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Description 

The  invention  relates  to  an  amplifier  arrange- 
ment  comprising  a  first  amplifier  stage  having  a 
first  input  which  is  the  inverting  input  of  the 
amplifier  arrangement,  a  second  input  which  is 
the  non-inverting  input  of  the  amplifier  arrange- 
ment,  and  an  output,  a  second  amplifier  stage 
having  an  input  which  is  coupled  to  the  output  of 
the  first  amplifier  stage,  at  least  a  first  output 
transistor  and  an  output  coupled  to  said  tran- 
sistor,  a  negative-feedback  network  comprising  a 
first  resistor  arranged  between  the  output  of  the 
second  amplifier  stage  and  the  inverting  input  of 
the  amplifier  arrangement  and  a  second  resistor  a 
capacitor  arranged  in  series  between  the  invert- 
ing  input  and  a  reference  potential  terminal,  and  a 
protection  circuit  for  protecting  the  first  output 
transistor,  which  protection  circuit  has  an  output, 
connected  to  the  junction  point  of  the  second 
resistor  and  the  capacitor. 

Such  an  amplifier  arrangement  may  be  used  in 
integrated  power  amplifiers  for  audio  equipment. 
The  output  transistors  of  such  amplifier  arrange- 
ments  must  be  operated  in  the  SOAR  range  (Safe 
Operating  Area  Rating)  in  order  to  preclude 
damage  to  the  output  transistors  due  to  overload- 
ing  by  an  excess  current  and/or  an  excess  voltage. 

Such  an  amplifier  arrangement  is  known  from 
the  Austrian  Patent  AT—  B—  310809.  It  shows  a 
conventional  push-pull  amplifier  arrangement  in 
which  the  feedback  network  consists  of  a  first 
resistor  between  the  output  and  the  inverting 
input  of  the  amplifier  arrangement  and  a  series 
arrangement  of  a  first  capacitor  and  a  second 
resistor  between  the  inverting  input  of  the  ampli- 
fier  arrangement  and  the  negative  supply  voltage. 
More  specifically,  the  first  capacitor  is  connected 
to  the  inverting  input  and  the  second  resistor  is 
connected  to  the  reference  potential.  The  output 
of  a  protection  circuit  is  coupled  to  the  junction 
point  of  the  first  capcitor  and  the  second  resistor 
via  a  second  capacitor.  This  circuit  has  the  dis- 
advantage  that  the  protection  has  no  or  nearly  no 
effect  at  very  low  frequencies.  It  is  in  this  very  low 
frequency  range  that  heating  of  the  power  tran- 
sistors  in  the  output  stage  of  the  amplifier 
arrangement  causes  damage  to  those  transistors. 

European  Patent  Applications  EP—  A—  0116982 
and  EP—  A—  0132863  disclose  amplifier  arrange- 
ments  with  protection  circuits,  in  which  the  out- 
put  of  the  protection  circuit  does  not  act  on  the 
base  of  the  output  transistors,  as  is  customary, 
but  on  the  input  of  the  second  amplifier  stage. 
This  results  in  a  high  loop  gain  of  the  protection 
loop,  thereby  avoiding  distortion  of  the  output 
signal  when  the  protection  circuit  is  not  yet  fully 
activated.  In  a  frequency-compensated  second 
amplifier  stage  the  amplifier  arrangement  has  an 
open-loop  gain  which  rolls  off  as  a  function  of  the 
frequency  with  6  dB/octave  from  the  first  angular 
frequency  and  with  12  dB/octave  above  a  second 
angular  frequency.  In  order  to  obtain  a  well- 
defined  gain  it  is  customary  to  apply  negative 
feed  back  to  the  amplifier  by  means  of  a  negative- 

feedback  network  which  is  external  to  the  inte- 
grated  circuit  and  which  is  arranged  between  the 
output  of  the  amplifier  arrangement  and  the 
inverting  input  of  the  amplifier  arrangement. 

5  Generally,  this  negative  feedback  network  com- 
prises  a  resistor  arrangement  between  the  output 
and  the  inverting  input  and  a  second  resistor  and 
a  capacitor  arranged  in  series  between  the  invert- 
ing  input  and  a  reference  potential.  The  capaci- 

w  tance  of  the  capacitor  is  selected  to  obtain  sub- 
stantially  full  d.c.  negative  feedback.  For  the 
frequency  spectrum  of  the  signals  to  be  amplified 
the  reactance  of  the  capacitor  is  so  small  that  the 
negative  feedback  in  this  frequency  spectrum 

is  depends  almost  wholly  on  the  first  and  the 
second  resistors.  For  a  stable  gain  the  negative 
feedback  factor  which  is  defined  by  these  resis- 
tors  should  be  smaller  than  a  specific  maximum 
value  in  order  to  ensure  that  the  third  angular 

20  frequency  for  which  the  open-loop  gain  of  the 
amplifier  arrangement  is  equal  to  the  inverse  of 
the  negative  feedback  factor,  is  equal  to  or  prefer- 
ably  lower  than  the  second  angular  frequency  and 
is  situated  at  some  distance  from  this  frequency. 

25  Within  the  frequency  range  of  the  amplifier 
arrangement  the  protection  circuit  described  in 
said  Patent  applications  exhibits  a  portion  which 
rolls  off  with  the  frequency  and  a  frequency- 
independent  portion  around  the  maximum  third 

30  angular  frequency.  The  latter  is  necessary  in  order 
to  obtain  a  stable  loop  gain  in  the  protection  loop 
when  the  protection  circuit  is  active.  For  the 
maximum  third  angular  frequency,  where  the 
loop  gain  of  the  protection  loop  becomes  unity, 

35  the  phase-shift  in  the  loop  must  be  smaller  than 
180°  so  that  the  frequency  roll-off  must  be  smaller 
than  12  dB/octave. 

