
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

(12) 

peen  des  brevets  E P   0  5 0 8   8 1 2   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
22.01.1997  Bulletin  1997/04 

(21)  Application  number:  92303227.0 

(22)  Date  of  filing:  10.04.1992 

(51)  intci.6:  H01P  1/205,  H01P  1 /213  

(54)  Ceramic  filter 

Keramisches  Filter 

Filtre  ceramique 

(84)  Designated  Contracting  States: 
CH  DE  DK  FR  GB  IT  LI  SE 

(30)  Priority:  12.04.1991  Fl  911798 

(43)  Date  of  publication  of  application: 
14.10.1992  Bulletin  1992/42 

(73)  Proprietor:  LK-PRODUCTS  OY 
SF-90440  Kempele  (Fl) 

(72)  Inventors: 
•  Turunen,  Aimo 

SF-90120  Oulu  (Fl) 
•  Jantunen,  Heli 

SF-90100  Oulu  (Fl) 

(74)  Representative:  Frain,  Timothy  John 
Patent  Department 
Nokia  Mobile  Phones 
St  Georges  Court 
St  Georges  Road 
Camberley,  Surrey  GU15  3QZ  (GB) 

DO 
CM 

CO 
00 
o  

o  
a .  
LU 

(56)  References  cited: 
GB-A-  2  236  432 US-A-  4  829  274 

PATENT  ABSTRACTS  OF  JAPAN  vol.  1  4,  no.  297 
(E-945J27  June  1990  &  JP-A-2  094  901  (TOKO 
INC)  5  April  1990 
PATENT  ABSTRACTS  OF  JAPAN  vol.  7,  no.  292 
(E-219)(1437)  27  December  1983  &  JP-A-58  168 
302  (FUJITSU  K.K.)  4  October  1983 
PATENT  ABSTRACTS  OF  JAPAN  vol.  5,  no.  11 
(E-42)(683)  23  January  1981  &  JP-A-55  141  802 
(ALPS  DENKI  K.K.)  6  November  1980 
PATENT  ABSTRACTS  OF  JAPAN  vol.  12,  no.  106 
(E-596)(2953)  6  April  1988  &  JP-A-62  235  801 
(FUJI  ELECTROCHEM  CO  LTD)  16  October  1987 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP0  508  812  B1 2 

Description 

The  present  invention  relates  to  a  dielectric  filter 
comprising  at  least  two  dielectric,  e.g.  ceramic  resonator 
blocks. 

It  is  known  that  one  way  of  shortening  a  quarter 
wavelength  coaxial-cavity  resonator  is  to  fill  the  cavity 
between  its  coaxial  conductors  with  a  dielectric.  Dielec- 
tric  filters  are  used  for  applications  in  the  microwave 
range,  as  in  radiotelephone  duplex  filters  and  in  receiver 
front-end  filters.  Small  size,  low  loss  and  excellent  sta- 
bility  are  known  advantages  of  such  ceramic  filters. 

Prior  art  dielectric  filters  comprise  one  or  more  die- 
lectric  block  resonators.  A  filter  may  be  an  assembly  of 
several  discrete  resonators,  each  formed  by  a  piece  of 
dielectric,  usually  ceramic,  material  coated  with  con- 
ducting  material  and  provided  with  a  hole.  The  coating 
and  the  electrical  interfaces  are  such  that  a  transmission 
line  resonator  is  formed  with  a  natural  frequency  deter- 
mined  by  the  physical  length  or  "height"  of  the  resonator 
in  the  direction  of  the  hole.  The  electrical  length  of  the 
resonator  is  usually  the  length  of  a  quarterwave,  and  so 
the  device  is  called  a  A/4-resonator.  A  desired  number 
of  resonator  blocks  may  be  coupled  in  contiguous  rela- 
tionship,  whereby  a  filter  with  a  desired  bandwidth  is  ob- 
tained,  e.g.  a  band-stop  filter.  It  is  also  possible  to  use 
a  monolithic  block  of  ceramic  material  containing  a  re- 
quired  number  of  holes  coated  with  conductive  material, 
forming  a  corresponding  number  of  transmission  line 
resonators.  In  a  single  block  it  is  easy  to  realize  e.g.  a 
bandpass  filter.  A  duplex  filter  may  be  formed  with  two 
such  filters.  In  this  case  the  two  separate  filter  blocks 
may  be  mechanically  joined,  i.e.  by  soldering  intoa  com- 
mon  frame  or  housing. 

