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CO  ©  NON-RECIPROCAL  CIRCUIT  ELEMENT. 

m  
©  This  element  can  be  miniaturized  irrespective  of 

CO  the  value  of  the  matched  capacitance.  A  circulator 
(1)  is  provided  with  a  multilayered  board  (3)  for 

©  forming  a  central  electrode  (16a)  and  matching  ca- 
pacitance.  The  multilayered  board  (3)  is  produced 

Ijj  by  laminating  a  plurality  of  dielectric  sheets  on  which 
the  central  electrode  or  the  matching  capacitance 
electrode  is  formed,  and  burning  them  integrally. 

The  matching  capacitor  is  structured  by  connecting 
in  parallel  the  capacitors  formed  by  laminating  many 
numbers  of  dielectric  sheet  pinched  by  a  pair  of 
capacitor  electrodes.  On  the  upper  surface  of  the 
multilayered  board  (3),  there  are  formed  in  positions 
facing  the  central  electrode  (16a)  a  first  recess  (26) 
for  receiving  ferrite  (4),  and  a  second  recess  (25)  for 
receiving  a  permanent  magnet  (5).  In  these  reces- 
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ses,  the  ferrite  (4)  and  the  permanent  magnet  (5)  are  installed,  respectively. 

Fig.  1 
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Industrial  Field 

The  present  invention  relates  to  a  non-recipro- 
cal  circuit  element  which  is  employed  in  VHF,  UHF 
and  SHF  bands  such  as  a  circulator  or  an  isolator, 
for  example,  and  more  particularly,  it  relates  to  a 
structure  which  can  be  miniaturized  and  reduced  in 
weight  and  cost. 

Background 

In  general,  a  non-reciprocal  element  such  as  an 
isolator  or  a  circulator  having  a  function  of  passing 
signals  only  in  a  transmission  direction  and  pre- 
venting  the  same  from  opposite  transmission  is 
indispensable  for  a  transmission  circuit  part  of  a 
mobile  communication  device  such  as  a  portable 
telephone  or  a  car  telephone.  In  such  application, 
miniaturization  and  weight  reduction  are  required 
for  the  non-reciprocal  element.  Further,  cost  reduc- 
tion  for  the  part  is  required  for  exciting  the  de- 
mand.  In  order  to  satisfy  such  requirements,  there 
has  been  proposed  a  non-reciprocal  element  pro- 
vided  with  central  electrodes,  matching  circuit  elec- 
trodes  and  the  like  which  are  intensively  arranged 
on  dielectric  substrates.  Figs.  8  and  9  show  an 
exemplary  circulator  100  having  such  a  structure. 
Fig.  9  illustrates  a  sectional  structure  of  the  cir- 
culator,  and  Fig.  8  mainly  shows  structures  of  di- 
electric  substrates.  The  conventional  circulator  100 
comprises  dielectric  substrates  107  to  109,  a  ferrite 
member  104  and  a  magnet  106  which  are  arranged 
in  a  metal  yoke  100.  The  ferrite  member  104  is 
connected  to  a  bottom  surface  of  the  yoke  104 
through  an  earth  plate  105.  The  dielectric  sub- 
strates  107  to  109  are  arranged  on  such  positions 
that  central  electrodes  102  provided  thereon  face 
the  ferrite  member  104.  Further,  the  magnet  106  is 
stuck  onto  an  inner  upper  surface  of  the  yoke  101 
to  face  the  central  electrodes  102.  This  magnet  106 
applies  a  dc  magnetic  field  to  the  central  elec- 
trodes  102. 

As  shown  in  Fig.  8,  the  central  electrodes  102, 
capacitive  electrodes  1  1  0  and  earth  electrodes  1  1  1 
are  formed  in  a  laminate  of  the  three  dielectric 
substrates  107  to  109.  Such  a  multilayer  substrate 
is  manufactured  through  the  following  steps:  First, 
ceramic  green  sheets  are  fired  to  form  the  respec- 
tive  substrates  107  to  109,  and  thereafter  the  cen- 
tral  electrodes  102,  the  capacitive  electrodes  110 
and  the  earth  electrodes  111  are  pattern-formed  on 
first  major  surfaces  of  the  respective  substrates 
107  to  109,  while  earth  electrodes  112  are  pattern- 
formed  on  second  major  surfaces  and  baked. 
Then,  the  dielectric  substrates  107  to  109  provided 
with  the  electrodes  are  stacked  and  compression- 
bonded  to  each  other.  Further,  the  earth  electrodes 
111  and  112  are  connected  with  each  other  by 

through-hole  electrodes  113.  The  capacitive  elec- 
trodes  110  are  provided  with  external  electrodes 
114,  which  are  connected  with  input/output  termi- 
nals.  In  such  a  multilayer  structure,  a  matching 

5  capacitance  is  formed  by  the  capacitive  electrodes 
110,  the  dielectric  substrates  107  to  109  and  the 
earth  electrodes  112. 

In  the  conventional  circulator,  the  matching  ca- 
pacitance  is  formed  around  the  three  central  elec- 

io  trades  102  intersecting  with  each  other,  thereby 
miniaturizing  the  overall  part. 

