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Description 

I.  Field  of  the  invention 

The  present  invention  relates  to  a  linear  elec- 
tronic  amplification  system.  More  particularly,  the 
invention  relates  to  a  system  for  providing  higher 
efficiency,  lower  distortion,  and  higher  power  in  a 
distributed  amplifier,  singly  or  several  in  combina- 
tion. 

II.  Background  of  the  Invention 

For  many  electronic  amplifier  applications,  it  is 
necessary  that  the  amplifier  assembly  have  wide 
bandwidth  as  well  as  high  output  power  and  low 
signal  distortion.  For  example,  in  the  field  of  radio- 
frequency  transmission  where  low-level  radio-fre- 
quency  signals  are  amplified  by  wide  bandwidth 
linear  amplifiers  of  the  distributed  type.  The  am- 
plified  signals  are  then  applied  to  antenna  assem- 
blies  for  aerial  radiation.  In  these  applications,  the 
output  power  available  from  the  amplifier  must  be 
sufficient  to  assure  that  the  desired  radiated  field  is 
achieved.  Low  distortion,  moreover,  is  required  to 
assure  that  the  spectral  components  of  the  input 
signal  are  unmodified  in  the  amplification  process. 
But,  typical  amplifier  configurations  capable  of  pro- 
viding  the  required  wide  bandwidth  and  power, 
such  as  the  distributed  amplifier,  also  introduce 
objectionable  distortion. 

A  distributed  amplifier  is  an  amplifier  system 
comprising  a  number  of  individual  amplifying  de- 
vices,  such  as  vacuum  tubes  or  solid-state  devices, 
cf.  e.g.  the  document  GB-A-2  143  018.  The  input 
terminal  of  each  amplifying  device  is  connected  to 
an  input  line,  and,  correspondingly,  the  output  ter- 
minal  of  each  amplifying  device  is  connected  to  an 
output  line.  The  input  and  output  lines  of  the  dis- 
tributed  amplifying  system  are  so  designed  as  to 
be  lumped-element  transmission  lines  utilizing  the 
parasitic  reactive  elements,  capacitance  and  induc- 
tance,  of  the  individual  amplifying  devices  as  part 
of  the  lumped  parameters  of  these  lines.  Lumped- 
element  transmission  lines  are  well  known  in  the  art 
and  are  described  in,  for  instance,  U.  S.  Patent  No. 
2,018,320,  entitled  "RADIO  FREQUENCY  TRANS- 
MISSION  LINE,"  to  Roberts.  Lumped-element 
transmission  lines  applied  to  amplifiers  are  also 
described  in  the  prior  art  in,  for  instance,  U.  S. 
Patent  No.  2,930,986,  entitled  "DISTRIBUTED  AM- 
PLIFIER,"  to  Kobbe  et  al.  In  the  distributed  am- 
plifier,  the  input  signal  to  each  successive  am- 
plifying  device  is  delayed  by  the  delay  of  the  input 
line,  and  the  delay  of  the  output  line  is  designed  to 
be  identical  to  that  of  the  input  line.  This  configura- 
tion  results  in  each  amplifying  device  delivering  its 
output  signal  in  phase  with  that  of  the  other  am- 

plifying  devices  thereby  providing  maximum  output 
signal  delivered  to  the  load.  In  effect,  the  collection 
of  individual  amplifying  devices  operate  in  parallel. 
However,  if  the  amplifying  devices  were  simply 

5  connected  in  parallel,  the  parasitic  elements,  most 
particularly  the  input  and  output  capacitances  re- 
spectively,  would  combine  in  parallel  severely  re- 
ducing  the  system  bandwidth  below  that  available 
from  a  single  amplifying  device.  By  including  the 

io  amplifying  devices  in  a  distributed  amplifier  con- 
figuration,  the  effects  of  the  parasitic  elements  of 
the  amplifying  devices  do  not  add,  and  the  band- 
width  of  a  single  amplifying  device  is  preserved  in 
the  complete  distributed  amplifier  system. 

75  In  the  basic  distributed  amplifier  of  the  prior 
art,  the  operating  phase  of  each  amplifying  device 
is  the  same  with  respect  to  the  output,  i.  e.,  a 
positive-going  signal  at  the  output  terminal  of  the 
amplifier  system  is  the  result  of  a  positive-going 

20  signal  at  each  amplifying  device  output.  Typically, 
the  amplifying  device  produces  an  output  signal 
that  is  asymmetric  about  the  quiescent  operating 
point,  for  example,  the  positive  output  signal  com- 
ponent  is  somewhat  lower  in  magnitude  than  the 

25  negative  output  signal  component.  This  asymmetry 
is  common  in  Class  A  operation  of  amplifying  de- 
vices  such  as  vacuum  tubes,  and  is  very  distinct  in 
operating  classes  of  Class  AB,  Class  B  and  Class 
C  where  the  amplifying  devices  do  not  amplify  the 

30  input  signal  over  the  complete  input  cycle.  Such 
asymmetry  results  in  distortion  of  the  output  signal 
in  the  basic  distributed  amplifier  of  the  prior  art. 

Distortion  in  distributed  amplifier  systems  re- 
sults  from  the  inherent  parallel  operation  of  the 

35  individual  amplifying  devices.  Operation  of  a  pair  of 
amplifiers  in  a  push-pull  configuration  is  well  known 
in  the  art  as  a  means  of  reducing  signal  distortion. 
A  push-pull  distributed  amplifier  system  is  de- 
scribed  in  U.  S.  Patent  No.  4,337,439,  entitled 

40  "WIDE  BAND  AMPLIFIERS,"  to  Sosin.  The  distrib- 
uted  amplifier  system  as  taught  by  Sosin  is  com- 
posed  of  two  individual  distributed  amplifiers  con- 
nected  in  a  standard  push-pull  configuration,  i.  e., 
two  substantially  similar  amplifiers  are  intercon- 

45  nected  at  their  input  using  a  tapped  transformer, 
and  interconnected  at  their  output  using  a  second 
tapped  transformer.  See  also  the  document  SU-A-1 
133  653.  Each  amplifier  must  drive  the  parallel 
combination  of  the  load  and  the  output  impedance 

50  of  the  companion  amplifier.  This  typical  push-pull 
configuration  results  in  significant  loading  of  each 
amplifier  by  the  companion  amplifier  which  reduces 
the  power  available  for  delivery  to  the  load.  Addi- 
tionally,  the  required  tapped  transformers  contained 

55  in  the  prior  art  by  Sosin  cannot  be  effectively 
fabricated  in  a  manner  providing  wide-bandwidth 
performance  and  therefore  introduce  significant 
losses  and  frequency  limitations.  The  configuration 
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of  the  prior  art  by  Sosin  thus  additionally  results  in 
severe  bandwidth  limitations  over  the  basic  distrib- 
uted  amplifier  configuration.  Since  wide-bandwidth 
performance  and  maximum  power  delivered  to  the 
load  are  principle  features  of  a  distributed  amplifier, 
a  configuration  inherently  reducing  bandwidth  and 
delivered  power  is  undesirable. 

The  present  invention  is  significantly  different 
from  push-pull  distributed  amplifiers  of  the  prior  art 
as  that  taught  by  Sosin  and  referenced  herein 
above.  The  present  invention  eliminates  the  com- 
panion  amplifier  loading  and  allows  the  required 
inverting  means  necessary  for  push-pull  operation 
to  be  fabricated  and  installed  in  a  manner  consis- 
tent  with  wide-bandwidth  performance. 

Another  variation  of  a  push-pull  amplifier  in  the 
prior  art  is  described  in  U.  S.  Patent  No.  3,571,742, 
entitled  "PUSH-PULL  DISTRIBUTED  AMPLIFIER," 
to  Wengenroth.  The  amplifier  as  taught  by  Wen- 
genroth  is  composed  of  several  substantially  stan- 
dard  push-pull  amplifiers  interconnected  to  input 
and  output  lumped-element  transmission  lines  of  a 
distributed  amplifier  configuration.  The  two  individ- 
ual  amplifying  devices  in  the  individual  amplifier 
stages  in  the  configuration  by  Wengenroth  are  con- 
nected  at  their  inputs  by  means  of  a  center-tapped 
inductor.  This  center-tapped  inductor  is  effectively 
an  auto-transformer,  i.  e.,  a  signal  is  applied  to  one- 
half  of  the  total  winding  and  signal  is  extracted 
from  the  total  winding.  The  auto-transformer  action 
thus  provides  equal  magnitude  and  opposed  phase 
input  signals  to  the  two  individual  amplifying  de- 
vices  of  each  individual  amplifier  as  is  common  in 
the  art  of  a  standard  push-pull  amplifier.  Similarly, 
the  outputs  of  the  two  amplifying  devices  of  each 
individual  amplifier  in  the  configuration  by  Wengen- 
roth  are  combined  in  a  center-tapped  inductor,  also 
effectively  an  auto-transformer.  Thus,  each  individ- 
ual  amplifier  stage  in  the  configuration  by  Wengen- 
roth  is  a  substantially  standard  push-pull  amplifier: 
two  substantially  similar  amplifying  devices  inter- 
connected  at  their  inputs  using  a  tapped  trans- 
former,  and  interconnected  at  their  outputs  using  a 
second  tapped  transformer.  A  disadvantage  of  this 
configuration  by  Wengenroth  is  that  the  parasitic 
elements,  particularly  input  and  output  capacitance, 
of  the  two  individual  amplifying  devices  comprising 
each  amplifying  stage  are  effectively  connected  in 
parallel  causing  a  reduction  in  bandwidth  over  that 
available  from  a  single  amplifying  device.  Another 
disadvantage  of  the  configuration  by  Wengenroth  is 
that  the  auto-transformer  configuration  of  the  input 
and  output  tapped  inductors  results  in  an  electrical 
configuration  of  poor  electrical  symmetry  due  to 
the  additional  parasitic  elements  introduced  by  the 
auto-transformer,  Thus,  the  source  impedance  driv- 
ing  the  two  input  terminals  of  the  two  individual 
amplifying  devices  are  not  equal,  and  similarly  the 