As  mentioned  above,  resonators  are  usually  made 
as  quarter-wave  resonators,  and  the  length  of  the  reso- 
nator  hole,  i.e.  the  height  of  the  ceramic  part,  is  deter- 
mined  by  the  resonance  frequency.  Because  the  wave 
velocity  in  a  dielectric  material  having  a  dielectric  con- 
stant  Ey.  is  equal  to  the  wave  velocity  in  air  divided  by  the 
square  root  of  the  dielectric  constant,  very  small  sized 
filters  are  obtained  due  to  the  high  ex  values  of  ceramic 
materials.  As  a  natural  consequence  of  the  fact  that  the 
wave  velocity  in  a  dielectric  material  depends  on  its  di- 
electric  constant,  the  resonance  frequency  of  the  reso- 
nator  varies  depending  on  the  physical  length  ("height") 
of  the  ceramic  block  using  the  same  material. 

If  a  filter  is  formed  by  several  separate  resonator 
blocks  coupled  mechanically  side  by  side  to  form  a  long 
bar,  its  profile  seen  from  one  side  may  resemble  a  stair- 
case,  where  the  difference  between  the  shortest  and 
tallest  resonator  blocks  could  be  considerable.  When  a 
filter  comprising  resonators  with  different  heights  is  en- 
capsulated,  the  housing  will  contain  much  "wasted 
space"  in  the  height  direction,  because  the  tallest  reso- 
nator  will  determine  the  size  of  the  filter.  The  same  ap- 
plies  for  a  duplex  filter.  Because  the  center  frequency  of 
the  filter  in  the  receiver  branch  differs  considerably  from 

the  center  frequency  of  the  filter  in  the  transmitter 
branch,  there  is  a  perceivable  height  difference  between 
these  filter  blocks,  which  is  a  drawback  when  the  device 
is  encapsulated.  Because  all  resonator  blocks  typically 

5  are  made  of  the  same  material,  the  shorter  resonators 
may  be  made  of  a  material  having  a  better  quality  than 
is  required,  because  a  material  with  an  unnecessary 
high  dielectric  constant  is  used  for  the  required  height. 
The  price  of  the  ceramic  material  tends  to  increase 

10  steeply  when  the  dielectric  constant  increases. 
JP-A-2094901  discloses  a  filter  in  accordance  with 

the  pre-characterising  part  of  Claim  1. 
According  to  the  present  invention  there  is  provided 

a  filter  including  three  or  more  dielectric  resonator 
is  blocks,  each  dielectric  resonator  block  respectively 

comprising  one  or  more  transmission  line  resonators, 
characterised  in  that  the  filter  comprises  a  housing  with- 
in  which  the  dielectric  resonator  blocks  are  encapsulat- 
ed  and  the  dielectric  resonator  blocks  have  substantially 

20  the  same  physical  length  to  reduce  wasted  space  within 
the  housing. 

A  dielectric  ceramic  filter  in  accordance  with  the  in- 
vention  relies  on  the  fact  that  a  resonator  with  a  given 
height  can  be  made  for  different  frequencies  by  select- 

25  ing  a  ceramic  material  having  a  dielectric  constant  suit- 
ed  for  the  purpose  and  providing  the  required  resonance 
frequency  at  the  given  dimensions.  Thus  it  is  possible 
to  select  the  material  according  to  the  use  and  to  opti- 
mize  the  material  costs. 

30  An  embodiment  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  with  reference  to  the  ac- 
companying  drawing  in  which: 

Figure  1  is  a  perspective  view  of  the  resonators  of 
35  a  prior  art  filter;  and 

Figure  2  is  a  perspective  view  of  the  resonators  of 
a  filter  in  accordance  with  the  invention. 

40  The  filter  of  Figure  1  is  a  prior  art  duplexer  filter 
made  of  a  single  dielectric  material.  The  filter  has,  as  an 
example,  a  three  resonator  receiver  section  10  and  a 
three  resonator  transmitter  section  20,  the  exposed 
sides,  except  for  the  top,  being  coated  by  a  conductive 

45  material.  The  height  of  the  resonators  in  the  receiver 
section  are  generally  lower  than  those  in  the  transmitter 
section,  which  indicates  that  the  receiver  pass  band  is 
at  a  higher  frequency  than  the  transmitter  pass  band. 
Also,  the  endmost  resonators  12  in  the  receiver  section 

so  and  the  endmost  resonators  22  in  the  transmitter  section 
are  shorter  than  the  respective  center  resonator  14,24. 
As  a  result  of  these  differences  in  height,  the  case  for 
the  duplexer  would  either  have  to  be  stepped  or  would 
have  considerable  interior  dead  space. 

