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©  Constant  voltage  circuit. 

©  In  a  constant  voltage  circuit,  when  a  second  resistor  element  (13)  is  inserted  between  the  base  and  collector 
of  a  first  transistor  (14)  and  between  the  other  terminal  of  a  first  resistor  element  (11)  and  the  base  of  a  second 
transistor  (16),  a  basic  equation  for  calculating  a  bandgap  voltage  reference  can  be  calculated  free  from  a  base- 
emitter  voltage  of  the  third  transistor  (17).  Therefore,  since  a  change  in  base-emitter  voltage  on  the  basis  of  a 
change  in  current  flowing  through  the  third  transistor  (17)  does  not  appear  as  an  output  voltage,  the  output 
voltage  can  be  stabilized. 
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CONSTANT  VOLTAGE  CIRCUIT 

The  present  invention  relates  to  a  constant  voltage  circuit  for  generating  a  constant  reference  voltage 
using  a  base-emitter  voltage  and  a  VT  voltage. 

Conventionally,  as  a  constant  voltage  circuit  capable  of  setting  a  temperature  coefficient  to  be  0  or  an 
arbitrary  value,  a  circuit  disclosed  in  the  United  States  Patent  3,617,859  is  well  known.  As  shown  in  Fig.  1, 

5  the  constant  voltage  circuit  consists  of  a  current  source  41  ,  three  resistors  42,  43,  and  44,  and  three  npn 
transistors  45,  46,  and  47.  For  example,  an  emitter  area  of  the  transistor  46  is  N  times  that  of  the  transistor 
45  such  that  the  transistors  45  and  46  have  different  current  densities.  A  positive  input  voltage  V|N  and  a 
ground  voltage  GND  are  applied  to  nodes  48  and  49,  respectively,  and  an  output  voltage  V0UT  is  obtained 
from  an  output  node  50. 

w  In  the  conventional  circuit,  assuming  that  base-emitter  voltages  of  the  transistors  45,  46,  and  47  are  set 
to  be  values  VBei,  VBe2,  and  VBe3;  resistors  42,  43,  and  44  are  set  to  have  values  Ri,  R2,  and  R3;  currents 
flowing  through  the  resistors  42  and  43  are  set  to  be  h  and  I2;  and  a  collector  current  of  the  transistor  47  is 
set  to  be  l3,  the  base-emitter  voltage  VBEi  is  obtained  by  the  following  equation  (1) 
VBei  =  VBE2  +  I2'R3  (1) 

75 
A  voltage  VOUT  obtained  from  the  output  node  50  is  given  by: 

V0UT  =  li'Ri  +  VBE1 
=  I2*R2  +  VBE3  (2) 

The  base-emitter  voltages  VBEi,  VBE2,  and  VBE3  of  the  transistors  45,  46,  and  47  are  expressed  by  the 
20  following  equations: 

VBEi  =  VTtn(l,/ls)  (3) 
VBE2  =  VTln{(l2/N)'ls}  (4) 
VBE3  =  VT£n(l3/ls)  (5) 
where  Is  is  a  saturation  current.  Assuming  that  VBEi  =  VBE3,  the  following  equation  can  be  obtained  by  the 

25  equation  (2). 
li  -Ri  =  la'Ra  (6) 
The  following  equation  can  be  obtained  by  the  equations  (1),  (3),  and  (4): 
VTin(li  *N/I2)  =  I2*R3  (7) 

When  the  equation  (6)  is  substituted  into  the  equation  (7),  the  following  equation  can  be  obtained: 
30  VT*n(R2*N/Ri)  =  I2*R3  (8) 

When  the  equation  (8)  is  substituted  into  the  equation  (2),  the  following  equation  can  be  obtained: 
V0UT  =  (R2/R3)-VT£n(R2-N/Ri)  +  VBE3  (9) 

The  equation  (9)  is  well  known  as  a  basic  equation  of  a  bandgap  voltage  reference.  The  value  VT  in  the 
equation  (9)  is  given  as  a  value  kT/q  (where:  k  is  the  Boltzman's  constant;  T,  absolute  temperature;  and  g  , 

35  an  electron  charge)  and  has  a  positive  temperature  coefficient.  Contrast  to  this,  since  the  base-emitter 
voltage  VBE3  of  the  transistor  47  has  a  negative  temperature  coefficient,  the  resistances  R2  and  R3  of  the 
resistors  43  and  44  are  adjusted  so  that  the  temperature  coefficient  of  the  output  voltage  VOut  can  be  set  to 
be  0  or  an  arbitrary  value. 

