
J  
E u r o p a , s c h e s P _   MM  II  II  II  MM  II  II  II  IMM  II  I  II 
European  Patent  Office  _  _  _  
_„.  ©  Publication  number:  0  3 5 5   6 7 0   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  27.07.94  ©  Int.  CI.5:  H03F  3/193,  H03F  1/26 

©  Application  number:  89115048.4 

@  Date  of  filing:  16.08.89 

©  Low  noise  microwave  amplifier  having  optimal  stability,  gain,  and  noise  control. 

00 

CO 
m  
m  

©  Priority:  16.08.88  US  232728 

@  Date  of  publication  of  application: 
28.02.90  Bulletin  90/09 

©  Publication  of  the  grant  of  the  patent: 
27.07.94  Bulletin  94/30 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

©  References  cited: 

ELECTRONIC  ENGINEERING,  vol.  59,  no.  726, 
June  1987,  page  78,  Woolwich,  London,  GB; 
"MMIC's  adopted  for  microwave  amplifiers" 

1983  IEEE  MTT-S  INTERNATIONAL  MICRO- 
WAVE  SYMPOSIUM  DIGEST,  Boston,  MA, 
31st  May  -  3rd  June  1983,  pages  44-45,  IEEE, 
New  York,  US;  P.N.  RIGBY  et  al.:  "Broadband 
monolithic  low-noise  feedback  amplifiers" 

THE  TRANSACTIONS  OF  THE  IECE  OF  JA- 
PAN,  SECT.  E,  vol.  E-68,  no.  2,  February  1985, 
pages  98-101,  Tokyo,  JP;  M.  NISHIUMA  et  al.: 
"A  GaAs  monolithic  low-noise  negative  feed- 
back  amplifier  using  a  dual-gate  MESFET" 

MICROWAVE  JOURNAL,  vol.  28,  no.  10,  Octo- 
ber  1985,  pages 
155,156,158,160,162,164,166,168,  Dedham,  MA, 
US;  A.A.  SWEET:  "A  parametric  study  of  the 
behavior  of  1  micron  GaAs  FET  amplifiers" 

CONFERENCE  PROCEEDINGS  OF  THE  14TH 
EUROPEAN  MICROWAVE  CONFERENCE, 
Liege,  10th-13th  September  1984,  pages 
488-493;  C.E.  WEITZEL  et  al.:  "Monolithic 
GaAs  wideband  low  noise  RLC  feedback  am- 
plifiers" 

©  Proprietor:  Hughes  Aircraft  Company 
7200  Hughes  Terrace 
P.O.  Box  45066 
Los  Angeles,  California  90045-0066(US) 

@  Inventor:  Wong,  Joseph  S. 
1664  Glenwood  Avenue 
Upland  California  91786(US) 

©  Representative:  Witte,  Alexander,  Dr. 
Witte,  Weller,  Gahlert  &  Otten 
Patentanwalte 
Augustenstrasse  14 
D-70178  Stuttgart  (DE) 

Ing. 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0  355  670  B1 

Description 

1  .  Field  of  the  Invention 

5  The  subject  invention  relates  to  electronic  amplifiers,  and  more  particularly,  to  a  low  noise  gallium 
arsenide  (GaAs)  field  effect  transistor  microwave  amplifier. 

2.  Description  of  the  Prior  Art 

io  As  presently  known,  GaAs  metal  semiconductor  field  effect  transistors  (MESFETS)  provide  the  lowest 
noise  figure  and  are  the  best  devices  for  low  noise  microwave  amplifier  applications.  In  such  applications,  a 
noise  figure  of  2.0  dB  or  less  may  be  specified  for  particular  frequencies.  A  drawback  of  present  GaAs 
MESFET  devices  is  that  they  are  extremely  reflective,  i.e.,  have  a  very  high  reflection  coefficient,  and  hence 
are  very  unstable,  i.e.,  readily  oscillate.  In  the  design  of  a  low  noise  amplifier,  it  is  desirable  to  stabilize  the 

75  GaAs  MESFET,  while  retaining  its  intrinsic  low  noise  characteristic. 
As  is  well-known,  amplifier  stability  is  governed  by  a  stability  factor  K.  For  an  amplifier  to  be 

unconditionally  stable  its  stability  factor  K  must  be  kept  higher  than  1  in  a  wide  frequency  range.  Currently, 
the  stabilizing  networks  employed  in  the  prior  art  do  not  provide  both  low  noise  operation  and  unconditional 
stability  at  the  same  time. 