In  the  aforementioned  structure,  however,  min- 
iaturization  of  the  part  is  restricted  in  view  of  insur- 
ance  of  the  capacitance  value  of  the  matching 

75  capacitance.  Namely,  the  capacitance  value  of  the 
matching  capacitance  is  defined  by  opposition 
areas  of  the  capacitive  electrodes  110  and  the 
earth  electrodes  112.  If  the  required  capacitance 
value  is  increased,  therefore,  electrode  areas  of  the 

20  capacitive  electrodes  110  must  be  increased.  Thus, 
the  substrate  areas  of  the  dielectric  substrates  107 
to  109  are  also  increased,  leading  to  increase  of 
the  overall  part  size.  In  other  words,  the  part  size  is 
restricted  by  the  required  capacitance  value. 

25  Further,  the  conventional  structure  requires  two 
firing  steps  for  firing  the  ceramic  green  sheets  and 
for  baking  the  patterned  electrodes  on  the  sub- 
strates,  leading  to  increase  in  manufacturing  cost. 
Further,  a  complicated  assembling  operation  of  po- 

30  sitioning  and  fixing  the  magnet  106,  the  ferrite 
member  104  and  the  like  in  the  yoke  101  indepen- 
dently  of  each  other  also  leads  to  increase  in 
manufacturing  cost. 

35  Object  of  the  Invention 

An  object  of  the  present  invention  is  to  provide 
a  non-reciprocal  element  which  can  be  reduced  in 
part  size. 

40 
Disclosure  of  the  Invention 

According  to  a  wide  aspect  of  the  present 
invention,  a  non-reciprocal  element  comprises  a 

45  multilayer  substrate  formed  by  stacking  a  plurality 
of  dielectric  layers  with  each  other,  a  plurality  of 
central  electrodes  which  are  provided  in  the  mul- 
tilayer  substrate  to  intersect  with  each  other  in  a 
state  being  electrically  insulated  from  each  other,  a 

50  matching  capacitance  having  a  plurality  of  capaci- 
tive  parts  which  are  staked  in  the  multilayer  sub- 
strate  to  be  connected  every  central  electrode,  a 
magnetic  body  which  is  provided  to  face  the  cen- 
tral  electrodes,  and  a  magnet  for  applying  a  dc 

55  magnetic  field  to  the  central  electrodes. 
According  to  such  a  structure,  it  is  possible  to 

ensure  a  necessary  capacitance  value  for  the 
matching  capacitance  by  properly  setting  the  num- 

3 
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ber  of  capacitive  parts  which  are  stacked  in  the 
multilayer  substrate.  Thus,  it  is  possible  to  increase 
the  capacitance  value  of  the  matching  capacitance 
without  increasing  the  area  of  the  multilayer  sub- 
strate  in  a  plane  region.  Consequently,  it  is  possi- 
ble  to  reduce  the  planar  size  of  the  non-reciprocal 
circuit  element,  thereby  miniaturizing  the  part. 

Another  object  of  the  present  invention  is  to 
provide  a  non-reciprocal  circuit  element  which  can 
reduce  the  part  size  as  well  as  the  part  cost. 

In  a  non-reciprocal  circuit  element  according  to 
another  aspect  of  the  present  invention,  a  mul- 
tilayer  substrate  is  formed  by  integrally  firing  a 
plurality  of  dielectric  layers  which  are  stacked  with 
each  other. 

According  to  such  a  structure,  the  multilayer 
substrate  is  integrally  formed  through  a  single  firing 
step.  Thus,  the  number  of  firing  steps  is  reduced 
as  compared  with  the  aforementioned  conventional 
non-reciprocal  circuit  element,  whereby  the  manu- 
facturing  cost  is  reduced. 

In  the  non-reciprocal  circuit  element  according 
to  this  aspect  of  the  present  invention,  a  first  hold- 
ing  portion  is  formed  in  the  multilayer  substrate  for 
holding  a  magnetic  body  in  a  position  facing  cen- 
tral  electrodes,  so  that  the  magnetic  body  is  held 
by  this  first  holding  portion. 

According  to  this  structure,  it  is  possible  to 
automatically  set  the  relative  position  of  the  mag- 
netic  body  with  respect  to  the  central  electrodes  by 
mounting  the  same  on  the  first  holding  portion  of 
the  multilayer  substrate.  Thus,  it  is  possible  to  omit 
a  complicated  positioning  step,  thereby  reducing 
the  manufacturing  cost. 

In  the  non-reciprocal  circuit  element  according 
to  this  aspect  of  the  present  invention,  further,  a 
second  holding  portion  is  formed  in  the  multilayer 
substrate  for  holding  a  magnet  in  a  position  facing 
the  central  electrodes,  so  that  the  magnet  is  held 
by  this  second  holding  portion. 

