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Radiofrequency  tuning  inductor. 

©  A  radio  frequency  tuning  inductor  provides  a 
helical  inductor  coil,  a  cylindrically  shaped  ground 
positioned  within  the  coil  and  coaxially  with  respect 
thereto  for  adjusting  the  inductance  thereof,  a  con- 
ductor  located  coaxially  within  the  ground  and  for- 
ming  a  coaxial  transmission  line  in  combination 
therewith,  and  an  electrical  coupling  of  the  conductor 
to  the  coil  at  an  adjustable  position  along  the  coil.  In 
a  preferred  embodiment,  the  electrical  coupling  in- 
cludes  a  sleeve  located  around  the  conductor  and 
axially  slideable  with  respect  thereto,  a  wiper  extend- 
ing  radially  outward  from  the  sleeve  for  electrically 
contacting  the  coil,  and  a  member  for  electrically 
coupling  the  sleeve  to  the  conductor. 
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RADIO  FREQUENCY  TUNING  INDUCTOR 

SUMMARY  OF  THE  INVENTION 
BACKGROUND  OF  THE  INVENTION 

Accordingly,  the  present  invention  provides  a 
radio  frequency  tuning  inductor  which  operates  a 
high  frequencies  with  a  large  tunable  bandwidth 
excellent  Q  over  the  entire  tunable  range,  and 
minimized  losses  in  coupling  the  output  thereof. 
The  inductor  of  the  present  invention  comprises  a 
helical  inductor  coil,  a  cylindrically  shaped  ground- 
ing  means  positioned  within  the  coil  and  coaxially 
with  respect  thereto  for  adjusting  the  inductance 
thereof,  a  conductor  located  coaxially  within  the 
grounding  means  and  forming  a  coaxial  transmis- 
sion  line  in  combination  therewith,  and  means  for 
electrically  coupling  the  conductor  to  the  coil  at  an 
adjustable  position  along  the  coil. 

Field  of  the  Invention 

The  present  invention  generally  relates  to  radio 
frequency  tuning  inductors  and,  in  particular,  to 
such  inductors  which  are  operable  up  to  100  MHz. 10 

Statement  of  the  Prior  art 

75 
Different  types  of  radio  frequency  tuning  induc- 

tors  vary  greatly  in  accordance  with  their  many 
varied  applications  throughout  the  entire  field  of 
radio  frequency  electronics.  One  of  these  various 
applications  includes  tuning  the  output  inductance 
of  radio  frequency  power  amplifiers.  High-power, 
radio  frequency  amplification  is  typically  performed 
by  vacuum  tubes  which  are  constructed  with  elec- 
trodes.  These  electrodes  exhibit  a  large  amount  of 
inter-electrode  capacitance  at  frequencies  often  en- 
countered  in  radio  frequency  amplification.  As  the 
signal  frequency  increases,  so  does  the  effect  of 
inter-electrode  capacitance,  which  correspondingly 
interferes  with  the  output  power  of  the  amplifier. 
Placing  a  tuned  inductor  in  series  with  the  output  of 
the  amplifier  creates  a  resonant  circuit  at  a  tuned 
frequency  which  counteracts  the  inter-electrode  ca- 
pacitance  at  that  frequency.  Making  the  inductor 
tunable  to  different  inductances  allows  the  resulting 
resonant  circuit  to  be  tuned  to  different  frequencies 
to  thereby  counteract  the  capacitive  reactance  over 
the  tunable  range  of  the  resonant  circuit.  This  en- 
ables  the  amplifier  to  perform  more  efficiently. 

