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Description 

This  invention  relates  to  microwave  bandpass 
filters  including  dielectric  resonators. 

It  is  known  for  example  from  Nishikawa  et  al. 
U.S.  Patent  No.  4,143,344  issued  March  6,  1979  to 
provide  a  microwave  bandpass  filter  which  is  con- 
stituted  by  a  cut-off  waveguide,  i.e.  a  waveguide 
whose  size  is  too  small  to  propagate  microwaves  in 
a  desired  range  of  frequencies,  in  which  there  are 
disposed  a  plurality  of  tuned  dielectric  resonators 
to  provide  coupling  of  microwaves  in  the  desired 
pass  band  from  an  input  coupler  to  an  output 
coupler. 

It  is  also  known  to  provide  a  microwave  band- 
pass  filter  in  the  form  of  an  iris  coupled  filter  which 
comprises  a  waveguide,  sized  for  propagating  mi- 
crowaves  in  the  desired  pass  band,  which  is  di- 
vided  into  a  plurality  of  resonant  chambers  by 
partitions  across  the  waveguide,  each  partition  hav- 
ing  an  aperture  or  iris  which  provides  for  coupling 
microwaves  into  or  out  of  the  chamber. 

In  order  to  provide  a  desired  bandpass  filter 
characteristic  it  has  been  determined  that  an  n-pole 
filter  (n  being  an  integer)  generally  needs  a  total  of 
2n  +  1  coupling  and  tuning  adjustments.  For  a  3- 
pole  iris  coupled  filter,  for  example,  these  can  be 
readily  constituted  by  3  tuning  screws,  one  for 
each  of  the  3  resonant  chambers  of  the  filter,  and  4 
coupling  screws,  one  for  each  aperture  or  iris. 
However,  the  iris  coupled  filter  has  the  disadvan- 
tage  of  being  of  a  relatively  large  size  for  micro- 
wave  frequencies  below  about  10GHz. 

In  contrast,  the  dielectric  resonator  microwave 
bandpass  filter  has  a  relatively  smaller  size  due  to 
its  use  of  a  cut-off  waveguide,  but  known  forms  of 
this  do  not  facilitate  providing  the  desired  number 
of  adjustments  for  achieving  particular  characteris- 
tics. 

Such  microwave  bandpass  filters  are  typically 
used  as  channel  filters  in  a  multi-channel  micro- 
wave  radio  transmitter.  In  such  an  application,  each 
filter  is  typically  connected  between  the  output  of  a 
modulator  and  the  input  of  a  transmitting  amplifier, 
and  serves  to  pass  only  one  of  the  two  sidebands 
of  the  modulated  signal  for  transmission.  Connec- 
tion  to  an  iris  coupled  filter  is  conveniently  effected 
by  coaxial  cable  via  an  isoadapter,  which  is  a 
combined  isolator  and  waveguide/coaxial  cable 
adapter,  but  this  adds  further  to  the  large  size  of 
the  filter.  Coupling  to  a  dielectric  resonator  filter 
can  be  effected  in  the  same  manner  with  the  same 
disadvantage  of  large  size,  or  can  be  effected  by 
coaxial  cable  with  the  disadvantage  of  requiring  an 
isolator  to  be  separately  provided. 

One  particular  microwave  circuit  using  dielec- 
tric  resonators  is  disclosed  in  JP  53-72438.  In  this 
arrangement,  the  dielectric  resonators  are  mounted 

on  a  dielectric  substrate,  which  itself  is  supported 
on  a  conductor  forming  the  ground  plane.  The 
object  of  this  disclosure  is  to  eliminate  the  adverse 
effect  of  the  ground  conductor  and  the  support 

5  conductor  of  the  dielectric  resonator.  This  is 
achieved  by  providing  a  cavity  in  the  ground  plane 
conductor  immediately  beneath  the  dielectric  reso- 
nator.  Coupling  to  and  from  the  dielectric  resonator 
is  by  way  of  microstrip  lines  on  the  surface  of  the 

w  dielectric  substrate.  Microwave  bandpass  filters  are 
also  used  as  branching  (channel  combining  and 
channel  dropping)  filters  in  microwave  radio  trans- 
mission  systems.  In  such  a  case  each  filter  conve- 
niently  has  a  coaxial  connection  at  one  port  for 

75  coupling  to  a  transmitting  or  receiving  amplifier, 
and  a  waveguide  coupling  at  the  other  port  for 
connection  to  a  circulator  and  thence  to  a  transmit- 
ting  or  receiving  antenna. 

An  object  of  this  invention,  therefore,  is  to 
20  provide  an  improved  microwave  bandpass  filter. 

According  to  this  invention  there  is  provided  a 
microwave  bandpass  filter  comprising: 

a  waveguide  of  rectangular  cross-section  hav- 
ing  conductive  upper,  lower,  and  side  walls; 

25  an  insulating  board  in  the  waveguide  having 
upper  and  lower  surfaces  substantially  parallel  to 
and  spaced  from  the  upper  and  lower  walls,  the 
lower  and  side  walls  defining  a  well  beneath  the 
board  and  supporting  the  board  around  substan- 

30  tially  its  entire  periphery; 
a  plurality  of  dielectric  resonators  supported  by 

the  board  and  spaced  along  the  waveguide; 
a  plurality  of  tuning  screws  each  extending 

through  the  lower  wall  into  the  well  beneath  a 
35  respective  one  of  the  dielectric  resonators;  and 

means  for  coupling  microwave  signals  to  and 
from  the  the  resonators,  characterized  in  that  each 
means  for  coupling  microwave  signals  comprises  a 
coupling  conductor  on  the  board  directly  above  the 

40  well  adjacent  to  a  periphery  of  a  respective  resona- 
tor. 

