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Description 

The  present  invention  relates  to  a  satellite 
broadcasting  receiver,  particularly  to  an  antenna 
arrangement  comprising  a  frequency  down  con- 
verter  for  converting  an  electromagnetic  wave  re- 
ceived  by  a  parabolic  antenna  to  a  signal  having  a 
lower  frequency. 

A  satellite  broadcasting  receiver  is  used  for 
receiving  an  electromagnetic  wave  transmitted  by  a 
satellite  positioned  on  a  stationary  orbit  in  the  sky, 
and  generally  comprises  a  parabolic  antenna,  a 
waveguide  situated  at  a  focus  of  the  parabolic 
antenna,  a  frequency  down  converter  having  a  strip 
line  circuit,  a  mode  converter  provided  between  the 
waveguide  and  the  strip  line  circuit  of  the  fre- 
quency  down  converter  for  converting  a  waveguide 
mode  (TE0i  mode)  to  a  strip  line  mode  (TEM 
mode).  An  output  of  the  frequency  converter  is 
applied  to  a  domestic  television  receiver  through 
an  FM-AM  converter  or  a  demodulator. 

In  a  conventional  satellite  broadcasting  receiver 
(see  US-A-  3832  717),  the  electromagnetic  wave  is 
guided  to  the  outside  of  the  parabolic  antenna 
through  the  waveguide  where  the  mode  converter 
and  the  frequency  down  converter  are  provided,  or 
the  waveguide,  the  mode  converter  and  the  fre- 
quency  down  converter  are  unified  in  one  body  and 
provided  at  the  focus  of  the  parabolic  antenna. 
However,  in  this  conventional  receiver,  the  mode 
conversion  is  processed  sequentially  from  the 
waveguide  mode  to  the  strip  line  mode  through  the 
coaxial  cable  mode,  cause  a  defect  owing  to  the 
complexity  of  the  configuration.  Alternatively,  a 
mode  converter  for  directly  converting  the  rectan- 
gular  waveguide  mode  to  the  strip  line  mode  is 
employed.  However,  where  the  mode  converter  of 
this  kind  is  employed,  two  kinds  of  differently  po- 
larized  waves  cannot  be  received  without  rotating 
the  whole  antenna.  Moreover,  when  the  receiver  is 
arranged  for  simultaneously  receiving  these  two 
kinds  of  differently  polarized  waves,  these  two 
kinds  of  polarized  wave  each  has  to  be  derived 
from  different  positions  of  the  waveguide  provided 
at  the  focus  of  the  parabolic  antenna,  so  creating  a 
further  defect  by  reducing  the  effective  area  of  the 
parabolic  antenna.  US-A-4208  660  discloses  an  ar- 
rangement  comprising  a  dielectric  sheet  carrying 
two  probes.  On  the  front  and  the  back  surface  of 
said  dielectric  sheet  is  attached  a  first  dielectric 
substrate  and  a  second  dielectric  substrate  respec- 
tively.  Said  first  dielectric  substrate  is  covered  with 
an  electrically  conductive  sheet  comprising  three 
concentric  circular  apertures.  Said  second  sub- 
strate  is  backed  by  a  wave  guide  structure  whose 
bottom  functions  as  a  reflecting  element  in  the 
circular  wave  guide  downstream  of  said  probes, 
which  are  connected  via  feed  lines  to  terminating 

structure  and  a  coaxial  connector  respectively  An 
object  of  the  present  invention  is  to  provide  a 
satellite  broadcasting  receiver  in  which  an  elec- 
tromagnetic  signal  received  by  a  parabolic  antenna 

5  can  be  converted  extremely  simply  to  strip  line 
mode  and  further  a  frequency  down  converter  cir- 
cuit  can  be  arranged  around  a  waveguide. 

Another  object  of  the  present  invention  is  to 
provide  a  satellite  broadcasting  receiver  in  which 

io  two  kinds  of  differently  polarized  waves  can  be 
received  without  reducing  the  effective  area  of  a 
parabolic  antenna  by  serially  arranging  two  fre- 
quency  down  converter  circuits  in  the  direction  of 
an  axis  of  a  waveguide  provided  at  the  focus  of  a 

75  parabolic  antenna. 
Still  another  object  of  the  present  invention  is 

to  provide  a  mode  converter  for  effecting  the  mode 
conversion  between  a  circular  waveguide  mode 
and  a  strip  line  mode  which  is  capable  of  realizing 

20  a  remarkably  small-sized  satellite  broadcasting  re- 
ceiver. 
The  above  objects  are  achieved  by  a  satellite 
broadcasting  receiver  comprising  the  features  of 
claim  1. 