The  said  frequency  dependence  of  the  protec- 
tion  circuit  is  achieved  by  a  means  of  a  frequency- 

40  dependent  network  comprising  a  resistor  and  a 
capacitor  connected  in  series.  When  the  load  of 
the  amplifier  arrangement  is  short-circuited  it  is 
found  that  the  gain-frequency  characteristics  sub- 
stantially  shifts  towards  lower  frequencies.  In 

45  order  to  ensure  that  the  amplifier  arrangement 
with  the  protection  circuit  remains  stable  the 
frequency-independent  portion  of  the  gain  of  the 
protection  circuit  should  cover  a  comparatively 
wide  frequency  range  around  the  maximum  third 

50  angular  frequency.  This  is  possible  by  shifting  the 
gain-frequency  characteristic  of  the  protection 
circuit  towards  the  lower  frequencies.  However, 
this  demands  the  use  of  larger  capacitances 
which,  when  integrated,  occupy  a  substantial 

55  integration  area. 
The  invention  therefore  aims  at  providing  an 

amplifier  arrangement  comprising  a  protection 
-circuit  which  operates  at  very  low  frequencies  and 
remains  stable  when  the  load  is  short-circuited 

60  without  the  use  of  additional  large  capacitances. 
To  this  end  an  amplifier  arrangement  of  the  type 
specified  in  the  opening  paragraph  is  charac- 
terized  in  that  the  second  resistor  is  arranged 
between  said  junction  point  and  the  inverting 

65  input  of  the  amplifier  arrangement  and  that  the 

2 
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apacitor  is  arranged  between  said  junction  point 
nd  the  reference  potential  terminal.  The  voltage 
ppearing  on  the  capacitor  is  proportional  to  the 
utput  signal  of  the  protection  circuit.  This  volt- 
ge  is  added  to  the  normal  negative-feedback 
oltage  from  the  voltage  divider  comprising  the 
rst  and  the  second  resistor  and  is  applied  to  the 
werting  input  of  the  amplifier  arrangement, 
^suiting  in  a  substantial  negative  feedback  and 
onsequently  a  substantial  reduction  in  gain 
/hen  the  protection  circuit  is  activated.  Thus,  the 
Dtai  gain  of  the  amplifier  arrangement  is  utilized, 
o  that  the  protection  circuit  is  rapidly  fully  actu- 
ated,  thereby  precluding  distortion  of  the  output 
ignai  due  to  the  protection  circuit  not  being  fully 
ctive.  At  increasing  frequencies  the  negative- 
Bedback  factor  is  reduced  by  the  protection 
ircuit  because  the  reactance  of  the  capacitor 
lecreases,  so  that  at  a  comparatively  low  signal 
requency  the  negative  feedback  changes  to  the 
lormal  negative  feedback  provided  by  the  first 
ind  second  resistor.  Since  even  in  the  case  of  a 
ihort-circuit  the  amplifier  arrangement  remains 
itable  when  the  negative  feedback  is  normal,  this 
irecludes  the  occurrence  of  instability  in  the 
>rotection  loop.  Since  use  is  made  of  a  capacitor 
vhich  is  present  anyway,  large  additional 
:apacitors  are  not  necessary. 

Another  embodiment  of  the  invention  is  charac- 
erized  in  that  the  protection  circuit  itself  is  fre- 
quency-independent.  Then  the  protection  circuit 
leed  not  comprise  any  integrated  capacitors  at 
ill.  With  respect  to  the  protection  circuit  and 
amplifier  arrangement  in  accordance  with  the 
nvention  may  be  characterized  further  in  that  the 
jrotection  circuit  comprises  a  detection  circuit  for 
supplying  an  output  current  which  is  a  measure  of 
tie  load  of  the  first  ouptut  transistor,  a  threshold 
circuit  which  supplies  a  measured  current  if  the 
cutput  current  of  the  detector  circuit  exceeds  a 
:hreshold,  which  output  current  is  applied  to  an 
cutput  circuit  having  an  output  connected  to  the 
unction  point  of  the  second  resistor  and  the 
capacitor. 

A  suitable  embodiment  of  the  invention  may  be 
characterized  further  in  that  the  output  circuit 
comprises  a  first  transistor  in  whose  emitter  line  a 
third  resistor  is  arranged,  the  voltage  across  the 
third  resistor  or  a  voltage  which  corresponds  to 
said  voltage  is  applied  between  the  base  of  a 
second  transistor  and  that  end  of  a  fourth  resistor 
in  the  emitter  line  which  is  remote  from  the 
emitter,  and  the  collector  of  the  second  transistor 
is  coupled  to  the  junction  point  of  the  second 
resistor  and  the  capacitor.  This  embodiment  may 
be  characterized  further  in  that  a  current-limiting 
resistor  is  arranged  in  the  collector  line  of  the 
second  transistor. 

A  further  embodiment  of  the  invention  is 
characterized  in  that  the  threshold  circuit  com- 
prises  a  current  source  and  a  clamping  circuit 
which  drains  the  excess  current  from  the  current 
source  when  the  output  current  of  the  detection 
circuit  does  not  exceed  the  current  from  said 
current  source. 

Anotner  preierrea  emuuuimtjni  ui  me  mveimuii 
is  characterized  in  that  the  second  amplifier  stage 
comprises  a  second  output  transistor  which  is 
operated  in  push-pull  with  the  first  output  tran- 
sistor,  and  a  second  protection  circuit  for  protect- 
ing  the  second  output  transistor,  the  output  of  the 
second  protection  circuit  being  also  connected  to 
the  junction  point  of  the  second  resistor  and  the 
capacitor. 

o  The  invention  will  now  be  described  in  more 
detail,  by  way  of  example,  with  reference  to  the 
drawings,  in  which 

Fig.  1  shows  the  circuit  diagram  of  a  known 
amplifier  arrangement, 

5  Fig.  2  shows  the  block  diagram  of  the  amplifier 
arrangement  shown  in  Fig.  1, 

Fig.  3  shows  gain-frequency  characteristics  of 
the  amplifier  arrangement  shown  in  Fig.  2, 

Fig.  4  shows  the  block  diagram  of  an  amplifier 
o  arrangement  in  accordance  with  the  invention, 

Fig.  5  shows  gain-frequency  characteristics  of 
the  amplifier  arrangement  shown  in  Fig.  4,  and 

Fig.  6  shows  an  amplifier  arrangement  in 
accordance  with  the  invention  comprising  a 

