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AC POWER AMPLIFIER 

The invent ion r e l a t e s  t o  a high power, low d i s t o r t i o n ,  AC 
power amp l i f i e r  s u i t a b l e  f o r  use i n  l abo ra to r i e s  and o the r  s p e c i a l  
app l i c a t i ons .  

The invent ion c o n s i s t s  e s s e n t i a l l y  of  a  vol tage  amp l i f i e r  
inc luding r e s i s t o r s  31  and 32, and t r a n s i s t o r  30 which d r i ve s  
complementary output  t r a n s i s t o r s  33 and 34. T rans i s t o r  35 and 
i t s  assoc ia ted  c i r c u i t r y  provides a  very low impedance d r i ve  source 
f o r  t h e  vo l t age  amp l i f i e r .  The vo l t age  amp l i f i e r  i s  b iased Class 
C wi th  diodes 39 and 40 holding t r a n s i s t o r  4 1  i n  a  qu iescen t ly  
o f f  cond i t ion  and diode 42 maintains t r a n s i s t o r s  33 and 34 
qu i e scen t l y  o f f .  T r ans i s t o r  4 1  provides s u f f i c i e n t  cu r r en t  ga in  
t o  d r ive  t r a n s i s t o r  33 on whi le  t r a n s i s t o r  30 i s  adequate t o  
d r i ve  t r a n s i s t o r  34. Diode 42 funct ions  a l s o  t o  t u r n  o f f  e i t h e r  
t r a n s i s t o r  33 o r  34 when i t s  complement i s  being dr iven.  

A unique power l i m i t i n g  c i r c u i t  i s  formed by r e s i s t o r s  
47-50, diodes 51 and 52, and t r a n s i s t o r  53 (and i t s  coun te rpar t  
c i r c u i t  f o r  negat ive  swings by r e s i s t o r s  54-57, diodes 58 and 
59, and t r a n s i s t o r s  60) .  Operation of t he  power l i m i t i n g  c i r c u i t  
(which r e f e r s  t o  d i s s i pa t ed  power i n  t he  output  t r a n s i s t o r s  r a t h e r  
than output  power) i s  very e f f e c t i v e  al lowing f u l l  output  i n t o  
predetermined low impedances while  a f fo rd ing  s h o r t  c i r c u i t  pro- 
t e c t i o n  a t  a l l  s i g n a l  l e v e l s .  This  permits  t he  use of high 
vo l t age  output  devices t o  be used a t  t h e i r  r a t e d  vo l t ages  without  
funct ioning ou t s ide  t h e i r  s a f e  opera t ing  mode. 

The novel f e a tu r e s  of t h e  invent ion appear t o  be t he  power 
l i m i t i n g  c i r c u i t ,  t h e  use of diode 42 a s  shown t o  provide an 
almost zero  impedance r eve r s e  b i a s  turn-off  mode f o r  e i t h e r  
output  t r a n s i s t o r  while  i t s  complement i s  being dr iven,  t he  
use  of t r a n s i s t o r  4 1  a s  a  Class C boo t s t rap  amp l i f i e r  i n  t h e  
manner shown, and t he  use of t h e  low l e v e l  emi t t e r  fol lower 35 
t o  d r i ve  t he  vo l t age  amp l i f i e r  30. 
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ABSTRACT OF THE DISCLOSURE 

A high power, low dis tor t ion ,  a.c. power amplifier fo r  

laboratory and special  applications. 

ORIGIN OF THE INVENTION 

The invention described herein was made by employees of the 

United Sta tes  Government and may be manufactured and used by or 

for  the Government for  govermental purposes without the payment 

of any roya l t i e s  thereon or therefor.  

BACKGROUND OF THE INVENTION 

Although many c i r c u i t  designs similar t o  the one i n  the 

present invention have been made, d i s to r t ion  levels  remain 

moderately high and high qual i ty ,  high power uni t s  a re  s t i l l  

ra ther  costly.  Replacement of fau l ty  t r ans i s to r s ,  i n  most 

designs, must be done only with careful ly  selected un i t s  and by 

adjustments made subsequent t o  replacement. Some pr ior  designs 

a re  vulnerable t o  short  c i rcui ted  outputs during operation i n  

t h a t  destruction of output t r ans i s to r s  may take place i n  addition 

t o  blowing of fuses and other protective devices. It i s  the 

primary purpose of the present invention t o  provide a high power 
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low d i s to r t ion  a .c .  power amplifier which does not have the 

l imitat ions bf previous a .  c. power amplifier c i r c u i t s .  