According  to  this  structure,  it  is  possible  to 
automatically  set  the  positional  relation  between  the 
magnet  and  the  central  electrodes  by  mounting  the 
magnet  on  the  second  holding  portion  of  the  mul- 
tilayer  substrate.  Thus,  it  is  possible  to  omit  a 
complicated  positioning  step,  thereby  reducing  the 
manufacturing  cost. 

The  aforementioned  central  electrodes  in  the 
present  invention  may  be  formed  on  different  verti- 
cal  positions  in  the  multilayer  substrate.  In  this 
case,  the  aforementioned  plurality  of  central  elec- 
trodes  may  be  formed  on  different  dielectric  layer 
surfaces  when  the  multilayer  substrate  is  obtained 
by  an  integral  firing  technique. 

Further,  the  aforementioned  central  electrodes 
may  be  so  formed  as  to  have  first  central  electrode 
portions  which  are  arranged  on  one  surface  of  one 
dielectric  layer  in  the  substrate,  second  central 

electrode  portions  which  are  arranged  on  another 
surface,  and  through-hole  conductive  portions 
which  are  formed  in  the  dielectric  layer  for  elec- 
trically  connecting  the  first  and  second  central 

5  electrode  portions  with  each  other.  In  this  case,  the 
aforementioned  through-hole  conductive  portions 
may  be  formed  in  one  dielectric  layer  so  that  the 
first  and  second  central  electrode  portions  are 
formed  on  upper  and  lower  surfaces  of  the  dielec- 

io  trie  layer,  or  the  first  central  electrode  portions  may 
be  formed  on  one  surface  of  a  dielectric  layer 
provided  with  the  through-hole  conductive  portions 
so  that  the  second  central  electrode  portions  are 
formed  on  one  surface  of  another  dielectric  layer 

is  which  is  in  contact  with  another  surface  of  the 
dielectric  layer,  when  the  multilayer  substrate  is 
formed  by  the  integral  firing  technique. 

The  foregoing  and  other  objects,  features,  as- 
pects  and  advantages  of  the  present  invention  will 

20  become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
25 

Fig.  1  is  an  exploded  perspective  view  showing 
the  structure  of  a  circulator  according  to  a  first 
embodiment  of  the  present  invention. 

Fig.  2  is  a  sectional  view  showing  the  structure 
30  of  the  circulator  appearing  in  Fig.  1. 

Fig.  3  is  an  exploded  perspective  view  showing 
the  structure  of  a  multilayer  substrate  provided  in 
the  circulator  according  to  the  first  embodiment  of 
the  present  invention. 

35  Fig.  4  is  an  explanatory  diagram  for  illustrating 
the  structure  of  the  multilayer  substrate  shown  in 
Fig.  3. 

Fig.  5  is  an  exploded  perspective  view  showing 
the  structure  of  a  circulator  according  to  a  second 

40  embodiment  of  the  present  invention. 
Fig.  6  is  a  sectional  view  showing  the  structure 

of  the  circulator  according  to  the  second  embodi- 
ment  of  the  present  invention. 

Fig.  7  is  a  perspective  view  for  illustrating  an 
45  essential  part  of  a  circulator  according  to  a  modi- 

fication  of  the  present  invention. 
Fig.  8  is  an  exploded  perspective  view  showing 

the  structure  of  a  multilayer  substrate  forming  a 
conventional  circulator. 

50  Fig.  9  is  a  sectional  view  showing  the  structure 
of  the  conventional  circulator. 

Best  Modes  for  Carrying  Out  the  Invention 

55  Embodiments  of  the  non-reciprocal  element  ac- 
cording  to  the  present  invention  are  now  described 
with  reference  to  the  accompanying  drawings,  to 
clarify  the  present  invention. 

4 
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First  Embodiment 

Figs.  1  to  4  show  the  structure  of  a  lumped 
parameter  circulator  1  according  to  a  first  embodi- 
ment  of  the  present  invention.  Referring  to  Fig.  1, 
the  circulator  1  has  a  multilayer  substrate  3,  a 
lower  yoke  2  and  an  upper  yoke  6.  The  lower  and 
upper  yokes  2  and  6  are  prepared  from  a  magnetic 
metal  in  the  form  of  boxes  enclosing  the  multilayer 
substrate  3  along  the  vertical  direction. 

The  multilayer  substrate  3  has  a  first  aperture 
26  for  receiving  a  ferrite  member  4  and  a  second 
aperture  25  for  receiving  a  permanent  magnet  5  in 
an  upper  portion  which  is  close  to  the  upper  yoke 
6,  while  projections  7  are  formed  on  both  ends  of 
the  multilayer  substrate  3  which  are  close  to  the 
lower  yoke  2.  The  projections  7  project  from  clear- 
ances  between  the  upper  and  lower  yokes  6  and  2, 
to  expose  external  electrodes  8a  to  8c  and  9a  to  9c 
serving  as  input/output  terminals  and  earth  termi- 
nals  respectively.  When  the  circulator  1  is  mounted 
on  a  circuit  board,  the  external  electrodes  8a  to  8c 
and  9a  to  9c  are  connected  to  electrode  lines 
which  are  provided  on  this  circuit  board. 