The  board  preferably  includes  on  its  lower  sur- 
face  a  ground  plane  conductor  in  regions  where  the 
board  is  supported,  the  ground  plane  being  sol- 

45  dered  to  the  walls  to  fix  the  board  in  position,  and 
the  dielectric  resonators  are  preferably  supported 
above  the  board.  Electrically  conductive  spurious 
mode  supperssors  preferably  extend  from  the  low- 
er  wall  through  the  board  substantially  perpendicu- 

50  larly  thereto  each  between  two  adjacent  resonators. 
In  addition,  coupling  adjustment  screws  advanta- 
geously  extend  through  a  side  wall  of  the 
waveguide  above  the  board  each  between  two  ad- 
jacent  resonators  for  varying  the  coupling  there- 

55  between.  For  example,  there  may  be  three  resona- 
tors  and  two  such  coupling  adjacent  screws. 

Preferably  each  means  for  coupling  microwave 
signals  to  or  from  a  resonator  comprises  a  coupling 

3 
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conductor  on  the  board  extending  adjacent  to  the 
periphery  of  the  resonator,  each  coupling  conduc- 
tor  conveniently  being  on  the  upper  surface  of  the 
board  and  having  an  unconnected  end  adjacent  to 
a  side  wall  of  the  waveguide.  In  this  case  coupling 
adjustment  screws  preferably  also  extend  through 
the  side  wall  above  the  board  each  adjacent  to  the 
unconnected  end  of  a  respective  coupling  conduc- 
tor  for  varying  the  coupling  between  this  conductor 
and  the  respective  resonator. 

The  filter  preferably  also  includes  within  the 
waveguide  at  least  one  isolator  having  a  port  coup- 
led  to  a  respective  means  for  coupling  microwave 
signals  to  or  from  a  resonator.  Conveniently  each 
respective  means  for  coupling  microwave  signals 
to  or  from  a  resonator  which  is  coupled  to  an 
isolator  port  comprises  a  microstrip  transmission 
line,  comprising  a  conductor  and  a  ground  plane  on 
opposite  surfaces  of  the  board,  having  a  char- 
acteristic  impedance  matched  to  that  of  the  isola- 
tor.  In  this  manner  impedance  matching  and  a 
compact  isolator  and  filter  arrangement  are  readily 
achieved. 

For  coupling  coaxial  cables  to  the  filter  and 
isolator  arrangement,  preferably  there  are  two  isola- 
tors  and  the  waveguide  includes  two  end  walls 
each  including  a  respective  coaxial  connector  hav- 
ing  a  central  connection  extending  through  the  end 
wall  and  coupled  to  a  second  port  of  a  respective 
isolator. 

The  waveguide  conveniently  comprises  a  body 
constituting  the  lower  and  side  walls  and  a  flat  lid 
constituting  the  upper  wall,  and  means  for  securing 
the  lid  to  the  body. 

The  invention  will  be  further  understood  from 
the  following  description  with  reference  to  the  ac- 
companying  drawings,  in  which: 

Fig.  1  is  a  partly  cut-away  plan  view  of  a  dielec- 
tric  resonator  microwave  bandpass  filter,  with  a 
lid  thereof  removed,  in  accordance  with  an  em- 
bodiment  of  the  invention; 
Fig.  2  is  a  longitudinal  sectional  illustration  of  the 
filter  of  Fig.  1,  the  section  being  taken  on  the 
lines  ll-ll  in  Fig.  1;  and 
Fig.  3  is  a  cross  sectional  illustration  of  the  filter, 
the  section  being  taken  on  the  lines  Ill-Ill  in  Fig. 
2. 

Referring  to  the  drawings,  the  filter  illustrated 
therein  comprises  a  metal  enclosure,  forming  a  cut- 
off  waveguide,  formed  by  an  elongate  body  1  0  and 
a  flat  lid  12  which  is  shown  only  in  Fig.  2.  The 
body  10  is  for  example  formed  by  investment 
casting,  and  subsequent  machining  where  neces- 
sary,  from  an  alloy  comprising  83%  copper,  7% 
lead,  7%  tin,  and  3%  zinc.  The  body  10  has  a  top 
flange  14  along  the  length  of  each  side,  in  which 
are  formed  a  plurality  of  threaded  holes  16  into 
which  are  screwed  screws  (not  shown)  which  pass 

through  corresponding  holes  (not  shown)  in  the  lid 
12  to  secure  the  lid  to  the  body  10.  In  Fig.  1  the 
top  flange  14  is  illustrated  as  being  cut-away  in 
parts  to  show  details  beneath  it. 