output  impedance  presented  to  the  two  output  ter- 
minals  of  those  amplifying  devices  are  not  equal. 
Such  asymmetry  results  in  poor  performance  over 
frequency  and  reduces  the  wide-bandwidth  capabil- 

5  ity  of  the  distributed  amplifier  system.  A  further 
disadvantage  of  the  amplifying  system  by  Wengen- 
roth  is  that  the  required  tapped  inductors  cannot  be 
fabricated  in  a  manner  providing  wide-bandwidth 
performance.  For  example,  the  tapped  inductors 

io  cannot  be  fabricated  with  a  well  defined  broadband 
characteristic  impedance,  such  as  50  ohms  or  100 
ohms,  since  such  impedance  would  present  load- 
ing  in  both  the  input  and  output  lines  of  the  overall 
distributed  amplifier  system.  That  loading  would 

is  make  it  impossible  to  properly  effect  lumped-ele- 
ment  input  and  output  transmission  lines  of  low- 
loss,  wide-bandwidth  performance  as  is  necessary 
for  operation  of  the  distributed  amplifier  configura- 
tion.  Still  another  disadvantage  of  this  configuration 

20  is  that  input  and  output  tapped  inductors  are  need- 
ed  for  each  amplifying  stage.  The  physical  size  of 
these  tapped  inductors  and  the  required  position  in 
the  circuit  introduce  additional  parasitic  elements 
(capacitance  and  inductance)  that  severely  limits 

25  the  bandwidth  and  the  total  number  of  stages  that 
may  effectively  included  in  the  distributed  amplifier 
system.  The  principle  advantage  of  the  distributed 
amplifier  configuration  is  the  effective  use  of  many 
individual  amplifying  stages  to  provide  higher  out- 

30  put  power  than  each  single  stage  while  preserving 
the  bandwidth  available  from  a  single  amplifying 
stage.  Therefore,  the  configuration  taught  by  Wen- 
genroth  does  not  allow  the  principle  value  of  the 
distributed  amplifier  to  be  realized. 

35  The  present  invention  provides  an  improved 
push-pull  distributed  amplifier  system  in  which  in- 
dividual  amplifying  devices  are  arranged  in  two  or 
more  groups.  The  amplifying  devices  within  each 
group  operate  in  phase  and  groups  of  amplifying 

40  devices  operate  180  degrees  out-of-phase  with 
means  included  for  signal  inversions  required  for 
accurate  in-phase  adding  of  the  output  signals  of 
each  group.  The  means  utilized  in  the  present 
invention  for  providing  the  required  signal  inver- 

45  sions  may  be  fabricated  with  very  well-defined, 
low-loss,  broad-band  characteristics  accurately 
matching  both  the  characteristic  impedance  and 
bandwidth  performance  of  the  input  and  output 
transmission  lines  of  the  distributed  amplifier  con- 

50  figuration.  One  such  construction  of  the  signal  in- 
verting  means  is  that  of  a  transformer  wound  with 
high-quality  transmission  line  of  the  impedance  re- 
quired  to  match  the  signal  line  to  which  it  is  to  be 
applied. 

55  The  present  invention  is  substantially  different 
from  distributed  amplifiers  of  the  prior  art  as  taught 
by  Wengenroth  and  referenced  herein  above.  By 
Wengenroth,  a  plurality  of  substantially  standard 
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push-pull  amplifiers  are  utilized  as  the  individual 
amplifying  elements  of  a  distributed  amplifier  con- 
figuration.  Thus,  by  Wengenroth,  push-pull  opera- 
tion  is  provided  in  each  of  the  individual  amplifying 
devices  of  a  distributed  amplifier  configuration.  In 
contrast,  in  the  present  invention  configured  with 
more  than  one  distributed  amplifier,  a  plurality  of 
individual  distributed  amplifiers  are  combined  by 
the  substance  of  the  invention  to  effect  push-pull 
operation. 

The  present  invention  may  also  be  applied  to  a 
single  distributed  amplifier.  A  configuration  of  a 
single  distributed  amplifier  with  only  two  amplifying 
devices  and  further  configured  according  to  the 
present  invention  may  be  compared  to  the  individ- 
ual  amplifying  stage  by  Wengenroth.  The  individual 
stage  by  Wengenroth  is  electrically  a  generally 
standard  push-pull  configuration  suffering  the  dis- 
advantages  as  previously  reviewed  herein  above.  In 
contrast,  the  present  invention  configured  with  a 
single  distributed  amplifier  of  only  two  individual 
amplifying  devices  fully  retains  the  electrical  prop- 
erties  of  the  basic  distributed  amplifier  configura- 
tion,  Therefore,  the  present  invention  effectively 
incorporates  the  parasitic  elements  of  both  the  am- 
plifying  devices  and  the  signal  inverting  devices  in 
very  well-defined  and  properly  terminated  transmis- 
sion  line  structures  which  preserve  the  very  broad 
bandwidth  performance  of  the  distributed  amplifier 
and  in  addition  provides  push-pull  operation.  Thus, 
the  present  invention  over  Wengenroth,  applied  to 
a  distributed  amplifier  with  as  few  as  two  am- 
plifying  devices,  retains  all  of  the  advantages  of  the 
distributed  amplifier  configuration  while  providing 
the  added  advantages  of  push-pull  operation. 

This  improved  configuration  provides  push-pull 
operation  in  a  distributed  amplifier  configuration 
without  compromise  of  output  power  and  band- 
width  inherently  introduced  by  configurations  of  the 
prior  art.  Further,  the  number  of  amplifying  devices 
that  may  be  effectively  employed  and  the  fre- 
quency  performance  of  the  basic  distributed  am- 
plifier  is  not  compromised  by  use  of  this  improved 
configuration.  This  allows  the  full  benefit  of  the 
distributed  amplifier  configuration  to  be  realized. 
The  phase-opposed  operation  of  the  various  am- 
plifying  devices  with  accurate  in-phase  addition  of 
their  output  signals  at  the  output  terminal  of  a 
distributed  amplifier  configuration  as  embodied 
herein  is  a  novel  push-pull  configuration  which  pro- 
vides  lower  distortion,  higher  output  power,  and 
thus  higher  efficiency.  Moreover,  because  of  the 
unique  push-pull  configuration  of  the  present  inven- 
tion,  some  of  the  power  previously  lost  due  to 
loading  by  the  companion  amplifier,  as  taught  in 
the  prior  art,  is  made  available  to  the  load.  The 
present  invention  thus  provides  as  much  as  a  fac- 
tor  of  two  improvement  in  the  output  power  avail- 

able  from  a  distributed  amplifier  as  taught  in  the 
prior  art.  By  providing  higher  available  output  pow- 
er,  the  present  invention  provides  lower  distortion 
for  any  specific  output  power.  It  is  well  known  that 

5  distortion  increases  when  an  amplifier  is  driven  to 
its  maximum  output  capabilities.  Since  the  amplifier 
of  the  present  invention,  for  any  specific  delivered 
output  power,  operates  at  lower  power  level  with 
respect  to  its  maximum  capabilities  than  an  am- 

io  plifier  of  the  prior  art  composed  of  a  similar  num- 
ber  of  amplifying  devices,  the  present  invention  will 
provide  lower  distortion.  Further,  for  any  specific 
desired  maximum  output  power,  the  electrical  size 
of  the  amplifiers  of  the  present  invention  may  be 

is  reduced  by  a  factor  of  as  much  as  two  over  the 
electrical  size  of  the  amplifiers  required  in  the  prior 
art.  The  input  quiescent  operating  power  of  the 
present  invention  is  therefore  reduced  over  the 
prior  art  for  an  amplifier  configuration  capable  of  a 

20  specific  maximum  output  power.  The  reduced  am- 
plifier  quiescent  operating  power  of  the  present 
invention  therefore  provides  increased  efficiency. 
The  present  invention  also  provides  reduced  cost 
over  the  prior  art  for  an  amplifier  of  specific  maxi- 

25  mum  output  power  capability  because  the  cost  and 
the  electrical  size  of  the  amplifier  are  directly  re- 
lated. 

