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©  Electrical  filter. 

©  A  filter  (1)  for  filtering  certain  frequencies  of 
an  electric  signal.  The  filter  (1)  comprises  com- 
ponents  (HX1-HX4)  for  forming  the  frequency 
response  of  the  filter,  and  components  (A,C)  for 
accomplishing  coupling  and  impedance  match- 
ing.  The  filter  is  provided  with  a  directional 
coupler  (10)  composed  of  two  transmission 
lines  (A,B),  one  of  them  being  a  coupling  line  (A) 
or  an  impedance  matching  line. 

CO 
o  
If) 
o  
CO 
If) 

LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  560  503  A1 2 

The  present  invention  relates  to  a  filter. 
In  the  radio  telephone  industry  research  and  de- 

velopment  has  for  a  long  time  been  aimed  at  the  pro- 
duction  of  smaller,  less  expensive  and  more  efficient 
units  and  components.  This  direction  has  lead  to  ef- 
ficient  exploitation  of  the  available  space  on  circuit 
board  surfaces,  to  an  increase  in  the  degree  of  com- 
ponent  integration,  and  towards  rationalization  of 
functions. 

High  frequency  components  of  radio  telephones 
constitute  an  exception  to  this  trend.  High  frequency 
components  have  to  date  been  extremely  complex  in 
construction,  comprising  discrete  components  and 
strip  constructions. 

It  is  known  in  the  art  to  employ  in  the  transmitter 
part  of  a  radio  telephone  an  output  control  circuit  for 
controlling  the  output  level  of  the  transmission.  The 
operation  of  the  output  control  circuit  is  based  on  in- 
dications  of  the  output  level  of  the  transmitter  and 
comparison  with  a  reference  value.  An  essential  part 
of  the  output  control  circuit  is  formed  by  a  directional 
coupler,  placed  immediately  adjacent  the  separation 
filter  of  the  reception  circuit,  with  which  a  voltage 
comparable  with  the  output  of  the  transmitter  is  pro- 
duced.  The  directional  coupler  is  therefore  used  for 
measuring  the  transmission  output  power,  whereby 
the  output  level  is  controlled  with  the  output  control 
circuit.  The  directional  coupler  is  usually  located  after 
the  transmitter  or  before  the  antenna. 

The  directional  coupler  is  conventionally  con- 
structed  using  various  coupled  transmission  line  con- 
structions  and  transformers. 

A  widely  used  directional  coupler,  having  low 
manufacturing  costs,  can  be  constructed  using  micro- 
strips  or  strip  lines  mounted  directly  on  a  telephone 
circuit  board.  Drawbacks  of  the  structure  include  the 
relatively  large  circuit  board  area  required  and  the 
high  dependence  of  the  operation  on  the  properties 
of  the  circuit  board  substrate  material  and  variations 
therein.  The  substrate  material  affects  the  dielectric 
insulation  material  losses  of  the  microstrip  line,  these 
being  greatly  dependent  on  the  so-called  loss  tangent 
of  the  material,  and  it  affects  the  line  losses,  which 
are  affected  by  the  smoothness  of  the  surface  of  the 
material. 

In  order  to  reduce  the  costs,  an  advantageous 
general  purpose  material  is  frequently  selected  for  the 
substrate  material  in  radio  telephones.  The  use  of 
such  a  material  causes  deterioration  in  the  function- 
ing  of  the  directional  coupler  constructed  thereon. 
The  increased  material  losses  of  the  substrate  mate- 
rial  and  the  tolerances  of  the  properties  can  be  direct- 
ly  detected  in  the  insertion  attenuation  of  the  direc- 
tional  coupler  and  in  the  variation  of  said  properties. 