25  For  the  better  understanding  of  the  invention, 
reference  is  made  to  the  accompanying  drawings, 
in  which: 

Fig.  1  is  a  diagram  showing  an  outline  of  a 
satellite  broadcasting  receiver; 

30  Fig.  2  is  a  perspective  view  showing  a  mode 
converter  for  effecting  the  mode  conversion  be- 
tween  a  rectangular  waveguide  mode  and  a 
coaxial  mode; 
Fig.  3  is  a  perspective  view  showing  an  example 

35  of  a  conventional  satellite  broadcasting  receiver 
comprising  a  circular  waveguide  at  a  parabolic 
antenna  focus,  a  mode  converter  for  effecting 
the  mode  conversion  between  a  rectangular 
waveguide  mode  and  a  coaxial  mode  and  a 

40  frequency  down  converter  containing  a  strip  line; 
Fig.  4(a)  is  a  perspective  view  showing  an  out- 
line  of  a  conventional  mode  converter  for  effec- 
ting  the  mode  conversion  between  a  rectangular 
waveguide  mode  and  a  strip  line  mode; 

45  Fig.  4(b)  is  a  perspective  view  showing  an  out- 
line  of  a  conventional  mode  converter  for  effec- 
ting  the  mode  conversion  between  a  circular 
waveguide  mode  and  a  strip  line  mode; 
Fig.  5(a)  is  a  side  view  showing  an  outline  of  an 

50  embodiment  of  the  present  invention; 
Fig.  5(b)  is  a  side  view  showing  an  outline  of 
another  embodiment  of  the  present  invention  in 
which  two  kinds  of  waves  polarized  perpendicu- 
lar  to  each  other  can  be  simultaneously  re- 

55  ceived; 
Fig.  6  is  a  perspective  view  showing  a  mode 
converter  for  effecting  the  mode  conversion  be- 
tween  a  circular  waveguide  mode  and  a  strip 

2 



3 EP  0  073  511  B1 4 

line  mode  according  to  the  present  invention; 
Figs.  7(a),  7(b)  and  7(c)  are  a  front  view,  a  side 
view  and  a  plan  of  the  mode  converter  as  shown 
in  Fig.  6,  respectively; 
Figs.  8(a)  and  8(b)  are  a  side  cross-section  and 
an  elevation  showing  a  three-dimensional  struc- 
ture  of  a  frequency  converter  employing  the 
mode  converter  as  shown  in  Fig.  6,  respectively; 
Fig.  9  is  a  cross-section  showing  a  dummy 
mounted  at  an  end  of  the  frequency  converter 
as  shown  in  Figs.  8(a)  and  8(b); 
Fig.  10  is  a  diagram  showing  an  outline  of  an 
arrangement  of  a  printed  base  plate  and  circuit 
elements  forming  the  converter  circuit  contain- 
ing  the  probe  as  shown  in  Figs.  8(a)  and  8(b); 
Fig.  11  is  a  plan  showing  a  series  connection  of 
two  converters  provided  for  simultaneously  re- 
ceiving  two  kinds  of  waves  polarized  perpen- 
dicular  to  each  other; 
Fig.  12  is  a  cross-section  showing  an  arrange- 
ment  of  a  mode  converter  provided  between  a 
circular  waveguide  and  a  strip  line  for  simulta- 
neously  receiving  two  kinds  of  waves  polarized 
perpendicular  to  each  other; 
Fig.  13  is  a  diagram  showing  characteristic 
curves  of  performances  of  the  mode  converter 
provided  between  the  circular  waveguide  and 
the  strip  line  as  shown  in  Fig.  6; 
Fig.  14  is  a  perspective  view  showing  another 
example  of  the  mode  converter  provided  be- 
tween  the  circular  waveguide  and  the  strip  line, 
which  can  be  employed  in  an  embodiment  of 
the  present  invention; 
Fig.  15(a)  is  a  diagram  showing  a  reflecting 
element  used  for  the  mode  converter  as  shown 
in  Fig.  14; 
Fig.  15(b)  is  a  circuit  diagram  showing  an  equiv- 
alent  circuit  in  an  X  direction  of  the  reflecting 
element  as  shown  in  Fig.  15(a); 
Fig.  15(c)  is  a  circuit  diagram  showing  an  equiv- 
alent  circuit  in  a  Y  direction  of  the  reflecting 
element  as  shown  in  Fig.  15(a); 
Fig.  16  is  a  perspective  view  showing  an  ar- 
rangement  provided  for  simultaneously  receiving 
two  kinds  of  waves  polarized  perpendicular  to 
each  other;  and 
Figs.  17(a)  and  17(b)  are  perspective  views 
showing  another  arrangement  of  the  strip  line 
inserted  into  the  circular  waveguide  in  the  mode 
converter  as  shown  in  Figs.  6  and  14. 

Firstly,  for  the  better  understanding  of  the  in- 
vention  also,  an  outline  of  a  satellite  broadcasting 
receiver  and  conventional  techniques  employed 
therefor  will  be  explained. 