Stability  of  the  output  voltage  in  the  conventional  circuit  will  be  described  below.  Fig.  3  is  a  graph 
40  showing  variation  characteristics  of  the  output  voltage  VOut  obtained  by  performing  SPICE  analysis  when  a 

value  I  of  a  current  source  is  changed  in  a  conventional  circuit  with  the  arrangement  in  Fig.  2.  As  shown  in 
Fig.  2,  the  resistors  42,  43,  and  44  are  respectively  set  to  be  22  Kn,  22  KQ,  and  1.8  KO,  an  emitter  area 
ratio  N  of  the  transistor  45  to  the  transistor  46  is  set  to  be  4.  As  is  apparent  from  Fig.  3,  when  the  current 
value  is  changed  from  10  uA  to  30  U.A,  an  output  voltage  difference  in  the  conventional  circuit  is  60.2  mV. 

45  As  described  above,  since  a  change  in  current  flowing  through  the  above  conventional  circuit, 
especially,  a  change  in  the  collector  current  of  the  transistor  47  on  the  basis  of  a  change  in  output  value  of 
the  current  source  is  not  considered,  the  output  voltage  is  largely  changed  by  the  change  in  the  collector 
current. 

The  present  invention  is  made  in  consideration  of  the  above  conditions,  and  has  as  its  object  to  provide 
50  a  constant  voltage  circuit  which  is  stable  for  a  change  in  current. 

According  to  the  present  invention,  there  is  provided  a  constant  voltage  circuit  comprising  a  control 
circuit  having  input  and  output  terminals  in  which  an  output  is  controlled  according  to  a  current  flowing 
through  the  input  terminal,  a  first  resistor  element  one  terminal  of  which  is  connected  to  the  output  terminal 
of  the  control  circuit,  a  second  resistor  element  one  terminal  of  which  is  connected  to  other  terminal  of  the 
first  resistor  element,  a  first  transistor  of  a  first  polarity  a  base  of  which  is  connected  to  the  other  terminal  of 
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the  first  resistor  element,  a  collector  of  which  is  connected  to  other  terminal  of  the  second  resistor  element, 
and  an  emitter  of  which  is  connected  to  a  first  node,  a  third  resistor  element  one  terminal  of  which  is 
connected  to  the  output  terminal  of  the  control  circuit,  a  second  transistor  of  a  first  polarity  a  collector  of 
which  is  connected  to  other  terminal  of  the  third  resistor  element,  a  base  of  which  is  connected  to  the  other 

5  terminal  of  the  second  resistor  element,  and  an  emitter  of  which  is  connected  to  the  first  node,  and  a  third 
transistor  of  the  first  polarity  a  collector  of  which  is  connected  to  the  input  terminal  of  the  control  circuit,  a 
base  of  which  is  connected  to  the  other  terminal  of  the  third  resistor  element,  and  an  emitter  of  which  is 
connected  to  the  first  node,  wherein  currents  flowing  through  the  first  and  second  transistors  have  different 
current  densities. 

w  According  to  the  present  invention,  there  is  provided  a  constant  voltage  circuit  comprising  a  control 
circuit  having  an  input  terminal  and  first  and  second  output  terminals  in  which  outputs  from  the  first  and 
second  output  terminals  are  controlled  according  to  a  current  flowing  through  the  input  terminal,  a  first 
resistor  element  one  terminal  of  which  is  connected  to  the  first  output  terminal  of  the  control  circuit,  a 
second  resistor  element  one  terminal  of  which  is  connected  to  the  other  terminal  of  the  first  resistor 

75  element,  a  first  transistor  of  a  first  polarity  a  base  of  which  is  connected  to  the  other  terminal  of  the  first 
resistor  element,  a  collector  of  which  is  connected  to  other  terminal  of  the  second  resistor  element,  and  an 
emitter  of  which  is  connected  to  a  first  node,  a  third  resistor  element  one  terminal  of  which  is  connected  to 
the  second  output  terminal  of  the  control  circuit,  a  second  transistor  of  the  first  polarity  a  collector  of  which 
is  connected  to  other  terminal  of  the  third  resistor  element,  a  base  of  which  is  connected  to  the  other 

20  terminal  of  the  second  resistor  element,  and  an  emitter  of  which  is  connected  to  the  first  node,  and  a  third 
transistor  of  the  first  polarity  a  collector  of  which  is  connected  to  the  input  terminal  of  the  control  circuit,  a 
base  of  which  is  connected  to  the  other  terminal  of  the  third  resistor  element,  and  an  emitter  of  which  is 
connected  to  the  first  node,  wherein  currents  flowing  through  the  first  and  second  transistors  have  different 
current  densities. 