SUMMARY  OF  THE  INVENTION 
30 

Accordingly,  it  is  an  object  of  the  invention  to 
provide  a  push-pull  distributed  amplifier  system 
which  corrects  for  asymmetric  output  signal 
strengths. 

35  Another  object  of  the  invention  is  to  diminish 
power  losses  resulting  from  driving  parallel  com- 
binations  of  load  and  output  impedance  occurring 
in  previous  push-pull  distributed  amplifier  systems. 

Another  object  of  the  present  invention  is  to 
40  further  reduce  the  power  losses  and  frequency 

limitations  associated  with  the  required  combining 
elements  of  typical  push-pull  distributed  amplifier 
systems. 

Another  object  of  the  present  invention  is  to 
45  provide  push-pull  operation  in  a  single  distributed 

amplifier. 
Another  object  of  the  present  invention  is  to 

provide  push-pull  combining  of  two  or  more  distrib- 
uted  amplifiers. 

50  Further  objects  of  the  present  invention  are  to 
provide  improved  distortion  performance,  higher  ef- 
ficiency,  and  higher  output  power  by  means  of  a 
novel  push-pull  distributed  amplifier  arrangement. 

Additional  objects  and  advantages  of  the 
55  present  invention  will  be  set  forth  in  part  from  the 

description  that  follows  and,  in  part,  will  be  obvious 
from  the  description  or  learned  by  practice  of  the 
invention.  The  objects  and  advantages  of  the  inven- 
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tion  may  be  realized  and  obtained  by  the  methods 
and  apparatus  particularly  pointed  out  in  the  ap- 
pended  claims. 

The  present  invention  which  is  set  out  in 
Claims  1  to  8  achieves  the  objects  set  forth  above 
by  means  of  a  novel  push-pull  arrangement  of  the 
individual  amplifying  means  of  a  distributed  am- 
plifier. 

The  present  invention  may  be  applied  with  any 
operating  class  including  Class  A,  Class  AB,  Class 
B,  and  Class  C  and  with  all  class  of  operation 
provides  improved  performance  over  that  provided 
by  the  prior  art. 

The  accompanying  drawings,  which  are  incor- 
porated  in  and  constitute  a  part  of  the  specification, 
illustrate  a  presently  preferred  embodiment  of  the 
invention  and,  together  with  the  description,  serve 
to  explain  the  principles  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  diagram  showing  a 
push-pull  distributed  amplifier  system  according  to 
the  present  invention. 

Figure  2  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  two  indepen- 
dent  input  lines. 

Figure  3  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  two  indepen- 
dent  distributed  amplifiers. 

Figure  4  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  two  indepen- 
dent  distributed  amplifiers  and  with  independent 
input  lines. 

Figure  5  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  multiple  in- 
dependent  distributed  amplifiers  each  with  inde- 
pendent  input  lines. 

Figure  6  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  multiple  in- 
dependent  distributed  amplifiers  with  two  compos- 
ite  input  lines. 

Figure  7  is  a  schematic  diagram  showing  a 
variation  of  the  push-pull  distributed  amplifier  sys- 
tem  of  the  present  invention  utilizing  multiple  in- 
dependent  distributed  amplifiers  with  cross-coupled 
inputs. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

Reference  will  now  be  made  in  detail  to  a 
presently  preferred  embodiment  of  the  invention, 

an  example  of  which  is  illustrated  in  Figure  1  of  the 
included  drawings.  The  purpose  of  the  amplifier  of 
the  invention  is  to  amplify  an  electrical  signal  ap- 
plied  at  the  amplifier  input  10  and  to  deliver  the 

5  amplified  signal  to  the  output  terminal  12  and  in 
turn  to  a  load  14  connected  thereto.  The  load  14 
may  be  any  desired  entity  to  which  it  is  desired  to 
deliver  signal  power.  The  impedance  of  load  14 
may  be  resistive,  complex,  or  totally  imaginary. 

io  Examples  of  typical  loads  include,  but  are  not 
limited  to,  an  antenna  for  aerial  radiation,  coupling 
devices  for  magnetic  resonance  imaging,  and  the 
induction  coils  of  an  induction  heating  system.  The 
basic  amplifier  system  is  of  the  distributed  type 

is  and  comprised  of  a  plurality  of  amplifying  devices 
16  and  18.  Each  of  the  amplifying  devices  16  and 
18  may  be  an  individual  device,  example  types  of 
which  are  common  in  the  art  include  a  vacuum 
tube,  or  a  solid-state  device  such  as  a  Field-Effect 

20  Transistor  or  Bipolar  Transistor.  Further,  each  am- 
plifying  device  16  and  18  may  be  comprised  of  a 
plurality  of  components  such  that  each  amplifying 
device  16  and  18  individually  comprises  a  substan- 
tially  complete  amplifier.  For  example,  several 

25  vacuum  tubes  may  be  configured  together  in  a 
circuit  to  form  a  generally  conventional  multi-stage 
vacuum-tube  amplifier,  and  then  in  turn  applied  as 
the  individual  amplifying  device  16  and  18  in  the 
present  invention.  Also,  each  of  the  amplifying  de- 

30  vices  16  and  18  is  unique  and  independent  with 
respect  to  all  other  amplifying  devices  16  and  18. 
Amplifying  devices  16  and  18  may  all  be  of  an 
identical  type,  or  each  of  a  different  type,  or  a 
combination  of  several  identical  types  and  several 

35  different  types.  At  least  one  amplifying  device  16 
and  at  least  one  amplifying  device  18  must  be 
included  in  the  amplifier  system  of  the  present 
invention. 

The  invention  may  be  applied  both  to  low- 
40  power  applications  and  to  very  high-power  applica- 

tions.  For  example,  the  present  invention  may  be 
applied  using  a  number  of  small-signal  Field-Effect 
Transistors  to  provide  increased  output  power  over 
that  of  a  single  Field-Effect  Transistor  while  pre- 

45  serving  wide-bandwidth  performance.  Similarly,  the 
invention  may  be  applied  using  a  number  of  high- 
power  vacuum  tubes  also  providing  higher  output 
power  over  that  of  a  single  vacuum  tube  while 
preserving  wide-bandwidth  performance.  The  in- 

50  vention  may  be  applied  equally  effectively  in  ap- 
plications  requiring  milliwatts  of  delivered  power 
and  those  requiring  many  kilowatts  of  delivered 
power.  Further,  the  invention  may  be  applied  with 
any  operating  class  of  the  individual  amplifying 

55  devices  16  and  18.  For  example,  the  individual 
amplifying  devices  may  be  operated  in,  but  not 
limited  to,  Class  A,  Class  AB,  Class  B,  and  Class 
C.  The  bandwidth  performance  is  determined  pri- 

5 
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marily  by  the  specific  characteristics,  such  as 
cutoff  frequency,  of  the  individual  amplifying  de- 
vices  16  an  18.  Bandwidths  in  excess  of  several 
hundred  megahertz  are  provided  with  suitable  am- 
plifying  devices  16  and  18,  example  types  of  which 
are  a  broad  bandwidth  Field-Effect  Transistor  or 
broad  bandwidth  vacuum  tube. 

