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Description 

The  present  invention  relates  to  amplifiers.  In  par- 
ticular,  although  not  exclusively  the  invention  relates  to 
high  current  drive  integrated  circuit  amplifiers.  s 

Amplifiers  capable  of  delivering  output  currents 
much  higher  than  their  quiescent  currents  tend  to  have 
complicated  circuits,  including  additional  amplifier  stag- 
es  within  the  main  amplifier  loops  to  control  the  quies- 
cent  currents.  These  additional  amplifier  stages  intro-  10 
duce  their  own  speed  and  stability  problems,  since  they 
have  to  be  separately  stabilised,  and  any  offsets  within 
these  additional  amplifier  stages  can  lead  to  ill-defined 
quiescent  currents  in  the  main  amplifier. 

An  arrangement  for  establishing  quiescent  currents  15 
in  amplifier  output  stages  is  disclosed  for  example  in 
published  European  Patent  Application  No.  01  5571  7,  in 
which  voltage  feedback  from  a  pair  of  transistors  having 
their  inputs  connected  in  common  respectively  with 
those  of  a  pair  of  output  transistors  is  utilised  to  establish  20 
the  quiescent  currents  in  those  output  transistors.  Other 
arrangements  having  similar  objects  are  disclosed  in 
United  States  Patent  Specification  No.  4,480,230  and 
published  European  Patent  Application  No.  0217431. 

According  to  the  present  invention  a  complementa-  25 
ry  symmetry  metal  oxide  semiconductor  (CMOS)  inte- 
grated  circuit  push-pull  amplifier  comprising  an  ouput 
stage  including  a  first  pair  of  field  effect  transistors  of 
opposite  conductivity  type  the  source-drain  current 
paths  of  which  are  connected  in  series  across  an  ener-  30 
gising  supply,  a  second  pair  of  field  effect  transistors 
having  their  inputs  connected  respectively  in  common 
with  those  of  the  first  pair  of  transistors  and  first  and  sec- 
ond  input  circuit  means  for  applying  input  signal  voltag- 
es  to  the  inputs  of  the  transistors  of  said  first  and  second  35 
pairs  is  characterised  in  that  there  are  provided  a  control 
current  path  connec  between  the  first  and  second  input 
circuit  means,  the  input  signal  voltages  applied  to  the 
inputs  of  the  transistors  of  said  first  and  second  pairs 
being  dependent  at  least  in  part  on  the  value  of  current  40 
flow  through  said  control  current  path,  and  feedback 
means  which  is  coupled  to  said  control  current  path  and 
which  is  responsive  to  the  values  of  current  flow  in  the 
source-drain  current  paths  of  said  second  pair  of  tran- 
sistors  to  maintain  substantially  constant  the  value  of  45 
current  flow  through  said  control  current  path  and  to  ef- 
fect  substantially  a  predetermined  minimum  value  of 
current  flow  in  common  through  the  source-drain  paths 
of  said  first  pair  of  transistors. 

Preferably  the  control  current  path  comprises  a  third  so 
pair  of  field  effect  transistors  of  opposite  conductivity 
type  having  their  source-drain  current  paths  connected 
in  series  in  said  control  current  path  between  the  first 
and  second  input  circuit  means.  The  means  to  effect 
substantially  a  predetermined  value  of  current  flow  in  55 
common  through  the  source-drain  paths  of  said  first  pair 
of  transistors  may  comprise  a  fourth  pair  of  field  effect 
transistors  of  opposite  conductivity  type  having  their  re- 

spective  gate  and  drain  electrodes  connected  together 
and  having  their  source-drain  current  paths  connected 
in  series  between  the  gate  electrodes  of  the  third  pair  of 
transistors. 

An  amplifier  in  accordance  with  the  present  inven- 
tion  will  now  be  described  by  way  of  example  with  ref- 
erence  to  the  accompanying  drawings,  of  which:- 

Figure  1  shows  the  circuit  of  the  amplifier  schemat- 
ically, 
Figure  2  shows  part  of  the  circuit  of  Figure  1  dia- 
grammatically,  and 
Figure  3  shows  substantially  the  whole  circuit  of  the 
amplifier  diagrammatically. 