By  using  a  directional  coupler  design  which  is 
based  on  using  separate  transmission  lines  (e.g.  co- 
axial  cables),  on  a  transformer,  or  by  constructing  the 
switch  on  a  separate,  stable  or  low  loss  substrate, 

these  losses  can  be  reduced  and  the  operation  sta- 
bilized.  However,  a  plate  area  of  at  least  the  same 
size  is  needed,  and  in  addition,  the  use  of  a  separate 
substrate  increases  manufacturing  costs. 

5  According  to  the  present  invention  there  is  pro- 
vided  a  filter  comprising  filter  means  coupled  to  impe- 
dance  matching  means  and  coupling  means  for  cou- 
pling  the  filter  to  external  components,  characterized 
by  the  filter  comprising  a  directional  coupler. 

10  An  advantage  of  the  present  invention  is  the 
avoidance  of  the  above  mentioned  drawbacks  by  re- 
moving  the  directional  coupler  from  the  substrate  of 
the  transmitter  as  a  discrete  component  or  strip  struc- 
ture  and  by  forming  the  directional  coupler  as  an  in- 

15  tegral  part  of  the  filter. 
A  filter  in  accordance  with  the  present  invention 

makes  use  of  transmission  lines  in  the  couplings  of 
the  filter,  such  as  a  receiver  (RX)  or  a  transmitter  (TX) 
separation  filter,  or  in  the  matching  circuits  for  imple- 

20  menting  the  directional  coupler.  With  the  aid  of  the  in- 
vention  the  directional  coupler  can  be  transferred 
from  the  circuit  board  substrate,  frequently  being  a 
high-loss  substrate  and  afflicted  by  environmental 
disturbances,  into  a  high  frequency  filter.  The  highfre- 

25  quency  filter  offers  an  encapsulated  environment  pro- 
tected  against  interference  with  a  low-loss  and  stable 
substrate  as  required  by  a  filter.  Furthermore,  since 
the  directional  coupler  in  accordance  with  the  inven- 
tion  comprises  a  transmission  line  of  a  filter  and  a 

30  switch  transmission  line  coupled  thereto,  the  only  ad- 
ditional  losses  caused  by  the  coupler  are  of  the  mag- 
nitude  of  the  output  sample  sampled  by  the  transmit- 
ter  system,  which  is  a  significant  improvement  in  com- 
parison  with  the  state  of  the  art. 

35  The  directional  coupler  in  accordance  with  the  in- 
vention  is  relatively  easy  to  implement  by  placing  the 
coupler  in  conjunction  with  the  filter  or  by  making  use 
of  the  components  existing  in  the  filter,  such  as  cou- 
pling  lines  or  impedance  matching  transmission  lines. 

40  The  directional  coupler  can  be  produced  by  adding 
another  microstrip  e.g.  in  parallel  with  a  microstrip. 
The  directional  coupler  may,  in  fact,  be  implemented 
in  a  great  number  of  ways  using  many  types  of  trans- 
mission  lines,  preferably  microstrips,  or  suspended 

45  substrate  lines.  The  manner  of  implementation  may 
vary  in  accordance  with  the  invention,  but  the  essen- 
tial  feature  is  that  a  directional  coupler  is  included  in 
the  filter.  Preferably,  the  directional  coupler  is  imple- 
mented  with  the  existing  filter  constructions. 

so  A  radio  apparatus  which  is  provided  with  both  a 
transmitter  and  a  receiver  and  in  which  the  same  an- 
tenna  is  used  needs  a  transmission  network  for  di- 
recting  the  signal  to  be  transmitted  and  signal  re- 
ceived  appropriately. 

