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©  The  present  invention  is  directed  towards  an 
electric  filter  for  use  in  a  transmitter  or  receiver 
and  more  particularly,  its  object  is  to  provide  an 
improved  filter  capable  of  minimizing  the  trans- 
mission  of  noise.  The  filter  includes  an  input 
electrode  (15),  an  output  electrode  (16),  and  a 
resonator  comprising  a  strip  conductor 
(12a,13a,14a)  and  grounded  conductors 
(1  7,11  7a...d)  which  are  all  disposed  on  a  sub- 
strate  (11)  made  of  a  dielectric  substance.  In 
addition,  said  strip  conductor  is  electrically 
connected  to  the  grounded  conductors  through 
capacitors  (18-24). 

In  the  equipment  employing  the  aforemen- 
tioned  filter,  harmonic  components  of  a  signal 
will  be  attenuated  effectively  thus  minimizing 
the  transmission  of  noise. 

Fig.  I 22  2( '6  23  2721  24 
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The  present  invention  relates  to  an  electric  filter 
for  use  in  various  types  of  communication  equipment, 
TV  receivers,  and  the  like. 

A  structure  of  a  prior  art  filter  will  be  explained 
with  the  help  of  drawings.  Fig.  14  is  a  schemat  ic  plan 
view  showing  the  structure  of  a  primary  part  of  the 
the  prior  art  filter  employing  coplanar  waveguide  res- 
onators. 

As  shown  in  Fig.  14,  there  is  provided  a  substrate 
1  formed  of  a  dielectric  substance  on  which  three  co- 
planar  waveguides  2  to  4,  an  input  electrode  5,  and  an 
output  electrode  6  are  disposed  in  place. 
A  strip  conductor  2a  of  the  coplanar  waveguide  2  is 
coupled  to  the  input  electrode  5  through  a  capacitor 
7. 
Similarly,  a  strip  conductor  4a  of  the  coplanar  wave- 
guide  4  is  coupled  to  the  output  electrode  6  through 
a  capacitor  8. 
A  strip  conductor  3a  of  the  coplanar  waveguide  3  is 
coupled  to  the  strip  conductor  2a  of  the  coplanar  wa- 
veguide  2  and  the  strip  conductor  4a  of  the  coplanar 
waveguide  4  through  capacitors  9  and  1  0,  respective- 
ly.  This  arrangement  constructs  a  bandpass  filter. 

The  frequency  response  of  the  filter  of  the  fore- 
going  structure  is  illustrated  in  Fig.  13  in  which  A  rep- 
resents  the  limit  of  the  required  attenuation  level,  f0  is 
the  specified  center  frequency,  and  3fo,  5fo,  and  7fo 
are  its  harmonic  components. 

As  apparent  from  Fig.  13,  the  harmonics  3fo,  5fo, 
and  7fo  and  other  harmonic  components  represent- 
ing  odd  multiples  of  the  center  frequency  are  not  at- 
tenuated  mostly,  and  their  most  parts  pass  through 
the  filter. 
Hence,  when  the  filter  is  assembled  in  a  transmitter, 
it  allows  the  harmonics  also  transmitted  with  a  resul- 
tant  problem  of  generating  noises  in  other  communi- 
cation  equipment. 
When  the  filter  is  installed  in  a  receiver,  it  permits  the 
receiver  to  receive  unwanted  harmonic  components, 
resulting  in  a  problem  of  developing  a  noise. 

It  is  an  object  of  the  present  invention  to  provide 
an  electric  filter  in  which  harmonic  components  of  the 
frequency  of  a  signal  are  attenuated  enough  to  pre- 
vent  the  transmission  of  noise. 

For  the  purpose,  a  filter  according  to  the  present 
invention  comprises:  a  substrate  formed  of  a  dielec- 
tric  substance;  a  pair  of  input  and  output  elec  trades 
disposed  at  specified  locations  on  at  least  one  sur- 
face  of  said  substrate;  a  resonator  which  is  disposed 
on  at  least  one  surface  of  said  substrate  and  com- 
prised  of  a  strip  conductor  of  a  flat  bar  shape  and  a 
first  grounded  conductor  located  on  both  sides  of  said 
strip  conductor;  a  second  grounded  conductor  dis- 
posed  at  a  specified  location  on  said  substrate:  a  first 
capacitor  electrically  connected  between  said  input 
electrode  and  said  strip  conductor;  a  second  capaci- 
tor  electrically  connected  between  the  strip  conductor 
of  said  resonator  and  said  output  electrode;  and  a 

third  capacitor  electrically  connected  between  the 
strip  conductor  of  said  resonator  and  at  least  one  of 
said  first  and  second  grounded  conductors. 

According  to  the  frequency  response  of  the  filter 
5  having  the  foregoing  structure,  the  transmission  level 

of  the  harmonic  components  of  the  center  frequency 
will  be  attenuated  significantly. 
As  a  result,  in  equipment  using  said  filter  the  gener- 
ation  of  noise  due  to  such  harmonic  components  will 

10  effectively  be  minimized. 
Fig.  1  is  a  schematic  plan  view  to  show  the  struc- 

ture  of  a  primary  part  of  a  filter  described  as  a  first  ex- 
emplary  embodiment  (Example  1)  of  the  present  in- 
vention. 

15  Fig.  2  is  a  schematic  plan  view  to  show  the  struc- 
ture  of)  a  primary  part  of  another  filter  described  as 
a  second  exemplary  embodiment  (Example  2)  of  the 
present  invention. 

