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©  An  amplifier  circuit  of  a  symmetrical  type  is 
implemented  with  load  transistors  1,  3,  5,  6  and 
input  transistors  2,  4.  Load  transistors  1,  5  and 
input  transistor  2  constitute  a  first  inverter,  and 
load  transistors  3,  6  and  input  transistor  4  con- 
stitute  a  second  inverter.  A  change  in  the  output 
potential  of  each  inverter  is  transmitted  to  a 
load  transistor  of  the  other  inverter  and  in- 
creases  the  fluctuation  of  the  potential  of  an 
output  signal.  A  transistor  9  or  10  for  current 
control  is  arranged  between  an  input  transistor 
and  ground  or  between  a  load  transistor  and  a 
power  supply.  The  transistor  9  or  10  for  current 
control  interrupts  through  current  when  oper- 
ation  of  the  amplifier  circuit  is  unnecessary  and 
enhances  the  gain  when  the  amplifier  circuit  is 
on  operation.  The  gain  is  enhanced  by  setting 
the  conductance  of  the  load  transistor  and  the 
conductance  of  the  input  transistor  on  pre- 
determined  conditions.  Furthermore,  an  offset 
voltage  caused  in  each  amplifier  circuit  is  can- 
celed  out  by  connecting  two  sets  of  symmet- 
rical-type  amplifier  circuits. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  amplifier  circuits, 
and,  more  particularly,  to  an  amplifier  circuit  suitable 
for  a  sense  amplifier  in  a  semiconductor  memory 
device,  for  example. 

Description  of  the  Background  Art 

A  sense  amplifier  is  for  amplifying  a  small  poten- 
tial  difference  on  a  bit  line  pair  in  a  semiconductor 
memory  device,  and  sense  amplifiers  having  various 
circuit  configurations  having  been  developed  so  far. 

Fig.  1  0  is  a  circuit  diagram  illustrating  an  example 
of  a  structure  of  a  conventional  sense  amplifier  dis- 
closed  in  Japanese  Patent  Publication  No.  1-55769 
(1989),  for  example.  Referring  to  Fig.  10,  the  sense 
amplifier  includes  load  transistors  1  ,  3  and  input  tran- 
sistors  2,  4.  Each  of  load  transistors  1  ,  3  is  implemen- 
ted  with  a  P  channel  MOSFET.  Each  of  input 
transistors  2,  4  is  implemented  with  an  N  channel 
MOSFET.  The  source  of  each  of  load  transistors  1,  3 
is  connected  to  a  power  supply  (voltage  Vcc).  The 
drain  of  load  transistor  1  is  connected  to  the  drain  of 
input  transistor  2,  and  the  drain  of  load  transistor  3  is 
connected  to  the  drain  of  input  transistor  4.  Gates  of 
load  transistors  1  ,  3  are  connected  to  each  other  and 
to  the  drain  of  input  transistor  2.  The  source  of  each 
of  input  transistors  2,  4  is  grounded.  An  input  signal 
Dla  is  applied  to  the  gate  of  input  transistor  2,  and  an 
input  signal  Dlb  is  applied  to  the  gate  of  input  transis- 
tor  4.  Input  signals  Dla,  Dlb  are  supplied  through  a  bit 
line  pair,  and  they  are  complementary  to  each  other. 
The  sense  amplifier  illustrated  in  Fig.  10  amplifies  the 
potential  difference  between  input  signal  Dla  and 
input  signal  Dlb.  An  output  terminal  7  is  connected  to 
the  drain  of  input  transistor  2.  An  output  terminal  8  is 
connected  to  the  drain  of  input  transistor  4.  An  output 
signal  DOa  is  obtained  from  output  terminal  8,  and  an 
output  signal  DOb  is  obtained  from  output  terminal  7. 

Load  transistor  1  and  input  transistor  2  constitute 
a  first  inverter.  Load  transistor  3  and  input  transistor 
4  constitute  a  second  inverter.  The  conductance  of 
load  transistor  1  and  the  conductance  of  load  transis- 
tor  3  are  set  to  be  equal,  and  the  conductance  of  input 
transistor  2  and  the  conductance  of  input  transistor  4 
are  set  to  be  equal. 

A  current  mirror-type  CMOS  amplifier  circuit  is 
implemented  with  the  above-described  structure. 

Now,  operation  of  the  sense  amplifier  illustrated 
in  Fig.  1  0  will  be  described  with  reference  to  Figs.  1  1 
and  12. 

Referring  to  Fig.  1  1  ,  when  the  voltage  V5  of  input 
signal  Dla  and  the  voltage  V6  of  input  signal  Dlb  are 
the  same  voltage  Vr,  the  current  characteristic  of  input 
transistor  2  is  as  represented  by  the  solid  line  curve 

l2.  The  current  characteristic  of  load  transistor  1  is  as 
represented  by  the  solid  line  curve  h  because  the 
drain  and  gate  of  load  transistor  1  are  short-circuited. 
The  crossing  point  P0  of  the  solid  line  curves  l2  and  h 

5  represents  the  output  voltage  of  the  first  inverter,  i.e. 
the  output  voltage  V7  of  output  signal  DOb.  The  cur- 
rent  characteristic  of  load  transistor  3  is  as  represen- 
ted  by  the  solid  line  curve  l3,  and  the  current 
characteristic  of  input  transistor4  is  as  represented  by 

10  the  solid  line  curve  l4  because  the  conductance  of 
second  inverter  is  set  to  be  the  same  as  the  conduct- 
ance  of  the  first  inverter,  and  the  gate  of  load  transistor 
3  is  connected  to  output  terminal  7.  Accordingly,  the 
output  voltage  of  the  second  inverter,  i.e.  the  output 

15  voltage  V8  of  output  signal  DOa  is  as  represented  by 
the  crossing  point  P0  of  the  solid  line  curves  l3  and  l4, 
which  is  the  same  as  the  output  voltage  of  the  first 
inverter. 

Next,  consideration  will  be  given  to  the  case 
20  where  complimentary  signals  are  supplied  as  input  to 

the  sense  amplifier  illustrated  in  Fig.  10. 
First,  in  the  case  where  the  voltage  V5a  of  input 

signal  Dla  is  Vr  +  AVr,  and  the  voltage  V6a  of  input  sig- 
nal  Dlb  is  Vr  -  AVr,  the  characteristic  curves  shift  from 

25  the  solid  line  curve  l2  to  the  dotted-line  curve  l2a,  from 
the  solid  line  curve  l3  to  the  dotted-line  curve  l3a,  and 
from  the  solid  line  curve  l4  to  the  dotted-line  curve  l4a. 
Accordingly,  the  crossings  of  these  curves  shift  from 
P0  to  Pi  and  P2,  and  the  output  voltage  of  the  second 

30  inverter,  i.e.  the  output  voltage  V8a  of  output  signal 
DOa,  becomes  a  high  voltage  VH  corresponding  to  the 
crossing  point  P2. 

Conversely,  in  the  case  where  the  voltage  V5b  of 
input  signal  Dla  is  Vr-AVr,  and  the  voltage  V6b  of  input 

35  signal  Dlb  is  Vr  +  AVr,  the  characteristic  curves  shift 
from  the  solid  line  curve  l2  to  the  dotted-line  curve  l2b, 
from  the  solid  line  curve  l3  to  the  dotted-line  curve  l3b, 
and  from  the  solid  line  curve  l4,  to  the  dotted-line  curve 
l4b,  respectively,  as  illustrated  in  Fig.  12.  Accordingly, 

40  the  crossing  points  of  these  characteristic  curves  shift 
from  P0  to  P3  and  P4,  and  the  output  voltage  of  the  sec- 
ond  inverter,  i.e.  the  output  voltage  V8b  of  output  sig- 
nal  DOa  becomes  a  low  voltage  VL  corresponding  to 
the  crossing  point  P4. 