55  The  signal  from  the  antenna  must  be  directed  to 
the  receiver  so  that  no  significant  interference  is 
caused  by  the  transmitter.  Similarly,  a  signal  from  the 
transmitter  must  be  transmitted  to  the  antenna  with- 
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out  causing  any  interference  from  the  receiver. 
As  is  well  known  in  the  art,  duplex  filters  com- 

posed  of  two  separation  filters  and  based  on  resona- 
tors  are  used  to  separate  the  signals  to  be  transmitted 
and  received.  The  duplex  filter  is  therefore  usually 
composed  of  two  separate  bandpass  filters,  one  of 
them  being  connected  to  the  receiver  branch,  its 
mean  frequency  and  bandwidth  corresponding  to  the 
receiving  band,  and  the  other  filter  being  connected 
to  the  transmitter  branch,  its  mean  frequency  and 
bandwidth  corresponding  to  the  transmission  band. 
The  other  ends  of  the  filters  have  frequently  been 
connected  to  a  common  antenna  line  via  a  transmis- 
sion  line  matching  the  impedance.  Even  though  the 
duplexf  ilter  has  frequently  been  accommodated  with- 
in  a  single  housing  provided  with  terminals  for  trans- 
mitter,  receiver  and  antenna,  in  practice  it  is  com- 
posed  of  two  separate  bandpass  filters  because  the 
isolation  between  the  filters  must  be  made  as  great 
as  possible  so  that  the  electromagnetic  leakages 
therebetween  should  not  impede  the  functioning  of 
the  filter. 

The  filters  constructed  using  the  helix  technique 
are  provided  with  a  metal  partition  between  both  of 
the  filters,  with  which  the  required  isolation  is  effi- 
ciently  implemented.  The  couplings  in  duplexf  ilters  to 
the  resonators  and  the  couplings  between  the  reso- 
nators  have  commonly  been  implemented  by  means 
of  matching  couplings  formed  by  various  transmis- 
sion  line  constructions  and  discrete  components. 

The  invention  is  described  below  in  more  detail, 
by  way  of  example  with  reference  to  the  accompany- 
ing  figure,  which  is  a  schematic  diagram  of  a  filter 
comprising  a  filter-directional  coupler  block  in  accor- 
dance  with  the  invention. 

The  figure  shows  schematically  the  coupling  of  a 
duplex  filter  1  of  a  radio  telephone  to  a  transmitter 
block4  and  a  receiver  block  5.  The  duplexf  ilter  1  com- 
prises  four  ports:  one  port  8  for  a  transmission  signal 
entering  the  filter,  a  port  9  for  the  antenna,  a  port  (not 
shown)  for  the  receiver  5,  and  a  directional  coupler 
port  7.  A  signal  from  the  antenna  6  to  be  received 
propagates  via  the  reception  filter  block  3  of  the  du- 
plex  filter  1  to  the  receiver  5.  Respectively,  a  signal 
from  the  transmitted  propagates  through  the  receiv- 
er  (RX)  separation  filter  block  2  of  the  duplex  filter  1 
to  antenna  6.  From  said  signal  proceeding  to  the  an- 
tenna  the  directional  coupler  10  takes  a  sample  of  a 
given  level,  comparable  with  the  output  level  of  the 
transmitter,  and  transmits  it  to  the  directional  coupler 
port  7. 

The  figure  illustrates  the  integration  of  a  direc- 
tional  coupler  10  in  the  matching  circuit  at  the  trans- 
mitter  end  of  the  RX  separation  filter  2  of  the  duplex 
filter  1  .  The  directional  coupler  1  0  has  preferably  been 
implemented  on  a  circuit  board  using  coupled  micro- 
strips.  One  of  the  strips,  strip  A,  serves  as  a  coupling 
strip  for  the  filter  input  to  the  helix  HX1,  the  other  one 

of  the  strips,  strip  B,  serves  as  a  coupling  strip  to  the 
directional  coupler  port  7.  The  coupler  strip  B  ends  in 
a  resistor  R.  In  the  filter  of  the  figure,  the  directional 
coupler  could  be  positioned  adjacent  the  antenna 

5  port  9,  whereby  it  could  be  easily  implemented  by 
adding  another  branch  next  to  strip  C  which  carries 
out  the  impedance  matching.  The  additional  branch 
would  comprise  a  directional  coupler  port  7,  a  coupler 
transmission  line,  comparable  to  line  B,  and  an  end 