Fig.  3  is  a  schematic  plan  view  to  show  the  struc- 
20  ture  of  a  primary  part  of  a  further  filter  described  as 

a  third  exemplary  embodiment  (Example  3)  of  the 
present  invention. 

Fig.  4  is  a  schematic  plan  view  to  show  the  struc- 
ture  of  a  primary  part  of  a  further  filter  described  as 

25  a  fourth  exemplary  embodiment  (Example  4)  of  the 
present  invention. 

Fig.  5  is  a  diagram  showing  the  frequency  re- 
sponse  of  the  filter  of  Example  1  . 

Fig.  6  is  a  schematic  front  view  to  show  the  struc- 
30  ture  of  a  primary  part  of  a  still  further  filter  described 

as  a  fifth  exemplary  embodiment  (Example  5)  of  the 
present  invention. 

Fig.  7  is  a  cross  sectional  view  taken  along  the 
line  X-Y  of  Fig.  6. 

35  Fig.  8  is  a  schematic  plan  view  to  show  the  struc- 
ture  of  a  primary  part  of  a  still  further  filter  described 
as  a  sixth  exemplary  embodiment  (Example  6)  of  the 
present  invention. 

Fig.  9  is  a  diagram  showing  the  frequency  re- 
40  sponse  of  the  filter  of  Example  6. 

Fig.  10  is  a  schematic  plan  view  to  show  the 
structure  of  a  primary  part  of  a  still  further  filter  de- 
scribed  as  a  seventh  exemplary  embodiment  (Exam- 
ple  7)  of  the  present  invention. 

45  Fig.  11  is  a  cross  sectional  view  taken  along  the 
line  X-Y  of  Fig.  10. 

Fig.  12  is  an  enlarged  front  view  of  the  primary 
part  of  the  filter  illustrated  in  Fig.  11. 

Fig.  13  is  a  diagram  showing  the  frequency  re- 
50  sponse  of  a  prior  art  filter. 

Fig.  14  is  a  schematic  plan  view  to  show  the 
structure  of  a  primary  part  of  the  prior  art  filter. 

The  present  invention  will  be  described  in  more 
details  according  to  exemplary  embodiments. 

55 
Example  1 

The  description  starts  with  the  exemplary  em- 
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bodiment  of  the  present  invention  defined  in  Claims 
I  to  10. 

A  filter  of  Example  1  will  be  explained  referring  to 
Figs.  1  to  5.  Fig.  1  is  a  schematic  plan  view  showing 
the  structure  of  a  primary  part  of  a  filter  employing  co- 
planar  waveguide  resonators. 

As  shown  in  Fig.  1  ,  there  is  provided  a  substrate 
II  of  a  dielectric  substance  on  which  coplanar  wave- 
guides^,  13.  and  14.  an  input  electrode  15.  an  output 
electrode  16.  and  a  second  grounded  conductor  17  all 
formed  of  copper  foil  are  disposed  in  position. 

The  coplanar  waveguides  12,  13,  and  14  have 
strip  conductors  12a,  13a,  and  14aofaflat  bar  shape 
respectively  which  are  alternated  with  first  grounded 
conductors  1  1  7a,  117b,  117c,  and  117d.The  strip  con- 
ductor  12a  of  the  coplanar  waveguide  12  is  electrical- 
ly  coupled  to  the  input  electrode  15  through  a  first  ca- 
pacitor  1  8. 
Similarly,  the  strip  conductor  14a  of  the  coplanar  wa- 
veguide  14  is  electrically  connected  to  the  output 
electrode  16  through  a  second  capacitor  19.  How- 
ever,  the  first  capacitor  18  and  second  capacitor19 
can  be  substituted  with  the  capacitance  existing  be- 
tween  electrodes  when  the  distances  between  the  in- 
put  electrode  15  and  the  strip  conductor  12a  and  be- 
tween  the  output  electrode  16  and  the  strip  conductor 
14a  are  considerably  small. 
The  strip  conductor  13a  of  the  coplanar  waveguide  13 
is  electrically  connected  by  fourth  capacitors  20  and 
21  to  the  strip  conductors  12a  and  14a  respectively. 
However,  the  capacitors  20  and  21  may  be  substitut- 
ed  with  the  capacitance  existing  between  electrodes 
when  the  distances  between  the  two  strip  conductors 
13a  and  12a  and  between  the  conductors  13a  and 
14a  are  significantly  small.  Furthermore,  the  strip 
conductors  12a,  13a,  and  14a  of  their  respective  co- 
planar  waveguides  12,  13,  and  14  are  electrically  cou- 
pled  to  the  second  grounded  conductor  17  through 
third  capacitors  22,  23,  and  24  respective  ly. 
However,  the  third  capacitors  22,  23,  and  24  may  be 
substituted  by  the  capacitance  existing  between  elec- 
trodes  when  the  distance  between  the  strip  conduc- 
tors  12a,  13a,  and  14a  and  the  second  grounded  con- 
ductor  17  is  considerably  small.  A  portion  of  the  first 
grounded  conductor  117b  situated  between  the  strip 
conductors  12a  and  13a  is  extended  towards  the  sec- 
ond  grounded  conductor  17  thus  forming  an  extend- 
ing  grounded  conductor  26.  Similarly,  a  portion  of  the 
first  grounded  conductor  117c  situated  between  the 
strip  conductors  13a  and  14a  is  extended  towards  the 
second  grounded  conductor  17  thus  forming  an  ex- 
tensionding  grounded  conductor  27.  It  is  possible  to 
build  a  structure  wherein  both  the  extending  ground- 
ed  conductors  26  and  27  are  connected  to  the  second 
grounded  conductor  17. 
The  strip  conductors  12a,  13a,  and  14a  are  adapted 
to  have  appropriate  lengths  so  as  to  correct  a  shift  of 
the  center  frequency  caused  by  the  presence  of  the 

third  capacitors  22,  23,  and  24  coupled  between  the 
strip  conductors  12a,  13a,  and  14a  and  the  second 
grounded  conductor  17. 
More  particularly,  the  third  capacitors  22,  23,  and  24 