Fig.  1  shows  an  outline  of  a  satellite  broadcast- 
ing  receiver  in  which  a  waveguide  accompanying  a 
frequency  down  converter  is  provided  at  the  focus 
of  a  parabolic  antenna.  In  Fig.  1,  a  horn  2  receives 

a  microwave  caught  by  a  parabolic  antenna  1  .  The 
microwave  received  by  the  horn  2  is  supplied  to  a 
frequency  down  converter  3  coupled  with  a 
waveguide,  which  is  connected  with  the  horn  2,  and 

5  converted  into  a  lower  frequency  signal  therein. 
The  output  of  the  frequency  down  converter  3  is 
applied  to  a  demodulator  or  an  FM-AM  converter  5 
provided  apart  therefrom  through  a  coaxial  cable  4. 
Moreover,  a  DC  current  is  supplied  from  the  de- 

io  modulator  5  to  the  frequency  down  converter  3 
through  the  coaxial  cable  4  also.  In  the  frequency 
down  converter  3  as  shown  in  Fig.  1,  a  mode 
conversion  is  effected  for  transmitting  the  micro- 
wave  supplied  through  the  waveguide  to  a  fre- 

15  quency  down  converter  circuit  containing  a  strip 
line.  This  mode  conversion  is  carried  out  from  the 
waveguide  mode  to  the  strip  line  mode  through  the 
coaxial  mode,  or  direct  from  the  waveguide  mode 
to  the  strip  line  mode. 

20  Fig.  2  shows  an  conventional  mode  converter 
for  carrying  out  the  mode  conversion  from  the 
waveguide  mode  to  the  coaxial  mode  equal  to  the 
strip  line  mode.  In  this  mode  converter,  a  coaxial 
cable  7  is  connected  to  a  lower  wall  of  a  rectangu- 

25  lar  waveguide  6,  in  which  a  coupling  probe  8 
extended  from  an  inner  conductor  of  the  coaxial 
cable  7  is  provided.  In  this  mode  converter,  an 
adjusting  stub  9  extended  from  an  upper  wall  of  the 
waveguide  6  thereinto  is  provided  also  as  occasion 

30  demands. 
Fig.  3  shows  an  example  of  a  frequency  down 

converter  which  is  unified  with  a  waveguide  pro- 
vided  close  to  a  focus  of  a  parabolic  antenna.  In 
this  converter,  a  microwave  caught  by  the  parabolic 

35  antenna  is  first  received  by  a  circular  horn  10,  and 
then  supplied  to  a  rectangular  waveguide  12 
through  a  mode  converter  11  between  a  circular 
waveguide  connected  with  the  circular  horn  10  and 
the  rectangular  waveguide  12.  In  this  rectangular 

40  waveguide  12,  the  waveguide  mode  is  converted 
into  the  coaxial  mode  through  the  mode  converter 
as  shown  in  Fig.  2.  Thereafter,  the  microwave  is 
applied  to  a  frequency  down  converter  14  contain- 
ing  a  strip  line  through  a  coaxial  cable  13. 

45  On  the  other  hand,  for  carrying  out  the  mode 
conversion  direct  from  the  waveguide  mode  to  the 
strip  line  mode,  mode  converters  as  shown  in  Figs. 
4(a)  and  4(b)  are  usually  employed.  However,  in  a 
situation  where  the  above  mentioned  conventional 

50  mode  conversions  are  applied  for  the  satellite 
broadcasting  receiver  used  to  receive  two  kinds  of 
waves  polarized  perpendicular  to  each  other,  the 
aforesaid  defects  are  produced.  That  is,  it  is  dif- 
ficult  to  receive  those  two  kinds  of  waves  polarized 

55  perpendicular  to  each  other  through  the  converter 
as  shown  in  Fig.  4(a)  without  rotation  of  the  whole 
antenna,  while  in  Fig.  4(b),  the  area  of  the  fre- 
quency  converter  circuit  and  the  mode  converter 

3 
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takes  a  up  large  space  around  the  waveguide  and, 
as  a  result,  the  effective  area  of  the  parabolic 
antenna  is  reduced. 

Fig.  5(a)  schematically  shows  an  outline  of  a 
embodiment  of  the  present  invention.  In  Fig  5(a),  a 
circuit  horn  15  for  receiving  a  microwave  is  pro- 
vided  at  the  focus  of  the  parabolic  antenna  1  and  a 
frequency  down  converter  circuit  16  is  arranged 
around  a  waveguide  extended  from  the  circular 
horn  15,  so  as  to  prevent  the  reduction  of  the 
effective  area  of  the  parabolic  antenna  1.  In  this 
figure,  the  output  of  the  converter  circuit  is  trans- 
mitted  to  a  demodulator  5  through  a  coaxial  cable 
4. 

Fig.  5(b)  shows  another  embodiment  of  the 
present  invention,  in  which  two  kinds  of  waves 
polarized  perpendicular  to  each  other  are  received 
simultaneously.  In  this  embodiment,  only  another 
converter  circuit  17  arranged  around  the  circular 
waveguide  is  added  to  that  shown  in  Fig.  5(a),  so 
that  those  two  kinds  of  waves  polarized  perpen- 
dicular  to  each  other  can  be  simultaneously  re- 
ceived  without  reducing  the  effective  area  of  the 
parabolic  antenna  1.  In  Fig.  5(b),  furthermore,  the 
output  derived  from  the  converter  circuit  17  is 
transmitted  to  another  demodulator  5'  through  an- 
other  coaxial  cable  4'. 