Generally,  the  use  of  amplifier  output  tuning 
inductors  is  well  known.  The  constraints  on  pre- 
viously  known  tuning  inductors  of  this  type  are  as 
follows:  the  bandwidth  over  which  any  particular 
coil  can  tune;  the  power  losses  to  heating  caused 
by  low  unloaded  Q  and  imperfect  matching  of  the 
tuned  inductor  to  the  power  amplifier  inter-elec- 
trode  capacitance;  the  upper  frequency  limit  for 
which  a  tunable  coil  can  be  constructed  and  still 
maintain  good  Q;  and  further  losses  in  coupling  the 
output  of  the  tuning  inductor. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

"  The  present  invention  is  illustratively  described 
in  relation  to  the  accompanying  drawings  of  which: 

Fig.  1  is  a  circuit  diagram  of  a  radio  fre- 
quency  power  amplifier  using  a  tuning  inductor  as 
specified  in  the  present  application; 

Fig.  2  is  a  front  sectional  view  of  a  tuning 
inductor  constructed  in  accordance  with  one  em- 
bodiment  of  the  present  invention; 

Fig.  3  is  a  partially  sectioned,  front  view  of 
the  tuning  inductor  of  Fig.  2; 

Fig.  4  is  a  partially  sectioned,  right  side  view 
of  the  inductor  of  Figs.  2  and  3; 

Fig.  5  is  a  sectioned  view  of  the  inductor  of 
Fig.  3  taken  along  viewlines  5-5; 

Fig.  6  is  a  sectioned  view  of  the  inductor  of 
Fig.  3  taken  along  viewlines  6-6;  and 

Fig.  7  is  a  sectioned  view  of  the  inductor  of 
Fig.  3  taken  along  viewlines  7-7. 
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DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

45 
Fig.  1  shows  a  typical  radio  frequency  power 

amplifying  circuit  1  having  an  amplifying  vacuum 
tetrode  2.  Tetrode  2  includes  a  plate  electrode  3,  a 
screen  electrode  4,  a  grid  electrode  5  and  a  fila- 
ment  cathode  6.  Filament  cathode  6  is  powered  by 
a  signal  source  7  for  purposes  of  heating.  Grid 
electrode  5  receives  an  input  radio  frequency  sig- 
nal  for  amplification,  which  signal  is  represented  by 
signal  source  8.  Screen  grid  4  receives  a  control 
voltage  signal  (not  shown).  Plate  electrode  3  is 

50 
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coupled  through  a  radio  frequency  blocking  induc- 
tor  9  to  a  positive  plate  voltage  source  10.  In 
addition  to  inductor  9,  a  capacitor  1  1  coupled  be- 
tween  the  plate  electrode  end  of  inductor  9  and 
ground,  blocks  radio  frequency  signals  from  reach- 
ing  the  positive  voltage  source  10.  The  amplified 
radio  frequency  signal  is  coupled  from  the  plate  3 
by  a  D.C.  blocking  capacitor  12  to  the  tuning 
inductor  13  which  is  the  subject  of  the  present 
invention.  Tuning  inductor  13  includes  an  adjust- 
able  ground  14  and  an  adjustable  signal  tap  15. 
The  signal  tap  15  is  connected  to  the  center  con- 
ductor  21  of  a  coaxial  conductor  16  for  transmis- 
sion  of  the  amplified  radio  frequency  signal.  Adjust- 
ment  of  the  ground  14  enables  the  variation  of  the 
inductance  of  coil  13  to  thereby  counteract  inter- 
electrode  capacitance  within  the  tetrode  2  as  repre- 
sented  by  the  phantom  capacitors  17  and  18 
shown  therein. 

Fig.  2  shows  a  tuning  inductor  20  having  a 
helical  inductor  coil  13,  a  cylindrical  grounding 
means  14  and  a  central  conductor  21.  The  helical 
inductor  coil  13  is  constructed  of  solid  copper  and 
includes  approximately  8  turns  having  a  diameter 
of  approximately  6  inches  (15.2  cm).  The  cylin- 
drical  grounding  means  14  is  composed  of  a  pair 
of  cylindrical  telescoping  sections  22  and  23.  Sec- 
tion  22  is  adjustable  with  respect  to  the  helical 
inductor  coil  13  and  is  used  to  short  out  or  ground 
an  adjustable  portion  of  coil  13  to  thereby  change 
the  inductance  thereof. 