The  ferrite  member  4  is  mounted  in  the  second 
aperture  25  of  the  multilayer  substrate  3.  On  the 
other  hand,  the  permanent  magnet  5  is  mounted  in 
the  second  aperture  25  which  is  located  above  the 
ferrite  member  4,  with  interposition  of  an  earth 
plate  27. 

As  shown  in  Figs.  3  and  4,  the  multilayer 
substrate  3  is  a  sintered  body  which  is  formed  by 
integrally  firing  a  number  of  dielectric  layers,  and 
respective  electrodes  are  buried  in  this  sintered 
body.  The  dielectric  layers  which  are  still  in  unfired 
states  are  denoted  by  reference  numerals  for  con- 
venience  of  illustration  of  the  respective  portions. 
Referring  to  Fig.  4,  the  multilayer  substrate  3  is 
mainly  classified  into  six  layers  L1  to  L6.  The  first 
layer  L1  ,  having  the  second  aperture  25  for  receiv- 
ing  the  permanent  magnet  5,  is  formed  by  two  first 
dielectric  sheets  12,  for  example.  The  first  dielec- 
tric  sheets  12  are  provided  in  central  portions 
thereof  with  holes  12a  which  are  sized  to  be  ca- 
pable  of  receiving  the  permanent  magnet  5. 

The  second  layer  L2,  which  is  provided  with 
the  first  aperture  26  for  receiving  the  ferrite  mem- 
ber  4,  is  formed  by  two  second  dielectric  sheets 
13,  for  example.  The  second  dielectric  sheets  13 
are  provided  in  central  portions  thereof  with  holes 
13a  which  are  sized  to  be  capable  of  receiving  the 
ferrite  member  4. 

The  third  layer  L3,  which  is  mainly  adapted  to 
form  a  matching  capacitance,  is  formed  by  al- 
ternately  stacking  a  plurality  of  sets  of  third  dielec- 
tric  sheets  14  provided  with  earth  electrodes  14a 
and  fourth  dielectric  sheets  15  provided  with  ca- 
pacitive  electrodes  15a  to  15c.  Each  earth  elec- 

trode  14a  is  formed  substantially  on  the  overall 
surface  of  each  third  dielectric  sheet  14  excluding 
its  central  portion,  and  has  an  externally  derived 
portion  14b  provided  on  one  side  edge  of  the  third 

5  dielectric  sheet  14  and  two  externally  derived  por- 
tions  14b  provided  on  another  side  edge.  These 
externally  derived  portions  14b  are  connected  to 
the  external  electrodes  8b,  9a  and  9c  respectively. 

The  capacitive  electrodes  15a  to  15c  are  uni- 
io  formly  arranged  on  the  surface  of  each  fourth  di- 

electric  sheet  15  at  intervals  of  120°.  A  single 
capacitive  electrode  such  as  the  electrode  15a,  for 
example,  is  combined  with  a  single  dielectric  sheet 
14  or  15  and  a  single  earth  electrode  14a,  to  form 

is  a  single  capacitive  part.  A  number  of  such  capaci- 
tive  parts  are  stacked  in  this  third  layer  L3.  The 
number  of  the  capacitive  parts  to  be  stacked  with 
each  other  is  set  in  response  to  the  capacitance 
value  of  the  matching  capacitance  as  required. 

20  The  fourth  layer  L4  is  formed  by  three  fifth 
dielectric  sheets  16  provided  with  central  elec- 
trodes  16a.  The  fifth  dielectric  sheets  16  also  serve 
as  dielectric  sheets  forming  the  aforementioned 
capacitive  parts.  Each  central  electrode  16a  has 

25  two  lines  extending  on  a  central  portion  of  the 
surface  of  each  fifth  dielectric  sheet  16  in  parallel 
with  each  other.  The  central  electrodes  16a  pro- 
vided  on  the  three  fifth  dielectric  sheets  16  are 
arranged  to  intersect  with  each  other  at  angles  of 

30  120°.  A  single  capacitive  electrode  16b  forming 
the  aforementioned  single  capacitive  part  is  con- 
nected  to  an  end  of  each  central  electrode  16a. 
The  other  end  of  each  central  electrode  16a  is 
connected  to  an  earth  electrode  16c. 

35  The  respective  capacitive  electrodes  16b  are 
provided  with  externally  derived  electrodes  16d, 
which  are  connected  with  the  external  electrodes 
8a,  8c  and  9b  respectively.  Further,  externally  de- 
rived  portions  16e  which  are  provided  on  the  earth 

40  electrodes  16c  are  connected  to  the  external  elec- 
trodes  8b,  9a  and  9c  respectively. 

In  the  fifth  layer  L5,  a  plurality  of  fourth  dielec- 
tric  sheets  14  provided  with  earth  electrodes  14a 
are  stacked  with  each  other.  The  lowermost  fourth 

45  dielectric  sheet  14  is  so  stacked  as  to  downwardly 
direct  its  earth  electrode  14a. 