Next,  the  mode  converter  connected  between 
the  circular  waveguide  and  the  strip  line,  which  is 
employed  for  the  embodiments  as  shown  in  Figs. 
5(a)  and  5(b)  and  in  which  the  frequency  down 
converter  circuit  or  other  circuits  can  be  easily  and 
effectively  arranged  around  the  circular  waveguide, 
will  be  explained  by  referring  to  Fig.  6.  In  Fig.  6,  a 
strip  line  19  is  projected  into  a  circular  waveguide 
18,  which  is  connected  to  the  horn  15  shown  in 
Fig.  5(a),  so  as  to  function  as  a  probe.  This  strip 
line  19  is  formed  or  mounted  on  a  circuit  board  20, 
which  is  arranged  around  the  circular  waveguide  18 
and  on  which  the  frequency  down  converter  circuit 
corresponding  to  the  block  16  as  shown  in  Fig.  5(a) 
is  assembled,  and  coupled  with  the  wave  polarized 
in  the  vertical  direction  in  Fig.  6,  that  is,  the  V-wave 
among  the  waves  guided  through  the  circular 
waveguide  18.  In  addition  thereto,  a  metal  plate  21 
functioning  as  a  reflecting  element  against  the  V- 
wave  is  provided  backward  from  the  probe  19.  The 
output  of  the  frequency  down  converter  circuit  16 
mounted  on  the  circuit  board  20  is  transmitted  to 
the  demodulator  5  through  the  coaxial  cable  4  as 
shown  in  Fig.  5(a). 

Figs.  7(a),  7(b)  and  7(c)  show  the  configuration 
of  the  mode  converter  respectively  in  the  directions 
A,  B  and  C  as  shown  in  Fig.  6.  In  the  mode 
converter  as  shown  in  Fig.  6,  a  length  of  the  probe 
19  is  selected  to  about  one  fourth  of  the 
wavelength,  that  is,  1/4  X  in  response  to  the  fre- 
quency  of  the  desired  microwave,  and  a  distance 

from  the  probe  19  to  the  plate  21  is  selected  also 
to  about  1/4X.  Further,  2  length  of  the  plate  21 
functioning  as  the  reflecting  element  is  selected  to 
about  1/2  X.  Further,  it  is  preferable  to  form  a 

5  matching  section  22  between  the  probe  19  and  the 
strip  line  (input  of  the  frequency  down  converter 
circuit)  as  shown  in  Fig.  7(a). 

Referring  to  Fig.  7(b),  the  incoming  V-wave  is 
absorbed  by  the  probe  19  and  further  reflected  by 

io  the  plate  21  so  as  to  be  more  effectively  absorbed 
by  the  probe  19.  On  the  other  hand,  the  other  wave 
polarized  perpendicular  to  the  V-wave,  that  is  the 
H-wave,  is  not  absorbed  by  the  probe  19  and 
passed  backwards,  because  it  perpendicularly 

is  crosses  the  probe  19  and  the  plate  21. 
Figs.  8(a)  and  8(b)  show  the  concrete  structure 

of  a  frequency  down  converter  according  to  the 
present  invention  which  includes  the  mode  con- 
verter  as  shown  in  Fig.  6.  That  is,  Figs.  8(a)  and  8- 

20  (b)  are  a  side  cross-section  and  an  elevation  there- 
of  respectively.  The  circular  horn  15  positioned  at 
the  focus  of  the  parabolic  antenna  1  (Fig.  5(a))  is 
connected  with  a  circular  waveguide  25  through  a 
flange  23.  The  circular  waveguide  25  is  protruded 

25  through  a  center  of  a  converter  body  24.  A  probe 
27  mounted  on  a  circuit  board  26  is  projected  into 
the  circular  waveguide  25.  In  this  circular 
waveguide  25,  a  metal  plate  28  functioning  as  a 
reflecting  element  is  provided  backward  from  the 

30  probe  27. 
In  the  case  that  a  single  polarization  wave  is 

received,  a  dummy  30  as  shown  in  Fig.  9  is  fitted 
on  a  flange  29  provided  at  the  other  end  of  the 
circular  waveguide  25.  This  dummy  30  is  formed 

35  by  a  wave-absorber  30a  mounted  on  the  termina- 
tion  of  the  dummy  30  thereof.  Fig.  10  shows  an 
outline  of  an  example  of  a  converter  circuit  ar- 
ranged  on  the  board  26.  In  Fig.  10,  the  microwave 
absorbed  by  the  probe  27  is  frequency-down  con- 

40  verted  and  derived  from  an  output  terminal  37  via  a 
low  noise  amplifier  31  ,  a  bandpass  filter  32,  a  mixer 
33  and  an  IF  amplifier  34  successively.  On  the 
circuit  board  26,  a  bias  circuit  35  for  the  low  noise 
amplifier  31  and  a  local  oscillator  36  are  further 

45  arranged. 
In  the  satellite  broadcasting  receiver  according 

to  the  present  invention,  any  one  of  two  kinds  of 
waves  polarized  to  each  other  can  be  easily  re- 
ceived  just  by  rotating  by  90  degrees  the  arrange- 

so  ment  of  the  frequency  down  converter  coupled  with 
the  circular  waveguide  provided  close  to  the  focus 
of  the  parabolic  antenna.  Moreover,  in  the  situation 
where  another  frequency  down  converter  is  fitted 
on  the  flange  29  shown  in  Fig.  8(a)  with  angle 

55  difference  of  90  degrees,  two  kinds  of  waves  po- 
larized  perpendicular  to  each  other  can  be  simulta- 
neously  received.  Fig.  11  shows  an  example  in 
which  two  frequency  down  converters  are  coupled 

4 
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with  a  circular  horn  31  in  series  to  each  other  as 
mentioned  above,  while  Fig.  12  shows  the  manner 
by  which  respective  probes  of  those  two  frequency 
down  converters  are  coupled  with  the  V-wave  and 
the  H-wave,  respectively. 

