
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voltage  pull  from  a  supply  pole  (Vc),  characterized 
in  that  it  comprises  a  current  mirror  connected 
between  said  pole  and  said  terminal  to  supply  said 
terminal  (3)  with  a  predetermined  current  value  (la). 

2.  A  circuit  according  to  Claim  1  ,  characterized  5 
in  that  said  current  mirror  comprises  a  transistor 
(T6)  having  the  emitter  (E6)  connected  to  said  pole 
(Vc)  via  a  resistor  (R8)  and  the  collector  (C6) 
connected  to  said  terminal  (3),  the  base  (B6)  of 
said  transistor  (T6)  being  connected  to  said  pole  w 
(Vc)  via  a  diode  (D)  and  to  ground  via  a  resistor 
(R7). 

3.  A  circuit  according  to  Claim  1  ,  characterized 
in  that  it  comprises  a  transistor  (T7)  having  the 
base  (B7)  and  emitter  (E7)  connected  to  ground  via  75 
a  diode  (D3)  and  a  resistor  (R9),  respectively,  the 
base  (B7)  being  also  connected  to  said  pole  (Vc) 
via  a  resistor  (R10),  and  the  collector  (C7)  of  said 
transistor  (T7)  being  connected  to  the  base  (B2)  of 
a  transistor  (T2)  incorporated  to  said  source  (2)  and  20 
having  the  collector  (C2)  connected  to  said  terminal 
(3)  to  supply  the  latter  with  a  predetermined  cur- 
rent. 
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