5  protection  circuit. 
Fig.  1  shows  the  circuit  diagram  of  a  known 

amplifier  arrangement  which  may  be  provided 
with  a  protection  circuit  so  as  to  obtain  an 
amplifier  arrangement  in  accordance  with  the 

to  invention.  This  amplifier  arrangement  is  of  the 
same  type  as  the  integrated  operational  ampli- 
fiers  which  are  commercially  available  under  type 
number  uA  741.  The  amplifier  arrangement  com- 
prises  a  first  amplifier  stage  10  having  the  nature 

w  of  a  voltage-current  converter.  The  stage  10  com- 
prises  a  pair  of  transistors  T-,  and  T2  arranged  as  a 
differential  amplifier,  the  base  of  the  transistor  T, 
being  the  non-inverting  input  1  and  the  base  of 
transistor  T2  being  the  inverting  input  2  of  the 

to  amplifier  arrangement.  The  emitters  of  the  tran- 
sistors  Tn  and  T2  are  connected  to  the  positive 
power-supply  terminal  5  by  means  of  aa  current 
source  4.  The  collector  of  transistor  T2  is  con- 
nected  to  this  output  3  of  the  stage  10  by  means  of 

is  a  current  mirror  comprising  transistors  T3  and  T4. 
The  collector  of  the  transistor  T,  is  also  connected 
to  this  output  3.  This  output  3  also  constitutes  the 
input  of  the  second  amplifier  stage  11,  which  has 
the  nature  of  a  current-voltage  converter.  This 

50  stage  1  1  comprises  a  driver  stage  with  a  driver 
transistor  T5,  diodes  and  D2,  and  a  current 
source  7,  whihc  drives  a  class-B  output  stage 
comprising  output  transistors  TA  and  TB.  A  load  RL 
is  coupled  to  the  output  8  of  the  output  stage  via  a 

55  capacitor  Cv  The  amplifier  arrangement  is  fre- 
quency-compensated  by  a  Miller  capacitor  Cm, 
arranged  between  the  base  of  the  driver  transistor 
T5  and  the  output  8.  External  negative  feedback  is 
applied  to  the  amplifier  arrangement  by  means  of 

60  a  negative  feedback  network  arranged  between 
the  output  8  and  the  inverting  input  2  of  the 
amplifier  arrangement.  This  negative  feedback 
network  is  a  frequency-dependent  voltage  divider 
comprising  a  resistor  R2  arranged  between  the 

65  output  8  and  the  inverting  input  2  and  a  resistor  R-, 

o 
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and  a  capacitor  C2  arranged  in  series  between  the 
input  2  and  earth. 

Fig.  2  shows  the  block  diagram  of  the  amplifier 
arrangement  shown  in  Fig.  1.  In  Fig.  3  the  open- 
loop  gain  A ĉo),  i.e.  the  gain  of  the  amplifier 
arrangement  without  negative  feedback,  is  plot- 
ted  as  a  function  of  the  frequency.  For  low 
frequencies  the  gain  A ĉo)  is  equal  to  A0.  From  a 
certain  angular  frequency  co1  which  is  determined 
by  the  compensation  capacitor  Cm  the  gain  rolls 
off  with  6  dB/octave  up  to  a  frequency  co2,  above 
which  the  gain  rolls  off  with  12  dB/octave  owing 
to  a  further  time  constant  of  the  amplifier. 

If  negative  feedback  is  applied  to  the  amplifier 
arrangement  by  means  of  the  network  R1r  R2, 
the  closed-loop  gain  for  K2>1  becomes  equal  to 
A2=K2_1,the  negative  feedback  factor  being  given 
by: 

r^Oco  c2r1 
K2=  (1) 

R^Rz+dai  C2)_1 

For  very  low  frequencies  the  reactance  of  the 
capacitor  C2  is  very  large,  so  that  in  conformity 
with  equation  (1)  the  negative  feedback  factor  is 
substantially  equal  to  unity,  resulting  in  sub- 
stantially  full  d.c.  negative  feedback. 

As  a  result  of  this,  the  direct  voltage  on  the 
inverting  input  of  the  amplifier  arrangement  is 
equal  to  the  direct  voltage  of  the  non-inverting 
input,  which  is  generally  set  to  half  the  power- 
supply  voltage  by  means  of  a  voltage  divider.  For 
low  frequencies,  for  which  the  reactance  of  the 
capacitor  C2  is  large  relative  to  that  of  the  resistor 
R1f  the  negative  feedback  factor  K2  depends 
almost  entirely  on  R2  and  C2.  For  angular  frequen- 
cies  above  the  cross-over  frequency  cos=(R2C2)-1 
the  reactance  of  the  capacitor  C2  decreases.  For 
audio  amplifiers  this  angular  frequency  is 
generally  selected  to  be  equal  to  f5=a>s/2n=20  Hz. 
The  value  of  the  capacitor  C2  is  then  of  the  order 
of  10  to  20  |iF.  For  angular  frequencies  above  the 
3  dB  frequency  o)3=(R1C2)-1,  the  reactance  of  the 
capacitor  C2  is  so  small  that  it  may  be  regarded  as 
a  short  circuit.  The  closed-loop  gain  then 
becomes  equal  to  A2=Kn_1,the  negative  feedback 
factor  IC,  being  given  by: 

Ri 
K,=  (2) 

Rz+R, 

For  a  frequency  co4  the  open-loop  gain 
A1((o)=K1_1.  Above  this  frequency  the  amplifier 
with  negative  feedback  has  the  same  frequency 
response  as  the  amplifier  without  negative  feed- 
back.  In  order  to  ensure  that  the  amplifier  with 
negative  feedback  remains  stable  the  frequency 
roll-off  at  the  angular  frequency  co4  should  not 
exceed  6  dB/octave.  (co4<co2)  therefore,  the  nega- 
tive  feedback  factor  IC,  should  not  exceed  a 
specific  maximum  value.  If  the  load  has  a  low 
impedance  or  is  substantially  short-circuited  the 
gain-frequency  characteristic  is  shifted  towards 

lower  frequencies,  as  is  indicated  by  A/  (co)  in  the 
Figure,  so  that  the  angular  frequency  co2  is  also 
shifted  towards  lower  frequencies.  The  maximum 
negative  feedback  factor  IC,  is  then  dictated  by  the 

5  fact  that  the  frequency  co/  for  which  the  open- 
loop  gain  A1'(co)=K~1  must  be  lower  than  co2'. 