20  The  prior  art  approaches  have  employed  both  resistive  parallel  feedback  and  resistive-capacitive 
parallel  feedback  stabilizing  networks  in  GaAs  amplifier  circuits.  The  resistive-capacitive  parallel  feedback 
preserves  the  low  noise  characteristic  of  the  device,  but  results  in  poor  stability.  Resistive-parallel  feedback 
provides  some  stability,  but  the  noise  figure  is  an  order  of  magnitude  higher  than  resistive-capacitive 
parallel  feedback. 

25  An  example  of  a  prior  art  circuit  having  an  RLC  feedback  means  connected  between  the  gate  and  the 
drain  of  a  GaAs-FET  is  disclosed  in  Figure  1  of  the  Article  of  C.E.  Weitzel  et  al.,  "Monolithic  GaAs 
wideband  low  noise  RLC  Feedback  amplifiers"  published  in  the  Conference  proceedings  of  the  14th 
European  Microwave  Conference,  September  1984,  page  488-493. 

30  SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  invention  to  improve  microwave  amplifiers; 
It  is  another  object  of  the  invention  to  improve  microwave  amplifiers  employing  GaAs  field  effect 

transistors;  and 
35  It  is  another  object  of  the  invention  to  provide  a  GaAs  MESFET  amplifier  design  which  exhibits  both  a 

very  low  noise  figure,  e.g.,  less  than  2.0  dB,  and  stability  over  a  very  wide  range  of  microwave  frequencies. 
These  and  other  objects  and  advantages  are  achieved  according  to  the  invention  by  the  features  of 

Claim  1.  A  parallel  feedback  network  is  provided  for  a  GaAs  field  effect  transistor  amplifier  including  a 
resistor-capacitor-resistor  (R-C-R)  series  arrangement.  The  use  of  separate  resistors  itself  in  the  R-C-R 

40  series  arrangement  contributes  to  improved  circuit  performance.  To  further  optimize  performance,  the  R-C- 
R  series  circuit  is  used  in  conjunction  with  a  filtering  means  for  attenuating  noise  generated  by  the  resistors. 
Preferably,  the  filtering  means  is  implemented  by  disposing  the  R-C-R  series  arrangement  between  a  set  of 
filtering  circuits,  which  are  disposed  at  opposite  ends  of  the  feedback  loop.  The  invention  provides  the 
ability  to  simultaneously  and  optimally  control  stability,  gain  and  noise,  parameters  which  frequently  interact 

45  and  have  proven  difficult  to  control  in  low  noise  microwave  amplifier  design. 
It  has  been  found  that,  by  employing  an  R-C-R  series  circuit  with  suitable  filtering  means,  the  amplifier 

stability  factor  can  be  kept  higher  than  1  over  a  multioctave  frequency  range  without  destroying  the  intrinsic 
low  noise  characteristic  or  gain  of  the  GaAs  device.  It  is  possible,  for  example,  to  achieve  a  stability  factor 
of  higher  than  1  over  a  range  of  frequencies  from  1  to  18  gigahertz  (GHz)  using  an  R-C-R  arrangement  with 

50  a  filter  means  as  hereafter  disclosed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  preferred  embodiment  of  the  just-summarized  invention  will  now  be  described  in  detail  in 
55  conjunction  with  the  drawings  of  which: 

FIG.  1  is  a  circuit  schematic  diagram  of  the  preferred  embodiment  of  the  invention; 
FIG.  2  is  a  microstrip  layout  of  the  preferred  embodiment; 
FIG.  3  is  a  microstrip  cross-sectional  view  of  the  R-C-R  feedback  arrangement  of  FIG.  2; 
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FIG.  4  is  a  circuit  diagram  of  the  transistor  DC  bias  circuit;  and 
FIG.  5  is  a  circuit  block  diagram  showing  amplifiers  according  to  the  preferred  embodiment  in  a 
microwave  circuit  employing  hybrid  couplers. 

FIG.  1  illustrates  a  low  noise  amplifier  employing  a  GaAs  MESFET  11  and  R-C-R  parallel  feedback  in 
5  accordance  with  the  preferred  embodiment  of  the  invention.  The  amplifier  includes  input  and  output  RF 

matching  circuits  13,  15,  the  GaAs  MESFET  11,  and  the  parallel  feedback  loop  17.  The  MESFET  11  has 
terminals  comprising  a  gate  G,  a  drain  D  and  a  source  S,  the  source  S  being  shown  connected  to  RF 
ground  through  bond  wires  27.  The  MESFET  11  may  be  an  NE  71000  as  manufactured  by  NEC 
Corporation. 

io  The  input  RF  matching  circuit  13  includes  a  transmission  line  (TRL)  element  ZG  and  a  TRL  element  Z5. 
The  TRL  element  ZG  is  connected  at  one  terminal  through  bond  wires  23  to  the  gate  G  of  the  MESFET  11. 
A  second  terminal  of  the  TRL  element  ZG  provides  the  input  19  to  the  amplifier  and  is  also  connected  to  a 
first  terminal  of  the  TRL  element  Z5,  the  other  terminal  of  which  is  connected  to  DC  ground. 