5  offer  an  increase  in  the  capacitive  component  thus 
causing  the  center  frequency  f0  to  shift  to  the  lower. 
For  correction  of  the  shift  of  the  center  frequency,  the 
inductive  component  is  decreased  by  trimming  the 
length  of  the  strip  conductors  12a,  13a,  and  14a. 

10  Thus,  the  center  frequency  required  of  the  filter  can 
be  preserved  at  optimum. 

The  frequency  response  of  the  filter  having  the 
foregoing  structure  is  illustrated  in  Fig.  5  where  A  rep- 
resents  the  limit  of  desired  attenuation  level  and  B  is 

15  a  harmonic  component  of  the  center  frequency.  As 
apparent,  the  unwanted  harmonics  appear  at  a  higher 
range  as  compared  with  the  components  3fo,  5fo,  and 
7fo  of  the  prior  art  filter  and  the  harmonics  transmit- 
ted  are  remarkably  attenuated. 

20  This  results  from  reduction  of  the  inductive  compo- 
nent  by  shortening  the  strip  conductors  12a,  13a,  and 
14a. 
In  particular,  the  resultant  harmonics  are  shifted  to- 
wards  the  higher,  as  shown  by  the  harmonic  B  in  Fig. 

25  5,  and  will  be  drained  through  the  third  capacitors  22, 
23,  and  24  to  the  second  grounded  conductor  17. 
Accordingly,  in  a  transmitter  or  receiver  using  this  fil- 
ter,  a  noise  caused  by  the  harmonic  components  of 
the  frequency  will  be  reduced  remarkably.  The  ex- 

30  tending  grounded  conductors  26  and  27  prevent  the 
capacitive  coupling  between  the  coplanar  wave- 
guides  12  and  13  and  between  the  coplanar  wave- 
guides  13  and  14  respectively,  contributing  to  sup- 
pression  of  noises. 

35  The  filter  of  Example  1  may  contain  only  one  co- 
planar  waveguide.  More  specifically,  it  is  possible  to 
build  a  modified  filter  in  which,  according  to  Fig.  1  ,  the 
two  coplanar  waveguides  12  and  13  out  of  the  three 
of  the  coplanar  waveguides  12  to  14,  and  the  two  ca- 

40  pacitors  22  and  23  out  of  the  third  capacitors  22  to  24, 
and  the  fourth  capacitors  20  and  21  are  all  eliminated. 
The  effectiveness  of  such  a  modified  filter  is  equiva- 
lent  to  that  of  the  filter  shown  in  Fig.  1  in  avoiding  the 
transmission  of  noise. 

45  Also,  the  filter  of  Example  1  may  employ  two  or 
more  than  three  of  the  coplanar  waveguides. 
At  the  case,  a  corresponding  number  of  the  third  and 
fourth  capacitors  are  also  provided  in  specified  pos- 
itions. 

so  As  described  above,  a  first  form  of  the  filter  of  the 
first  exemplary  embodiment  of  the  present  invention 
comprises  a  substrate  formed  of  a  dielectric  sub- 
stance  and  the  like,  an  input  electrode  and  an  output 
electrode  both  disposed  at  specified  locations  on  at 

55  least  one  surface  of  said  substrate,  a  coplanar  wave- 
guide  resonator  which  is  disposed  on  at  least  one  sur- 
face  of  said  substrate  and  comprised  of  a  strip  con- 
ductor  of  aflat  bar  shape  and  a  first  grounded  conduc- 
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tor  located  on  both  sides  of  said  strip  conductor,  a 
second  grounded  conductor  disposed  at  a  specified 
loca-tion  on  said  substrate,  a  first  capacitor  electrical- 
ly  connected  between  said  input  electrode  and  said 
strip  conductor  of  the  coplanar  waveguide  resonator, 
a  second  capacitor  electrically  connected  between 
said  strip  conductor  of  the  coplanar  waveguide  reso- 
nator  and  said  output  electrode,  and  a  third  capacitor 
electrically  connected  between  said  strip  conductor  of 
the  coplanar  waveguide  resonator  and  at  least  one  of 
said  first  and  second  grounded  conductors. 

A  second  form  of  the  filter  of  the  first  exemplary 
embodiment,  unlike  the  first  form,  includes  a  plurality 
of  the  coplanar  waveguide  resonators.  More  particu- 
larly,  two  or  more  of  the  coplanar  waveguide  resona- 
tors  are  provided. 
The  strip  conductor  of  one  of  the  coplanar  waveguide 
resosnators  is  electrically  connected  by  the  first  ca- 
pacitor  to  the  input  electrode,  and  while  the  strip  con- 
ductors  of  other  coplanar  waveguide  resonators  are 
elec  trically  connected  by  the  second  capacitor  to  the 
output  electrode,  a  fourth  capacitor  is  electrically  con- 
nected  between  the  strip  conductors  of  each  respec- 
tive  coplanar  waveguide  resonator. 

Athirdformof  the  filter  of  the  first  exemplary  em- 
bodiment  further  includes  an  extending  grounded 
conductor  formed  between  the  first  and  second 
grounded  conductors. 