25  In  a  constant  voltage  circuit  according  to  the  present  invention,  the  second  resistor  element  is  inserted 
between  the  base  and  collector  of  the  first  transistor  and  between  the  other  terminal  of  the  first  resistor 
element  and  the  base  of  the  second  transistor,  a  basic  equation  for  calculating  a  bandgap  voltage  reference 
can  be  free  from  a  base-emitter  voltage  of  the  third  transistor.  Therefore,  since  a  change  in  base-emitter 
voltage  on  the  basis  of  a  change  in  current  flowing  through  the  third  transistor  does  not  appear  as  an  output 

30  voltage,  the  output  voltage  can  be  stabilized. 
This  invention  can  be  more  fully  understood  from  the  following  detailed  description  when  taken  in 

conjunction  with  the  accompanying  drawings,  in  which: 
Fig.  1  is  a  circuit  diagram  showing  an  arrangement  of  a  conventional  constant  voltage  circuit; 
Fig.  2  is  a  circuit  diagram  showing  a  conventional  constant  voltage  circuit  in  which  practical  values  are 

35  set; 
Fig.  3  is  a  graph  showing  a  value  obtained  by  performing  SPICE  analysis  of  the  constant  voltage  circuit 
in  Fig.  2; 
Fig.  4  is  a  circuit  diagram  showing  a  basic  circuit  arrangement  of  the  constant  voltage  circuit  of  the 

present  invention; 
40  Figs.  5  to  8  are  circuit  diagrams  showing  arrangements  of  constant  voltage  circuits  according  to  the  first 

to  fourth  embodiments  of  the  present  invention,  respectively; 
Fig.  9  is  a  circuit  diagram  showing  another  basic  circuit  arrangement  of  a  constant  voltage  circuit  of  the 
present  invention; 
Fig.  10  is  a  circuit  diagram  showing  an  arrangement  of  a  constant  voltage  circuit  according  to  the  fifth 

45  embodiment  of  the  present  invention; 
Fig.  1  1  is  a  circuit  diagram  showing  a  constant  voltage  circuit  in  which  practical  values  are  set  according 
to  an  embodiment  of  the  present  invention;  and 
Fig.  12  is  a  graph  showing  a  value  obtained  by  performing  SPICE  analysis  of  the  constant  voltage  circuit 
shown  in  Fig.  11. 

50  A  constant  voltage  circuit  according  to  embodiments  of  the  present  invention  will  be  described  below 
with  reference  to  the  accompanying  drawings. 

Fig.  4  is  a  circuit  diagram  showing  a  basic  circuit  arrangement  of  a  constant  voltage  circuit  according  to 
the  present  invention.  Reference  numeral  10  denotes  a  control  circuit  to  which  an  input  voltage  V!N  is 
supplied,  which  has  an  input  terminal  IN  and  an  output  terminal  OUT,  and  which  outputs,  from  an  output 

55  terminal  OUT,  a  current  or  voltage  having  a  value  corresponding  to  a  current  flowing  through  the  input 
terminal  IN.  That  is,  in  the  control  circuit  10,  the  output  is  controlled  depending  on  the  value  of  the  input 
current.  One  terminal  of  a  resistor  11  and  one  terminal  of  a  resistor  12  are  connected  to  the  output  terminal 
OUT  of  the  control  circuit  10.  One  terminal  of  a  resistor  13  and  the  base  of  an  npn  transistor  14  are 
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connected  to  the  other  terminal  of  the  resistor  11.  The  other  terminal  of  the  resistor  13  is  connected  to  the 
collector  of  the  transistor  14.  The  emitter  of  the  transistor  14  is  connected  to  a  node  15  to  which  a  ground 
potential  GND  is  applied.  The  other  terminal  of  the  resistor  12  is  connected  to  the  collector  of  an  npn 
transistor  16.  The  base  of  the  transistor  16  is  connected  to  the  other  terminal  of  the  resistor  13,  and  the 

5  emitter  of  the  transistor  16  is  connected  to  the  node  15.  The  collector  of  npn  transistor  17  is  connected  to 
the  input  terminal  IN  of  the  control  circuit  10.  The  base  of  the  transistor  17  is  connected  to  the  other 
terminal  of  the  resistor  12,  and  the  emitter  of  the  transistor  17  is  connected  to  the  node  15.  The  output 
voltage  V0Ut  is  obtained  from  an  output  node  20  to  which  the  output  terminal  OUT  of  the  control  circuit  10 
is  connected.  In  addition,  in  order  to  adjust  a  value  in  obtained  by  the  later  equation  (15),  the  following 

w  methods  are  employed.  Both  the  transistors  14  and  16  have  different  emitter  areas  to  cause  the  transistors 
14  and  16  to  have  different  current  densities,  and/or  the  resistors  11  and  12  have  different  resistances. 

In  the  constant  voltage  circuit  of  the  present  invention,  the  resistor  13  which  is  conventionally  inserted 
to  the  emitter  side  of  the  transistor  16  is  inserted  to  the  collector  side  of  the  transistor  14. 