Fig.  4  shows  the  block  diagram  of  an  amplifier 
arrangement  in  accordance  with  the  invention 
comprising  a  protection  circuit.  The  protection 

10  circuit  derives  its  information  from  the  emitter  or 
the  collector  current  and  the  collector-emitter 
voltage  of  an  output  transistor.  If  the  protection 
circuit  is  activated  it  constitutes  a  transconduct- 
ance  amplifier  12  having  a  transconductance  Gb 

15  between  the  output  8  of  the  amplifier  arrange- 
ment  and  the  junction  point  13  between  the 
resistor  R,  and  the  capacitor  C2.  The  output 
voltage  V0  of  the  amplifier  arrangement  1  con- 
stitutes  the  input  voltage  of  the  transconductance 

20  amplifier  12,  which  converts  this  voltage  into  an 
output  current  GbV0.  The  transconductance  Gb  of 
the  amplifier  12  comprises  a  term  determined  by 
the  current  through  the  output  transistor,  which  is 
inversely  proportional  to  the  load  resistance  RL, 

25  because  this  current  is  equal  to  the  quotient  of  the 
output  voltage  V0  and  said  load  resistance  RL  and 
a  term  which  is  determined  by  the  collector- 
emitter  voltage  and  which  is  independent  of  the 
load  resistance.  The  output  current  GbV0  is  inte- 

30  grated  in  capacitor  C2  and  results  in  a  voltage 
which  together  with  the  negative  feedback  volt- 
age  produced  by  the  voltage  divider  comprising 
the  resistors  R-,  and  R2  is  fed  to  the  inverting  input 
of  the  amplifier  arrangement.  When  the  protec- 

35  tion  circuit  is  active  the  overall  negative  feedback 
factor  for  frequencies  higher  than  co3  (see  Fig.  3)  is 
substantially  equal  to: 

Gb 
40  K2'=K,+  (3) 

jcoC2 

As  the  transconductance  Gb  is  inversely  pro- 
portional  to  the  load  resistance  Ru  the  transcon- 

45  ductance  is  large  when  the  load  is  short-circuited. 
For  low  freqeuncies  in  the  case  of  a  short-circuit 
the  negative-feedback  factor  K2'  is  very  large,  so 
that  the  amplifier  receives  a  substantial  negative 
feedback.  The  closed-loop  gain  A2'=K2'-1  is  then 

so  small,  so  that  the  protection  circuit  provides  a 
substantial  reduction  in  the  gain  and  hence  a 
satisfactory  protection.  For  this  purpose  the  over- 
all  gain  of  the  amplifier  arrangement  is  utilized,  so 
that  the  protection  circuit  operates  accurately, 

■  55  distortion  of  the  output  signal  being  precluded 
because  the  protection  circuit  is  not  fully  active. 
When  the  frequencies  increase  the  negative  feed- 
back  factor  decreases  as  a  result  of  the  presence 
of  the  protection  circuit.  For  angular  frequencies 

60  above  the  3-dS  frequency  cok=gb/K1C2  the  nega- 
tive-feedback  factor  is  equal  to  K2'=K1f  so  that  the 
closed-loop  gain  is  equal  to  A2'=K1~1.  The  neces- 
sity  of  a  substantial  reduction  in  gain  in  particular 
for  low  frequencies  arises  because  at  these  fre- 

65  quencies  in  the  case  of  peak  loads  the  output 
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ansistors  may  become  locally  neatea  10  sucn  an 
rtent  that  these  transistor  are  damaged.  For 
gher  frequencies  the  heat  distribution  in  the 
tegrated  circuit  is  more  uniform  so  that  in  the 
jse  of  excessive  loads  the  thermal  cut-out 
rotection  of  the  amplifier  circuits  in  the  inte- 
rated  circuit  is  activated.  Fig.  5  shows  the  gain- 
equency  characteristics,  in  which  A/co)  and 
/(co)  represent  the  open-loop  gain  in  the  case  of 
normal  load  and  in  the  case  of  a  low-impedance 
tad  or  a  nearly  short-circuited  load,  and  A2'(co) 
jpresents  the  closed-loop  gain  in  the  case  of  a 
jbstantially  full  short  circuit,  the  value  of  the 
ngular  frequency  cok  being  dependent  on  the 
egree  of  short-circuiting.  When  the  load  is  short- 
ircuited  the  angular  frequency  co4'  for  the  closed- 
>op  gain.  For  audio  amplifiers  this  frequency 
lay  be  selected  to  be  substantially  equal  to  (cok/ 
n=500  Hz.  This  defines  the  magnitude  of  the 
ansconductance  Gb  in  the  case  of  a  short  circuit 
D-r  the  specified  values  of  the  capacitor  C2  and  the 
3sistors  and  R2  and  hence  of  the  negative 
sedback  factor  IC,.  Since  the  negative  feedback 
hanges  to  the  normal  negative  feedback  at  com- 
iaratively  low  frequencies  and  the  amplifier  with 
lormal  negative  feedback  also  remains  stable 
vhen  the  load  is  short-circuited,  this  precludes 
nstabilities  which  otherwise  occur  around  the 
requency  where  the  loop  gain  in  the  protection 
aop  would  become  equal  to  unity. 

Fig.  6  shows  a  practical  example  of  an  amplifier 
irrangement  in  accordance  with  the  invention, 
"he  amplifier  arrangement  comprises  a  first  stage 
10  having  the  nature  of  a  voltage-current  con- 
'erter  comprising  a  pair  of  transistor  T15  and  T16 
irranged  as  a  differential  amplifier,  the  bases  of 
iaid  transistors  respectively  constituting  the  non- 
nverting  input  and  the  inverting  input.  The  emit- 
ers  of  the  transistors  T15  and  T16  are  connected  to 
he  positive  power-supply  terminal  32  via  a  cur- 
ent  source  31.  The  collectors  of  the  transistors 
r15,  T16  are  connected  to  the  output  36  of  said 
stage  30  via  a  current  mirror  T17,  T18,  T19  compris- 
ng  resistors  33  and  34  and  a  current  source  35. 
rhe  output  36  also  constitutes  the  input  36  of  a 
second  stage  40  which  has  the  nature  of  a  current- 
/oltage  converter.  The  input  36  is  connected  to 
the  output  8  by  means  of  a  compensation 
capacitor  Cm.  This  stage  40  comprises  a  driver 
transistor  T20  with  an  emitter  resistor  42,  which  is 
driven  by  the  emitter-follower  arrangement  com- 
prising  transistor  T21  and  the  current  source  41 
and  whose  collector  is  connected  to  the  positive 
power-supply  terminal  32  via  diodes  42,  43,  44 
and  a  current  source  45.  The  output  stage  is  a 
quasi-complementary  output  stage  comprising 
NPN  output  transistors  T,  and  T25  which  together 
with  the  NPN  transistors  T26  and  T27  respectively 
constitute  Darlington  transistors.  The  quasi-com- 
plementary  behaviour  is  obtained  by  adding  PNP 
transistors  T28  and  T29  as  is  indicated  in  the 
Figure. 