In  the  sixth  layer  L6  forming  the  two  projec- 
tions  7,  a  plurality  of  strip-shaped  ceramic  sheets 
23  and  24  are  stacked  with  each  other.  The  ce- 

50  ramie  sheets  23  and  24  are  provided  on  outer  side 
surfaces  thereof  with  electrodes  8a'  to  8c'  and  9a' 
to  9c'  corresponding  to  the  external  electrodes  8a 
to  8c  and  9a  to  9c  respectively. 

In  the  aforementioned  structure,  the  plurality  of 
55  capacitive  electrodes  15a  and  16b  which  are  pro- 

vided  in  the  third  layer  L3  are  connected  with  each 
other  along  the  direction  of  stacking  via  through- 
hole  electrodes  20.  Similarly,  the  capacitive  elec- 
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trades  15b  and  16b  as  well  as  15c  and  16b  are 
connected  with  each  other  along  the  direction  of 
stacking  via  the  through-hole  electrodes  20  respec- 
tively.  Further,  the  plurality  of  earth  electrodes  14a 
are  connected  with  each  other  along  the  direction 
of  stacking  via  through-hole  electrodes  21.  Due  to 
such  connection,  the  respective  capacitive  parts 
which  are  formed  in  the  third  layer  L3  are  con- 
nected  in  parallel  with  each  other  every  central 
electrode  16a,  to  form  the  matching  capacitance. 

The  electrodes  8a,  8c  and  9b  which  are  formed 
in  the  sixth  layer  L6  are  connected  to  the  capaci- 
tive  electrodes  16d  respectively. 

The  multilayer  substrate  3  having  the  afore- 
mentioned  structure  is  manufactured  in  the  follow- 
ing  manner:  First,  flexible  ceramic  green  sheets  are 
formed  by  extrusion  molding,  for  example,  from  a 
slurry  prepared  by  mixing  dielectric  ceramic  pow- 
der  with  an  organic  binder  or  the  like,  and  cut  into 
prescribed  dimensions.  Then,  electrodes  of  Pd,  Pt 
or  Ag  are  pattern-formed  on  surfaces  of  the  ce- 
ramic  green  sheets  which  are  in  the  form  of  rectan- 
gular  plates  having  thicknesses  of  about  several  10 
linn  by  printing  or  vapor  deposition.  Then,  the  re- 
spective  dielectric  sheets  are  stacked  in  the  order 
shown  in  Fig.  3  or  4  and  compression-bonded  to 
each  other,  and  fired  at  a  high  temperature  to  form 
a  laminate.  The  ceramic  sheets  23  and  24  for 
forming  the  projections  7  are  also  fired  at  the  same 
time.  Thus,  the  multilayer  substrate  3  is  formed  by 
the  dielectric  sheets  and  the  electrodes  which  are 
fired  integrally  with  each  other. 

The  first  and  second  apertures  25  and  26  for 
receiving  the  permanent  magnet  5  and  the  ferrite 
member  4  may  be  formed  in  the  ceramic  green 
sheets  in  advance  of  firing,  or  the  upper  surface  of 
the  multilayer  substrate  3  formed  by  integral  firing 
may  be  cut  to  define  the  apertures  25  and  26. 

In  assembling  steps,  the  ferrite  member  4,  the 
earth  plate  27  and  the  permanent  magnet  5  are 
first  inserted  in  the  first  and  second  apertures  25 
and  26  of  the  multilayer  substrate  3,  and  thereafter 
the  lower  and  upper  yokes  2  and  6  are  assembled 
therewith  to  complete  the  circulator  1  having  the 
aforementioned  structure.  The  ferrite  member  4 
and  the  permanent  magnet  5  are  automatically 
located  in  prescribed  positions  facing  the  central 
electrodes  16a,  by  the  previously  formed  first  and 
second  apertures  25  and  26.  The  permanent  mag- 
net  5  applies  a  dc  magnetic  field  to  the  central 
electrodes  16a. 

The  circulator  1  according  to  this  embodiment 
has  the  following  characteristics: 

(1)  The  matching  capacitance  is  formed  by  con- 
necting  the  plurality  of  capacitive  parts  which 
are  stacked  in  the  third  layer  L3  of  the  multilayer 
substrate  3  in  parallel  with  each  other.  There- 
fore,  it  is  possible  to  cope  with  increase  of  the 

capacitance  value  as  required  by  increasing  the 
number  of  the  capacitive  parts  which  are 
stacked  with  each  other.  In  this  case,  the  overall 
thickness  of  the  multilayer  substrate  3  is  merely 

5  increased  at  an  extremely  small  rate  since  each 
of  the  dielectric  sheets  forming  the  capacitive 
parts  is  about  several  10  urn  in  thickness.  Thus, 
it  is  possible  to  reduce  planar  areas  of  the 
capacitive  electrodes  15a  and  16b  forming  the 

io  capacitive  parts,  thereby  remarkably  contributing 
to  miniaturization  of  the  part. 
(2)  The  multilayer  substrate  3  is  manufactured 
by  pattern-forming  prescribed  electrodes  on  the 
surfaces  of  a  plurality  of  ceramic  green  sheets 

is  and  integrally  firing  the  same.  Thus,  it  is  possi- 
ble  to  reduce  the  number  of  firing  steps  as 
compared  with  the  aforementioned  prior  art  re- 
quiring  two  firing  steps,  thereby  reducing  the 
manufacturing  cost. 