The  capacitor  20  is  the  parasitic  input  capaci- 
tance  of  each  amplifying  device  16  and  18.  The 
capacitor  22  is  the  parasitic  output  capacitance  of 
each  amplifying  device  16  and  18.  Whereas  the 
amplifying  devices  16  and  18  need  not  be  iden- 
tical,  the  input  parasitic  capacitances  20  need  not 
be  identical  and  similarly  the  output  parasitic 
capacitances  22  need  not  be  identical.  An  input 
transmission  line  24  and  an  output  transmission 
line  26  are  constructed  incorporating  the  parasitic 
components  20  and  22  of  the  amplifying  devices 
16  and  18  in  lumped-element  transmission-line 
configurations  as  is  common  in  the  art  of  distrib- 
uted  amplifiers.  Such  a  lumped-element  transmis- 
sion  line  is  well  known  in  the  art  and  comprises  a 
combination  of  individual  "lumped"  components, 
such  as  the  output  capacitance  of  amplifying  de- 
vices  16  and  18,  included  in  an  electronic  circuit 
configuration  providing  performance  similar  to  a 
"distributed"  element  transmission  line,  such  as  a 
coaxial  cable,  for  specific  design  bandwidths.  The 
operation  of  the  lumped-element  transmission  line 
is  well  known  in  the  art  and  a  further  detailed 
description  of  operation  of  the  basic  lumped-ele- 
ment  transmission  line  will  not  be  herein  repeated. 
The  input  line  24  is  comprised  of  two  transmission- 
line  segments  28  and  30  interconnected  by  signal 
inverting  transformer  32.  The  output  line  26  is 
comprised  of  two  transmission-line  segments  34 
and  36  interconnected  by  signal  inverting  trans- 
former  38.  Matching  networks  40  in  the  input  line 
24  and  matching  networks  42  in  the  output  line  26 
provide  impedance  matching  at  the  ends  of  the 
transmission-line  segments  28,  30,  34  and  36  as  is 
common  in  the  art  of  lumped-element  transmission 
line  construction.  The  matching  networks  40  and  42 
include  inductive,  capacitive,  and  resistive  compo- 
nents  that  provide  broad-band  impedance  matching 
at  the  ends  of  lumped-element  transmission  lines. 
Whereas  the  amplifying  devices  16  and  18  need 
not  be  identical,  the  matching  networks  40  need 
not  be  identical  and  similarly  the  matching  net- 
works  42  need  not  be  identical.  The  signal  inverting 
transformers  32  and  38  are  so  constructed  as  to 
provide  the  signal  delay  and  bandwidth  required.  A 
transmission-line  transformer  comprised  of  a  length 
of  transmission  line,  such  as  coaxial  cable  or  par- 
allel  wire  transmission  line,  formed  about  a  core 
with  each  conductor  comprising  one  winding  is  one 
such  suitable  construction  of  the  signal  inverting 
transformers  32  and  38  providing  broad-band  per- 

formance.  Since  the  signal  inverting  transformers 
32  and  38  may  be  manufactured  and  installed  with 
very  well  defined  and  matched  impedance  char- 
acteristics  and  with  very  low-loss,  broad-band  per- 

5  formance,  the  addition  of  the  signal  inverting  trans- 
formers  32  and  38  to  the  input  and  output  trans- 
mission  lines  24  and  26  respectively  will  not  re- 
duce  the  bandwidth  or  available  output  power  of 
the  basic  distributed  amplifier.  Alternately,  in  ap- 

io  plications  where  very  wide-bandwidth  performance 
is  not  required,  a  conventional  transformer  com- 
prised  of  primary  and  secondary  windings  formed 
about  a  core  may  be  used  as  the  signal  inverting 
transformers  32  and  38.  The  distributed  amplifier  is 

is  so  termed  because  the  amplifying  devices  are  dis- 
tributed  along  the  input  and  output  transmission 
lines  24  and  26  respectively.  Since  the  operating 
principles  of  distributed  amplifiers  are  well  known 
in  the  art,  a  further  detailed  description  of  the 

20  operation  of  the  basic  distributed  amplifier  will  not 
be  herein  repeated.  As  referenced  herein,  a  distrib- 
uted  amplifier  is  understood  to  be  an  amplifier 
comprised  of  a  plurality  of  amplifying  devices  each 
with  an  input  connected  to  an  input  line  and  an 

25  output  connected  to  an  output  line  and  further 
where  the  input  and  output  lines  are  constructed 
utilizing  the  parasitic  elements  of  the  amplifying 
devices,  matching  elements,  delay  elements,  termi- 
nating  elements,  and  connecting  elements  provid- 

30  ing  the  broad  bandwidth  transmission-line  configu- 
ration  for  the  input  and  output  lines  required  for 
proper  operation  of  a  distributed  amplifier. 

The  signal  inverting  transformer  32  may  be 
interconnected  in  the  input  line  24  between  any 

35  pair  of  adjacent  amplifying  devices  16  and  18. 
Similarly,  signal  inverting  transformer  38  may  be 
interconnected  in  the  output  line  26  between  any 
pair  of  adjacent  amplifying  devices  16  and  18.  The 
signal  inverting  transformers  32  and  38  would  gen- 

40  erally  be  interconnected  between  the  same  pair  of 
amplifying  devices  16  and  18,  but  may  be  intercon- 
nected  between  uniquely  different  amplifying  de- 
vices  16  and  18  providing  performance  needed  in 
applications  that  will  become  apparent  by  practice 

45  of  the  invention.  Positioning  of  the  signal  inverting 
transformers  32  and  38  between  different  am- 
plifying  devices  16  and  18  provides  a  practical 
means  of  producing  a  desired  amount  of  selective 
distortion  of  the  amplified  signal.  One  such  applica- 

50  tion  where  selective  distortion  would  be  useful 
would  be  in  the  amplification  of  an  input  signal 
containing  some  asymmetry.  The  signal  inverting 
transformer  32  may  be  positioned  in  the  input  line 
24  and  the  signal  inverting  transformer  38  may  be 

55  positioned  in  the  output  line  26  in  a  manner  that 
produces  a  controlled  asymmetry  in  the  gain  char- 
acteristic  of  an  amplifier  system  of  the  present 
invention.  That  controlled  asymmetry  may  be  intro- 
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duced  in  such  a  manner  that  it  compensates  for 
the  asymmetry  of  the  input  signal  thereby  minimiz- 
ing  distortion  in  the  output  signal  delivered  to  the 
load  14.  Since  a  large  number  of  amplifying  de- 
vices  16  and  18  may  be  included  in  the  present 
invention,  and  since  one  or  more  signal  inverting 
transformers  32  and  one  or  more  signal  inverting 
transformers  38  may  also  be  included,  the  present 
invention  provides  accurate  control  of  such  selec- 
tive  distortion.  When  signal  inverting  transformers 
32  and  38  are  interconnected  between  the  same 
pair  of  amplifying  devices  16  and  18,  the  number 
of  amplifying  devices  16  may  be  equal  to  or  dif- 
ferent  from  the  number  of  amplifying  devices  18. 
Balanced  performance  where  positive  input  signal 
components  and  negative  input  signal  components 
are  amplified  substantially  equally  is  obtained  when 
signal  inverting  transformers  32  and  38  are  inter- 
connected  between  the  same  pair  of  amplifying 
devices  16  and  18  and  the  number  of  amplifying 
devices  16  equals  the  number  of  amplifying  de- 
vices  18. 

An  input  signal  applied  at  input  terminal  10 
travels  through  input  line  segment  28  successively 
delivering  input  signal  in  turn  to  each  amplifying 
device  16  connected  to  input  line  segment  28  as  is 
common  in  the  art  of  distributed  amplifiers.  The 
input  signal  is  inverted  by  signal  inverting  trans- 
former  32.  The  inclusion  of  signal  inverting  trans- 
former  32  in  the  input  line  24  is  novel  to  the  art  of 
distributed  amplifiers.  The  inverted  input  signal  is 
applied  to  input  line  segment  30  where  the  inverted 
input  signal  is  successively  delivered  in  turn  to 
each  amplifying  device  18  connected  to  the  input 
line  segment  30.  The  input  signal  is  finally  deliv- 
ered  to  input  line  termination  44  as  is  common  in 
the  art  of  distributed  amplifiers  to  prevent  detrimen- 
tal  signal  reflections  in  the  input  line  24.  Since  the 
input  transmission  line  24  is  so  designed  as  to 
operate  as  a  transmission  line,  a  terminating  resis- 
tance  44  properly  terminates  the  input  transmission 
line  24  providing  broad-bandwidth  performance. 
For  example,  a  typical  impedance  for  the  input  line 
24  would  be  50  ohms,  and  the  matched  terminating 
resistance  44  would  then  be  50  ohms.  A  value  of 
terminating  impedance  may  also  be  chosen  that 
mismatches  the  line  to  which  it  is  applied  to  pro- 
vide  specific  performance,  for  example,  peaking  of 
the  gain  at  specific  frequencies. 

The  output  signals  of  amplifying  devices  16 
connected  to  output  line  segment  34  sum  together 
in  phase  to  form  a  single  combined  signal  in  the 
output  line  segment  34.  A  portion  of  the  combined 
signal  in  the  output  line  segment  34  is  applied  to 
signal  inverting  transformer  38.  That  signal  portion 
is  inverted  by  signal  inverting  transformer  38  and  is 
applied  to  output  line  segment  36  and  travels 
through  output  line  segment  36  to  the  output  termi- 

nal  12  and  the  load  14  attached  thereto.  Output  line 
segment  36  acts  as  a  simple  transmission  line  for 
the  signal  components  from  output  line  segment 
34.  The  inclusion  of  signal  inverting  transformer  38 

5  in  the  output  line  26  is  novel  in  the  art  of  distrib- 
uted  amplifiers.  The  output  line  26  is  reverse  termi- 
nated  by  reverse  termination  46  as  is  common  in 
the  art  of  distributed  amplifiers  to  prevent  detrimen- 
tal  signal  reflections  from  portions  of  the  combined 

io  output  signal  in  the  output  line  26  that  are  applied 
to  the  output  line  reverse  termination  46.  The  ter- 
mination  performance  of  termination  resistor  46  to 
output  line  26  is  similar  to  that  provided  by  ter- 
mination  44  to  input  line  24  as  described  herein 

is  above.  A  portion  of  the  combined  signal  of  am- 
plifying  devices  16  delivered  to  line  segment  34  is 
communicated  to  output  line  reverse  termination 
46. 