45  As  described  above,  the  potential  difference  2AVr 
between  input  signals  Dla  and  Dlb  is  amplified  to  be 
VH  -VL.  In  the  sense  amplifier  illustrated  in  Fig.  10,  the 
current  flowing  in  the  first  inverter  and  the  currentflow- 
ing  in  the  second  inverter  are  of  the  same  intensity. 

so  Therefore,  the  sense  amplifier  illustrated  in  Fig.  10  is 
referred  to  as  a  current  mirror-type  CMOS  amplifier 
circuit. 

However,  the  amplifier  circuit  illustrated  in  Fig.  10 
has  an  asymmetrical  structure.  Therefore,  in  the  case 

55  where  complementary  signals  are  supplied  as  inputs 
to  input  transistors  2,  4,  change  in  the  output  voltage 
V7  of  the  first  inverter  is  extremely  small  as  compared 
to  change  in  the  output  voltage  V8  of  the  second  inver- 
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ter.  Specifically,  the  output  voltage  V7  of  the  first  inver- 
ter  changes  only  to  the  voltage  V7a  or  V7b.  As  a  result, 
an  amplified  output  signal  can  be  obtained  only  from 
the  second  inverter  side  in  the  amplifier  circuit  illus- 
trated  in  Fig.  1  0,  so  that  there  was  a  problem  that  the 
gain  is  small. 

In  addition,  the  amplifier  circuit  illustrated  in  Fig. 
1  0  has  an  asymmetrical  structure,  so  that  there  was 
a  problem  that  the  offset  voltage  caused  by  diversifi- 
cation  of  the  characteristics  of  elements  constituting 
the  circuit  or  the  like  is  transmitted  intact  to  the  circuit 
in  the  next  stage. 

A  CMOS  sense  amplifier  having  a  symmetrical 
structure  is  disclosed  in  U.S.  Patent  No.  4,479,202  for 
solving  various  problems  as  described  above.  Fig.  13 
is  a  circuit  diagram  illustrating  the  structure  of  the 
sense  amplifier  illustrated  in  U.S.  Patent  No. 
4,479,202. 

The  CMOS  sense  amplifier  illustrated  in  Fig.  13 
includes  load  transistors  5  and  6  added  to  the  struc- 
ture  of  the  CMOS  sense  amplifier  illustrated  in  Fig.  10. 
Each  of  load  transistors  5,  6  is  implemented  with  a  P 
channel  MOSFET.  The  source  of  each  of  load  transis- 
tors  5,  6  is  connected  to  a  power  supply  in  the  same 
manner  as  load  transistors  1  ,  3.  The  drain  of  load  tran- 
sistor  5  is  connected  to  the  drain  of  input  transistor  2, 
and  the  drain  of  load  transistor  6  is  connected  to  the 
drain  of  input  transistor  4.  The  gates  of  load  transis- 
tors  5,  6  are  connected  to  each  other  and  to  the  drain 
of  input  transistor  4.  Load  transistors  1  ,  5  and  input 
transistor  2  constitute  a  first  inverter,  and  load  transis- 
tors  3,  6  and  input  transistor  4  constitute  a  second 
inverter. 

Load  transistors  1,  3,  5,  and  6  are  set  to  have 
equal  conductance,  and  input  transistors  2,  4  are  also 
set  to  have  equal  conductance. 

Now,  operation  of  the  CMOS  sense  amplifier  illus- 
trated  in  Fig.  13  will  be  described. 

When  the  potentials  of  input  signals  Dla  and  Dlb 
are  equal,  it  is  clear  that  the  potentials  of  output  sig- 
nals  DOa,  DOb  are  also  equal,  since  load  transistors 
1  ,  3,  5,  and  6  have  equal  conductance  and  input  tran- 
sistors  2,  4  have  equal  conductance. 

In  the  case  where  complementary  input  signals 
Dla,  Dlb  (Dla  >  Dib)  are  applied  to  the  gates  of  input 
transistors  2,  4,  the  potentials  of  output  signals  DOa, 
DOb  are  going  to  be  changed  by  the  functions  of  load- 
transistors  1,  3.  The  rise  in  potential  of  output  signal 
DOa  acts  to  reduce  the  conductivity  of  load  transistor 
5.  Therefore,  in  the  first  inverter,  the  conductivity  of 
input  transistor  2  becomes  relatively  high,  and  the 
potential  of  output  signal  DOb  is  made  lower.  In  addi- 
tion,  the  fall  in  the  potential  of  output  signal  DOb  acts 
to  increase  the  conductivity  of  load  transistor  3.  Con- 
sequently,  the  potential  of  output  signal  DOa  is  made 
higher. 

In  the  case  where  the  relationship  between  the 
potentials  of  input  signals  Dla,  Dlb  applied  to  the 

gates  of  input  transistors  2,  4  is  reverse  to  the  above- 
described  one  (Dla  <  Dlb),  an  operation  exactly 
reverse  to  the  above-described  one  is  carried  out  in 
the  circuit,  since  the  sense  amplifier  illustrated  in  Fig. 

5  13  has  a  symmetrical  structure.  Specifically,  the 
potential  of  output  signal  DOa  is  lowered  greatly,  and 
the  potential  of  output  signal  DOb  is  raised  greatly. 

As  described  above,  the  sense  amplifier  illus- 
trated  in  Fig.  13  has  a  symmetrical  structure,  so  that 

10  fluctuation  of  the  potentials  of  both  output  signals 
DOa,  DOb  is  large.  Therefore,  it  is  possible  to  provide 
an  amplifier  circuit  having  a  larger  gain  as  compared 
to  that  of  the  sense  amplifier  illustrated  in  Fig.  10. 

As  described  above,  the  sense  amplifier  illus- 
15  trated  in  Fig.  13  has  a  symmetrical  structure,  so  that 

it  has  a  large  gain  and  a  small  offset  voltage.  How- 
ever,  there  is  a  danger  of  an  undesired  through  cur- 
rent  flowing  from  the  power  supply  to  ground  when 
operation  is  unnecessary  (in  a  period  during  which  the 

20  sense  amplifier  should  be  rendered  inactive)  in  the 
sense  amplifier  illustrated  in  Fig.  13.  Specifically,  in 
the  case  where  one  of  or  both  of  input  signals  Dla,  Dlb 
attain(s)  a  value  exceeding  the  threshold  voltage  of 
input  transistors  2,  4  for  any  reason  when  operation 

25  is  unnecessary,  one  of  or  both  of  input  transistors  2, 
4  turn(s)  on.  This  causes  one  or  both  of  load  transis- 
tors  1  ,  3  to  turn  on,  and  a  current  path  is  formed  from 
the  power  supply  toward  ground.  A  through  current 
flows  in  the  current  path.  Accordingly,  the  problem 

30  with  the  amplifier  circuit  illustrated  in  Fig.  1  3  was  that 
there  is  a  danger  of  current  flowing  even  when  oper- 
ation  is  unnecessary,  and  current  consumption 
becomes  large. 

While  the  sense  amplifier  illustrated  in  Fig.  13  is 
35  improved  so  that  a  larger  gain  is  obtained  as  com- 

pared  to  that  of  the  sense  amplifier  illustrated  in  Fig. 
10,  there  was  a  demand  for  realizing  a  further  larger 
gain. 

40  SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention  is 
to  provide  an  amplifier  circuit  with  reduced  power  con- 
sumption  as  compared  to  the  conventional  amplifier 

45  circuits. 
Another  object  of  the  present  invention  is  to  pro- 

vide  an  amplifiercircuit  with  a  largergain  as  compared 
to  the  conventional  amplifier  circuits. 