5  The  body  10  includes  an  elongate  cavity  18 
which  is  described  in  detail  below.  In  the  top  flange 
14  and  immediately  surrounding  the  entire  periph- 
ery  of  the  cavity  18  the  body  10  includes  a  con- 
tinuous  groove  20  in  which  a  continuous  wire  mesh 

10  filament  (not  shown)  is  secured  to  provide  an 
electro-magnetic  seal  between  the  body  1  0  and  the 
lid  12. 

The  body  10  also  has  at  each  end  a  flange  22 
which  is  shaped  as  is  best  shown  in  Fig.  3  to  form 

75  feet  24  on  which  the  filter  stands  in  use,  so  that  a 
lower  surface  of  the  base  26  of  the  body  10  is 
supported  above  the  surface  on  which  the  filter 
stands,  in  order  to  facilitate  adjustment  of  tuning 
screws  described  below. 

20  The  filter  in  this  embodiment  of  the  invention  is 
intended  to  be  connected  between  two  coaxial  ca- 
bles,  to  which  end  a  coaxial  cable  connector  28  is 
mounted  externally  on  each  end  flange  22,  a  cen- 
tral  pin  of  each  connector  28  passing  through  an 

25  aperture  in  the  end  flange  22,  as  shown  by  broken 
lines  in  Figs.  1  and  2,  to  the  end  of  the  cavity  18 
where  it  is  electrically  connected  to  one  port  of  a 
respective  one  of  two  isolators  30.  As  is  best 
shown  in  Fig.  2,  each  isolator  is  a  known  form  of 

30  so-called  drop-in  isolator  which  comprises  a  metal- 
lized  ferrite  substrate  32  and  a  cylindrical  perma- 
nent  magnet  34  supported  therefrom.  The  ferrite 
substrate  32  is  supported  by  and  has  on  its  under- 
side  a  ground  plane  which  is  soldered  to  the  base 

35  26  of  the  body  10,  through  which  there  is  provided 
a  cylindrical  aperture  36  to  accommodate  and  pro- 
vide  access  to  the  permanent  magnet  34.  Each 
aperture  36  has  a  counter-bore  38  at  the  lower 
surface  of  the  base  26  to  accommodate  a  metal 

40  cap  (not  shown)  for  electro-magnetically  sealing 
this  aperture. 

Between  the  isolators  30  there  extends  a  print- 
ed  circuit  board  40  preferably  of  polyetherimide 
material,  such  as  that  marketed  by  the  General 

45  Electric  Company  under  the  trade  name  "Ultem", 
which  is  physically  and  thermally  stable.  In  this 
respect  it  is  observed  that  other  materials  could  be 
used,  but  PTFE,  which  is  commonly  used  for  print- 
ed  circuit  boards,  is  preferably  not  used  because  it 

so  has  a  discontinuity  in  its  expansion-temperature 
characteristic  at  a  temperature  of  about  25  *  C  and 
hence  lacks  thermal  stability.  For  physical  stability 
the  board  40  is  relatively  thick  compared  with,  for 
example,  the  substrates  32.  In  consequence,  the 

55  upper  surface  of  the  base  26  of  the  body  10  is 
stepped,  at  the  point  where  each  substrate  32  and 
the  board  40  meet,  so  that  their  upper  surfaces  are 
in  the  same  plane.  The  coaxial  cable  connectors  28 

1 
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are  positioned  so  that  their  central  pins  are  also  in 
this  same  plane,  so  that  electrical  connections  to 
the  ports  of  the  isolators  are  readily  achieved  by 
solder  bridges  between  the  abutting  contacts. 

As  indicated  by  a  broken  line  in  Fig.  1,  a  well 
42  is  formed  in  the  base  26  of  the  body  1  0  beneath 
the  board  40.  The  board  40  is  supported  at  its 
ends,  beyond  the  ends  of  the  well  42,  by  the  base 
26  as  shown  in  Fig.  2,  and  is  supported  along  the 
lengths  of  its  sides,  beyond  the  sides  of  the  well 
42,  by  stepped  sides  of  the  base  26  as  shown  in 
Fig.  3.  In  these  support  regions  the  board  40  has 
on  its  lower  surface  a  ground  plane  which  is  sol- 
dered  to  the  base  26  to  secure  the  board  40  in 
place.  The  ground  plane  does  not  extend  into  the 
region  of  the  well  42. 

Three  dielectric  resonators  44  are  glued  to  the 
upper  surface  of  the  board  40  to  form  in  this  case 
a  3-pole  bandpass  filter.  The  form  and  selection  of 
dielectric  resonators  to  form  bandpass  filters  is 
generally  known  and  need  not  be  described  here.  It 
is  noted,  however,  that  the  dielectric  resonators  44 
are  positioned  above  the  region  of  the  well  42,  so 
that  there  is  no  ground  plane  close  to  the  resona- 
tors.  The  distance  between  the  resonators  and  the 
nearest  ground  plane,  which  is  greatly  increased 
by  the  provision  of  the  well  42,  maintains  the  high 
quality  factor  of  the  dielectric  resonators  and  con- 
siderably  facilitates  tuning  of  the  resonators  over  a 
relatively  wide  frequency  range  as  is  described 
further  below. 