Referring  first  to  Figure  1  ,  the  amplifier  is  shown  as 
a  CMOS  integrated  circuit  amplifier,  although  the  inven- 
tion  could  equally  be  applied  to  bipolar  transistor  ampli- 
fier  circuits.  The  amplifier  comprises  a  complementary 
pair  of  output  transistor  devices  1  and  2 
which  are  arranged  to  source  or  sink  output  currents  to 
or  from  a  load  (not  shown)  connected  to  an  output  path 
3  in  dependence  upon  input  signal  voltages  applied  dif- 
ferentially  between  input  terminals  4  and  5.  Voltage  am- 
plifiers  6  and  7  are  arranged  to  apply  drive  voltages  de- 
pendent  upon  these  input  signal  voltages  to  respective 
output  devices  1  and  2,  the  drive  voltage  provided  by 
the  amplifier  6  being  applied  in  common  to  the  gate  elec- 
trode  of  the  output  device  1  and  that  of  a  current  sensing 
transistor  8,  and  the  drive  voltage  provided  by  the  am- 
plifier  7  being  applied  in  common  to  the  gate  electrode 
of  the  output  device  2  and  that  of  a  current  sensing  tran- 
sistor  9.  Individual  compensation  capacitors  10  and  11 
are  provided  between  the  output  path  3  and  the  output 
circuits  of  the  amplifiers  6  an  7. 

A  quiescent  current  control  circuit  12,  shown  dia- 
grammatically  in  Figure  2,  is  arranged  to  draw  a  current 
of  a  predetermined  value  between  a  point  in  the  output 
circuit  of  the  amplifier  6  and  a  corresponding  point  in  the 
output  circuit  of  the  amplifier  7,  which  predetermined 
current  value  serves  to  set  the  quiescent  current  levels 
in  the  output  devices  1  and  2  and  the  respective  current 
sensing  transistors  8  and  9. 

The  circuit  12  comprises  a  p-channel  transistor  13 
the  source  to  drain  path  of  which  connected  between 
the  drain  electrode  of  the  p-channel  sensing  transistor 
8  and  a  negative  supply  line  14,  and  an  n-channel  tran- 
sistor  15  the  source  to  drain  path  of  which  is  connected 
between  the  drain  electrode  of  the  n-channel  sensing 
transistor  9  and  a  positive  supply  line  16,  the  gate  elec- 
trodes  of  the  transistors  1  3  and  15  being  connected  to 
earth.  The  source  electrode  of  the  transistor  13  is  con- 
nected  to  the  gate  electrode  of  an  n-channel  transistor 
17  and  the  source  electrode  of  the  transistor  15  is  con- 
nected  to  the  gate  electrode  of  a  p-channel  transistor 
1  8,  the  drain  to  source  and  source  to  drain  paths  respec- 
tively  of  these  transistors  17  and  18  providing  the  path 
for  the  current  of  predetermined  value  referred  to  above. 
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An  n-channel  transistor  19  and  a  p-channel  transistor 
20  have  their  source  electrodes  connected  together,  the 
gate  and  drain  electrodes  of  transistor  1  9  being  connect- 
ed  together  and  to  the  source  electrode  of  the  transistor 
13,  and  the  gate  and  drain  electrodes  of  transistor  20 
being  connected  together  and  to  the  source  electrode 
of  the  transistor  15. 

Referring  now  to  Figure  3  the  amplifiers  6  and  7  are 
of  similar  form  but  with  the  polarity  of  all  transistors  re- 
versed.  Thus  the  amplifier  6  comprises  a  long-tail  pair 
of  p-channel  transistors  21  and  22  whose  source  elec- 
trodes  are  connected  to  a  constant  current  source  com- 
prising  transistor  23  and  whose  drain  electrodes  are 
connected  to  an  active  load  in  the  form  of  a  current  mir- 
ror  circuit  24.  An  output  from  the  drain  electrode  of  the 
transistor  22  is  applied  to  the  gate  electrodes  of  the  tran- 
sistors  8  and  1  by  way  of  cascoded  transistors  25  and 
26,  which  are  connected  between  the  negative  and  pos- 
itive  supply  lines  14  and  16  by  way  of  constant  current 
sink  and  source  transistors  27  and  28  respectively.  The 
current  path  through  the  transistors  17  and  18  is  con- 
nected  between  the  drain  electrode  of  the  transistor  22 
and  the  corresponding  point  in  the  amplifier  7,  while  the 
compensating  capacitor  10  is  connected  to  the  source 
electrode  of  the  transistor  26.  A  similar  current  path  is 
provided  between  the  drain  electrode  of  the  transistor 
21  and  the  corresponding  point  in  the  amplifier  7  by  way 
of  a  complementary  pair  of  transistors  29  and  30. 