The  center  conductor  21  forms  a  coaxial  trans- 
mission  line  in  cooperation  with  the  cylindrical 
grounding  means  14  and  thereby  minimizes  power 
losses  in  transferring  radio  frequency  power  from 
the  coil. 

The  components  described  are  mounted  on  a 
support  structure  24  generally  including  a  plurality 
of  circular  or  annular  plates  25,  26  and  27  and  a 
plurality  of  stand-off  members  28  through  35  inter- 
connecting  the  plates  25-27.  Plate  22  is  circular 
having  a  center  opening  36  for  receiving  one  end 
of  the  conductor  21  .  Plate  26  is  annular  for  allowing 
the  grounding  means  14  and  the  conductor  21  to 
pass  through  a  central  opening  37  and  serves  the 
function  of  making  electrical  contact  with  the  cylin- 
drical  grounding  means  14  with  a  minimal  support 
function.  Plate  27  may  either  be  described  as  cir- 
cular  having  a  central  opening  38  or  as  annular  and 
having  a  smaller  central  opening  38  than  plate  26. 
The  plates  25-27  are  all  constructed  from  electric 
conducting  metal.  Stand-off  members  28-31  sepa- 
rate  plates  25  and  26.  They  are  made  of  an  elec- 
trically  insulating  material  and  are  rectangular  in 
cross-section.  Stand-off  members  29  and  30  are 
shown  in  Fig.  3.  Stand-off  members  31-35  are  used 
to  attach  plates  26  and  27.  They  are  circular  in 
cross-section  and  members  33  and  34  are  shown 

in  Fig.  3. 
Inductor  coil  13  is  mounted  in  slots  40  formed 

in  each  of  the  members  28-31.  The  upper  end  of 
coil  13  (not  shown)  is  intended  for  coupling  to  the 

5  D.C.  blocking  capacitor  12  of  Fig.  1.  The  lower  end 
(not  shown)  is  physically  and  electrically  coupled  to 
plate  26  as  a  ground. 

Cylindrical  section  23  is  rotatably  mounted  by 
means  of  a  spacer  39  to  the  plate  37.  Telescoping 

w  section  22  fits  around  the  outside  of  section  23  with 
a  slidable  electrical  contacting  connection  42.  The 
end  43  of  section  22,  the  position  of  which  deter- 
mines  the  inductance  of  coil  13,  is  engagable  with 
the  coil  13  for  both  electrical  contacting  and  sup- 

15  port  purposes.  The  end  43  of  section  22  is  con- 
stituted  by  an  outwardly  extending  flange  44  which 
is  physically  and  electrically  attached  to  section  22 
as  described  in  reference  to  Fig.  7.  The  flange  44 
is  helical  in  shape  to  match  the  shape  of  inductor 

20  13  and  extends  for  approximately  one  turn  of  the 
inductor  13.  The  extension  of  flange  44  between 
adjacent  turns  of  coil  13  provides  a  certain  amount 
of  shielding  between  the  first  grounded  turn  and 
the  last  ungrounded  turn  of  coil  13. 

25  The  central  conductor  21  is  rotably  mounted  in 
opening  34  and  is  electrically  isolated  from  plate 
22  by  means  of  an  insulator  48.  The  other  end  of 
conductor  21  is  rotatably  mounted  in  opening  38 
and  is  electrically  isolated  from  plate  27  by  the 

30  insulating  properties  of  spacer  39.  The  proper  sep- 
aration  and  spacing  between  the  grounding  means 
14  and  the  center  conductor  21  are  maintained  by 
a  pair  of  spacers  50  and  52.  Spacer  50  maintains 
the  spacing  between  the  movable  section  22  of 

35  grounding  means  14  and  the  center  conductor  21, 
and  spacer  52  maintains  the  spacing  between  ro- 
tatable  section  23  and  the  center  conductor  21. 
The  proper  spacing  helps  to  maintain  the  electrical 
characteristics  of  the  coaxial  transmission  line 

40  formed  by  the  grounding  means  14  and  the  center 
conductor  21  . 