The  output  signals  of  amplifying  devices  18 
20  connected  to  output  line  segment  36  sum  together 

in  phase  to  form  a  single  combined  signal  in  the 
output  line  segment  36.  A  portion  of  the  combined 
signal  in  the  output  line  segment  36  is  applied  to 
the  output  connector  12  and  load  14  connected 

25  thereto.  A  portion  of  the  combined  signal  in  output 
line  segment  36  is  communicated  to  the  output  line 
reverse  termination  46  through  signal  inverting 
transformer  38  and  output  line  segment  34.  Signal 
inverting  transformer  38  and  output  line  segment 

30  34  act  as  a  simple  transmission  line  for  signal 
components  from  output  line  segment  36  commu- 
nicated  to  the  reverse  termination  46. 

The  input  signal  inverting  action  of  signal  in- 
verting  transformer  32  in  the  input  line  24  causes 

35  the  output  signal  component  of  amplifying  devices 
18  delivered  to  line  segment  36  to  be  inverted  with 
respect  to  the  output  signal  component  of  am- 
plifying  devices  16  delivered  to  output  line  seg- 
ment  34.  Therefore,  when  the  signal  of  output  line 

40  segment  34  is  inverted  by  signal  inverting  trans- 
former  38  in  the  output  line  26,  the  two  compo- 
nents  of  output  signal  delivered  to  output  terminal 
12  partly  from  output  line  segment  36  and  partly 
from  output  line  segment  34  inverted  by  signal 

45  inverting  transformer  38,  combine  in  phase  de- 
livering  a  maximum  combined  output  signal  to  the 
load  14. 

Since  the  input  signal  applied  to  the  amplifying 
devices  18  is  inverted  with  respect  to  the  input 

50  signal  applied  to  amplifying  devices  16,  the  am- 
plifying  devices  18  operate  phase-opposed  to  am- 
plifying  devices  16.  By  means  of  example,  when 
amplifying  devices  18  are  being  driven  so  as  to 
source  current  to  output  line  segment  36,  am- 

55  plifying  devices  16  are  being  driven  so  as  to  sink 
current  from  line  segment  34.  Thus,  positive  output 
drive  is  delivered  to  the  load  14  in  part  from 
amplifying  devices  18  being  driven  so  as  to  deliver 
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positive  drive  to  output  line  segment  36,  and  in  part 
from  amplifying  devices  16  being  driven  so  as  to 
deliver  negative  drive  to  output  line  segment  34. 
Since  signal  inverting  transformer  38  provides  the 
phase-opposed  signals  in  output  line  segments  34 
and  36  to  combine  in  phase  at  the  output  terminal 
12,  the  load  14  attached  to  the  output  terminal  12 
is  driven  in  a  push-pull  manner. 

There  are  many  variations  and  combinations 
that  may  be  applied  to  the  present  invention,  and 
the  invention  is  intended  to  encompass  all  such 
modifications  and  variations  as  fall  within  the  scope 
of  the  appended  claims.  Several  of  such  variations 
are  described  herein  below.  Since  the  present  in- 
vention  allows  the  use  of  many  individual  am- 
plifying  devices  16  and  18,  modifications  of  the 
connections  of  the  amplifying  devices  16  and  18  to 
the  input  line  24  and  output  line  26  may  be  made 
to  optimize  performance  in  specific  applications. 
For  example,  the  embodiment  of  Figure  1  is  shown 
with  the  inputs  of  all  amplifying  devices  16  con- 
nected  to  input  line  segment  28  and  inputs  of  all 
amplifying  devices  18  connected  to  input  line  seg- 
ment  30.  Alternately,  the  input  of  one  or  more 
amplifying  devices  16  may  be  connected  instead  to 
input  line  segment  30.  Similarly,  the  input  of  one  or 
more  amplifying  devices  18  may  be  connected 
instead  to  input  line  segment  28.  In  a  similar  man- 
ner,  the  outputs  of  one  or  more  amplifying  devices 
16  and  18  may  be  cross-coupled  to  output  line 
segments  34  and  36.  Such  cross-coupling  of  the 
inputs  and  outputs  of  one  or  more  amplifying  de- 
vices  16  and  18  will  provide  a  desired  amount  of 
selective  distortion  of  the  amplified  signal  as  re- 
ferenced  herein  above. 

For  simplicity,  the  embodiment  of  Figure  1  is 
shown  with  a  single  signal  inverting  transformer  32 
in  the  input  line  24  and  a  single  signal  inverting 
transformer  38  in  the  output  line  26.  Alternately, 
with  reference  to  Figure  1,  substantially  similar 
operation  may  be  obtained  with  multiple  signal 
inverting  transformers  32  included  in  the  input  line 
24  and  interconnected  between  various  amplifying 
devices  16  and  18.  Multiple  signal  inverting  trans- 
formers  38  may  also  be  included  in  output  line  26 
and  interconnected  between  various  amplifying  de- 
vices  16  and  18.  The  the  electrical  placement  of 
and  the  number  of  signal  inverting  transformers  32 
would  normally  be  equal  to  the  electrical  placement 
of  and  the  number  of  signal  inverting  transformers 
38,  but  the  placement  and  number  of  signal  invert- 
ing  transformers  32  and  38  may  be  made  unequal 
to  provide  performance  needed  in  applications  that 
will  become  apparent  by  practice  of  the  invention, 
such  as  correction  of  asymmetry  of  an  input  signal 
as  referenced  herein  above.  Since  the  signal  invert- 
ing  transformers  32  and  38  may  be  manufactured 
with  well-defined  impedance  characteristics  and 

low-loss  broad-band  performance,  the  use  of  mul- 
tiple  signal  inversion  transformers  will  not  adversely 
compromise  the  wide  bandwidth  performance  of 
the  basic  distributed  amplifier.  However,  since  the 

5  signal  inverting  transformers  32  and  38  will  exhibit 
some  finite  loss,  the  use  of  several  signal  inverting 
transformers  will  reduce  the  output  power  available 
to  the  load  from  that  available  with  a  single  signal 
inverting  transformer  32  and  single  signal  inverting 

io  transformer  38. 
It  is  apparent  to  one  skilled  in  the  art  that  the 

embodiment  of  Figure  1  may  be  altered  so  as  to 
include  several  independent  input  lines.  The  num- 
ber  of  input  lines  that  may  be  included  is  equal  to 

is  the  total  number  of  amplifying  devices  16  and  18. 
Each  input  line  would  require  an  input  signal.  The 
required  input  signals  may  be  provided  by  several 
different  means.  For  example,  a  suitable  pream- 
plifier  system  with  multiple  outputs  of  the  required 

20  phase  and  signal  inversion  may  be  used  to  provide 
the  needed  multiple  input  signals.  Alternately,  the 
required  number  of  input  signals  may  be  provided 
from  a  single  input  signal  by  means  of  a  suitable 
signal  divider  with  input  signal  inverting  transform- 

25  ers  and  input  signal  delay  devices  included  provid- 
ing  the  required  signal  inversion  and  signal  delay. 
An  embodiment  according  to  the  invention  is 
shown  in  Figure  2  of  the  included  drawings  com- 
prising  two  independent  input  lines.  With  reference 

30  to  Figure  2,  input  signals  are  applied  to  two  input 
terminals  50  and  52.  These  two  input  signals  would 
normally  be  identical  but  may  made  different  to 
provide  performance  needed  in  applications  that 
will  become  apparent  by  practice  of  the  invention. 