The  current  sensing  transistors  8  and  9  are  much 
smaller  than  the  respective  output  transistors  1  and  2, 
and  draw  correspondingly  smaller  currents.  However 
since  all  four  transistors  in  general  operate  in  the  region 
of  saturation  the  drain  currents  of  the  sensing  transistors 
8  and  9  in  operation  are  proportional  to  their  gate  drive 
voltages,  as  are  the  drain  currents  of  the  respective  out- 
put  transistors  1  and  2.  The  currents  flowing  through  the 
sensing  transistors  8  and  9  in  general  flow  partly  in  com- 
mon  through  the  transistors  19  and  20  and  partly 
through  respective  transistors  13  and  15.  The  sum  of 
gate/source  voltages  concomitant  with  the  current  flow 
in  these  transistors  13  and  15,  19  and  20,  provides  a 
forward  bias  between  the  gate  electrodes  of  the  transis- 
tors  17  and  18. 

If  the  drive  voltage  to  either  output  transistor  1  or  2 
rises,  so  that  the  current  in  that  transistor  and  in  the  cor- 
responding  sensing  transistor  8  or  9  rises,  the  forward 
bias  between  the  gate  electrodes  of  the  transistors  17 
and  18  tends  to  rise,  as  does  the  current  flow  through 
these  transistors.  Any  such  increase  in  current  flow  in 
transistors  17  and  18  will  leave  a  smaller  proportion  of 
the  constant  current  flow  through,  say,  the  transistor  27 
to  be  drawn  through  the  cascode  transistors  25  and  26, 
thus  reducing  the  drive  voltage  to  the  transistors  8  and 
1  .  The  sense  of  the  feedback  around  this  loop  will  there- 
fore  tend  to  maintain  substantially  constant  the  voltage 
across  the  transistors  1  9  and  20  and  the  current  through 
the  transistors  17  and  18. 

In  the  absence  of  input  signal  voltages  between  the 

terminals  4  and  5  the  current  feedback  loop  determines 
substantially  equal  quiescent  current  flow  values  in  the 
output  transistors  1  and  2,  and  in  the  associated  current 
sensing  transistors  8  and  9.  If  the  transistors  1  3  and  1  5, 

5  17  and  18  and  19  and  20  are  of  similar  size,  the  quies- 
cent  current  flow  through  the  sensing  transistors  8  and 
9  will  tend  to  split  equally  to  flow  half  through  the  tran- 
sistors  13  and  15  respectively  and  half  in  common 
through  the  transistors  19  and  20. 

10  In  the  presence  of  an  increasing  input  signal  voltage 
between  the  terminals  4  and  5  the  decreasing  value  of 
drive  voltage  to,  say,  the  transistors  9  and  2  will  tend  to 
decrease  the  value  of  current  flowing  in  the  sensing  tran- 
sistor  9,  and  increase  that  in  the  sensing  transistor  8,  to 

is  the  point  where  current  flow  in  the  transistor  1  5  tends  to 
cut  off.  However,  a  current  of  half  the  quiescent  value 
will  continue  to  flow  through  the  transistors  19  and  20, 
maintained  in  value  by  the  current  feedback  loop,  so  that 
the  drive  voltage  actually  delivered  to  the  gate  elec- 

20  trades  of  the  transistors  9  and  2,  by  virtue  of  the  current 
feedback  loop  and  the  nature  of  the  output  circuits  of  the 
amplifiers  6  and  7,  can  never  reduce  the  current  flow 
through  the  sensing  transistor  9,  say,  to  less  than  half 
the  quiescent  value. 