For  coupling  microwave  frequency  signals  be- 
tween  each  of  the  isolators  30  and  the  respective 
dielectric  resonator  44  which  is  nearest  to  it,  con- 
ductive  tracks  46  are  provided  on  the  upper  sur- 
face  of  the  board  40.  Each  track  46  comprises  a 
coupling  loop  48  which  extends  directly  above  the 
well  42  part  of  the  way  around  the  periphery  of  the 
respective  resonator  44,  a  relatively  wide  trick  50 
which  extends  above  the  ground  plane  on  the  lower 
surface  of  the  board  40  and  forms  a  microstrip 
transmission  line,  and  a  tapered  portion  which  cou- 
ples  the  microstrip  transmission  line  to  the  coupling 
loop.  Each  track  50  has  a  width  which  is  selected 
to  provide  a  50  ohm  characteristic  impedance  to 
match  the  characteristic  impedance,  also  50  ohms, 
of  the  isolator  30  and  coaxial  cable  to  be  con- 
nected  to  the  connector  28.  Each  track  50  is  elec- 
trically  connected  to  a  second  port  of  the  respec- 
tive  isolator  30;  a  third  port  of  each  isolator  30  is 
terminated  with  a  resistance  of  50  ohms  within  the 
isolator  itself. 

The  width  of  the  track  forming  each  coupling 
loop,  its  spacing  from  the  periphery  of  the  dielec- 
tric  resonator  44  to  which  it  couples,  the  angle 
which  this  loop  subtends  at  the  axis  of  this  resona- 
tor,  and  the  distance  of  the  loop  (and  hence  the 
resonator)  from  the  edge  of  the  well  42  are  all 

selected  to  optimize  the  matching  and  coupling 
between  the  microstrip  connector  and  the  resona- 
tor,  for  the  desired  pass  band  of  the  bandpass 
filter.  In  any  event,  each  coupling  loop  48  is  ar- 

s  ranged  so  that  its  unconnected  end  52  is  at  one 
side  of  the  dielectric  resonator,  as  shown  in  Fig.  1  . 
A  respective  screw  54  extends  through  a  threaded 
hole  in  the  side  wall  56  of  the  body  10  above  the 
board  40  into  proximity  with  each  end  52  and  the 

70  associated  resonator  44,  and  serves  for  adjusting 
the  coupling  of  the  loop  48  to  the  resonator  44. 
Turning  the  screw  54  to  be  closer  to  the  resonator 
44  increases  the  coupling  by  increasing  the  fring- 
ing  capacitance  associated  with  the  loop  end  52.  A 

75  locking  nut  58  on  each  screw  54  enables  the  screw 
to  be  fixed  in  position  after  it  has  been  appro- 
priately  adjusted. 

Between  the  central  one  of  the  three  dielectric 
resonators  44  and  each  outer  one  of  these  resona- 

20  tors  44  there  is  provided  an  electrically  conductive 
upright  bar  60  which  constitutes  a  spurious  mode 
suppressor.  As  is  best  shown  in  Fig.  2,  each  bar  60 
extends  from  a  respective  recess  in  the  base  26  of 
the  body  10,  to  which  it  is  thereby  electrically 

25  connected,  upwardly  through  an  aperture  in  the 
board  40  positioned  mid-way  between  the  dielectric 
resonators  44  on  each  side  of  it,  to  the  vicinity  of 
the  lid  12.  The  bars  60  serve  to  suppress  the 
propagation  of  spurious  modes  of  microwave  sig- 

30  nals  through  the  filter  in  a  manner  known  for  exam- 
ple  from  Nishikawa  et  al.  U.S.  Patent  No.  4,138,652 
issued  February  6,  1979. 

Two  screws  62  extend  through  threaded  holes 
in  the  side  wall  56  of  the  body  10  above  the  board 

35  40,  one  opposite  each  of  the  bars  60,  and  enable 
adjustment  of  the  coupling  which  is  achieved  be- 
tween  adjacent  pairs  of  the  resonators  44.  Lock 
nuts  64  on  these  screws  62  enable  them  to  be 
fixed  in  position  after  they  have  been  appropriately 

40  adjusted  to  achieve  desired  degrees  of  coupling. 
As  shown  in  Figs.  2  and  3,  centrally  beneath 

each  dielectric  resonator  44  there  is  a  tuning  ad- 
justment  screw  66  which  extends  through  a  respec- 
tive  threaded  hole  in  the  base  26  of  the  body  10 

45  into  the  well  42  below  the  board  40  to  permit 
tuning  of  the  resonators  44.  A  respective  locking 
nut  68  on  each  of  the  three  screws  66  enables  the 
screw  to  be  fixed  in  position  after  tuning. 

The  bandpass  filter  described  above  provides 
50  numerous  advantages  and  conveniences  over 

known  filters.  For  example,  it  has  a  relatively  small 
size  due  to  the  use  of  dielectric  resonators  and  a 
cut-off  waveguide,  and  the  incorporation  of  the 
isolators  30  within  the  body  1  0.  The  use  of  the  flat 

55  lid  12  is  a  convenience  in  manufacture,  and  be- 
cause  this  lid  12  does  not  incorporate  any  adjusting 
screws  it  can  be  removed  and  replaced  without 
disturbing  tuning  and  coupling  adjustments. 