The  output  RF  matching  circuit  15  includes  a  TRL  element  Z7  connected  by  bonding  wires  25  to  the 
is  drain  D  of  the  MESFET  11.  The  second  terminal  of  the  TRL  element  Z7  provides  the  output  21  of  the 

amplifier.  The  TRL  element  Z8  is  connected  at  a  first  terminal  to  the  output  terminal  21  and  is  connected  to 
RF  ground  at  its  second  terminal. 

The  RF  matching  circuits  13,  15  are  standard  matching  circuits  with  their  values  chosen  to  match  the 
input  and  output  impedances  of  the  MESFET  11,  respectively.  While  the  circuits  13,  15  shown  are  "L"  type 

20  matching  circuits,  other  configurations  could  be  used,  such  as  "T"  or  'V  matching  circuits. 
The  parallel  feedback  loop  17  includes  two  filtering  networks  18,  20,  each  of  which  includes  a  pair  of 

transmission  line  elements.  The  first  filtering  network  18  comprises  TRL  elements  Zi  and  Z2,  while  the 
second  filtering  network  20  comprises  third  and  fourth  TRL  elements  Z3,  Z+. 

As  shown,  one  terminal  of  the  TRL  element  Z2  is  connected  to  a  first  resistor  Ri  ,  and  one  terminal  of 
25  the  TRL  element  Z3  is  connected  to  a  second  resistor  R2.  A  capacitor  C  is  connected  serially  between  the 

first  and  second  resistors  Ri  ,  R2  to  complete  the  parallel  feedback  network  17.  Thus,  the  parallel  feedback 
network  17  includes  the  first  filtering  network  18  in  series  with  an  R-C-R  series  circuit,  in  turn  connected  in 
series  with  the  second  filtering  network  20. 

The  resistor-capacitor-resistor  (Ri-C-R2)  circuitry  in  between  the  filters  18,  20  provides  amplifier 
30  stabilization  and  gain  adjustment.  The  two  resistors  Ri  ,  R2  arranged  in  the  R-C-R  configuration  aid  each 

other  in  keeping  the  amplifier  stability  factor  K  from  falling  below  1  across  a  multioctave  frequency  range  as 
wide  as  1  to  18  GHz.  Computer  simulations  show  that  removing  either  one  of  the  two  resistors  Ri  ,  R2  from 
the  circuit  of  FIG.  1  will  immediately  lower  the  stability  factor  K. 

The  resistors  Ri  ,  R2  generate  thermal  noise  which,  if  uncompensated,  would  detract  from  noise 
35  performance.  Accordingly,  the  filtering  networks  18,  20  are  used  to  attenuate  the  noise  generated  in  the 

feedback  loop  17  to  minimize  the  noise  added  into  the  device  noise  figure  of  the  transistor  11.  The  filters 
18,  20  themselves  are  standard  microwave  quarter-wave  transmission  line  section  filters.  Two  transmission 
line  sections  in  each  filter  18,  20  have  been  found  to  provide  sufficient  noise  rejection  in  the  preferred 
embodiment. 

40  Computer  optimization  of  the  circuit  of  FIG.  1  may  be  employed  to  optimize  the  amplifier  for  desired 
stability,  gain  and  noise  figure  simultaneously.  Optimization  may  be  achieved  by  selecting  initial  component 
values  for  each  element  Zi  ,  Z2,  Z3,  Z+,  Ri  ,  R2,  C  of  the  feedback  loop  17,  placing  limits  on  the  variation  in 
values  of  those  elements,  and  causing  a  computer  to  vary  the  values  within  the  limits  set  to  select  an 
optimum  combination.  The  Touchstone  (TM)  software  available  from  EESOF,  Westlake  Village,  California 

45  may  be  used  for  this  purpose,  such  use  being  within  the  skill  of  those  of  ordinary  skill  in  the  art.  Defining 
the  limits  of  a  resistance  value  and  a  capacitance  value  for  gain  adjustment  and  stabilization  of  a  GaAs 
microwave  amplifier  is  also  within  the  skill  of  those  ordinarily  skilled  in  the  art.  According  to  the  invention,  it 
has  been  found  that  splitting  the  resistance  value  into  two  physically  discrete  resistors  Ri  ,  R2  in  R-C-R 
fashion  contributes  to  improved  stability. 