Regarding  the  above-mentioned  embodiments, 
though  only  the  converter  circuit  is  arranged  on  the 
circuit  board  on  which  the  probe  is  mounted,  it  is  of 
course  possible  to  further  provide  a  demodulator 
circuit  or  other  circuits  on  the  same  board. 

Fig.  13  shows  various  characteristics  of  the 
mode  converter  between  the  circular  waveguide 
and  the  strip  line  as  shown  in  Fig.  6.  In  Fig.  13,  the 
curve  coi  indicates  matching  loss  of  the  probe  with 
regard  to  the  parallel  polarized  wave,  that  is,  the  V- 
wave  absorbed  into  the  probe  19  in  parallel  as 
shown  in  Fig.  6.  The  curve  a>  2  indicates  the 
insertion  loss  of  the  probe  with  regard  to  the  per- 
pendicularly  polarized  wave,  that  is,  the  H-wave 
perpendicular  to  the  V-wave  and,  in  other  word,  the 
loss  of  the  H-wave  while  passing  through  the  mode 
converter  as  shown  in  Fig.  6.  The  curve  o>3  in- 
dicates  the  identification  factor  for  the  cross  po- 
larization,  that  is,  the  ratio  of  the  amount  absorbed 
into  the  probe  19  between  the  V-wave  and  the  H- 
wave  as  shown  in  Fig.  6.  As  indicated  by  the 
curves  shown  in  Fig.  13,  in  the  mode  converter  as 
shown  in  Fig.  6,  the  parallel  polarized  wave  can  be 
converted  from  the  waveguide  mode  to  the  strip 
line  mode  with  extremely  little  loss,  while  the  per- 
pendicularly  polarized  wave  can  be  passed  with 
extremely  little  loss.  This  mode  converter  has  ex- 
cellent  features  as  mentioned  above,  together  with 
the  high  identification  factor  for  the  cross  polariza- 
tion  waves. 

The  above  exemplified  mode  converter  for  ef- 
fecting  the  mode  conversion  from  the  waveguide 
mode  to  the  strip  line  mode  according  to  the 
present  invention  is  provided  with  the  waveguide  in 
which  the  probe  is  inserted  and  the  metal  plate 
functioning  as  the  reflecting  element  is  arranged 
backward  from  the  probe  in  parallel  therewith.  How- 
ever,  it  is  possible  to  employ  a  resonating  window 
(an  iris  filter)  as  the  reflecting  element  in  place  of 
the  above  mentioned  metal  plate.  Fig.  14  shows  an 
example  of  the  mode  converter  employing  the  iris 
filter  47,  and  except  for  the  iris  filter  47  it  is 
arranged  exactly  the  same  as  that  shown  in  Fig.  6. 
In  the  mode  converter  as  shown  in  Fig.  14  also,  the 
V-wave  is  coupled  to  the  probe  19,  while  the  H- 
wave  is  passed  through  the  iris  filter  47. 

Next,  by  referring  to  Figs.  15(a),  15(b)  and  15- 
(c),  the  above  mentioned  iris  filter  47  will  be  ex- 
plained.  Concerning  the  slit  in  the  iris  filter  as 
shown  in  Fig.  15(a),  the  equivalent  circuit  thereof 
for  the  wave  polarized  in  parallel  with  the  short  axis 
thereof,  that  is  in  the  Y  direction,  is  formed  as 
shown  in  Fig.  15(b).  When  the  length  L  of  the  long 

axis  of  the  slit  is  selected  to  about  1/2  X  of  the 
intended  microwave,  the  resonant  frequency  of  the 
iris  filter  can  be  matched  to  the  frequency  of  the 
intended  microwave,  so  that  the  wave  polarized  in 

5  the  Y  direction  can  be  passed  through  this  iris 
filter. 

In  contrast  therewith,  the  equivalent  circuit 
thereof,  for  the  wave  polarized  in  the  X  direction 
shown  in  Fig.  15(a)  is  formed  as  shown  in  Fig.  15- 

io  (c),  so  that  the  iris  filter  is  operated  as  a  reactance 
having  a  large  susceptance,  and,  as  a  result,  the 
wave  polarized  in  the  X  direction  is  reflected  by  the 
iris  filter.  Accordingly,  it  cannot  pass  through  the 
iris  filter. 

is  Consequently,  in  the  mode  converter  as  shown 
in  Fig.  14,  the  injected  V-wave  is  absorbed  by  the 
probe  19  and  further  reflected  by  the  iris  filter  47, 
so  as  to  be  more  effectively  absorbed  by  the  probe 
19,  while  the  injected  H-wave  is  not  absorbed  by 

20  the  probe  19  because  it  crosses  perpendicular 
thereto  and  is  then  passed  through  the  iris  filter  47. 