At  least  one  of  the  input  electrode,  the  output 
electrode,  and  the  coplanar  waveguide  resonator 
may  be  disposed  on  the  opposite  surface  of  the  sub- 
strate. 

It  is  also  possible  to  eliminate  the  second  ground- 
ed  conductor  when  the  strip  conductor  is  coupled  to 
the  first  grounded  conductor  through  the  third  capac- 
itor. 

The  electrodes  and  grounded  conductors  may  be 
made  of  silver  or  other  conductive  materials  as  well 
as  copper  foil. 

In  the  frequency  response  of  the  foregoing  filters 
the  transmission  level  of  unwanted  harmonic  compo- 
nents  is  minimized  and  the  transmission  of  noise  in 
equipment  using  the  filters  will  be  reduced  significant- 
ly- 

It  is  possible  that  the  strip  conductor  is  referred 
to  as  a  center  conductor. 

Example  2 

The  second  exemplary  embodiment  of  the  pres- 
ent  invention  defined  in  Claims  3,  5,  7,  and  1  0  will  now 
be  described. 

Fig.  2  illustrates  a  primary  part  of  the  structure  of 
a  filter  of  the  second  exemplary  embodiment.  The 
second  exemplary  embodiment  is  distinguished  from 
the  first  exemplary  embodiment  by  the  fact  that  the 
third  capacitors  are  classified  to  two  different  capac- 
itance  types. 

More  specifically,  the  third  capacitor  23  is  greater  in 
the  capacitance  than  the  other  third  capacitors  22 
and  24  and  the  strip  conductor  13a  of  the  coplanar 
waveguide  13  is  proportionally  reduced  in  the  length. 

5  The  frequency  response  of  the  foregoing  filter  will 
excellently  ensure  the  marked  reduction  of  noise  in 
the  same  way  as  those  of  the  filters  of  Example  1  do. 

Example  3 
10 

The  third  exemplary  embodiment  of  the  present 
invention  defined  in  Claims  11  to  15  will  be  described. 
Fig.  3  illustrates  a  primary  part  of  the  structure  of  a 
filter  of  the  third  exemplary  embodiment  which  em- 

15  ploys  strip  line  type  resonators. 
As  shown  in  Fig.  3,  disposed  at  specified  loca- 

tions  on  one  surface  of  a  substrate  28  are  three  strip 
conductors  29,  30,  and  31  ,  an  input  electrode  32,  an 
output  electrode  33,  and  a  second  grounded  conduc- 

20  tor  34.  The  other  surface  of  the  substrate  28  (not 
shown  in  Fig.  3)  is  completely  covered  with  an 
grounded  conductor. 
The  strip  conductors  29,  30,  and  31  and  the  second 
grounded  conductor  34  are  connected  at  respective 

25  proximal  ends  to  the  grounded  conductor  of  the  other 
surface  of  the  substrate  28,  thus  forming  resonators. 

Capacitors  18  to  24  are  arranged  in  the  same 
manner  as  of  the  first  exemplary  embodiment  shown 
in  Fig.  1. 

30  More  particularly,  the  strip  conductor  29  and  the  input 
electrode  32  are  electrically  connected  with  each 
other  through  the  first  capacitor  18  and  the  strip  con- 
ductor  31  and  the  output  electrode  33  are  electrically 
connected  with  each  other  through  the  second  ca- 

35  pacitor  1  9.  The  first  capacitor  1  8  and  second  capaci- 
tor  19  may  be  substituted  with  the  inter-electrode  ca- 
pacitance  when  the  distances  between  the  strip  con- 
ductor  29  and  the  input  electrode  32  and  between  the 
strip  conductor  31  and  the  output  electrode  33  are 

40  considerably  small. 
The  strip  conductors  30  is  electrically  connected 

with  the  strip  conductors  29  and  31  by  fourth  capac- 
itors  20  and  21  respectively.  The  capacitors  20  and  21 
may  also  be  substituted  with  the  inter-electrode  ca- 

45  pacitance  when  the  strip  conductor  30  is  spaced  by  a 
small  distance  from  the  strip  conductors  29  and  31  . 

The  strip  conductors  29,  30,  and  31  are  further 
connected  electrically  to  the  second  grounded  con- 
ductor  34  through  the  third  capacitors  22,  23,  and  24 

so  respectively. 
Similarly,  the  third  capacitors  22.  23,  and  24  may  be 
substituted  with  the  inter-electrode  capacitance  when 
the  strip  conductors  29,  30,  and  31  are  distanced 
closely  from  the  second  grounded  conductor  34. 

55  The  filter  of  the  third  exemplary  embodiment 
comprises  a  substrate  formed  of  a  dielectric  sub- 
stance,  an  input  electrode  and  an  output  electrode 
disposed  at  specified  locations  respectively  on  at 
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least  one  surface  of  said  substrate,  resonators 
formed  of  strip  conductors  of  a  flat  bar  shape  and  a 
grounded  conductor  connected  to  said  strip  conduc- 
tors  at  respective  proximal  ends  thereof  and  extended 
to  cover  the  other  surface  of  said  substrate,  a  first  ca-  5 
pacitor  electrically  connected  between  said  input 
electrode  and  one  of  said  strip  conductors,  a  second 
capacitor  electrically  connected  between  another  of 
said  strip  conductors  and  said  output  electrode,  and 
third  capacitors  electrically  connecting  said  grounded  10 
conductor  to  the  strip  conductors. 

