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(54)  Gain  control  amplifier. 

(57)  A  temperature  compensation  circuit  (26)  is 
used  to  provide  a  reference  signal  in  a  feed 
forward  gain  control  loop  (28).  With  such  an 
arrangement,  gain  control  is  provided  wherein 
variations  of  an  output  signal  of  the  amplifier 
circuit  (10)  due  to  changing  characteristics  of 
amplifier  elements  (12,18)  of  the  amplifier  cir- 
cuit  (10)  caused  by  ambient  temperature  vari- 
ation  or  a  varying  input  signal  level  are 
minimized.  Part  of  the  amplified  (12)  input  sig- 
nal  is  supplied  by  a  coupler  (14)  to  a  detector 
(20)  followed  by  a  low  pass  filter  (22)  that 
supplies  one  input  of  a  differential  amplifier  (24) 
that  receives  the  reference  signal  and  supplies  a 
control  signal  to  a  controllable  attenuator  (16). 
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Background  of  the  Invention 

This  invention  pertains  generally  to  amplifiers 
and  more  particularly  to  amplifiers  with  compensation 
circuitry  for  reducing  variations  in  an  output  signal  of  5 
the  amplifier  due  to  the  effects  of  temperature  varia- 
tion  and  signal  level  variation. 

As  is  known  in  the  art,  amplifiers  are  used  to  am- 
plify  a  low  level  signal  to  an  appropriate  higher  level 
signal.  For  example,  in  an  oscillator  having  a  feed-  10 
back  loop  with  a  feedback  signal,  an  amplifier  is  used 
to  amplify  the  feedback  signal  to  offset  attenuation  of 
the  feedback  signal  in  the  feedback  loop.  An  amplifier 
is  also  used  to  amplify  a  signal  from  an  oscillator  to 
an  appropriate  level  to  provide  a  local  oscillator  signal  15 
to  a  mixer  or  to  provide  a  strong  signal  from  a  weak 
signal  as  necessary.  A  typical  requirement  for  a  gain 
compensated  amplifier  is  to  provide  a  signal  with  a 
constant  signal  level  at  the  output  of  the  amplifier 
while  in  operation.  In  a  changing  environment  wherein  20 
the  amplifier  is  exposed  to  changing  temperature 
which  changes  the  characteristics  of  the  amplifier,  the 
level  of  the  output  signal  of  the  amplifier  will  typically 
vary.  Also,  input  signals  will  vary  in  level  due  to  chang- 
ing  characteristics  of  the  circuitry  which  provides  the  25 
input  signal.  Thus  it  is  not  uncommon  for  the  signal 
level  of  the  output  signal  of  the  amplifier  to  vary.  In  an 
application  wherein  the  amplifier  must  provide  a  sig- 
nal  with  a  constant  output  power  signal  level,  it  is  de- 
sirable  to  minimize  variation  in  the  level  of  the  output  30 
signal  of  the  amplifier. 

Summary  of  the  Invention 

With  the  foregoing  background  in  mind,  it  is  an  ob-  35 
jectof  this  invention  to  provide  a  technique  of  utilizing 
compensation  circuitry  for  reducing  the  effects  of  tem- 
perature  variation. 

Another  object  of  this  invention  is  to  provide  a 
technique  for  reducing  variations  of  an  output  signal  40 
of  an  amplifier  wherein  the  amplifier  is  fed  an  input 
signal  having  a  varying  signal  level. 

Still  another  object  of  this  invention  is  to  provide 
an  amplifier  that  occupies  a  minimum  of  space  while 
providing  proper  heat  dissipation.  45 

In  accordance  with  the  present  invention,  a  gain 
control  circuit  includes  a  variable  attenuator  having  an 
input  port,  an  output  port  and  a  control  port  and  re- 
sponsive  to  a  control  signal  fed  to  the  control  port,  for 
attenuating  an  input  signal  fed  to  the  input  port  and  for  50 
providing  an  attenuated  signal  at  the  output  thereof 
and  means  for  providing  an  intermediate  control  sig- 
nal  in  response  to  variations  in  the  input  signal.  The 
gain  control  circuit  further  includes  a  temperature 
compensation  circuit  for  providing  a  reference  signal,  55 
the  reference  signal  indicative  of  ambient  temperature 
of  the  gain  control  circuit  and  a  differential  amplifier 
fed  by  the  reference  signal  and  the  intermediate  con- 

trol  signal,  for  providing  the  control  signal  to  the  con- 
trol  port.  With  such  an  arrangement,  a  gain  control  cir- 
cuit  is  provided  which  reduces  the  effects  of  temper- 
ature  variation  in  the  ambient  environment  of  the  gain 
control  circuit.  The  gain  control  circuit  also  reduces 
variation  in  signal  level  of  an  output  signal  wherein  an 
input  signal  is  fed  thereto  having  a  varying  signal  lev- 
el. 

In  accordance  with  a  further  aspect  of  the  present 
invention  an  amplifier  circuit  includes  a  first  amplifier 
having  an  input  and  an  output  and  a  gain  control  cir- 
cuit  including  a  variable  attenuator,  having  an  input 
port,  an  output  port  and  a  control  port  and  responsive 
to  a  control  signal  fed  to  the  control  port,  for  attenuat- 
ing  an  input  signal  fed  to  the  input  port  and  for  provid- 
ing  an  attenuated  signal  at  the  output  thereof,  the  in- 
put  port  fed  by  the  output  of  the  first  amplifier.  The 
gain  control  circuit  further  includes  a  detector  for  pro- 
viding  an  intermediate  control  signal  in  response  to 
variations  in  the  input  signal  and  a  temperature  com- 
pensation  circuit  for  providing  a  reference  signal,  the 
reference  signal  indicative  of  ambient  temperature  of 
the  amplifier  circuit,  and  a  differential  amplifier,  fed  by 
the  reference  signal  and  the  intermediate  control  sig- 
nal,  for  providing  the  control  signal  to  the  control  port. 
The  amplifier  circuit  further  includes  a  second  ampli- 
fier  having  an  input  and  an  output,  the  input  of  the  am- 
plifier  fed  by  the  output  port  of  the  variable  attenuator. 
With  such  an  arrangement,  an  amplifier  circuit  is  pro- 
vided  wherein  variations  of  an  outputsignal  of  the  am- 
plifier  are  minimized  due  to  changing  characteristics 
of  the  amplifier  circuit  caused  by  ambient  temperature 
variation.  Variations  of  the  output  signal  of  the  ampli- 
fier  caused  from  a  varying  signal  level  of  an  input  sig- 
nal  is  also  reduced  with  such  an  arrangement. 

Brief  Description  of  the  Drawings 

For  a  more  complete  understanding  of  this  inven- 
tion,  reference  is  now  made  to  the  following  descrip- 
tion  of  the  accompanying  drawings,  wherein: 

FIG.  1  is  a  block  diagram  of  an  amplifier  circuitac- 
cording  to  the  invention; 
FIG.  2  is  a  schematic  diagram  of  an  amplifier  cir- 
cuit  according  to  the  invention;  and 
FIG.  3  is  a  plan  view  of  a  hybrid  implementation 
of  an  amplifier  according  to  the  invention. 
FIG.  4  is  a  block  diagram  of  a  frequency  tripler  cir- 
cuit  according  to  the  invention; 
FIG.  5  is  a  schematic  diagram  of  a  frequency  tri- 
pler  circuit  according  to  the  invention; 
FIG.  6  is  a  plan  view  of  a  hybrid  implementation 
of  a  frequency  tripler  according  to  the  invention; 
and 
FIG.  7  is  a  block  diagram  of  a  frequency  doubler 
according  to  the  invention. 
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Description  of  the  Preferred  Embodiments 

Referring  now  to  FIG.  1,  it  may  be  seen  that  a 
temperature  compensated  gain  limited  amplifier  10 
(herein  referred  to  as  amplifier  10)  here  includes  a  5 
first  amplifier  12  having  an  input,  which  is  also  the  in- 
put  for  amplifier  10,  and  an  output.  The  first  amplifier 
12  is  here  capable  of  providing  15  dB  of  gain  with  a 
flat  gain  response  and  has  greater  than  15  dB  of  re- 
turn  loss  over  an  octave  of  bandwidth,  here  4.0  GHz  10 
in  the  frequency  range  from  2.0  GHz  to  6.0  GHz.  The 
output  of  the  first  amplifier  12  is  connected  to  an  input 
of  coupler  14  having  also  a  first  and  a  second  output. 
The  first  output  of  coupler  14  is  connected  to  an  input 
port  of  a  variable  attenuator  16.  Variable  attenuator  15 
1  6,  having  also  a  control  port  and  an  output  port  is  ca- 
pable  of  providing  in  excess  of  approximately  12  dB 
of  near  linear  attenuation  in  response  to  a  control  sig- 
nal  at  the  control  port.  The  output  port  of  the  variable 
attenuator16  is  connected  to  an  input  ofa  second  am-  20 
plifier  18  having  also  an  output  which  is  also  the  out- 
put  of  amplifier  10.  The  second  amplifier  18,  similar 
to  the  first  amplifier  12,  is  capable  of  providing  15  dB 
of  gain  with  a  flat  gain  response  and  has  greater  than 
1  5  dB  of  return  loss  over  an  octave  of  bandwidth.  25 