An  amplifier  circuit  according  to  an  aspect  of  the 
so  present  invention  includes  first  and  second  input  tran- 

sistors  of  a  first  conductivity  type,  first  to  fourth  load 
transistors  of  a  second  conductivity  type,  and  a  tran- 
sistor  for  current  control.  Each  of  the  first  and  second 
input  transistors  has  a  gate  and  first  and  second  con- 

55  ducting  terminals  and  receives  first  and  second  input 
signals  at  the  gate.  Each  of  the  first  and  second  load 
transistors  has  a  gate  and  first  and  second  conducting 
terminals  and  has  the  first  conducting  terminal  con- 

3 



5 EP  0  490  690  A1 6 

nected  to  the  first  conducting  terminal  of  the  first  input 
transistor.  Each  of  the  third  and  fourth  load  transistors 
has  a  gate  and  first  and  second  conducting  terminals 
and  has  the  first  conducting  terminal  connected  to  the 
first  conducting  terminal  of  the  second  input  transis-  5 
tor.  The  transistor  for  current  control  is  connected  to 
the  second  conducting  terminals  of  the  first  and  sec- 
ond  input  transistors.  The  gates  of  the  first  and  third 
load  transistors  are  connected  to  each  other  and  to 
the  first  conducting  terminal  of  the  first  input  transistor.  10 
The  gates  of  the  second  and  fourth  load  transistors 
are  connected  to  each  other  and  to  the  first  conduct- 
ing  terminal  of  the  second  input  transistor.  An  output 
signal  is  obtained  from  the  first  conducting  terminal  of 
each  of  the  first  and  second  input  transistors.  15 

An  amplifier  circuit  according  to  another  aspect  of 
the  present  invention  includes  first  and  second  input 
transistors  and  first  to  fourth  load  transistors  in  the 
same  manner  as  the  amplifier  circuit  according  to 
claim  1  .  It  further  includes  a  transistor  for  current  con-  20 
trol  connected  to  the  second  conducting  terminals  of 
the  first  to  fourth  load  transistors. 

According  to  the  above-described  two  aspects  of 
the  present  invention,  the  transistor  for  current  control 
is  turned  off  when  operation  of  the  amplifier  circuit  is  25 
unnecessary,  so  that  the  path  of  through  current  of  the 
amplifier  circuit  is  interrupted  by  the  transistor  for  cur- 
rent  control.  Therefore,  undesirable  power  consump- 
tion  is  reduced  when  operation  is  unnecessary.  In 
addition,  the  transistorfor  current  control  functions  as  30 
a  constant  current  source  when  the  amplifier  circuit  is 
on  operation,  so  that  the  gain  of  the  amplifier  circuit  is 
further  enhanced. 

An  amplifier  circuit  according  to  still  another 
aspect  of  the  present  invention  includes  first  and  sec-  35 
ond  input  transistors  and  first  to  fourth  load  transistors 
in  the  same  manner  as  the  amplifier  circuit  according 
to  claim  1  .  The  conductance  of  the  first  input  transistor 
and  that  of  the  second  input  transistor  are  selected  to 
be  equal.  The  conductance  of  the  second  load  tran-  40 
sistor  and  that  of  the  third  load  transistor  are  selected 
to  be  respectively  larger  than  the  conductance  of  the 
first  load  transistor  and  that  of  the  fourth  load  transis- 
tor,  and  the  sum  of  the  conductance  of  the  first  load 
transistor  and  that  of  the  second  load  transistor  and  45 
the  sum  of  the  conductance  of  the  third  load  transistor 
and  that  of  the  fourth  load  transistor  are  selected  to  be 
equal. 

According  to  this  aspect  of  the  present  invention, 
the  conductance  of  the  second  load  transistor  and  50 
that  of  the  third  load  transistor  are  selected  to  be  re- 
spectively  larger  than  the  conductance  of  the  first  load 
transistor  and  that  of  the  fourth  load  transistor,  so  that 
the  changes  in  the  conductivity  of  the  second  load 
transistor  and  that  of  the  third  load  transistor  are  55 
increased  when  complementary  signals  are  applied 
as  the  first  and  second  input  signals.  The  change  in 
the  potential  of  an  output  signal  is  also  increased 

according  as  the  changes  in  the  conductivity  of  the 
second  load  transistor  and  that  of  the  third  load  tran- 
sistor  are  increased,  so  that  the  gain  of  the  amplifier 
circuit  is  enhanced.  In  addition,  the  conductance  of 
the  first  input  transistor  and  that  of  the  second  input 
transistor  are  selected  to  be  equal,  and  the  sum  of  the 
conductance  of  the  first  load  transistor  and  that  of  the 
second  load  transistor  and  the  sum  of  the  conduct- 
ance  of  the  third  load  transistor  and  that  of  the  fourth 
load  transistor  are  selected  to  be  equal,  so  that  sym- 
metry  of  operation  of  the  circuit  is  not  lost. 

An  amplifier  circuit  according  to  a  further  aspect 
of  the  present  invention  includes  first  and  second 
input  transistors  and  first  to  fourth  load  transistors  in 
the  same  manner  as  the  amplifier  circuit  according  to 
claim  1  .  The  ratio  of  the  conductance  of  the  first  input 
transistor  to  the  sum  of  the  conductance  of  the  first 
load  transistor  and  that  of  the  second  load  transistor 
and  the  ratio  of  the  conductance  of  the  second  input 
transistor  to  the  sum  of  the  conductance  of  the  third 
load  transistor  and  that  of  the  fourth  load  transistorare 
selected  to  be  equal.  In  addition,  the  sum  of  the  con- 
ductance  of  the  first  load  transistor,  that  of  the  second 
load  transistor,  and  that  of  the  first  input  transistor  and 
the  sum  of  the  third  load  transistor,  that  of  the  fourth 
load  transistor,  and  that  of  the  second  input  transistor 
are  selected  to  be  different  values. 

According  to  this  aspect  of  the  present  invention, 
it  is  possible  to  reduce  the  current  consumption  and 
to  enhance  the  gain  in  the  case  where  an  output  signal 
is  obtained  only  from  the  first  conducting  terminal  of 
one  of  the  first  and  second  input  transistors.  Specifi- 
cally,  the  current  flowing  in  the  whole  of  the  amplifier 
circuit  can  be  reduced  by  reducing  the  absolute  value 
of  the  conductance  of  each  of  the  transistors  constitut- 
ing  the  inverter  from  which  no  output  signal  is 
obtained.  Conversely,  the  gain  of  the  amplifier  circuit 
for  an  output  signal  can  be  enhanced  by  increasing 
the  conductance  of  each  of  the  transistors  constituting 
the  inverters  from  which  an  output  signal  is  obtained. 

The  foregoing  and  other  objects,  features, 
aspects  and  advantages  of  the  present  invention  will 
become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  circuit  diagram  illustrating  a  structure 
of  a  first  embodiment  of  the  present  invention. 

Fig.  2  is  a  circuit  diagram  illustrating  a  structure 
of  a  second  embodiment  of  the  present  invention. 

Fig.  3  is  a  circuit  diagram  illustrating  a  structure 
of  a  third  embodiment  of  the  present  invention. 

Fig.  4  is  a  circuit  diagram  illustrating  a  structure 
of  a  fourth  embodiment  of  the  present  invention. 

Fig.  5  is  a  circuit  diagram  illustrating  a  structure 
of  a  fifth  embodiment  of  the  present  invention. 

4 
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Fig.  6  is  a  circuit  diagram  illustrating  a  structure 
of  a  sixth  embodiment  of  the  present  invention. 

Fig.  7  is  a  circuit  diagram  illustrating  a  structure 
of  a  seventh  embodiment  of  the  present  invention. 