5 



EP  0  197  653  B1 

me  provision  of  the  well  42  increases  the 
distances  between  the  resonators  44  and  ground 
planes,  thereby  maintaining  the  high  quality  factor 
of  the  dielectric  resonators  and  facilitating  adjust- 
ment  of  the  filter  for  particular  characteristics  within 
relatively  wide  ranges.  The  positioning  of  the  tuning 
screws  66  below  the  board  40  and  below  the 
resonators  44,  and  the  coupling  adjustment  screws 
54  and  62  above  the  board  40  and  at  one  side  of 
the  resonators  44,  provides  a  substantial  degree  of 
independence  of  the  tuning  and  coupling  adjust- 
ments,  so  that  the  coupling  and  tuning  adjustments 
do  not  mutually  and  adversely  affect  one  another  to 
a  large  extent.  It  should  be  noted  that  the  4  cou- 
pling  adjustment  screws  and  the  3  tuning  screws 
provided  the  desired  total  of  7  adjustments  for  the 
described  3-pole  filter. 

Although  the  above  description  relates  to  a 
filter  incorporating  isolators  and  for  coupling  be- 
tween  two  coaxial  cables,  it  should  be  appreciated 
that  at  one  or  both  ends  of  the  filter  the  isolator 
could,  if  desired,  be  omitted,  and/or  coupling  may 
be  effected  in  known  manner  to  a  waveguide  rather 
than  to  a  coaxial  cable  connector.  It  should  also  be 
appreciated  that  the  microstrip  connector  formed 
by  the  track  50  may  be  modified  or  replaced  by 
other  suitable  forms  of  coupling. 

Claims 

1.  A  microwave  bandpass  filter  comprising: 
a  waveguide  of  rectangular  cross-section 

having  conductive  upper  (12),  lower  (26),  and 
side  (56)  walls; 

an  insulating  board  (4)  in  the  waveguide 
having  upper  and  lower  surfaces  substantially 
parallel  to  and  spaced  from  the  upper  and 
lower  walls,  the  lower  and  side  walls  defining  a 
well  (42)  beneath  the  board  and  supporting  the 
board  around  substantially  its  entire  periphery; 

a  plurality  of  dielectric  resonators  (44)  sup- 
ported  by  the  board  and  spaced  along  the 
waveguide; 

a  plurality  of  tuning  screws  (66)  each  ex- 
tending  through  the  lower  wall  into  the  well 
beneath  a  respective  one  of  the  dielectric  reso- 
nators;  and 

means  (46)  for  coupling  microwave  signals 
to  and  from  the  resonators,  characterized  in 
that  each  means  for  coupling  microwave  sig- 
nals  comprises  a  coupling  conductor  (48)  on 
the  board  directly  above  the  well  (42)  adjacent 
to  a  periphery  of  a  respective  resonator  (44). 

2.  A  filter  as  claimed  in  claim  1  wherein  the  board 
(40)  includes  on  its  lower  surface  a  ground 
plane  conductor  in  regions  where  the  board  is 
supported. 

3.  A  filter  as  claimed  in  claim  2  wherein  the 
ground  plane  conductor  is  soldered  to  the 
walls. 

5  4.  A  filter  as  claimed  in  any  of  claims  1  or  3 
wherein  the  dielectric  resonators  (44)  are  sup- 
ported  on  the  upper  surface  of  the  board. 

5.  A  filter  as  claimed  in  any  of  claims  1  to  4 
70  wherein  there  are  three  dielectric  resonators 

(44). 

6.  A  filter  as  claimed  in  any  of  claims  1  to  5  and 
including  at  least  one  electrically  conductive 

75  spurious  mode  suppressor  (6)  extending  from 
the  lower  wall  (26)  through  the  board  (40). 

7.  A  filter  as  claimed  in  any  of  claims  1  to  6  and 
including  at  least  one  coupling  adjustment 

20  screw  (62)  extending  through  a  side  wall  (56) 
of  the  waveguide  between  two  dielectric  reso- 
nators  (44)  for  varying  the  coupling  there- 
between. 

25  8.  A  filter  as  claimed  in  claim  7  wherein  each 
coupling  adjustment  screw  (62)  extends 
through  the  side  wall  (56)  above  the  board 
(40). 

30  9.  A  filter  as  claimed  in  any  of  claims  1  to  8 
wherein  each  coupling  conductor  (48)  includes 
an  unconnected  end  (52)  adjacent  to  a  side 
wall  (56)  of  the  waveguide. 

35  10.  A  filter  is  claimed  in  claim  9  and  including  it 
least  one  coupling  adjustment  screw  (54)  ex- 
tending  through  the  side  wall  (56)  of  the 
waveguide  adjacent  to  the  unconnected  end 
(52)  of  a  respective  coupling  conductor  (48)  for 

40  varying  the  coupling  between  the  coupling 
conductor  and  the  dielectric  resonator  (44). 

11.  A  filter  as  claimed  in  claim  10  wherein  each 
coupling  conductor  (48)  is  on  the  upper  sur- 

45  face  of  the  board  (40)  and  each  coupling  ad- 
justment  screw  (54)  extends  through  the  side 
wall  (56)  above  the  board. 

12.  A  filter  as  claimed  in  any  of  claims  1  to  11  and 
50  including  in  the  waveguide  at  least  one  isolator 

(30)  having  a  port  coupled  to  a  respective 
means  (46)  for  coupling  microwave  signals. 