The  rotatable  section  23  further  has  attached 
thereto  a  pulley  54  which  may  be  rotated  by  a 
drive  belt  56  to  rotate  grounding  means  14.  Thus 

45  the  belt  56  may  be  used  to  cause  rotation  of 
section  23  which  rotation  is  transmitted  to  section 
22  by  means  described  below.  This  rotation  causes 
adjustment  of  the  position  of  the  flange  44  along 
the  axial  length  of  coil  13.  Thereby,  the  amount  of 

so  coil  13  which  is  grounded  by  grounding  means  14 
may  be  varied  by  rotation  of  grounding  means  14 
by  the  belt  56. 

The  upper  end  of  the  center  conductor  21 
shows  means  for  electrically  coupling  the  conduc- 

55  tor  21  to  the  coil  at  an  adjustable  position  along  the 
coil.  Means  58  generally  includes  a  sleeve  60 
located  around  the  conductor  21  and  axially  slidea- 
ble  with  respect  thereto,  wiper  means  62  extending 
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74  is  shown  having  a  second  pair  of  finger  contacts 
98  for  coupling  to  the  center  conductor  21. 

Fig.  4  is  a  right  side  view  of  the  inductor  20  of 
Fig.  3.  It  shows  the  finger  contacts  64  which  extend 

5  through  an  opening  100  in  sleeve  60  to  contact  the 
center  conductor  21.  Also  shown  is  a  coaxial  con- 
nector  102  which  is  coupled  to  the  electrical  con- 
nector  74  and  thereby  to  finger  contacts  75  and  98 
for  transmitting  radio  frequency  power  from  the 

io  conductor  21  to  other  locations. 
Fig.  5  shows  a  downward  view  of  the  apparatus 

of  Fig.  3  taken  along  viewlines  5-5.  This  view 
shows  the  arrangement  of  the  iris  or  fan  springs  88 
in  extending  radially  and  angularly  outward  from 

75  the  section  22  of  grounding  means  14.  The  out- 
ward  pressure  of  these  springs  maintains  electrical 
contact  with  portions  of  the  coil  13  adjacent  thereto 
and  also  with  the  opening  37  in  plate  26. 

Fig.  6  is  a  downward  view  along  the  section 
20  lines  6-6  in  Fig.  3  showing  the  top  of  the  helical 

flange  44  as  it  would  partially  shield  the  first 
grounded  turn  of  coil  13.  Also  shown  is  a  set  of 
finger  contacts  104  located  on  top  of  the  highest 
portion  of  the  helical  flange  for  making  some  extra 

25  grounding  contact  with  the  highest  portion  of  the 
coil  13  to  be  grounded. 

Fig.  7  is  an  upwardly  looking  sectional  view  of 
the  apparatus  of  Fig.  3  taken  along  viewlines  7-7 
and  showing  the  underside  of  the  flange  44.  Also 

30  shown  located  between  the  bottom  surface  45  of 
flange  44  and  the  section  22  of  grounding  means 
14  are  a  series  of  additional  finger  contacts  106 
through  110,  a  plurality  of  smaller  teflon  blocks 
112,  and  three  larger  teflon  blocks  114.  Finger 

35  contacts  106  and  107  are  located  at  opposing  ends 
of  the  helical  flange  with  contact  106  being  on  the 
opposite  side  of  the  coii  13  from  finger  contacts 
104  of  Figs.  3  and  6.  Additional  contacts  108-110 
are  equi-angularly  spaced  around  the  helical  flange 

40  44.  Finger  contacts  106-110  receive  radio  frequen- 
cy  current  from  the  coil  13  and  cause  it  to  be 
conducted  down  the  outside  surface  of  section  22 
to  ground. 