With  the  foregoing  in  mind,  it  may  be  seen  that  the 
control  signal  fed  to  the  control  port  of  the  variable  at- 
tenuator  16  is  provided  by  a  feed  forward  gain  control 
loop  28.  Thus,  the  second  output  of  coupler  14  is  con- 
nected  to  an  input  of  a  detector  20.  The  detector  20  is  30 
capable  of  providing  a  rectified  DC  voltage  signal  hav- 
ing  a  magnitude  determined  by  a  signal  level  of  a  sig- 
nal  fed  to  the  input  of  the  detector  20.  An  output  of  the 
detector  20  is  connected  to  an  input  ofa  low  pass  filter 
22.  The  low  pass  filter  22  having  also  an  output  allows  35 
signals  having  a  frequency  below  50  MHz  pass 
through,  while  blocking  signals  having  a  frequency 
above  50  MHz.  The  output  of  the  low  pass  filter  22  is 
connected  to  a  first  input  of  an  operational  amplifier 
24  (hereinafter  also  referred  to  as  a  differential  am-  40 
plifier  24).  The  differential  amplifier  24  also  having  a 
second  input  and  an  output  is  capable  of  providing  an 
output  signal  having  a  magnitude  as  determined  by  a 
difference  in  magnitude  between  a  magnitude  of  a 
first  signal  fed  to  the  first  input  and  a  magnitude  of  a  45 
second  signal  provided  by  the  detector  20.  The  output 
of  the  differential  amplif  ier24  is  connected  to  the  con- 
trol  port  of  the  variable  attenuator  16. 

The  second  input  of  the  differential  amplifier24  is 
connected  to  an  output  of  a  temperature  compensa-  50 
tion  circuit  26.  The  temperature  compensation  circuit 
26  is  capable  of  providing  a  reference  signal  at  the 
output  thereof,  the  reference  signal  indicative  of  am- 
bient  temperature  of  the  amplifier  10,  thus  having  a 
varying  magnitude  determined  by  the  ambient  tern-  55 
perature.  When  the  ambient  temperature  of  the  ampli- 
fier  10  is  constant,  the  reference  signal  provided  at 
the  output  of  the  temperature  compensation  circuit  26 

has  a  magnitude  ofa  predetermined  value  to  provide 
an  appropriate  signal  level  at  the  second  input  of  dif- 
ferential  amplif  ier24  as  described  further  hereinafter. 

With  the  foregoing  in  mind,  a  signal  applied  to  the 
input  of  the  amplifier  10  at  the  input  of  first  amplifier 
12  is  amplified  by  the  first  amplifier  12  to  an  appro- 
priate  signal  level,  here  typically  from  -17  dBm  to  -2 
dBm.  A  signal  at  the  output  of  the  first  amplifier  12  is 
passed  through  coupler  14  wherein  the  signal  is  atte- 
nuated  by  0.5  dB  and  fed  to  the  input  port  of  the  vari- 
able  attenuator  16.  The  signal  fed  to  the  input  of  the 
variable  attenuation  16  is  provided  at  the  output  there- 
of  and  attenuated  an  amount  as  determined  by  the 
control  signal  applied  to  the  control  port  of  the  variable 
attenuator  16.  Here,  the  attenuation  of  the  signal  with 
the  control  signal  applied  is  typically  5  dB.  The  signal 
at  the  output  of  the  variable  attenuator  16  is  fed  to  the 
input  of  the  second  amplifier  18.  The  signal  is  ampli- 
fied  approximately  15  dB  by  the  second  amplifier  18 
and  provided  at  the  output  of  the  second  amplifier  1  8. 
It  should  be  appreciated,  amplifier  10,  as  thus  descri- 
bed,  provides  approximately  22.5  dB  of  gain  to  a  sig- 
nal  applied  to  the  input  thereof. 

The  control  signal  for  the  variable  attenuator  16 
is  provided  by  the  gain  control  loop  28.  A  portion  of  the 
signal  at  the  output  of  first  amplifier  12  is  coupled  by 
the  coupler  14  and  provided  at  the  second  output  of 
coupler  14.  From  the  second  output  of  coupler  14,  the 
signal  is  fed  to  the  input  of  detector  20.  The  detector 
20  is  adapted  to  provide  a  constant  rectified  DC  vol- 
tage  signal  at  the  output  thereof  when  the  signal  fed 
to  the  input  of  the  detector  20  is  non-varying  in  mag- 
nitude  and  when  the  input  signal  is  varying  in  magni- 
tude,  the  detector  20  is  adapted  to  provide  the  recti- 
fied  DC  voltage  signal  changed  in  voltage  an  amount 
proportional  to  the  magnitude  of  the  change  of  the  sig- 
nal  level  of  the  input  signal.  The  output  signal  of  the 
detector  20  is  passed  through  a  low  pass  filter  22 
wherein  higher  frequency  signals  are  rejected.  The 
output  signal  of  the  detector  20  provides  an  intermedi- 
ate  control  signal  to  the  differential  amplifier  24. 

It  should  be  appreciated  that  the  intermediate 
control  signal  will  have  a  voltage  of  a  predetermined 
value  when  the  signal  at  the  input  of  the  variable  at- 
tenuator  16  is  non-varying  in  magnitude.  When  the 
magnitude  of  the  signal  level  at  the  input  of  the  vari- 
able  attenuator  16  increases,  the  value  of  the  voltage 
of  the  intermediate  control  signal  will  increase  propor- 
tionally  and  when  the  magnitude  of  the  signal  level  at 
the  input  of  the  variable  attenuator  16  decreases,  the 
value  of  the  voltage  of  the  intermediate  control  signal 
will  decrease  accordingly.  Thus,  the  change  of  the  val- 
ue  of  the  voltage  of  the  intermediate  control  signal  is 
representative  of  the  change  of  the  value  of  the  signal 
level  at  the  input  of  the  variable  attenuator  16. 

With  the  foregoing  in  mind,  if  the  intermediate 
control  signal  is  provided  by  the  detector  20  and  a  ref- 
erence  signal  is  fed  to  the  second  input  of  the  differ- 
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ential  amplifier  24,  then  the  control  signal  provided  at 
the  output  of  the  operational  amplifier  24  will  change 
in  accordance  with  the  change  of  the  intermediate 
control  signal  which,  in  turn,  will  change  the  amount 
of  attenuation  provided  by  the  variable  attenuator  16. 
It  should  now  be  apparent,  if  an  input  signal  fed  to  the 
input  of  amplifier  10  has  an  increasing  signal  level, 
then  the  gain  control  loop  28  will  provide  a  control  sig- 
nal  to  variable  attenuator  1  6  to  cause  variable  attenu- 
ator  16  to  provide  more  attenuation.  Alternatively,  if 
the  input  signal  fed  to  the  input  of  amplifier  10  has  a 
decreasing  signal  level,  then  the  gain  control  loop  28 
will  provide  a  control  signal  to  the  variable  attenuator 
16  to  cause  the  variable  attenuator  16  to  provide  less 
attenuation.  Thus,  the  output  signal  provided  at  the 
output  of  amplifier  10  has  an  approximately  constant 
signal  level. 

As  stated  hereinbefore,  a  reference  signal  is  pro- 
vided  at  the  second  input  of  the  differential  amplifier 
24  and  is  here  provided  by  temperature  compensation 
circuit  26.  At  an  ambient  temperature  of  a  predeter- 
mined  value,  the  reference  signal  is  set  with  an  appro- 
priate  voltage  so  that  when  differenced  with  the  inter- 
mediate  control  signal  when  a  non-varying  signal  is 
provided  at  the  input  of  the  variable  attenuator  16,  an 
appropriate  control  signal  is  provided  at  the  output  of 
the  differential  amplifier  24.  The  control  signal  is  fed 
to  the  control  port  of  the  variable  attenuator  1  6  so  that 
the  variable  attenuator  16  provides  a  predetermined 
amount  of  attenuation.  If  the  ambient  temperature 
should  change,  then  the  voltage  level  of  the  reference 
signal  will  change  accordingly,  which  will  change  the 
control  signal  and  the  amount  of  attenuation  provided 
by  the  variable  attenuator  16.  With  such  an  arrange- 
ment,  the  amount  of  attenuation  can  be  matched  to 
correlate  with  corresponding  amount  of  change  of 
gain  provided  by  the  first  and  the  second  amplifiers 
12,  18  due  to  the  change  in  operating  characteristics 
of  the  first  and  second  amplifiers  12,  18  caused  by 
temperature  variation.  By  appropriately  correlating 
the  change  of  attenuation  by  the  variable  attenuator 
16  to  match  the  change  of  gain  provided  by  first  am- 
plifier  12  and  second  amplifier  18,  the  amplifier  10  is 
adapted  to  provide  a  constant  output  signal  level,  al- 
though  experiencing  variation  of  ambient  tempera- 
ture.  Thus,  the  amplifier  10  provides  an  output  signal 
wherein  variations  of  the  output  signal  level  are  mini- 
mized  due  to  changing  characteristics  of  the  amplifier 
10  caused  by  ambient  temperature  variation  or  vary- 
ing  signal  level  of  the  input  signal  to  the  amplifier  10. 