Various  embodiments  of  the  present  invention  will  be  described  below. 
75  Fig.  5  is  a  circuit  diagram  showing  an  arrangement  according  to  the  first  embodiment  of  the  present 

invention.  In  the  first  embodiment,  a  constant  current  source  18  having  a  terminal  commonly  used  as  input 
and  output  terminals  IN  and  OUT  is  used  as  a  control  circuit  10.  Other  arrangements  of  this  embodiment 
are  the  same  as  those  in  Fig.  4.  That  is,  in  the  first  embodiment,  one  terminal  of  the  constant  current  source 
18  used  as  the  control  circuit  10  is  connected  to  an  input  node  19  applied  with  a  positive  input  voltage  V|N, 

20  and  the  other  terminal  is  connected  to  an  output  node  20  for  obtaining  an  output  voltage  VOut-  In  the  first 
embodiment,  in  order  to  cause  the  currents  flowing  through  the  transistors  14  and  16  to  have  different 
current  densities,  the  emitter  area  of  the  transistor  16  is  N  times  that  of  the  transistor  14. 

According  to  the  first  embodiment,  in  the  constant  current  source  18  used  as  the  control  circuit  10, 
when  a  collector  current  of  the  transistor  17  serving  as  an  input  current  is  changed,  a  sum  of  the  currents 

25  flowing  through  the  resistors  12  and  13  and  serving  as  output  currents  is  also  changed. 
In  the  first  embodiment,  as  in  a  conventional  technique,  assuming  that  base-emitter  voltages  of  the 

transistors  14,  16,  and  17  are  set  to  be  values  VBE1,  VBE2,  and  VBE3;  transistors  11,  12,  and  13  are  set  to 
have  resistance  values  Ri,  R2,  and  R3;  currents  flowing  through  the  resistors  11  and  12  are  set  to  be  h  and 
I2;  and  the  collector  current  of  the  transistor  17  is  set  to  be  I3,  the  base-emitter  voltage  VBei  is  obtained  by 

30  the  following  equation  (10): 
Vbei  =  VBE2  +  irR3  (10) 

A  voltage  VOut  obtained  from  the  output  node  20  is  given  by: 
V0UT  =  I1  *Ri  +  VBEi 
=  I2#R2  +  VBE3  (11) 

35  In  this  case,  base-emitter  voltages  of  the  transistors  14,  16,  and  17  are  expressed  as  in  the  above 
equations  (3),  (4),  and  (5). 

Assuming  that  VBE1  =  VBE3,  the  following  equation  can  be  obtained  by  the  equation  (11): 
h'Ri  =  I2'R2  (12) 
and  the  following  equation  can  be  obtained  by  the  equations  (10),  (3),  and  (4). 

40  VTtn(li  N/l2)  =  li'R3  (13) 
In  addition,  the  equation  (12)  is  substituted  into  the  equation  (13)  to  obtain  the  following  equation: 

V-rJtnfRa.N/R!)  =  I,*R3  (14) 
When  the  equation  (14)  is  substituted  into  the  equation  (11),  the  following  equation  can  be  obtained: 
Vout  =  (Ri/R3)*VTtn(R2*N/Ri)  +  VBE1  (15) 

45  In  this  case,  when  the  equation  (15)  is  compared  with  the  equation  (9),  R2/R3  is  changed  to  Ri/R3,  and 
VBE3  is  changed  to  VBE1.  The  first  term  of  the  right-hand  side  has  a  positive  temperature  coefficient,  and  the 
second  term  has  a  negative  temperature  coefficient.  Therefore,  in  the  first  embodiment,  the  resistances  R1 
and  R3  are  adjusted  to  set  the  temperature  coefficients  to  be  to  0  or  arbitrary  values  as  in  the  conventional 
circuit. 

50  In  the  first  embodiment,  it  is  assumed  that,  when  a  load  circuit  is  connected  to  the  output  node  20,  a 
load  current  is  changed  to  change  the  collector  current  of  the  transistor  17.  A  change  in  load  current 
appears  as  a  change  in  collector  current  of  the  transistor  17.  For  this  reason,  when  the  voltage  V0Ut 
obtained  from  the  output  node  20  is  partially  differentiated  with  the  current  I3,  the  following  equation  can  be 
obtained  as  a  result: 

55 
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5 

On  the  other  hand,  when  the  same  calculation  as  described  above  is  performed  in  the  conventional 
circuit,  the  following  equation  can  be  obtained: 

10  3VQUT  VT  1 

313  I3  I 2 ' R 2  

I I  
( I l - R l   +  VT)  •  (1  +  8-nN  —  ) 

75  X2 

. . .   ( 1 7 )  

In  this  case,  as  the  value  of  dVOuT̂ l3  is  reduced,  the  value  of  the  voltage  V0Ut  is  stabilized.  Therefore, 
20  it  is  preferable  that  denominators  of  the  right-hand  sides  of  the  equations  (16)  and  (17)  have  larger  values. 