BRIEF DESCRIPTION OF THE DRAWING 1 
I 

The sole Figure i n  the drawing i s  a schematic diagram of a 

preferred embodiment of the invention. 
il 

DETAILED DESCRIPTION OF THE INVENTION I1 

The input t o  the amplifier which i s  applied t o  input terminal 

11 i s  applied through a capacitor 12 t o  the base of PNP trans- . , I 

i s t o r  13. Capacitor 14 provides open c i r ~ u i t ~ s t a b i l i t y  and 

r e s i s t o r  15 establ ishes the ground reference for  the amplifier.  

Transistor 13 along with another PNP t rans i s to r  16 form a 



d i f f e r e n t i a l  p a i r  having t h e i r  c o l l e c t o r s  connected t o  t h e  

B- power supply through r e s i s t o r s  17 and 18 ,  r e s p e c t i v e l y .  The 

e m i t t e r s  of t r a n s i s t o r s  13  and 16 a r e  connected t o  a cons tan t  

c u r r e n t  network c o n s i s t i n g  of  a  PNP t r a n s i s t o r  1 9 ,  r e s i s t o r s  20 

and 21, and d iodes  22 and 23. Base t o  e m i t t e r  d i f f e r e n c e s  

between t r a n s i s t o r s  13  and 16 a r e  n u l l e d  o u t  by the  network 

formed by r e s i s t o r s  24, 25, 26 and 27, and potent iometer  28. 

Potent iometer  28 i s  the  adjustment  f o r  o f f s e t  and a  c a p a c i t o r  29 

decouples power supply f l u c t u a t i o n s  from t h e  n u l l  b i a s .  The e n t i r e  

balance network may be e l imina ted  where smal l  o f f s e t  v o l t a g e s  

(gene ra l ly  l e s s  than  200 m i l l i v o l t s )  can  be t o l e r a t e d .  

AN NPN t r a n s i s t o r  30 i n  combination w i t h  r e s i s t o r s  3 1  and 

32 f u n c t i o n s  a s  a  v o l t a g e  a m p l i f i e r  which i n  t u r n  d r i v e s  t h e  

complimentary ou tpu t  t r a n s i s t o r s  33 and 34. An NPN t r a n s i s t o r  

35 a long w i t h  c a p a c i t o r  36 and r e s i s t o r s  37 and 38 provide a  

very  low impedance d r i v e  source f o r  t r a n s i s t o r  30. The a m p l i f i e r  

i s  b iased  c l a s s  C w i t h  d iodes  39 and 40 ho ld ing  an  NPN t r a n s i s t o r  

41  i n  a  q u i e s c e n t l y  o f f  c o n d i t i o n  and a  diode 42 which i s  connec- 

t e d  between t h e  bases  of t r a n s i s t o r s  33 and 34 ma in ta in  t r a n -  

s i s t o r s  33 and 34 q u i e s c e n t l y  o f f .  T r a n s i s t o r  41  provides  s u f f i -  

c i e n t  c u r r e n t  g a i n  t o  d r i v e  t r a n s i s t o r  33 on whi le  t r a n s i s t o r  30 

i s  adequate  t o  d r i v e  t r a n s i s t o r  34. The diode 42 f u n c t i o n s  a l s o  

t o  t u r n  o f f  e i t h e r  ou tpu t  t r a n s i s t o r  33 o r  34 when i t s  complement 

i s  being dr iven .  A diode 43 i s o l a t e s  t r a n s i s t o r  34 from t h e  

vo l t age  a m p l i f i e r  formed by t r a n s i s t o r  30 dur ing  p o s i t i v e  ou tpu t  

s i g n a l s .  A c a p a c i t o r  44 and r e s i s t o r  32 provide a  cons tan t  

c u r r e n t  d r i v e  source f o r  t r a n s i s t o r s  41. and 33. The vo l t age  

g a i n  of t h e  a m p l i f i e r  i s  determined by the  r a t i o  of r e s i s t a n c e  

of a  r e s i s t o r  45 and t h e  r e s i s t a n c e  of  a  r e s i s t o r  46. 