35  Input  signal  applied  to  input  terminal  50  is  commu- 
nicated  through  signal  delay  54,  an  example  type 
of  which  is  a  suitable  length  of  coaxial  cable,  to 
input  line  segment  28  and  delivered  to  each  am- 
plifying  device  16  in  turn.  Line  segment  28  is 

40  forward  terminated  by  forward  termination  56  to 
form  a  complete  and  independent  input  line  feed- 
ing  amplifying  devices  16.  Input  signal  applied  to 
input  terminal  52  is  communicated  through  signal 
inverting  transformer  32  and  signal  delay  58  to  line 

45  segment  30  and  is  delivered  to  each  amplifying 
device  18  in  turn.  Input  line  segment  30  is  forward 
terminated  by  termination  resistor  44  to  form  a 
second  complete  and  independent  input  line  feed- 
ing  amplifying  devices  18.  Signal  delay  54  and  58 

50  allow  compensation  of  inherent  signal  delays  to 
provide  proper  in-phase  summing  of  the  output 
signal  components  at  output  terminal  12  and  load 
14  connected  thereto.  Input  signal  inverting  trans- 
former  32  provides  signal  inversion  of  the  input 

55  signal  applied  to  amplifying  devices  18  to  provide 
the  push-pull  operation  of  amplifying  devices  16 
and  18  as  previously  described  herein  above.  Out- 
put  signal  inverting  transformer  38  provides  the  in- 
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phase  combining  of  the  output  signals  at  output 
terminal  12  from  output  line  segments  34  and  36 
as  previously  described  herein  above.  The  basic 
operation  of  a  distributed  amplifier  with  multiple 
input  lines  is  well  known  in  the  art.  The  improve- 
ment  provided  by  the  present  invention  is  that  the 
present  invention  provides  push-pull  operation  of  a 
distributed  amplifier  with  multiple  input  lines.  The 
push-pull  operation  results  in  improved  distortion 
performance,  higher  efficiency,  and  higher  output 
power  over  that  provided  by  a  distributed  amplifier 
of  the  prior  art  with  multiple  input  lines.  The  perfor- 
mance  of  the  embodiment  of  the  amplifier  shown  in 
Figure  2  with  identical  input  signals  is  substantially 
similar  to  that  of  the  embodiment  of  the  amplifier 
shown  in  Figure  1  and  previously  described  herein 
above. 

For  simplicity,  the  embodiment  of  Figure  2  is 
shown  with  a  single  signal  inverting  transformer  38 
in  output  line  26.  Alternately,  multiple  signal  invert- 
ing  transformers  38  may  be  included  in  the  output 
line  26  interconnected  between  various  amplifying 
devices  16  and  18.  Additionally,  embodiments  of 
the  present  invention  comprising  multiple  input 
lines  may  include  one  or  more  signal  inverting 
transformers  32  in  one  or  more  of  the  multiple 
inputs. 

The  embodiment  of  Figure  2  utilizes  signal 
inverting  transformer  32  and  signal  delays  54  and 
58  as  integral  elements  of  the  amplifier  system. 
With  this  configuration,  each  of  the  required  in- 
dividual  input  signals  would  normally  be  similar  in 
phase,  delay  and  amplitude,  although  the  various 
input  signals  may  be  made  different  to  provide 
performance  in  applications  that  will  become  ap- 
parent  by  practice  of  the  invention.  Equal  multiple 
input  signals  may  be  provided  from  a  single  source 
by  means  of  a  simple  parallel  connection  of  all  of 
the  inputs.  Alternately,  the  multiple  input  signals 
and  necessary  relative  signal  inversion  and  signal 
delay  required  with  multiple  inputs  may  be  pro- 
vided  by  various  other  means  as  referenced  herein 
above.  An  example  of  another  means  for  providing 
the  required  signal  inversion  and  signal  delay  for 
an  embodiment  comprising  two  input  lines,  as  that 
of  Figure  2,  is  a  preamplifier  with  two  outputs  of 
opposed  phase  and  specific  signal  delay.  Such  a 
preamplifier  may  be  utilized  to  supply  the  input 
signals  to  embodiments  substantially  similar  to  that 
of  Figures  2  but  with  the  signal  inverting  trans- 
former  32  and  signal  delay  54  and  58  deleted. 

It  is  further  apparent  to  one  skilled  in  the  art 
that  the  embodiment  shown  in  Figure  1  may  be 
comprised  of  several  independent  distributed  am- 
plifiers.  A  configuration  according  to  the  invention 
comprised  of  two  independent  substantially  similar 
distributed  amplifiers  is  shown  in  Figure  3.  With 
reference  to  Figure  3,  amplifier  60  is  a  distributed 

amplifier  but  with  a  connection  means  62,  an  ex- 
ample  type  of  which  is  a  coaxial  connector,  added 
and  the  input  line  termination  normally  connected 
at  the  point  of  connection  means  62  deleted,  and 

5  amplifier  60  being  otherwise  unmodified.  Amplifier 
64  is  a  distributed  amplifier  but  with  a  connection 
means  66  added  and  the  output  line  reverse  ter- 
mination  normally  connected  at  the  point  of  con- 
nection  means  66  deleted,  and  amplifier  64  being 

io  otherwise  unmodified. 
Output  signal  inverting  transformer  38  is  inter- 

connected  between  the  output  terminal  68  of  am- 
plifier  60  and  connection  means  66  of  amplifier  64. 
The  combined  assemblage  comprised  of  the  output 

is  line  70,  signal  inverting  transformer  38  and  output 
line  72  form  a  composite  output  line  substantially 
similar  to,  with  reference  to  Figure  1,  that  formed 
by  output  line  segment  34,  signal  inverting  trans- 
former  38  and  output  line  segment  36  previously 

20  described  herein  above.  A  composite  line  as  re- 
ferenced  herein  is  understood  to  be  a  substantially 
complete  lumped-element  transmission  line  com- 
prised  of  two  are  more  individual  lumped-element 
transmission  lines,  with  one  or  more  terminating 

25  means  deleted,  connected  together  so  as  to  form 
one  continuous,  substantially  complete  lumped-ele- 
ment  transmission  line. 

With  reference  to  Figure  3,  input  line  signal 
inverting  transformer  32  is  interconnected  between 

30  input  terminal  74  of  amplifier  64  and  connection 
means  62  of  amplifier  60.  The  combined  assem- 
blage  comprised  of  input  line  76,  signal  inverting 
transformer  32  and  input  line  78  form  a  composite 
input  line  substantially  similar  to,  with  reference  to 

35  Figure  1,  that  formed  by  input  line  segment  28, 
signal  inverting  transformer  32  and  input  line  seg- 
ment  30  previously  described  herein  above. 

The  electrical  configuration  of  the  amplifier 
shown  in  the  embodiment  of  Figure  3  is  therefore 

40  substantially  similar  to  the  embodiment  shown  in 
Figure  1  although  the  physical  configurations  differ. 
The  electrical  configurations  being  similar,  the  op- 
eration  of  the  amplifier  of  embodiment  of  Figure  3 
is  identical  to  that  previously  described  herein 

45  above  for  the  embodiment  of  Figure  1  . 
For  simplicity,  the  embodiment  of  Figure  3  is 

shown  with  only  two  independent  distributed  am- 
plifiers.  Alternately,  more  than  two  independent  dis- 
tributed  amplifiers  may  be  incorporated  and  with 

50  one  or  more  signal  inverting  transformers  32  and 
one  or  more  signal  inverting  transformers  38  in- 
cluded. 

It  further  follows  that  multiple  distributed  am- 
plifiers  may  be  incorporated  with  independent  input 

55  signals.  Figure  4  of  the  included  drawings  shows  a 
configuration  according  to  the  invention  comprising 
two  independent  distributed  amplifiers  60  and  64 
and  with  independent  inputs.  The  electrical  perfor- 

9 
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mance  of  the  configuration  shown  in  Figure  4  is 
identical  to  that  previously  discussed  herein  above 
with  reference  to  Figure  2. 

The  embodiment  of  Figure  4  utilizes  signal 
inverting  transformer  32  and  signal  delays  54  and 
58  as  integral  elements  of  the  amplifier  system. 
Alternately,  the  multiple  input  signals  and  neces- 
sary  relative  signal  inversion  and  signal  delay  re- 
quired  with  multiple  inputs  may  be  provided  by 
various  other  means  as  referenced  herein  above. 

Since  the  present  invention  allows  the  use  of 
several  individual  distributed  amplifiers,  various  dif- 
ferent  interconnections  of  the  individual  distributed 
amplifiers  may  be  made  to  optimize  performance 
in  applications  that  will  become  apparent  by  prac- 
tice  of  the  invention.  One  such  application  is  selec- 
tive  distortion  as  referenced  herein  above.  Figure  5 
of  the  included  drawings  shows  a  distributed  am- 
plifier  system  according  to  the  present  invention 
comprised  of  several  individual  distributed  amplifi- 
ers  with  independent  input  lines  for  each  individual 
distributed  amplifier.  Distributed  amplifier  80  is  a 
substantially  standard  distributed  amplifier  as  re- 
ferenced  herein  above.  Amplifiers  64  are  distrib- 
uted  amplifiers  but  with  connection  means  66  ad- 
ded  and  the  output  reverse  termination  normally 
connected  at  the  point  of  connection  means  66 
deleted  and  distributed  amplifiers  64  being  other- 
wise  unmodified  as  referenced  herein  above.  The 
output  lines  of  the  individual  distributed  amplifiers 
64  and  80  are  interconnected  so  as  to  form  a 
single  composite  output  line  as  referenced  herein 
above.  Output  signal  inverting  transformer  38  is 
interconnected  in  the  composite  output  line  be- 
tween  two  adjacent  individual  distributed  amplifiers 
64  and  80.  For  simplicity,  Figure  5  is  shown  with 
only  one  signal  inverting  transformer  38,  but  al- 
ternately  more  than  one  signal  inverting  transform- 
er  38  may  be  interconnected  between  additional 
adjacent  distributed  amplifiers  64  and  80.  When  a 
single  inverting  transformer  38  is  used,  it  may  be 
placed  between  any  pair  of  adjacent  individual  dis- 
tributed  amplifiers  64  and  80.  Input  signal  inverting 
transformers  32  and  signal  delays  54  and  58  are 
included  in  the  embodiment  of  Figure  5  to  provide 
the  required  input  signal  inversion  and  delay  re- 
quired  for  proper  operation  of  the  amplifier  system. 
The  multiple  input  signals  may  be  supplied  from  a 
single  source  by  connecting  all  of  the  individual 
inputs  together  in  parallel  as  previously  referenced 
herein.  Alternately,  the  required  input  signal  inver- 
sion  and  delay  may  be  provided  by  other  means, 
such  as  a  preamplifier  with  suitable  multiple  out- 
puts,  with  signal  inverting  transformers  32  and  sig- 
nal  delays  54  and  58  deleted  as  referenced  herein 
above.  The  operation  of  the  embodiment  of  Figure 
5  is  substantially  similar  to  that  of  Figure  4  and 
previously  referenced  herein. 