Referring  now  to  FIGS.  2  and  3,  the  amplifier  10 
as  described  in  connection  with  FIG.  1  is  shown  im- 
plemented  as  a  hybrid  circuit.  It  should  be  appreciated 
wherein  the  amplifier  10  is  implemented  as  a  hybrid 
circuit,  microstrip  circuitry  with  strip  conductors  are 
disposed  on  a  substrate  (not  numbered)  here  0.015 
inch  thick  alumina  having  80  to  120  microns  of  gold 
disposed  thereon.  Since  the  gold  will  not  adhere  di- 

rectly  to  the  alumina,  a  conductive  layer  comprised  of 
titanium-tungsten  typically  about  20A  thick,  is  dis- 
posed  between  the  gold  layer  and  the  alumina  to  pro- 
mote  adhesion  of  the  gold  to  the  alumina.  The  strip 

5  conductors  are  here  provided  using  conventional  pho- 
to-etching  techniques.  A  conductive  layer  on  an  op- 
posing  surface  of  the  substrate  (not  numbered)  pro- 
vides  a  ground  for  the  hybrid  circuit.  It  should  be  ap- 
preciated  that  capacitors  C1  through  C1  9  are  parallel 

10  plate  capacitors,  that  is  two  square  gold  metal  plates 
with  a  dielectric  in  between.  With  such  an  arrange- 
ment,  the  bottom  plate  is  bonded  to  the  microstrip  cir- 
cuitry  to  complete  one  side  of  a  connection  aid  a  bond 
wire  is  connected  to  the  top  plate  to  complete  the 

15  other  side  of  the  connection.  It  should  also  be  appre- 
ciated  that  although  single  bond  wires  are  shown  for 
connections  on  FIG.  3,  for  ease  of  clarity,  multiple 
bond  wires  would  be  used  where  possible  to  ensure 
proper  connection  in  accordance  with  standard  bond- 

20  ing  practices. 
The  amplifier  10  is  adapted  here  to  operate  from 

a  single  source  power  supply  having  an  output  vol- 
tage  of  15  volts  of  direct  current.  The  input  signal, 
here  typically  at  a  level  of  -17  dBm,  is  fed  to  the  input 

25  of  the  first  amplifier  12.  The  first  amplifier  12  is  here 
implemented  with  a  monolithic  microwave  integrated 
circuit  (MMIC)  amplifier  providing  15  dB  of  gain, 
here  a  TGA8226  manufactured  by  Texas  Instruments, 
Inc.  of  Dallas,  TX.  The  amplifier  is  powered  by  the 

30  15  volts  of  direct  current  carried  on  a  1  5  VDC  power 
line  and  a  100  pF  capacitor  C9  and  a  100  pF  capacitor 
C10  provides  an  RF  decoupling  path  to  ground.  The 
capacitors  C9  and  C10  are  disposed  such  that  the 
bottom  plate  is  bonded  to  ground  and  bond  wires  are 

35  used  to  connect  the  top  plate  of  the  capacitors  C9  and 
C10  to  the  15  VDC  power  line.  A  39  pF  capacitor  C5 
provides  DC  isolation  at  the  input  of  the  first  amplifier 
12  and  a  39  pF  capacitor  C6  provides  DC  isolation  at 
the  output  of  the  first  amplifier  12.  The  output  of  the 

40  first  amplifier  12,  which  has  a  signal  at  a  level  of  ap- 
proximately  -2  dBm  is  fed  through  the  coupler  14  to 
the  input  of  the  variable  attenuator  16.  The  signal  is 
typically  attenuated  less  than  0.5  dB  by  the  coupler  14 
thus  having  a  signal  level  of  approximately  -2.5  dBm 

45  at  the  input  of  the  variable  attenuator  16.  The  variable 
attenuator  16  is  implemented  using  a  GaAs  (gallium 
arsenide)  MMIC  attenuator  Q3,  here  a  Triquint  9161 
manufactured  by  Triquint  Semiconductor,  Inc.  of  Bea- 
verton,  Oregon  providing  5  dB  attenuation  at  +25°C 

so  with  the  appropriate  control  signal  at  the  control  port 
thereof.  The  GaAs  MMIC  attenuator  Q3  is  powered  by 
the  15  VDC  power  line  through  a  100  Q  dropping  re- 
sistor  R13  which  provides  approximately  12  VDC  to 
the  attenuator  Q3  and  a  100  pF  capacitor  C11  pro- 

55  vides  an  RF  decoupling  path  to  ground.  A  100  pF  ca- 
pacitor  C12  is  also  connected  to  attenuator  Q3  to  pro- 
vide  an  RF  decoupling  path  to  ground. 

The  output  of  the  variable  attenuator  16  provided 

4 
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by  the  output  of  attenuator  Q3,  which  has  a  signal  lev- 
el  of  approximately  -9.5  dBm,  is  fed  to  the  input  of  the 
second  amplifier  18.  The  second  amplifier  is  here  im- 
plemented  with  a  MMIC  amplifier  Q2  providing  15  dB 
of  gain  and  like  MMIC  amplif  \erQ  ̂ is  hereaTGA8226.  5 
A  39  pF  capacitor  C7  provides  DC  isolation  at  the  in- 
put  of  the  second  amplifier  18  and  a  39  pF  capacitor 
C8  provides  DC  isolation  at  the  output  of  the  second 
amplifier  18.  The  MMIC  amplifier  Q2  is  powered  by  the 
15  VDC  power  line  and  a  100  pF  capacitor  C15  pro-  10 
vides  an  RF  decoupling  path  to  ground. 

To  provide  a  signal  for  the  gain  control  loop  28 
(FIG.  1),  the  coupler  14  has  a  main  line  between  the 
first  amplifier  12  and  the  variable  attenuator  16  and  a 
coupled  line  disposed  to  couple  a  portion  of  the  signal  15 
propagating  on  the  main  line  to  the  coupled  line.  A  50 
ohm  resistor  R1  0  is  disposed  at  the  end  of  the  coupled 
line  to  terminate  the  coupled  line.  The  otherend  of  the 
coupled  line  is  connected  to  attenuator  AT1  wherein 
the  signal  is  attenuated  approximately  3dB  and  fed  to  20 
the  input  of  the  detector  20. 

The  detector  20  includes  a  voltage  dividing  net- 
work  including  a  2.4  KQ  variable  resistor  R6  set  to  1  .2 
KQ,  a  2.4KQ  variable  resistor  R8  set  to  900  Q,  an  18 
KQ  resistor  R11  and  an  1  8  KQ  resistor  Reconnected  25 
as  shown  to  the  anode  of  diode  CR1  .  A  1  00  pF  capac- 
itor  C4  is  connected  between  the  anode  of  diode  CR1 
and  ground  to  provide  an  RF  decoupling  path  to 
ground.  The  input  signal  to  detector  20  is  fed  through 
a  39  pF  capacitor  C3  and  then  a  7.8  nH  inductor  L3  30 
and  applied  to  the  cathode  of  the  diode  CR1  .  Further- 
more,  a  30  nH  inductor  L2  is  connected  in  series  be- 
tween  the  cathode  of  diode  CR1  and  a  10  KQ  resistor 
R9  which  in  turn  is  connected  to  ground.  Asignal  path 
from  the  cathode  of  diode  CR1  provides  the  output  35 
from  the  detector  20.  It  should  be  appreciated  that  va- 
riable  resistor  R8  and  variable  resistor  R6  are  adjust- 
ed  such  that  diode  CR1  is  biased  for  proper  operation 
to  provide  the  intermediate  control  signal. 

The  low  pass  filter  22  includes  a  2.4  KQ  resistor  40 
R1  connected  in  series  with  a  113  nH  inductor  L1 
which  is  connected  to  a  2.4  KQ  resistor  R2  as  shown. 
A  180  pF  capacitor  C1  is  connected  between  ground 
and  a  junction  between  resistor  R1  and  inductor  L1  . 
A  180  pF  capacitor  C2  is  connected  between  ground  45 
and  a  junction  between  inductor  L1  and  resistor  R2 
completing  the  low  pass  filter  22.  An  output  line  of  the 
low  pass  filter  22,  which  is  connected  to  the  resistor 
R2  at  a  first  end,  is  connected  to  one  of  the  inputs  of 
the  operational  amplifier  24.  It  should  be  appreciated  50 
that  resistors  R1  and  R2  also  determine  the  opera- 
tional  characteristic  of  the  differential  amplifier  24  as 
to  be  described. 