20  (3)  It  is  possible  to  position  the  ferrite  member  4 
and  the  permanent  magnet  5  by  simply  inserting 
the  same  in  the  first  and  second  apertures  25 
and  26  which  are  previously  formed  in  the  upper 
surface  of  the  multilayer  substrate  3.  Therefore, 

25  it  is  possible  to  substantially  omit  a  step  of 
positioning  the  ferrite  member  or  the  permanent 
magnet  dissimilarly  to  the  prior  art,  thereby  sim- 
plifying  the  assembling  steps.  The  manufactur- 
ing  cost  can  be  reduced  also  by  this. 

30  (4)  The  first  aperture  26  for  receiving  the  ferrite 
member  4  and  the  second  aperture  25  for  re- 
ceiving  the  permanent  magnet  5  are  coaxially 
formed  in  the  upper  surface  of  the  multilayer 
substrate  3  in  continuation.  Thus,  the  permanent 

35  magnet  5  and  the  ferrite  member  4  are  arranged 
in  proximity  to  each  other.  In  general,  the  mag- 
netic  field  of  such  a  permanent  magnet  5  is 
outwardly  spread,  and  hence  the  magnetic  flux 
is  non-densified  as  the  distance  between  the 

40  permanent  magnet  5  and  the  ferrite  member  4 
is  increased  and  densified  as  the  distance  is 
reduced.  In  the  structure  of  this  embodiment 
having  the  permanent  magnet  5  and  the  ferrite 
member  4  which  are  in  proximity  to  each  other, 

45  therefore,  the  magnetic  flux  is  so  densified  that 
the  permanent  magnet  5  may  have  weaker  mag- 
netic  force  as  compared  with  that  in  the  prior 
art,  to  serve  an  equivalent  function. 

50  Second  Embodiment 

A  circulator  according  to  a  second  embodiment 
of  the  present  invention  is  different  in  a  state  of 
arrangement  of  ferrite  members  4  and  permanent 

55  magnets  5  as  compared  with  that  in  the  circulator  1 
according  to  the  first  embodiment.  As  shown  in 
Figs.  5  and  6,  this  circulator  50  has  second  ap- 
ertures  55  for  receiving  the  permanent  magnets  5 
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and  first  apertures  56  for  receiving  the  ferrite  mem- 
bers  4  in  upper  and  lower  surfaces  of  a  multilayer 
substrate  53  facing  central  electrodes  (not  shown) 
respectively.  The  permanent  magnets  5  are  moun- 
ted  in  the  respective  second  apertures  55,  while 
the  ferrite  members  4  are  mounted  in  the  respec- 
tive  first  apertures  56  with  interposition  of  earth 
plates  27.  Due  to  this  structure,  the  respective 
central  electrodes  provided  in  the  multilayer  sub- 
strate  53  are  held  by  the  pair  of  ferrite  members  4, 
to  be  supplied  with  bias  magnetic  fields  by  the  pair 
of  permanent  magnets  5  from  upper  and  lower 
sides.  According  to  this  structure,  it  is  possible  to 
further  reduce  insertion  loss  as  compared  with  the 
circulator  1  according  to  the  first  embodiment,  in 
particular.  Further,  the  effect  described  with  refer- 
ence  to  the  first  embodiment  can  be  similarly  ob- 
tained. 

While  each  of  the  first  and  second  embodi- 
ments  has  been  described  with  reference  to  a 
circulator  serving  as  a  non-reciprocal  circuit  ele- 
ment,  the  inventive  structure  is  also  applicable  to 
an  isolator.  When  the  present  invention  is  applied 
to  an  isolator,  a  terminating  resistance  is  connected 
to  any  one  of  the  derived  electrodes  16d  of  the 
three  central  electrodes  16a. 

While  the  respective  capacitive  electrodes  and 
the  earth  electrodes  provided  in  the  multilayer  sub- 
strate  3  are  connected  with  each  other  via  the 
through-hole  electrodes  in  the  aforementioned  first 
embodiment,  these  electrodes  may  alternatively  be 
connected  with  each  other  through  electrodes 
which  are  formed  on  side  surfaces  of  the  dielectric 
sheets,  in  place  of  the  through-hole  electrodes. 

Modification 

While  the  plurality  of  central  electrodes  are 
formed  on  different  dielectric  layers  in  the  second 
embodiment,  it  is  also  possible  to  form  the  plurality 
of  central  electrodes  in  the  present  invention 
through  the  same  dielectric  sheet.  Such  a  modifica- 
tion  is  described  with  reference  to  Fig.  7. 

A  dielectric  sheet  61  shown  in  Fig.  7  cor- 
responds  to  a  structure  which  is  employed  in  place 
of  the  three  fifth  dielectric  sheets  16  shown  in  Fig. 
3. 