The  frequency  response  of  the  foregoing  filter  will 
excellently  ensure  the  marked  reduction  of  noise  in 
the  same  way  as  those  of  the  filters  of  Example  1  do. 

The  third  exemplary  embodiment  is  not  limited  to  15 
the  structure  employing  three  strip  conductors  and 
the  number  of  conductors  can  be  one,  two,  or  more 
than  three  with  equal  success. 

Example  4  20 

The  fourth  exemplary  embodiment  of  the  present 
invention  defined  in  Claims  13  and  15  will  be  descri- 
bed. 
Fig.  4  shows  a  primary  part  of  the  structure  of  a  filter  25 
of  the  fourth  exemplary  embodiment  which  is  distin- 
guished  from  the  foregoing  third  exemplary  embodi- 
ment  by  the  fact  that  the  third  capacitors  22,  23,  and 
24  are  classified  into  two  different  capacitance  val- 
ues.  As  apparent  from  Fig.  4,  the  third  capacitor  23  is  30 
greater  in  capacitance  than  the  otherthird  capacitors 
22  and  24  and  the  strip  conductor  30  is  shortened  in 
the  length  proportionately. 

The  frequency  response  of  the  foregoing  filter  will 
excellently  ensure  the  marked  reduction  of  noise  in  35 
the  same  way  as  those  of  the  filters  of  Example  1  do. 

Example  5 

The  fifth  exemplary  embodiment  of  the  present  40 
invention  defined  in  Claims  16  and  17  will  now  be  de- 
scribed. 
Figs.  6  and  7  illustrate  a  primary  part  of  the  structure 
of  a  filter  of  the  fifth  exemplary  embodiment  which 
has  a  plurality  of  substrates  arranged  in  layers.  Fig.  45 
6  is  a  front  view  of  said  filter  and  Fig.  7  is  a  cross  sec- 
tional  view  taken  along  the  line  X-Y  of  Fig.  6.  As 
shown,  strip  conductors  29a,  30a,  and  31a,  an  input 
electrode  32,  and  an  output  electrode  33  are  disposed 
on  the  upper  surface  of  a  first  substrate  28  made  of  50 
a  dielectric  substance. 
The  lower  surface  of  said  first  substrate  28  is  covered 
with  a  grounded  conductor  35.  Asecond  substrate  36 
made  of  a  dielectric  substance  is  placed  on  the  upper 
surface  of  the  first  substrate  28.  55 
A  grounded  conductor  34a  is  formed  on  said  second 
substrate  36  so  that  it  extends  across  at  least  the  ap- 
proximate  positions  opposite  to  the  distal  ends  of  the 

strip  conductors  29a,  30a,  and  31a  as  denoted  by  the 
broken  lines  in  Fig.  7.  In  other  words,  the  grounded 
conductor  34a  is  separated  by  the  second  substrate 
36  from  the  respective  distal  ends  of  the  strip  conduc- 
tors  29a,  30a,  and  31a. 

The  filter  of  the  foregoing  exemplary  embodi- 
ment  has  the  electrodes,  strip  conductors,  and 
grounded  conductors  put  together  with  the  layers  of 
the  dielectric  substrate  interposed. 

The  frequency  response  of  the  filter  even  with 
the  foregoing  structure  will  excellently  ensure  the 
marked  reduction  in  noise  in  the  same  way  as  those 
of  the  filters  of  Example  1  do. 

Although  the  number  of  the  strip  conductors  of 
the  filter  of  the  fifth  exemplary  embodiment  is  three, 
it  may  be  one,  two,  or  more  than  three. 

Example  6 

The  sixth  exemplary  embodiment  of  the  present 
invention  defined  in  Claims  1  8  to  20  will  be  explained. 
Fig.  8  is  a  plan  view  of  a  primary  part  of  the  structure 
of  a  1/2  wavelength  filter  wherein  the  filters  disclosed 
by  the  present  invention  are  employed.  In  Fig.  8,  an 
input  electrode  40,  an  output  electrode  41.  and  three 
coplanar  waveguides  42,  43,  and  44  are  disposed  on 
a  substrate  39  made  of  a  dielectric  substance. 
Each  of  the  coplanar  waveguides  42.  43,  and  44  com- 
prises  strip  conductor  42a,  43a,  or  44a  of  a  flat  bar 
shape  and  grounded  conductors  45  and  46  disposed 
opposite  to  each  other  on  both  sides  of  said  strip  con- 
ductors. 
The  input  electrode  40  is  electrically  connected  to  one 
end  of  the  strip  conductor  42a  through  a  first  capac- 
itor  47. 
Similarly,  the  output  electrode  41  is  electrically  con- 
nected  to  one  end  of  the  strip  conductor  44a  through 
a  second  capacitor  48.  The  other  end  of  the  strip  con- 
ductor  42a  is  electrically  connected  to  one  end  of  the 
strip  conductor  43a  through  a  fourth  capacitor  49. 
The  other  end  of  the  strip  conductor  43a  is  electrically 
connected  to  the  other  end  of  the  strip  conductor  44a 
through  another  fourth  capacitor  50. 
The  strip  conductors  42a,  43a,  and  44a  are  also  elec- 
trically  conoected  at  the  both  ends  to  the  grounded 
conductors  45  and  46  situated  in  either  side  thereof 
respectively  through  twelve  third  capacitors  51,  as 
shown  in  Fig.  8. 