The  differential  amplifier  24  is  configured  using 
an  operational  amplifier  Q4  with  a  220  KQ  resistor  R5  55 
connected  between  the  output  thereof  and  a  first  input 
thereof,  the  first  input  also  connected  to  the  output  of 
the  low  pass  filter  22.  The  operational  amplifier  Q4  is 

here  a  LM158  manufactured  by  Motorola  Semicon- 
ductor  Products  Division,  Phoenix,  AZ.  The  operation- 
al  amplifier  Q4  is  further  connected  to  ground  and  the 
15  VDC  power  line  as  appropriate.  A  second  input  of 
the  operational  amplifier  Q4  is  fed  from  the  tempera- 
ture  compensation  circuit  26.  It  should  be  appreciated 
that  resistor  R5  and  resistors  R1  and  R2  determine 
the  gain  figure  of  the  operational  amplifier  24.  Letting 
VD  equal  the  voltage  at  the  output  of  the  detector  20, 
VR  equal  the  voltage  at  the  second  input  of  the  opera- 
tional  amplifier  Q4  and  Vc  equal  the  voltage  at  the  out- 
put  of  the  operational  amplifier  Q4,  the  relationship 
between  the  voltages  is  described  by 

Vc=  Vr(G+1)  -  VDG 
where 

G  =  R5 
R1  +  R2 

here 
220  KQ 
4.8  KQ  ■ 

The  temperature  compensation  circuit  26  in- 
cludes  a  temperature  transducer  Q5,  here  an  AD590 
manufactured  by  Analog  Devices,  Inc.  of  Norwood, 
MA  having  a  first  terminal  and  a  second  terminal.  The 
first  terminal  of  the  temperature  transducer  Q5  is  con- 
nected  to  the  15  VDC  power  line  and  the  second  ter- 
minal  is  connected  to  the  second  input  of  the  opera- 
tional  amplifier  Q4.  A  100  pf  capacitor  C16  and  a  100 
pF  capacitor  C17,  a  100  pF  capacitor  C18  and  a  100 
pF  capacitor  C1  9  are  connected  between  the  1  5  VDC 
power  line  and  ground  to  provide  an  RF  decoupling 
path  to  ground. 

A  voltage  dividing  network  includes  a  16  KQ  re- 
sistor  R7,  a  200  Q  resistor  R3  and  a  240  Q  variable 
resistor  R4  set  typically  at  90  Q  is  connected  in  series 
between  the  1  5  VDC  power  line  and  ground  as  shown. 
The  resistor  R7  is  also  disposed  in  parallel  with  the 
temperature  transducer  Q5  so  that  by  adjusting  vari- 
able  resistor  R4  when  the  ambient  temperature  of 
temperature  transducer  Q5  is  known,  an  appropriate 
reference  voltage  is  applied  to  the  second  input  of  op- 
erational  amplifier  Q4. 

It  should  be  appreciated,  the  differential  amplifier 
24  provides  the  control  voltage  output,  Vc,  which  is 
dependent  upon  the  RF  signal  input  and  the  reference 
voltage  provided  by  the  temperature  compensation 
circuit  26.  The  detector  20  provides  the  rectified  DC 
voltage  VD  as  determined  by  the  RF  input  power.  The 
operational  amplifier  Q4  attempts  to  keep  its  two  input 
signals  at  the  same  voltage  level,  VR,  wherein  VR  is 
set  by  a  resistor  network  including  the  resistor  R7  and 
R3  and  the  temperature  transducer  Q5.  If  the  voltage 
VR  changes,  the  output  voltage  Vc  changes  accord- 
ingly.  If  the  rectified  DC  voltage  VD  changes,  then  the 
current  flow  through  resistor  R5  and  resistors  and 
R2,  is  changed  accordingly  by  the  operational  ampli- 
fier  Q4,  which  in  turn  changes  the  voltage  Vc  appro- 
priately.  The  low  pass  filter  22  filters  RF  energy  from 

5 
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the  detector  20  to  prevent  oscillation  in  the  output  of 
the  operational  amplifier  Q4. 

The  output  of  differential  amplifier  24  is  fed  to  the 
control  port  of  the  GaAs  MMIC  attenuator  Q3.  A  100 
pF  capacitor  C1  3  and  a  100  pF  capacitor  C1  4  are  con- 
nected  between  the  control  portoftheGaAsMMICat- 
tenuator  Q3  and  ground  to  provide  an  RF  decoupling 
signal  path  to  ground  filtering  out  any  stray  RF  sig- 
nals. 

With  such  an  arrangement,  the  MMIC  amplifier 
Qi  and  the  MMIC  amplifier  Q2  can  function  in  a  linear 
region  of  operation  instead  of  at  saturation  with  ef- 
fects  from  variation  of  the  signal  level  of  the  input  sig- 
nal  having  a  minimal  effect  on  the  operation  of  the 
MMIC  amplifiers  and  Q2.  Thus,  if  the  signal  level 
of  the  input  increases,  the  level  of  the  signal  coupled 
by  coupler  14  to  the  detector  20  increases  which  in 
turn  increases  the  level  of  the  signal  provided  by  the 
detector  20.  With  an  increase  in  the  signal  level  pro- 
vided  by  the  detector  20,  the  output  signal  fed  to  the 
control  port  of  the  GaAs  MMIC  attenuator  Q3  will 
cause  the  GaAs  MMIC  atternator  Q3  to  increase  the 
amount  of  attenuation  provided  by  the  GaAs  MMIC  at- 
tenuator  Q3,  thus  reducing  the  signal  level  of  the  sig- 
nal  fed  to  the  MMIC  amplifier  Q2.  With  the  signal  level 
of  the  input  signal  to  the  MMIC  amplifier  Q2  reduced, 
the  signal  level  of  the  output  signal  of  amplifier  1  0  is 
approximately  constant. 

If  the  ambient  temperature  should  change,  then 
the  temperature  transducer  Q5  will  change  the  refer- 
ence  voltage  of  the  signal  fed  to  the  second  input  of 
the  operational  amplifier  Q4.  With  a  change  in  the  ref- 
erence  voltage,  the  signal  fed  to  the  control  port  of  the 
GaAs  MMIc  attenuator  Q3  will  cause  the  attenuation 
provided  by  the  GaAs  MMIC  attenuator  Q3  to  change 
to  correspond  with  the  change  of  gain  provided  by 
MMIC  amplifiers  Q2  due  to  the  change  of  opera- 
tional  characteristics  caused  by  the  ambient  temper- 
ature  change.  With  such  an  arrangement,  the  effect 
of  ambient  temperature  change  on  the  signal  level  of 
the  output  signal  of  amplifier  10  is  reduced. 

Referring  now  to  FIG.  4,  a  frequency  multiplier 
100  (here  a  frequency  tripler)  is  shown  to  include  an 
input  amplifier  132  having  an  input  and  an  output,  the 
input  also  being  the  input  of  the  frequency  multiplier 
100.  The  input  amplifier  132  here  uses  a  silicon  MMIC 
amplifier  having  a  part  number  HPMA-0300  and  man- 
ufactured  by  Hewlett  Packard  Co.,  Palo  Alto,  CA.  The 
output  of  the  input  amplifier  132  is  connected  to  an  in- 
put  of  a  matching  network  134.  The  matching  network 
134  conditions  a  signal  fed  to  the  input  thereof  and 
provides  a  signal  of  an  appropriate  level  at  an  output 
of  the  matching  network  134.  The  output  of  the  match- 
ing  network  is  connected  to  an  input  of  a  diode  pair 
1  36.  The  diode  pair  1  36,  having  also  an  output,  will  be 
described  in  detail  hereinafter.  A  high  pass  filter  138 
having  an  output  and  an  input,  the  input  connected  to 
the  output  of  the  diode  pair  1  36,  allows  a  signal  having 

a  frequency  within  the  frequency  band  of  the  high 
pass  filter  1  38  fed  to  the  input  thereof  to  pass  through 
to  the  output  thereof  while  preventing  signals  below 
the  frequency  band  from  passing  through.  The  output 

5  of  the  high  pass  filter  1  38  is  connected  to  the  input  of 
amplifier  110.  The  amplifier  110  operates  in  a  manner 
as  described  hereinbefore  in  connection  with  FIGS.  1  , 
2  and  3.  The  output  of  the  amplifier  110  provides  an 
output  which  is  also  an  output  of  the  frequency  multi- 

10  plier  100. 
A  signal,  here  from  a  reference  oscillator  (not 

shown),  having  a  frequency  in  a  range  from  800  MHz 
to  1000  MHz  is  fed  to  the  input  of  the  input  amplifier 
1  32  wherein  said  signal  is  amplified  to  an  appropriate 

15  level  here  approximately  9.3  dB  and  provided  at  the 
output  of  the  input  amplifier  1  32.  The  signal  at  the  out- 
put  of  the  input  amplifier  132  is  fed  to  the  input  of  the 
matching  network  134  wherein  the  signal  is  condi- 
tioned  as  necessary  and  fed  to  the  input  of  the  diode 