When  different  terms  in  the  denominators  of  both  the  equations  (16)  and  (17)  are  compared  with  each  other 
to  examine  which  part  has  a  large  value,  it  is  known  which  denominator  of  the  right-hand  side  of  the 
equation  (16)  or  (17)  has  a  larger  value.  That  is,  1  -  inN*li/l2  in  the  equation  (16)  is  compared  with  1/(1  + 
InN*li/l2)  in  the  equation  (17).  When  1  -  inN*li/l2  is  subtracted  from  1/[1  +  (lnN'li/l2)],  the  following 

25  equation  can  be  obtained: 

1  
-  (1  -  2,nN  —   ) 

I I   1 2  
30  1  +  JlnN  —  

12  

(2,nN  —  ) 2  
12  

. . .   ( 1 8 )  

l  +  2,nN  —  
1 2  

40  According  to  the  condition  for  establishing  the  equation  (7)  or  (13),  N*li/I2  >  1  must  be  satisfied. 
Therefore,  inN*li/l2  >  0,  and  the  equation  (18)  must  have  a  positive  value.  Then, 

11  1 
1  _  j,nN-  —  < 

12  I I  
45  1  +  5,nN  —  

1 2  

and  the  value  of  dVou-r/db  in  the  equation  (16)  is  smaller  than  the  value  of  d\fQUj/b\3  in  the  equation  (17). 
That  is,  in  the  circuit  of  the  first  embodiment,  even  when  a  load  current  is  changed,  an  output  voltage  can 
be  stabler  than  that  of  the  conventional  circuit. 

Figs.  6  to  8  are  circuit  diagrams  showing  constant  voltage  circuits  according  to  the  second  to  fourth 
embodiments  of  the  present  invention  wherein  various  control  circuits  are  used  as  the  control  circuits  10. 

In  the  second  embodiment  shown  in  Fig.  6,  a  circuit  consisting  of  a  constant  current  source  21  and  an 
npn  transistor  22  is  used  as  a  control  circuit  10.  That  is,  one  terminal  of  the  constant  current  source  21  is 
connected  to  a  node  19  of  an  input  voltage  V,N,  and  the  other  terminal  of  the  constant  current  source  21  is 
commonly  connected  to  the  collector  of  a  transistor  17  and  the  base  of  the  transistor  22.  The  collector  of 
the  transistor  22  is  connected  to  the  node  19,  and  the  emitter  of  the  transistor  22  is  connected  to  an  output 
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node  for  obtaining  an  output  voltage. 
In  the  third  embodiment  shown  in  Fig.  7,  a  circuit  consisting  of  a  pnp  transistor  24  and  an  npn  transistor 

is  used  as  a  control  circuit  10.  That  is,  one  terminal  of  the  constant  current  source  23  is  connected  to  a 
node  19  of  an  input  voltage  V|N,  and  the  other  terminal  of  the  constant  current  source  23  is  commonly 

5  connected  to  the  collector  of  a  transistor  17  and  the  base  of  the  transistor  25.  The  emitter  of  the  transistor 
24  is  connected  to  the  node  19,  and  the  collector  and  base  of  the  transistor  24  are  connected  to  output 
node  20  and  the  collector  of  the  transistor  25,  respectively. 

In  the  fourth  embodiment  shown  in  Fig.  8,  a  circuit  consisting  of  a  constant  current  source  26,  a  resistor 
27,  and  a  pnp  transistor  28  is  used  as  a  control  circuit  10.  That  is,  one  terminal  of  the  constant  current 

w  source  26  is  connected  to  a  node  19  of  an  input  voltage  V|N,  and  the  other  terminal  of  the  constant  current 
source  26  is  connected  to  an  output  node  20.  One  terminal  of  the  resistor  27  is  connected  to  the  output 
node  20,  and  the  other  terminal  of  the  resistor  27  is  commonly  connected  to  the  collector  of  a  transistor  17 
and  the  base  of  the  transistor  28.  The  emitter  of  the  transistor  28  is  connected  to  the  output  node  20,  and 
the  collector  of  the  transistor  28  is  connected  to  a  node  15  having  a  ground  potential. 