First  central  electrode  portions  62a  to  67a  are 
formed  on  a  central  region  of  an  upper  surface  of 
the  dielectric  sheet  61.  The  six  first  central  elec- 
trode  portions  62a  to  67a  are  classified  into  three 
groups  each  formed  by  a  pair  of  first  central  elec- 
trode  portions  extending  in  parallel  with  each  other. 
For  example,  the  first  central  electrode  portions 
62a  and  63a  form  a  group,  while  the  first  central 
electrode  portion  62a  forming  this  group  is  in- 
creased  in  length  as  compared  with  the  other  first 
central  electrode  portion  63a. 

Further,  the  pairs  of  first  central  electrode  por- 
tions  forming  the  respective  groups  are  electrically 
connected  to  electrode  portions  68  to  70  of  sector 
shapes  having  lost  central  sides.  In  addition,  the 

5  dielectric  sheet  61  is  provided  with  through-hole 
conductive  portions  71  to  73.  The  through-hole 
conductive  portions  71  to  73  are  formed  by  filling 
up  through  holes  with  conductive  materials.  The 
electrode  portions  68  to  70  are  drawn  out  on  a 

io  lower  surface  of  the  dielectric  sheet  61  by  the 
through-hole  conductive  portions  71  to  73. 

Further,  through-hole  conductive  portions  74 
are  formed  on  forward  ends  of  the  aforementioned 
plurality  of  first  central  electrode  portions  62a  to 

is  67a  respectively. 
On  the  other  hand,  Fig.  7  shows  electrode 

shapes  on  the  lower  surface  in  a  downwardly  pro- 
jected  manner,  in  order  to  clarify  the  electrode 
shapes  on  the  lower  surface.  In  the  lower  surface 

20  of  the  dielectric  sheet  61  ,  second  central  electrode 
portions  62b  to  67b  are  formed  in  a  center.  The 
second  central  electrode  portions  62b  to  67b  are 
electrically  connected  to  corresponding  first  central 
electrode  portions  through  the  aforementioned 

25  through-hole  conductive  portions  74  respectively. 
For  example,  the  second  central  electrode  portion 
62b  is  electrically  connected  with  the  first  central 
electrode  portion  62a  provided  on  the  upper  sur- 
face  side  through  the  through-hole  conductive  por- 

30  tion  74,  thereby  forming  a  single  central  electrode. 
The  remaining  first  and  second  central  electrode 
portions  are  also  electrically  connected  with  each 
other  through  the  through-hole  conductive  portions, 
thereby  forming  central  electrodes  respectively. 

35  In  the  modification  shown  in  Fig.  7,  therefore, 
the  respective  central  electrodes  are  formed 
through  the  upper  and  lower  surfaces  of  the  single 
dielectric  sheet  61,  while  all  of  the  plurality  of 
central  electrodes  intersecting  with  each  other  in 

40  the  central  region  of  the  dielectric  sheet  61  are 
formed  through  the  upper  and  lower  surfaces  of  the 
single  dielectric  sheet  61.  Namely,  the  plurality  of 
central  electrodes  are  not  separated  through  di- 
electric  layers  in  a  multilayer  substrate. 

45  Referring  to  Fig.  7,  portions  of  the  second 
central  electrode  portions  62b  to  67b  which  are 
opposite  to  forward  end  portions  connected  to  the 
through-hole  conductive  portions  74  are  electrically 
connected  to  an  earth  electrode  77  which  is  formed 

50  in  the  periphery.  The  earth  electrode  77  is  provided 
with  a  plurality  of  notches  78  which  are  opened 
toward  the  central  region.  The  respective  notches 
78  are  provided  for  preventing  electrical  connection 
between  the  through-hole  conductive  portions  71  to 

55  73,  which  are  electrically  connected  with  the  elec- 
trode  portions  68  to  70,  and  the  earth  electrode  77. 
The  through-hole  conductive  portions  71  to  73  are 
electrically  connected  to  the  through-hole  conduc- 
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tive  portions  20  shown  in  Fig.  3.  On  the  other  hand, 
the  earth  electrode  77  is  electrically  connected  to 
through-hole  conductive  portions  21  (see  Fig.  3) 
which  are  arranged  on  a  lower  portion,  as  shown 
by  broken  circles. 

While  the  aforementioned  electrode  structures 
are  provided  on  the  upper  and  lower  surfaces  of 
the  single  dielectric  sheet  61  in  Fig.  7,  the  elec- 
trode  structure  on  the  lower  surface  of  the  dielec- 
tric  sheet  61  may  be  formed  on  an  upper  surface 
of  another  dielectric  sheet  which  is  arranged  on  the 
lower  surface  of  the  dielectric  sheet  61.  Namely, 
the  electrode  structures  in  this  modification  may  be 
separately  formed  on  a  plurality  of  dielectric 
sheets,  so  far  as  the  same  are  connected  with  each 
other  by  the  through-hole  conductive  portions. 