50  As  mentioned,  the  TRL  elements  Zi  ,  Z2,  Z3  and  Z+  are  initially  selected  as  one-quarter  wavelength 
transmission  line  sections,  the  wavelength  being  determined,  as  known  in  the  art,  by  a  selected  center 
frequency  of  operation.  It  is  found  through  optimization  that  better  performance  is  achieved  in  the  design 
described  in  connection  with  FIG.  2  when  the  TRL  elements  Zi  ,  Z2,  Z3  and  Z+  are  slightly  unequal  to  one- 
quarter  wavelength.  Accordingly,  in  the  embodiment  of  FIG.  2,  the  impedance  of  the  TRL  element  Zi  is 

55  selected  by  optimization  to  be  higher  than  the  TRL  element  Z2,  and  at  the  same  time  the  transmission  line 
elements  Zi  and  Z2,  after  optimization,  are  each  chosen  to  be  unequal  to  one-quarter  wavelength.  Similarly, 
in  the  second  filtering  network  20  of  FIG.  2,  the  TRL  element  Z+  is  selected  by  optimization  to  be  a  lower 
impedance  than  the  TRL  element  Z3,  and  the  TRL  elements  Z3,  Z+  after  optimization  are  selected  to  be 

3 
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unequal  to  one-quarter  wavelength.  In  other  applications,  for  example,  using  a  different  transistor,  optimiz- 
ation  may  dictate  different  relationships  between  the  length  and  the  impedance  values  of  the  TRL  element 
pairs  Zi  ,  Z2  and  Z3,  Z+. 

FIG.  2  illustrates  a  thin  film  microwave  distributed  integrated  circuit  layout  of  a  GaAs  MESFET  amplifier 
5  constructed  according  to  the  preferred  embodiment  to  provide  a  noise  figure  of  2.0  or  less  in  the  S-band 

frequency  range.  As  is  known  in  the  art,  such  circuits  typically  are  fabricated  of  gold  or  another  suitable 
conductor  deposited  on  an  alumina  substrate.  In  the  embodiment  of  FIG.  2,  the  resistor  Ri  has  the  value  of 
1  ,000  ohms,  the  capacitor  C  has  the  value  of  33  picofarads,  and  the  resistor  R2  has  the  value  of  300  ohms. 
Removal  of  either  resistor  Ri  or  R2  from  the  circuit  will  result  in  the  stability  factor  falling  below  1  at  some 

io  frequencies  in  the  1  to  18-GHz  range. 
The  transmission  line  elements  Zi-Z8  are  preferably  fabricated  of  gold  deposited  on  .025-inch  (.0635 

cm)  thick  alumina.  By  appropriately  transforming  the  impedances  into  microstrip  lines,  the  lengths  and 
widths  of  the  filter  TRL  elements  Zi  ,  Z2,  Z3  and  Z+  and  the  remaining  TRL  elements  Z5-Z8  may  be 
determined.  The  following  table  shows  the  respective  length  and  width  of  each  of  the  transmission  line 

is  elements  Zi-Z8  for  a  microstrip  circuit  (FIG.  2)  constructed  on  a  .025-inch  (.0635  cm)  thick  alumina 
(dielectric  constant  er  =  9.8)  substrate  and  operating  at  the  center  frequency  of  2  GHz  (wavelength  X  = 
2.312  inches): 

Symbol  Value  (ohms)  Line  Length  (inches)  Line  Width  (inches) 

Zi  89  .522  (1  .326  cm)  .005  (.0127  cm) 
Z2  28  .370  (.940  cm)  .064  (.163  cm) 
Z3  89  .140  (.356  cm)  .005  (.0127  cm) 
Z+  57  .836  (2.123  cm)  .018  (.0457  cm) 
Z5  89  .328  (.833  cm)  .005  (.0127  cm) 
ZG  89  .236  (.599  cm)  .005  (.0127  cm) 
Z7  89  .11  9  (.302  cm)  .005  (.0127  cm) 
Z8  89  .392  (.996  cm)  .005  (.0127  cm) 

Additional  elements  of  the  circuit  shown  in  FIG.  2  include  the  input  DC  blocking  capacitor  CBi  located 
in  between  conductors  41  and  43  and  the  output  DC  blocking  capacitor  CB2  located  between  conductors  59 
and  61.  Conductor  pads  67,  68  and  70,  each  .050  x  .050  inch  (.127  x  .127  cm)  square,  are  used  to  connect 
the  thin  film  resistor  Ri  ,  the  chip  capacitor  C  and  the  thin  film  resistor  R2  to  the  transmission  line  sections 
Z2  and  Z3  of  filters  18  and  20  in  the  feedback  loop,  completing  the  R-C-R  portion  of  the  feedback  loop  17. 