75  Fig.  9  is  a  circuit  diagram  showing  another  basic  circuit  arrangement  of  the  constant  voltage  circuit  of 
the  present  invention.  In  the  above  second  to  fourth  embodiments  of  the  present  invention  shown  in  Figs.  6 
to  8,  the  control  circuit  having  one  input  terminal  IN  and  one  output  terminal  OUT  is  disclosed.  However,  in 
the  basic  circuit  in  Fig.  9,  a  control  circuit  30  has  two  independent  output  terminals  OUT1  and  OUT2  for 
outputting  independent  output  signals  in  response  to  a  signal  input  to  one  input  terminal  IN.  With  the  above 

20  arrangement,  the  following  advantages  can  be  obtained.  That  is,  (1)  since  the  voltages  VOun  and  VOut2  of 
the  output  terminals  OUT1  and  OUT2  can  be  arbitrarily  set,  a  margin  of  design  of  the  resistors  11  and  12 
can  be  increased;  (2)  since  the  two  output  terminals  OUT1  and  OUT2  can  be  obtained,  the  outputs  can  be 
used  as  two  independent  reference  voltages  which  do  not  interfere  with  each  other;  and  (3)  the  number  of 
elements  can  be  extremely  reduced  in  a  circuit  requiring  several  reference  voltage  sources. 

25  Fig.  10  is  a  circuit  diagram  showing  a  constant  voltage  circuit  according  to  the  fifth  embodiment  of  the 
present  invention.  In  the  embodiment,  the  control  circuit  30  consists  of  a  constant  current  source  31  ,  npn 
transistors  32,  33,  and  34,  and  two  resistors  35  and  36.  One  terminal  of  the  constant  current  source  31  is 
connected  to  a  node  19  of  an  input  voltage  V|N,  and  the  other  terminal  of  the  constant  current  source  31  is 
connected  to  the  collector  of  a  transistor  17  as  an  input  terminal  IN.  The  collector  of  the  transistor  32  is 

30  connected  to  the  node  19,  and  the  base  and  emitter  of  the  transistor  32  are  connected  to  the  other  terminal 
of  the  constant  current  source  31  and  the  output  node  20,  respectively.  One  terminal  of  the  resistor  35  is 
connected  to  the  output  node  20,  and  other  terminal  is  connected  to  one  terminal  of  the  resistor  36.  The 
other  terminal  of  the  resistor  36  is  connected  to  the  node  15.  The  collectors  of  the  two  transistors  33  and  34 
are  commonly  connected  to  the  node  19  of  a  power  source  Vcc,  the  bases  of  the  transistors  33  and  34  are 

35  commonly  connected  to  a  connecting  point  between  the  resistors  35  and  36,  and  each  of  the  emitters  of  the 
transistors  33  and  34  is  connected  to  one  terminal  of  a  corresponding  one  of  the  resistors  11  and  12  as  the 
output  terminal  OUT1  or  OUT2. 

In  the  fifth  embodiment  with  the  above  arrangement,  a  current  having  a  value  corresponding  to  an  input 
current  is  supplied  from  the  output  terminal  OUT1  or  OUT2  to  the  resistor  11  or  12. 

40  Stability  of  the  output  voltage  in  the  circuit  according  to  each  embodiment  described  above  will  be 
described  below.  Fig.  12  is  a  graph  showing  change  characteristics  of  the  output  voltage  VOut  obtained  by 
performing  SPICE  analysis  when  a  value  I  of  a  current  source  is  changed  in  a  circuit  with  the  arrangement 
in  Fig.  10  (corresponding  to  the  circuit  according  to  the  second  embodiment  in  Fig.  6).  In  this  case,  as 
shown  in  Fig.  10,  the  resistors  11,  12,  and  13  are  respectively  set  to  have  the  resistance  22  KQ,  22  Kn,  and 

45  1.8  KQ,  an  emitter  area  ratio  N  of  the  transistor  14  to  the  transistor  16  is  set  to  be  4.  As  is  apparent  from 
Fig.  12,  when  the  current  value  was  changed  from  10  M-A  to  30  u.A,  an  output  voltage  difference  in  the 
circuit  of  this  embodiment  was  27.4  mV.  Therefore,  in  the  circuits  according  to  the  above  embodiments  of 
the  present  invention,  a  stable  output  voltage  can  be  obtained  compared  with  the  output  voltage  difference 
of  60.2  mV  obtained  from  the  conventional  circuit  shown  in  Fig.  3. 

so  Note  that  the  present  invention  is  not  limited  to  the  above  embodiments,  and  various  modifications  may 
be  made.  For  example,  in  the  above  circuits  according  to  the  embodiments,  although  a  control  circuit 
having  input  and  output  terminals  to  output  a  current  having  a  value  corresponding  to  a  current  supplied  to 
the  input  terminal  is  described,  a  control  circuit  for  outputting  a  voltage  having  a  value  corresponding  to  a 
current  supplied  to  the  input  terminal  may  be  used. 
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1.  A  constant  voltage  circuit  characterized  by  comprising: 
a  control  circuit  (10)  having  input  and  output  terminals  in  which  an  output  is  controlled  according  to  a 
current  flowing  through  said  input  terminal; 
a  first  resistor  element  (11)  one  terminal  of  which  is  connected  to  said  output  terminal  of  said  control  circuit 