A  load  RL  is  coupled  to  the  output  8  of  the 
amplifier  arrangement  by  means  of  a  capacitor 
d.  Further,  a  negative-feedback  network  is 

input  of  the  stage  30,  which  network  comprises  a 
resistor  R2  arranged  between  the  output  8  and  the 
inverting  input  and  a  resistor  Rn  and  a  capacitor  C2 
arranged  in  series  between  the  inverting  input 
and  the  negative  power-supply  terminal  33,  in  the 
present  case  earth. 

The  protection  circuit  for  the  transistor  ^  to  be 
protected  comprises  a  detection  circuit  50  which 

1  supplies  an  output  current  which  is  a  measure  of 
the  overload  when  the  protection  circuit  is  acti- 
vated.  A  resistor  connected  to  the  output  of  the 
detection  circuit  converts  this  current  into  a  volt- 
age  which  is  re-converted  into  an  output  current 

;  by  means  of  a  voltage-current  converter  60,  which 
output  current  is  applied  to  the  junction  point  37 
of  the  resistor  Rn  and  the  capacitor  C2.  A  resistor 
R7  is  arranged  in  the  emitter  line  of  the  transistor 
Tv  A  first  signal,  which  is  proportional  to  the 

5  current  through  transistor  T1(  is  derived  from  the 
voltage  across  said  resistor.  The  resistor  R7  forms 
part  of  a  current-mirror  circuit  which  constitutes  a 
voltage-current  converter.  The  current-mirror  cir- 
cuit  comprises  a  first  path  comprising  a  current 

5  source  20,  a  diode-connected  transistor  T2,  a 
transistor  T3,  and  the  resistor  R7,  and  a  second 
path  comprising  transistors  T4,  T5  and  a  resistor 
R„.  The  transistor  T2  and  T4  have  commoned 
bases  and  the  base  of  transistor  T3  is  connected  to 

0  the  collector  of  transistor  T5  whose  base  is  con- 
nected  to  the  collector  of  transistor  T3.  Since  the 
collector  current  of  transistor  T4  is  substantially 
equal  to  that  of  transistor  T5  and  since  the  collec- 
tor  current  of  transistor  T2  is  substantially  equal  to 

5  that  of  transistor  T3,  the  sum  of  the  base-emitter 
voltages  of  transistors  T3  and  T4  is  equal  to  that  of 
the  transistors  T2  and  T5.  The  collector  current  of 
transistor  T4  is  then  such  that  the  voltages  across 
the  resistors  R7  and  R8  are  substantially  equal. 

io  The  emitter  current  lE  of  transistor  Tn  produces  a 
current: 

lE  (4) 
is  Rs 

in  the  collector  circuit  of  transistor  T4  if  a  d.c.  bias 
term  produced  by  the  current  source  20  and  the 
collector  current  of  transistor  T9  are  ignored.  The 

50  direct  current  term  is  compensated  for  by  an 
equal  term  in  the  current  from  the  current  source 
25,  which  last-mentioned  term  does  not  affect  the 
operation  of  the  protection  circuit  and  is  therefore 
ignored  in  further  calculations. 

55  By  means  of  a  resistor  R9  and  a  diode  21  the 
collector  of  transistor  T,  is  coupled  to  the  input  of 
a  current  mirror  comprising  transistors  T7,  T8  and 
T9.  Furthermore,  a  current  source  22  producing  a 
current  klD  is  coupled  to  the  input  of  the  current 

60  mirror.  The  commoned  emitters  of  the  transistors 
T7,  T8  are  connected  to  the  emitter  of  a  transistor 
T10,  whose  base  carries  a  reference  voltage  Vz. 
The  output  current  of  the  current  mirror  T7,  T8,  T9 
is  applied  to  the  resistor  R8. 

65  The  voltage  on  the  cathode  of  the  diode  21  is 
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substantially  equal  to  Vz-3  VBE,  in  which  the  VBEs 
are  the  base-emitter  voltages  of  transistors  T8,  T9 
and  T10.  The  diode  21  is  then  cut  off  for  voltages 
on  output  8  which  are  smaller  than  Vz-2  VBE.  The 
current  klD  from  the  current  source  22  is  then  fully 
reflected  to  the  resistor  Rs.  The  total  collector 
current  lM  of  the  transistor  T4  is  then 

R7 
lM=  IE-klD  (5) 

R8 

Firstly,  this  current  is  reproduced  by  means  of  a 
current  mirror  comprising  transistors  T30,  T31  and 
resistor  51  and  52  and  subsequently  it  is  com- 
pared  with  the  current  lD  from  a  current  source  25. 
If  the  measurement  current  lM  is  larger  than  the 
current  lD  the  protection  circuit  is  activated.  The 
difference  between  the  currents  lM-lD  is  con- 
verted  into  a  voltage  by  a  resistor  R0  which  is 
measured  at  the  input  61,  which  voltage  is  applied 
to  the  input  61  of  the  voltage-current  converter  60. 
The  resistor  R0  measured  at  the  input  61  is 
constituted  by  the  parallel  connection  of  the 
output  resistance  of  the  current  sources  lD  and  lM 
and  the  input  resistance  of  the  circuit  60.  If  the 
output  resistance  is  substantially  smaller  than  the 
input  resistance  the  resistance  R0  will  be  sub- 
stantially  equal  to  the  output  resistance  of  the 
current  sources.  The  input  61  is  connected  to 
transistor  T33  whose  base  is  at  a  reference  voltage 
VR.  This  step  serves  to  ensure  that  the  protection 
circuit  50  is  not  activated  when  this  is  not 
necessary.  The  current  lM  is  then  smaller  than  the 
current  lD  from  the  current  source  25.  The  tran- 
sistor  T33  is  now  kept  conductive  by  the  excess 
current  from  the  current  source  25.  The  voltage  VR 
is  then  such  that  diode  62  is  cut  off  when  the 
protection  circuit  is  not  activated.  Transistor  T33  is 
cut  off  at  the  instant  that  the  protection  circuit  is 
activated  and  diode  62  is  turned  on.  The  cathode 
of  diode  62  is  connected  to  the  base  of  an  emitter- 
follower  transitor  T60  in  whose  emitter  line  a 
resistor  R3  is  arranged  and  whose  emitter  is 
connected  to  the  base  of  a  transistor  T61  in  whose 
emitter  line  a  resistor  R4  is  arranged.  A  resistor  R5 
is  arranged  in  the  collector  line  of  transistor  T61  to 
limit  the  maximum  current  through  this  tran- 
sistor.  The  output  64  of  the  voltage-current  con- 
verter  60  is  coupled  to  the  junction  point  37 
between  the  resistor  R-,  and  the  capacitor  C2. 