Fig.  8  is  a  circuit  diagram  illustrating  a  structure 
of  a  eighth  embodiment  of  the  present  invention. 

Fig.  9  is  a  circuit  diagram  illustrating  a  structure 
of  a  ninth  embodiment  of  the  present  invention. 

Fig.  1  0  is  a  circuit  diagram  illustrating  an  example 
of  a  structure  of  a  conventional  amplifier  circuit. 

Fig.  1  1  is  a  graph  for  explaining  operation  of  the 
conventional  amplifier  circuit  illustrated  in  Fig.  10. 

Fig.  12  is  a  graph  for  explaining  operation  of  the 
conventional  amplifier  circuit  illustrated  in  Fig.  10. 

Fig.  13  is  a  circuit  diagram  illustrating  a  structure 
of  another  example  of  a  conventional  amplifier  circuit. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Fig.  1  is  a  circuit  diagram  illustrating  a  structure 
of  a  first  embodiment  of  the  present  invention.  The 
amplifier  circuit  according  to  this  embodiment  illus- 
trated  in  Fig.  1  includes  load  transistors  1  ,  3,  5,  and  6 
and  input  transistors  2,  4  in  the  same  manner  as  the 
conventional  amplifier  circuit  illustrated  in  Fig.  13.  The 
amplifier  circuit  illustrated  in  Fig.  1  further  includes  a 
transistor  9  for  current  control  implemented  with  an  N 
channel  MOSFET.  The  drain  of  transistor  9  for  current 
control  is  connected  to  the  source  of  each  of  input 
transistors  2,  4.  The  source  of  transistor  9  for  current 
control  is  grounded.  A  control  signal  <|>1  is  applied  to 
the  gate  of  transistor  9  for  current  control.  Control  sig- 
nal  <|>1  attains  a  low  or  "L"  level  (0V,  for  example)  when 
operation  of  the  amplifier  circuit  is  unnecessary  and 
attains  a  high  or  "H"  level  when  the  amplifier  circuit  is 
on  operation.  "H"  level  of  control  signal  <|>1  is  selected 
to  be  a  value  making  transistor  9  for  current  control 
operate  in  a  saturation  region.  This  causes  transistor 
9  for  current  control  to  form  a  constant  current  circuit 
when  the  amplifier  circuit  is  on  operation. 

The  conductance  of  load  transistor  1  ,  that  of  load 
transistor  3,  that  of  load  transistor  5,  and  that  of  load 
transistor6  are  selected  to  be  equal,  and  the  conduct- 
ance  of  input  transistor  2  and  that  of  input  transistor 
4  are  also  selected  to  be  equal. 

According  to  the  embodiment  illustrated  in  Fig.  1  , 
functions  of  load  transistors  1  ,  3,  5,  6  and  input  tran- 
sistors  2,  4  are  the  same  as  the  functions  of  the  cor- 
responding  transistors  in  the  conventional  amplifier 
circuit  illustrated  in  Fig.  13.  Therefore,  functions  and 
operations  of  transistor  9  for  current  control  which  is 
added  in  this  embodiment  will  be  intensively  des- 
cribed  in  the  following. 

First,  when  operation  of  the  amplifier  circuit  is 
unnecessary  (in  a  standby  mode,  for  example,  in  the 
case  where  the  amplifier  circuit  is  used  as  a  sense 
amplifier  in  a  semiconductor  memory  device,  for 

example),  the  potential  of  control  signal  <|>1  attains  "L" 
level.  This  causes  transistor  9  for  current  control  to 
turn  off.  As  a  result,  the  path  of  through  current  flowing 
from  the  power  supply  to  ground  is  interrupted  by  tran- 

5  sistor  9  for  current  control.  Accordingly,  it  is  possible 
to  reduce  undesirable  power  consumption  when  oper- 
ation  is  unnecessary. 

Next,  when  the  amplifier  circuit  is  on  operation 
(for  example  in  a  write  mode,  a  read  mode,  and  a  ref- 

10  resh  mode,  for  example,  in  the  case  where  the 
amplifier  circuit  is  used  as  a  sense  amplifier  in  a  semi- 
conductor  memory  device),  control  signal  <|>1  attains 
"H"  level.  As  described  above,  "H"  level  of  control  sig- 
nal  <|>1  is  selected  to  be  a  value  making  transistor  9  for 

15  current  control  operated  in  a  saturation  region. 
Accordingly,  transistor  9  for  current  control  forms  con- 
stant  current  source  means  when  the  amplifier  circuit 
is  on  operation.  As  a  result,  it  is  possible  to  enhance 
the  gain  of  the  amplifier  circuit.  The  reason  for  this  will 

20  be  described  in  the  following. 
As  described  above,  making  transistor  9  for  cur- 

rent  control  operate  in  a  saturation  region  means  mak- 
ing  transistor  9  for  current  control  a  constant  current 
source.  Therefore,  in  the  case  where  11  represents 

25  the  current  flowing  in  input  transistor  2,  12  represents 
the  current  flowing  in  input  transistor  4,  and  I  repre- 
sents  the  current  flowing  in  transistor  9  for  current 
control,  the  following  formula  (1)  is  realized. 

1  =  11  +12  =  constant 
30  In  the  case  where  the  potential  of  input  signal  Dla 

is  lowered,  for  example,  the  conductivity  of  input  tran- 
sistor  is  lowered,  and  current  11  is  reduced.  Accord- 
ing  to  the  above  formula  (1),  current  I  flowing  in  the 
transistor  9  for  current  control  is  always  constant,  so 

35  that  if  current  11  is  reduced,  current  12  is  forced  to 
increase.  It  is  necessary  that  the  source  potential  of 
input  transistor  4  is  lowered  in  order  to  increase  cur- 
rent  12.  It  is  also  necessary  that  the  drain  potential  of 
each  of  load  transistors  3,  6  is  lowered.  Lowering  the 

40  drain  potential  of  each  of  load  transistors  3,  6  causes 
the  potential  of  output  signal  DOa  to  be  further  low- 
ered.  Specifically,  the  gain  is  enhanced.  On  the  other 
hand,  in  the  case  where  transistor  9  for  current  control 
is  not  provided  as  in  the  conventional  amplifier  circuit 

45  illustrated  in  Fig.  13,  The  change  in  input  signal  Dla 
does  not  affect  current  12. 

As  described  above,  a  change  in  one  of  the  cur- 
rents  11  and  12  causes  a  change  in  the  other  current, 
so  that  the  change  in  the  potential  of  an  output  signal 

so  is  developed  in  the  direction  of  increasing  the  gain. 
Fig.  2  is  a  circuit  diagram  illustrating  a  structure 

of  a  second  embodiment  of  the  present  invention.  The 
amplifier  circuit  according  to  the  embodiment  illus- 
trated  in  Fig.  2  includes  load  transistors  1,  3,  5,  6  and 

55  input  transistors  2,  4  in  the  same  manner  as  the  con- 
ventional  amplifier  circuit  illustrated  in  Fig.  13.  The 
amplifier  circuit  according  to  the  embodiment  illus- 
trated  in  Fig.  2  further  includes  a  transistor  1  0  for  cur- 
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rent  control  implemented  with  a  P  channel  MOSFET. 
The  source  of  transistor  10  for  current  control  is  con- 
nected  to  the  power  supply.  The  drain  of  transistor  10 
for  current  control  is  connected  to  the  source  of  each 
of  load  transistors  1,  3,  5,  6.  A  control  signal  <|>2  is 
applied  to  the  gate  of  transistor  1  0  for  current  control. 
Control  signal  <|>2  attains  "H"  level  (Vcc,  for  example) 
when  operation  of  the  amplifier  circuit  is  unnecessary 
and  attains  "L"  level  when  it  is  on  operation.  "L"  level 
of  control  signal  §2  is  selected  to  be  a  sufficient  value 
to  make  transistor  1  0  for  current  control  operate  in  a 
saturation  region.  Accordingly,  transistor  10  for  cur- 
rent  control  serves  to  interrupt  the  path  for  through 
current  when  operation  of  the  amplifier  circuit  is 
unnecessary  and  serves  as  a  constant  current  source 
for  enhancing  the  gain  when  the  amplifier  circuit  is  on 
operation  in  the  same  manner  as  transistor  9  for  cur- 
rent  control  illustrated  in  Fig.  1. 