5  (10); 
a  second  resistor  element  (13)  one  terminal  of  which  is  connected  to  the  other  terminal  of  said  first  resistor 
element  (11); 
a  first  transistor  (14)  of  a  first  polarity  a  base  of  which  is  connected  to  the  other  terminal  of  said  first  resistor 
element  (11),  a  collector  of  which  is  connected  to  the  other  terminal  of  said  second  resistor  element  (13), 

10  and  an  emitter  of  which  is  connected  to  a  first  node  (15); 
a  third  resistor  element  (12)  one  terminal  of  which  is  connected  to  said  output  terminal  of  said  control  circuit 

(10); 
a  second  transistor  (16)  of  a  first  polarity  a  collector  of  which  is  connected  to  the  other  terminal  of  said  third 
resistor  element  (12),  a  base  of  which  is  connected  to  the  other  terminal  of  said  second  resistor  element 

75  (13),  and  an  emitter  of  which  is  connected  to  said  first  node  (15);  and 
a  third  transistor  (17)  of  the  first  polarity  a  collector  of  which  is  connected  to  said  input  terminal  of  said 
control  circuit  (10),  a  base  of  which  is  connected  to  the  other  terminal  of  said  third  resistor  element  (12), 
and  an  emitter  of  which  is  connected  to  said  first  node  (15); 
wherein  currents  flowing  through  said  first  and  second  transistors  (11,13)  have  different  current  densities. 

20  2.  A  circuit  according  to  claim  1,  characterized  in  that  said  first  and  second  transistors  (14,  16)  have 
different  emitter  areas  to  cause  the  currents  flowing  through  said  first  and  second  transistors  (14,  16)  to 
have  different  current  densities. 
3.  A  circuit  according  to  claim  1,  characterized  in  that  said  first  and  third  resistor  elements  (11,  12)  have 
different  resistances  to  cause  currents  flowing  through  said  first  and  second  transistors  (14,  16)  to  have 

25  different  current  densities. 
4.  A  circuit  according  to  claim  1,  characterized  in  that  said  control  circuit  (10)  consists  of  a  current  source 
(18)  one  terminal  of  which  is  connected  to  a  second  node  (19)  applied  with  a  predetermined  potential  and 
the  other  terminal  of  which  is  commonly  connected  to  said  one  terminal  of  said  first  resistor  element  (11), 
said  one  terminal  of  said  third  resistor  element  (12),  and  said  collector  of  said  third  transistor  (17). 

30  5.  A  circuit  according  to  claim  1,  characterized  in  that  said  control  circuit  (10)  consists  of 
a  fourth  transistor  (22)  of  the  first  polarity  a  collector  of  which  is  connected  to  a  second  node  (19)  applied 
with  a  predetermined  potential  and  an  emitter  of  which  is  commonly  connected  to  said  one  terminal  of  said 
first  resistor  element  (11)  and  said  one  terminal  of  said  third  resistor  element  (12),  and 
a  current  source  (21)  one  terminal  of  which  is  connected  to  said  second  node  (19)  and  the  other  terminal  of 

35  which  is  commonly  connected  to  said  base  of  said  fourth  transistor  (22)  and  said  collector  of  said  third 
transistor  (17). 
6.  A  circuit  according  to  claim  1  ,  characterized  in  that  said  control  circuit  consists  of 
a  current  source  (23)  one  terminal  of  which  is  connected  to  a  second  node  (19)  applied  with  a 
predetermined  potential  and  the  other  terminal  of  which  is  connected  to  said  collector  of  said  third  transistor 

40  (17), 
a  fifth  transistor  (24)  of  a  second  polarity  an  emitter  of  which  is  connected  to  said  second  node  (19)  and  a 
collector  of  which  is  connected  to  a  third  node  (20)  for  obtaining  an  output  voltage,  and 
a  sixth  transistor  (25)  of  a  first  polarity  a  collector  of  which  is  connected  to  a  base  of  said  fifth  transistor 

(24),  a  base  of  which  is  connected  to  said  collector  of  said  third  transistor  (17),  and  an  emitter  of  which  is 

45  connected  to  said  first  node  (15). 
7.  A  circuit  according  to  claim  1  ,  characterized  in  that  said  control  circuit  consists  of 
a  current  source  (26)  one  terminal  of  which  is  connected  to  a  second  node  (19)  applied  with  a 
predetermined  potential  and  the  other  terminal  of  which  is  commonly  connected  to  said  one  terminal  of  said 
first  resistor  element  (11)  and  said  one  terminal  of  said  third  resistor  element  (12), 

so  a  fourth  resistor  element  (27)  one  terminal  of  which  is  connected  to  the  other  terminal  of  said  current  source 
(26)  and  the  other  terminal  of  which  is  connected  to  said  collector  of  said  third  transistor  (17),  and 
a  seventh  transistor  (28)  of  the  second  polarity  an  emitter  of  which  is  connected  to  the  other  terminal  of  said 
current  source  (26),  a  base  of  which  is  connected  to  the  other  terminal  of  said  fourth  resistor  element  (27), 
and  a  collector  of  which  is  connected  to  said  first  node  (15). 