20  pair  136. 
The  diode  pair  136  is  referred  to  as  an  anti- 

parallel  diode  pair,  meaning  that  the  two  diodes  136a, 
1  36b  are  connected  in  parallel  with  the  anode  of  each 
one  connected  to  the  cathode  of  the  other  one.  If  the 

25  individual  diodes,  here  136a  and  136b,  are  matched 
or  approximately  identical  to  each  other,  the  relative 
phase  and  amplitude  of  a  signal  created  having  a  fre- 
quency  of  an  even  harmonic  of  the  frequency  of  the 
input  signal  is  such  that  the  signal  having  a  frequency 

30  of  an  even  harmonic  is  canceled  as  the  signal  at- 
tempts  to  leave  the  diode  pair  136.  Signals  having  a 
frequency  of  an  even  harmonic  exist  in  the  diode  pair 
only.  Signals  with  a  frequency  of  an  odd  harmonic  of 
the  frequency  of  the  input  signal  also  exist  and  are 

35  provided  at  the  output  of  the  diode  pair  136.  Thus,  if 
the  input  signal  has  a  frequency,  f0,  then  signals  with 
a  frequency  of  f0,  3f0,  5f0  and  etc.  are  provided  at  the 
output  of  the  diode  pair  136.  Since  it  is  here  desired 
to  provide  a  signal  with  a  frequency,  3f0,  by  feeding  the 

40  output  signals  provided  at  the  output  of  diode  pair  136 
through  high  pass  filter  1  38,  the  signal  having  the  fre- 
quency  of  the  input  signal  can  be  filtered  away  letting 
the  signal  having  a  frequency  of  the  third  harmonic, 
3f0,  to  pass  through.  Thus,  at  the  output  of  high  pass 

45  filter  1  38,  a  signal  having  a  frequency  three  times  the 
frequency  of  the  frequency  of  the  input  signal  is  pro- 
vided  at  the  output  of  high  pass  filter  138. 

The  signal  at  the  output  of  the  high  pass  filter  138 
is  fed  to  an  input  of  amplifier  110.  The  amplifier  110 

50  operates  in  a  manner  as  described  with  amplifier  10 
of  FIGS.  1,  2  and  3.  A  signal  fed  to  the  input  of  ampli- 
fier  110  is  amplified  by  first  amplifier  112  and,  after 
passing  through  coupler  114,  fed  to  an  input  ofa  va- 
riable  attenuator  116.  The  signal  at  the  input  of  the  va- 

55  riable  attenuator  116  is  attenuated  accordingly,  as 
controlled  by  the  signal  at  a  control  port  of  the  variable 
attenuator  116,  and  fed  from  the  output  of  the  variable 
attenuator  116  to  an  input  of  the  second  amplifier  118. 

6 
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The  signal  at  the  input  of  the  second  amplifier  118  is 
amplified  and  provided  at  the  output  of  the  second 
amplifier  118  which  is  also  the  output  of  the  frequency 
multiplier  110.  A  portion  of  the  signal  fed  to  the  input 
of  the  variable  attenuator  16  is  coupled  by  coupler  114 
to  detector  120  wherein  a  DC  rectified  voltage  signal 
is  developed  and  provided  as  an  intermediate  control 
signal  to  a  differential  amplifier  124.  A  reference  sig- 
nal  from  a  temperature  compensation  circuit  126  is 
provided  to  a  second  input  of  the  differential  amplifier 
124  wherein  the  reference  signal  is  differenced  with 
the  intermediate  control  signal  to  provide  a  control 
signal  at  the  output  of  the  differential  amplifier  124. 
The  control  signal  is  fed  to  the  control  port  of  the  va- 
riable  attenuator  116  so  that  the  variable  attenuator 
116  provides  a  predetermined  amount  of  attenuation. 
As  described  hereinbefore,  if  the  ambient  tempera- 
ture  should  change,  then  the  voltage  level  of  the  ref- 
erence  signal  will  change  accordingly,  which  will 
change  the  control  signal  and  the  amount  of  attenua- 
tion  provided  by  the  variable  attenuator  11  6.  By  appro- 
priately  correlating  the  change  of  attenuation  by  the 
variable  attenuator  116  to  match  the  change  of  gain 
provided  by  the  first  amplifier  112  and  the  second  am- 
plifier  118  due  to  the  change  in  operating  character- 
istics  caused  by  ambient  temperature  variation,  the 
amplifier  110  is  adapted  to  provide  a  constant  output 
signal  level. 

Referring  now  to  FIGS.  5  and  6,  a  more  detailed 
description  of  the  frequency  multiplier  100  as  descri- 
bed  in  connection  with  FIG.  4  is  shown  as  implement- 
ed  as  a  hybrid  circuit.  The  frequency  multiplier  100  is 
adapted  here  to  operate  from  a  single  source  power 
supply  having  an  output  voltage  of  15  volts  direct  cur- 
rent.  A  100  pF  capacitor  1C25,  a  100  pF  capacitor 
1  C26  and  a  1  00  pF  capacitor  1  C27  are  connected  be- 
tween  a  15  VDC  power  line  provided  from  the  single 
source  power  supply  and  ground  to  provide  an  RF  de- 
coupling  path  to  ground.  An  input  signal,  here  from  a 
reference  oscillator,  with  a  frequency  in  the  frequency 
range  from  800  MHz  to  1000  MHz  and  a  power  level 
of  -5  to  -1  dBm  with  -3  dBm  normal  is  fed  to  the  input 
amplifier  132.  A390  pF  capacitor  1C6  disposed  in  the 
input  line  provides  isolation  from  the  15  VDC  power 
line  while  providing  connectivity  for  the  input  signal  to 
an  input  of  the  silicon  MMIC  bipolar  amplifier  IQ^  A 
286  Q  resistor  1  R1  0,  a  147  nH  inductor  1  L4  and  a  0.01 
nF  capacitor  1  C7  are  connected  with  the  silicon  MMIC 
amplifier  1  as  shown  to  provide  the  gain  character- 
istics  of  the  input  amplifier  132.  The  output  of  the  sil- 
icon  MMIC  amplifier  1Qi  is  connected  to  the  matching 
network  134  with  a  390  pF  capacitor  1C3  disposed  in 
between  providing  further  isolation  from  the  15  VDC 
power  line  between  the  input  amplifier  132  and  the 
matching  network  134. 

The  matching  network  134  can  include  an  attenu- 
ator  1AT1  at  the  input  of  the  matching  network  134 
wherein  the  signal  fed  to  the  input  thereof  can  be  at- 

tenuated  when  necessary  or  a  jumper  can  be  used  to 
connect  the  signal  path  when  the  attenuator  is  omit- 
ted.  A  16  nH  inductor  1L5  and  a  1.6  pF  capacitor  1C9 
are  connected  as  shown  to  further  condition  the  sig- 

5  nal  as  the  signal  is  fed  to  the  diode  pair  136. 
The  input  signal  to  the  diode  pair  136  is  tripled  by 

the  diode  pair  136  as  described  hereinbefore  and  pro- 
vided  at  the  output  thereof  to  the  input  of  the  high  pass 
filter  138. 

10  The  high  pass  filter  138  includes  a  1  .2  pF  capac- 
itor  1C10  connected  in  series  with  a  1.0  pF  capacitor 
1C11  between  the  input  and  the  output  of  the  high 
pass  filter  138.  A2.5  nH  inductor  1L6  is  connected  be- 
tween  ground  and  a  junction  between  the  capacitor 

15  1  C1  0  and  the  capacitor  1  C1  1  .  A  4.3  nH  inductor  1  L7 
is  connected  between  ground  and  the  output  of  the 
high  pass  filter  138  completing  the  high  pass  filter 
138.  As  described  hereinabove,  the  high  pass  filter 
138  provides  a  signal  path  for  the  signal  with  a  fre- 

20  quency  three  times  the  frequency  of  the  input  signal 
while  preventing  signals  below  the  frequency  band 
from  passing  through.  The  signal  at  the  output  of  the 
high  pass  filter  138  is  fed  to  the  input  of  the  amplifier 
110. 

25  The  amplifier  110  which  operates  in  a  manner 
similar  to  that  as  described  with  amplifier  1  0  of  FIGS. 
2  and  3  includes  a  monolithic  microwave  integrated 
circuit  (MMIC)  amplifier  1Q2  providing  15  dB  of  gain, 
here  a  TGA81  61  manufactured  by  Texas  Instruments, 

30  Inc.  of  Dallas,  TX  can  be  used  as  well  as  the  TGA8226 
as  described  hereinafter.  The  amplifier  1Q2  is  pow- 
ered  by  the  15  volts  of  direct  current  provided  on  a  15 
VDC  power  line  through  a  37  Q  resistor  1R11  and  a 
100  pF  capacitor  1C1  6,  a  100  pF  capacitor  1C1  5,  and 

35  a  100  pF  capacitor  1C13  provides  an  RF  decoupling 
path  to  ground  as  shown.  A  100  pF  capacitor  1C1  2  is 
also  connected  between  ground  and  the  MMIC  ampli- 
fier  1Q2  as  well  as  a  100  pF  capacitor  1C14.  The  out- 
put  of  the  MMIC  amplifier  1Q2  is  fed  through  a  100  pF 

40  capacitor  1C17  and  the  coupler  14  to  the  input  of  a 
GaAs  (gallium  arsenide)  MMIC  attenuator  1  Q3  here  a 
Triquint  9161  manufactured  by  Triquint  Semiconduc- 
tor,  Inc.  of  Beaverton,  Oregon.  The  GaAs  MMIC  at- 
tenuator  1Q3  is  powered  by  the  15  VDC  power  line 

45  through  an  100  Q  resistor  1R15  providing  approxi- 
mately  1  2  VDC  to  the  attenuator  1  Q3.  A  1  00  pF  capac- 
itor  1C30  is  connected  between  the  12  VDC  power  in- 
put  line  to  the  attenuator  1Q3  and  ground  to  provide 
an  RF  decoupling  path  to  ground.  A  100  pF  capacitor 

so  1C18  is  also  connected  between  ground  and  the 
GaAs  MMIC  attenuator  1Q3,  as  shown. 