25  Since  the  quiescent  current  control  circuit  12  has 
currents  as  input  and  output,  with  no  internal  voltage 
gain  or  high  impedance  nodes,  no  compensation  is  re- 
quired  within  it.  Large  output  currents  are  possible  be- 
cause  of  the  large  drive  voltages  which  may  be  set  up 

30  in  the  output  stages  of  the  amplifiers  6  and  7.  Any  offsets 
between  the  amplifiers  are  corrected  by  the  quiescent 
current  control  circuit  12. 

In  order  for  the  amplifier  as  a  whole  to  be  stable 
when  driving  large  output  currents  the  voltages  across 

35  the  compensation  capacitors  1  0  and  1  1  should  not  vary 
with  output  current.  This  is  achieved  by  connecting  each 
of  these  capacitors  to  a  low  impedance  node  in  the  cas- 
code  output  circuit  of  the  respective  amplifier  6  or  7.  The 
cascode  transistor  26  having  its  gate  electrode  connect- 

40  ed  to  earth  improves  power  supply  rejection,  by  making 
the  voltage  across  the  compensation  capacitor  10  less 
dependent  upon  power  supply  voltage. 

The  transistors  29  and  30  are  arranged  to  draw  a 
current  between  the  drain  electrode  of  the  transistor  21 

45  in  the  amplifier  6  and  the  corresponding  point  in  the  am- 
plifier  7  substantially  to  balance  the  current  drawn 
through  the  transistors  17  and  18. 

Additional  transistors  31  to  34  are  provided  to  "pow- 
er  down"  the  amplifier,  that  is,  to  turn  the  output  transis- 

50  tors  1  and  2  off  by  biasing  the  cascode  output  stages  of 
the  amplifiers  6  and  7  off. 

Claims 
55 

1.  A  complementary  symmetry  metal  oxide  semicon- 
ductor  (CMOS)  integrated  circuit  push-pull  amplifier 
comprising  an  output  stage  including  a  first  pair  of 
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field  effect  transistors  (1  ,  2)  of  opposite  conductivity 
type  the  source-drain  current  paths  of  which  are 
connected  in  series  across  an  energising  supply,  a 
second  pair  of  field  effect  transistors  (8,  9)  having 
their  inputs  connected  respectively  in  common  with  s 
those  of  the  first  pair  of  transistors  (1  ,  2),  and  first 
and  second  input  circuit  means  (6,  7)  for  applying 
input  signal  voltages  to  the  inputs  of  the  transistors 
of  said  first  and  second  pairs  (1  ,  2  and  8,  9)  char- 
acterised  in  that  there  are  provided  a  control  current  10 
path  (17,  18)  connected  between  the  first  and  sec- 
ond  input  circuit  means  (6,  7),  the  input  signal  volt- 
ages  applied  to  the  inputs  of  the  transistors  of  said 
first  and  second  pairs  (1,2  and  8,  9)  being  depend- 
ent  at  least  in  part  on  the  value  of  current  flow  15 
through  said  control  current  path  (17,  18),  and  feed- 
back  means  (13,  15,  19  and  20)  which  is  coupled 
to  said  control  current  path  and  which  is  responsive 
to  the  values  of  current  flow  in  the  source-drain  cur- 
rent  paths  of  said  second  pair  of  transistors  (8,  9)  20 
to  maintain  substantially  constant  the  value  of  cur- 
rent  flow  through  said  control  current  path  (17,  18) 
and  to  effect  substantially  a  predetermined  mini- 
mum  value  of  current  flow  in  common  through  the 
source-drain  paths  of  said  first  pair  of  transistors  (1  ,  25 
2). 

2.  An  integrated  circuit  push-pull  amplifier  in  accord- 
ance  with  Claim  1  wherein  the  control  current  path 
comprises  a  third  pair  of  field  effect  transistors  (1  7,  30 
18)  of  opposite  conductivity  type  having  their 
source-drain  current  paths  connected  in  series  in 
said  control  current  path  between  the  first  and  sec- 
ond  input  circuit  means  (6,  7). 