55  8.  A  constant  voltage  circuit  characterized  by  comprising: 
a  control  circuit  (30)  having  an  input  terminal  and  first  and  second  output  terminals  in  which  outputs  from 
said  first  and  second  output  terminals  are  controlled  according  to  a  current  flowing  through  said  input 
terminal; 
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a  first  resistor  element  (11)  one  terminal  of  which  is  connected  to  said  first  output  terminal  of  said  control 
circuit  (30); 
a  second  resistor  element  (13)  one  terminal  of  which  is  connected  to  the  other  terminal  of  said  first  resistor 
element  (11); 

5  a  first  transistor  (14)  of  a  first  polarity  a  base  of  which  is  connected  to  the  other  terminal  of  said  first  resistor 
element  (11),  a  collector  of  which  is  connected  to  the  other  terminal  of  said  second  resistor  element  (13), 
and  an  emitter  of  which  is  connected  to  a  first  node  (15); 
a  third  resistor  element  (12)  one  terminal  of  which  is  connected  to  said  second  output  terminal  of  said 
control  circuit  (30); 

10  a  second  transistor  (16)  of  the  first  polarity  a  collector  of  which  is  connected  to  the  other  terminal  of  said 
third  resistor  element  (12),  a  base  of  which  is  connected  to  the  other  terminal  of  said  second  resistor 
element  (13),  and  an  emitter  of  which  is  connected  to  said  first  node  (15);  and 
a  third  transistor  (17)  of  the  first  polarity  a  collector  of  which  is  connected  to  said  input  terminal  of  said 
control  circuit  (30),  a  base  of  which  is  connected  to  the  other  terminal  of  said  third  resistor  element  (12), 

75  and  an  emitter  of  which  is  connected  to  said  first  node  (1  5); 
wherein  currents  flowing  through  said  first  and  second  transistors  (14,  16)  have  different  current  densities. 
9.  A  circuit  according  to  claim  8,  characterized  in  that  said  first  and  second  transistors  (14,  16)  have 
different  emitter  areas  to  cause  the  currents  flowing  through  said  first  and  second  transistors  (14,  16)  to 
have  different  current  densities. 

20  10.  A  circuit  according  to  claim  8,  characterized  in  that  said  first  and  third  resistor  elements  (11,  12)  have 
different  resistances  to  cause  the  currents  flowing  through  said  first  and  second  transistors  (14,  16)  to  have 
different  current  densities. 
11.  A  circuit  according  to  claim  8,  characterized  in  that  said  control  circuit  (30)  consists  of 
a  fourth  transistor  (33)  of  a  first  polarity  a  collector  of  which  is  connected  to  a  second  node  (19)  applied  with 

25  a  predetermined  potential  and  an  emitter  of  which  is  connected  to  said  one  terminal  of  said  first  resistor 
element  (11), 
a  fifth  transistor  (34)  of  the  first  polarity  a  collector  of  which  is  connected  to  said  second  node  (19)  and  an 
emitter  of  which  is  connected  to  said  one  terminal  of  said  third  resistor  element  (12), 
a  current  source  (31)  one  terminal  of  which  is  connected  to  said  second  node  (19)  and  the  other  terminal  of 

30  which  is  connected  to  said  collector  of  said  third  transistor  (17), 
a  sixth  transistor  (32)  of  the  first  polarity  a  collector  of  which  is  connected  to  said  second  node  (19),  a  base 
of  which  is  connected  to  the  other  terminal  of  said  current  source  (31),  and  an  emitter  of  which  is  connected 
to  a  third  node  (20)  for  obtaining  an  output  voltage, 
a  fourth  resistor  element  (35)  one  terminal  of  which  is  connected  to  said  third  node  (20)  and  the  other 

35  terminal  of  which  is  commonly  connected  to  said  bases  of  said  fourth  and  fifth  transistors  (33,  34),  and 
a  fifth  resistor  element  (36)  one  terminal  of  which  is  connected  to  the  other  terminal  of  said  fourth  resistor 
element  (35)  and  the  other  terminal  of  which  is  connected  to  said  first  node  (15). 
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