Fig.  9  is  a  diagram  of  the  frequency  response  of 
the  foregoing  1/2  wavelength  filter,  in  which  A  repre- 
sents  the  limit  of  attenuation  level  and  B  is  a  harmonic 
component. 
As  apparent,  the  harmonic  B  appears  at  a  far  higher 
range  than  the  required  center  frequency  fo  and  its 
transmission  level  is  far  lower  than  the  attenuation 
limit  A. 

The  strip  conductors  42a,  43a,  and  44a  are  elec- 
trically  connected  at  their  both  ends  to  the  grounded 
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conductors  45  and  46  through  the  third  capacitors  51  , 
whereby  electrical  phase  stability  will  be  preserved 
while  the  excellent  frequency  response  shown  in  Fig. 
9  being  ensured. 

Conversely,  the  same  frequency  response  as 
shown  in  Fig.  9  is  theoretically  attainable  by  connect- 
ing  the  strip  conductors  42a,  43a,  and  44a  to  either 
one  of  the  grounded  conductors  45  and  46  through 
the  third  capacitors  51  .  It  was  however  found  in  reality 
that  the  electrical  phase  balance  between  the  two 
sides  of  the  strip  conductors  42a,  43a,  and  44a  was 
lost  thus  impairing  the  otherwise  excellent  frequency 
response. 

Although  the  number  of  the  strip  conductors  of 
the  foregoing  filter  is  three,  it  may  be  one,  two,  or 
more  than  three. 

It  is  possible  that  the  strip  conductor  is  referred 
to  as  a  center  conductor. 

Example  7 

The  seventh  exemplary  embodiment  of  the  pres- 
ent  invention  defined  in  Claims  21  to  23  will  now  be 
explained. 
Figs.  10  to  12  illustrate  a  primary  part  of  the  structure 
of  a  1/2  wavelength  filter  employing  strip  conductors. 
Fig.  10  is  a  schematic  plan  view  of  the  primary  part 
of  the  1/2  wavelength  filter,  Fig.  11  is  a  cross  sectional 
view  taken  along  the  line  X-Y  of  Fig.  10,  and  Fig.  12 
is  an  enlarged  view  of  the  primary  part  of  Fig.  11.  As 
shown,  an  input  electrode  53,  an  output  electrode  54, 
and  three  strip  conductors  55,  56,  and  57  are  linearly 
disposed  at  specified  intervals  on  the  upper  surface 
of  a  substrate  52  made  of  a  dielectric  substance.  The 
substrate  52  has  through  holes  52a  therein  where 
both  ends  of  each  of  the  strip  conductors  55,  56,  and 
57  are  located. 
Each  of  the  through  holes  52a  is  communicated  at 
lower  end  with  a  lower  electrode  52b  formed  on  the 
lower  surface  of  the  substrate  52.  A  corresponding 
number  of  grounded  conductors  58  are  disposed  on 
the  lower  surface  of  the  substrate  52  so  as  to  seat  op- 
posite  to  the  input  electrode  53,  the  output  electrode 
54,  and  the  strip  conductors  55,  56,  and  57  on  the-up- 
per  surface  while  being  spaced  from  the  lower  elec- 
trodes  52b. 
The  input  electrode  53  is  electrically  connected  to  one 
end  of  the  strip  conductor  55  through  a  first  capacitor 
59. 
The  other  end  of  the  strip  conductor  55  is  electrically 
connected  to  one  end  of  the  next  strip  conductor  56 
through  a  fourth  capacitor  60. 
In  succession,  the  other  end  of  the  strip  conductor  56 
is  electrically  connected  to  one  end  of  the  strip  con- 
ductor  57  through  another  fourth  capacitor  61.  The 
other  end  of  the  strip  conductor  57  is  electrically  con- 
nected  to  the  output  electrode  54  through  a  second 
capacitor  62. 

Each  respective  grounded  conductor  58  and  lower 
electrode  52b  disposed  on  the  lower  surface  of  the 
substrate  52  are  electrically  connected  to  each  other 
through  a  third  capacitor  63. 

5  The  frequency  response  of  the  filter  of  the  fore- 
going  structure  will  excellently  ensure  the  marked  re- 
duction  in  noise  in  the  same  way  as  those  of  the  filter 
of  Example  6  do. 

Although  the  number  of  the  strip  conductors  of 
10  the  foregoing  filter  is  three,  it  may  be  one,  two,  or 

more  than  three. 
It  is  possible  that  the  strip  conductor  is  referred 

to  as  a  strip  line. 
As  set  forth  above,  the  filter  of  the  present  inven- 

15  tion  has  the  strip  conductors  and  the  grounded  con- 
ductors  connected  electrically  through  the  capaci- 
tors. 

Accordingly,  the  transmission  level  of  the  har- 
monic  components  of  the  center  frequency  will  signif- 

20  icantly  be  attenuated. 
More  particularly,  in  electrical  equipment  using  the  fil- 
ter  of  the  present  invention,  the  transmission  of  noise 
due  to  the  harmonic  components  will  be  drastically  re- 
duced. 

25  It  would  be  understood  that  other  modifications 
and  changes  of  the  exemplary  embodiments  are  pos- 
sible. 
For  example,  one  or  more  of  the  strip  conductors  are 
applicable  together  with  a  corresponding  number  of 

30  capacitors  disposed  in  relevant  relationship.  The  strip 
conductors,  the  grounded  electrodes,  the  input  elec- 
trodes,  and  the  output  electrodes  are  not  limited  to 
their  shapes  in  the  described  exemplary  embodi- 
ments  and  othershapeswill  be  eligible  without  affect- 

35  ing  the  frequency  response  of  the  filter.  The  strip  con- 
ductor  may  be  expressed,  if  desired,  as  a  center  con- 
ductor  or  a  strip  line  providing  the  same  effects. 
Therefore,  modifications  and  changes  without  de- 
parting  the  spirit  and  scope  of  the  present  invention 

40  are  attributed  to  the  Claims  of  the  present  invention. 