As  mentioned  above,  an  effective  satellite 
broadcasting  receiver  can  be  obtained  also  by  em- 
ploying  the  mode  converter  containing  the  iris  filter. 

25  Furthermore,  a  satellite  broadcasting  receiver  is 
possible  which  can  simultaneously  receive  two 
kinds  of  waves  polarized  perpendicular  to  each 
other  by  jointing  two  mode  converters  in  series  to 
each  other,  so  as  to  form  two  stages  with  the  angle 

30  difference  of  90  degrees  for  the  arrangement.  Fig. 
16  shows  an  outline  of  the  arrangement  of  two 
circuit  boards  and  two  mode  converters  connected 
in  series  to  each  other. 

In  the  above  mentioned  examples  of  the  mode 
35  converter  according  to  the  present  invention,  the 

direction  of  the  insertion  of  the  probe  into  the 
circular  waveguide  is  selected  so  that  the  plane  of 
the  strip  line  (probe)  crosses  the  axis  of  the  circular 
waveguide.  However,  as  shown  in  Figs.  17(a)  and 

40  17(b),  it  is  possible  to  insert  the  probe  so  that  the 
plane  of  the  strip  line  is  parallel  with  the  axial 
direction  of  the  circular  waveguide.  Furthermore, 
according  to  the  present  invention,  the  regular 
square  waveguide  can  be  employed  as  the 

45  waveguide  through  which  two  kinds  of  waves  po- 
larized  perpendicular  to  each  other  can  be  guided. 

Claims 

50  1.  A  satellite  broadcasting  microwave  receiver  for 
use  with  a  parabolic  reflector  comprising  a 
circular  waveguide  (18,  25)  for  receiving  an 
electromagnetic  microwave  signal,  a  probe  (19, 
27)  having  the  shape  of  a  strip  line  and  projec- 

55  ting  into  said  circular  waveguide,  the  plane  of 
said  strip  line  of  said  probe  (19,27)  extending 
in  a  direction  crossing  the  axis  of  said  circular 
waveguide  (18,  25);  a  reflecting  element  (21, 

5 
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47;  28)  provided  in  said  circular  waveguide 
downstream  of  said  probe  (19,  27)  and  a  mi- 
crowave  circuit  for  processing  a  received  mi- 
crowave  signal  having  a  strip  line  connected  to 
said  probe  (19,  27)  and  being  disposed  on  a 
printed  circuit  board  (20,  26)  characterised  in 
that  the  board  has  an  aperture  therein  through 
which  said  circular  waveguide  (18,  25)  passes; 
and  said  microwave  circuit  includes  a  low 
noise  amplifier  (31)  for  amplifying  said  re- 
ceived  microwave  signal,  a  band  pass  filter 
(32)  an  oscillator  (36)  for  generating  a  local 
frequency  signal,  a  mixer  (33)  for  mixing  the 
amplified  microwave  signal  from  said  first  am- 
plifier  (31)  and  the  local  frequency  signal  from 
said  oscillator  (36)  to  produce  an  intermediate 
frequency  signal  and  a  second  amplifier  (34) 
for  amplifying  said  intermediate  frequency  sig- 
nal. 

2.  A  satellite  broadcasting  microwave  receiver  as 
claimed  in  claim  1,  further  comprising  another 
probe  having  the  shape  of  a  strip  line  and 
projecting  into  said  circular  waveguide  at  a 
location  downstream  of  said  reflecting  element 
and  displaced  by  an  angle  of  90°  relative  to 
said  probe  the  plane  of  said  strip  line  of  said 
probe  extending  in  a  direction  crossing  the 
axis  of  said  circular  waveguide;  and  another 
microwave  circuit  for  processing  another  re- 
ceived  microwave  signal  having  a  strip  line 
connected  to  said  another  probe  and  being 
disposed  on  a  printed  circuit  board  charac- 
terised  in  that  the  board  has  an  aperture  there- 
in  through  which  said  circular  waveguide 
passes  (Fig.  16);  and  said  another  microwave 
circuit  includes  a  first  amplifier  (31)  for  am- 
plifying  said  another  received  microwave  sig- 
nal,  a  band  pass  filter  (32)  an  oscillator  (36)  for 
generating  a  local  frequency  signal,  a  mixer 
(33)  for  mixing  the  amplified  another  micro- 
wave  signal  from  said  first  amplifier  (31)  and 
the  local  frequency  signal  from  said  oscillator 
(36)  to  produce  another  intermediate  frequency 
signal,  and  a  second  amplifier  (35)  for  am- 
plifying  said  another  intermediate  frequency 
signal. 

3.  The  satellite  broadcasting  receiver  as  claimed 
in  claim  1  or  2,  wherein  said  reflecting  element 
is  formed  of  a  metal  plate  (21,28)  provided  in 
said  circular  waveguide  (18,25)  in  parallel  with 
the  projectional  direction  of  said  probe  (19,27) 
and  the  axial  direction  of  said  circular 
waveguide. 