FIG.  3  shows  a  microstrip  cross-sectional  view  of  the  interconnection  of  the  R-C-R  stabilization  network 
shown  in  FIG.  2.  As  seen,  the  thin  film  chip  resistor  Ri  is  connected  between  the  TRL  element  Z2  and  the 
conductor  pad  70.  A  wire  bond  72  is  made  to  the  chip  capacitor  C  mounted  on  top  of  the  conductor  pad  70. 
The  thin  film  chip  resistor  R2  is  connected  between  the  conductor  pad  68  and  the  conductor  pad  67. 

FIG.  2  further  illustrates  a  number  of  grounding  pads  45,  51,  53,  55  and  conductor  pads  47,  49,  57,  63, 
65,  which  are  provided  to  ground  and  interconnect  various  circuit  elements.  The  TRL  element  Z5,  which  has 
an  equivalent  inductance  denoted  Li  ,  is  grounded  by  the  ground  pad  45.  A  chip  capacitor  Ci  is  connected 
to  the  source  of  the  MESFET  11  and  is  grounded  at  one  terminal  by  the  ground  pad  53.  A  chip  capacitor 
C2  connected  to  the  same  source  is  mounted  on  the  ground  pad  51  and  connected  by  a  bond  wire  to  the 
conductor  pad  49.  A  thin  film  chip  resistor  R3  is  connected  between  the  two  conductor  pads  49,  47  and 
effectively  grounded  by  a  bond  wire  connection  to  the  ground  pad  51.  The  TRL  element  Z8,  which  has  an 
equivalent  inductance  denoted  L2,  is  connected  at  one  terminal  to  conductor  pad  59  and  at  the  other 
terminal  to  the  conductor  pad  57.  A  chip  capacitor  C3  is  connected  from  the  conductor  pad  57  to  the 
ground  pad  55.  It  may  be  noted  that  the  grounding  pads  45,  51  ,  53,  55  and  conductor  pads  47,  49,  57,  63, 
65  are  also  preferably  constructed  of  gold  deposited  on  alumina,  as  known  in  the  art. 

FIG.  4  illustrates  the  D.C.  bias  circuit  for  the  MESFET  11.  The  gate  G  of  the  MESFET  11  is  coupled  to 
the  input  blocking  capacitor  CBi  and  to  ground  through  the  inductance  Li  .  The  source  S  of  the  MESFET  11 
is  commonly  connected  to  the  capacitors  Ci  ,  C2  and  the  resistor  R3.  The  opposite  terminals  of  these 
elements  Ci  ,  C2,  R3  are  grounded.  The  drain  D  of  the  MESFET  11  is  fed  by  a  bias  voltage  source  Vd 
through  the  inductance  L2  (which  functions  as  a  choke)  and  is  serially  connected  to  an  output  blocking 
capacitor  CB2.  The  bypass  capacitor  C3  connects  between  the  source  voltage  VD  and  ground.  Design  of  a 
biasing  circuit  such  as  that  of  FIG.  4  is  well  within  the  skill  of  those  of  ordinary  skill  in  the  art. 

Since  the  amplifier  described  above  has  low  noise  but  only  a  moderate  voltage  standing  wave  ratio 
(VSWR)  (<2.0:1),  a  circuit  such  as  shown  in  FIG.  5  may  be  employed  in  a  system  where  both  a  low  VSWR 
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and  a  good  noise  figure  are  required.  According  to  FIG.  5,  two  amplifiers  78,  80,  each  constructed  like  that 
of  FIG.  1  or  FIG.  2,  are  connected  in  a  microwave  circuit  with  hybrid  couplers  81,  83.  Aside  from  the 
employment  of  amplifiers  78,  80  designed  according  to  the  invention,  the  circuit  of  FIG.  5  is  a  conventional 
hybrid  circuit. 