The  other  operations  of  the  amplifier  circuit 
according  to  the  embodiment  illustrated  in  Fig.  2  are 
the  same  as  the  corresponding  operations  of  the  con- 
ventional  amplifier  circuit  illustrated  in  Fig.  13,  so  that 
description  of  them  will  be  omitted. 

Fig.  3  is  a  circuit  diagram  illustrating  a  structure 
of  a  third  embodiment  of  the  present  invention.  The 
amplifier  circuit  illustrated  in  Fig.  3  includes  load  tran- 
sistors  1  ,  3,  5,  6  and  input  transistors  2,  4  in  the  same 
manner  as  the  conventional  amplifier  circuit  illustrated 
in  Fig.  13. 

The  embodiment  illustrated  in  Fig.  3  is  charac- 
terized  by  the  way  to  select  the  conductance  of  each 
of  the  transistors.  Here,  conductance  is  the  reciprocal 
of  resistance,  and  the  unit  for  it  is  S  (Siemens).  Con- 
ductance  is  a  measure  for  expressing  the  conductivity 
of  a  transistor  in  a  quantitative  manner,  which  is  deter- 
mined  mainly  by  the  channel  length  or  the  channel 
width.  Specifically,  if  the  channel  length  of  the  transis- 
tor  is  long,  the  conductance  is  lowered,  and  if  the 
channel  width  of  the  transistor  is  large,  the  conduct- 
ance  is  raised.  The  same  conductance  means  that  in 
the  case  where  the  same  gate-source  voltage  and 
drain-source  voltage  are  applied  to  each  of  transistors 
to  be  compared,  it  is  determined  that  the  same  current 
flows  between  the  drain  and  source  of  each  one. 

According  to  the  embodiment  illustrated  in  Fig.  3, 
the  conductance  of  each  transistor  is  selected  as  des- 
cribed  in  the  following.  Specifically,  the  sum  of  the 
conductance  of  load  transistor  5  and  that  of  load  tran- 
sistor  1  and  the  sum  of  the  conductance  of  load  tran- 
sistor  3  and  that  of  load  transistor  6  are  selected  to  be 
equal.  The  conductance  of  load  transistor  5  is  selec- 
ted  to  be  larger  than  the  conductance  of  load  transis- 
tor  1  .  The  conductance  of  load  transistor  3  is  selected 
to  be  larger  than  the  conductance  of  load  transistor  6. 
The  conductance  of  input  transistor  2  and  that  of  input 
transistor  4  are  selected  to  be  equal.  In  the  case 
where  the  conductance  of  load  transistor  1,  that  of 
load  transistor  3,  that  of  load  transistor  5,  and  that  of 

load  transistor  6  are  represented  by  gm1,  gm3,  gm5, 
and  gm6,  respectively,  and  the  conductance  of  input 
transistor2  and  that  of  input  transistor4  are  represen- 
ted  by  gm2  and  gm4,  respectively,  the  above-des- 

5  cribed  relationship  will  be  represented  as  the 
following  formulas. 

gm5  +  gm1  =  gm3  +  gm6 
gm5  >  gm1 
gm3  >  gm6 

10  gm2  =  gm4 
As  described  above,  if  the  conductance  of  load 

transistor  5  and  that  of  load  transistor  3  are  made  re- 
spectively  largerthan  the  conductance  of  load  transis- 
tor  1  and  that  of  load  transistor  6,  the  changes  in  the 

15  conductivity  of  load  transistor  5  and  that  of  load  tran- 
sistor  3  are  increased  when  complementary  input  sig- 
nals  Dla,  Dlb  are  applied.  Accordingly,  the  changes  in 
the  potentials  of  output  signals  DOa,  DOb  are  also 
increased  according  as  the  changes  in  the  conduc- 

20  tivity  of  load  transistor  5  and  that  of  load  transistor  3 
are  increased,  so  that  the  gain  is  enhanced. 

According  to  the  embodiment  illustrated  in  Fig.  3, 
the  relationship  of  gm5  +  gm1  =  gm3  +  gm6  and  the 
relationship  of  gm2  =  gm4  are  maintained,  so  that 

25  symmetry  of  operation  of  the  circuit  is  secured.  Speci- 
fically,  symmetry  of  operation  is  secured  between  the 
first  inverter  implemented  with  load  transistors  1,  5 
and  input  transistor  2  and  the  second  inverter 
implemented  with  load  transistors  3,  6  and  input  tran- 

30  sistor  4,  and  it  is  possible  to  prevent  imbalance  be- 
tween  the  gains  of  output  signals  DOa  and  DOb.  In  the 
case  where  the  potentials  of  input  signals  Dla  and  Dlb 
are  the  same,  for  example,  the  potentials  of  output 
signals  DOa  and  DOb  are  also  the  same. 

35  Fig.  4  is  a  circuit  diagram  illustrating  a  structure 
of  a  fourth  embodiment  of  the  present  invention. 
According  to  the  embodiment  illustrated  in  Fig.  4,  tran- 
sistor  9  for  current  control  is  added  to  the  structure  of 
the  amplifier  circuit  illustrated  in  Fig.  3.  Transistor  9  for 

40  current  control  in  Fig.  4  has  the  same  functions  as 
those  of  transistor  9  for  current  control  in  Fig.  1.  The 
conductance  of  each  of  load  transistors  1,  3,  5,  6  and 
that  of  each  of  input  transistors  2,  4  are  set  on  the 
same  conditions.  Accordingly,  the  embodiment  illus- 

45  trated  in  Fig.  4  brings  about  both  the  effects  of  the 
embodiment  illustrated  in  Fig.  1  and  the  effects  of  the 
embodiment  illustrated  in  Fig.  3.  Specifically,  undesi- 
rable  through  current  is  interrupted  by  transistor  9  for 
current  control  when  operation  of  the  amplifier  circuit 

so  is  unnecessary,  and  the  gain  is  enhanced  when  the 
amplifier  circuit  is  on  operation.  In  addition,  the  gain 
is  enhanced  by  setting  the  conductance  of  each  tran- 
sistor  on  the  same  conditions  of  the  embodiment  illus- 
trated  in  Fig.  3. 

55  Fig.  5  is  a  circuit  diagram  illustrating  a  structure 
of  a  fifth  embodiment  of  the  present  invention.  Accord- 
ing  to  the  embodiment  illustrated  in  Fig.  5,  a  transistor 
10  for  current  control  is  provided  in  addition  to  the 
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structure  of  the  embodiment  illustrated  in  Fig.  3.  Tran- 
sistor  10  for  current  control  according  to  the  embodi- 
ment  in  Fig.  5  has  the  same  functions  as  those  of 
transistor  10  for  current  control  in  Fig.  2.  Specifically, 
transistor  10  for  current  control  interrupt  undesirable 
through  current  when  operation  of  the  amplifier  circuit 
is  unnecessary  and  enhances  the  gain  by  forming  a 
constant  current  source  when  the  amplifier  circuit  is 
on  operation.  In  addition,  the  conductance  of  each  of 
load  transistors  1,  3,  5,  6  and  input  transistors  2,  4  is 
set  on  the  same  conditions  as  in  the  embodiment  illus- 
trated  in  Fig.  3.  Accordingly,  the  embodiment  illus- 
trated  in  Fig.  5  brings  about  both  of  the  effects  of  the 
embodiment  illustrated  in  Fig.  2  and  the  effects  of  the 
embodiment  illustrated  in  Fig.  3.  According  to  the 
embodiment  illustrated  in  Fig.  5,  it  is  possible  to 
reduce  undesirable  power  consumption  when  oper- 
ation  of  the  amplifier  circuit  is  unnecessary  and  to 
enhance  the  gain  when  the  amplifier  circuit  is  on  oper- 
ation. 