Further,  when  the  present  invention  is  config- 
ured  with  multiple  individual  distributed  amplifiers, 
the  input  lines  may  be  interconnected  to  form  one 
or  more  composite  input  lines.  An  embodiment  of 

5  the  present  invention  comprising  several  individual 
distributed  amplifiers  and  two  composite  input  lines 
is  shown  in  Figure  6.  With  reference  to  Figure  6, 
distributed  amplifier  60  is  a  distributed  amplifier  but 
modified  by  the  addition  of  connection  means  62 

io  and  deletion  of  input  line  termination  as  previously 
referenced  herein.  Distributed  amplifiers  64  are  dis- 
tributed  amplifiers  but  modified  by  the  addition  of 
connection  means  66  and  deletion  of  output  line 
reverse  terminations  as  previously  referenced  here- 

15  in.  Distributed  amplifier  82  is  a  distributed  amplifier 
but  with  connection  means  62  added  and  the  input 
line  termination  normally  connected  at  the  point  of 
connection  of  connection  means  62  deleted,  and 
connection  means  66  added  and  output  line  re- 

20  verse  termination  normally  connected  at  the  point 
of  connection  of  connection  means  66  also  deleted. 
The  output  lines  of  the  individual  distributed  am- 
plifiers  60,  64,  and  82  are  interconnected  to  form  a 
single  composite  output  line  as  referenced  herein 

25  above.  The  input  lines  of  the  individual  distributed 
amplifiers  are  interconnected  to  form  two  compos- 
ite  input  lines  84  and  86.  Input  signal  inverting 
transformer  32  and  delays  54  and  58  are  included 
in  the  embodiment  of  Figure  6  to  provide  the 

30  required  input  signal  inversion  and  delay  required 
for  proper  operation  of  the  amplifier  system  as 
previously  referenced  herein.  Alternately,  any  of 
the  means  previously  referenced  herein  of  provid- 
ing  multiple  input  signals  may  also  be  used.  The 

35  operation  of  the  embodiment  of  Figure  6  is  sub- 
stantially  similar  to  that  of  Figure  4  and  previously 
referenced  herein.  For  simplicity,  a  single  output 
signal  inverting  transformer  38  is  shown  in  the 
embodiment  of  Figure  6.  When  a  single  inverting 

40  transformer  38  is  used,  it  may  be  placed  between 
any  pair  of  adjacent  individual  distributed  amplifiers 
60,  64,  and  82.  Alternately,  more  than  one  signal 
inverting  transformer  38  may  be  interconnected 
between  additional  adjacent  distributed  amplifiers 

45  60,  64,  and  82. 
Further,  when  the  present  invention  is  config- 

ured  with  multiple  individual  distributed  amplifiers, 
the  individual  amplifiers  may  be  interconnected  in  a 
cross-coupled  manner.  An  embodiment  of  the 

50  present  invention  comprising  several  individual  dis- 
tributed  amplifiers  and  further  comprising  a  cross- 
coupled  input  connection  is  shown  in  Figure  7. 
With  reference  to  Figure  7,  individual  distributed 
amplifiers  60,  64  and  82  are  substantially  standard 

55  distributed  amplifiers  but  modified  as  referenced 
herein  above.  The  output  lines  of  the  individual 
distributed  amplifiers  are  interconnected  so  as  to 
form  a  single  composite  output  line  as  previously 
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referenced  herein.  The  input  lines  of  the  individual 
distributed  amplifiers  are  interconnected  so  as  to 
form  two  independent  composite  input  lines  88  and 
90.  Each  composite  input  line  88  and  90  intercon- 
nects  several  individual  distributed  amplifiers  on 
one  side  of  inverting  transformer  38  and  at  least 
one  individual  distributed  amplifier  on  the  other 
side  of  inverting  transformer  38.  As  previously  re- 
ferenced  herein,  such  cross-coupling  provides  a 
means  of  accurate  control  of  the  distortion  char- 
acteristics  of  the  amplifier  system  of  the  present 
invention  in  applications  that  will  become  apparent 
by  practice  of  the  invention.  When  a  single  signal 
inverting  transformer  38  is  incorporated,  it  may  be 
placed  interconnected  between  any  pair  of  adjacent 
individual  distributed  amplifiers  60,  64,  and  82. 
Further,  more  than  one  signal  inverting  transformer 
38  may  be  included,  and  similarly  more  than  two 
independent  composite  input  lines  may  be  used. 
The  required  multiple  input  signals  required  may 
be  provided  by  various  means  as  previously  re- 
ferenced  herein.  The  operation  of  the  embodiment 
of  Figure  7  is  substantially  similar  to  that  of  Figure 
4  connected  with  cross-coupling  as  referenced 
herein  above. 

It  will  be  apparent  to  those  skilled  in  the  art  that 
modifications  and  variations  can  be  made  to  the 
push-pull  amplifier  of  the  invention.  The  invention 
in  its  broader  aspects  is  therefore  not  limited  to  the 
specific  details,  representative  methods  and  ap- 
paratus  and  illustrative  examples  shown  and  de- 
scribed  herein  above.  Thus,  it  is  intended  that  all 
manner  contained  in  the  foregoing  description  or 
shown  in  the  accompanying  drawings  shall  be  in- 
terpreted  as  illustrative  and  not  in  a  limiting  sense, 
and  the  invention  is  intended  to  encompass  all 
such  modifications  and  variations  as  fall  within  the 
scope  of  the  appended  claims. 

Claims 

1.  A  distributed  amplifier  system  comprising: 
a.  at  least  one  input  line  (24), 
b.  an  output  line  (26), 
c.  at  least  two  amplifying  means  (16,  18), 
d.  output  signal  inverting  means  (38),  and 
e.  means  for  applying  input  signals  to  said 
amplifying  means, 

wherein  at  least  one  of  the  amplifying  means  is 
connected  between  each  input  line  and  the 
output  line,  the  outputs  of  all  the  amplifying 
means  being  connected  to  the  output  line  (26), 
the  output  signal  inverting  means(38)  is  con- 
nected  in  the  output  line  between  at  least  one 
pair  of  amplifying  means,  and 
the  input  signal  applying  means  comprises 
means  for  applying  an  input  signal  to  one  of 
said  pair  of  amplifying  means  and  the  inver- 

sion  of  said  input  signal  to  the  other  one  of 
said  pair  of  amplifying  means, 
thereby  achieving  a  push-pull  operation  without 
the  loading  losses  of  conventional  push-pull 

5  combinations. 

2.  A  distributed  amplifier  system  as  recited  in 
claim  1 
wherein  the  input  signal  applying  means  com- 

io  prises  inverting  means  (32)  interconnected  in 
an  input  line  (24)  between  at  least  one  pair  of 
said  amplifying  means. 

3.  A  distributed  amplifier  system  as  recited  in 
is  claim  1 

wherein  the  input  signal  applying  means  com- 
prises  inverting  means  connected  to  one  input 
line  in  each  pair  of  input  lines. 

20  4.  A  distributed  amplifier  system  as  recited  in 
claim  1, 
wherein  the  input  signal  applying  means  com- 
prises  inverting  means  and  signal  delay  means 
in  at  least  one  of  the  input  lines. 

25 
5.  A  distributed  amplifier  system  as  recited  in 

claim  1 
wherein  the  output  signal  inverting  means  and 
the  input  signal  applying  means  each  comprise 

30  a  signal  inverting  transformer. 

6.  A  distributed  amplifier  system  as  recited  in 
claim  1, 
wherein  the  input  signal  applying  means  com- 

35  prises  a  preamplifier  with  multiple  signal  out- 
puts  of  the  required  phase  and  signal  inver- 
sion. 