The  output  current  fed  to  the  junction  point  37 
is  equal  to  GbV0,  the  transconductance  being 
given  by: 

R0  R7 
Gb=  (6) 

R[.R4  R8 

This  may  be  explained  as  follows.  A  variation  in 
the  current  of  transistor  T,  results  in  a  variation  of 
the  current  lM  which  depends  only  on  the  ratio  of 
the  resistors  R7  and  R8  if  the  resistors  51  and  52 
have  equal  values.  R0  converts  this  current  vari- 
ation  into  a  voltage  variation  which  appears 

almost  fully  across  the  resistor  R4  via  the  emitter 
follower  configuration  T60,  R3  and  results  in  a 
current  variation  which  is  inversely  proportional 
to  the  value  of  this  resistor.  A  variation  in  the 

5  current  of  transistor  T-,  also  results  in  a  variation 
of  the  voltage  on  output  8,  which  voltage  vari- 
ation  is  proportional  to  the  load  RL.  The  transcon- 
ductance  in  conformity  with  equation  (6)  follows 
from  the  current  variation  on  output  64  and  the 

10  voltage  variation  on  output  8. 
For  a  value  of  Gb  determined  by  the  values  of 

R1(  R2,  C2  and  cok  (see  Figure  5)  when  the  load  is 
short-circuited  and  when  RL  has  a  specific  small 
value  and  for  a  given  ratio  of  the  values  of  the 

15  resistors  R7  and  R8,  the  desired  ratio  between  the 
resistance  values  of  R0  and  R4  follows  from 
equation  (6).  If  R0  is  known  this  will  yield  the  value 
of  the  resistor  R4.  Transistor  T,  is  driven  by  a 
voltage  on  the  non-inverting  input  of  amplifier 

20  stage  30,  which  voltage  is  lower  than  the  voltage 
on  the  inverting  input.  The  voltage  on  output  8 
decreases  if  the  current  through  transistor  TA 
increases.  When  the  protection  circuit  is  activated 
the  output  current  GbV0  of  the  voltage-current 

25  converter  60  is  drained  from  capacitor  C2,  so  that 
a  voltage  across  this  capacitor  decreases.  In 
conjunction  with  the  negative  feedback  by  means 
of  voltage  divider  R1(  R2  this  provides  a  substan- 
tial  decrease  of  the  voltage  on  the  inverting  input. 

30  This  negative  feedback  limits  the  current  through 
transistor  T  ̂ so  that  the  voltage  on  output  8 
increases  again.  The  current  through  transistor  T-, 
is  limited  in  such  a  way  that  the  current  lM 
becomes  equal  to  the  current  lD.  As  a  result  of 

35  this,  the  current  lE  is  limited  to  the  maximum 
value: 

lEmax=  (1+k)lD  (7) 
40  R7 

For  voltages  on  output  8  which  are  higher  than 
Vz-2  VBE  diode  21  is  turned  on,  so  that  a  part  of 
the  current  klD  will  flow  through  the  resistor  R9 

45  when  the  collector-emitter  voltage  increases.  As  a 
result  of  this,  the  limit  value  of  the  emitter  current 
lE  will  decrease  as  a  linear  function  of  the  increas- 
ing  collector-emitter  voltage  VCE. 

If  the  voltage  on  output  8  reaches  the  value  of 
so  the  knee  voltage  Vk=Vz-2  VBE+klDR9,  the  entire 

current  klD  from  the  current  source  22  will  flow 
through  the  resistor  R9  and  no  current  will  flow  in 
the  current  mirror  T7,  T8,  T9.  The  current  l̂   then 
becomes  equal  to: 

55 
R7 

lM=  lB  (8) 
R8 

so  so  that  the  current  lE  is  limited  to  a  residual  value 
which  is  equal  to: 

65 
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R8 
lE=  lD  O) 

R7 

his  residual  current  ensures  that  the  circuit  is 
apable  of  supplying  the  required  current  for  the 
uiescent-current  setting  when  the  power  supply 
;  switched  on.  This  requires  inter  alia  a  small 
urrent  for  charging  the  capacitor  C,  when  the 
ower-suppiy  voltage  is  switched  on.  A  small 
uiescent  current  is  also  required  in  order  to 
reclude  the  distortion  occurring  when  the  cur- 
3nt  through  transistor  Tt  ceases  to  flow  in  the 
ase  of  large  drive  signals.  Output  transistor  T25  is 
rotected  in  a  similar  manner  by  means  of  a 
letection  circuit  50A  and  a  voltage-current  con- 
erter60A,  of  which  corresponding  parts  bear  the 
ame  reference  numerals  with  a  suffix  A.  The 
ircuit  50A  operates  in  the  same  way  as  the  circuit 
;0,  but  now  the  transistors  of  the  current  mirrors 
'3A  to  T5A  and  T7A  to  T10A  are  complementary.  As  a 
esult  of  this,  the  current  lM  need  not  be  inverted 
>y  a  current  mirror  before  it  is  applied  to  the  input 
i1A  of  the  voltage-current  converter  60A. 
Jecause  of  the  complementary  operation  of  the 
ransistors  T-,  and  T25  the  output  current  GbV0  of 
he  voltage-current  converter  60A  must  be 
nverted  in  comparison  with  that  of  the  voltage- 
surrent  converter  60  when  the  protection  circuit  Is 
ictivated.  For  this  purpose  the  current  through  a 
esistor  R3A  is  reproduced  by  means  of  a  current 
nirror  comprising  transistors  T62A  and  T63A  and  is 
subsequently  converted  into  voltage  across  an 
dentical  resistor  R3A,  which  voltage  is  applied 
cetween  the  base  of  transistor  T61A  and  that  end 
)f  the  resistor  R4A  which  is  remote  from  this 
ransistor.  Further,  the  voltage-current  converter 
cperates  in  the  same  way  as  the  voltage-current 
converter  60. 

The  above  embodiment  utilizes  an  asymmetri- 
cal  supply  voltage.  The  invention  may  also  be 
jsed  in  conjunction  with  symmetrical  supply 
/oltages,  in  which  case  the  coupling  capacitor  for 
the  load  may  be  dispensed  with. 