Fig.  6  is  a  circuit  diagram  illustrating  a  structure 
of  a  sixth  embodiment  of  the  present  invention.  The 
embodiment  illustrated  in  Fig.  6  includes  load  transis- 
tors  1,3,5,6  and  input  transistors  2,  4  in  the  same 
manner  as  the  conventional  amplifier  circuit  illustrated 
in  Fig.  13. 

The  embodiment  illustrated  in  Fig.  6  is  charac- 
terized  by  the  way  to  select  the  conductance  of  each 
transistor.  Specifically,  the  ratio  of  the  conductance  of 
input  transistor  2  to  the  sum  of  the  conductance  of 
load  transistor  5  and  that  of  load  transistor  1  and  the 
ratio  of  the  conductance  of  input  transistor  4  to  the 
sum  of  the  conductance  of  load  transistor  3  and  that 
of  load  transistor  6  are  selected  to  be  equal.  In  addi- 
tion,  the  sum  of  the  conductance  of  load  transistor  5, 
that  of  load  transistor  1  ,  and  that  of  input  transistor  2 
is  selected  to  be  a  value  different  from  the  value  of  the 
sum  of  the  conductance  of  load  transistor  3,  that  of 
load  transistor  6,  and  that  of  input  transistor  4.  Speci- 
fically,  the  conductance  of  each  transistor  is  set  as  in 
the  following  formula. 

(gm5  +  gm1)  :  gm2  =  (gm3  +  gm6)  :  gm4 
gm5  +  gm1  +  gm2  gm3  +  gm6  +  gm4 
According  to  the  embodiment  illustrated  in  Fig.  6, 

the  potential  of  outputsignal  DOb  is  determined  by  the 
ratio  of  the  resistance  of  load  transistors  1,  5  to  that 
of  input  transistor  2,  and  the  potential  of  output  signal 
DOa  is  determined  by  the  ratio  of  the  resistance  of 
load  transistors  3,  6  to  that  of  input  transistor  4. 
Accordingly,  if  the  ratio  of  the  conductance  of  the  load 
transistor  to  that  of  the  input  transistor  is  the  same  in 
the  first  and  second  inverters,  the  absolute  value  of 
conductance  does  not  affect  operation  of  the  amplifier 
circuit.  Specifically,  symmetry  of  operation  of  the  cir- 
cuit  is  not  lost. 

While  it  is  possible  to  obtain  two  signals  DOa  and 
DOb  as  output  signals  from  the  amplifier  circuit 
according  to  present  invention,  there  is  a  case  where 

only  one  of  the  output  signals  is  actually  obtained  and 
utilized.  For  example,  there  is  a  case  to  be  considered 
where  only  output  signal  DOa  is  utilized  in  the  embo- 
diment  illustrated  in  Fig.  6.  In  this  case,  no  load  is  con- 

5  nected  to  the  first  inverter  implemented  with  load 
transistors  1  ,  5  and  input  transistor  2,  so  that  the  cur- 
rent  driving  capability  may  be  small.  Accordingly,  the 
absolute  values  of  the  conductance  of  load  transistor 
1  ,  that  of  load  transistor  5  and  the  conductance  of 

10  input  transistor  2  may  be  selected  to  be  small.  This 
causes  the  current  flowing  in  the  first  inverter  to  be 
small  and  the  current  flowing  in  the  whole  of  the 
amplifier  circuit  to  be  reduced  as  a  result,  and  the 
power  consumption  can  be  reduced.  On  the  other 

15  hand,  in  the  second  inverter  from  which  an  outputsig- 
nal  is  obtained,  the  conductance  of  each  of  load  tran- 
sistors  3,  6  and  input  transistor  4  is  selected  to  be 
large,  so  that  it  is  possible  to  obtain  sufficient  driving 
capability  even  if  a  load  is  connected  thereto. 

20  Fig.  7  is  a  circuit  diagram  illustrating  a  structure 
of  a  seventh  embodiment  of  the  present  invention. 
According  to  the  embodiment  illustrated  in  Fig.  7,  a 
transistor  9  for  current  control  which  is  the  same  as 
the  one  in  the  embodiment  illustrated  in  Fig.  1  is  pro- 

25  vided  in  addition  to  the  structure  of  the  embodiment 
illustrated  in  Fig.  6.  The  conductance  of  the  load  tran- 
sistors  and  that  of  the  input  transistors  are  set  on  the 
same  conditions  as  those  of  the  embodiment  illus- 
trated  in  Fig.  6.  Accordingly,  the  embodiment  illus- 

30  trated  in  Fig.  7  brings  about  both  of  the  effects  of  the 
embodiment  illustrated  in  Fig.  1  and  the  effects  of  the 
embodiment  illustrated  in  Fig.  6. 

Fig.  8  is  a  circuit  diagram  illustrating  a  structure 
of  an  eighth  embodiment  of  the  present  invention. 

35  According  to  the  embodiment  illustrated  in  Fig.  8,  a 
transistor  10  for  current  control  which  is  the  same  as 
the  one  in  the  embodiment  illustrated  in  Fig.  2  is  pro- 
vided  in  addition  to  the  structure  of  the  embodiment 
illustrated  in  Fig.  6.  The  conductance  of  the  load  tran- 

40  sistors  and  that  of  the  input  transistors  are  set  on  the 
same  conditions  as  the  ones  in  the  embodiment  illus- 
trated  in  Fig.  6.  Accordingly,  the  embodiment  illus- 
trated  in  Fig.  8  brings  about  both  of  the  effects  of  the 
embodiment  illustrated  in  Fig.  2  and  the  effects  of  the 

45  embodiment  illustrated  in  Fig.  6. 
Fig.  9  is  a  block  diagram  illustrating  a  structure  of 

a  ninth  embodiment  of  the  present  invention.  The 
embodiment  illustrated  in  Fig.  9  includes  two  amplifier 
circuits  11  and  12.  Amplifier  circuits  11  and  12  have 

so  the  same  structure.  Any  of  the  structure  of  the  embo- 
diments  in  Figs.  1  to  8  may  be  used  as  the  structure 
of  each  of  amplifier  circuits  11  and  12.  The  structure 
of  the  circuit  illustrated  in  Fig.  13  may  be  also 
employed  as  the  structure  of  each  of  amplifier  circuits 

55  11  and  12.  A  first  input  signal  and  a  second  input  sig- 
nal  are  applied  to  input  terminals  13,  14,  respectively. 
The  first  input  signal  applied  to  input  terminal  13  is 
applied  as  an  input  signal  Dial  to  one  of  the  gates  of 
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input  transistors  2,  4  included  in  amplifier  circuit  11 
and  also  applied  as  an  input  signal  Dlb2  to  the  other 
one  of  the  gates  of  input  transistors  2,  4  included  in 
amplifier  circuit  12.  The  second  input  signal  applied  to 
input  terminal  14  is  applied  as  an  input  signal  DIM  to 
the  other  one  of  the  gates  of  input  transistors  2,  4 
included  in  amplifier  circuit  1  1  and  also  applied  as  an 
input  signal  Dla2  to  the  one  of  the  gates  of  input  tran- 
sistors  2,  4  included  in  amplifier  circuit  12.  An  output 
terminal  1  5  receives  an  output  signal  DOa1  (or  DOb1  ) 
from  an  output  terminal  8(or  an  output  terminal  7)  in 
amplifier  circuit  1  1  .  An  output  terminal  16  receives  an 
output  signal  DOa2  (or  DOb2)  from  output  terminal  7 
(or  output  terminal  8)  in  amplifier  circuit  12.  Specifi- 
cally,  the  two  amplifier  circuits  11,12  are  connected 
in  a  differential  manner. 