35 
3.  An  integrated  circuit  push-pull  amplifier  in  accord- 

ance  with  Claim  2  wherein  the  means  to  effect  sub- 
stantially  a  predetermined  value  of  current  flow  in 
common  through  the  source-drain  paths  of  said  first 
pair  of  transistors  comprises  a  fourth  pair  of  field  ef-  40 
feet  transistors  (19,  20)  of  opposite  conductivity 
type  having  their  respective  gate  and  drain  elec- 
trodes  connected  together  and  having  their  source- 
drain  current  paths  connected  in  series  between  the 
gate  electrodes  of  the  third  pair  of  transistors  (17,  45 
18). 

Patentanspriiche 
50 

1.  Integrierter  komplementarsymmetrischer  Metall- 
oxid-Halbleiter(CMOS)-Gegentaktverstarker,  auf- 
weisend  eine  Ausgangsstufe,  die  ein  Paar  Feldef- 
fekttransistoren  (1,  2)  entgegengesetzter  Leitfahig- 
keit  aufweist,  deren  Source-Drainstrompfade  in  Se-  55 
rie  iiber  eine  Energiequelle  gelegt  sind,  ein  zweites 
Paar  Feldeffekttransistoren  (8,  9),  deren  Eingange 
jeweils  eine  gemeinsame  Verbindung  mit  denjeni- 

gen  des  ersten  Paares  Transistoren  (1  ,  2)  aufwei- 
sen,  und  eine  erste  und  zweite  Eingangsschal- 
tungseinrichtung  (6,  7),  die  Eingangssignalspan- 
nungen  auf  die  Eingange  der  Transistoren  des  er- 
sten  und  zweiten  Paares  (1,  2  und  8,  9)  gibt,  da- 
durch  gekennzeichnet,  dal3  ein  Steuerstrompfad 
(1  7,  1  8)  vorgesehen  ist,  der  zwischen  die  erste  und 
zweite  Eingangsschaltungseinrichtung  (6,  7)  ge- 
schaltet  ist,  dal3  Eingangssignalspannungen,  die 
auf  die  Eingange  der  Transistoren  des  ersten  und 
zweiten  Paares  (1,  2  und  8,  9)  gelegt  sind,  zumin- 
dest  teilweise  vom  Wert  des  Stromflusses  durch 
den  Steuerstrompfad  (17,  18)  abhangen,  und  eine 
Ruckkopplungseinrichtung  (13,  15,  19  und  20)  vor- 
gesehen  ist,  die  mit  dem  Stromsteuerpfad  verbun- 
den  ist  und  die  abhangig  von  den  Werten  des 
Stromflusses  in  den  Source-Drainstrompfaden  des 
zweiten  Transistorpaares  (8,  9)  den  StromfluBwert 
durch  den  Steuerstrompfad  (17,  18)  im  wesentli- 
chen  konstant  halt  und  durch  die  SourceDrainpfade 
des  ersten  Transistorpaares  (1,  2)  gemeinsam  im 
wesentlichen  einen  vorbestimmten  minimalen 
StromfluBwert  bewirkt. 

2.  Integrierter  Gegentaktverstarker  nach  Anspruch  1  , 
in  welchem  der  Steuerstrompfad  ein  drittes  Paar 
Feldeffekttransistoren  (17,  18)  entgegengesetzter 
Leitfahigkeit  aufweist,  deren  Source-Drainstrom- 
pfade  in  Serie  im  Steuerstrompfad  zwischen  der  er- 
sten  und  zweiten  Eingangsschaltungseinrichtung 
(6,  7)  geschaltet  sind. 

3.  Integrierter  Gegentaktverstarker  nach  Anspruch  2, 
in  welchem  die  Einrichtung  zur  Bewirkung  eines  im 
wesentlichen  vorbestimmten  StromfluBwerts  ge- 
meinsam  durch  die  Source-Drainpfade  des  ersten 
Paares  von  Transistoren  ein  viertes  Paar  Feldef- 
fekttransistoren  (19,  20)  entgegengesetzter  Leitfa- 
higkeit  aufweist,  deren  jeweilige  Gate-  und  Drain- 
elektroden  zusammengeschaltet  sind  und  deren 
Source-Drainstrompfade  zwischen  den  Gateelek- 
troden  des  dritten  Transistorpaares  (17,18)  in  Serie 
geschaltet  sind. 