Claims 

1.  An  amplifier  arrangement  comprising  a  first 
amplifier  stage  having  a  first  input  which  is  the 
inverting  input  of  the  amplifier  arrangement,  a 
second  input  which  is  the  non-inverting  input  of 
the  amplifier  arrangement,  and  an  output,  a 
second  amplifier  stage  having  an  input  which  is 
coupled  to  the  output  of  the  first  amplifier  stage, 
at  least  a  first  output  transistor  and  an  output 
coupled  to  said  transistor,  a  negative-feedback 
network  comprising  a  first  resistor  arranged 
between  the  output  of  the  second  amplifier  stage 
and  the  inverting  input  of  the  amplifier  arrange- 
ment  and  a  second  resistor  and  a  capacitor 
arranged  in  series  between  the  inverting  input 
and  a  reference  potential  terminal,  and  a  protec- 
tion  circuit  for  protecting  the  first  output  tran- 
sistor  which  protection  circuit  has  an  output, 
connected  to  the  junction  point  of  the  second 

resisior  ana  ine  capaunui,  uiiaiauiei  i^u  m  mat 
the  second  resistor  is  arranged  between  said 
injection  point  and  the  inverting  input  of  the 
amplifier  arrangement  and  that  the  capacitor  is 
arranged  between  said  junction  point  and  the 
reference  potential  terminal. 

2.  An  amplifier  arrangement  as  claimed  in 
Claim  1,  characterized  in  that  the  protection  circuit 
is  frequency-independent. 

3  3.  An  amplifier  arrangement  as  claimed  in 
Claim  1  or  2,  characterized  in  that  the  protection 
circuit  comprises  a  detection  circuit  for  supplying 
an  output  current  which  is  a  measure  of  the  load 
of  the  first  output  transistor,  a  threshold  circuit 

5  which  supplies  a  measured  current  if  the  output 
current  of  the  detection  circuit  exceeds  a 
threshold,  which  output  current  is  applied  to  an 
output  circuit  having  an  output  connected  to  the 
junction  point  of  the  second  resistor  and  the 

o  capacitor. 
4.  An  amplifier  arrangement  as  claimed  in 

Claim  3,  characterized  in  that  the  output  circuit 
comprises  a  first  transistor  in  whose  emitter  line  a 
third  resistor  is  arranged,  the  voltage  across  the 

5  third  resistor  or  a  voltage  which  corresponds  to 
this  voltage  is  applied  between  the  base  of  a 
second  tran'sistor  and  that  end  of  a  fourth  resistor 
in  the  emitter  line  which  is  remote  from  the 
emitter,  and  the  collector  of  the  second  transistor 

'0  is  coupled  to  the  junction  point  of  the  second 
resistor  and  the  capacitor. 

5.  An  amplifier  arrangement  as  claimed  in 
Claim  4,  characterized  in  that  a  current-limiting 
resistor  is  arranged  in  the  collector  line  of  the 

!5  second  transistor. 
6.  An  amplifier  arrangement  as  claimed  in 

Claim  3,  characterized  in  that  the  threshold  circuit 
comprises  a  current  source  and  a  clamping  circuit 
which  drains  the  excessive  current  from  the  cur- 

w  rent  source  when  the  output  current  of  the  detec- 
tion  circuit  does  not  exceed  the  current  from  said 
current  source. 

7.  An  amplifier  arrangement  as  claimed  in  any 
one  of  the  preceding  Claims,  characterized  in  that 

45  the  second  amplifier  stage  comprises  a  second 
output  transistor  which  is  operated  in  push-pull 
with  the  first  output  transistor,  and  a  second 
protection  circuit  for  protecting  the  second  output 
transistor,  the  output  of  the  second  protection 

so  circuit  also  being  connected  to  the  junction  point 
of  the  second  resistor  and  the  capacitor. 

Patentanspruche 

55  1  .  Verstarker,  der  eine  erste  Versterkarstufe  mit 
einem  ersten  Eingang,  der  der  invertierende  Ein- 
gang  des  Verstarkers  ist,  mit  einem  zweiten  Ein- 
gang,  der  der  nicht-invertierende  Eingang  des 
Verstarkers  ist,  und  mit  einem  Ausgang,  eine 

60  zweite  Verstarkerstufe  mit  einem  Eingang,  der  mit 
dem  Ausgang  der  ersten  Verstarkerstufe  verbun- 
den  ist,  wenigstens  einen  ersten  Ausgangstransi- 
stor  und  einen  mit  diesem  Transistorausgang 
verbundenen  Ausgang,  ein  Gekenkopplungsnetz 

65  mit  einem  zwischen  dem  Ausgang  der  zweiten 

/ 
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Verstarkerstufe  und  dem  invertierenden  Eingang 
des  Verstarkers  angeordneten  ersten  Widerstand 
und  mit  einem  zweiten  Widerstand  und  einem 
Kondensator  in  Reihenschaltung  zwischen  dem 
invertierenden  Eingang  und  einer  Bezugspotenti- 
alklemme,  und  eine  Schutzschaitung  zum  Schiit- 
zen  des  ersten  Ausgangstransistors  enthalt, 
wobei  die  Schutzschaitung  mit  einem  Ausgang  an 
den  Knotenpunkt  des  zweiten  Widerstands  und 
des  Kondensators  angeschlossen  ist,  dadurch 
gekennzeichnet,  dass  der  zweite  Widerstand 
zwischen  dem  Knotenpunkt  und  dem  invertieren- 
den  Eingang  des  Verstarkers  und  der  Kondensa- 
tor  zwischen  dem  Knotenpunkt  und  der  Bezug- 
spotentialklemme  angeordnet  sind. 

2.  Verstarker  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dass  die  Schutzschaitung  frequenzan- 
hangig  ist. 

3.  Verstarker  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  dass  die  Schutzschaitung  eine 
Detektorschaltung  zur  Lkeferung  eines  Ausgangs- 
stroms,  der  ein  Belastungsmass  des  ersten  Aus- 
gangstransistors  ist,  und  eine  Schwellenschal- 
tung  enthalt,  die  einem  bemessenen  Strom  lie- 
fert,  wenn  der  Ausgangsstrom  der  Detektorschal- 
tung  eine  Schwelle  uberschreitet,  welcher  Aus- 
gangsstrom  gelangt  an  eine  Ausgangsschaltung 
mit  einem  Ausgang,  der  an  den  Knotenpunkt  des 
zweiten  Widerstands  und  des  Kondensators 
angeschlossen  ist. 