Now,  operation  in  the  embodiment  illustrated  in 
Fig.  9  will  be  described.  In  the  case  where  com- 
plementary  input  signals  are  applied  to  the  two  input 
terminals  13,  14,  the  first  and  second  input  signals  are 
applied  in  a  crossing  manner  to  first  amplifier  circuit 
1  1  and  second  amplifier  circuit  12,  so  that  output  sig- 
nals  DOa1  and.DOa2  of  first  and  second  amplifier  cir- 
cuits  1  1  and  12  are  signals  with  opposite  phases. 

Even  if  amplifier  circuits  1  1  and  12  have  offset  vol- 
tages  caused  by  diversification  of  the  characteristics 
of  the  elements  or  the  like,  the  above  off  set  voltages 
are  of  the  same  value  with  respect  to  amplifier  circuits 
1  1  and  12  in  the  case  where  amplifier  circuits  11,12 
are  formed  in  the  same  monolithic  IC.  Accordingly,  if 
output  signals  of  opposite  phases  are  formed  using 
two  amplifier  circuits  11,  12  as  illustrated  in  Fig.  9,  it 
is  possible  to  cancel  out  the  offset  voltage  caused  in 
each  amplifier  circuit.  In  the  case  where  the  amplifier 
circuits  according  to  the  embodiments  illustrated  in 
Figs.  1-8  are  used  as  amplifier  circuits  1  1  and  12,  it  is 
also  possible  to  obtain  the  effects  brought  about  in 
each  embodiment. 

While  each  load  transistor  is  implemented  with  a 
P  channel  MOSFET,  and  each  input  transistor  is 
implemented  with  an  N  channel  MOSFET  in  the 
embodiments  described  above,  it  is  of  course  poss- 
ible  to  implement  each  load  transistor  with  an  N  chan- 
nel  MOSFET  and  to  implement  each  input  transistor 
with  a  P  channel  MOSFET.  In  addition,  it  is  also  poss- 
ible  to  implement  each  of  control  transistors  9,  10  with 
a  P  channel  MOSFET  or  a  N  channel  MOSFET. 

The  present  invention  can  be  applied  not  only  to 
a  sense  amplifier  but  also  to  other  uses. 

As  described  above,  according  to  the  present 
invention,  it  is  possible  to  provide  an  amplifier  circuit 
having  a  high  gain  and  a  small  power  consumption. 

Although  the  present  invention  has  been  des- 
cribed  and  illustrated  in  detail,  it  is  clearly  understood 
that  the  same  is  by  way  of  illustration  and  example 
only  and  is  not  to  be  taken  by  way  of  limitation,  the 
spirit  and  scope  of  the  present  invention  being  limited 
only  by  the  terms  of  the  appended  claims. 

Claims 

1  .  An  amplifier  circuit  for  amplifying  the  potential  dif- 
ference  between  first  and  second  input  signals, 

5  comprising: 
first  and  second  input  transistors  (2,  4)  of 

a  first  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  for  receiv- 
ing  said  first  and  second  input  signals,  respect- 

10  ively,  at  the  gates; 
first  and  second  load  transistors  (1  ,  5)  of  a 

second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 

15  first  conducting  terminal  of  said  first  input  transis- 
tor; 

third  and  fourth  load  transistors  (3,  6)  of  the 
second  conductivity  type  each  having  first  and 
second  conducting  terminals  and  having  said  first 

20  conducting  terminal  connected  to  said  first  con- 
ducting  terminal  of  said  second  input  transistor; 
and 

a  transistor  (9)  for  current  control  connec- 
ted  to  said  second  conducting  terminals  of  said 

25  first  and  second  input  transistors; 
said  gates  of  said  first  and  third  load  tran- 

sistors  being  connected  to  each  other  and  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor; 

30  said  gates  of  said  second  and  fourth  load 
transistors  being  connected  to  each  other  and  to 
said  first  conducting  terminal  of  said  second  input 
transistor;  and 

output  signals  being  obtained  from  said 
35  first  conducting  terminals  of  said  first  and  second 

input  transistors. 

2.  An  amplifier  circuit  for  amplifying  the  potential  dif- 
ference  between  first  and  second  input  signals, 

40  comprising: 
first  and  second  input  transistors  (2,  4)  of 

a  first  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  for  receiv- 
ing  said  first  and  second  input  signals,  respect- 

45  ively,  at  the  gates; 
first  and  second  load  transistors  (1  ,  5)  of  a 

second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 

so  first  conducting  terminal  of  said  first  input  transis- 
tor; 

third  and  fourth  load  transistors  (3,  6)  of  a 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 

55  said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  second  input  tran- 
sistor;  and 

a  transistor  (1  0)  for  current  control  connec- 
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ted  to  said  second  conducting  terminals  of  said 
first  to  fourth  load  transistors; 

said  gates  of  said  first  and  third  load  tran- 
sistors  being  connected  to  each  other  and  to  said 
first  conducting  terminal  of  said  first  input  transis-  5 
tor; 

said  gates  of  said  second  and  fourth  load 
transistors  being  connected  to  each  other  and  to 
said  first  conducting  terminal  of  said  second  input 
transistor;  and  10 

output  signals  being  obtained  from  said 
first  conducting  terminals  of  said  first  and  second 
input  transistors. 

3.  An  amplifier  circuit  for  amplifying  the  potential  dif-  15 
ference  between  first  and  second  input  signals, 
comprising: 

first  and  second  input  transistors  (2,  4)  of 
a  first  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  for  receiv-  20 
ing  said  first  and  second  input  signals,  respect- 
ively,  at  the  gates; 

first  and  second  load  transistors  (1  ,  5)  of  a 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having  25 
said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor;  and 

third  and  fourth  load  transistors  (3,  6)  of  the 
second  conductivity  type  each  having  a  gate  and  30 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  second  inputtran- 
sistor; 

the  gates  of  said  first  and  third  load  transis-  35 
tors  being  connected  to  each  other  and  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor; 

the  gates  of  said  second  and  fourth  load 
transistors  being  connected  to  each  other  and  to  40 
said  first  conducting  terminal  of  said  second  input 
transistor; 

the  conductance  of  said  first  input  transis- 
tor  and  the  conductance  of  said  second  input 
transistor  being  selected  to  be  equal;  45 

the  conductance  of  said  second  load  tran- 
sistor  and  the  conductance  of  said  third  load  tran- 
sistor  being  selected  to  be  respectively  larger 
than  the  conductance  of  said  first  load  transistor 
and  the  conductance  of  said  fourth  load  transis-  50 
tor,  and  the  sum  of  the  conductance  of  said  first 
load  transistor  and  the  conductance  of  said  sec- 
ond  load  transistor  being  selected  to  be  equal  to 
the  sum  of  the  conductance  of  said  third  load  tran- 
sistor  and  the  conductance  of  said  fourth  load  55 
transistor;  and 

output  signals  being  obtained  from  said 
first  conducting  terminals  of  said  first  and  second 

input  transistors. 