A unique power l i m i t i n g  c i r c u i t  i s  formed by r e s i s t o r s  47, 
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48, 49 and 50, diodes 51  and 52 and a n  NPN t r a n s i s t o r  53 (and 

i t s  c o u n t e r p a r t  c i r c u i t  f o r  nega t ive  swings r e s i s t o r s  54, 55, 

56 and 57, diodes 58 and 59, and an NPN t r a n s i s t o r  60) .  The 

c i r c u i t  senses  t r a n s i s t o r  33 c u r r e n t  through r e s i s t o r  47 and 

the  vo l t age  a c r o s s  t r a n s i s t o r  33 v i a  r e s i s t o r  48 and diodes 51  

and 52. Where vo l t age  i s  low a c r o s s  t r a n s i s t o r  33 ,  h i g h  c u r r e n t s  

a r e  allowed bu t  a s  t h e  vo l t age  i n c r e a s e s  and approaches maximum 

t h e  allowed c u r r e n t  through t r a n s i s t o r  33 and r e s i s t o r  47 

dec reases  t o  a  va lue  which i s  determined by t h e  va lues  of 

r e s i s t o r s  48, 49 and 50. The diode p a i r  5 1  and 52 determines the  

i n f l e c t i o n  p o i n t  of t h e  output  vo l t age  ve r sus  ou tpu t  c u r r e n t  

curve f o r  t r a n s i s t o r  33 and may be any combination of any 

convent ional  diodes o r  a  Zener diode.  Operat ion of t h e  power 

l i m i t i n g  c i r c u i t  (which r e f e r s  t o  a  d i s s i p a t e d  power i n  the  out -  

p u t  t r a n s i s t o r s  r a t h e r  than  ou tpu t  power) i s  very  e f f e c t i v e  

a l lowing f u l l  ou tpu t  i n t o  predetermined low-impedances whi le  

a f f o r d i n g  s h o r t  c i r c u i t  p r o t e c t i o n  a t  a l l  s i g n a l  l e v e l s .  This  

permi ts  h i g h  vo l t age  devices  t o  be used a t  t h e i r  r a t e d  v o l t a g e s  

wi thou t  func t ion ing  o u t s i d e  t h e i r  s a f e  o p e r a t i n g  mode. I n  

a p p l i c a t i o n s  where o p e r a t i o n  w i t h i n  t h e  s a f e  o p e r a t i n g  mode can 

be maintained w i t h  simple c u r r e n t - l i m i t i n g ,  r e s i s t o r s  48, 49, 

55 and 56, and diodes 51, 52, 58 and 59 may be omi t ted .  

I n  t h e  o p e r a t i o n  of t h i s  i n v e n t i o n  assume t h a t  a  p o s i t v e  

i n p u t  i s  a p p l i e d  t o  i n p u t  t e rmina l  11. Then t h e  t r a n s i s t o r  1 3  

becomes l e s s  conduct ive caus ing  t h e  c o l l e c t o r  of t r a n s i s t o r  13 

t o  become more n e g a t i v e ,  r e s u l t i n g  i n  t r a n s i s t o r  35 becoming 

l e s s  conduct ive which causes  a  decrease  i n  vo l t age  a t  i t s  e m i t t e r .  

This  decrease  i n  vo l t age  causes  t r a n s i s t o r  30 t o  become l e s s  

conduct ive r a i s i n g  t h e  vo l t age  of t h e  base of  t r a n s i s t o r  41, 

t hus  caus ing  t r a n s i s t o r s  41  and 33 t o  become more conduct ive 
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t h e r e b y  i n c r e a s i n g  t h e  v o l t a g e  a t  t h e  ou tpu t  t e r m i n a l  61. The 

v o l t a g e  a t  t h e  base of  t r a n s i s t o r  16  i s  p r o p o r t i o n a l  t o  t h e  ou t -  

p u t  v o l t a g e  t imes  t h e  r a t i o  of  t h e  r e s i s t a n c e  o f  r e s i s t o r  45 t o  

t h e  r e s i s t a n c e  of  r e s i s t o r  46. The i n c r e a s e  i n  v o l t a g e  a t  t h e  

e m i t t e r  o f  t r a n s i s t o r  41, i n  a d d i t i o n  t o  caus ing  t r a n s i s t o r  33 

t o  become more conduct ive ,  p a s s e s  th rough diode 42 and causes  

t r a n s i s t o r  34 t o  become l e s s  conduct ive .  A s  was d i scussed  

e a r l i e r ,  t h e  c i r c u i t r y  i n c l u d i n g  t r a n s i s t o r  53 and d iodes  5 1  and 