As  mentioned  above,  the  flange  44  and  section 
45  22  are  driven  up  and  down  along  the  coil  13 

through  rotation  of  the  grounding  means  14  and 
engagement  of  the  flange  44  with  the  helical  coil 
13.  This  physical  engagement  which  drives  section 
22  axially  along  the  coil  is  performed  by  the  teflon 

50  blocks  112  and  114.  The  smaller  blocks  114  are 
located  on  the  underside  of  the  flange  44  to  phys- 
ically  slide  along  the  top  of  the  first  turn  of  coil  13 
which  is  to  be  grounded.  The  larger  blocks  114 
engage  the  underside  of  coil  13  as  well  as  the  top 

55  side  and  serve  to  push  the  section  22  down  in 
response  to  proper  rotation  thereof. 

radially  outward  from  the  sleeve  60  for  electrically 
contacting  the  coil  13  and  a  further  member  64  (in 
Fig.  4)  for  electrically  connecting  the  sleeve  60  to 
the  center  conductor  21.  Wiper  means  62  further 
includes  a  follower  66  for  maintaining  the  position 
of  wiper  means  62  to  maintain  electrical  contact 
between  wiper  means  62  and  the  coil  13.  Further 
affixed  to  the  sleeve  60  is  a  slot  key  68  which 
slideably  engages  a  slot  70  located  in  a  straight 
line  along  the  side  of  conductor  21  .  The  sleeve  60 
along  with  the  slot  key  68  are  axially  slideable 
along  the  conductor  21.  Slot  key  68  and  slot  70 
cause  any  rotational  force  on  the  conductor  21  to 
be  transferred  to  the  sleeve  60  to  thereby  cause 
the  wiper  means  62  to  be  adjustable  to  different 
portions  of  the  coil  13.  The  follower  66  mains  the 
wiper  means  62  in  electrical  contact  with  the  coil 
13  during  adjustment  of  the  wiper  means  therea- 
long  with  the  axial  force  generated  from  such  ad- 
justment  being  transmitted  by  follower  66  to  the 
sleeve  60  to  thereby  cause  axial  movement  of 
sleeve  60  along  conductor  21  .  By  this  means  rota- 
tion  of  conductor  21  may  be  used  to  adjust  the 
position  of  wiper  means  62  along  the  coii  13.  To 
this  end,  a  pulley  72  is  attached  to  the  lower  end  of 
conductor  21  to  enable  rotation  thereof  via  a  belt 
(non  shown)  similar  to  the  belt  56. 

Lastly  shown  in  Fig.  2  is  an  electrical  connector 
74  for  coupling  amplified  radio  frequency  signals 
from  the  center  conductor  21  to  other  locations. 
Connector  74  is  mounted  to  plate  27  by  means  of 
an  insulating  block  76  and  includes  a  pair  of  finger 
contacts  75,  only  one  of  which  is  partially  shown. 

Fig.  3  is  essentially  the  same  view  as  Fig.  2 
with  much  of  the  device  left  unsectioned  and  the 
sleeve  60  along  with  wiper  means  62  being  rotated 
along  the  coil  13  to  face  the  viewer.  Additionally 
shown  is  an  end  piece  78  for  the  coil  13,  which  end 
piece  78  is  electrically  insulating  except  for  an 
electrical  connecting  stud  80  for  coupling  to  the 
D.C.  blocking  capacitor  12  of  Fig.  1.  Further  shown 
in  Fig.  3  is  a  block  82  and  screw  84  arrangement 
which  is  used  to  secure  the  lower  end  86  of  coil  13 
to  the  plate  26. 

Further  shown  are  a  multiplicity  of  fan  or  iris 
springs  88  which  are  attached  to  the  movable  sec- 
tion  22  of  grounding  means  14  along  their  vertically 
oriented  edges  90  and  which  extend  partially  radia- 
ly  and  partially  angularly  to  form  a  flexible  and 
more  complete  ground  between  the  plate  26,  the 
grounding  means  14  and  shorted  portions  of  the 
coil  13  located  below  the  flange  44. 