4.  The  amplifier  circuit  according  to  claim  3,  further 
comprising  a  transistor  (9)  for  current  control  con- 
nected  to  said  second  conducting  terminals  of 
said  first  and  second  input  transistors. 

5.  The  amplifier  circuit  according  to  claim  3,  further 
comprising  a  transistor  (10)  for  current  control 
connected  to  said  second  conducting  terminals  of 
said  first  to  fourth  load  transistors. 

6.  An  amplifier  circuit  for  amplifying  a  potential  dif- 
ference  between  first  and  second  input  signals, 
comprising: 

first  and  second  input  transistors  (2,  4)  of 
a  first  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  for  receiv- 
ing  said  first  and  second  input  signals,  respect- 
ively,  at  the  gates; 

first  and  second  load  transistors  (1  ,  5)  of  a 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor;  and 

third  and  fourth  load  transistors  (3,  6)  of  the 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  second  input  tran- 
sistor; 

said  gates  of  said  first  and  third  load  tran- 
sistors  being  connected  to  each  other  and  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor; 

the  gates  of  said  second  and  fourth  load 
transistors  being  connected  to  each  other  and  to 
said  first  conducting  terminal  of  said  second  input 
transistor; 

the  ratio  of  the  conductance  of  said  first 
input  transistor  to  the  sum  of  the  conductance  of 
said  first  load  transistor  and  the  conductance  of 
said  second  load  transistor  being  selected  to  be 
equal  to  the  ratio  of  the  conductance  of  said  sec- 
ond  input  transistor  to  the  sum  of  the  conductance 
of  said  third  load  transistor  and  the  conductance 
of  said  fourth  load  transistor,  and  the  sum  of  the 
conductance  of  said  first  load  transistor,  the  con- 
ductance  of  said  second  load  transistor,  and  the 
conductance  of  said  first  input  transistor  being 
selected  to  be  a  value  different  from  the  value  of 
the  sum  of  the  conductance  of  said  first  load  tran- 
sistor,  the  conductance  of  said  fourth  load  transis- 
tor,  and  the  conductance  of  said  second  input 
transistor;  and 

output  signals  being  obtained  from  said 
first  conducting  terminals  of  said  first  and  second 
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input  transistors. 

7.  The  amplifier  circuit  according  to  claim  6,  further 
comprising  a  transistor  (9)  for  current  control  con- 
nected  to  said  second  conducting  terminals  of  5 
said  first  and  second  input  transistors. 

8.  The  amplifier  circuit  according  to  claim  6,  further 
comprising  a  transistor  (10)  for  current  control 
connected  to  said  second  conducting  terminals  of  10 
said  first  to  fourth  load  transistors. 

9.  An  amplifier  circuit  for  amplifying  a  potential  dif- 
ference  between  first  and  second  input  signals 
comprising  first  and  second  amplifying  means  15 
connected  in  a  differential  manner,  said  first  and 
second  amplifying  means  each  comprising: 

first  and  second  input  transistors  (2,  4)  of 
a  first  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals;  20 

first  and  second  load  transistors  (1  ,  5)  of  a 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  conducting  terminal  connected  to  said  first 
conducting  terminal  of  said  first  input  transistor;  25 

third  and  fourth  load  transistors  (3,  6)  of  the 
second  conductivity  type  each  having  a  gate  and 
first  and  second  conducting  terminals  and  having 
said  first  conducting  terminal  connected  to  said 
first  conducting  terminal  of  said  second  inputtran-  30 
sistor; 

the  gates  of  said  first  and  third  load  transis- 
tors  being  connected  to  each  other  and  to  said 
first  conducting  terminal  of  said  first  input  transis- 
tor;  35 

the  gates  of  said  second  and  fourth  load 
transistors  being  connected  to  each  other  and  to 
said  first  conducting  terminal  of  said  second  input 
transistor; 

said  first  input  signal  being  applied  to  the  40 
gate  of  said  first  input  transistor  in  said  first 
amplifying  means  and  to  the  gate  of  said  second 
input  transistor  in  said  second  amplifying  means; 
and 

output  signals  being  obtained  from  said  45 
first  conducting  terminal  of  one  of  said  first  and 
second  input  transistors  in  said  first  amplifying 
means  and  from  said  first  conducting  terminal  of 
the  other  one  of  said  first  and  second  input  tran- 
sistors  in  said  second  amplifying  means.  50 

10.  The  amplifier  circuit  according  to  claim  9,  wherein 
each  of  said  first  and  second  amplifying 

means  further  including  a  transistor  (9)  for  current 
control  connected  to  said  second  conducting  ter-  55 
minals  of  said  first  and  second  input  transistors. 

11.  The  amplifier  circuit  according  to  claim  9,  wherein 

each  of  said  first  and  second  amplifying 
means  further  includes  a  transistor  (10)  for  cur- 
rent  control  connected  to  said  second  conducting 
terminals  of  said  first  to  fourth  load  transistors. 

12.  The  amplifier  circuit  according  to  claim  9,  wherein 
the  conductance  of  said  first  input  transis- 

tor  and  the  conductance  of  said  second  input 
transistor  being  selected  to  be  equal; 

the  conductance  of  said  second  load  tran- 
sistor  and  the  conductance  of  said  third  load  tran- 
sistor  being  selected  to  be  respectively  larger 
than  the  conductance  of  said  first  load  transistor 
and  the  conductance  of  said  fourth  load  transis- 
tor,  and  the  sum  of  the  conductance  of  said  first 
load  transistor  and  the  conductance  of  said  sec- 
ond  load  transistor  being  selected  to  be  equal  to 
the  sum  of  the  conductance  of  said  third  load  tran- 
sistor  and  the  conductance  of  said  fourth  load 
transistor. 

13.  The  amplifier  circuit  according  to  claim  12,  whe- 
rein 

each  of  said  first  and  second  amplifying 
means  further  includes  a  transistor  (9)  for  current 
control  connected  to  said  second  conducting  ter- 
minals  of  said  first  and  second  input  transistors. 

14.  The  amplifier  circuit  according  to  claim  12,  whe- 
rein 

each  of  said  first  and  second  amplifying 
means  further  includes  a  transistor  (10)  for  cur- 
rent  control  connected  to  said  second  conducting 
terminals  of  said  first  to  fourth  load  transistors. 

1  5.  The  amplifier  circuit  according  to  claim  9,  wherein 
the  ratio  of  the  conductance  of  said  first 

input  transistor  to  the  sum  of  the  conductance  of 
said  first  load  transistor  and  the  conductance  of 
said  second  load  transistor  is  selected  to  be  equal 
to  the  ratio  of  the  conductance  of  said  second 
input  transistor  to  the  sum  of  the  conductance  of 
said  third  load  transistor  and  the  conductance  of 
said  fourth  load  transistor,  and  the  sum  of  the  con- 
ductance  of  said  first  load  transistor,  the  conduct- 
ance  of  said  second  load  transistor,  and  the 
conductance  of  said  first  input  transistor  is  selec- 
ted  to  be  a  value  different  from  the  value  of  the 
sum  of  the  conductance  of  said  third  load  transis- 
tor,  the  conductance  of  said  fourth  load  transistor, 
and  the  conductance  of  said  second  input  transis- 
tor. 

16.  The  amplifier  circuit  according  to  claim  15,  whe- 
rein 

each  of  said  first  and  second  amplifying 
means  further  includes  a  transistor  (9)  for  current 
control  connected  to  said  second  conducting  ter- 
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minals  of  said  first  and  second  input  transistors. 

17.  The  amplifier  circuit  according  to  claim  15,  whe- 
rein 

each  of  said  first  and  second  amplifying 
means  further  includes  a  transistor  (10)  for  cur- 
rent  control  connected  to  said  second  conducting 
terminals  of  said  first  to  fourth  load  transistors. 
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