52 l i m i t s  t h e  power d i s s i p a t e d  i n  t h e  o u t p u t  t r a n s i s t o r  33 .  I f  

t h e  i n p u t  a t  i n p u t  t e r m i n a l  11 i s  n e g a t i v e  t h e n  t h e  c o l l e c t o r  of  

t r a n s i s t o r  1 3  becomes more p o s i t i v e  which causes  t r a n s i s t o r  35 

t o  become more conduct ive .  T h i s  r e s u l t s  i n  a r i s e  i n  t h e  e m i t t e r  

v o l t a g e  o f  t r a n s i s t o r  35 caus ing  t r a n s i s t o r  30 t o  become more 

conduct ive .  The r e s u l t i n g  dec rease  o f  v o l t a g e  a t  t h e  c o l l e c t o r  

o f  t r a n s i s t o r  30 p a s s e s  th rough d iode  43 t o  t h e  base  of  t r a n -  

s i s t o r  34  caus ing  i t  t o  become more conduct ive  which r e s u l t s  i n  

a dec rease  i n  v o l t a g e  a t  t h e  o u t p u t  t e r m i n a l  61. The dec rease  

of  v o l t a g e  a t  t h e  base  of  t r a n s i s t o r  34  i s  a l s o  a p p l i e d  th rough 

diode 42 t o  t h e  base  of  t r a n s i s t o r  33 caus ing  i t  t o  become l e s s  

conduct ive .  The power l i m i t i n g  c i r c u i t  i n c l u d i n g  t r a n s i s t o r  60 

and d iodes  58 and 59 l i m i t s  t h e  power d i s s i p a t e d  i n  t h e  ou tpu t  

t r a n s i s t o r  34  a s  d i s c u s s e d  above. 

The c i r c u i t  shown u s e s  a l l  s i l i c o n  dev ices  w i t h  t h e  excep- 

t i o n  of t r a n s i s t o r  34 which i s  germanium. Use of  a s i l i c o n  

dev ice  f o r  t r a n s i s t o r  34 may n e c e s s i t a t e  a t h i r d  d iode  i n  s e r i e s  

w i t h  d iodes  39 and 40 and a n o t h e r  i n  s e r i e s  w i t h  d iode  42 t o  

minimize t endenc ie s  toward c ros sove r  d i s t o r t i o n .  

Th i s  i n v e n t i o n  h a s  many advantages .  It i s  s t a b l e  working 

i n t o  any and a l l  load impedances and w i l l  m a i n t a i n  a syrnrne t r i c a l  

ou tpu t  w i t h  normal supply v o l t a g e  f l u c t u a t i o n s ;  t h a t  i s ,  t h e  
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v o l t a g e  a t  t h e  ou tpu t  i s  always r e fe renced  a t  ground p o t e n t i a l .  

This  s t a b i l i t y  i s  a l s o  p r e s e n t  dur ing  r a t h e r  extreme temperature 

v a r i a t i o n s  s i n c e  r e g u l a t i o n  i s  independent of t r a n s i s t o r  35 and 

t r a n s i s t o r  30 base t o  e m i t t e r  j u n c t i o n  o r  g a i n  v a r i a t i o n s .  Any 

I component i n  t h e  c i r c u i t  can be r ep laced  w i t h  a  comparable 

/ working device wi thou t  adjustment  o r  l o s s  i n  performance charac-  

/ t e r i s t i c s .  Since a l l  s i g n a l  feedback i s  t aken  d i r e c t l y  from 

/ t h e  o u t p u t ,  s t a r t - u p  t r a n s i e n t s  a r e  reduced t o  a  minimum due t o  

I t h e  c o n s t a n t  c u r r e n t  gene ra to r  t r a n s i s t o r  19,  which provides  

lo 1 c o n t r o l  w i t h  only th ree - to - four  v o l t s  a p p l i e d  between Bf and B-. 

I Due t o  i t s  i n h e r e n t  s t a b i l i t y  t h e  a m p l i f i e r  may be used i n  

I a p p l i c a t i o n s  r e q u i r i n g  d. c .  o p e r a t i o n  by the  e l i m i n a t i o n  (by 

s h o r t i n g )  of c a p a c i t o r  12 and c a p a c i t o r  62 (a d .c .  c o n s t a n t  

/ c u r r e n t  source may be needed i n  p l a c e  of c a p a c i t o r  44) .  The 

l5 I a m p l i f i e r  e x h i b i t s  a n  extremely low ou tpu t  impedance on t h e  

/ orde r  of  10 mill iohms o r  l e s s ,  which makes i t  ve ry  u s e f u l  i n  

I servo  and l a b o r a t o r y  a p p l i c a t i o n s .  C las s  C performance provides  

minimum qu iescen t  d i s s i p a t i o n  and t h e r e f o r e  maximum e f f i c i e n c y  

f o r  a  l i n e a r  a m p l i f i e r .  I n  a d d i t i o n ,  extremely f a s t  swi tch ing  

and s lewing r a t e s  a r e  p o s s i b l e  i n  t h i s  type of  c l a s s  C ope ra t ion .  

What i s  claimed a s  new and d e s i r e d  t o  be secured by L e t t e r s  

P a t e n t  of  t h e  United S t a t e s  i s :  
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