13.  A  filter  as  claimed  in  claim  12  wherein  each 
55  respective  means  (46)  for  coupling  microwave 

signals  which  is  coupled  to  an  isolator  port 
comprises  a  microstrip  transmission  line,  com- 
prising  a  conductor  (50)  and  a  ground  plane  on 
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opposite  surfaces  of  the  board  (40),  having  a 
characteristic  impedance  matched  to  that  of 
the  isolator  (30). 

14.  A  filter  as  claimed  in  claim  12  or  13  wherein 
the  waveguide  includes  at  least  one  end  wall 
including  a  coaxial  connector  (28)  having  a 
central  connection  extending  through  the  end 
wall  and  coupled  to  a  second  port  of  a  respec- 
tive  isolator  (30). 

15.  A  filter  as  claimed  in  claim  14  wherein  the 
waveguide  includes  two  end  walls  each  includ- 
ing  a  respective  coaxial  connector  (28), 
wherein  there  are  two  isolators  (30)  each  coup- 
led  between  a  respective  coaxial  connector 
and  a  respective  means  (46)  for  coupling  mi- 
crowave  signals. 

16.  A  filter  as  claimed  in  any  of  claims  1  to  15 
wherein  the  waveguide  comprises  a  body  (10) 
constituting  the  lower  (26)  and  side  (56)  walls 
and  a  flat  lid  (12)  constituting  the  upper  wall, 
and  means  (16)  for  securing  the  lid  to  the 
body. 

17.  A  filter  as  claimed  in  any  of  claims  1  to  16 
wherein  the  board  (40)  comprises 
polyetherimide  material. 

Revendications 

1.  Filtre  passe-bande  a  micro-ondes  comprenant 

carte  directement  au-dessus  du  caisson  (42) 
adjacent  a  une  peripherie  d'un  resonateur  res- 
pectif  (44). 

5  2.  Filtre  selon  la  revendication  1,  dans  lequel  la 
carte  (40)  comporte  sur  sa  surface  inferieure 
un  conducteur  de  plan  de  masse  dans  des 
regions  ou  la  carte  est  support.ee. 

70  3.  Filtre  selon  la  revendication  2,  dans  lequel  le 
conducteur  de  plan  de  masse  est  soude  aux 
parois. 

4.  Filtre  selon  I'une  quelconque  des  revendica- 
75  tions  1  a  3,  dans  lequel  les  resonateurs  dielec- 

triques  (44)  sont  supportes  sur  la  surface  su- 
perieure  de  la  carte. 

5.  Filtre  selon  I'une  quelconque  des  revendica- 
20  tions  1  a  4,  dans  lequel  il  existe  trois  resona- 

teurs  dielectriques  (44). 

6.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  1  a  5  et  comportant  au  moins  un  sup- 

25  presseur  electriquement  conducteur  (6)  de 
mode  parasite  s'etendant  depuis  la  paroi  infe- 
rieure  (26)  a  travers  la  carte  (40). 

7.  Filtre  selon  I'une  quelconque  des  revendica- 
30  tions  1  a  6  comportant  au  moins  une  vis 

d'ajustement  de  couplage  (62)  passant  a  tra- 
vers  une  paroi  laterale  (56)  du  guide  d'onde 
entre  deux  resonateurs  dielectriques  (44)  pour 
faire  varier  le  couplage  entre  ceux-ci. 

un  guide  d'onde  de  section  transversale  35 
rectangulaire  comportant  des  parois  conductri- 
ces  superieure  (12),  inferieure  (26)  et  laterale 
(56); 

une  carte  isolante  (4)  dans  le  guide  d'onde 
comportant  des  surfaces  superieure  et  inferieu-  40 
re  pratiquement  paralleles  a  et  separees  des 
parois  superieure  et  inferieure,  les  parois  infe- 
rieure  et  laterales  definissant  un  caisson  (42) 
en-dessous  de  la  carte  et  supportant  la  carte 
pratiquement  autour  de  sa  peripherie  entiere  ;  45 

une  multitude  de  resonateurs  dielectriques 
(44)  supportes  par  la  carte  et  espaces  le  long 
du  guide  d'onde  ; 

une  multitude  de  vis  d'accord  (66)  cha- 
cune  passant  a  travers  la  paroi  inferieure  dans  50 
le  caisson  en-dessous  d'un  resonateur  dielec- 
trique  respectif  des  resonateurs  dielectriques  ; 
et 

un  moyen  (46)  pour  coupler  les  signaux  a 
micro-ondes  vers  et  depuis  les  resonateurs,  55 
caracterise  en  ce  que  chaque  moyen  pour  le 
couplage  des  signaux  a  micro-ondes  com- 
prend  un  conducteur  de  couplage  (48)  sur  la 

8.  Filtre  selon  la  revendication  7,  dans  lequel 
chaque  vis  d'ajustement  de  couplage  (62)  pas- 
se  a  travers  la  paroi  laterale  (56)  au-dessus  de 
la  carte  (40). 

40 
9.  Filtre  selon  I'une  quelconque  des  revendica- 

tions  1  a  8,  dans  lequel  chaque  conducteur  de 
couplage  (48)  comporte  une  extremite  non 
connectee  (52)  adjacente  a  une  paroi  laterale 

45  (56)  du  guide  d'onde. 