7.  A  distributed  amplifier  system  as  recited  in 
40  claim  1, 

wherein  the  input  signal  applying  means  com- 
prises  a  signal  divider  having  a  plurality  of 
signal  inverting  transformers  to  produce  the 
required  number  of  input  signals  from  a  single 

45  signal. 

8.  A  distributed  amplifier  system  as  recited  in 
claim  1, 
wherein  said  amplifying  means  are  of  even 

50  number  and  each  one  of  a  pair  of  said  input 
lines  is  connected  to  one-half  of  said  even 
number  of  amplifying  means,  and  wherein  said 
output  signal  inverting  means  is  connected  in 
said  output  line  such  that  there  is  an  equal 

55  number  of  said  amplifying  means  on  either 
side  of  said  output  signal  inverting  means. 
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Patentanspruche 

1.  Kettenverstarkersystem,  das  umfaBt: 
a)  wenigstens  eine  Eingangsleitung  (24), 
b)  eine  Ausgangsleitung  (26), 
c)  wenigstens  zwei  Verstarkungseinrichtun- 
gen  (16,  18), 
d)  eine  Ausgangssignal-lnvertiereinrichtung 
(38),  und 
e)  eine  Einrichtung  zum  Anlegen  von  Ein- 
gangssignalen  an  die  Verstarkungseinrich- 
tungen, 

wobei  wenigstens  eine  der  Verstarkungsein- 
richtungen  zwischen  jede  Eingangsleitung  und 
die  Ausgangsleitung  geschaltet  ist,  wobei  die 
Ausgange  aller  Verstarkungseinrichtungen  mit 
der  Ausgangsleitung  (26)  verbunden  sind,  wo- 
bei  die  Ausgangssignal-lnvertiereinrichtung 
(38)  in  der  Ausgangsleitung  zwischen  wenig- 
stens  ein  Paar  Verstarkungseinrichtungen  ge- 
schaltet  ist,  und 
die  Eingangssignal-Anlegeeinrichtung  eine  Ein- 
richtung  zum  Anlegen  eines  Eingangssignals 
an  eine  des  Paars  von  Verstarkungseinrichtun- 
gen  und  der  Inversion  des  Eingangssignals  an 
die  andere  des  Paars  von  Verstarkungseinrich- 
tungen  umfaBt, 
wodurch  ein  Gegentaktbetrieb  ohne  die  Last- 
verluste  herkommlicher  Gegentaktkombinatio- 
nen  erreicht  wird. 

2.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Eingangssignal-Anlegeeinrichtungeine 
Invertiereinrichtung  (32)  umfaBt,  die  in  einer 
Eingangsleitung  (24)  zwischen  wenigstens  ein 
Paar  der  Verstarkungseinrichtungen  geschaltet 
ist. 

3.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Eingangssignal-Anlegeeinrichtungeine 
Invertiereinrichtung  umfaBt,  die  mit  einer  Ein- 
gangsleitung  in  jedem  Paar  von  Eingangslei- 
tungen  verbunden  ist. 

4.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Eingangssignal-Anlegeeinrichtungeine 
Invertiereinrichtung  und  eine  Signalverzoge- 
rungseinrichtung  in  wenigstens  einer  der  Ein- 
gangsleitungen  umfaBt. 

5.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Ausgangssignal-lnvertiereinrichtung  und 
die  Eingangssignal-Anlegeeinrichtung  jeweils 
einen  Signalinvertiertransformator  umfassen. 

6.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Eingangssignal-Anlegeeinrichtungeinen 
Vorverstarker  mit  mehreren  Signalausgangen 
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der  erforderlichen  Phase  und  Signalinversion 
umfaBt. 

7.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Eingangssignal-Anlegeeinrichtungeinen 
Signalteiler  mit  einer  Vielzahl  von  Signalinver- 
tiertransformatoren  umfaBt,  der  die  erforderli- 
che  Anzahl  von  Eingangssignalen  aus  einem 
einzelnen  Signal  erzeugt. 

8.  Kettenverstarkersystem  nach  Anspruch  1,  wo- 
bei  die  Verstarkungseinrichtungen  geradzahlig 
sind  und  jede  eines  Paares  der  Eingangsleitun- 
gen  mit  einer  Halfte  der  geraden  Anzahl  von 

is  Verstarkungseinrichtungen  verbunden  ist,  und 
wobei  die  Ausgangssignal-lnvertiereinrichtung 
in  der  Ausgangsleitung  so  geschaltet  ist,  dal3 
eine  gleiche  Anzahl  der  Verstarkungseinrich- 
tungen  auf  beiden  Seiten  der  Ausgangssignal- 

20  Invertiereinrichtung  vorhanden  ist. 

Revendicatlons 

1.  Systeme  amplificateur  reparti  comprenant  : 
25  a.  au  moins  une  ligne  d'entree  (24)  ; 

b.  une  ligne  de  sortie  (26)  ; 
c.  au  moins  deux  moyens  amplificateurs 
(16,  18)  ; 
d.  un  moyen  inverseur  de  signaux  de  sortie 

30  (38)  ;  et, 
e.  un  moyen  pour  appliquer  des  signaux 
d'entree  auxdits  moyens  amplificateurs, 

dans  lequel  au  moins  un  des  moyens  amplifi- 
cateurs  est  connecte  entre  chaque  ligne  d'en- 

35  tree  et  la  ligne  de  sortie,  les  sorties  de  tous  les 
moyens  amplificateurs  etant  connectees  a  la 
ligne  de  sortie  (26),  le  moyen  inverseur  de 
signaux  de  sortie  (38)  est  connecte  a  la  ligne 
de  sortie  entre  au  moins  deux  moyens  amplifi- 

40  cateurs,  et 
le  moyen  d'application  de  signaux  d'entree 
comprend  un  moyen  pour  appliquer  un  signal 
d'entree  a  un  de  ladite  paire  de  moyens  ampli- 
ficateurs  et  I'inversion  dudit  signal  d'entree  a 

45  I'autre  de  ladite  paire  de  moyens  amplifica- 
teurs, 
pour  executer  par  ces  moyens  une  operation 
symetrique  sans  les  pertes  de  charge  des 
combinaisons  symetriques  classiques. 

50 
2.  Systeme  amplificateur  reparti  selon  la  revendi- 

cation  1  ,  dans  lequel  le  moyen  d'application  de 
signaux  d'entree  comprend  un  moyen  inver- 
seur  (32)  interconnecte  sur  une  ligne  d'entree 

55  (24)  entre  au  moins  deux  desdits  moyens  am- 
plificateurs. 

12 
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3.  Systeme  amplificateur  reparti  selon  la  revendi- 
cation  1  ,  dans  lequel  le  moyen  d'application  de 
signaux  d'entree  comprend  un  moyen  inver- 
seur  connecte  a  une  ligne  d'entree  de  chaque 
paire  de  lignes  d'entree.  5 

4.  Systeme  amplificateur  reparti  selon  la  revendi- 
cation  1  ,  dans  lequel  le  moyen  d'application  de 
signaux  d'entree  comprend  un  moyen  inver- 
seur  et  un  moyen  a  retard  de  signal  sur  au  10 
moins  une  des  lignes  d'entree. 

5.  Systeme  amplificateur  reparti  selon  la  revendi- 
cation  1,  dans  lequel  le  moyen  inverseur  de 
signaux  de  sortie  et  le  moyen  d'application  de  is 
signaux  d'entree  comprennent  chacun  un 
transformateur  inverseur  de  signaux. 

6.  Systeme  amplificateur  reparti  selon  la  revendi- 
cation  1  ,  dans  lequel  le  moyen  d'application  de  20 
signaux  d'entree  comprend  un  preamplificateur 
comportant  plusieurs  sorties  de  signaux  de 
phase  et  d'inversion  de  signal  voulues. 

7.  Systeme  amplificateur  reparti  selon  la  revendi-  25 
cation  1  ,  dans  lequel  le  moyen  d'application  de 
signaux  d'entree  comprend  un  diviseur  de  si- 
gnaux  comportant  une  pluralite  de  transforma- 
teurs  inverseurs  de  signaux  pour  produire  le 
nombre  voulu  de  signaux  d'entree  a  partir  d'un  30 
seul  signal. 

8.  Systeme  amplificateur  reparti  selon  la  revendi- 
cation  1  ,  dans  lequel  lesdits  moyens  amplifica- 
teurs  sont  en  nombre  pair  et  chacune  d'une  35 
paire  desdites  lignes  d'entree  est  connectee  a 
une  moitie  dudit  nombre  paire  de  moyens  am- 
plificateurs,  et  dans  lequel  ledit  moyen  inver- 
seur  de  signaux  de  sortie  est  connecte  sur 
ladite  ligne  de  sortie  de  telle  sorte  qu'il  y  a  un  40 
nombre  egal  desdits  moyens  amplificateurs  de 
chaque  cote  dudit  moyen  inverseur  de  signaux 
de  sortie. 
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