4.  Verstarker  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dass  die  Ausgangsschaltung  einen 
ersten  Transistor  enthalt,  in  dessen  Emitterleitung 
ein  dritter  Widerstand  angeordnet  ist,  wobei  die 
Spannung  am  dritten  Widerstand  oder  eine  dieser 
Spannung  entsprechende  Spannung  zwischen 
der  Basis  eines  zweiten  Transistors  und  jenem 
Ende  eines  vierten  Widerstands  in  der  Emitterlei- 
tung  angelegt  wird,  das  vom  Emitter  abgewandt 
ist,  und  der  Kollektor  des  zweiten  Transistors  mit 
dem  Knotenpunkt  des  zweiten  Widerstands  und 
des  Kondensators  verbunden  ist. 

5.  Verstarker  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  dass  ein  Strombegrenzungswiderstand 
in  der  Kollektorleitung  des  zweiten  Transistors 
angeordnet  ist. 

6.  Verstarker  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dass  die  Schwellenschaltung  eine 
Stromquelle  und  eine  Klemmschaltung  enthalt, 
die  den  Oberstrom  aus  der  Stromquelle  ableitet, 
wenn  der  Ausgangsstrom  der  Detektorschaltung 
den  Strom  aus  der  Stromquelle  nicht  uberschrei- 
tet. 

7.  Verstarker  nach  einem  oder  mehreren  der 
vorangehenden  Anspruche,  dadurch  gekenn- 
zeichnet,  dass  die  zweite  Verstarkerstufe  einen 
zweiten  Ausgangstransistor,  der  mit  dem  ersten 
Ausgangstransistor  in  Gegentakt  betrieben  wird, 
und  eine  zweite  Schutzschaitung  zum  Schutzen 
des  zweiten  Ausgangstransistors  enthalt,  wobei 
der  Ausgang  der  zweiten  Schutzschaitung  eben- 
falls  an  den  Knotenpunkt  des  zweiten  Wider- 
stands  und  des  Kondensators  angeschlossen  ist. 

Revendications 

1.  Montage  amplificateur  comprenant  un  pre- 
mier  etage  amplificateur  presentant  une  premiere 

5  entree  qui  est  I'entree  inverseuse  du  montage 
amplificateur,  une  deuxieme  entree,  qui  est  Ten- 
tree  non  inverseuse  du  montage  amplificateur,  et 
une  sortie,  un  deuxieme  etage  amplificateur  pre- 
sentant  une  entree  qui  est  couplee  a  la  sortie  du 

10  premier  etage  amplificateur,  au  moins  un  premier 
transistor  de  sortie  et  une  sortie  couplee  audit 
transistor,  un  reseau  a  reaction  negative  compor- 
tant  une  premiere  resistance  disposee  entre  la 
sortie  du  deuxieme  etage  amplificateur  et  I'entree 

15  inverseuse  du  montage  amplificateur  et  une 
deuxieme  resistance,  un  condensateur  monte  en 
serie  entre  I'entree  inverseuse  et  une  borne  de 
potentiel  de  reference  et  un  circuit  de  protection 
servant  a  proteger  le  premier  transistor  de  sortie, 

20  circuit  de  protection  qui  presente  une  sortie  con- 
nected  au  point  de  jonction  de  la  deuxieme 
resistance  et  du  condensateur,  caracterise  en  ce 
que  la  deuxieme  resistance  est  montee  entre  ledit 
point  de  jonction  et  I'entree  inverseuse  du  mon- 

25  tage  amplificateur  et  que  le  condensateur  est 
monte  entre  ledit  point  de  jonction  et  la  borne  de 
potentiel  de  reference. 

2.  Montage  amplificateur  selon  la  revendication 
1,  caracterise  en  ce  que  le  circuit  de  protection  est 

30  independant  de  la  frequence. 
3.  Montage  amplificateur  selon  la  revendication 

1  ou  2,  caracterise  en  ce  que  le  circuit  de  protec- 
tion  comprend  un  circuit  de  detection  pour  deli- 
vrer  un  courant  de  sortie  qui  constitue  une 

35  mesure  de  la  charge  du  premier  transistor  de 
sortie,  un  circuit  de  seuil  qui  amene  un  courant 
mesure  si  le  courant  de  sortie  du  circuit  de 
detection  depasse  un  seuil,  ce  courant  de  sortie 
etant  applique  a  un  circuit  de  sortie  dont  une 

40  sortie  est  connectee  au  point  de  jonction  de  la 
deuxieme  resistance  et  du  condensateur. 

4.  Montage  amplificateur  selon  la  revendication 
3,  caracterise  en  ce  que  le  circuit  de  sortie  com- 
porte  un  premier  transistor  dans  la  ligne  d'emet- 

45  teur  duquel  est  inseree  une  troisieme  resistance, 
la  tension  aux  extremites  de  la  troisieme  resis- 
tance  ou  une  tension  correspondant  a  ladite 
tension  est  appliquee  entre  la  base  du  deuxieme 
transistor  et  I'extremite  d'une  quatrieme  resis- 

so  tance  dans  la  ligne  d'emetteur  opposee  a  I'emet- 
teur  et  que  le  collecteur  du  deuxieme  transistor 
est  couple  au  point  de  jonction  de  la  deuxieme 
resistance  et  du  condensateur. 

5.  Montage  amplificateur  selon  la  revendication 
55  4,  caracterise  en  ce  qu'une  resistance  limitatrice 

de  courant  est  disposee  dans  la  ligne  de  collec- 
teur  du  deuxieme  transistor. 

6.  Montage  amplifacteur  selon  la  revendication 
3,  caracterise  en  ce  que  le  circuit  de  seuil  com- 

60  porte  une  source  de  courant  et  un  circuit  de 
verrouillage  qui  enleve  le  courant  excedentaire  de 
la  source  de  courant  lorsque  le  courant  de  sortie 
du  circuit  de  detection  ne  depasse  pas  le  courant 
provenant  de  ladite  source  de  courant. 

65  7.  Montage  amplificateur  selon  I'une  des  reven- 
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lications  precedentes,  caracterise  en  ce  que  le 
leuxieme  etage  amplificateur  comporte  un 
leuxieme  transistor  de  sortie  qui  fonctionne 
ymetriquement  avec  le  premier  transistor  de 
ortie  et  un  deuxieme  circuit  de  protection  ser- 

ant  a  proteger  le  aeuxieme  udM&i&iui  u<=  ouiuc, 
a  sortie  du  deuxieme  circuit  de  protection  etant 
galement  connectee  au  point  de  jonction  de  la 
leuxieme  resistance  et  du  condensateur. 
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