10.  Filtre  selon  la  revendication  9  et  comportant  au 
moins  une  vis  d'ajustement  de  couplage  (54) 
passant  a  travers  la  paroi  laterale  (56)  du  guide 

50  d'onde  adjacent  a  I'extremite  non  connectee 
(52)  d'un  conducteur  de  couplage  respectif 
(48)  pour  faire  varier  le  couplage  entre  le 
conducteur  de  couplage  et  le  resonateur  die- 
lectrique  (44). 

55 
11.  Filtre  selon  la  revendication  10,  dans  lequel 

chaque  conducteur  de  couplage  (48)  se  trouve 
sur  la  surface  superieure  de  la  carte  (40)  et 

7 
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chaque  vis  d  ajustement  de  couplage  (54)  pas- 
se  a  travers  la  paroi  laterale  (56)  audessus  de 
la  carte. 

12.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  1  a  11  et  comportant  dans  le  guide 
d'onde  au  moins  un  isolateur  (30)  ayant  un 
acces  couple  a  un  moyen  respectif  (46)  pour 
le  couplage  des  signaux  a  micro-ondes. 

13.  Filtre  selon  la  revendication  12,  dans  lequel 
chaque  moyen  respectif  (46)  pour  le  couplage 
des  signaux  a  micro-ondes  qui  est  couple  a  un 
acces  d'isolateur  comprend  une  ligne  de  tran- 
smission  a  micro-bandes,  comprenant  un 
conducteur  (50)  et  un  plan  de  masse  sur  les 
surfaces  opposees  de  la  carte  (40),  ayant  une 
impedance  caracteristique  adaptee  a  celle  de 
I'isolateur  (30). 

14.  Filtre  selon  la  revendication  12  ou  13,  dans 
lequel  le  guide  d'onde  comporte  au  moins  une 
paroi  d'extremite  comportant  un  connecteur 
coaxial  (28)  ayant  une  connexion  centrale  pas- 
sant  a  travers  la  paroi  d'extremite  et  couple  a 
un  second  acces  d'un  isolateur  respectif  (30). 

15.  Filtre  selon  la  revendication  14,  dans  lequel  le 
guide  d'onde  comporte  deux  parois  d'extremi- 
te  chacune  comportant  un  connecteur  coaxial 
respectif  (28),  dans  lequel  se  trouvent  deux 
isolateurs  (30)  chacun  couple  entre  un  connec- 
teur  coaxial  respectif  et  un  moyen  respectif 
(46)  pour  le  couplage  des  signaux  a  micro- 
ondes. 

16.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  1  A  15,  dans  lequel  le  guide  d'onde 
comprend  un  corps  (10)  constituant  les  parois 
inferieure  (26)  et  laterales  (56)  et  un  couvercle 
plat  (12)  constituant  la  paroi  superieure,  et  un 
moyen  (1  6)  pour  fixer  le  couvercle  au  corps. 

17.  Filtre  selon  I'une  quelconque  des  revendica- 
tions  1  a  16,  dans  lequel  la  carte  (40)  com- 
prend  un  materiau  de  polyetherimide. 

Patentanspruche 

1.  Mikrowellen-Bandpafifilter,  welches  umfafit: 

einen  Wellenleiter  von  rechtwinkligem  Quer- 
schnitt  mit  leitenden  oberen  (12),  unteren  (26) 
und  seitlichen  (56)  Wanden; 

eine  isolierende  Platine  (4)  in  dem  Wellenleiter 
mit  oberen  und  unteren,  im  wesentlichen  mit 
der  oberen  und  unteren  Wand  parallelen  und 

davon  einen  Abstand  aufweisenden  Oberfla- 
chen,  wobei  die  untere  und  die  Seitenwande 
eine  Kammer  (42)  unter  der  Platine  bestimmen 
und  die  Platine  urn  im  wesentlichen  ihren  ge- 

5  samten  Umfang  abstutzen; 

eine  Vielzahl  von  durch  die  Platine  abgestutz- 
ten  und  langs  des  Wellenleiters  mit  Abstand 
versehenen  dielektrischen  Resonatoren  (44); 

70 
eine  Vielzahl  von  Abstimmschrauben  (66),  die 
sich  jeweils  durch  die  untere  Wand  in  die 
Kammer  unter  einen  jeweiligen  dielektrischen 
Resonator  erstrecken;  und 

75 
Mittel  zum  Koppeln  von  Mikrowellensignalen 
an  die  und  von  den  Resonatoren, 

dadurch  gekennzeichnet,  dafi  jedes  Mittel  zum 
20  Koppeln  von  Mikrowellensignalen  einen  Kop- 

pelleiter  (48)  an  der  Platine  direkt  uber  der 
Kammer  (42)  benachbart  zum  Umfang  eines 
jeweiligen  Resonators  (44)  umfaCt. 

25  2.  Filter  nach  Anspruch  1,  bei  dem  die  Platine 
(40)  an  ihrer  unteren  Flache  einen  Grundebe- 
nenleiter  enthalt  in  Bereichen,  an  denen  die 
Platine  abgestutzt  ist. 

30  3.  Filter  nach  Anspruch  2,  bei  dem  der  Grund- 
ebenenleiter  an  den  Wanden  angelotet  ist. 