Claims 

45  1.  A  filter  comprising: 
a  substrate  formed  of  a  dielectric  sub- 

stance; 
a  pair  of  input  and  output  electrodes  dis- 

posed  at  specified  locations  on  at  least  one  sur- 
50  face  of  said  substrate: 

a  coplanar  waveguide  resonator  disposed 
on  said  at  least  one  surface  of  the  substrate  and 
comprised  of  a  strip  conductor  of  a  flat  bar  shape 
and  first  grounded  conductors  located  on  both 

55  sides  of  said  strip  conductor; 
a  second  grounded  conductor  disposed  at 

a  specified  location  on  said  substrate; 
a  first  capacitor  electrically  con  nected  be- 
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tween  the  input  electrode  and  the  strip  conductor 
of  said  coplanar  waveguide  resonator; 

a  second  capacitor  electrically  connected 
between  the  strip  conductor  of  said  coplanar  wa- 
veguide  resonator  and  said  output  electrode;  and 

a  third  capacitor  electrically  connected 
from  the  strip  conductor  of  said  coplanar  wave- 
guide  resonator  to  at  least  one  of  said  first  and 
second  grounded  conductors. 

2.  Afilter  according  to  Claim  1,  wherein  two  or  more 
of  the  coplanar  waveguide  resonators  are  provid- 
ed,  at  least  one  of  the  coplanar  waveguide  reso- 
nators  being  electrically  connected  at  its  strip 
conductor  by  the  first  capacitor  to  the  input  elec- 
trode  while  another  being  electrically  connected 
at  its  strip  conductor  by  the  second  capacitor  to 
the  output  electrode,  and  the  strip  conductor  of 
each  coplanar  waveguide  resonator  is  electrically 
connected  to  the  strip  conductor  of  the  succeed- 
ing  coplanar  waveguide  resonator  by  a  fourth  ca- 
pacitor. 

3.  Afilter  according  to  Claim  1  or2,  wherein  the  third 
capacitors  are  classified  to  at  least  two  different 
kinds  in  capacitance. 

4.  Afilter  according  to  Claim  1  or  2,  wherein  at  least 
one  or  more  from  the  input  electrode,  the  output 
electrode,  and  one  of  the  coplanar  waveguide 
resonators  is  or  are  disposed  on  the  other  sur- 
face  of  the  substrate. 

5.  Afilter  according  to  Claim  4,  wherein  the  third  ca- 
pacitors  are  classified  to  at  least  two  different 
kinds  in  capacitance. 

6.  Afilter  according  to  Claim  1  or  2,  further  compris- 
ing  an  extending  grounded  conductor  disposed 
between  the  first  and  second  grounded  conduc- 
tors. 

7.  Afilter  according  to  Claim  6,  wherein  the  third  ca- 
pacitors  are  classified  to  at  least  two  different 
kinds  in  capacitance. 

8.  A  filter  comprising: 
a  substrate  formed  of  a  dielectric  sub- 

stance; 
a  pair  of  input  and  output  electrodes  dis- 

posed  at  specified  locations  on  at  least  one  sur- 
face  of  said  substrate; 

a  coplanar  waveguide  resonator  disposed 
on  said  at  least  one  surface  of  the  substrate  and 
comprised  of  a  strip  conductor  of  a  flat  bar  shape 
and  first  grounded  conductors  located  on  both 
sides  of  said  strip  conductor; 

a  first  capacitor  electrically  connected  be- 

tween  said  input  electrode  and  the  strip  conduc- 
tor  of  said  coplanar  waveguide  resonator; 

a  second  capacitor  electrically  connected 
between  the  strip  conductor  of  said  coplanar  wa- 

5  veguide  resonator  and  said  output  electrode;  and 
third  capacitors  electrically  connected 

from  the  strip  conductor  of  said  coplanar  wave- 
guide  resonator  to  said  first  grounded  conduc- 
tors. 

10 
9.  Afilter  according  to  Claim  8,  wherein  two  or  more 

of  the  coplanar  waveguide  resonators  are  provid- 
ed,  at  least  one  of  said  coplanar  waveguide  res- 
onators  being  electrically  connected  at  its  strip 

15  conductor  by  the  first  capacitor  to  the  input  elec- 
trode  while  another  being  electrically  connected 
at  its  strip  conductor  by  the  second  capacitor  to 
the  output  electrode,  and  the  strip  conductor  of 
each  coplanar  waveguide  resonator  is  electrically 

20  connected  to  the  strip  conductor  of  the  succeed- 
ing  coplanar  waveguide  resonator  by  a  fourth  ca- 
pacitor. 

1  0.  Afilter  according  to  Claim  8  or  9,  wherein  the  third 
25  capacitors  are  classified  to  at  least  two  different 

kinds  in  capacitance. 