Section  22  is  shown  to  have  a  slot  key  which 
engages  a  slot  94  located  in  section  23.  By  this 
means,  rotation  of  section  23  is  transmitted  to 
section  22.  Additional  finger  contacts  96  are  shown 
making  additional  grounding  contact  between  the 
section  23  and  the  plate  27.  The  front  of  connector 
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CONCLUSION 9.  The  inductor  of  claim  8,  wherein  the  follower 
means  engages  the  inductor  coil. 

10.  The  inductor  of  claim  8,  wherein  the  sleeve 
includes  means  for  transmitting  rotational  force 
from  the  conductor  to  the  sleeve  for  allowing  ad- 
justment  of  the  wiper  means  with  respect  to  the 
inductor  coil. 

The  tuning  inductor  embodying  the  present 
invention  exhibits  very  low  power  losses  even  at 
frequencies  in  the  neighborhood  of  100  MHz.  This 
performance  is  achieved  over  a  very  wide  operting 
range  of  10  to  90  MHz.  The  very  high  Q  achieved 
by  the  inductor  gives  reduced  power  losses  and 
improved  efficiency  even  at  elevated  frequencies. to 

Claims 

1.  A  radio  frequency  tuning  inductor  compris-  75 
ing: 

a  helical  inductor  coil; 
a  cylindrically  shaped  grounding  means 

positioned  within  the  coil  and  coaxially  with  respect 
thereto  for  adjusting  the  inductance  thereof;  20 

a  conductor  located  coaxially  within  the 
grounding  means  and  forming  a  coaxial  transmis- 
sion  line  in  combination  therewith;  and 

means  for  electrically  coupling  the  conductor 
to  the  coil  at  an  adjustable  position  along  the  coil.  25 

2.  The  inductor  of  claim  1,  wherein  the  cylin- 
drical  grounding  means  are  adapted  to  electrically 
contact  an  adjustable  amount  of  the  inductor  coil. 

3.  The  inductor  of  claim  2,  wherein  the  cylin- 
drical  grounding  means  includes  one  end  thereof  30 
which  is  axially  adjustable  along  the  coil. 

4.  The  inductor  of  claim  3,  wherein  the  coil 
includes  a  plurality  of  adjacent  turns  and  further 
wherein  the  adjustable  end  of  the  grounding  means 
includes  a  helical  flange  which  extends  radially  35 
outwardly  between  adjacent  turns  of  the  coil. 

5.  The  inductor  of  claim  2,  wherein  the  cylin- 
drical  grounding  means  includes  means  for  making 
electrical  contact  between  the  grounding  means 
and  turns  of  the  coil  adjacent  thereto.  40 

6.  The  inductor  of  claim  3,  wherein  the  cylin- 
drical  grounding  means  includes  a  pair  of  telescop- 
ing  cylindrical  sections  one  of  which  is  axially  ad- 
justable  with  respect  to  the  coil,  and  includes  the 
one  end  of  the  grounding  means,  and  the  other  of  45 
which  is  axially  fixed  with  respect  to  the  coil. 

7.  The  inductor  of  claim  1,  wherein  the  means 
for  coupling  includes  a  sleeve  located  around  the 
conductor  and  axially  slideable  with  respect  there- 
to,  wiper  means  extending  radially  outward  from  50 
the  sleeve  for  electrically  contacting  the  coil,  and 
means  for  electrically  coupling  the  sleeve  to  the 
conductor. 

8.  The  inductor  of  claim  7,  wherein  the  means 
for  coupling  includes  follower  means  attached  to  55 
the  wiper  means  for  maintaining  the  wiper  means 
in  a  position  to  maintain  the  electrical  contact  with 
the  coil. 
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