Revendications 

1.  Amplificateur  symetrique  a  circuit  integre  du  type 
metal-oxyde-semi-conducteur  (CMOS)  a  symetrie 
complementaire,  comprenant  un  etage  de  sortie  qui 
comporte  une  premiere  paire  de  transistors  a  effet 
de  champ  (1  ,  2)  ayant  des  types  opposes  de  con- 
ductivity  et  dont  les  trajets  source-drain  sont  con- 
nected  en  serie  aux  bornes  d'une  alimentation  as- 
surant  I'excitation,  une  seconde  paire  de  transistors 
a  effet  de  champ  (8,  9)  dont  les  entrees  sont  con- 
nectees  respectivement  en  commun  a  celles  de  la 
premiere  paire  de  transistors  (1,  2),  et  un  premier 
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et  un  second  circuit  d'entree  (6,  7)  destines  a  appli- 
quer  des  tensions  de  signaux  d'entree  aux  entrees 
des  transistors  de  la  premiere  et  de  la  seconde  pai- 
re  (1  ,  2  et  8,  9),  caracterise  en  ce  qu'il  comporte  un 
trajet  (1  7,  1  8)  de  courant  de  reglage  connecte  entre  s 
le  premier  et  le  second  circuit  d'entree  (6,  7),  les 
tensions  des  signaux  d'entree  appliques  aux  en- 
trees  des  transistors  de  la  premiere  et  de  la  secon- 
de  paire  (1  ,  2  et  8,  9)  dependant  au  moins  en  partie 
de  la  valeur  du  courant  circulant  dans  le  trajet  du  10 
courant  de  reglage  (17,  18),  et  un  dispositif  de  re- 
troaction  (13,  15,  19  et  20)  qui  est  couple  au  trajet 
du  courant  de  reglage  et  qui  est  sensible  aux  va- 
leurs  du  courant  circulant  dans  les  trajets  de  cou- 
rant  source-drain  de  la  seconde  paire  de  transistors  15 
(8,  9)  afin  que  la  valeur  du  courant  circulant  dans  le 
trajet  de  courant  de  reglage  (17,  18)  soit  maintenue 
a  une  valeur  pratiquement  constante  et  qu'une  va- 
leur  minimale  predeterminee  de  circulation  du  cou- 
rant  en  commun  dans  les  trajets  source-drain  de  la  20 
premiere  paire  de  transistors  (1  ,  2)  soit  realisee  pra- 
tiquement. 

2.  Amplificateur  symetrique  a  circuit  integre  selon  la 
revendication  1  ,  dans  lequel  le  trajet  du  courant  de  25 
reglage  comprend  une  troisieme  paire  de  transis- 
tors  a  effet  de  champ  (17,  18)  ayant  des  types  op- 
poses  de  conductivity  et  dont  les  trajets  source- 
drain  sont  connectes  en  serie  dans  le  trajet  du  cou- 
rant  de  reglage  entre  le  premier  et  le  second  circuit  30 
d'entree  (6,  7). 

3.  Amplificateur  symetrique  a  circuit  integre  selon  la 
revendication  2,  dans  lequel  le  dispositif  destine  a 
donner  une  valeur  predeterminee  de  la  circulation  35 
du  courant  en  commun  dans  les  trajets  source- 
drain  de  la  premiere  paire  de  transistors  pratique- 
ment  comprend  une  quatrieme  paire  de  transistors 
a  effet  de  champ  (1  9,  20)  ayant  des  types  opposes 
de  conductivity  et  dont  les  electrodes  respectives  40 
de  grille  et  de  drain  sont  connectees  mutuellement 
et  dont  les  trajets  source-drain  sont  connectes  en 
serie  entre  les  electrodes  de  grille  de  la  troisieme 
paire  de  transistors  (17,  18). 
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