55  Figure  2  shows  a  duplexer  in  accordance  with  the 
present  invention.  In  this  regard  it  should  be  noticed  that 
in  comparison  to  the  filter  of  Figure  1  ,  all  the  resonators 
are  of  a  substantially  uniform  height.  However,  the  indi- 

25 
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vidual  resonators  are  made  of  materials  having  different 
dielectric  constants.  In  particular,  the  material  of  the  res- 
onators  in  the  receiver  section  30  are  made  of  a  material 
with  a  generally  lower  dielectric  constant  than  the  reso- 
nators  of  the  transmitter  section  40.  In  effect,  the  higher 
dielectric  constant  allows  the  normally  longer  lower  fre- 
quency  transmitter  resonators  to  be  made  as  small  as 
the  higher  frequency  receiver  resonators.  Similarly,  the 
endmost  resonators  32  of  the  receiver  section  are  made 
of  a  material  (shown  as  a  dotted  pattern)  with  a  lower 
dielectric  constant  than  the  center  lower  frequency  res- 
onator  34  (shown  with  an  x  pattern).  Likewise,  the  trans- 
mitter  endmost  resonators  42  are  made  with  a  material 
(shown  in  dash  line)  with  a  lower  dielectric  constant  than 
the  center  resonator  44. 

Several  different  ceramic  materials  are  known  in  the 
art  having  different  dielectric  constants  for  use  in  filters 

These  known  ceramic  materials  may  be  used  to 
make  a  filter  in  accordance  with  the  invention,  wherein 
the  individual  resonator  blocks  can  be  made  equally 
high.  A  suitable  height  for  a  resonator  can  be  calculated 
by  a  person  skilled  in  the  art  in  a  known  way,  using  the 
frequency  and  the  dielectric  constant  of  the  dielectric 
material.  In  a  filter  according  to  the  invention  feasible 
ceramic  materials  are  for  example  ceramic  compounds 
based  on  titanate,  such  as  Ba2TigO20  (e  =  37)  and  Ba 
(Sm,Nd)2Ti5014  (e  =  78),  but  a  suitable  material  will  be 
selected  case  by  case,  considering  the  desired  frequen- 
cy  and  filter  size. 

In  view  of  the  foregoing  description  it  will  be  evident 
to  a  person  skilled  in  the  art  that  various  filter  configu- 
rations  are  possible  within  the  scope  of  the  present  in- 
vention.  For  example,  one  or  more  of  the  dielectric 
blocks  may  comprise  two  or  more  holes,  i.e.  resonators, 
in  the  same  block.  Moreover,  the  filter  may  comprise 
three  or  more  discrete  dielectric  block  resonators  made 
of  ceramic  materials  with  different  dielectric  constants. 
In  this  case  of  a  multi-block  filter  each  block  may  be 
made  of  a  material  having  a  different  dielectric  constant. 

Alternatively,  some  of  the  blocks  may  be  made  of  a 
material  having  the  same  dielectric  constant,  but  in  this 
case  at  least  one  other  block  in  the  filter  is  made  of  a 
material  having  a  different  dielectric  constant. 

Claims 

1.  A  filter  including  three  or  more  dielectric  resonator 
blocks  (32,34,42,44),  each  dielectric  resonator 
block  respectively  comprising  one  or  more  trans- 
mission  line  resonators,  wherein  at  least  one  reso- 
nator  block  is  made  of  a  dielectric  material  having 
a  dielectric  constant  different  to  that  of  the  other  res- 
onator  blocks  characterised  in  that 

(i)  the  filter  comprises  a  housing  within  which 
the  dielectric  resonator  blocks  are  encapsulat- 
ed;  and 

(ii)  the  dielectric  resonator  blocks  (32,34,42,44) 
have  substantially  the  same  physical  length  to 
reduce  wasted  space  within  the  housing. 

5  2.  A  filter  as  claimed  in  any  of  the  preceding  claims 
wherein,  at  least  one  of  the  dielectric  resonator 
blocks  (32,34,42,44)  comprises  a  single  transmis- 
sion  line  resonator. 

10  3.  A  filter  as  claimed  in  any  preceding  claims,  wherein 
at  least  one  of  the  resonator  blocks  comprises  plural 
transmission  line  resonators. 

4.  A  filter  as  claimed  in  any  of  the  preceding  claims, 
is  wherein  the  resonator  blocks  are  disposed  in  con- 

tiguous  relationship. 

5.  A  filter  as  claimed  in  any  of  the  preceding  claims, 
wherein  the  resonator  blocks  (32,34,42,44)  com- 

20  prise  ceramic  material. 

6.  A  filter  as  claimed  in  any  of  the  preceding  claims, 
characterised  in  that  at  least  one  of  the  resonator 
blocks  comprises  a  titanate  based  compound. 