The  output  of  the  GaAs  MMIC  attenuator  1Q3  is 
fed  through  a  100  pF  capacitor  1C20  to  an  input  ofa 
MMIC  amplifier  1  Q6,  here  a  TGA8226.  The  MMIC  am- 

55  plifier  1Q6  is  powered  by  the  15  VDC  power  line  and 
a  100  pF  capacitor  1C28  provides  an  RF  decoupling 
path  to  ground.  The  output  of  the  MMIC  amplifier  1Q6 
provides  the  output  of  the  frequency  multiplier  100. 

7 
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To  provide  a  signal  for  the  gain  control  loop  (not 
numbered),  the  coupler  114  has  a  main  line  between 
the  capacitor  1C17  and  the  GaAs  MMIC  attenuator 
1Q3  and  a  coupled  line  disposed  to  couple  a  portion 
of  the  signal  propagating  on  the  main  line  to  the  cou- 
pled  line.  A  50  ohm  resistor  1R12  is  disposed  at  the 
end  of  the  coupled  line  to  terminate  the  coupled  line. 
The  other  end  of  the  coupled  line  is  coupled  to  a  3dB 
attenuator  1AT2  wherein  the  signal  is  attenuated  ap- 
proximately  3dB  and  fed  to  the  input  of  the  detector 
120. 

The  detector  120  includes  a  voltage  dividing  net- 
work  including  a  2.4  KQ  variable  resistor  1  R8  set  to 
1  .2kQ,  a  2.4  kQ  variable  resistor  1  R6  set  to  900  Q,  an 
1  8  kQ  resistor  1  R1  3  and  an  1  8  KQ  resistor  1  R14  con- 
nected  as  shown  to  the  anode  of  diode  1CR1.  A  100 
pF  capacitor  1C4  is  connected  between  the  anode  of 
diode  1CR1  and  ground  to  provide  an  RF  decoupling 
path  to  ground.  The  input  signal  to  detector  120  is  fed 
through  a  3.6  nH  inductor  1  L3  and  a  390  pF  capacitor 
1C3  and  applied  to  the  cathode  of  the  diode  1CR1.  A 
1.2  pF  capacitor  1C5  is  connected  between  ground 
and  a  junction  between  the  inductor  1L3  and  the  at- 
tenuator  1AT2.  Furthermore,  a  30  nH  inductor  1L2  is 
connected  in  series  with  a  10  KQ  resistor  1R9  be- 
tween  ground  and  the  cathode  of  the  diode  1CR1  as 
shown.  A  signal  path  from  the  cathode  of  diode  1CR1 
provides  the  output  from  the  detector  120.  It  should  be 
appreciated  that  variable  resistor  1  R8  and  variable  re- 
sistor  1R6  are  adjusted  such  that  diode  1CR1  is 
biased  for  proper  operation  to  provide  an  intermediate 
control  signal  to  the  low  pass  filter  122. 

The  low  pass  filter  122  includes  a  2.4  kQ  resistor 
1R1  connected  in  series  with  a  113  nH  inductor  1L1 
which  is  connected  to  a  2.4  KQ  resistor  1  R2  as  shown. 
A  1  80  pF  capacitor  1  C1  is  connected  between  ground 
and  a  junction  between  resistor  1  R1  and  inductor  1  L1  . 
A  1  80  pF  capacitor  1  C2  is  connected  between  ground 
and  a  junction  between  inductor  1  L1  and  resistor  1  R2 
completing  the  low  pass  filter  122.  An  output  line  of 
the  low  pass  filter  122,  which  is  connected  to  the  re- 
sistor  R2  at  a  first  end,  is  also  connected  to  one  of  two 
inputs  of  an  operational  amplifier  1Q4. 

The  operational  amplifier  IQ4  is  configured  with 
a  220  KQ  resistor  1  R5  connected  between  the  output 
thereof  and  a  first  input  thereof,  the  first  input  also 
connected  to  the  output  of  the  low  pass  filter  122.  The 
operational  amplifier  IQ4  is  here  a  LM158  manufac- 
tured  by  Motorola  Semiconductor  Products  Division, 
Phoenix,  AZ.  The  operational  amplifier  1Q4  is  further 
connected  to  ground  and  the  15  VDC  power  line  as 
appropriate.  A  second  input  of  the  operational  ampli- 
fier  1  04  is  fed  from  the  temperature  compensation  cir- 
cuit  126. 

The  temperature  compensation  circuit  126  in- 
cludes  a  temperature  transducer  1Q5,  here  an  AD590 
manufactured  by  Analog  Devices,  Inc.  of  Norwood, 
MA  having  a  first  terminal  and  a  second  terminal.  The 

first  terminal  of  the  temperature  transducer  Q5  is  con- 
nected  to  the  15  VDC  power  line  and  the  second  ter- 
minal  is  connected  to  the  second  input  of  the  opera- 
tional  amplifier  1Q4. 

5  A  voltage  dividing  network  includes  a  16  KQ  re- 
sistor  1  R7,  a  200  Q  resistor  1  R3  and  a  240  Q  variable 
resistor  1  R4  set  to  70  Q  connected  in  series  between 
the  15  VDC  power  line  and  ground  as  shown.  The  re- 
sistor  1  R7  is  also  disposed  in  parallel  with  the  temper- 

10  ature  transducer  1  Q5  so  that  by  adjusting  the  variable 
resistor  1R4  when  the  ambient  temperature  of  tem- 
perature  transducer  1  Q5  is  known,  an  appropriate  ref- 
erence  voltage  is  applied  to  the  second  input  of  opera- 
tional  amplifier  1Q4. 

15  The  output  of  operational  amplifier  "IC l̂s  fed  to 
the  control  port  of  the  GaAs  MMIC  attenuator  1  Q3.  A 
1  00  pF  capacitor  1  C1  9  is  connected  between  the  con- 
trol  port  of  the  GaAs  MMIC  attenuator  1  Q3  and  ground 
to  provide  an  RF  decoupling  path  to  ground  filtering 

20  out  any  stray  RF  signals. 
With  such  an  arrangement,  if  the  signal  level  of 

the  input  increases,  the  signal  level  of  the  signal  cou- 
pled  by  coupler  114  to  the  detector  120  increases 
which  in  turn  increases  the  signal  level  provided  by 

25  the  intermediate  control  signal.  With  an  increase  in 
the  signal  level  of  the  intermediate  control  signal  the 
output  signal  fed  to  the  control  port  of  the  GaAs  MMIC 
attenuator  1Q3  will  cause  the  GaAs  MMIC  attenuator 
1  Q3  to  increase  the  amount  of  attenuation  provided  by 

30  the  GaAs  MMIC  attenuator  1  Q3,  thus  reducing  the  sig- 
nal  level  of  the  signal  fed  to  the  MMIC  amplifier  1Q6. 
With  the  signal  level  of  the  input  signal  to  the  MMIC 
amplifier  1Q6  reduced,  the  signal  level  of  the  output 
signal  of  amplifier  110  is  approximately  constant. 

35  If  the  ambient  temperature  should  change,  then 
the  temperature  transducer  1  Q5  will  change  the  refer- 
ence  voltage  of  the  signal  fed  to  the  second  input  of 
the  operational  amplifier  1Q4.  With  a  change  in  the 
reference  voltage,  the  signal  fed  to  the  control  port  of 

40  the  GaAs  MMIC  attenuator  1  Q3  will  cause  the  attenu- 
ation  provided  by  the  GaAs  MMIC  attenuator  1Q3  to 
change  to  correspondence  with  the  change  of  gain 
provided  by  MMIC  amplifiers  1Q2,  1Q6  due  to  the 
change  of  operational  characteristics  caused  by  the 

45  ambient  temperature  change.  With  such  an  arrange- 
ment,  the  effect  of  ambient  temperature  change  on 
the  signal  level  of  the  output  signal  of  amplifier  110  is 
reduced,  thus  providing  a  relatively  constant  signal 
level  at  the  output  of  the  frequency  multiplier  100. 