10  resistor  R. 
The  directional  coupler  10  is  preferably  com- 

posed  of  two  adjacent  microstrips  A  and  B  provided 
with  common  ground  planes.  Electromagnetic  cou- 
pling  exists  between  the  strips:  a  voltage  in  one  strip 

15  producing  an  electric  field  which  induces  a  voltage 
also  in  the  other  strip.  Magnetic  coupling  is  likewise 
caused  by  a  magnetic  field  provided  by  the  current 
propagating  in  the  strip,  said  field  inducing  a  current 
also  into  the  other  strip.  When  power  is  transferred 

20  from  the  transmitter  block  4  to  port  8,  the  desired  part 
of  the  power,  which  is  determined  by  the  coupling,  is 
coupled  to  the  directional  coupler  port  7,  another  part 
thereof  passes  through  the  coupler  1  0  towards  a  first 
resonator  HX1  of  the  filter,  and  a  very  small  leakage 

25  part  caused  by  the  non-homogeneity  and  quasi  trans- 
verse  electric  and  magnetic  (TEM)  waveform  of  the 
switch  is  short  circuited  via  the  end  resistor  R  to  the 
ground.  The  microstrip  coupler  1  0  described  above  is 
bilateral,  i.e.  any  power  carried  toany  port  will  be  cou- 

30  pled  in  the  same  way,  because  of  the  symmetry. 
The  proportions  of  the  quasi  TEM  directional  wa- 

veform  in  the  coupler  is  generally  used  as  a  quality 
measure.  In  other  words  comparison  of  the  power  at 
directional  coupler  port  7  and  the  power  at  the  insu- 

35  lated  leakage  port  leading  to  ground  via  resistor  R 
provides  a  measure  of  quality. 

By  using  an  integrated  filter  and  directional  cou- 
plerdesign  in  accordance  with  the  invention  in  the  du- 
plex  filter  of  a  radio  telephone,  losses  caused  in  the 

40  transmitter  part  of  the  radio  telephone  by  the  direc- 
tional  coupler  can  be  reduced  significantly,  the  oper- 
ation  of  the  radio  telephone  stabilized,  and  the  use  of 
the  telephone  substrate  area  enhanced. 

In  view  of  the  foregoing  it  will  be  clear  to  a  person 
45  skilled  in  the  art  that  modifications  may  be  incorpo- 

rated  without  departing  from  the  scope  of  the  present 
invention. 

so  Claims 

1.  A  filter  comprising  filter  means  coupled  to  impe- 
dance  matching  means  and  coupling  means  for 
coupling  the  filter  to  external  components,  char- 

55  acterized  by  the  filter  comprising  a  directional 
coupler. 

2.  Af  ilter  according  to  claim  1  ,  characterized  in  that 
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the  directional  coupler  comprises  two  transmis- 
sion  lines. 

3.  A  filter  according  to  claim  2,  wherein  one  of  the 
two  transmission  lines  is  an  impedance  matching 
transmission  line. 

4.  A  filter  according  to  claim  2,  wherein  one  of  the 
two  transmission  lines  is  a  coupling  line. 

5.  Af  ilter  according  to  any  one  of  claims  2  to  4,  char- 
acterized  in  that  the  transmission  lines  are  micro- 
strips. 

10 

6.  Af  ilter  according  to  any  one  of  claims  2  to  4,  char- 
acterized  in  that  the  transmission  lines  are  sus- 
pended  substrate  lines. 

15 

7.  A  filter  according  to  any  one  of  the  previous 
claims,  wherein  the  filter  is  a  helix  filter. 20 

8.  A  filter  according  to  any  one  of  claims  1  to  6, 
wherein  the  filter  is  a  ceramic  filter. 

9.  A  filter  according  to  any  one  of  claims  1  to  6, 
wherein  the  filter  is  a  filter  composed  of  discrete 
components. 
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