4.  Filter  nach  einem  der  Anspruche  1  Oder  3,  bei 
dem  die  dielektrischen  Resonatoren  (44)  an 

35  der  oberen  Flache  der  Platine  abgestutzt  sind. 

5.  Filter  nach  einem  der  Anspruche  1  bis  4,  bei 
dem  drei  dielektrische  Resonatoren  (44)  vor- 
handen  sind. 

40 
6.  Filter  nach  einem  der  Anspruche  1  bis  5,  und 

mit  mindestens  einem  elektrisch  leitenden,  von 
der  unteren  Wand  (26)  durch  die  Platine  (44) 
vorstehenden  Unterdrucker  (6)  von  uner- 

45  wunschter  Betriebsart. 

7.  Filter  nach  einem  der  Anspruche  1  bis  6,  und 
der  mindestens  eine  Kopplungs-Einstellschrau- 
be  (62)  enthalt,  die  sich  durch  eine  Seitenwand 

so  (56)  des  Wellenleiters  zwischen  zwei  dielektri- 
schen  Resonatoren  (44)  erstreckt,  um  die 
Kopplung  zwischen  diesen  zu  andern. 

8.  Filter  nach  Anspruch  7,  bei  dem  jede  Kopp- 
55  lungseinstellschraube  (62)  sich  durch  die  Sei- 

tenwand  (56)  uber  der  Platine  (40)  erstreckt. 

9.  Filter  nach  einem  der  Anspruche  1  bis  8,  bei 

3 
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jem  jeder  Koppelleiter  (48)  ein  unangeschlos- 
senes  Ende  (52)  benachbart  einer  Seitenwand 
;56)  des  Wellenleiters  enthalt. 

1  7.  Filter  nach  einem  der  Anspruche  1  bis  lb,  bei 
dem  die  Platine  (40)  Polyetherimid-Material 
umfafit. 

10.  Filter  nach  Anspruch  9,  und  mit  mindestens  5 
einer  Kopplungseinstellschraube  (54),  die  sich 
durch  die  Seitenwand  (56)  des  Wellenleiters 
benachbart  dem  unangeschlossenen  Ende  (52) 
eines  jeweiligen  Koppelleiters  (58)  erstreckt 
zum  Verandern  der  Kopplung  zwischen  dem  w 
Koppelleiter  und  dem  dielektrischen  Resonator 

11.  Filter  nach  Anspruch  10,  bei  dem  jeder  Kop- 
pelleiter  (48)  sich  an  der  oberen  Flache  der  is 
Platine  (40)  befindet  und  jede  Koppeleinstell- 
schraube  (54)  sich  uber  der  Platine  durch  die 
Seitenwand  (56)  erstreckt. 

12.  Filter  nach  einem  der  Anspruche  1  bis  11  und  20 
der  in  dem  Wellenleiter  mindestens  einen  Iso- 
lator  (30)  enthalt,  der  einen  mit  einem  jeweili- 
gen  Mittel  (46)  zum  Koppeln  von  Mikrowellen- 
signalen  gekoppelten  Anschlu/3  besitzt. 

13.  Filter  nach  Anspruch  12,  bei  dem  jedes  jeweili- 
ge  Mittel  (46)  zum  Koppeln  von  Mikrowellensi- 
gnalen,  das  mit  einem  lsolatoranschlu/3  gekop- 
pelt  ist,  eine  Mikrostreifen-Sendeleitung  um- 
fa/Jt,  welche  einen  Leiter  (50)  und  eine  Grund-  30 
ebene  an  gegenuberliegenden  Flachen  der 
Platine  (40)  umfafit  mit  einer  an  die  des  Isola- 
tors  (30)  angepafiten  mit  einer  charakteristi- 
schen  Impedanz,  angepaBt. 

14.  Filter  nach  Anspruch  12  oder  13,  bei  dem  der 
Wellenleiter  mindestens  eine  Endwand  enthalt, 
welche  einen  Koaxialverbinder  (28)  mit  einer 
sich  durch  die  Endwand  erstreckenden  und  mit 
einem  zweiten  AnschluC  eines  jeweiligen  Isola-  40 
tors  (30)  gekoppelten  Zentralverbindung. 

15.  Filter  nach  Anspruch  14,  bei  dem  der  Wellen- 
leiter  zwei  Endwande  enthalt,  die  jeweils  einen 
jeweiligen  Koaxialverbinder  (28)  enthalten,  wo-  45 
bei  zwei  Isolatoren  (30)  vorhanden  sind,  die 
jeweils  zwischen  einem  jeweiligen  Koaxialver- 
binder  und  einem  jeweiligen  Mittel  (46)  zum 
Koppeln  von  Mikrowellensignalen  gekoppelt 
sind.  50 

16.  Filter  nach  einem  der  Anspruche  1  bis  15,  bei 
dem  der  Wellenleiter  einen  die  untere  Wand 
(26)  und  die  Seitenwande  (56)  bildenden  Kor- 
per  (10)  umfafit  und  einen  die  obere  Wand  55 
bildenden  flachen  Deckel  (12)  und  Mittel  (16) 
zum  Sichern  des  Deckels  an  dem  Korper. 

[44). 

25 

35 
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