5  In  FIG.  5,  the  hybrid  couplers  81,  83  preferably  comprise  3-dB  Lange  couplers,  as  well  known  in  the  art. 
The  input  to  the  circuit  of  FIG.  5  is  at  a  first  terminal  88  of  the  input  coupler  81.  The  second  terminal  of  the 
input  coupler  81  is  grounded  through  a  50-ohm  load  85,  as  known  in  the  art.  Similarly,  the  output  coupler  83 
has  one  terminal  grounded  through  a  50-ohm  load  87  and  a  second  terminal  forming  the  output  terminal  89 
of  the  circuit.  The  first  and  second  amplifiers  78,  80  according  to  the  preferred  embodiment  are  connected 

io  between  the  terminals  of  the  two  couplers  81,  83,  again  as  known  in  the  art.  In  such  an  application,  it  is 
possible  to  achieve  a  VSWR  much  better  than  1.25:1,  while  retaining  a  low  noise  figure  of  below  2  dB, 
along  with  required  stability  and  gain,  even  though  losses  of  the  hybrids  are  directly  added  to  the  noise 
figure  in  this  arrangement. 

It  will  be  appreciated  that  the  component  values  and  circuitry  just  disclosed  can  be  varied,  modified, 
is  and  adapted  by  those  skilled  in  the  art  to  achieve  various  embodiments,  for  example,  meeting  various 

circuit  specifications  and  requirements  for  various  applications. 

Claims 

20  1.  An  amplifier  operating  in  the  microwave  frequency  range  comprising  a  field  effect  transistor  (11),  said 
transistor  (11)  having  a  drain  (D)  and  a  gate  (G)  and  a  feedback  means  connected  between  the  drain 
(D)  and  gate  (G),  characterized  in  that: 

-  said  feedback  means  comprises  a  parallel  feedback  network  (17)  connected  between  the  drain 
(D)  and  gate  (G)  of  said  transistor  (11)  and  includes  a  first  resistor  (Ri),  a  capacitor  (C)  and  a 

25  second  resistor  (R2),  the  capacitor  (C)  being  connected  in  series  between  the  first  resistor  (Ri) 
and  the  second  resistor  (R2),  the  values  of  the  first  and  second  resistors  (Ri  and  R2)  being 
selected  to  achieve  a  stability  factor  K  greater  than  one  for  said  amplifier  over  a  multioctave  range 
of  frequencies. 

30  2.  The  amplifier  according  to  Claim  1  further  characterized  in  that: 
-  said  serially  connected  first  resistor  (Ri),  capacitor  (C),  and  second  resistor  (R2)  comprise  a 

series  circuit  having  first  and  second  terminals, 
-  said  parallel  feedback  network  (17)  further  includes: 

-  a  first  filter  means  (18)  having  a  first  terminal  connected  to  said  gate  (G)  and  a  second 
35  terminal;  and 

-  a  second  filter  means  (20)  having  a  first  terminal  connected  to  said  drain  (D)  and  a  second 
terminal; 

-  the  second  terminal  of  said  first  filter  means  (18)  being  connected  to  the  first  terminal  of  said 
series  circuit,  and  the  second  terminal  of  said  second  filter  means  (20)  being  connected  to  the 

40  second  terminal  of  said  series  circuit. 

3.  The  amplifier  according  to  Claim  2  further  characterized  in  that  said  first  (18)  and  second  (20)  filter 
means  attenuate  noise  generated  in  said  parallel  feedback  network  (17). 

45  4.  The  amplifier  according  to  Claim  2  or  3,  further  characterized  in  that  each  said  filter  means  (18,  20) 
comprises  first  and  second  transmission  line  sections  (Zi  and  Z2;  Z3  and  Z+). 

5.  The  amplifier  according  to  Claim  4  further  characterized  in  that  each  of  said  first  and  second 
transmission  line  sections  (Zi  and  Z2;  Z3  and  Z+)  is  unequal  in  length  to  one-quarter  wavelength. 

50 
6.  The  amplifier  according  to  any  one  of  Claims  2  through  5  further  characterized  in  that  each  of  said  first 

and  second  filter  means  (18,  20)  includes  a  low  impedance  and  a  high  impedance. 

7.  The  amplifier  according  to  Claim  6  further  characterized  in  that  the  respective  low  and  high  impedances 
55  of  each  filtering  means  (18,  20)  comprise  a  respective  short  and  long  transmission  line  section  each 

unequal  in  length  to  one-quarter  wavelength,  said  wavelength  being  determined  by  a  selected 
frequency  of  operation  of  said  amplifier  circuit. 
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8.  The  amplifier  according  to  any  preceding  claim  further  characterized  in  that  said  field  effect  transistor 
(11)  comprises  a  gallium  arsenide  field  effect  transistor. 

9.  The  amplifier  according  to  Claim  8  wherein  said  GaAs  transistor  comprises  a  MESFET  for  operating  in 
5  the  microwave  frequency  range. 