25 
7.  A  filter  as  claimed  in  any  of  the  preceding  claims, 

wherein  the  filter  is  a  duplex  filter. 

1.  Filter  mit  drei  oder  mehreren  dielektrischen  Reso- 
natorblocken  (32,  34,  42,  44),  wobei  jeder  einzelne 
dielektrische  Resonatorblock  jeweils  einen  oder 

35  mehrere  Ubertragungsleitungsresonatoren  enthalt, 
und  mindestens  ein  Resonatorblock  aus  einem  di- 
elektrischen  Material  hergestellt  ist,  dessen  Dielek- 
trizitatskonstante  zu  denen  der  anderen  Resonator- 
blocke  verschieden  ist,  dadurch  gekennzeichnet, 

40  dal3 

(i)  das  Filter  ein  Gehause  aufweist,  in  dem  die 
dielektrischen  Resonatoren  eingekapselt  sind; 
und 

45  (ii)  die  Resonatorblocke  (32,  34,  42,  44)  im  we- 
sentlichen  dieselbe  physikalische  Lange  auf- 
weisen,  damit  kein  unnotiger  Platz  im  Gehause 
verschwendet  wird. 

so  2.  Filter  nach  Anspruch  1,  bei  dem  zumindest  einer 
der  dielektrischen  Resonatorblocke  (32,  34,  42,  44) 
einen  einzelnen  Ubertragungsleitungsresonator 
enthalt. 

55  3.  Filter  nach  irgendeinem  vorangegangenen  An- 
spruch,  bei  dem  zumindest  einer  der  Resonator- 
blocke  eine  Vielzahl  von  Ubertragungsleitungsre- 
sonatoren  enthalt. 

25 
7.  A  filter  as  clairm 

wherein  the  filte 
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4.  Filter  nach  irgendeinem  vorangegangenen  An- 
spruch,  bei  dem  die  Resonatorblocke  aneinander- 
grenzend  angeordnet  sind. 

5.  Filter  nach  irgendeinem  vorangegangenen  An- 
spruch,  bei  dem  die  Resonatorblocke  (32,  34,  42, 
44)  keramisches  Material  enthalten. 

sur  le  titanate. 

7.  Un  filtre  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  le  filtre  est  un  filtre  duplex. 

5 

6.  Filter  nach  irgendeinem  vorangegangenen  An- 
spruch,  bei  dem  zumindest  einer  der  Resonator-  10 
blocke  eine  auf  Titanat  basierende  Verbindung  ent- 
halt. 

7.  Filter  nach  irgendeinem  vorangegangenen  An- 
spruch,  das  als  Duplexfilter  ausgebildet  ist.  15 

Revendications 

1.  Un  filtre  comportant  trois  ou  plus  de  blocs  de  reso-  20 
nateurs  dielectriques  (32,  34,  42,  44),  chaque  bloc 
de  resonateur  dielectrique  comportant  respective- 
ment  un  ou  plusieurs  resonateurs  de  lignes  de 
transmission,  dans  lequel  au  moins  un  bloc  de  re- 
sonateur  est  fait  d'un  materiau  dielectrique  ayant  25 
une  constante  dielectrique  differente  des  autres 
blocs  de  resonateurs  caracterise  en  ce  que 

(i)  le  filtre  comporte  un  boTtier  a  I'interieur  du- 
quel  les  blocs  de  resonateurs  dielectriques  sont  30 
encapsules  et 

(ii)  les  blocs  de  resonateurs  dielectriques  (32, 
34,  42,  44)  ont  essentiellement  la  meme  lon- 
gueur  physique  pour  reduire  le  volume  perdu  a  35 
I'interieur  du  boTtier. 

2.  Un  filtre  selon  la  revendication  1,  dans  lequel  au 
moins  un  des  blocs  de  resonateurs  dielectriques 
(32,  34,  42,  44)  comporte  un  seul  resonateur  de  Ii-  40 
gne  de  transmission. 

3.  Un  filtre  selon  I'une  quelconque  des  revendications 
precedentes  dans  lequel  au  moins  I'un  des  blocs 
resonateurs  comporte  plusieurs  resonateurs  de  Ii-  45 
gne  de  transmission. 

4.  Un  filtre  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  les  blocs  de  resonateurs 
sont  disposes  en  contact  contigu.  so 

5.  Un  filtre  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  les  blocs  resonateurs  (32, 
34,  42,  44)  comporte  un  materiau  ceramique. 

55 
6.  Un  filtre  selon  I'une  quelconque  des  revendications 

precedentes,  caracterise  en  ce  qu'au  moins  un  des 
blocs  resonateurs  comporte  un  composant  base 

4 
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