4.  The  satellite  broadcasting  receiver  as  claimed 
in  claim  1  or  2,  wherein  said  reflecting  element 

is  formed  of  an  iris  filter  (47)  having  a  slit,  a 
longitudinal  direction  of  which  is  parallel  with 
the  projectional  direction  of  said  probe  (19). 

5  Revendicatlons 

1.  Recepteur  hyperfrequence  pour  radiodiffusion 
par  satellite  pour  utilisation  avec  un  reflecteur 
parabolique  comprenant  un  guide  d'ondes  cir- 

io  culaire  (18,  25)  pour  recevoir  un  signal  hyper- 
frequence  electromagnetique,  une  sonde  (19, 
27)  comportant  la  forme  d'un  guide  a  rubans 
et  depassant  dans  le  guide  d'ondes  circulaire, 
le  plan  du  guide  a  rubans  de  la  sonde  (19,  27) 

is  depassant  dans  un  sens  coupant  I'axe  du  gui- 
de  d'ondes  circulaire  (18,  25)  ;  un  element 
reflechissant  (21,  47  ;  28)  prevu  dans  le  guide 
d'ondes  circulaire  en  aval  de  la  sonde  (19,  27) 
et  un  circuit  hyperfrequence  pour  traiter  un 

20  signal  hyperfrequence  regu  comportant  un  gui- 
de  a  rubans  raccorde  a  la  sonde  (19,  27)  et 
dispose  sur  une  carte  de  circuit  imprime  (20, 
26)  caracterise  en  ce  que  la  carte  comporte 
une  ouverture  dans  celle-ci  a  travers  laquelle 

25  le  guide  d'ondes  circulaire  (18,  25)  passe  et  le 
circuit  hyperfrequence  comporte  un  amplifica- 
teur  a  faible  bruit  (31)  pour  amplifier  le  signal 
hyperfrequence  regu,  un  filtre  passe-bande 
(32),  un  oscillateur  (36)  pour  produire  un  signal 

30  de  frequence  local,  un  melangeur  (33)  pour 
melanger  le  signal  hyperfrequence  amplifie  du 
premier  amplificateur  (31)  et  le  signal  de  fre- 
quence  local  provenant  de  I'oscillateur  (36) 
pour  produire  un  signal  de  frequence  interme- 

35  diaire,  et 
un  second  amplificateur  (34)  pour  amplifier 

le  signal  de  frequence  intermediate. 

2.  Recepteur  hyperfrequence  pour  radiodiffusion 
40  par  satellite  selon  la  revendication  1,  compre- 

nant  de  plus  une  autre  sonde  ayant  la  forme 
d'un  guide  a  rubans  et  depassant  dans  le 
guide  d'ondes  circulaire  a  un  emplacement  en 
aval  de  I'element  reflechissant  et  deplacee 

45  d'un  angle  de  90°  par  rapport  a  la  sonde  ;  le 
plan  du  guide  a  rubans  de  la  sonde  depassant 
dans  un  sens  coupant  I'axe  du  guide  d'ondes 
circulaire  et  un  autre  circuit  hyperfrequence 
pour  traiter  un  autre  signal  hyperfrequence 

50  regu  comportant  un  guide  a  rubans  raccorde  a 
I'autre  sonde  et  dispose  sur  une  carte  de  cir- 
cuit  imprime,  caracterise  en  ce  que  la  carte 
comporte  une  ouverture  dans  celle-ci  a  travers 
laquelle  le  guide  d'ondes  circulaire  passe 

55  (figure  16)  et  I'autre  circuit  hyperfrequence 
comporte  un  premier  amplificateur  (31)  pour 
amplifier  I'autre  signal  hyperfrequence  regu,  un 
filtre  passe-bande  (32),  un  oscillateur  (36)  pour 
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produire  un  signal  de  frequence  local,  un  me- 
langeur  (33)  pour  melanger  I'autre  signal  hy- 
perfrequence  amplifie  provenant  du  premier 
amplificateur  (31)  et  le  signal  de  frequence 
local  provenant  de  I'oscillateur  (36)  pour  pro- 
duire  un  autre  signal  de  frequence  intermediai- 
re  et  un  second  amplificateur  (35)  pour  ampli- 
fier  I'autre  signal  de  frequence  intermediate. 

3.  Recepteur  pour  radiodiffusion  par  satellite  se- 
lon  la  revendication  1  ou  2,  dans  lequel  I'ele- 
ment  reflechissant  est  forme  d'une  plaque  me- 
tallique  (21,  28)  prevue  dans  le  guide  d'ondes 
circulaire  (18,  25)  en  parallele  au  sens  du 
depassement  de  la  sonde  (19,  27)  et  du  sens 
axial  dudit  guide  d'ondes  circulaire. 

4.  Recepteur  pour  radiodiffusion  par  satellite  se- 
lon  la  revendication  1  ou  2,  dans  lequel  I'ele- 
ment  reflechissant  est  forme  d'un  filtre  a  iris 
(47)  comportant  une  fente,  dont  une  direction 
longitudinale  est  parallele  a  la  direction  de 
depassement  de  la  sonde  (19). 