Patentanspruche 

1.  Im  Mikrowellenfrequenzbereich  arbeitender  Verstarker  mit  einem  Feldeffekttransistor  (11),  der  einen 
io  Drain  (D),  ein  Gate  (G)  und  eine  Ruckkopplungseinrichtung  aufweist,  die  zwischen  den  Drain  (D)  und 

das  Gate  (G)  geschaltet  ist,  dadurch  gekennzeichnet,  daB: 
-  die  Ruckkopplungseinrichtung  ein  Parallelruckkopplungsnetzwerk  (17),  das  zwischen  den  Drain 

(D)  und  das  Gate  (G)  des  Transistors  (11)  geschaltet  ist,  sowie  einen  ersten  Widerstand  (Ri), 
einen  Kondensator  (C)  und  einen  zweiten  Widerstand  (R2)  umfaBt,  wobei  der  Kondensator  (C)  in 

15  Reihe  zwischen  den  ersten  Widerstand  (Ri)  und  den  zweiten  Widerstand  (R2)  geschaltet  ist,  und 
wobei  die  Werte  der  ersten  und  zweiten  Widerstande  (Ri  und  R2)  so  ausgewahlt  sind,  daB  uber 
einem  Mehroktavenfrequenzbereich  ein  Stabilitatsfaktor  K  fur  den  Verstarker  von  groBer  als  eins 
erreicht  wird. 

20  2.  Verstarker  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB: 
-  der  erste  Widerstand  (Ri),  der  Kondensator  (C)  und  der  zweite  Widerstand  (R2),  die  in  Reihe 

geschaltet  sind,  einen  Reihenschaltkreis  mit  ersten  und  zweiten  Anschlussen  umfassen, 
-  das  Parallelruckkopplungsnetzwerk  (17)  ferner  umfaBt: 

-  eine  erste  Filtereinrichtung  (18),  die  einen  ersten,  mit  dem  Gate  (G)  verbundenen  AnschluB 
25  und  einen  zweiten  AnschluB  aufweist,  und 

-  eine  zweite  Filtereinrichtung  (20),  die  einen  ersten,  mit  dem  Drain  (D)  verbundenen  AnschluB 
und  einen  zweiten  AnschluB  aufweist; 

-  der  zweite  AnschluB  der  ersten  Filtereinrichtung  (18)  mit  dem  ersten  AnschluB  des  Reihenschalt- 
kreises  und  der  zweite  AnschluB  der  zweiten  Filtereinrichtung  (20)  mit  dem  zweiten  AnschluB  des 

30  Reihenanschlusses  verbunden  ist. 

3.  Verstarker  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  die  ersten  (18)  und  zweiten  (20)  Filterein- 
richtungen  im  Parallelruckkopplungsnetzwerk  (17)  erzeugtes  Rauschen  abschwachen. 

35  4.  Verstarker  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daB  jede  Filtereinrichtung  (18,  20)  erste 
und  zweite  Ubertragungsleitungsabschnitte  (Zi  und  Z2;  Z3  und  Z+)  aufweist. 

5.  Verstarker  nach  Anspruch  4,  dadurch  gekennzeichnet,  daB  jeder  der  ersten  und  zweiten  Ubertragungs- 
leitungsabschnitte  (Zi  und  Z2;  Z3  und  Z+)  eine  von  einer  viertel  Wellenlange  verschiedene  Lange  hat. 

40 
6.  Verstarker  nach  einem  der  Anspruche  2  bis  5,  dadurch  gekennzeichnet,  daB  die  ersten  und  zweiten 

Filtereinrichtungen  (18,  20)  jeweils  eine  niedrige  und  eine  hohe  Impedanz  umfassen. 

7.  Verstarker  nach  Anspruch  6,  dadurch  gekennzeichnet,  daB  die  jeweiligen  niedrigen  und  hohen  Imped- 
45  anzen  einer  jeden  Filtereinrichtung  (18,  20)  jeweils  einen  kurzen  und  langen  Ubertragungsleitungsab- 

schnitt  umfassen,  von  denen  jeder  eine  von  einer  viertel  Wellenlange  verschiedene  Lange  hat,  wobei 
die  Wellenlange  durch  eine  ausgewahlte  Arbeitsfrequenz  des  Verstarkerschaltkreises  bestimmt  ist. 

8.  Verstarker  nach  einem  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet,  daB  der  Feldeffekttran- 
50  sistor  (11)  einen  Galliumarsenid-Feldeffekttransistor  umfaBt. 

9.  Verstarker  nach  Anspruch  8,  dadurch  gekennzeichnet,  daB  der  GaAs-Transistor  einen  MESFET  fur 
einen  Betrieb  im  Mikrowellenfrequenzbereich  umfaBt. 