50  Referring  now  to  FIG.  7,  a  frequency  doubler  200 
is  shown  to  include  an  input  amplifier  212  having  an 
input  and  an  output  wherein  a  radio  frequency  signal 
is  fed  to  the  input  thereof.  The  output  of  the  input  am- 
plifier  is  connected  to  an  input  ofa  matching  network 

55  214  having  also  an  output.  A  first  quadrature  hybrid 
216  having  four  ports  is  connected  such  that  the  first 
port  is  connected  to  the  output  of  the  matching  net- 
work  214  and  the  fourth  port  is  connected  to  a  50  Q 

8 
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resistor  222  to  ground  as  shown.  The  second  port  and 
the  third  port  of  the  first  quadrature  hybrid  216  are 
connected  to  diodes  218,  220  respectfully  as  shown 
and  as  to  be  described. 

The  diodes  218,  220  are  Schottky  diodes  with  the 
cathode  of  diode  218  and  the  cathode  of  diode  220 
connected  to  ground.  The  anode  of  diode  21  8  is  con- 
nected  to  the  second  port  of  the  first  quadrature  hy- 
brid  216  and  the  anode  of  diode  220  is  connected  to 
the  third  port  of  the  first  quadrature  hybrid  216.  Asec- 
ond  quadrature  hybrid  224  having  four  ports  is  con- 
nected  such  that  the  first  port  of  the  second  quadra- 
ture  hybrid  224  is  connected  to  the  anode  of  diode  21  8 
and  the  fourth  port  of  the  second  quadrature  hybrid 
224  is  connected  to  the  anode  of  diode  220.  The  third 
port  of  the  second  quadrature  hybrid  224  is  connected 
to  a  50  Q  resistor  226  to  ground  as  shown  and  the  sec- 
ond  port  of  the  second  quadrature  hybrid  224  is  con- 
nected  toan  input  of  a  high  pass  filter  228  having  also 
an  output.  The  output  of  the  high  pass  filter  228  is  fed 
toan  input  of  an  amplifier210.  The  amplifier  210  hav- 
ing  an  output  which  is  also  the  output  of  the  frequency 
doubler  200  is  a  type  as  that  described  in  connection 
with  FIGS.  1  ,  2  and  3  having  components  with  values 
appropriate  for  a  frequency  range  of  interest. 

A  radio  frequency  (RF)  signal  having  a  frequency, 
f0,  is  fed  to  the  input  of  amplifier  212  wherein  the  RF 
signal  is  amplified  and  fed  to  the  input  of  the  matching 
network  214.  The  signal  is  conditioned  by  the  match- 
ing  network  214  as  appropriate  and  fed  to  the  first 
port  of  the  first  quadrature  hybrid  216.  The  amplifier 
212  and  the  matching  network  214  can  be  construct- 
ed  as  described  with  the  amplifier  1  32  (FIG.  5)  and  the 
matching  network  134  (FIG.  5),  respectively. 

Asignal  fed  to  the  first  port  of  the  first  quadrature 
hybrid  216  is  coupled  equally  to  the  second  and  the 
third  ports  of  the  first  quadrature  hybrid  216  with  the 
signal  at  the  second  port  having  a  phase  difference 
of  90°  with  the  signal  at  the  third  port.  The  first  quad- 
rature  hybrid  216  may  be  of  any  type,  having  four 
ports  and  functioning  as  the  one  described  herein. 
The  first  quadrature  hybrid  216  is  a  four  port  hybrid 
junction,  having  a  first  port  as  an  input  port  and  a  sec- 
ond  and  a  third  port  as  output  ports.  The  fourth  port 
is  terminated  by  the  50  Q  resistor  222.  The  first  quad- 
rature  hybrid  216  is  adapted  to  substantially  transfer, 
entirely  and  equally,  signals  having  a  frequency,  f0, 
from  the  first  port  to  the  second  and  the  third  ports 
with  the  signal  at  the  second  port  having  a  phase  that 
leads  the  signal  at  the  third  port  by  90°.  The  second 
port  of  the  quadrature  hybrid  216  is  connected  to  the 
anode  of  the  diode  218  and  the  third  port  of  quadra- 
ture  hybrid  216  is  connected  to  the  anode  of  the  diode 
220.  It  should  be  appreciated,  if  the  signal  with  a  fun- 
damental  frequency,  f0,  at  the  anode  of  diode  218  has 
a  phase  difference  of  90°  with  the  signal  at  the  anode 
of  diode  220,  then  a  second  harmonic  signal  having 
a  frequency,  2f0,  provided  at  the  anode  of  diode  218 

will  have  a  phase  difference  of  180°  with  a  second 
harmonic  signal  having  a  frequency,  2f0,  provided  at 
the  anode  of  diode  220.  The  diodes  218,  220  are  con- 
nected  such  that  the  cathode  of  diode  218  is  connect- 

5  ed  with  the  cathode  of  diode  220  to  ground.  With  such 
an  arrangement,  if  a  fundamental  frequency  signal  is 
fed  to  the  anode  of  diode  218,  the  fundamental  fre- 
quency  signal  having  a  phase  that  leads  by  90°  the 
phase  of  the  fundamental  frequency  signal  fed  to  the 

10  anode  of  diode  220,  then  the  respective  second  har- 
monic  signal  produced  in  each  of  the  diodes  218,  220 
would  be  1  80°  out-of-phase  with  each  other.  The  sec- 
ond  harmonic  signal  at  the  anode  of  diode  21  8  is  fed 
to  the  first  port  of  quadrature  hybrid  224  and  the  see- 

rs  ond  harmonic  signal  at  the  anode  of  diode  220  is  fed 
to  the  fourth  port  of  quadrature  hybrid  224. 

The  quadrature  hybrid  224  operates  similar  as 
the  quadrature  hybrid  216  and  is  adapted  to  transfer 
signals  at  the  fundamental  frequency,  fo,  from  the  first 

20  port  to  the  second  and  third  ports  with  the  signal  of  the 
fundamental  frequency,  fo,  at  the  second  port  having 
a  phase  that  leads  the  signal  at  the  third  port  by  90°. 
Furthermore,  the  quadrature  hybrid  224  is  adapted  to 
transfer  signals  from  the  fourth  port  to  the  second  and 

25  third  ports  with  the  signal  of  the  fundamental  frequen- 
cy,  fo,  at  the  second  port  having  a  phase  that  lags  by 
90°  the  phase  of  the  signal  at  the  third  port. 

It  should  also  be  appreciated  wherein  the  phase 
of  the  fundamental  frequency  signal  at  the  first  port  of 

30  the  quadrature  hybrid  224  leads  the  phase  of  the  fun- 
damental  frequency  signal  at  the  fourth  port  of  the 
quadrature  hybrid  224,  then  the  respective  fundamen- 
tal  frequency  signals  at  the  second  port  of  the  quad- 
rature  hybrid  224  will  be  180°  out  of  phase  with  each 

35  other,  thus  attempting  to  cancel  each  other  (common- 
ly  referred  to  as  destructive  interference).  The  re- 
spective  fundamental  frequency  signals  at  the  third 
port  of  the  quadrature  hybrid  224  will  be  in  phase  with 
each  other  thus  enhancing  the  resultant  signal  (com- 

40  monly  referred  to  as  construction  interference).  The 
resultant  signal  is  then  terminated  by  the  50  Q  resistor 
226.  It  should  be  appreciated  then  at  the  second  har- 
monic  frequency,  2f0  the  second  harmonic  signal  at 
the  first  port  of  the  quadrature  hybrid  224  is  transfer- 

45  red  equally  to  the  second  and  third  ports  with  the  re- 
sultant  signal  at  the  second  port  having  a  phase  that 
leads  by  180°  the  resultant  signal  at  the  third  port. 
Likewise,  the  second  harmonic  signal  at  the  fourth 
port  of  the  quadrature  hybrid  224  is  transferred  equal- 

so  ly  to  the  second  and  third  ports  with  the  resultant  sig- 
nal  at  the  second  port  having  a  phase  that  lags  by 
1  80°  the  phase  of  the  resultant  signal  at  the  third  port. 
It  should  now  be  apparent,  since  the  respective  sig- 
nals  at  the  first  and  fourth  ports  of  quadrature  hybrid 

55  224  were  1  80°  out-of-phase  with  each  other,  then  the 
respective  second  harmonic  signals  when  combined 
at  the  second  port  add  with  each  other.  Likewise,  the 
respective  second  harmonic  signals  at  the  third  port 

9 



17 EP  0  521  653  A2 18 

when  combined  at  the  third  port  add  with  each  other. 
The  signal  at  the  third  port  is  then  terminated  by  the 
50  Q  resistor  226. 