Claims 

1.  A  non-reciprocal  circuit  element  comprising: 
a  multilayer  substrate  formed  by  a  plurality 

of  dielectric  layers  being  stacked  with  each 
other; 

a  plurality  of  central  electrodes  being  pro- 
vided  in  said  multilayer  substrate  to  intersect 
with  each  other  in  a  state  being  electrically 
insulated  from  each  other; 

a  matching  capacitance  having  a  plurality 
of  capacitive  parts  being  stacked  in  said  mul- 
tilayer  substrate  and  connected  every  said 
central  electrode; 

a  magnetic  body  being  provided  to  face 
said  central  electrodes;  and 

a  magnet  for  applying  a  dc  magnetic  field 
to  said  central  electrodes. 

2.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  1,  wherein  said  matching  capaci- 
tance  is  formed  in  a  position  not  overlapping 
with  each  said  central  electrode  along  the 
thickness  of  said  multilayer  substrate. 

3.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  2,  wherein  each  said  capacitive  part 
forming  said  matching  capacitance  is  formed 
by  each  said  dielectric  layer  and  a  pair  of 
capacitive  electrodes  being  formed  on  upper 
and  lower  major  surfaces  of  each  said  dielec- 
tric  layer  to  be  opposed  to  each  other, 

trade,  being  different  from  that  of  said  central 
electrode. 

5.  A  non-reciprocal  circuit  element  in  accordance 
5  with  claim  4,  wherein  said  matching  electrode 

has  each  said  capacitive  part  being  formed  on 
one  said  dielectric  layer  being  different  from 
that  provided  with  each  said  central  electrode 
in  said  multilayer  substrate. 

10 
6.  A  non-reciprocal  circuit  element  in  accordance 

with  claim  5,  wherein  said  matching  capaci- 
tance  has  said  capacitive  parts  being  formed  in 
said  dielectric  layers  being  located  above 

is  and/or  below  said  dielectric  layers  being  pro- 
vided  with  said  central  electrodes. 

7.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  3,  wherein  said  multilayer  substrate 

20  is  formed  by  integrally  firing  said  plurality  of 
dielectric  layers  being  stacked  with  each  other. 

8.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  7,  wherein  said  multilayer  substrate 

25  has  a  first  holding  portion  for  holding  said 
magnetic  body  in  a  position  facing  said  central 
electrodes, 

said  magnetic  body  being  held  in  said  first 
holding  portion. 

30 
9.  A  non-reciprocal  circuit  element  in  accordance 

with  claim  8,  wherein  said  first  holding  portion 
is  an  aperture  being  formed  in  said  multilayer 
substrate. 

35 
10.  A  non-reciprocal  circuit  element  in  accordance 

with  claim  8,  wherein  said  multilayer  substrate 
further  has  a  second  holding  portion  for  hold- 
ing  said  magnet  in  a  position  facing  said  cen- 

40  tral  electrodes, 
said  magnet  being  held  in  said  second 

holding  portion. 

11.  A  non-reciprocal  circuit  element  in  accordance 
45  with  claim  10,  wherein  said  second  holding 

portion  is  an  aperture  being  formed  in  said 
multilayer  substrate. 

12.  A  non-reciprocal  circuit  element  in  accordance 
50  with  claim  1  ,  wherein  said  multilayer  substrate 

has  a  first  holding  portion  for  holding  said 
magnetic  body  in  a  position  facing  said  central 
electrodes, 

said  magnetic  body  being  held  in  said  first 
55  holding  portion. 

13.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  10,  wherein  said  multilayer  substrate 

a  plurality  of  said  capacitive  parts  being  50 
connected  to  one  said  central  electrode  being 
connected  in  parallel  with  each  other. 

4.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  3,  wherein  said  matching  capaci-  55 
tance  has  each  said  capacitive  part  being 
formed  on  a  position  of  each  said  dielectric 
layer,  provided  with  each  said  central  elec- 
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further  has  a  second  holding  portion  for  hold- 
ing  said  magnet  in  a  position  facing  said  cen- 
tral  electrodes, 

said  magnet  being  held  in  said  second 
holding  portion.  5 

14.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  11,  wherein  said  first  and  second 
holding  portions  are  formed  in  at  least  one  of 
opposite  major  surfaces  of  said  multilayer  sub-  10 
strate. 

15.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  12,  wherein  said  first  and  second 
holding  portions  are  formed  in  both  of  said  is 
major  surfaces  of  said  multilayer  substrate. 

16.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  1  ,  wherein  said  multilayer  substrate 
is  formed  by  integrally  firing  said  plurality  of  20 
dielectric  layers. 

17.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  1,  wherein  said  plurality  of  central 
electrodes  are  formed  on  different  vertical  po-  25 
sitions  in  said  multilayer  substrate. 

18.  A  non-reciprocal  circuit  element  in  accordance 
with  claim  1,  wherein  said  central  electrodes 
have  first  central  electrode  portions  being  ar-  30 
ranged  on  one  surface  of  one  said  dielectric 
layer,  second  central  electrode  portions  being 
arranged  on  another  surface,  and  through-hole 
conductive  portions  being  formed  in  said  di- 
electric  layer  for  electrically  connecting  said  35 
first  and  second  central  electrode  portions  with 
each  other. 
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