55  Revendicatlons 

1.  Un  amplificateur  fonctionnant  dans  la  gamme  de  frequence  des  micro-ondes,  comprenant  un  transistor 
a  effet  de  champ  (11),  ce  transistor  (11)  ayant  un  drain  (D)  et  une  grille  (G),  et  un  element  de  reaction 
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connecte  entre  le  drain  (D)  et  la  grille  (G),  caracterise  en  ce  que  : 
-  les  moyens  de  reaction  comprennent  un  reseau  de  reaction  parallele  (17)  connecte  entre  le  drain 

(D)  et  la  grille  (G)  du  transistor  (11),  et  comportant  une  premiere  resistance  (Ri),  un  condensateur 
(C)  et  une  seconde  resistance  (R2),  le  premier  condensateur  (C)  etant  connecte  en  serie  entre  la 

5  premiere  resistance  (Ri)  et  la  seconde  resistance  (R2),  les  valeurs  des  premiere  et  seconde 
resistances  (Ri  et  R2)  etant  selectionnees  de  fagon  a  obtenir  un  facteur  de  stabilite  K  superieur  a 
un  pour  I'amplificateur,  sur  une  gamme  de  frequences  de  plusieurs  octaves. 

2.  L'amplificateur  selon  la  revendication  1  ,  caracterise  en  ce  que  : 
10  -  la  premiere  resistance  (Ri),  le  condensateur  (C)  et  la  seconde  resistance  (R2)  connectes  en  serie 

forment  un  circuit  serie  ayant  des  premiere  et  seconde  bornes, 
-  le  reseau  de  reaction  parallele  (17)  comprend  en  outre  : 

-  un  premier  filtre  (18)  ayant  une  premiere  borne  connectee  a  la  grille  (G)  et  une  seconde  borne; 
et 

15  -  un  second  filtre  (20)  ayant  une  premiere  borne  connectee  au  drain  (D)  et  une  seconde  borne; 
-  la  seconde  borne  du  premier  filtre  (18)  etant  connectee  a  la  premiere  borne  du  circuit  serie,  et  la 

seconde  borne  du  second  filtre  (20)  etant  connectee  a  la  seconde  borne  du  circuit  serie. 

3.  L'amplificateur  selon  la  revendication  2,  caracterise  en  outre  en  ce  que  les  premier  (18)  et  second  (20) 
20  filtres  attenuent  le  bruit  qui  est  produit  dans  le  reseau  de  reaction  parallele  (17). 

4.  L'amplificateur  selon  la  revendication  2  ou  3,  caracterise  en  outre  en  ce  que  chaque  filtre  (18,  20) 
comprend  des  premiere  et  seconde  sections  de  ligne  de  transmission  (Zi  et  Z2;  Z3  et  Z+). 

25  5.  L'amplificateur  selon  la  revendication  4,  caracterise  en  outre  en  ce  que  chacune  des  premiere  et 
seconde  sections  de  ligne  de  transmission  (Zi  et  Z2;  Z3  et  Z+)  ont  des  longueurs  qui  different  d'un 
quart  de  longueur  d'onde. 

6.  L'amplificateur  selon  I'une  quelconque  des  revendications  2  a  5,  caracterise  en  outre  en  ce  que  chacun 
30  des  premier  et  second  filtres  (18,  20)  comprend  une  impedance  faible  et  une  impedance  elevee. 

7.  L'amplificateur  selon  la  revendication  6,  caracterise  en  outre  en  ce  que  les  impedances  faibles  et 
elevees  respectives  des  filtres  (18,  20)  comprennent  respectivement  une  section  de  ligne  de  transmis- 
sion  courte  et  une  section  de  ligne  de  transmission  longue,  ayant  chacune  des  longueurs  qui  different 

35  d'un  quart  de  longueur  d'onde,  cette  longueur  d'onde  etant  determinee  par  une  frequence  de 
fonctionnement  selectionnee  du  circuit  amplificateur. 

8.  L'amplificateur  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  outre  en  ce  que 
le  transistor  a  effet  de  champ  (11)  consiste  en  un  transistor  a  effet  de  champ  a  I'arseniure  de  gallium. 

40 
9.  L'amplificateur  selon  la  revendication  8,  dans  lequel  le  transistor  au  GaAs  consiste  en  un  transistor  a 

effet  de  champ  metal-semiconducteur,  ou  MESFET,  prevu  pour  fonctionner  dans  la  gamme  de 
frequences  des  micro-ondes. 

45 
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