The  resultant  signal  having  a  frequency,  2f0,  at 
the  second  port  of  the  quadrature  hybrid  224  is  fed  to 
a  high  pass  filter  228  which  provides  a  signal  path  for 
the  signal  with  a  frequency  two  times  the  frequency  of 
the  input  signal  while  preventing  signals  below  the  fre- 
quency  band  pass  from  passing  through.  The  signal 
at  the  output  of  the  high  pass  filter  228  is  fed  to  the 
input  of  the  amplifier  210.  The  amplifier  210  operates 
in  a  manner  similar  to  that  as  described  with  amplifier 
1  0  of  FIGS.  1  ,  2  and  3.  The  output  of  the  amplifier  21  0 
provides  the  output  of  the  frequency  doubler  200. 
With  such  an  arrangement,  a  frequency  doubler  200 
is  provided  which  provides  a  relatively  constant  signal 
level  at  the  output  thereof. 

Having  described  this  invention,  it  will  now  be  ap- 
parent  to  one  of  skill  in  the  art  that  various  elements 
of  the  signal  generating  circuitry  may  be  changed 
without  affecting  this  invention.  Furthermore,  the  val- 
ues  of  the  capacitors  and  the  inductors  could  be 
changed  to  accommodate  the  frequency  range  of  in- 
terest.  It  is  felt,  therefore,  that  this  invention  should  not 
be  restricted  to  its  disclosed  embodiment,  but  rather 
should  be  limited  only  by  the  spirit  and  scope  of  the 
appended  claims. 

Claims 

1.  A  control  circuit  comprising: 
(a)  means,  having  an  input  port,  an  output  port 
and  a  control  port  and  responsive  to  a  control 
signal  fed  to  the  control  port,  for  attenuating 
an  input  signal  fed  to  the  input  port  and  for  pro- 
viding  an  attenuated  signal  at  the  output  there- 
of; 
(b)  means  for  providing  an  intermediate  con- 
trol  signal  in  response  to  variation  of  signal 
level  in  the  input  signal;  and 
(c)  means,  fed  by  the  intermediate  control  sig- 
nal,  for  providing  the  control  signal  to  the  con- 
trol  port  of  the  attenuating  means  for  minimiz- 
ing  variation  of  signal  level  of  the  attenuated 
signal. 

2.  The  control  circuit  as  recited  in  Claim  1  wherein 
the  attenuating  means  comprises  a  variable  at- 
tenuator. 

3.  The  control  circuit  as  recited  in  Claim  1  wherein 
the  means  for  providing  an  intermediate  control 
signal  comprises: 

(a)  a  detector  circuit  having  an  input  and  an 
output  and  including  a  Schottky  diode  detec- 
tor;  and 
(b)  means  for  coupling  a  portion  of  the  input 

signal  fed  to  the  input  port  of  the  attenuating 
means  to  the  input  of  the  detector  circuit. 

4.  The  control  circuit  as  recited  in  Claim  1  further 
5  comprising  means  for  providing  a  reference  sig- 

nal  to  the  means  for  providing  the  control  signal 
comprising: 

(a)  a  temperature  transducer  having  a  first  ter- 
minal  and  a  second  terminal; 

10  (b)  a  first  resistor  having  a  first  terminal  and 
a  second  terminal,  the  first  terminal  of  the  first 
resistor  connected  to  the  first  terminal  of  the 
temperature  transducer  and  a  voltage  source 
and  the  second  terminal  of  the  first  resistor 

15  connected  to  the  second  terminal  of  the  tem- 
perature  transducer;  and 
(c)  a  second  resistor  having  a  first  terminal 
and  a  second  terminal,  the  first  terminal  of  the 
second  resistor  connected  to  the  second  ter- 

20  minals  of  the  temperature  transducer  and  the 
first  resistor  to  provide  the  reference  signal 
thereat  and  the  second  terminal  of  the  second 
resistor  connected  to  a  voltage  source  return. 

25  5.  The  control  circuit  as  recited  in  Claim  1  wherein 
the  means  for  providing  the  control  signal  to  the 
control  port  comprises  an  operational  amplifier. 

6.  A  circuit  comprising: 
30  (a)  a  variable  attenuator  having  an  input  port, 

an  output  port  and  a  control  port  to  attenuate 
an  input  signal  fed  to  the  input  port  and  to  pro- 
vide  an  attenuated  signal  at  the  output  port; 
(b)  an  amplifier  having  an  input  and  an  output, 

35  the  output  of  the  amplif  ier  coupled  to  the  input 
of  the  variable  attenuator; 
(c)  means  for  providing  a  reference  signal,  the 
reference  signal  indicative  of  ambient  ,  tem- 
perature  of  the  circuit;  and 

40  (d)  means,  fed  by  the  reference  signal,  for  pro- 
viding  a  control  signal  to  the  control  port  of  the 
variable  attentuator  for  reducing  variation  of 
signal  level  at  the  output  port  of  the  attentuator 
due  to  ambient  temperature  variation. 

45 
7.  The  circuit  as  recited  in  Claim  6  wherein  the 

means  for  providing  a  reference  signal  compris- 
es: 

(a)  a  temperature  transducer  having  a  first  ter- 
50  minal  and  a  second  terminal; 

(b)  a  first  resistor  having  a  first  terminal  and 
a  second  terminal,  the  first  terminal  of  the  first 
resistor  connected  to  the  first  terminal  of  the 
temperature  transducer  and  a  voltage  source 

55  and  the  second  terminal  of  the  first  resistor 
connected  to  the  second  terminal  of  the  tem- 
perature  transducer;  and 
(c)  a  second  resistor  having  a  first  terminal 

10 
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and  a  second  terminal,  the  first  terminal  of  the 
second  resistor  connected  to  the  second  ter- 
minals  of  the  temperature  transducer  and  the 
first  resistor  to  provide  the  reference  signal 
thereat  and  the  second  terminal  of  the  second  5 
resistor  connected  to  a  voltage  source  return. 

The  circuit  as  recited  in  Claim  7  further  compris- 
ing  means  for  providing  an  intermediate  signal 
comprising:  10 

(a)  a  detector  circuit  having  an  input  and  an 
output  and  including  a  Schottky  diode  detec- 
tor;  and 
(b)  means  for  coupling  a  portion  of  the  input 
signal  fed  to  the  input  port  of  the  attenuator  to  15 
the  input  of  the  detector  circuit. 

The  circuit  as  recited  in  Claim  8  further  compris- 
ing  a  second  amplifier  having  an  input  and  an  out- 
put,  the  input  of  the  second  amplifier  connected  20 
to  the  output  port  of  the  variable  attenuator. 

prises: 
(a)  a  temperature  transducer  having  a  first  ter- 
minal  and  a  second  terminal; 
(b)  a  first  resistor  having  a  first  terminal  and 
a  second  terminal,  the  first  terminal  of  the  first 
resistor  connected  to  the  first  terminal  of  the 
temperature  transducer  and  a  voltage  source 
and  the  second  terminal  of  the  first  resistor 
connected  to  the  second  terminal  of  the  tem- 
perature  transducer;  and 
(c)  a  second  resistor  having  a  first  terminal 
and  a  second  terminal,  the  first  terminal  of  the 
second  resistor  connected  to  the  second  ter- 
minals  of  the  temperature  transducer  and  the 
first  resistor  to  provide  the  reference  signal 
thereat  and  the  second  terminal  of  the  second 
resistor  connected  to  a  voltage  source  return. 

14.  The  amplifier  circuit  as  recited  in  Claim  13where- 
in  the  means  for  providing  the  control  signal  to  the 
control  port  comprises  an  operational  amplifier. 

10.  An  amplif  ier  circuit  comprising: 
(a)  a  first  amplifier  having  an  input  and  an  out- 
put;  25 
(b)  an  attenuator,  having  an  input  port,  an  out- 
put  port  and  a  control  port,  the  input  port  fed 
by  the  output  of  the  first  amplifier; 
(c)  means  for  providing  an  intermediate  con- 
trol  signal  in  response  to  variations  in  an  out-  30 
put  signal  fed  from  the  output  of  the  first  am- 
plifier; 
(d)  means  for  providing  a  reference  signal,  the 
reference  signal  indicative  of  ambient  temper- 
ature  of  the  amplifier  circuit;  and  35 
(e)  means,  fed  by  the  reference  signal  and  the 
intermediate  control  signal,  for  providing  a 
control  signal  to  the  control  port  for  minimizing 
variations  of  signal  level  in  an  output  signal  at 
the  output  port  of  the  attentuator.  40 

11.  The  amplifier  circuit  as  recited  in  Claim  10further 
comprising  a  second  amplifier  having  an  input 
and  an  output,  the  input  of  the  amplif  ier  fed  by  the 
output  port  of  the  attenuator. 45 

12.  The  amplifier  circuit  as  recited  in  Claim  11  where- 
in  the  means  for  providing  an  intermediate  signal 
comprises: 

(a)  a  detector  circuit  having  an  input  and  an  50 
output  and  including  a  Schottky  diode  detec- 
tor;  and 
(b)  means  for  coupling  a  portion  of  the  input 
signal  fed  to  the  input  port  of  the  attenuator  to 
the  input  of  the  detector  circuit.  55 

13.  The  amplifier  circuit  as  recited  in  Claim  12  where- 
in  the  means  for  providing  a  reference  signal  com- 

11 
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