11.  Afilter  comprising: 
a  substrate  formed  of  a  dielectric  sub- 

30  strate; 
a  pair  of  input  and  output  electrodes  dis- 

posed  at  respective  specified  locations  on  at 
least  one  surface  of  said  substrate; 

a  resonator  comprised  of  a  strip  conductor 
35  of  a  flat  bar  shape  which  is  disposed  at  least  one 

surface  of  said  substrate  and  grounded  conduc- 
tors  connected  to  one  end  of  said  strip  conductor 
and  extending  to  the  other  surface  of  said  sub- 
strate; 

40  a  first  capacitor  electrically  connected  be- 
tween  said  input  electrode  and  said  strip  conduc- 
tor; 

a  second  capacitor  electrically  connected 
between  said  strip  conductor  and  said  output 

45  electrode;  and 
a  third  capacitor  electrically  connected  be- 

tween  said  strip  conductor  and  said  grounded 
conductor. 

so  12.  A  filter  according  to  Claim  11,  wherein  two  or 
more  of  the  strip  conductors  are  provided,  at  least 
one  of  said  strip  conductors  being  electrically 
connected  by  the  first  capacitor  to  the  input  elec- 
trode  while  another  being  electrically  connected) 

55  by  the  second  capacitor  to  the  output  electrode, 
and  every  two  adjacent  strip  conductors  are  elec- 
trically  connected  to  each  other  by  a  fourth  ca- 
pacitor. 

7 
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13.  Afilter  according  to  Claim  11  or  12,  wherein  the 
third  capacitors  are  classified  to  at  least  two  dif- 
ferent  kinds  in  capacitance. 

14.  Afilter  according  to  Claim  11  or  12,  wherein  at 
least  one  or  more  from  the  input  electrode,  the 
output  electrode,  and  one  of  the  strip  conductor 
is  or  are  disposed  on  the  other  surface  of  the  sub- 
strate. 

15.  Afilter  according  to  Claim  14,  wherein  the  third 
capacitors  are  classified  to  at  least  two  different 
kinds  in  capacitance. 

1  6.  A  filter  of  layer  type  comprising: 
a  second  substrate  formed  of  a  dielectric 

substance  and  disposed  over  the  arrangement 
defined  in  Claim  11  or12which  includesthe  input 
electrode,  the  output  electrode,  and  the  strip  con- 
ductors;  and 

a  second  grounded  conductordis  posed  on 
the  other  surface  of  said  second  substrate  than 
the  surface,  which  the  first  substrate  comes  into 
contact  with,  so  as  to  be  situated  opposite  to  at 
least  the  vicinity  of  the  distal  ends  of  said  respec- 
tive  strip  conductors. 

17.  Afilter  according  to  Claim  16,  wherein  the  third 
capacitors  are  classified  to  at  least  two  different 
kinds  in  capacitance. 

18.  A  filter  comprising: 
a  substrate  formed  of  a  dielectric  sub- 

stance; 
a  pair  of  input  and  output  electrodes  dis- 

posed  at  respective  specified  locations  on  at 
least  one  surface  of  said  substrate; 

a  strip  conductor  disposed  between  said 
input  and  output  electrodes; 

grounded  conductors  disposed  at  loca- 
tions  sandwiching  said  strip  conductor  from  both 
sides  thereof  and  facing  to  each  other; 

a  first  capacitor  electrically  connected 
from  said  input  electrode  to  one  end  of  said  strip 
conductor; 

a  second  capacitor  electrically  connected 
from  the  other  end  of  said  strip  conductor  to  said 
output  electrode;  and 

third  capacitors  electrically  connected 
from  at  least  one  end  of  said  strip  conductor  to 
said  grounded  conductors. 

19.  A  filter  according  to  Claim  18,  wherein  two  or 
more  of  the  strip  conductors  are  provided,  at  least 
one  of  said  strip  conductors  being  electrically 
connected  by  the  first  capacitor  to  the  input  elec- 
trode  while  another  being  electrically  connected 
by  the  second  capacitor  to  the  output  electrode, 

and  respective  strip  conductors  are  electrically 
connected  to  each  other  by  a  fourth  capacitor. 

20.  Afilter  according  to  Claim  18  or  19,  wherein  the 
5  third  capacitors  are  classified  to  at  least  two  dif- 

ferent  kinds  in  capacitance. 

21.  Afilter  comprising: 
a  substrate  formed  of  a  dielectric  sub- 

10  stance; 
a  pair  of  input  and  output  electrodes  dis- 

posed  at  respective  specified  locations  on  at 
least  one  surface  of  said  substrate; 

a  strip  conductor  disposed  between  said 
15  input  and  output  electrodes; 

a  grounded  conductor  disposed  on  the 
other  surface  of  said  substrate; 

a  first  capacitor  electrically  connected  be- 
tween  said  input  electrode  and  said  strip  conduc- 

20  tor; 
a  second  capacitor  electrically  connected 

between  said  strip  conductor  and  said  output 
electrode;  and 

a  third  capacitor  extending  through  a 
25  through  hole  provided  in  the  substrate  for  electri- 

cal  connection  between  said  strip  conductor  and 
said  grounded  conductor  on  the  other  surface  of 
the  substrate. 

30  22.  A  filter  according  to  Claim  21,  wherein  two  or 
more  of  the  strip  conductors  are  provided,  at  least 
one  of  said  strip  conductors  being  electrically 
connected  by  the  first  capacitor  to  the  input  elec- 
trode  while  another  being  electrically  connected 

35  by  the  second  capacitor  to  the  output  electrode, 
and  respective  strip  conductors  are  electrically 
connected  to  each  other  by  a  fourth  capacitor. 

23.  A  filter  according  to  Claim  21  or  22,  wherein  the 
40  third  capacitors  are  classified  to  at  least  two  dif- 

ferent  kinds  in  capacitance. 
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E  :  earlier  patent  document,  but  published  on,  or 

after  the  Tiling  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 

IO 


	bibliography
	description
	claims
	drawings
	search report