Patentanspruche 

1.  Satellitenfunk-Mikrowellenempfanger  zur  Ver- 
wendung  mit  einem  Parabolreflektor  mit  einem 
kreisformigen  Wellenleiter  (18,  25)  zum  Emp- 
fangen  eines  elektromagnetischen  Mikrowellen- 
signals,  einer  Sonde  (19,  27),  die  die  Form 
eines  Streifenleiters  hat  und  in  den  kreisformi- 
gen  Wellenleiter  hineinragt,  wobei  die  Ebene 
des  Streifenleiters  der  Sonde  (19,  27)  sich  in 
einer  Richtung  erstreckt,  die  die  Achse  des 
kreisformigen  Wellenleiters  (18,  25)  kreuzt,  ei- 
nem  Reflektorelement  (21  ,  47;  28),  das  in  dem 
kreisformigen  Wellenleiter  hinter  der  Sonde 
(19,  27)  angeordnet  ist,  und  einer  Mikrowellen- 
schaltung  zum  Verarbeiten  eines  empfangenen 
Mikrowellensignals,  die  einen  mit  der  Sonde 
(19,  27)  verbundenen  Streifenleiter  hat  und  auf 
einer  gedruckten  Schaltungsplatine  (20,  26)  an- 
geordnet  ist,  dadurch  gekennzeichnet,  da/S 
die  Platine  eine  Offnung  aufweist,  durch  die 
der  kreisformige  Wellenleiter  (18,  25)  hindurch- 
geht  und  die  Mikrowellenschaltung  einen  rau- 
scharmen  Verstarker  (31)  zum  Verstarken  des 
empfangenen  Mikrowellensignals,  ein  Band- 
pa/Sfilter  (32),  einen  Oszillator  (36)  zum  Erzeu- 
gen  eines  Lokalfrequenzsignals,  einen  Mischer 
(33)  zum  Mischen  des  verstarkten  Mikrowellen- 
signals  von  dem  ersten  Verstarker  (31)  und 
des  Lokalfrequenzsignals  von  dem  Oszillator 
(36),  so  da/S  ein  Zwischenfrequenzsignal  er- 
zeugt  wird,  und  einen  zweiten  Verstarker  (34) 
aufweist,  zum  Verstarken  des  Zwischenfre- 
quenzsignals. 

2.  Satellitenfunk-Mikrowellenempfanger  nach  An- 
spruch  1,  ferner  mit  einer  anderen  Sonde,  die 
die  Form  eines  Streifenleiters  hat  und  in  den 
kreisformigen  Wellenleiter  hineinragt  an  einer 

5  Stelle  hinter  dem  Reflektorelement  und  bezo- 
gen  auf  die  genannte  Sonde  in  einem  Winkel 
von  90°  versetzt  ist,  wobei  die  Ebene  des 
Streifenleiters  der  Sonde  sich  in  einer  Richtung 
erstreckt,  die  die  Achse  des  kreisformigen 

io  Wellenleiters  kreuzt,  und  einer  anderen  Mikro- 
wellenschaltung  zum  Verarbeiten  eines  ande- 
ren  empfangenen  Mikrowellensignals,  die  ei- 
nen  mit  der  anderen  Sonde  verbundenen  Strei- 
fenleiter  hat  und  auf  einer  gedruckten  Schal- 

15  tungsplatine  angeordnet  ist,  dadurch  gekenn- 
zeichnet,  da/S  die  Platine  eine  Offnung  hat, 
durch  die  der  kreisformige  Wellenleiter  hin- 
durchgeht  (Fig.  16)  und  die  andere  Mikrowel- 
lenschaltung  einen  ersten  Verstarker  (31)  zum 

20  Verstarken  des  anderen  empfangenen  Mikro- 
wellensignals,  ein  Bandpa/Sfilter  (32),  einen  Os- 
zillator  (36)  zum  Erzeugen  eines  Lokalfre- 
quenzsignals,  einen  Mischer  (33)  zum  Mischen 
des  verstarkten  anderen  Mikrowellensignals 

25  von  dem  ersten  Verstarker  (31)  und  des  Lokal- 
frequenzsignals  von  dem  Oszillator  (36),  so 
da/S  ein  anderes  Zwischenfrequenzsignal  er- 
zeugt  wird,  und  einen  zweiten  Verstarker  (35) 
aufweist  zum  Verstarken  des  anderen  Zwi- 

30  schenfrequenzsignals. 

3.  Satellitenfunk-Mikrowellenempfanger  nach  An- 
spruch  1  oder  2,  wobei  das  Reflektorelement 
von  einer  Metallplatte  (21,  28)  gebildet  wird, 

35  die  in  dem  kreisformigen  Wellenleiter  (18,  25) 
parallel  mit  der  Projektionsrichtung  der  Sonde 
(19,  27)  und  der  Axialrichtung  des  kreisformi- 
gen  Wellenleiters  vorgesehen  ist. 

40  4.  Satellitenfunk-Mikrowellenempfanger  nach  An- 
spruch  1  oder  2,  wobei  das  Reflektorelement 
von  einem  Irisfilter  (47)  gebildet  wird,  mit  ei- 
nem  Schlitz,  dessen  Langsrichtung  parallel  zur 
Projektionsrichtung  der  Sonde  (19)  ist. 
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